




A Few Words About Safety 
Sewice Information 

. The service and repair information contained in this manual is intended for use by qualified, professional technicians. 
Attempting service or repairs without the proper training, tools, and equipment could cause injury to you or others. It could also 
damage the vehicle or create an unsafe condition. 

This manual describes the proper methods and procedures for performing service, maintenance, and repairs. Some procedures 
reauire the use of s~eciallv desioned tools and dedicated eauiDment. Anv oerson who intends to use a re~lacement oart. service , . , , , , 

procedure, or a tool'that i; not recommended by Honda must determine the risks to personal safety and t i e  safe operation of the 
vehicle. 

If you need to replace a part, use genuine Honda parts with the correct part number or an equivalent part. We strongly recommend 
that you do not use replacement parts of inferior quality. 

For Your Customer's Safety 
Proper service and maintenance are essential lo the customer's safety and 

1, do not provide warnings about many basic shop safety practices (e.g.,~ot ' I 

the reliability of the vehicle. Any error or oversight while servicing a vehicle Improper service or repairs can create an 

I parts -wear gloves) If you have not recetved shop safety tratnlng ordo not 
feel confloent about your knowledge of sale servlclng practices, we 

can result in faulty operation, damage to the vehicle, or injury to others. 

For Your Safety 
I Because this manual is intended for the ~rofessional service technician, we 

recommended that you do not attempt to perform the procedures described 
in this manual. precautions can cause you to be seriously hurt 

Some of the most important general service safety precautions are given or killed. 

below. However, we cannot warn you of every conceivable hazard that can 
arise in performing service and repair procedures. Only you can decide 
whether or not you should perform a given task. 

Important Safety Precautions 
Make sure you have a clear understanding of all basic shop safety practices and that you are wearing appropriate clothing and 
using safety equipment. When performing any service task, be especially careful of the following: 

unsafe condition that can cause your customer 
or others to be seriously hurt or killed. 

Follow the procedures and precautions in this 
manual and other service materials carefullv. 

Read all of the instructions before you begin, and make sure you have the tools, the replacement or repair parts, and the skills 
required to perform the tasks safely and completely. 

Protect your eyes by using proper safety glasses, goggles, or face shields any time you hammer, drill, grind, pry, or work around 
pressurized air or liquids, and springs or other stored-energy components. If there is any doubt, put on eye protection. 

Use other protective wear when necessary, for example, gloves or safety shoes. Handling hot or sharp parts can cause severe 
burns or cuts. Before you grab something that looks like it can hurt you, stop and put on gloves. 

Protect yourself and others whenever you have the vehicle up in the air. Any time you lift the vehicle, either with a hoist or a jack, 
make sure that it is always securely supported. Use jack stands. 

Make sure the engine is off before you begin any servicing procedures, unless the instruction tells you to do otherwise. 
This will help eliminate several potential hazards: 

Carbon monoxide poisoning from engine exhaust. Be sure there is adequate ventilation whenever you run the engine. 

Burns from hot park or coolant. Let the engine and exhaust system cool before working in those areas. 

Injury from moving parts. If the instruction tells you to run the engine, be sure your hands, fingers, and clothing are out of the way. 

Gasoline vapors and hydrogen gases from batteries are explosive. To reduce the possibility of a fire or explosion, be careful when 
working around gasoline or batteries. 

Use only a nonflammable solvent, not gasoline, to clean parts. 

Never drain or store gasoline in an open container. 

Keep all cigarettes, sparks, and flames away from the battery and all fuel-related parts. 





HOW TO USE THIS MANUAL 
This manual explains the theory of operation of the various systems 
mmmon to Honda motorcycles, motorscwtes, A N s  and PWCs. It also 
provides basic information on troubleshwting, inspection. and repair of 
components and systems found on these machines. 

Refer to the Model Specific Service Manual for adjustments. 
maintenance, and repair information specific to the model you are 
servicing. 

Sections 1 and 2 provide general information an the whale motorcycle as 
well as Warnings and Cautions to remember when performing 
maintenance and repairs. 

Sections 3 through 15 cover all aspects of the engine and drive train. 

Sections 16 through 20 include all of the component groups that make 
up the chassis. 

Sections 21 through 25 apply to the various electrical mmponents and 
systems found on Honda motorcycles. 

Section 26 provides information and illustrations for a woling system, 
turbachamer. and iet DumD drive svstem far the Honda Panonal 

An extensive alphabetized Index provides rapid access to information an 
specific components or systems. 

Your safety, and the safety of othen, is very important. To help you 
make informed decisions we have provided safety messages and 
other information throughout this manual. Of wurse, it is not 
practical or possible to warn you ahu t  all the hazards associated 
with servicing this vehicle. You must use your own gocd judgement. 
You will find impriafant safety information in a variety of forms 
including: 

Safety Lshels - on the vehicle - Safety Messages - preceded by a safety aien symbol &l and 
one of three signal wards, DANGER, WARNING or CAUTION. 
These signal words mean: 

You WILL be KILLED or SERIOUSLY 
HURT if you don't follow instructions. 

You CAN be KILLED or SERIOUSLY HURT m. 1 YOU don't follow instructions. 

You CAN be HURT if you don't follow 
instructions. 

lnstmctions - how lo service this vehicle correctly and safely. 

As yo2 read b s manual. yo- u i f,no nformat on that s precede0 by a 
symbol Tne pbrpse of l hs  message is to nslp prevent 

damage to yo., vehr e, olher pmpsrty, or tne en" moment 

All information, illustrations, direc- 
tions and specifications included in 
this publication are based on the lat- 
est product information available at 
the time of approval for printing. 
Honda Motor Co., Ltd. reserves the 
right to make changes at any time 
without notice and without incurring 
any obligation whatsoever. No part 03 
this publication may be reproduced 
without written permission. This man- 
ual is written for Dersons who have 
acquired basic knowledge of mainte- 
nance on Honda Motorcycles, Motor 
Scooters, or ATVs. 

I 
Hondm Motor Co., Ltd. 

&wb# Publications Office 
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SYMBOLS 
The symbols used throughout this manual show specific service procedures. If supplementary information is required pertaining to 
these symbols, it would be explained specifically in the text without the use of the symbols. 

I I I 1 7 1 Use recommended engine oil, unless othewise specified 

Use multi-purpose grease (lithium based multi-purpose grease NLGl #2 or equivalent). 1 
Use molybdenum oil solution (mixture of the engine oil and molybdenum grease in a ratio of 1:l). 

Use molybdenum disulfide grease (containing more than 3% molybdenum disulfide, NLGl #2 or 
equivalent). 

Example: Molykot@ BR-2 Plus manufactured by Dow Corning, U.S.A 

Multi-purpose M-2 manufactured by Mitsubishi Oil, Japan 

Use molybdenum disulfide paste (containing more than 40% molybdenum disulfide, NLGl #2 or 
equivalent). 

Example: Molykot@ G-n Paste manufactured by Dow Corning, U.S.A. 

Honda Moly 60 (U.S.A. only) 

Rocol ASP manufactured by Rocol Limited, U.K. 

Rocol Paste manufactured by Sumico Lubricant, Japan 

Use sealant. 

Replace the part(s) with new one(s) before assembly. 

/el 

Qua 

Use silicone grease. 

Apply a locking agent. Use a medium-strength locking agent unless otherwise specified. 

1 Use DOT 3 or DOT 4 brake fluid. Use the recommended brake fluid unless otherwise specified. 

ail Use fork or suspension fluid. 



ABBREVIATIONS 

a The following abbreviations may be used in this manual. They stand for: 
Assy ...................... Assembly 
R .......................... Right (Right side viewed from rear side) 
L .......................... Left (Left side viewed from rear side) 
IN ........................... Intake sidellnside 
EX .......................... Exhaust sidelExterior side 

........................ 
........................... 

STD Standard 
OP Optional 
OS .......................... Oversized 
L (100L) .................. Number of links (100 links) 
C2 ........................... Countershaft 2nd gear (Number indicates the stage of gear) 
M5 .......................... Mainshaft 5th gear (Number indicates the stage of gear) 
rpm ........................ Revolutions per minute 

..................... BTDC Before Top Dead Center 
ATDC ..................... After Top Dead Center 
BBDC ..................... Before Bottom Dead Center 

..................... ABDC After Bottom Dead Center 
.......................... I AC Alternating current 

DC .......................... Direct current 

I CDI ......................... Capacitive discharge ignition 
4P ........................... Number of connector pins 

The following letters or marks stamped on parts indicate the installation direction. 
IN ........................... Install with "IN" toward insidelexhaust side. 
TOP ........................ Install with "TOP" toward up. (Do not install with the letter upside down.) 
UP .......................... Install with the "UP" toward up. (Do not install with the letter upside down.) 
UP A ..................... Install with the triangular mark facinglpointing up. (Some parts might be stamped with an arrow.) 

...................... 
.................... 

F + Install with the arrow toward front. (Some parts might be stamped with a triangular mark.) 
R (RH) Install on the right side, viewed from rear side. 

If an arrow or triangular mark is stamped, install with the mark toward right. 
L (LH) ..................... Install on the left side, viewed from rear side. 

If an arrow or triangular mark is stamped, install with the mark toward left. 
F (FR) ..................... Indicates the front side of the vehicle. 
R (RR) .................... Indicates the rear side of the vehicle. 
OUT (OUTSIDE) ... Install with the letter toward out. 
LOWER .................. Indicates lower level. 
UPPER (FULL) ....... Indicates upper level 
C ......................... Indicates the rotating direction, if stamped on a rotating part. 

If a punch mark (a) is stamped on a part, it indicates the installation direction or an alignment point. Pay attention to the mark when 
assembling. 
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GENERAL INFORMATION 

GENERAL SAFETY 

GASOLINE 
Work in a well ventilated area. Keep cigarettes, flames or sparks away from the work area or where gasoline is stored. 

Gasoline is highly flammable and explosive. You can be burned or seriously injured when handling fuel. 
Stop the engine and keep heat, sparks, and flames away. 
Handle fuel only outdoors. 
W i ~ e  UD s ~ i l l s  immediatelv. 

BAlTERY HYDROGEN GAS & ELECTROLYTE 

The battery gives off explosive gases; keep sparks, flames and ciyarenes away. rrovloe aoequare ventilation when 
charging. 
The battery contains sulfuric acid (electrolyte). Contact with skin or eyes may cause severe burns. Wear protective 
clothing and a face shield. 
-If electrolyte gets on your skin, flush with water. 
-If electrolyte gets in your eyes, flush with water for at least 15 minutes and call a physician immediately. 
Electrolyte is poisonous. 
- If swallowed, drink large quantities of water or milk and call your local Poison Control Center or a physi- 

cian immediately. 

COOLANT 
Under some conditions, the ethylene glycol in engine coolant is combustible and its flame is not visible. If the ethylene gly- 
col does ignite, you will not see any flame, but you can be burned. a 

Removing the radiator cap \ :can allow the coolani . . 
Always let the engine and radiator cooldown before removing the radiator cap. 

Using coolant with silicate corrosion inhibitors may cause premature wear of waterpump seals or blockage o f  radiatorpas. 
sages. Using tap water may cause engine damage. 

Add coolant at the reserve tank. Do not remove the radiator cap except to refill or drain the system. 

All cooling system services can be done with the engine in the frame. 

Avoid spilling coolant on painted surfaces. 

After servicing the system, check for leaks with a cooling system tester. 

If any coolant gets in your eyes, rinse them with water and consult a doctor immediately. 

If coolant is swallowed, induce vomiting, gargle and consult a physician immediately. 

If any coolant gets on your skin or clothes, rinse thoroughly with plenty of water. 

BRAKE FLUID 

p m i E q  
Spilling fluid on painted, plastic or rubber parts will damage them. Place a clean shop towel over these parts whenever the 
system is serviced. 



GENERAL INFORMATION 

BRAKE DUST 
Never use an air hose or dry brush to clean brake assemblies. Use an OSHA-approved vacuum cleaner or alternate method 
approved by OSHA, designed to minimize the hazard caused by airborne fibers. 

Older motorcycle brakes may have asbestos. Inhaled asbestos fibers have been found to cause respiratory disease 
and cancer. 

NITROGEN PRESSURE 
For shock absorbers with a gas-filled reservoir: 

Use onlv nitroaen to ~ressurize the shock absorber. The use of an unstable gas can cause a fire or explosion resulting in - 
serious injury. 
The shock absorber contains nitrogen under high pressure. Allowing fire or heat near the shock absorber could lead to 
an explosion that could result in serious injury. 
Failure to release the pressure from a shock absorber before disposing of it may lead to a possible explosion and seri- 
ous injury i f  it is heated or pierced. 

To prevent the possibility of an explosion, release the nitrogen by pressing the valve core. Then remove the valve stem from 
the shock absorber reservoir. Dispose of the oil in a manner acceptable to the Environmental Protection Agency (EPA). 

Before disposal of the shock absorber, release the nitrogen by pressing the valve core. Then remove the valve stem from 
the shock absorber. 

USED ENGINEITRANSMISSION OIL 

C--- ..._, .__.. jly left in cc i s  
is unlikely unless you handle used oil on a daily basis, it is still advisable to thoroughly wasfiour hands with soap and 
water as soon as possible after handling used oil. 



GENERAL INFORMATION 

SERVICE INFORMATION 
TOOLS 

Driver 
07749-0010000 

Universal bearing puller 
07631-0010000 

or its equivalent 

Bearing remover, 17mm 
07936-3710300 

Attachment Remover handle Pilot, 17mm 
07746-0030300 07936-3710100 07746-0040400 

Attachment 
07746-0010300 

Bearing remover shaft 
07746-0050100 

Attachment, 37 x 40mm 
07746-0010200 

Remover weight 
07741-0010201 

Remover head, 2Omm 
07746-0050600 

Inner driver 
07746-0030100 



GENERAL INFORMATION 

SERVICE RULES 
Use only metric tools when servicing a Honda 
motorcycle, scooter, or A N .  Metric bolts, nuts and 
screws are not interchangeable with English fasten- 
ers. The use of incorrect tools and fasteners may 
damage the motorcycle, scooter, or A N .  

Special tools are designed to remove or replace a 
specific part or assemblies without damage. The 
use of other procedures, without using the specified 
special tools, may damage the parts. 

Clean the outside of a part or assembly before 
removing i t  from the motorcycle or opening its 
cover for service. Dirt that has accumulated on the 
outside could fall into the engine, chassis or brake 
system and cause damage later. 

Clean the parts after disassembly but before mea- 
suring them for wear. Parts should be washed in 
high flash-point solvent and dried with com- 
pressed air. Beware of parts containing O-rings or 
oil seals since these are adversely affected by most 
cleaning solvents. 

Control cables must not be bent or distorted. 
This will lead to stiff operation and premature 
cable failure. 

Rubber parts can deteriorate with age and are 
highly-susceptible to damage from solvents and 
oils. Check these parts before reassembly and 
replace as necessary. 

Loosening a part with multiple fastener sizes 
should be done from the outside-to-inside in a criss- 
cross panern, loosening the small fasteners first. 
Loosening the big fasteners first will place an exces- 
sive force on the smaller fasteners. 

Complex assemblies, such as transmission parts, 
should be stored in the proper assembly order and 
held securely with wire. This will simplify reassem- 
bly later. 

Reassembly position of critical parts should be 
noted before the parts are disassembled. This will 
allow those dimensions (depth, distance, or posi- 
tion) to be correctly duplicated upon reassembly. 

WRONG WRONG , WRONG 



GENERAL INFORMATION 

Non-reusable parts are always replaced whenever 
something is disassembled. These include the gas- 
kets, metal sealing washers, O-rings, oil seals, snap 
rings, and cotter pins. 

pmiiF 
Coolant or brake fluid will damage the appearance 
of painted parts. In addition, these fluids can dam- 
age the structural integrity o f  plastic or rubber parts. 

Ball bearings are removed using tools which apply 
force against one or both (inner and outer) bearing 
races. If the force is applied against only one race 
(either inner or outer), the bearing will be damaged 
during removal and must be replaced. If the force is 
applied against both races equally, the bearing will 
not be damaged during removal. 

/ Both examples ruin the bearing 

Ball bearings are cleaned in high flash-point solvent 
then dried with compressed air. Air dry the bearing 
while holding both races to prevent it from spin- 
ning. If the bearing is allowed to spin, the high 
speed generated by the air jet can overspeed the 
bearing and cause permanent damage. 

Ball bearings are checked (after cleaning) by 
slowly rotating the inner race while holding the 
outer race stationary. If any radial play or rough- 
ness is felt, it must be replaced. The bearing 
should have no axial play; if it has noticeable axial 
play, it must be replaced. 



Ball bearings are always installed with the manufac- 
turer's name and size code facing out. (Facing out 

single<ealedbearingsbefore reassembly. 1 1  I I I 

SINGLE-SEALED DOUBLE-SEALED ,,, NDE 
meaning -the name and sizing code should be visi- 
ble from the side the bearing is installed from.) This 
is true for open, single-sealed and double-sealed 
bearings. Apply the proper grease to open and 

8 ,, . , .. 

PIPI 

~ i n d a  or recommended by Honda. The use-of non- 
Honda Darts and non-recommended fluids can have 

Snap rings are always installed with the chamfered 
(rolled) edge facing away from the thrust of the mat- 
ing part. This way, pressure against the snap ring 
presses against the areas in the snap ring groove 
with the most parallel contact areas against one 
another. Installed incorrectly, pressure against the 
rolled or chamfered edge could compress the snap 
ring with the possibility of dislodging it. Never reuse 
snap rings since they are often used to control end 
play and become worn with normal use. Wear is 
especially critical on snap rings which retain spin- 
ning parts such as gears. After installing a snap 
ring, always rotate it in its groove to be sure it is 
fully seated. 

Grease or oil sliding or turning parts with the rec- 

an adverse effect on performance and durability. 

Reassembly operation should be tested, whenever 
possible, before the part is installed onto the 
motorcycle. 

Bolt or screw lengths can vary for an assembly, 
cover, or case. These different lengths must be 
installed into the correct locations. If you become 
confused, place the bolts into their holes and com- 
pare the exposed lengths; each should be exposed 
by the same amount. 

To prevent warping important components and 
ensure proper gasket sealing, multiple sized fasten- 
ers should be torqued as follows: tighten all to 
hand-tight, then torque big fasteners before little 
fasteners. Torque pattern should be crisscross from 
inner-to-outer. To minimize distortion, critical fas- 
teners should be torqued in two or three incre- 
ments. Unless specified otherwise, bolts and 
fasteners are installed clean and dry; do not use oil 
on the threads. 

-~ - ~ 

TYPE I / 
MANUFACTURER'S 
NAME, BEARING No. 

ommended lubricant before reassembly. 

Re~lacement Darts and fluids must be genuine 



Old gasket material or sealant must be removed 
before reassembly. If the gasket surface is damaged 
slightly, it may be possible to smooth that area with 
an oil stone. 

GENERAL INFORMATION 
Oil seals are always installed with grease packed 
into the seal cavity and the manufacturer's name 
facing the outside (dry side). When installing seals, 
always check that the shaft over which the seal fits 
is smooth and free of burrs which could damage 
the seal. MANUFACTURER'S NAME AiGi 

Rubber hoses (fuel, vacuum, or coolant) should be 
installed so the end is bottomed onto its fitting. This 
allows adequate area for the hose clip to grip the 
hose beneath the flared end of the fitting. 

Rubber or plastic dustldirt boots should be 
replaced securely in the exact positions for which 
they were designed. 

BOOTS 



GENERAL INFORMATION 

FASTENERS 
A vehicle is composed of a number of connected 
parts. A variety of fasteners are used to connect 
these parts. Unlike permanent connection meth- 
ods like welding, riveting and gluing, threaded 
fasteners are essential as a means of non-perma- 
nent connection which can be disconnected 
whenever necessary. 

Roughly estimated, the thread diameter is the O.D. 
of the male thread or the I.D. across the full width of 
the "valleys" of the female thread. 
The pitch is the thread-to-thread distance that a 
malelfemale bolt moves in one complete turn. 

TYPES OF THREADS 
Metric threads, as specified by the International 
Standards Organization (ISO), are used on HONDA 
vehicles. 

The typical IS0 threads found on Honda products 
are the following threads and pitches. I 

Diameter Pitch Diameter Pitch 
(mm) (mm) (mm) (mm) 

3 1 0.5 1 12 I 1.25 

The few parts which do not have conventional (ISO) 
metric threads are listed below. 

The threads are NOT INTERCHANGEABLE with con- 
ventional (ISO) metric threads. 

FEMALE 1 

THREAD SIZES 
Thread sizes are represented by male thread diame- 
ters. Widths across flats represent applicable tool 
sizes. Note that these widths are not related to 
thread sizes. 
On Honda motorcycles, scooters and ANs, the size 
of the bolt, nut or screw is considered to be the 
thread diameter. 

WIDTH ACROSS 
FLATS 
(TOOL SIZE) 

Example of application 
Oil pressure switch 
Thermostatic units 
Spokes and nipples 
Spark plugs 
Tire valve stem 

Description 
Parallel threads for tubes 
Tapered threads for tubes 
Thread type used on bicycles 
Spark plug threads 
Automobile tire valve stem 

t- MALE THREAD DIAMETER 
(THREAD SIZE) 

The figures given above represent screw sizes. An example is given for each type of screw or thread 
- 

*Symbols (typical examples) 
PF 118 
PT 118 
BC 3.2 
M 12s 
N 8  



GENERAL INFORMATION 

WIDTH ACROSS FLATS 
The width across flats is the portion where tools 
such as a wrench or a socket are applied. Applicable 
tool sizes are represented by these widths. The 
denomination of a "10 mm wrench," for example, 
represents a wrench to be used on hex-heads with 
widths across flats of 10 mm. 

Some other common widths across the flats are 22, 
24, 27, 30, 32 mm, etc. Spark plugs have particular 
width across flats; they should be removed with 
special spark plug wrenches (16, 18 and 20.6 mm). 

Below is a table to show representative widths 
across flats and thread sizes often used for Honda 
vehicles. Not all widths across the flats are shown. 

HEX-HEAD BOLT STRENGTH 
MARKINGS 

Hexagon 
portion 

Strength marks, indicating material type, are visible 
on the head of some hex-headed bolts. Bolts are 
classified into standard bolts and high-tension bolts 
by material types. During assembly, take care not to 
install any high-tension bolts in the wrong place. 
Note that while standard bolts are tightened to a 
standard torque unless otherwise specified, high- 
tension bolts always have their own specified 
torque values. 6 mm SH bolts without strength 
marks (small-headed flange bolts with a width 
across flats of 8 mm and a thread size of 6 mm) are 
all considered standard bolts. 

1 6 I 5 x 0.8 

Width 
across flats 

(Thread diameter) 
x (pitch) 



GENERAL INFORMATION 

DR-Woe (or dished-head) bolts without strength / 1 
markings(flange bolts with hex-heads and weight 
reduction holes in them) are classified by outer 
flange diameters. Be careful about the installation 
points and the torques of high-tension bolts having 
the same hexagon dimensions as standard bolts. 
but having larger flanges. 

DISHED HEAD 

DR-TYPE 1 00, 

"TORX" BOLT 
"TORX" was developed by CAMCARlTEXTRON 
INC., Rockford, Illinois, U.S.A. The portion which 
transfers the tightening torque has a hex-globe 
shape as shown in the figure. The inside TORX is 
classified as "T" type, and the outside TORX is as 
"E" type. 

Drive size represent the sizes of "T" or "E" portion 
and also applicable tool sizes. 

Below is a table to show representative drive sizes 
and thread sizes often used for Honda motorcycles. 

UBS bolts are in the high-tension category. They 
can be recognized by undercuts under their bolt 
necks. UBS bolts are marked either with or without 
strength marks. Furthermore, these bolts are so 
structured so they will not easily loosen, by the pro- 
vision of a slight slope of 5 to 60" on the bottom of 
the flange. 5 - 60" 

UBS BOLT 

UNDERCUT 



CT BOLT 

GENERAL INFORMATION 1 
"T" TORX has a special type which has a projection 
at the bottom of its hollow. 

This type of TORX bolt is used for the parts that 
are not disassembled (ex: throttle sensor installa- 
tion, etc.). 

To remove and install this type (with a recess for the 
projection), a TORX wrench is required. 

Be careful that the parts using "T" type TORX bolts 
basically should not be removed or an adjustment is 
required when reinstalled. 

A CT bolt creates female threads when it screws 
into the unthreaded pilot hole. 

The lower half of the CT bolt features the combina- 
tion of the standard threads and the low threads. 

PROJECTION 

STANDARD THREAD 

I LOWTHREAD 

When a CT bolt is screwed into the unthreaded 
pilot hole, the bolt creates female threads i n  the 
pilot hole by deforming the wall of the hole. Few 
chips and shavings are produced, unlike threading 
by a machine. 

The threads remain in the part after the CT bolt 
is removed. 

When a CT bolt is reused, tighten the bolt with care 
not to ruin the female threads that were made when 
the bolt was tightened the first time. 

a 

IC 
N 

INTRODUCTION PART 
WER HALF OF BOLT 

(COMBINATION OF STANDARD 
THREADS AND LOW THREADS) 

A standard bolt can be used in the female threads 
that were made by the CT bolt. The service replace- 

U P P E R  HALF OF BOLT 
(STANDARD THREADS) 

When CT bolt replacement is required, use a new 
CT bolt or Honda genuine standard bolt. Do not use 
the length liter' standard bolt. 

ment parts already have the threads. 

CT BOLT 

INTRODUCTION 

STANDARD 
BOLT 

a 



GENERAL INFORMATION 

TORQUE VALUES (Tightening Force) 
When two or more parts are connected by a fas- 
tener, their connection should not be affected by 
external forces; i.e., there should be no gap F: TIGHTENING FORCE 
between the parts which are fastened together. f: BOLT AXIAL FORCE 
The first priority of threaded fastener connected 
parts is the state of being tightened with a suffi- 
cient force. When any tightening force is sufficient 
for the intended function, it is called "proper tight- 
ening force." 

The tightening force of one bolt is equal to bolt axial 
tensile strength. Bolt tightening force is, therefore, 
often called "bolt axial force." 

A decrease in tiahteninn force (initial tightening 

1 I - TIGHTENING TORQUE 

force) due to thebassage of time, externai forces. / 
or vibration applied during use is called "fastener 
loosening." Even when the initial tightening force 
was correct, loosening may cause it to decrease in 
later use, finally damaging some parts. As a coun- 
termeasure against fastener loosening, retighten- 
ing is carried out after a certain period of time. 
Periodically tightening wheel spokes is an example 
of this operation. 

Proper tightening forces are specified according to 
fastener strength, strength of fastened parts and 
intensity of external forces. Tightening must be car- 
ried out in strict accordance with this specification, 
especially at important points. Tightening a con- 
necting rod bearing cap with a strongerforce than is 
proper, for example, will deform the tightened part 
(bearing cap) slightly and cause the oil clearance for 
the bearing to become smaller than specified, which 
may lead to the bearing seizing. An insufficient 
tightening force, on the other hand, may allow the 
nuts or bearing caps to loosen and fall off during 
engine operation, leading to serious engine trouble. 

OIL CLEARANCE 

BEARING CAP 

As mentioned earlier, the most important point in 
fastener tightening is the tightening force. The prob- 
lem is that this tightening force (axial tension) is dif- 
ficult to measure. Using a predetermined tightening 
torque is, therefore, the most common method of 
controlling fastener tension. 



GENERAL INFORMATION 

range and has a tendency to inckease as the tighten- 
inglloosening procedure is repeated. 

It must be noted that, in this control method using 
torque values, the axial tension is proportional to 
the torque under certain conditions. Under other 
conditions, this important axial tension varies even 
when the fastener is tightened to the same torque. 

The table on the right gives some examples of fric- 
tion coefficient <p when oil has adhered to  the 
threaded portion. Under the same conditions from 
the viewpoint of the tightening torque and the mate- 
rial of the parts that are fastened together, cp> (fric- 
tion coefficient) varies largely. Of the tightening 
torque applied on an unlubricated fastener, 88 to 92 
percent is consumed by the friction of flanges and 
thread surfaces and only 8 to 12 percent is effec- 
tively transformed into axial tension. This percent- 
age of transformation into axial tension increases as 
the above-mentioned friction decreases: i.e., as the 
value <p> decreases, the axial tension increases. 

Axial tension varies when the same tightening 
torque value is obtained. Furthermore, in a dry 

portion in a applied (p = 0.09 - 0.14) 
dry state (p = 0.22 - 0.34) 
(p = 0.35 - 0.54) 

Effect of Friction Coefficient <p> 

m 
z 

T I G H T E N I N G  TORQUE 

(unlubricated) state, the value cu> varies in a wider 

It is important to oil the threads of specific fasteners 
when instructed to do so in the Model Specific man- 
ual. Oiling the threads of these fasteners ensures 
stable fastening tension in critical areas. No other 
bolts besides those specifically pointed out in the 
Model Specific service manual text require oil on 
their threads. 

Lubrication of the threaded portion or of the bot- 
tom of the flange reduces friction and the anti-loos- 
ening effect. However, this lubrication also 
increases fastener axial tension and results in a 
sufficient tightening strength, so that the fastener is 
less likely to loosen. 

Torque values are determined according to fastener 
size and strength, and the strength of the parts that 
are fastened together. In many of our previous ser- 
vice manuals, torque values are specified within a 
certain range. Due to slight variation in torque 
wrench precision and fastener friction coefficient, 
the target torque value should be the middle of the 
range of the torque value specified. The Model Spe- 
cific manuals provide only the simplified, middle- 
range torque values. Kg-m is used as a tightening 
torque unit. . 
Example; A torque of 1 kg-m refers to the moment 
of force obtained when a 1-meter long wrench is 
loaded with 1 kilogram. At the same moment, a 
heavier load is needed as the effective wrench 
length is shorter. 

- 1 kg-m 
(100 kg-cm) 

= 1 kg-m 
(100 kg-cm) 

1 kg-m = 10 N.m 
1 kg-m = 7 ft-lb 



Certain areas of a vehicle are subject to repeated 
and severe external forces. Special bolts with a high 
percentage of elastic deformation capability are 
used in these areas. 

GENERAL INFORMATION 

FASTENER LOOSENING 

Installing common bolts in these areas with spe- 
cial requirements may lead to loosening or shear- 
ing of the fastener. Therefore it is important to 
identify both these specially designed bolts and 
the positions where they are required. Follow any 
special bolt instructions given in the Model Spe- 
cific manuals. 

In most of the cases, fastener loosening is due to 
external forces repeatedly applied to, or working 
against, the fastener (such as vibration), thus reduc- 
ing screw axial tension. 

;... 

Always clean fasteners thoroughly if there is any 
dirt present anywhere on the fastener. 

Installing fasteners with dirt or other foreign matter 
on their threads or on the bolt or nut bearing sur- 
faces will result in improper axial tension, despite 
the use of the proper torque specification. 

As the dirt or foreign matter breaks down due to 
vibration and the attached parts working against 
each other, the fastener will soon work its way loose. 

There are several methods of preventing the vari- 
ous types of fasteners from loosening. Some rep- 
resentative examples are presented on the next 
page, together with the necessary instructions for 
proper use. 

FATIGUE 

. . 

- 

SPECIAL BOLTS 



GENERAL INFORMATION 
LOCKING 

- . - - - - 
TVPES OF FASTENERS . . AP~LICATIONS - CAUT~ON 

- 1. ~ock\Nasher l~onvei t iona~ split- ~ar iocs points on frame ~ o n o t  use lock wishers which have 10s; 
ring type) I m 

(Bolts-incorporating wash- their elasticity or are deformed or eccentric. 
ers are also available.) Excessive torque will open or deform the 

washer and render i t  useless. 

@ 
OCK WASHER 

When the washer is com- 
pressed under the bearing sur- 
face pressure, the elasticity of 
the spring and the edges of the 
ring ends prevent loosening. 

2. Self-locking nut 1 Important points on the 
frame 
- PRO-Link pivot point nuts 
- Axle nuts 

This is a nut with a spring plate 
on top. This spring plate 
Dresses aaainst the thread. mak- 
ing it difficult for the nut td 
loosen. After removal. this tvDe . ~ ., 
of nut can be used again. 

3. Double nut 1 Chain adjusters 

The lock nut, applied to the 
adjusting nut from outside, 
presses against the latter thus 1 

LOCK NUT 

ADJUSTING NUT 

preventing loosening. 
4. Cone spring lock washer 

Cable adjusters 
(Also used for removing or 
installing stud bolts) 

CONE-TYPE 
LOCK WASHER 

The bearing surface presses on 
the cone sorina washer and the , 
spring reaction presses against 
the nut to Drevent it from 

Avoid using spring plate nuts with 
deformed or damaged spring plates. 
The bolt head must be held during nut 
installation and removal due to the resis- 
tance of the nut spring plate against the 
bolt. 
If the bolt length is too short, the spring 
plate portion of the lock nut will not engage 
with the thread fully. 

Use an appropriate size for thread dia. or 
hex point. 
When using with a plain washer, always 
put the lock washer between the nut and 
plain washer. 

Hold the adjusting nut securely and tighten 
the lock nut. 
Any attempt to loosen both nuts (adjusting 
and lock nuts) simultaneously will damage 
the bolt threads. i 

Drive sprocket center bolt 

Important points inside the 
engine 
- Clutch lock nut 
-Primary gear lock nut . 

shown in the column at left. 
Do not use if damaged or deformed. 
When using a lock nut chamfered on one 
side, install the nut with chamfered side 
facing the lock washer as shown below. 
When using with a plain washer, always 
put the lock washer between the nut and 
plain washer. 

Installing in the opposite direction prevents 
effective locking. Always install cone wash- 
ers with their "OUTSIDE" mark facing out. 
If unmarked, install cone spring washers as 

CHAMFERED EDGE 



I Inserting a cotter pin through a 
nut and bolt prevents loosening. 

GENERAL INFORMATION 

7. Slip pinlcotter pin 

I PIN 

SLIP PIN 

CAUTION 
-.Ensurethatatongue(clawlhaslocked the 

nut properly. 
Since repeated bendinglstraightening dam- 
ages the tongue, replace the lock plate with 
a new one whenever the lock plate is 
removed. 
Align the tongue to the nut in such a man- 
ner that the nut aligns properly when 
proper nut torque is reached, or so that the 
nut must be tightened further to align the 
tongue. 
Do not align the nut in a position where the 
locking tongue aligns, but the nut torque is 
less than specified. C 

f . \  0 0-  0 0 0s 
,I L,? - -.-J 

RIGHT WRONG 

Since repeated bendinglstraightening dam- 
ages cotter pins, always use new cotter 
pins during assembly. 
Tighten the nut to the specified torque. 
Then align the next possible pin hole while 
tightening the nut just beyond the specified 
torque. 
Do not align the holes in a position where 
the nut torque is less than the specified 
torque. 

APPLICATIONS - 
Important points inside 
engine 
-Clutch lock nut 

lmportant safety points on 
the frame 

head bearing 

e -Driven sprocket nuts 

points 
- Brake rod 

@*+ ?$#p~ 
RIGHT WRONG 

Bend the tongue (claw) to the 
flat face of nut or into the 
groove of the nut to lock the nut 
or bolt head. 

pp 

6. Castle-headed nut 

lnserting a slip pin or cotter pin 
through a bolt prevents the nut 
from loosening. 

1 Bend the cotter pin as shown below. 

Important safety points on 
the frame 
-Axle nut 
-Brake torque rod 

RIGHT " WRONG 

Since repeated bendinglstraightening dam- 
ages cotter pins, always use new cotter 
pins during assembly. Although slip pins 
can be used again, replace slip pins with 
new ones if they are deformed or fatigued. 
When using a cotter pin or slip pin on sus- 
pension and wheel components, install the 
pin with the head facing forward. If 
installed in the opposite direction, these 
pins may be bent and eventually broken 
and knocked out due to hitting stationary 
objects or from thrown stones on off-road 
bikes. Be sure to bend cotter pins properly 
as shown below. 

@-""D @ $El 
RIGHT WRONG 

Set the pin head in any position within the 
range A shown above. 



GENERAL INFORMATION 

TYPES OF FASTENERS 
8. Stake-type lock nut 

engine 
-Clutch center lock nut 

CAUTION 
During disassembly, eliminate the staking 
point to loosen the nut. 
Replace the nut if the old staked area of the 
nut aligns with the groove of the shaft after 
tightening the nut to specified torque. 
After tightening the nut to the specified 
torque, stake the nut collar by striking it 
with a drift punch in such a way that the 
staking point matches the shaft groove. 

STAKE POINT 

Wheel bearing retainer 
Shift drum stopper plate 

~ n s u r e  ihat the staking point has entered 
into the groove at leas1 213 of Ine groove 

Stake (or indent) the collar of 
the nut to make it match the 
groove in the shaft. 

9. Thread locking agent 

depth. 

Rotating points inside the 
engine, points which if loos- 
ened. mav contact rotating 

Application of a locking agent increases 
loosening torque. Take care not to damage 
the bolt during removal. 
Before applying a locking agent clean off all 
oil andlor residual adhesive remaining on 
the threads and dry them completely. 
Application of an excessive amount of 
adhesive may, during loosening, damage 
the thread or cause the bolt to be broken. 

- 
parts. I -Stator bolt 
-Bearing retainer bolts 
-Shift drum stopper plate 

bolt 

Frame 
- Fork socket bolts 
-Brake disc bolts 

Applying a small amount of adhesive to the 
end of the bolt threads distributes the 
adhesive throughout when the bolt is 
threaded in. 
When using with a plain washer, always 
put the lock washer between the nut and 
plain washer. 

Apply a thread locking agent to 
the thread to prevent loosening. 

APPLY LOCKING AGENT 

A locking agent may cause plastic parts to 
crack. Don't let the lockina aaent touch 

cylinder 
cylinder head 

-Frame: 
foot peg 
bracket 

10. UBS bolt 

n 

The threads are pressed by the 
reaction on the inclined bolt ~ - 

flange. 
11. Quick Screws 

Used on critical areas of the 
enginelframe where a nut 
cannot be used to tighten. 
-Engine: 

1 Used on body panels and 

- - 
plastic parts. 
The tightening surface where the bolt 
flange seats should be level and smooth. 

Turn clockwise to tighten. Do not use exces- 
sive force to tighten. 
To remove, turn counterclockwise. 

fairing parts. These are 
quick-release fasteners for 
~nspection or service access. 

l 
. 

LOCK I I I 



GENERAL INFORMATION 

TYPES OF FASTENERS 

Before reinstalling, reset the center pin by 
pushing i t  out. 

fairing parts. ~ h e s e  are all 
plastic fasteners which can 
be removed. 

12. Trim Clios 1 Used on bodv oanels and 1 To install and lock, de~ress the center oin 
APPLICATIONS 

with thumb or screwdriver till it is level 
with the sleeve. 
To release, depress the center pin further 
inside the sleeve. 

1 LOCK Uja 

CAUTION 

13. Split Trim Clips 

RELEASE RESET 

14. Threaded Trim Clips I Used on body panels and 
fairing parts. These are plas- 
tic fasteners with a metal 

Used on body panels and 
fairing parts. These are all 
plastic fasteners which can 
be removed. 

screw which can be easily 
removed. 

To install and lock, depress the center pin 
with thumb or screwdriver till it is level 
with the sleeve. 
To release, depress the center pin further 
inside the sleeve. 
Before reinstalling, reset the center pin by 
pushing it out. 

15. Well Nuts 

LOCK I 

sive force to tighten. 
To remove, turn counterclockwise. 

1 
Used on body panels, fair- 
ing parts and windshield. 
These are rubber fasteners 
with a brassthreaded sleeve 
and a metal screw which 
can be easily removed. 

Turn clockwise to tighten. Do not use exces- 
sive force to tighten. 
To remove, turn counterclockwise. 



Remove the bearing from the shaft using a bear- 
ing puller. Avoid using a bearing that has been 

- 
removed by pulling on the outer race with a bear- BEARING PULLER 
ing puller. 

TOOL: / 
Universal bearing puller 07631-0010000 or its 

equivalent 

GENERAL INFORMATION 

BALL BEARING REPLACEMENT 
REMOVING BALL BEARINGS 
Ball bearings are removed using tools which apply 
force against one or both (inner and outer) races. If 
the force is applied against only one race (either 
inner or outer), the bearing will be damaged during 
removal and must be replaced. If the force is 
applied against both races (equally), the bearing can 
be reused. 

TOOLS: 
Driver 
Attachment 

If the bearing is in a blind hole in the crankcase and 
cannot be removed by hammering on the opposite 
side, remove it with a bearing remover. For recom- 
mended bearing removers, refer to the Tool Com- 
patibility Table on page 1-23 and Chart on page 
1-24. 

TOOL: 
Bearing reamer 

Operate the bearing remover with the shaft threads 
properly engaged. A poor fit may lead to damage to 
the threads. 

Replace the remover if it is worn or damaged. 

Do not reuse bearings that have been removed. 

If the use of a bearing remover is not possible, 
remove the bearing by thermally expanding the 
case; slowly and uniformly heating the case with a 
heat gun (industrial dryer), or a hot plate. 

To avoid burns, wear insulated gloves when han- 
dling the heated case. 

ATTACH. 
MEN 

REMOVER 
WEIGHT 

HANDLE SHAFT 

& 

HEAT GUN 



GENERAL INFORMATION 

Remove the wheel bearing using a bearing remover 
shaft and remover head. 

Do not reuse the removed bearing 

For recommended bearing remover shafts and 
remover heads, refer to the Tool Compatibility 
Table on page 1-23 and Chart on page 1-24. 

TOOLS: 
Remover shaft 
Remover head 

INSTALLING BALL BEARINGS 
Clean the bearing recess before the bearing is 
installed to ensure that it is free from dust or debris 
and that the bearing seats fully in its recess. 

Caution should be taken regarding the direction in 
which the bearing is installed. Ball bearings are 
always installed with the manufacturer's name and 
size code facing out. This is true for open, single 
sealed and double sealed bearings. 

Apply the proper grease to the bearing before reas- 
sembly. The outer race should be installed with a 
driver, attachment and pilot. 

The bearing must be installed in a parallel manner. 

TOOLS: 
Driver 
Attachment 

Dust in the bearing recess or i m ~ r o ~ e r  fit mav result - . . 
in bearing failure. 

If a new bearing fails to fit tightly in the bearing 
recess, replace the case. 

If there is an oil guide plate, the pilot must not 
be used. 

If the pilot contacts the oi l  guide plate when install- 
ing the bearing, the oi l  guide plate may be damaged. 

Before removing the bearing, make sure whether or 
not a pilot can be used. 

When the bearing is installed onto a shaft, the inner 
race should be set by using an inner driver handle 
and inner driver. 

Clean the bearing recesses thoroughly before 
installing the new bearing. 

The bearing must be installed in a parallel manner. 

rn 
Dust in the bearing recess or im~roper  fit may result - . . 
in bearing failure. 

If a new bearing fails to fit tightly onto the shaft, 
replace the shaft. 

MANUFACTURER'S a NAMEIBEARING No. 

INNER RACE 



GENERAL INFORMATION 

An improper fit between the bearing and shafi may 
cause bearing damage when in use. 

For adaptability between drivers, attachments and 
pilots, refer to the Tool Compatibility Table on page 
1-23 and Chart on page 1-24. 

TOOLS: 
Inner driver 
Attachment 

TOOL COMPATIBILITY CHART FOR 
STANDARD BEARINGS 
BEARING SIZE 

Select the bearing tool according to the size 
stamped on the bearing race. 
A "U" or "Z" indicates a bearing with a metal shield 
or rubber seal respectively. These letters have no 
connection with bearing size and can be ignored. 

U: Single metal sealed type 
Z: Single rubber sealed type 
UU: Double metal sealed type 
ZZ: Double rubber sealed type 

SINGLE- 
SEALED 
TYPE 

OPEN 
TYPE MANUFACTURER'S 

NAME, BEARING No. 

BEARING REMOVER COMPATIBILITY FOR WHEEL 
BEARING 

Use the remover heads listed below in combination 
with shaft 
(07746-0050100). 
 here is a kit which includes 10 - 20 mm remover 
heads and shafts. 

TOOL: 
Wheel bearing remover kit: 07746-0050001 or 

equivalent commercially 
available in U.S.A. 

BEARING 
NUMBER 

6000 I I 

ID 
(mm) 

BEARING REMOVER HEAD 
TOOL NUMBER 



GENERAL INFORMATION 
BEARING REMOVER COMPATIBILITY TABLE 

'Not available in U.S.A. 
'*07936-3710100 U.S.A. only 
***07936-3710200 U.S.A. only 

*07936-GE00000 

*07936-1660001 

07936-3710300 

remover 
X07936-3710001 

07936-3710400 07936-3710100 



GENERAL INFORMATION 
TOOL COMPATIBILITY CHART 
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This section covers the normal inspections and adjustments that are necessary to maintain the vehicle in good condition . 
Perform this maintenance at each scheduled maintenance period . Refer to the Model Specific manual for the proper main- 
tenance schedule and applicable items . 
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SERVICE INFORMATION 
TOOLS 

Adjuster, valve Wrench, offset tappet lock-nut Oil filter wrench / ., ,,' ,," ,,,' I* 

../ 
.~ ., 

Oil filter wrench 

. . - I 

... , ~. , - 8  , . 1 ' ~ : ~  ~ - 

For large-type cartridge oil filters 

/ ,,.. ,,. ,. 
1' 

0: 

Spoke wrench / 
a? ./',,,, 

" ; 

For 65 mm oil filters 

Drive chain cutter 
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SYSTEM DESCRIPTIONS 
PULSE SECONDARY AIR SUPPLY (PAIR) SYSTEM 
The cooling fan may start automatically, without warning. To prevent injury, keep your hands and clothing away from the 
cooling fan. 

The pulse secondary air supply system introduces filtered air into the exhaust gases in the exhaust port. The secondary air 
is drawn into the exhaust port whenever there is a negative pressure pulse in the exhaust system. This charged secondary 
air promotes burning of the unburned exhaust gases and changes a considerable amount of hydrocarbons and carbon 
monoxide into relatively harmless carbon dioxide and water. 

Refer to the vacuum hose routing diagram label for hose connections. 

The vacuum hose routing diagram will not appear 
on motorcycles after 2004. 

Check the air supply tubes between the valve and exhaust ports for deterioration, damage, or loose connections. Make 
sure the tubes are not kinked, pinched, or cracked. 

If the tubes show any signs of heat damage, inspect the reed valve in the system for damage. 

Check the vacuum hose between the intake pipe and valve for deterioration, damage or a loose connection. Make sure the 
hose is not kinked, pinched, or cracked. 



MAINTENANCE 

BRAKE SYSTEM 
Brake systems have evolved over the years and are now very complex. However, the basic components are still there: 
master cylinder, calipers, discs. brake pads, hand lever, foot pedal, and hydraulic system. All these components need peri- 
odic inspection and servicing, 

The Dual Linked Brake System (LBSI features a triple-action front caliper and a single-piston rear caliper. Application of the 
front brake lever activates the two outer or single center pistons of the front caliper. Application of the rear brake lever1 
pedal, activates the piston of the rear caliper and the center andlor two outer   is tons of the front cali~er. When onlv the , ~~ - 

rear brake lever is used, an inline delay valve smoothes application of the fronicaliper piston. Dual ~in'ked Brake systems 
are highly reliable and require little additional servicing. 

LBS 

The Antilock Braking System (ABSI is designed to help prevent wheel lock up during hard braking or braking on loose or 
slippery surfaces. ABS momentarily reduces the brake caliper fluid pressure when the wheels are about to lock. When the 
system senses that the tendency for wheel lock is reduced, brake caliper fluid pressure is restored. ABS repeats this cycle 
as required for secure brake performance with minimum possibility of wheel lock. 

For detailed information on LBS or ABS, see the Model Specific manual. 

ABS & LBS 
Hand brake 

Fmnl mcduwor 
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FUEL LINE 
Check the fuel line for: 

- Gasoline leakage 
- Loose or improperly positioned line clip 
- Deteriorated or damaged line 

Replace any defective parts 

FUEL STRAINER SCREEN 
Turn the fuel valve to "OFF" position. 

Remove the strainer cap below the fuel valve, and drain the gasoline 
into a suitable container. 

Gasoline is highly flammable and explosive. 
You can be burned or seriously injured when 
handling fuel. 

Stop the engine and keep heat, sparks, and 
flames away. 
Handle fuel only outdoors. 
Wipe up spills immediately. 

Remove the O-ring and strainer screen, 

Clean the cup and strainer screen with non-flammable or high flash- 
point solvent. 

Replace the O-ring with a new one. 

Reinstall the strainer screen, O-ring and cup, then tighten the cup to 
the specified torque. 

I NOTICE I 
Overti~htenina the CUD mav break or deform the 
0-ring, causing a fuel'leak.' 

Turn the fuel valve to "ON" and check that there are no leaks. 

FUEL VALVE 
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THROTTLE OPERATION 
Check for any deterioration or damage to the throt- 
tle cable. Check that the throttle automatically 
closes completely in all steering positions. 

If the throttle grip does not return properly, lubricate 
the throttle cable and overhaul and lubricate the 
throttle grip housing. If the throttle grip still does not 
return properly, the cable may need replacement. 

With the engine idling, turn the handlebar all the 
way to the right and left to ensure that the idle 
speed does not change. If idle speed increases, 
check the throttle grip free play and the throttle 
cable connection. 

Reusing a damaged or abnormally bent or kinked 
throttle cable can prevent proper throttle slide 
operation and may lead to a loss of throttle con- 
trol while riding. 

Throttle free play should be checked and adjusted 
as follows: 

Throttle grip free play is correct if there is a pre- 
scribed amount of play on the outer circumfer- 
ence of the throttle grip flange. 

Throttle lever free play is correct if there is a 
pre-scribed amount of play at the tip of the 
throttle lever. 

Minor free play adjustments can be made with the 
adjuster on the throttle grip side. 

Loosen the lock nut and turn the adjuster to obtain 
the desired amount of free play. 

Tighten the lock nut after the adjustment has 
been made. 

If the adjuster has a boot, reposition i t  properly after 
adjustment is made. 

THROTTLE THROTTLE 
GRIP TYPE I LEVER TYPE 

I FREE P ~ Y  

With a forced openinglclosing-type throttle, the 
major adjustment of free play can be made by loos- 
ening the lock nut on the pull side of the cable and 
turning the adjuster. 

Tighten the lock nut after the adjustment has 
been made. 

ADJUSTER 
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If the throttle cable has an adiuster anywhere within I I 
its length besides the ends; major adjustment is 1 Y T T L E  CABLE 
made there. 

Adjust the free play by loosening the lock nut and 
turning the adjuster. 

Tighten the lock nut after the adjustment has been 
made. If the adjuster has a boot, reposition it prop- 
erly after adjustment is made. 

After adjustment, verify correct throttle free play in 
all steering positions. 

ADJUSTER 
LOCK NUT 

OIL LlNE 
Check the oil line for leaks, deterioration or damage. 
Replace parts if necessary. 

OIL PUMP AND OIL LlNE (2-stroke 
motorcycles with separate oil supply) 

The oil supply on some 2-strokes is controlled by a 
throttle cable that is coupled with an oil pump. 
Oil flow is regulated, in a direct relation to throttle 
movement and position, by a combined oil control1 
throttle cable that simultaneously moves the throt- 
tle slide in the carburetor and a control arm on the 
oil pump. 

When the inner cable of the oil control cable 
stretches, the amount of the oil flow changes and 
is not suitable for the size of throttle opening. 
Therefore, it is necessary to inspect and readjust 
it periodically. 

There is a matching mark on the oil pump that must 
be aligned with the matching mark on the control 

OTLE CABLE 

arm, pump body, etc. Refer to the Model Specific 
manual before making any adjustments. 
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OIL STRAINER 
Loosen the tube clip located on the bottom of the / I 
oil tank. 1 
Drain oil into a suitable container. 

Remove the oil strainer joint from the bottom of 
the tank. 

Remove the strainer screen. 

OIL STRAINER 

TUBE CLIP 

OILSTRAINER 
JOINT 

4 

JOINT -# 
I 

Clean the strainer screen by blowing i t  out with / 
-:. OIL STRAINER curtlpresseu alr. 

To re~lace the screen. reverse the removal / 
proced;re. 
Fill the oil tank to the uwer  level mark with 2-stroke 
engine oil. Remove any'air from the oil line and oil 
pump (see page 4-15). 

Check each part for oil leakage after completing 
the oil strainer cleaning, oil tube, and pump air 
bleed procedures. 

CARBURETOR CHOKE 
MANUAL CHOKE 
On a manual choke system, check to see if 
the choke lever (or knob) can be opened and 
closed completely. 

Inspect the choke cable to see if it is bent, crimped 
or damaged in any way. 

Check to be sure that cable movement is correct on 
machines with manually operated chokes. 

CHOKE LEVER 
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Check by pushing the cable with your finger to see if 
there is a maximum of 1-2 mm of free play in the 
inner choke cable when the choke lever is in its 
completely off position. 

If the amount of free play is not sufficient, loosen 
the cable clamp screw and adjust the play of the 
inner cable by moving the position of the outer 
cable. Tighten the cable clamp securely when the 
adjustment is complete. 

INNER CHOKE CABLE 1 

STARTING ENRICHMENT VALVE 
The choke action on motorcycles equipped with a 
starting enrichment valve can be checked by the 
way the engine starts and runs. 

SYMPTOMS: 

Difficulty in starting before it is warmed up (easy 
once it is warmed up): starting enrichment valve 
is not completely opened (off). 
Idle speed is erratic even after warm-up (imper- 
fect combustion): starting enrichment valve is 
not completely closed (on). 

When the above-mentioned symptoms occur, 
inspect and overhaul the starting enrichment sys- 
tem according to the procedures specified in the 
Model Specific manual. If you find nothing wrong 
with it, proceed with the overhaul of the other items 
on the breakdown diagnosis list. 

AIR CLEANER 
When the element becomes dirty, the airlfuel mix- 
ture will become too rich. 

Periodic cleaning or replacement is necessary. 
Vehicles used in dusty areas require more fre- 
quent inspections. 

When replacing the air cleaner element, be careful 
to note the following points: 

If the element joint has a rubber seal, the joint 
will become more airtight if a small amount of 
grease is applied to the seal. 
Check to see that both the air cleaner and the 
holder are clean and properly secured. 

AIR CLEANER 

AIR CLEANER 

CARBURETOR 

CONNECTING HOSE 
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AIR CLEANER HOUSING DRAIN HOSE 

OILED URETHANE FOAM ELEMENT 

(off-road motorcycles and ATVs) 

Remove the air cleaner from the holder and 
wash away any accumulated dust or dirt, by 
gently squeezing it in non-flammable or high 
flash-point solvent. 

Using gasoline or low flash-point solvents for clean- 
ing parts may result in a fire or explosion. 

Be sure to allow the element to dry thoroughly 
before applying oil. Otherwise, the oil will be diluted 
by the solvent and the filtering ability of the filter 
will be much less effective. 

Apply Pro Honda Air Filter Oil or equivalent to the 
entire surface of the element and rub it with both 
hands to saturate the element with oil. Squeeze out 
the excess oil. Apply a thin coat of Pro Honda White 

(Pro Honda Air Filter FLAMMABLE Oil or Equivalent) SOLVENT 

Loosen the drain tube clip and remove the drain 
tube to empty any accumulation of fluids or dirt 
from the air cleaner housing into a proper container. 

Check the drain tube for damage and replace if 
necessary. Reinstall the drain tube and set the clip 
in place. 

Lithium Grease or equivalent to the sealing surface. 

DRY PAPER ELEMENT 

AIR CLEANER 

Honda motorcycle engines are equipped with a 
closed crankcase system to prevent discharging 
crankcase emissions into the atmosphere. Blow-by 
gas is returned to the combustion chamber through 
the air cleaner and carburetor. 

If the surface of the element is dim/, remove the 
dust first by tapping the element gently. Then, blow 
away any remaining dust on the surface of the filter 
with compressed air from the clean side (or carbure- 
tor side) toward the dirty side. 

VISCOUS PAPER ELEMENT 
This particular type of paper element cannot be 
cleaned as the element contains a dust adhesive. 
These must be changed periodically. 

- AIRCLEANER 
HOUS~N 

+FRESH AIR 
+BLOW-BY GAS 

2-10 

ELEMENT 

SIDE 
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CRANKCASE BREATHER 

equipped'with e l ~ c i r o ~ e .  ~ ~ ~ l ~ i n ~ ' e x c e s s i i e  torque may damage 
'park the porcelain. plugs, replace 

~iugffeiectrodefi  For proper spark plug selection, refer to Model Spe- contarnlnated. cific manual, 

A crankcase breather separator is necessary within 
the system to prevent moisture from contaminating 
the engine. Moisture vapor is not allowed to pass 
through the air cleaner and into the engine. Mois- 
ture is collected in a sealed crankcase breather tube. 
Periodic maintenance is to remove the tube plug 
and drain deposits into a suitable container, then 
reinstall the crankcase breather tube plug. 

A portion of the crankcase breather tube is transpar- 
ent so it is easy to confirm the amount of 
accumulation. 

Clean around the spark plug base with compressed 
air before removing; make sure no debris enters the 
combustion chamber when plug is removed. 

CARBURETOR AIR CLEANER 

BREATHER TUBE 

Clean the spark plug electrodes with a wire brush or 
special plug cleaner. 

Remove the spark plug cap and then remove the 
spark plug using a spark plug wrench. 

Inspect or replace as described in the maintenance 
schedule. To check gap, use a round wire-type 
feeler gauge, as shown in the illustration. 

Replace Iridium spark plugs if the center electrode is 
rounded, as shown in the illustration. 

SPARKPLUG 
New iridium-tipped spark plugs offer improved fuel 
combustion and performance. A fine wire center 
electrode concentrates the spark, giving reliable 
ignition under all conditions and a U-groove ground 

WIRE TYPE FEELER GAUGE 

electrode allows more room for the flame kernel to 
develop and produce better combustion. These are 
extremely long lasting plugs and generally never 
need adjusting. 

IRIDIUM-TIPPED PLUGS 

ROUNDED ELECTRODE 
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INSPECTION 
Check the following and replace if necessary. 

insulator for damage 
electrodes for wear 
burning condition, coloration; 
- dark to light brown shows good condition. 
- excessive lightness shows faulty ignition 

timing or a lean mixture. 

REUSING A SPARK PLUG 
(Non-iridium tipped) 

Aiwavs use the Clean around the SDark ~ l u a  base with com~ressed I I 
s u c / f c ~  smlh alr before removing; make &re no debris eAters the 

'neJcn combustion chamber when plug is removed. 
n10lO'c,: P 

Check the gap between the center and side elec- 
trodes with a wire-type feeler gauge. If the gap is 
incorrect, bend the side electrode to adjust it. 

Make sure there is no dirt or debris on the seat of 
the spark plug hole before inserting the spark plug. 
Replace the spark plug in the cylinder head and 
hand tighten. Torque to the proper specification. 

SIDE ELECTRODE 
PLUG 
GAP 

SEALING WASHER 

To prevent damage to the cylinder head, hand 
tighten the spark before using a wrench to tighten 
to the specified torque. Overtightening the spark 
plug may damage the cylinder head. 

REPLACING A SPARK PLUG 
For new spark plugs, set the gap with a wire-type 
feeler gauge. Install and hand tighten, then hand 
tighten about 114 of a turn after the sealing washer 
contacts the seat of the plug hole. Reused plugs 
should be tightened to the specified torque. Do not 
overtighten the spark plug. 
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VALVE CLEARANCE 

Cylinder at top of Cylinder number 

stroke 

#4 

Adjustment is unnecessary on motorcycles 
equipped with hydraulic lash adjusters (hydraulic 
tappet). However, the appropriate clearance is 
needed between both the intake and exhaust valves 
and the valve openinglclosing mechanisms in all 
other 4-cycle engines. This clearance allows for a 
change in the size of the valve caused by thermal 
expansion as the heat of the combustion chamber is 
transmitted to the valve. 

If there is too much clearance, it may result in 
engine noise (tappet noise). If there is too little 
clearance, the valve is pushed during the heated 
period, causing a drop in compression, resulting in 
bad idling and, eventually, burned valves. 

On V-twin and V-4 engines, inspection and adjust- 
ment are performed by placing each cylinder in the 
compression, top dead center position. 

. 

ADJUSTING 
SCREW 

LOCK N 

VALVE 
CLEARAN 

Adjust the valves using the appropriate service 
manual procedures. 

Inspect and adjust the valve clearance when the 
engine is cool (under 35"Cl95"F). 

Inspection and adjustment of valve clearance 
should be performed with the piston at top dead 
center of the compression stroke. This position can 
be obtained by confirming that there is slack in the 
rocker arm when the stamped "T" mark on the fly- 
wheel rotor and the index mark on the crankcase 
cover are aligned. If there is no slack in the rocker 
arm, even when the T-mark and index mark are 
aligned, it is because the piston is moving through 
the exhaust stroke to top dead center. Turn the 
crankshaft one full rotation and match up the 
T-mark again. The piston will then be at the top of 
the compression stroke (top dead center). 

On in-line 4-cylinder engines with the firing order 
1 -243 ,  the inspection of valve clearance can be 
conducted by rotating the crankshaft twice. After 
the above procedure has been properly carried 
out, the inspection and adjustment of all cylinders 
is complete. 

(In-line Ccylinder engines are numbered 1-2-3-4 
starting from the left cylinder.) 



On one-sided ball-joint type engines, the clearance 
is measured by inserting the feeler gauge between 
the rocker arm and the cam. 
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For valve lifters in direct push-type engines, the 
clearance between the cam lobe and lifter or shim is 
measured with a feeler gauge. 

The valve clearance adjustment is correct when the 
specified feeler gauge fits snugly, but the next size 
larger feeler gauge will not fit in. 

On motorcycles that have a decompression mecha- 
nism which lifts the valve when starting the engine, 
the adjustment for decompression must be carried 
out first in order to provide an accurate valve clear- 
ance inspection. 

Valve clearance inspection on engines with com- 
mon, screw-type adjusters is measured by inserting 
a feeler gauge directly between the end of valve 
stem and the adjusting screw. 

If adjustment is needed, loosen the lock nut and 
the adjusting screw and insert the proper dimen- 
sion feeler gauge. Proper intake and exhaust valve 
clearance specifications are given in the Model 
Specific manual. 

Turn the adjusting screw and adjust the clearance 
until the inserted feeler gauge can only be pulled 
out with a little difficulty. 

ADJUSTING SCREW 

FEELER GAUGE 

VALVE STEM 

Leaving the feeler gauge inserted, and being careful 
not to turn the adjusting screw, tighten the lock nut 
to the designated torque. 

ADJUS 
SHIM 

ADJUSTING SCREW 
LOCK NUT 

An improperly tightened lock nut may loosen and 1 I 
cause engine damage. 

Be sure to use any special tools specified for 
valve adjustment. 
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When the lock nut is tightened, the clearance may 
change. So be sure to recheck the clearance after 
tightening the lock nut. 

Adjustment is properly carried out only when the 
feeler gauge can be pulled out with a little diffi- 
culty. If tension on feeler gauge is too great or too 
little, readjust. 

For valve lifters in direct-push-type engines, change 
the shim to adjust the valve clearance. Refer to the 
Model Specific manual for the appropriate adjust- 
ment method. 

DIRECT-PUSH-TYPE 
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ENGINE OIL 
Do not screw in the oil capllevel gauge when check- 
ing oil level. 

The oil level cannot be correctly measured if the 
motorcycle is not supported perfectly upright on a 
level surface. 

As the oil is gradually consumed, it is necessary to 
periodically check the oil level and replenish the oil 
volume to its proper level. 

If the oil level is too high, overall engine perfor- 
mance and the actuation of the clutch may be 
affected. Too little oil may cause engine overheating 
as well as premature wear to various parts. 

If a different brand or grade of oil or low quality 
oil is mixed when adding oil, the lubricating func- 
tion deteriorates. 

Check the oil level only after starting the engine and 
allowing the oil to circulate through the engine thor- 
oughly. It is especially important to run the engine 
before checking the oil level on a dry sump engine, 
due to the comparatively large volume of oil. 

4-STROKE, WET SUMP ENGINES: 
Start the engine and let it idle for 3-5 minutes. 

Stop the engine, wait 2-5 minutes and hold the 
vehicle in an upright position. Remove the oil level 
gauge and wipe the oil from the gauge with a 
clean cloth. 

The engine contains a sufficient amount of oil if 
the level is between the upper and lower lines on 
the gauge. 

If the oil level is near or below the lower line, add 
the recommended engine oil up to the upper line. 

Refer to the Model Specific manual for the recom- 
mended oil. 

4-STROKE, DRY SUMP ENGINES: 

p i m E q  
Air in the oi l  system will block or restrict oi l  flow and 
may result in severe engine damage. Bleed air from 
the oi l  lines whenever the oil lines or pump have 
been removed or there is air in the lines. Bleed air 
from the oi l  inlet line first, then bleed air from the oil 
outlet line. 

For ory sump oil systems it is very important to fol- 
low the checking procedure exactly, so the oil flow 
is stabilized. Otherwise, it might seem like there is 
too much, or not enough oil. 

Start the engine and allow the engine oil to warm 
up thoroughly. 

Do not snap the throttle or the oil level reading will 
be inaccurate. 
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Allow the engine to idle for about 5 minutes and 
stop the engine. Remove the oil level gauge imme- 
diately and wipe it clean. With the motorcycle in an 
upright position on a level surface, check the oil 
level by inserting the gauge into the oil tank without 
screwing it in. 

The engine contains a sufficient amount of oil if the 
oil level is between the umer and lower lines on . . 
the gauge. 

If the oil level is near or below the lower line, add 
the recommended engine oil up to the upper line. 

LEAK INSPECTION: 
Inspect to see that there is no oil leaking from any 
part of the engine, oil pipes, oil hoses, etc. 

If any oil leaks are detected, perform the proper 
maintenance to correct the problem. 

OIL CHANGE: 
In Cstroke engines, sludge can build up, due in part 
to the gas which blows past the piston rings which 
contaminates the oil, causing a weakening of oil's 
performance. To alleviate this contamination prob- 
lem, change the oil periodically. 

Because many newly machined surfaces are mov- 
ing against one another for the first time in new 
motorcycle engines, a noticeable amount of pow- 
dered metal circulates with the oil during this early 
stage of use. Therefore, it is extremely important to 
change the engine oil and to replace the oil filter or 
clean the oil strainer screen at the first maintenance 
interval in order to prolong engine life. 

See the Model Specific manual for oil change 
intervals. 

Draining the engine oil while it is still warm is the 
most rapid and efficient method. 

Remove either the oil level gauge or filler cap to 
allow rapid draining. 

Remove the oil drain bolt at the bottom of the crank- 
case and drain the oil. 

After the oil is completely drained, clean and install 
the drain bolt and a new sealing washer and tighten 
to the designated torque. 

Refer to Model Specific manual for the recom- 
mended oil types and viscosity. 
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Pour the recommended engine oil into the engine 
through the oil level gaugelfiller hole. The oil 
filler cap is separate from the oil level gauge on 
some engines. 

Pour in the oil, periodically checking with the level 
gauge until the upper line on the gauge is reached. 
Install and tighten the level gauge andlor filler cap 
after replenishing. 

On some models, there is an oil inspection window 
and no gauge is needed. Refer to Model Specific 
manual for details. 

DRAIN BOLT 

ENGINE OIL FILTER 
Small dust particles and metal dust which do not fil- 
ter through the net-type oil strainer screen are 
trapped by the paper oil filter. When the filter is 
clogged, the oil flow is reduced and contaminants 
may reach various parts of engine by way of the 
relief passage, causing premature wear and possi- 
ble damage. 

TOOL: 
Oil filter wrench 

OIL FILTER 

OIL FILTER WRENCH 

CARTRIDGE-TYPE PAPER FILTER a 
Cartridge-type oil filters are removed using a fil- 
ter wrench. 

Using the wrong oi l  filter may result in leaks or pre- 
mature engine damage. 

Clean the filter area of the engine with a clean cloth. 

Spread engine oil thinly over the O-ring of the new 
filter and attach the filter to the engine. 

I 3 O-RING a 
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Tighten the oil filter with the proper filter wrench. 

TOOL: 
Oil filter wrench 

TORQUE: 
Refer to Model Specific manual for torque 
specifications. 

Install the oil filter and hand tighten. 
Tighten the oil filter to the specified torque using 
a filter wrench. 

Run the engine for about a minute, then stop it 
and inspect carefully for leaks. Verify the oil level 
is correct. 

OIL FILTER WRENCH 

1/12 TURN 

- 

ENGINE OIL FILTER SCREEN 

ELEMENT-TYPE PAPER FILTER 

Check to see if there is any dirt or debris on the oil 
filter screen which might hinder the flow of oil. 
Remove and clean the screen in solvent if any 
deposits are found. Refer to the Model Specific 
manual for oil filter screen removal, cleaning and 
installation procedures. 

Remove the oil filter cover and replace the filter 
element. Reinstall the cover with a new O-ring. 

Install the element with the rubber seal side fac- 
ing out, making sure that the spring is installed 
between the element and crankcase. . If the element is installed incorrectly, i t  will 
reduce oil flow. 
Replace the O-ring on the filter cover with a 
new one. 

Replenish the engine oil with the proper type and 
viscosity, and to the proper level. Always run the 
engine and check for oil leaks and verify the oil level 
after an oil or oil and filter change. 

RUBBER SPRING 
OIL FILTER COVER SE 

O-RING 
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DECARBONIZING (2-stroke engine) 
Carbon accumulation occurs more rapidly in 
2-stroke engines than Cstroke engines because 
2-stroke engines burn engine oil. If the build-up of 
carbon is not removed periodically, the carbon 
accumulation increases to an excessive amount, 
causing hot spots on the cylinder head and piston 
crown. This may cause knocking due to preignition 
and may cause poor engine performance. Accumu- 
lated carbon in the exhaust port hinders the flow of 
the exhaust, causing a drop in power output. There- 
fore, removal of accumulated carbon should be per- 
formed according to the maintenance schedule in 
the Model Specific manual. 

When removing carbon, be careful not to damage 
the combustion chamber, piston and cylinder. 

Take off the cylinder head and remove the carbon 
from the piston crown when the piston is in the top 
dead center position. 

Remove carbon from the combustion chamber area 
of the cylinder head. 

Take off the cylinder and remove accumulated car- 
bon from the walls of the exhaust port. 

Remove any remaining carbon within the cylinder. 

In liquid-cooled engines, be sure to remove carbon 
particles that may have fallen into the coolant jack- 
ets around the cylinder by blowing them out with 
compressed air. 

Refer to the Model Specific manual for the proper 
procedures for cylinder and cylinder head removal 
and installation. 

CARBURETOR SYNCHRONIZATION 
Carburetor synchronization adjustment is required 
to adiust the throttle valve o~enina. and to svnchro- 
nize ihe vacuum in each c&burzor's intake port, 
whenever 2 or more carburetors are reassembled. 

Synchron'ze the carburetors with the engine at nor- 
mal operating temperature, the transmission in neu- 
tral and the motorcycle on its centerstand 

Carburetor numbers match the cylinder number. 

Remove the plugs from each cylinder head port and 
install the vacuum gauge adapters. 

COMBUSTION 
CHAMBER 

I 

PLUG I 

ADAPTER 



Connect the vacuum gauge 
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L 

1. Adjust the idle rpm to the specified idle speed. 
(Refer to the Model Specific manual for the 
specification.) 

2. Turn the synchronization adjusting screw so that 
the difference between the vacuum in the base 
carburetor's lthe base carburetor has no adiust- r 

If the motorcycle is equipped with an automatic fuel 
valve, disconnect the vacuum tube from the intake 
manifold of the carburetor, draw vacuum and pinch 
the tube with a clip as shown. 

ing screw) intake port and thevacuum in the other 
carburetor's intake Dort is below the s~ecification. 

VACUUM TUBE 

CLIP 

3. Be sure that the synchronization is stable by 
snapping the throttle several times. 

4. Repeat steps 1 through 3 for each carburetor. 
5. Snap the throttle several times and recheck the 

idle speed and the differences in vacuum 
between each carburetor. 

SYNCHRONIZATION 
ADJUSTING SCREWS 
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CARBURETOR IDLE SPEED 
Inspect and adjust the idle speed after all other 
engine adjustments are within specification. Check 
the idle speed with a tachometer and adjust if nec- 
essary by turning the throttle stop screw. An adjust- 
able throttle stop controls engine idle rpm by 
limiting throttle valve closure. The stop screw is 
turned clockwise to increase idle rpm or counter- 
clockwise to decrease idle rpm. 

Refer to the Model Specific manual for proper idle 
speed rpm. 

Check and adjust after first warming up the 
engine. There are differences in idle speed 
between hot and cold engines. 
Place the vehicle on the centerstand or support 
upright on level ground when checking and 
adjusting the idle speed. If the vehicle is tilted, 
there will be fluctuations in fuel flow from the 
carburetor which prevents an accurate determi- 
nation of the idle speed. 

RADIATOR COOLANT 

Coolant evaporates naturally, so check i t  regularly. 

Use distilled water. Tap water may cause the engine 
to rust or corrode. 

Be sure to use a 50/50 mixture of antifreeze and dis- 
tilled water to protect the engine. 

THROTTLE STOP 

PUMP 
LEVEL CHECK 
Always check the coolant level with the motorcvcle in I 
a vertical position on a flat, level surface. 

Always check the coolant level at the reserve tank 
(not the radiator). 

Check to see if the coolant level in the reserve tank 
is somewhere between the upper and lower lines. 

If the level is somewhere between the upper and 
lower lines or below the lower line, add a 50150 
mixture of antifreeze and distilled water to the 
upper line. (See Coolant Mixture Preparation page 
5-9.) 

Check to see if there are any coolant leaks when the 
liquid level decreases very rapidly. 

If the reserve tank becomes completely empty, there 
is a ~ossibil itv of the air aettina into the coolina svs- 
tem: So, be sure to remove a i  air from the coolkg 
system as described on page 5-10. 

The effectiveness of coolant decreases with the 
accumulation of rust or if there is a change in the 
mixing proportion during usage. Therefore, for 
best performance, change the coolant regularly. 
(See page 5-9.) 
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COOLING SYSTEM 
Also see section 5 for more cooling system infor- 
mation. 

Check the radiator air passages for clogging or dam- 
age, straighten bent fins with a small, flat blade 
screwdriver and remove insects, mud or other 
obstructions with compressed air or low water pres- 
sure. If 113 or more of the fins are crushed or 
twisted, the fins should be repaired (straightened) 
using a small flat blade screwdriver. 

Remove the body panels and fuel tank, and check 
for any coolant leakage from water pump, water 
hoses, and hose joints. 

EVAPORATIVE EMISSION CONTROL 
SYSTEM 

Check for any deterioration or damage to the 
water hoses. A rubber hose deteriorates naturally 
over time due to heat and wear. If the hose deteri- 
orates too much, it will rupture due to the pres- 
sure in the cooling system. Squeeze the hose and 
look for cracks. 

The cooling fan may start automatically, without 
warning. To prevent injury, keep your hands and 
clothing away from the cooling fan. 

Fuel vapor from the fuel tank is directed into the 
evaporative emission canister while the engine is 
stopped. When the engine is running, the evapora- 
tive emission purge control valve opens and fuel 
vapor in the evaporative emission canister is drawn 
into the engine through the carburetor. The tubes 
deteriorate naturally due to wear and time. Check 
the condition of these tubes at the intervals speci- 
fied in the Model Specific manual. 

Check the hoses between the fuel tank, evaporative 
emission canister, evaporative emission purge con- 
trol valve, evaporative emission carburetor air vent 
control valve and carburetors for deterioration, 
damage or loose connections. 

Check the evaporative emission canister for cracks 
or other damage. 

Refer to the vacuum routing diagram label for hose 
connections. 

-- 

HOSE BAND 

WATER HOSE 
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TRANSMISSION OIL 
TWIN-SUMP OIL SYSTEM 
The Honda twin-sump lubrication system separates 
the oil supply for the crankshaft, piston and valve 
train from the clutch and transmission. This ensures 
a cool supply of oil to the clutch, eliminates clutch 
and transmission material contamination of the 
engine oil, and reduces the amount of circulating oil 
and required size of the oil pump. Because there are 
separate oil supplies the crankcase oil level and 
transmission oil level are checked independently. 

The twin-sump oil system allows the use of Pro 
Honda HPM (SAE 10W-40, with moly) oil in the 
crankcase without clutch slippage due to moly in 
the transmission oil. 

- Oil level checks should be on level ground 
with the vehicle on the centerstand or in an 
upright position. 

- In scooters, check for leakage and the oil level of 
the final reduction gear case in the same way as 
for the engine. 

- Remove the level hole bolt from the gear case and 
check whether the oil level comes up to lower 
edge of the hole. If the level is low, refill to the 
lower edge of the hole with the recommended oil. 

BOLT SEALING 
WASHERS 

TRANSMISSION OIL CHANGE 
Two-stroke engine transmission lubrication is 
achieved by the spray of transmission oil within the 
sealed crankcase. Compared to a combined sump 4- 
stroke engine, there is little oil degradation, and the 
period for change is longer. 

Consult the Model Specific manual for the proper oil 
change interval. 

Oil is more easily drained when the engine is warm. 

Remove the oil filler cap. 

Remove the drain bolt located at the bottom of the 
crankcase and drain the oil. 

CHECK BOLT 

CHECK BOLT HOLE 

When all the oil is drained, clean the drain bolt 
with its sealing washer and tighten to the desig- 
nated torque. 

Be sure to replace the sealing washer if it is 
damaged. 

Remove the oil check bolt, and refill to the pre- 
scribed level with the recommended oil. Replace the 
check bolt or cam 
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DRIVE CHAIN 
ADJUSTMENT 

In this condition, the chain and transmission or 
crankcase may be damaged, and the large amount 
of friction adversely affects the running 
performance of the vehicle. 

Excessive slack in the chain leads to large 
oscillations when the vehicle is running. 
In this condition, the chain may come off the 

When there is too little slack, a change in the dis- 
tance between sprocket centers, due to suspen- 
sion movement, results in excessive tension on 
the chain. 

sprockets or damage parts it contacts. 1 DEPENDING ON MODEL I 

I 

With the vehicle in neutral, support on the center or 
side stand. (Some models need to be checked with 
the rear wheel raised. Refer to the Model Specific 
service manual for details.) 

Check the slack in the chain at the mid point 
between the two sprockets. 

On models with a chain tensioner, loosen the 
tensioner before checking. 

Loosen the rear axle nut until the wheel can 
be moved. 

Loosen the adjuster lock nut, turn the adjuster nut 
or bolt and adjust the play. 

On snail cam types, rotate the adjuster plates. 

A scale is included on the adjuster. Be sure that the 
reading on the scale is the same on both sides. 

piimq 
If the adjustment value is  not the same on both 
sides, the wheel is  out of  alignment and can cause 
excessive tire, sprocket and chain wear. 

As the rear suspension moves through its travel, the 
distance between the drive and driven sprocket cen- 
ters varies. Therefore, it is important to adjust the 
chain so that i t  has at least the minimum amount of 
acceptable slack when the sprockets are farthest 
apart - or when the center of the drive sprocket, 
swingarm pivot bolt and the rear axle are in align- 
ment. The Model Specific manual provides a proper 
dimension for each model based on this minimum 
slack and maximum distance position. 

ADJUSTER NUT 

OCK NUT 

I INDEX MARK 
ADJUSTER 
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After adjustment, retighten the axle nut to the speci- 
fied torque. 

Pulling the lower chain row firmly up toward the 
swingarm when tightening the axle nut helps 
ensure that the adjusters on both sides are seated 
against their stops and that the axle is in proper 
alignment. Always check to be sure both sides are 
adjusted to the same marks on the adjustment 
scales. Recheck the chain play. 

Tighten the adjusters and lock nuts. 

Adjust the rear brake pedal play. (This step can be 
omitted with disc brakes.) 

Adjust the rear brake light switch actuation point 
(on cable operated rear drum brake models). 

If, after adjustment, the adjuster's alignment mark is 
within the red zone of the chain wear indicator label, 
replace the drive chain and both sprockets (only for 
vehicles with an indicator label affixed). 

Always replace both sprockets when replacing the 
drive chain for optimum wear characteristics. 

After replacing and adjusting the drive chain, attach 
a wear indicator label so that the alignment mark is 
at the start of the green zone. 

On models without drive chain wear indicators 
measure the length between the chain's pins (see 
page 2-28). 

END OF SWINGARM 

RED ZONE 

PIN RED ZONE 
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ADJUSTMENT OF PRO-ARM TYPE 
Loosen the bearing holder flange bolt. 
Rotate the bearing holder using the pin-spanner in 
the vehicle's tool kit to adjust the drive chain play. 

After adjustment, retighten the bearing holder 
flange bolt to the specified torque. 

BEARING HOLDER FLANGE BOLT 

If, after adjustment, the driven sprocket outer cir- 
cle is within the red zone of the chain wear indica- 
tor label, replace the drive chain (only for vehicles 
with an indicator label affixed). After replacing and 
adjusting of the drive chain, attach a wear indica- 
tor label so that the driven sprocket outer circle is 
at the start of the green zone (the other side of the 
red zone). 

If the drive chain is worn, check both sprockets and 
replace if necessary. 

On models without drive chain wear indicators 
measure the length between the chain's pins (see 
page 2-28). 

PIN-SPANNER 

RED ZONE 
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INSPECTION OF CHAIN 
REPLACEMENT PERIOD 
(Only for the models without drive 
chain wear indicators) 
Remove the drive chain, measure the chain I I 
length (41 pins, 40 links) and replace the chain if 
the prescribed limits specified in the following 41 PINS (40 LINKS) 

table are exceeded. 1 
Some endless chains require removal of the 
swingarm for drive chain replacement. 1 I 
Others use a special tool to remove and install the 
master link. i 
The outer plate of this type of master link is 
secured by expanding the ends of the pins with 
the special tool. 

Position the master link clip so that its open end is 
opposite the normal rotation of the chain. This pre- 
vents the clip being knocked off through contact 
with the chain guide or passing objects. Check that 
the clip is fully seated. 

Check that each chain link pivots freely on the pins. 
Where binding is light, apply a little cleaning oil or 
paraffin making sure that it penetrates. When the 
stiffness has been removed, lubricate the chain. On 
chains with O-ring, quickly wipe off the cleaning 
fluid or paraffin oil, and thoroughly dry the chain. 
Replace the chain if stiffness of the chain cannot be 
alleviated, the movement of the links is not smooth, 
or there is damage to the link plates or rollers. Mas- 
ter links with O-rings have 4 O-rings fitted between 
rollers and master link plates. Install the O-rings as 
shown in the illustration to the right and fit the chain 
clip to the pins. Be sure there is no gap between the 
master link plate and the clip. 

\ 
CHAIN CLlP 

ROTATING 
DIRECTION 

CHAIN CLlP & ,  

KINKING or 
BINDING 



SPROCKETS 
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CLEANING, INSPECTION AND 
LUBRICATION 
O-ring Chains 

lnspect the drive and driven sprocket teeth for wear 
or damage. Replace if necessary. Never use a new 
drive chain on worn sprockets. Both chain and 
sprockets must be in good condition, or the new 
replacement chain or sprockets will wear rapidly. 

O-ring chains are equipped with small O-rings 
between the link plates that retain grease within 
the pivot areas and improve its service life. The O- 
rings in this chain can be damaged by steam clean- 
ing, wire brushes, high pressure washers and cer- 
tain solvents. Damaged O-rings or contaminated 
grease in the pivot areas will shorten drive chain 
service life. 

Clean the chain with non-flammable or high flash- 
point solvent and wipe it dry. Be sure the chain has 
dried completely before lubricating. 

lnspect the drive chain for possible wear or damage. 
Replace any chain that has damaged rollers, loose 
fitting links, or otherwise appears unse~iceable. 

Check the attachment bolts or nuts on the drive and 
driven sprockets. If any are loose, torque them. 

SOFT BRUSH 

Installing a new chain on badly worn sprockets will 
cause the new chain to wear quickly. lnspect and 
replace sprockets as necessary. 

Lubricate the chain with Pro Honda Chain Lube or 
equivalent chain lubricant designed specifically for 
use on O-ring chains. Some commercial chain lubri- 
cants may contain solvents which could damage the 
O-rings. Wipe off the excess chain lube to prevent i t  
from flinging off when in operation. 

Non O-ring Chain 

Clean the chain with non-flammable or high flash- 
point solvent and wipe it dry. Be sure the chain has 
dried completely before lubricating. 

lnspect the drive chain for possible wear or damage. 
Replace any chain that has damaged rollers, loose 
fitting links, or otherwise appears unserviceable. 
Installing a new chain on badly worn sprockets will 

LUBRICATE 

LUBE OR EQUIVALENT 

cause the new chain to wear quickly. lnspect and 
replace sprockets as necessary. 

Lubricate the chain with Pro Honda Chain Lube or 
equivalent chain lubricant designed specifically for 
motorcycle chains. Some commercial chain lubri- 
cants may contain solvents which could damage the 
O-rings. Wipe off the excess chain lube to prevent it 
from flinging off when in operation. 
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REPLACEMENT OF ENDLESS CHAIN 
The replacement of endless chains requires spe- 
cial tools to expand the end of the joint pins. 
When using the special tool, follow the manufac- 
turers operating instructions. Do not use clip type 
master links. 

Loosen the drive chain. 

Assemble the special tool 

TOOL: 
Drive chain tool set 

DRIVE CHAIN CUTER 

Locate the drive chain cutter on the staked part of 
the drive chain and cut the staked pins. , , MASTER LINK 

TOOL: 
Drive chain tool set 

Remove the drive chain. 

DRIVE CHAIN CUTER 
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Remove the excess drive chain links from the new I 1 
drive chain with the drive chain cutter. 

Standard link: Refer t o  the Model Specific ser- 
vice manual. 

Replacement chain: Refer to  the Model Specific 
service manual. 

Neverreuse the One (1) link is indicated as shown in the figure on 
olddrive chain, the right. 

master link, 
masterlinkplate Include the master link when you count the drive 

Or O-r'ngs, chain links. 

1 LlNK 
MASTER LlNK 

Install the new drive chain over the swingarm. 1 STANDARD LINK --.I ' I  
Install the O-rings onto the new master link, and 
insert the master link from the inside of the drive 
chain taking care to prevent squeezing. 

Install the O-rings and the link plate with the drive 
chain cutter. 

TOOL: 
Drive chain tool set 

Install the link plate with the identification mark fac- 
ing the outside. 

Take care to prevent squeezing of the O-rings. 

Do not remove initially applied grease from the link 
to lubricate. 

Remove the special tool and check the master link 
pin length projected from the plate. 

Standard length: Refer t o  the Model Specific ser- 
vice manual. 

Install the drive chain cutter and stake the ends of 
the master link pins. 

To prevent over staking, stake gradually checking 
the diameter of the staked area using a slide caliper. 

TOOL: 
Drive chain tool set 

d O - ~ l l \ i G s  & PLATE u 

DRIVE CHAIN CUT~ER 

STANDARD LENGTH 

MASTER LINK 1 
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After staking, check the staked area of the master 
link using a slide caliper. 

Diameter of the staked area: Refer to  the Model 
Specific service manual. 

If the measured staked area is over the prescribed 
value, restake using the new master link, plate and 
O-rings. 

1 SLIDE CALIPER I 

Check the staked area of the master link for cracks 
and the O-rings for damages. 
If there is any cracking or damage, replace the mas- 
ter link, plate and O-rings. r 
Check that master link pivots freely on the pins. 
If the movement is not smooth, restake using the 
new master link, plate and O-rings. 

Adjust the drive chain play. / 1 I 

DRIVE CHAIN SLIDER, CHAIN GUIDE, 
GUIDE SLIDER AND ROLLERS 

Together, the drive chain slider, chain guide, 
guide slider and rollers all do their part to keep 
the chain running in its proper path, while pre- 
venting it from cuning into the swingarm, frame 
or other components. 

Each of these components is made of a type of plas- 
tic that offers minimal friction and wear. Still, peri- 
odic inspection for wear or damage and 
replacement is necessary as these parts deteriorate. 

The chain slider, anached to the front of the swing- 
arm near its pivot point, must be replaced when the 
depth of its wear grooves reaches a depth specified 
for each particular model. Failure to replace a worn 
slider will result in chain damage to the swingarm 

SLIDER 

OR SLIDER GUIDE SLIDER 

and damage to the chain. 

Off-road and dual-purpose motorcycles are fined 
with a chain guide that ensures that the chain is 
guided directly to rear sprocket. The guide itself 
should be checked for proper alignment as it can 
be bent through contact with passing objects, 
rocks or crash damage. Straighten or replace as 
necessary. A plastic guide slider centers the guide 
on the sprocket with minimal friction and prevents 
the chain from wearing the guide. A wear window 
is often provided to aid in determining a replace- 
ment time. 

A lower chain roller, or a pair of upper and lower 
rollers are used to take up excess slack in the drive 
chain as the rear suspension compresses and 
extends to its furthest points. These rollers also 
help prevent the chain from cuning into other com- 
ponents on the motorcycle, like the airbox or 

2-32 
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exhaust on some motorcycles, when the suspen- 
sion is near or fully compressed. These must also 
be periodically inspected for wear, damage and 
security of mounting. 

DRIVE BELT 
A drive belt is used on the Honda V-matic belt auto- 
matic transmission. 

The belt must be checked periodically according to 
the maintenance schedule shown in the Model Spe- 
cific manual 

A worn or damaged drive belt may cause a loss in 
scooter performance. 

Remove the drive belt cover (see the Model Specific 
manual) and check the drive belt for wear, cracks or 
peeling of the cogs or plies; replace with a new one 
if necessary. 

BELT CASE AIR CLEANER 

WIDTH 

On scooters with a cleaner element in the air inlet to 
the drive belt case, remove the element and clean. 7 
Wash the element in water and dry it thoroughly AIR CLEANER 

before reinstalling. 

FINAL DRIVE OIL LEVEL 
Check for leakage and proper oil level. 

Refer to the Model Specific manual for placing the 
vehicle on it's centerstand or sidestand. 

Remove the inspectionllevel hole cap from the gear 
case and check that the oil level is up to the lower 
edge of the hole. If the oil level is low, refill to the 
lower edge of the hole with the recommended oil. 

For engines that have a separate oil check bolt, 
remove the oil check bolt. A small amount of oil 
should flow out of the hole. If no oil flows out of the 
check bolt hole, add oil slowly through the oil filler 
hole. Install the oil check bolt and filler cap. 



Tighten the cap to the specified torque. 
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OIL CHANGE 

BATTERY 

Refer to the Model Specific service manual for infor- 
mation on the oil change interval. 

Remove the level hole cap from the final gear case. 

Remove the oil drain bolt from the lower portion of 
the gear case, slowly turn the rear wheel and drain 
the oil. When the oil is completely drained, clean the 
drain bolt, replace the sealing washer with a new 
one and tighten to the specified torque. 

Refill to the prescribed level with the recom- 
mended oil. 

Coat the level hole cap O-ring with oil and replace 
the cap. 

For more battery information see section 22. 

FLUID LEVEL 
Battery fluid level checks are unnecessary on MF 
(Maintenance Free) batteries. 

CAP 

DRAIN BOLT 'SEALING 
WASHER 

Conventional batteries should be checked for fluid 
level. 

Do not allow batteryfluid (sulfuricacid) to come 
Into contact with the skin, eyes or clothes as it I 
w ~ l l  cause burning. If acid isspilled on you, be I sure to wash off quickly with large amounts of 
water. If battery fluid enters the &es, wash with 
water and consult a physician. 

Check for cracks in the battery case, 

If the battery's electrodes show accumulation of a 
white substance (sulfation) or heavy deposits are 
observed at the base of the battery, the battery 
should be replaced. 

Check the level of each cell by the UPPER and 
LOWER level lines inscribed on the side of the 
battery. 

JPPER l 
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If levels are approaching the LOWER level line, 
remove the battery, take off the filler caps and refill 
to the UPPER level with distilled water. 

Check the battery capacity with a battery tester 
(page 22-12). If the battery tester is not avail- 
able, check the specific gravity of the battery 
fluid (see below). 

Always refill batteries with distilled water. Tap wa- 
ter contains minerals that will shorten the life of 
the battery. 

Filling the battery above the UPPER level mark may 
cause spillage while riding and subsequent corro- 
sion of vehicle parts. 

After refilling, replace each of the filler caps firmly 
and reinstall the battery. 

Follow the instructions on the battery's CAUTION 
label. Make sure that the breather tube is correctly 
positioned, and not kinked, trapped or bent in such 
a way as to obstruct the passage of air. 

If the tube is blocked, the battery's internal pressure 
will not be relieved, the breather may come off, or 
the battery could crack as a result. 

SPECIFIC GRAVITY OF FLUID 
Checks are unnecessary in the case of MF 
(Maintenance Free) batteries. 

The specific gravity of the battery fluid should be 
checked on open type batteries. 

Measure the specific gravity of each cell with a 
hydrometer. 

BATTERY FLUID 

If the difference in specific gravity between cells 
exceeds 0.01, recharge the battery. If the difference 
in specific gravity is excessive, replace the battery. 

Specific gravity of fluid at 20°C (68°F) 
Fully charged wndition 1.27 - 1.29 
Low charge condition 1.23 and below 

There is a change in specific gravity of approxi- 
mately 0.007 per 10°C change in temperature. Be 
sure to consider this when taking measurements. 

Reading of the hydrometer's fluid level should be 
taken in the horizontal position. 

BAlTERY TEMPERATURE ""K 1.80 VS SPECIFIC GRAVITY 

Refer to section 22 for details of battery testing 
and charging. 

1.24 

0'  5 '  10' !5' 21' 25' 30' 25' 40' 

ELECTROLYTE TEMPERATURE 
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CONDITION OF TERMINAL 
CONNECTIONS 
Make sure that terminal connections are not loose. 
If corrosion is evident, remove the battery, wash 
rust with warm water and use a wire brush to 
remove completely. Reconnect the battery and 
lightly coat the terminals with grease. 

BRAKE FLUID 
rizmq 

Do not mix different types of fluid, as they are 
not compatible with each other. 
Do not allow foreign material to enter the system 
when filling the reservoir. 
Avoid spilling fluid on painted, plastic or rubber 
parts. Place a shop towel over these parts when- 
ever the system is serviced. 

Firmly apply the brake and check for fluid leakage 
from the brake system. If there is any leakage of 
fluid from any part of the system, quickly replace 
the damaged parts. 
Check for degradation and damage of the hoses, 
pipes and joints. Check for looseness of joints and 
clamps. Also make sure that hoses and pipes do not 
come into contact with mechanical parts when the 
fork is turned, or due to vibration when the vehicle 
is running. 

Before removing the reservoir cover, turn the han- 
dlebar until the reservoir is level. Place a rag over 
painted, plastic or rubber parts whenever the sys- 
tem is serviced. 

Refill with the recommended fluid. 

Mixing incompatible fluids can impair braking effi- 
ciency. 

Foreign materials can clog the system, causing a 
reduction or complete loss of braking ability. 

When the fluid level is low (i.e., nearthe LOWER level 
inscribed on the reservoir), remove the reservoir 
cover and diaphragm, and refill to the UPPER level. 

Check the brake pads for wear when refilling with 
brake fluid. A low fluid level may be due to wear of 
the brake pads. If the pads are worn, the caliper pis- 
ton is pushed out, and this accounts for a low 
reservoir level. 

If the brake pads are not worn and the fluid level is 
low, check for leakage. 
A leak in the brake system can lead to reduced brak- 
ing efficiency and possible loss of braking ability. 

The recommended brake fluid differs according to 
models. Most models take DOT 4, and others take 
either DOT 3 or DOT 4. Do not use DOT 3 standard 
brake fluid in a model designated for DOT 4; brake 
failure may result. Do not use DOT 5 brake fluid in 
any Honda motorcycle. 

2-36 
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BRAKE SHOE WEAR 
If the wear indicator arrow aligns with the "A" 
mark on the brake panel when the brake is applied, 
remove the wheel and brake panel and check for 
shoe wear. 

If no adjustment remains before the wear indicator 
limit is reached, this indicates excessive wear and 
the brake shoes need to be replaced. 

Specific brake shoe checks are listed in the Brakes 
section of the manual. 

lnspect the brake drum for wear or damage any 
time you remove the wheel and brake panel. 

If the brake drum shows any signs of cracking or 
excessive corrosion that cannot be removed with 
emery cloth, be sure to replace it. 

BRAKE PAD WEAR 
Replace pads as a set if worn to the brake pad wear 
limit line (or wear limit groove). 

A quick visual inspection can be made at the leading 
edge of the pads (where the disc enters the caliper). 

However, if this proves difficult, a check can be 
made at the indicator on the caliper marked by the 
arrow (A). 

BRAKE SYSTEM INSPECTION 
Firmly apply the brake lever or pedal, and check that 
no air has entered the system. If the lever or pedal 
feels soft or spongy when operated, bleed the air 
from the sysem. 

Inspect the brake hose and fittings for deteriora- 
tion, cracks and signs of leakage. Tighten any 
lose fittings. 

Replace hoses and fittings as required. 

INDICATOR I 

, 
BRAKE PANEL 'hi MARK I 

WEAR LIMIT WEAR LIMIT 
LINE I I LINES ! 

PADS 
DIRECTION 

LEADING SIDE 



I I 
Brake pedals on scooters should be measured for 
free play as indicated here. I I 
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FREE PLAY ADJUSTMENT 
On mechanical brakes, measure the free play at 
the tip of the brake lever or pedal as indicated here 
and below. 

Make adjustments for free play on cable-operated 
brakes at the end of the cable. 
Major adjustments are made on the brake panel end 
of the cable. 
Loosen the lock nut and turn the adjuster nut to cor- 
rect play at the lever. 

If the upper adjuster (on the lever) is screwed in 
most (but not all) of the way before adjustment is 
carried out, subsequent adjustment by use of the 
upper adjuster can be conducted more easily. 

When the brake cable is fastened to the fork by a 
clamp, loosen the clamp before making brake 
adjustments. 

Secure the adjuster nut and tighten the lock nut on 

The adjuster nut's indentation and brake arm pin 
should seat against one another as shown here in 
the upper right portion of the illustration to the 
right. If they do not seat, there may be a change in 
brake play when the adjuster finally seats in its 
proper position. 

Check for play after adjustment. 

CLAMP 

BRAKE PANEL 

In cases where there is only an adjuster nut, as on 
many rear brakes, turn the nut to adjust the brake 
pedal free play. 

0 
EATED 

X 
UNSEATED 

completion of adjustment. Be certain to tighten the 
fork cable clamp as well. 

PIN I I /  
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Minor adjustment is made at the lever end of the 
cable. It is necessary to turn back the lever dust boot 
to gain access to the adjuster. 

There may be damage to the adjuster if it is posi- 
tioned too far out, leaving minimal thread engage- 
ment. When there is more than 8 mm of threads 
showing, screw in the adjuster most, but not all the 
way and make adjustments on the brake panel end 
of the cable. 

Check for looseness of the following: I I 
Brake lever and ~ e d a l  fasteners and adiuster lock 
nuts 
Brake torque rod fasteners 
Brake rod, cable (mechanically operated drum 
brake) 
Brake arm (mechanical linkage drum brake) 
Caliper attachment bolt (hydraulic disc brake) 

Check that the cotter pins on the brake rod, torque 
rod, etc., are securely in place. 

Operate brakes independently while riding in order 
to determine the effectiveness of each brake. 

BRAKE PEDAL HEIGHT ADJUSTMENT 
HYDRAULIC BRAKE TYPE: 
Loosen the lock nut, and turn the push rod until the 
correct pedal height is obtained. 

If adjusting the brake pedal to the lower position, 
make sure that the clearance between the lower end 
of the push rod and the brake pedal end does not 
fall below 1 mm (0.04 in), as shown. 

Check for brake light switch operation after 
adjustment. 

C 
I 

BOLTILOCK NUT 
JSTER 

BRAKE PEDAL 

PUSH ROD 

CLEARANCE 

BRAKE 
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If adjusting the brake pedal to a higher position, be 
sure the push rod threads extend through the lower 
joint, as shown. 

Check for brake light switch operation after 
each adjustment. 

If adjusting the brake pedal to a higher position, 
make sure that the lower end of the push rod pin 
contacts the brake pedal lower joint, as shown. 

Check for brake light switch operation after 
each adjustment. 

DRUM BRAKE TYPE: 
Loosen the lock nut, and turn the pedal adjuster bolt 
until the correct pedal height is obtained. 

Check for free play and brake light switch operation 
after adjustment. 

When adjusting free play, be sure the brake rod 
threads extend through the adjuster nut, as shown. 

PIN 

ADJUSTER NUT 

\ I 

I BRAKE ROD I I 
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BRAKE LIGHT SWITCHES 
Check the brake light switch operation and adjust- 
ment by applying the brakes. Visually inspect for 
any damage and make sure the reflector plate is 
clean within the light. 

Adjust the rear brake light switch so that the brake 
light comes on just prior to the brake actually being 
engaged. If the light fails to come on, adjust the 
switch so that the light comes on at the proper time. 

The brake light switch on the front brake lever 
cannot be adjusted. If the front brake light switch 
actuation and brake engagement are off, either 
replace the switch unit or the malfunctioning parts 
of the system. 

Make all rear brake light switch adjustments after I I 
the height adjustment and the brake pedal free play 
adjustment have been made. 

Turn the adjusting nut on the brake light switch and 
not the switch body and wires to make switch actua- 
tion adjustments. 

Be sure to hold the switch body firmly while turning 
the adjusting nut. 

piisitq 
Allowing the switch body to turn during adjustment 
can break the wires in the switch. 

After adjustment, recheck to be sure the brake light 
comes on at the proper time. 

HEADLIGHT AIM 
To make a vertical adjustment, loosen the headlight 
mounting bolts, matching the punch mark on the 
case and the bracket by moving the headlight up or 
down. Some motorcycles have an adjusting screw 
on the bottom of the headlight. In this case, turn the 
screw to make the vertical adjustment. 

For those having an adjusting screw on the side of 
headlight rim, turn this screw to make the horizon- 
tal adjustment. 

Adjust the headlight beam as specified by local laws 
and regulations. 

An improperly adjusted headlight may blind on- 
coming drivers, or may fail to light the road for a 
safe distance. 

On some models the headlight is completely 
encased. The adjustment can be made either with 
the light beam adjustment knob on the back of the 
light case or with a remote-type cable and knob. 
Refer to the Model Specific manual for the proper 
adjustment method. 

HEADLIGHT 

MARKS SCREW 
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CLUTCH SYSTEM 
Check the play at the end of the lever on cable oper- 
ated clutches. 

Too much play results in clutch drag and stiffness in 
operation of the shift pedal. 

Too little play, however, results in clutch slippage. 

When the clutch play is not adjusted within the pre- 
scribed amount, correct this using the adjuster 
located at the end of the cable. 

Major adjustment is carried out at the clutch arm. 
Loosen the lock nut and turn the adjuster nut to 
adjust play. 

Before adjusting cable play at the clutch arm, screw 
the adjuster at the lever end of the cable in most, 
but not all the way. This makes subsequent adjust- 
ment at the lever end easier. 

After adjustment is complete, hold the adjuster nut 
securely while tightening lock nut. 

Minor adjustments are made at the lever. 
On models equipped with a dust cover, turn back 
the cover to allowadjustment. 
Loosen the lock nut and turn the adiuster to correct 
the play. 

-1 
The adjuster may be damaged i f  i t  is positioned too 
far out, leaving minimal thread engagement. 

When more than 8 mm of thread is showing, screw 
the adjuster in most, but not all the way, and make 
adjustments on the clutch arm end of the cable. 

On models with the adjuster located within the 
length of the cable 1i.e.. not at the end), loosen the 
lock nut and turn the adjuster to alter the play, in the 
same manner as described above. 

ON CENTRIFUGAL CLUTCH 
Loosen the lock nut, turn the adjuster bolt clockwise 
by about 1 turn, then turn it counterclockwise until 
pressure is felt on the bolt. 
From this position, loosen the bolt 118 of a turn and 
tighten the lock nut. 

When tightening the lock nut, be sure that the 
adjuster bolt does not turn with it. 

Check the operation of the clutch after adjustment. 

1 I CLUTCH LEVER ' L 
? / ADJUSTER 

ADJUSTER 1 

LOCK NUT 
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CLUTCH FLUID LEVEL 
Adjustment for play cannot be made on hydraulic 
clutches. However, a check should be made of the 
fluid level. 

If the level is near the LOWER limit inscribed on the 
reservoir, remove the reservoir cover and dia- 
phragm, and refill to the UPPER level with the 
proper type of fluid. 

Before removing the reservoir cover, turn the 
handlebar until the reservoir is level. 

Place a rag over painted, plastic or rubber parts 
whenever the system is serviced. 

Spilling fluid on painted, plastic or rubber parts will 
damage them, 

Refill with the recommended fluid. 

rimq 
Mixing incomoatible fluids can impair clutch operat- 
ing e8ciency.' 

Foreign materials can clog the system, causing a 
reduction or complete loss o f  clutch ability. 

SlDE STAND 
CONVENTIONAL TYPE 
Check the wear of the side stand rubber. 

Replace it if it has become worn. 

Support the motorcycle in an upright and level posi- 
tion, using a support (use the centerstand if 
available). 

Hook a spring scale to the end of the side stand rub- 
ber and check the load before the stand starts 
moving. 

Acceptable load measurements for side stands: 
2 - 3 kg (4.4 - 6.6 lbs) (Road-type) 
3 - 5 kg (6.6 - 11.0 lbs) (On10ff Road type) 

If the stand moves too easily, tighten the pivot bolt 
and recheck. If it still does not have the required ten- 
sion measurement, replace the return spring. 

See if the side stand moves smoothly and retracts 
fully. If not, grease the pivot. 

Check the side play on the side stand. 
If i t  is too great, tighten the pivot bolt. 
Recheck and if it is still too great, replace the parts 
as necessav. 

I UPPER LEVEL LINE I 

INE 

SlDE STAND RUBBER 

GoOD WEAR LlNE WORN 

SlDE 
PLAY 

I 
SPRING SCALE 
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DUAL MOTION TYPE 
The side stand should lower easily to its first stop, 
then lock after moving farther forward to support 
the motorcycle as the rubber touches the ground. 

When the motorcycle is lifted upright, the stand 
should automatically move to the first position, and 
retract when kicked up. 

' FIRST POSITION 

If the sidestand does not move freely, it must be dis- 
assembled: RETURN SPRING 

Remove the return spring at the retracted position. 
Remove the pivot bolt and remove the side stand 
assembly from the frame. 
Check the following parts for wear or damage: 

- inside of the pivot and pivot collar 
- pivot dust seals 

Lubricate the pivot area with clean grease and 
reassemble the side stand. 

Install the dust seal with its mark side facing in. 

of the seal lips after installing the pivot collar. 
Make sure that the dust seal spring is seated outside WASHER DUST SEALS PIVOT COLLAR 

Recheck the side stand movement. 

INSPECTION FOR SlDE STAND WITH 
IGNITION CUT-OFF SYSTEM 
Check the spring for damage or loss of tension. 

Check the side stand assembly for freedom of 
movement. 

Lubricate the pivot bolt and the side stand pivot 
area if necessary. 

Tighten the pivot bolt and nut. Refer to the Model 
Specific manual for specified torque. 

Check the side stand ignition cut-off system: 

- Sit astride the motorcycle and raise the side 
stand. 

- Start the engine with the transmission in  neutral, 
then shift the transmission into gear, with the 
clutch lever squeezed. 

- Move the side stand full down. 
- The engine should stop as the side stand is 

lowered. 

If there is a problem with the system, check the side 
stand switch. 

SlDE STAND 
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SUSPENSION 
Compress the front and rear suspension a few times. 

On models with exposed suspension springs, check 
for cracks and damage. 

Loose, worn, or damaged suspension parts impair 
vehicle stability and control. Repair or replace any 
damaged components before riding. Riding a vehi- 
cle with faulty suspension increases your risk of an 
accident and possible injury. 

If any play is detected, check for looseness of the 
swingarm pivot bolt. 

Check for squeaks in the suspension movement that 
could indicate a lack of lubrication. Try to push the 
swingarm from side to side to check for worn, dam- 
aged or loose suspension pivot components. 

Check also for wear or damage to the, pivot bear- 
ings (or bushings). 

. ,. . 

If looseness is detected in the up-down motion at 
the end of the arm on Pro-link suspensions, check 
for wear or damage to the shock absorber mount 
pivot point. 

Check for leakage from the oil seals on the fork, 
damage from stones or scratch marks on the work- 
ing surface of the fork tubes, and wear and peeling 
of the chrome plating. 

On models equipped with rubber boots on the fork 
legs, turn back the boots to allow inspection. K TUBE 

If the fork is in poor condition, disassemble and 
replace parts as necessary. 

Replace any fork tube that is heavily scored. 

On models with bottom link type front suspension, 
check for cracks and damage to the fork rocker 
arms (bottom links). Check for play in the fork 
rocker arm bearing section, and inspect all fasten- 
ers for looseness. 

\ FORK ROCKER ARM 
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Check for oil leakage around the shock absorber pis- 
ton rod. Inspect the rod for scoring, wear and peel- 
ing of the chrome plating on the working surface. 

Check for looseness, cracks and damage to the 
attachment points of the shock absorber assembly. 
Retighten nutslbolts if necessary. 

SPARK ARRESTER (U.S.A. only) 
Remove the muffler lid. Block the end of the muffler 
with a shop towel. 

Start the engine and rev it up to blow accumulated 
carbon deposits out of the muffler. 

Be sure that the muffler lid bolts and gasket are 
in good condition. Replace the bolts and gasket 
if necessary. 

Install the muffler lid and gasket and tighten the 
bolts securely. 

Do not remove the two screws that hold the exhaust 
baffle in the end of the spark arresterlmuffler. 

The two mounting screws must be installed in the 
spark arrester body at all times for the spark arrester 
to be effective. 

MUFFLE 

BOLTS 
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NUTS, BOLTS, FASTENERS 
Check that all chassis nuts, bolts and screws are 
tightened to their correct torque values at the inter- 
vals shown in the Maintenance Schedule. 
Check all cotter pins, slip pins, hose clamps and 
cable stays. 

Making sure the fork is not allowed to move, 
raise the front wheel and check for play. Turn 
the wheel and check that it rotates smoothly with 
no unusual noises. 

If the wheel does not rotate smoothly, inspect the 
wheel bearings. 

Raise the rear wheel, and check for play in either 
the wheel or the swingarm pivot. Turn the wheel 
and check that it rotates smoothly with no 
unusual noises. 

If abnormal conditions are suspected, check the rear 
wheel bearings. 

As the swingarm pivot is included in this check, be 
sure to confirm the location of the play; i.e., from 
the wheel bearings or the swingarm pivot. 

Check for looseness of boltslnuts in connection with 
the following. 

Axles 
Axle nuts 
Rimlhub bolts 

On models that have cotter pins, check that the pins 
are attached correctly. 

Check for cracks, deformation, damage and corro- 
sion, etc., of the following parts. 

Rim 
Wheel 
Spokes 

1 RIM BPLT 1 AXLEH?LDER NUT 1 

AXLE NUT COnER 1 ' ' I AXLE 
PIN 1 



Inspect the spokes for looseness by tapping them 
with a screwdriver. 
If a spoke does not sound clearly, or if it sounds dif- 
ferent from the other spokes, tighten it. 
Tap on the spokes and be sure that the clear 
metallic sound of the same tone can be heard on 
all spokes. 

The spoke nipples are made of soft material. Be sure 
to tighten the spokes with the proper size spoke 
wrench. After tightening, check the rim for runout. 

TOOL: 
Spoke wrench 

MAINTENANCE 

Check the pressure of each tire with a pressure 
gauge. 

Check tire pressures when the tires are cold to 
assure accurate, comparative measurements. 
Checking tires after they are warm will give inaccu- 
rate readings. 
Riding with incorrect tire pressure can affect and 
impair steering response and may result in a 
sudden tire deflation. You may loose control of 
the vehicle. 

Raise the wheel, turn slowly and check for lateral 
and vertical oscillation. 

Service limit (front and rear wheels) 
Lateral direction - Up to  2.0 m m  (0.08 in) 
Vertical direction -Up to 2.0 rnm (0.08 in) 

Oscillation of Comstar or cast wheels cannot be cor- 
rected. Therefore, check for bearing play or a bent 
axle shaft. If necessary, replacethe wheel assembly. 
If there is deformation of the rim on spoked wheels, 
replace the rim. 

p imiq  
Operation without optimum tire pressure will cause 

Checkoscillation 

/ SPOKE WRENCH 

uneven tire wear. I 1 
Tire pressure specifications differ with each 
model. Refer to the Model Specific manual for the 
correct pressures. 

Check for cracks and damage to the tire tread and 
walls and replace the tire if necessary. 

Check for nails, pieces of metal and stones, etc., 
which may have become lodged within the tread or 
embedded in the tires. 
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STEERING HEAD BEARINGS 
Securely support the vehicle from beneath the 
frame with the front wheel off the ground. Turn 
the handlebar from left to right and check that the 
movement is smooth. If the operation is not 
smooth or the handlebar snags or has a heavy feel 
in certain locations, check that there is no interfer- 
ence from cables or wire harnesses. If these are 
not the cause, check for wear or damage to the 
steering head bearings. 

Check for misalignment of the front wheel with 
respect to the handlebar. If the wheel is out of align- 
ment, loosen the wheel and fork assembly bolts1 
nuts, align and retighten. If the wheel cannot be 
aligned, check for bent suspension components or a 
bent frame. 

Turn the handlebar fully from left to right, and 
vice versa, to check that there is no difference 
between the two directions of movement. Check 
also that there is no interference between the 
handlebar and frame. 

Also inspect for snagging of wires and harnesses on 
the fork stops on the lower fork bridge. 

If the handlebar shows unusual shake during nor- 
mal running conditions, check the handlebar 
mounting fasteners and wheel, etc. 

If the handlebar moves unevenly, binds or has verti- 
cal movement, adjust the steering head bearings by 
turning the steering bearing adjustment nut. Refer 
to the Model Specific manual for proper procedure. 
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WHEEL ALIGNMENT (FOURTRAX) 
On Fourtrax models, inspect and adjust the front 
wheel alignment (toe-in or toe-out, camber and 
caster) as necessary. 

Measure the toe on the rear part of the tires at the 
same points. 

TOE-IN 1 
Place the vehicle on level ground with the front 
wheels facing straight ahead. 

Adjust tire pressure to specification. 

Mark the centers of the tires with chalk to indicate 
the axle center height. 

When the toe is out of specification, adjust it by 
changing the length of the tie-rods equally while 
measuring the toe-in. 

Align the toe gauge with the marks on the tires as 
shown. Check the readings on the gauge's scales. 

Slowly move the vehicle back until the wheels have 
turned 180" so the marks on the tires are aligned 
with the gauge height on the rear side. 



MAINTENANCE 



MAINTENANCE 



3 . ENGINE TESTING 



ENGINE TESTING 

SERVICE INFORMATION 
GENERAL 
Comoression and leak-down tests offer imoortant knowledae of the mechanical condition of the enaine in auestion. Both 
tests'must be done to accurately evaluate 6ngine  condition."^ compression test can quickly show if 21 contributing factors 
allow enaine ooeration within basic service limits or if either the oiston rinaslcvlinderls). or the valves/valve seats in the 
case of 4ystrokes, are suspect. In order for a compression test to be accurate,the'instru&ns must be followed closely, the 
engine must contain only standard components and the battery on electric start models must be in perfect condition. A 
leak-down test can effectively pinpoint whether the piston rings/n/linder(s), valveshralve seats, head gasket, or crankcase 
seals and gaskets in the case of 2-strokes, individually or all together, are in need of service. 

TOOLS 

TROUBLESHOOTING 
Cylinder compression is low or uneven 

Faulty valve mechanism 
- Incorrect valve clearance 
- Bent, burned or sticking valves 
- Worn or damaged valve seat 
- Incorrect valve timing 
- Broken valve spring 
- Faulty hydraulic valve adjuster 
Faulty cylinder head 
- Leaking or damaged head gasket 
- Warped or cracked cylinder head surface 
Faulty cylinder or piston 
- Worn or damaged piston ring(s) 
- Worn piston or cylinder 
- Stuck piston ring in the ring groove 

2-stroke engines, compression is low or uneven with signs of lean airlfuel mixture 
Crankcase primary compression too low (2-stroke engines) 
- Damaged reed valve 
- Damaged crankshaft seal 
- Damaged crankcase or cylinder base gasket 

High cylinder compression 
Excessive carbon build-up on piston or combustion chamber 
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COMPRESSION TESTING 
GENERAL 
A compression test is a quick and easy way to check the general condition of an engine. This test should be performed 
prior to any tune-up work, especially if the machine did not come in under its own power. If the engine has a burnt valve, 
for instance, the customer should be notified that the tune-up will have no benefit without the other necessary engine 
work. A compression test should also be done if you feel that the motorcycle, scooter or A N  lacks power, especially dur- 
ing acceleration. 

A compression test can be inconclusive, though, if the engine is not completely stock, if the battery is not in perfect condi- 
tion (in electric-start models, engine cranking speed may be low) or if the test instructions are not followed completely. In 
each of these situations, the compression registered will be lower than the service limit in the Model Specific service man- 
ual. When you do get a valid compression test, there is something else to consider. 

What if the compression is below the service limit, or if the compression is relatively even between each cylinder, and the 
engine is not smoking? There may be no reason for an expensive rebuild on a good running engine. If, on the other hand, 
the compression on any one cylinder in a twin or multi-cylinder engine is significantly lower, the engine must be rebuilt. 

TESTING 
NCITF. -. 

If the vehicle has a decompressor, be sure it is adjusted properly before checking compression. On vehicles equipped 
with an automatic decompression starting system, the decompressors must be deactivated prior to checking. 

Warm up the engine to normal operating temp-erature. Ten minutes of stop and go riding is sufficient. 

Stop the engine and remove a spark plug from each cylinder. Install the compression gauge attachment to the cylinder to 
be tested. 
Connect the compression gauge. 

NOTE: 
Make sure that there are no leaks around the attachment. 

TOOL: 
Compression Gauge 07305-0010000 

Kick start models: 
Fully open the throttle and choke valves, strongly kick the starter pedal through several times, and check the compression. 

Electric start models: 
Turn the engine stop switch "OFF." 

NOTE: 
If the engine stop switch is in the "OFF" position, the starter motor will not operate. Remove the spark plug cap from 
the spark plug. Using tape or strings, secure the cap to any convenient plastic body part. Then turn the engine stop 
switch to "RUN" and crank the engine with the starter motor. 

Fully open the throttle and choke valves, crank the engine with the starter motor, and check the compression. 

COMPRESSION GAUGE 

I ATTACHMENT 1 
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NOTE: 
To avoid discharging the battery, do not operate the electric starter for more than seven seconds. 

If compression is low, drop a small amount of clean engine oil into the cylinder through the spark plug hole, then recheck 
the compression. 

- If compression increases to more than the previous reading, inspect the cylinder and piston rings 
- If compression remains low, check the valves, valve seats and cylinder head. 

If compression is high, check for the accumulation of carbon deposits in the combustion chamber andlor on the pis- 
ton head. 

4-STROKE LEAK-DOWN TEST 
INFORMATION 
A leak-down test is a more comprehensive engine diaqnostic test than a com~ression test. A leak-down tester consists of a 
calibrated pressure gauge connected to a pressure regulator and a flow restrictor. 
The tester allows you to measure the rate at which air leaks past a cylinder's rings an0 valves. 

There are several tools, specifically designed for leak-down testing Cstroke engines, that are commercially available from 
several general tool sources. 

A leak-down test provides a clear indication of whether or not the combustion chamber is sealing properly. The test 
involves pressurizing the combustion chamber and measuring the rate at which the air is lost past the rings and valves (or 
head gasket). A range of the allowable percentage of leak-down past the rings and valves is suggested by each tester man- 
ufacturer. For instance, if the supply of air pressure is 100 psi, and the cylinder is able to maintain a pressure of 90 psi, the 
cylinder is said to have 10-percent leakage, based on the supply flow rate. 

But perhaps more important than a determination of whether the engine needs repair, is to find out more precisely where 
the problem lies. 

The first step in the test is to install the hose from the tool into the spark plug hole, as you would in a compression test. 
Next position the crankshaft with the piston at top dead center, compression cycle. Be sure to remove the wrench from the 
crankshaft after positioning in case the air pressure against the piston puts the crankshaft in motion. 

Then pressurize the combustion chamber with a steady, regulated pressure, again, as instructed by the tester manufac- 
turer. Now you simply listen to the airbox, exhaust and crankcase filler cap to determine whether the intake valve(s), 
exhaust valve(s) or rings, respectively, are leaking. 

Squirting a little soapy water around the cylinder and head mating area will tell you if the head gasket is leaking to the out- 
side atmosphere. Checking for bubbles in the cooling system of a liquid-cooled machine will tell you whether or not the 
head gasket is leaking into the cooling passages. The only thing this test won't tell you is the difference between a head 
gasket leak into the adjacent cam chain (or gear) well, and a leak past the piston rings. 

Be sure to follow the leak-down test tool manufacturer's instructions precisely when making this inspection. 

CYLINDER PRESSURE 
SUPPLY 
PRESSURE 

FROM 
PRESSURE 
SOURCE 

I TDC (COMPRESSION) 1 
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2-STROKE PRESSUREIVACUUM LEAK-DOWN TEST 
INFORMATION 
Regular crankcase leak-down testing is much more important to the life span of a 2-stroke engine than a Cstroke. Because 
the engine relies on a very precise airlfuel mixture to ensure proper engine lubrication, the slightest air leak can lead to an 
engine seizure. Consider these regularly scheduled tests as cheap insurance. 

Pressurelvacuum leak-down test equipment, specifically designed for 2-stroke engines, is commercially available through 
various motorcycle and general tool sources. 

A pressurelvacuum leak-down test tool consists of hand pressure/vacuum pump and various adaptors to seal your engine. 
The test provides a clear indication of where a leak, or leaks, exist. Possible areas for leaks include anywhere downstream 
of the carburetor until the mixture is ignited and forced out the exhaust. Leaks can occur between the mating surfaces of 
the crankcases if the gasket fails. If this gasket fails between the crankcase and the transmission, the mixture will become 
much richer as transmission oil is slowly drawn into the engine. 

Similarly, a leaking crankshaft seal on the transmission primary gear side will also consume transmission oil. Other air 
leaks include the cylinder base gasket, the magneto side crankshaft seal, leaks between the reed valve assembly and its 
gaskets, and leaks in the carburetor mounting boot between the carburetor and the reed valve. 

Although some cylinders are more difficult to seal for leakage down testing, such as those equipped with H. P. P. valves, 
the general procedure that follows can be used on most two-stroke engines. 

The first step in the testing procedure is to remove the exhaust and to effectively seal the exhaust port. This is done by 
bolting a piece of inner tube between the exhaust manifold and the exhaust port, with a plate made specifically to bolt over 
the exhaust port, backed by a rubber seat, or with some form of expandable rubber plug. 

NEXT the carburetor is removed and a plug is clamped snugly in place where the carburetor was. This leaves only the 
seals and gaskets to show any defects they may have. Then an attachment is inserted into the spark plug hole and pres- 
sure applied with a hand pump. Often a brake bleeder pressurelvacuum tool is used for this purpose. 

Spraying soapy water around the inlet tract, reed valve and crankcase mating areas will produce bubbles where there 
are leaks. 

The vacuum portion of the test ensures that the negative sealing characteristics of the crankshaft seals are adequate. 

Be sure to follow the leak-down test tool manufacturer's instructions precisely when making this inspection. 
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SERVICE INFORMATION 
GENERAL 
+Stroke Engines: 

Refer to the Model Specific manual for: 
- Oil DumD removal/installation 
- Oil strainer screen cleaning 
- Oil filter replacement 
- Oil level inspectionloil change 
The service procedures in this section can be performed with the engine oil drained. 
When removing and installing the oil pump, use care not to allow dust or dirt to enter the engine. 
If any portion of the oil pump is worn beyond the specified service limits, replace the oil pump as an assembly. 
After the oil pump has been installed, check that there are no oil leaks and that oil pressure is correct. 

2-Stroke Engines: 

When removing and installing the oil pump, clean the engine around the pump and oil pump itself. 
Do not attempt to disassemble the oil pump. 
Bleed air from the oil pump if there is air in the oil inlet line and each time the oil line is disconnected. 
Fill the oil outlet line with oil whenever the oil outlet line is disconnected. 
Refer to Section 2 for oil strainer screen cleaning and oil pump control cable adjustment. 

TOOLS 

Oil pressure gauge, 0 - 160 
07ZMJ-HN2A100 
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SERVICE DATA 

4-stroke engine oil 
TWlN SUMP LUBRICATION SYSTEM, 
V-MATIC BELT DRIVE SYSTEM and ARX 

Use only Honda recommended oil for your vehicle. Honda selects the highest-quality base stocks, and additives specifi- 
cally designed for the unique requirements of motorcycle engines. Formulations of modern car oil often contain "friction 
modifiers" such as molybdenum compounds, which can cause motorcycle clutches to slip. 

Consult your owner's or service manual to find the recommended oil for your engine. The manual will specify both API 
Service Classifications and SAE viscosity numbers. Viscosity requirements vary according to the air temperature range 
encountered during operation (see example Oil Viscosities Chart below). Refer t o  the Model Specific manual for specific oil 
rewmmendations for the model you are servicing. 

GENERAL 
4-STROKE ENGINEITRANSMISSION AND 2-STROKE TRANSMISSION OIL RECOMMENDATIONS: 

may be used when the average temperature in 
your riding area is within the indicated range. 

~ ~ ~~~ ~~~ ~~ ~ 

Viscosity: Refer to the Model Specific Service Manual 
Pro Honda GN4, HP4 lwithour molybdenum additivesl or 
HP4M (with molvbdenum additives) Cstroke oil (US &Canada). or I 

4-stroke engine oil 12-stroke transmission oil 
(except TWlN SUMP LUBRICATION SYSTEM, 
V-MATIC BELT DRIVE SYSTEM and ARX) 

Honda 4-stroke d i ~  (Canada only), or an equivalent motorcycle oil 
API Service Classification: SG or Hiaher I 

Pro Honda GN4 or HP4 (without molybdenum additives) 
4-stroke oil (US & Canada), or Honda 4-stroke oil (Canada only), or an 
equivalent motorcycle oil 
API Service Classification: SG or Higher 
JASO T 903 standard: MA 

NOTE: 
JASO T 903 standard: MA or MB 
NOTE: 

2-STROKE ENGINE OIL RECOMMENDATION 

I NOTE: I Pro-Honda HP2 2-Stroke oil or equivalent 1 

NOTE: 
Do not use non-detergent, vegetable, or castor based racing-oils. 

Separate Lubrication Mechanical Systems 
Premix-Type Systems Pro-Honda HP2 2-Stroke oil or equivalent. 

Refer to Model Specific manuals for recommended fuelloil ratios. 
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TROUBLESHOOTING 
4-Stroke Engines: 
Oil level low 

Oil consumption 
External oil leaks 
Worn piston ring or incorrect piston ring installation 
Worn valve guide or seal 
Oil pump worn or damaged (dry sump engine) 

Oil contamination (white appearance) 
From coolant mixina with oil iliauid-cooled engine) 
- Faulty water pump mechanicai seal 

- 
- Faulty head gasket 
- Water leak in crankcase 

Low or no oil pressure 
Clogged oil orifice andlor orifices 
lncorrect oil being used 

Models Equipped With Oil Pressure Switch: 
High oil pressure 

Pressure relief valve stuck closed 
Plugged oil filter, gallery, or metering orifice 
lncorrect oil being used 

Low oil pressure 
Pressure relief valve stuck open 
Clogged oil filter screen 
Oil pump worn or damaged 
Internal oil leaks 
lncorrect oil being used 
Low oil level 

No oil pressure 
Oil level too low 
Oil pump drive chain or drive sprocket broken 
Oil pump damaged (pump shaft) 
Internal oil leaks 

2-Stroke Engines With Separate Oiling System: 
Excessive smoke andlor carbon on spark plug 

Faulty oil pump (too much oil flow) 
Low quality engine oil 

Overheating or seized piston 
No oil in tank or clogged oil line 
Air in oil lines 
Faulty oil pump (too little oil flow) 
Clogged oil strainer 
Oil not flowing out of tank 
Clogged oil tank cap breather hole 
Clogged oil strainer 

2-Stroke Engines Using Premixed FuelIOil: 
Excessive smoke andlor carbon on spark plug 

Improper jetting for altitude, air temperature and track conditions 
Improperly mixed fuelloil - too much oil in fuel 
Fuelloil mixture too old - gasoline has evaporatedlgone bad 

Overheating or seized piston 
l m ~ r o ~ e r  ietting for altitude, air temperature and track conditions 
~uelloi l  mjxturetoo old -oxidized oilldegraded lubrication 
Premix oil too old - oxidizedldegraded lubrication . 
Poor quality premix oil 
Improperly mixed fuelloil -too little oil in fuel 
Using fuelloil premix ratio other than recommended 
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SYSTEM DESCRIPTIONS 
4-STROKE SYSTEMS 
TYPICAL OIL FLOW PAlTERN 

ROCKER ARM SHAFT 

CRANKSHAFT 

NOTE 

OIL PUMP 

CONNECTING RODSMALL 
END, PISTON, CYLINDER 

TRANSMISSION 

OIL STRAINER SCREEN 

v v 
OIL SUMP 

r : :iZfre path 

..I) : Spray path 
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FOUR-STROKE ENGINES 
WET-SUMP TYPE 

Wet-sump engines contain their total oil volume within their crankcases. In these systems, oil is pumped from the sump in 
the crankcase, through a strainer screen andlor oil filter and then is pressure fed to various engine components. Oil return- 
ing from these now lubricated areas flows back into the sump by gravity. 

Some wet-sump engines use only a strainer screen to filter the oil. Others use a combination of a strainer screen and a cen- 
trifugal-type filter, or a more conventional pleated paper-type filter. 

/ OIL STRAINER 1 OIL PUMP SCREEN 
- - 

DRY-SUMP TYPE 

Dry-sump systems use an external oil tank and dual-function oil pumps. In this system, the pump draws in oil for delivery 
to the various components and pumps oil out of the sump and back to the oil tank. 

Since this design eliminates the need for space to contain the oil within the lower portion of the crankcases, the engine can 
be positioned lower than would otherwise be possible. This design often incorporates routing and oil storage configura- 
tions that aid in lowering oil temperature. 

DRY-SUMP TYPE , OIL TANK 



LUBRICATION 
GENERAL 

A spray-type system is often utilized in either design illustrated here as well as in some two-stroke engine designs. Here oil 
is literally sprayed through oil jets directly into internal components such as the connecting rod, to help ensure lubrication 
and cooling of the rods and pistons. 

Some systems include oil pressure-controlling relief valves to help ensure lubrication even if the filter is clogged or the oil 
temperature is so low that it will not flow through the filter. 

Oil filters and/or strainer screens are positioned within the lubrication system to trap contaminants before the oil is 
routed back into the lubricant ~athwavs. 

W I N  SUMP LUBRICATION SYSTEM 
The Honda twin-sump lubrication system separates the oil supply for the crankshaft, piston and valve train from the clutch 
and transmission. This ensures a cool supply of oil to the clutch, eliminates clutch and transmission material contamina- 
tion of the engine oil, and reduces the amount of circulating oil and required size of the oil pump. This design allows for an 
oil cooler and no external oil tank is needed. Because there are separate oil supplies the crankcase oil level and transmis- 
sion oil level are checked independently. Make sure to follow proper oil level check procedures in the Owner's Manual. 

TRX450R SHOWN 

- 
ENGINE OIL SUMP TRANSMISSION OIL SUMP 

TWO-STROKE 
LUBRICATION SYSTEMS 
Unlike four-stroke engines, two-stroke engines use the internal crankcase area as a suction chamber and, therefore, cannot 
use a sump-type oiling system. Consequently, the following two systems have been adopted in order to provide lubrica- 
tion to the cylinder, piston rings, connecting rod and crankshaft bearings. Each system relies on oil ingested together with 
the gasoline. 

In Separate Oil systems, engine lubrication oil is introduced downstream of the carburetor. Oil is combined with the gaso- 
line before it reaches the carburetor in Premixed systems. 

I CONNECTING ROD 1 
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SEPARATE OIL SYSTEMS: 
Virtually all street 2-stroke motorcycle and scooter engines use a pump-operated system to lubricate engine components. 
Oil in this type of system is drawn from a separate oil tank by an oil pump that introduces the oil directly into the airlfuel 
inlet tract beyond the carburetor. 

Periodic level checks and refilling of the oil tank is required since the oil in the tank is continually drawn upon when the 
engine is running. 

FUEL TANK 

INTAKE PIPE 

The amount of lubricant delivered to the engine is dependent on both engine rpm and throttle position. No cable is used 
on "Iowa" model 2-strokes, e.g. NO50 I, SA50 P. 

Some of these systems include provisions for circulating the transmission oil within the gearbox portion of the crankcase 
with the same oil pump. 

ROTLE CABLE 

OIL CONTROL 
CABLE 
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PREMIXED (OIL IN FUEL) SYSTEMS: 

Premixing engine oil with gasoline is the most widely used system on competition models. 

The combined airlfuelloil mixture is introduced directly through the inlet tract with the assistance of the carburetor. Lubri- 
cation to the crankshaft and both connecting rod bearings as well as the piston rings and cylinder walls is achieved as this 
mixture is drawn into the crankcase by the suction of the piston movement. 

It is important to USE ONLY THE RECOMMENDED FUEUOIL RATIO. All Honda engines are designed to operate most 
efficiently and with greatest durability using the recommended premix ratio. All standard carburetor jetting is based on 
this ratio. 

Standard jetting is based on the recommended premix ratio at sea level and 20°C (68OF). 

Use of a fuel/oil premix ratio other than the recommended may affect overall jetting, engine performance and may lead to 
premature engine wear or damage. 

Freshness of the fuelloil mixture is very important to both the overall performance of the machine as well as the lubricating 
efficiency of the oil. 

Only use gasoline that has been pumped from a high-volume station within the previous two weeks if optimal competition 
performance is required. Even general use applications call for gasoline that is no more than eight weeks old. 

For optimal lubrication efficiency in this system, use the premixed fuelloil within 24 hours after it is mixed. Two-stroke 
premix oil that is not stored in resealable containers should be discarded in a proper manner if it is not used completely 
within one month after opening. Oil stored in non-sealed containers are subject to oxidation that degrades the oil's lubri- 
cation qualities. 

Vegetable-type premix oils separate from gasoline more easily than mineral oils, especially in cold weather. It is advisable 
to use mineral oil when ambient temperatures below 0°C (32°F) are expected. 

/Tmicq 
Mixing vegetable and mineral-based oils will cause premature engine wear or damage. 
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OIL PUMP DESCRIPTIONS 
TROCHOID TYPE 
The trochoid-type oil pump is the most common oil pump design used in Cstroke engines. It is designed to turn two rotors 
within a casing, with an inner rotor fixed on the pump shaft (drive shaft) and an outer rotor on its circumference. 

When the inner rotor is turned by means of the oil pump shaft, the outer rotor also turns, with the clearance between the 
two rotors varying. Lubricant is drawn through by suction when the clearance is enlarged. Oil is delivered to the opposite I 
side through this clearance and is then routed into the discharge passage when the clearance lessens. The more teeth the 
inner and outer rotors have, the less the amount of pulsation. The oil flow volume increases in direct proportion with the 
increase in thickness of the rotor dimension. 

GASKET 
PUMP 

I OUTER ROTOR 
INNER ROTOR 

I I 

Some models have a double rotor trochoid-type oil pump which collects oil directly from both the oil cooler and the sump. 

OUTER ROTOR DISCHARGE 

INNER ROTOR 
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MAIN GALLERY 



LUBRICATION 

PLUNGER TYPE 
Virtually all non-premix lubricated 2-stroke engines are equipped with a plunger-type oil pump. 

Some plunger pumps are driven by crankshaft via the oil pump gear shaft, and others are directly driven by crankshaft. 

The oil pump cam is depressed under a spring. Turning the cam causes the plunger to reciprocate so that the pumping 
movement is repeated. The amount of lubricant is controlled proportionally with the cam rotation. 

The pump is designed to control the amount of lubricant discharged per crankshaft rotation by varying the plunger stroke 
through the operation of the cam interlocked with the carburetor throttle. 

The combined function of these two mechanisms allows the proper flow of lubricant depending on load conditions and 
engine rpm. 

OIL PUMP OPERATING PRINCIPLE 

SUCTION VALVE 
PLUNGER PORT 

PUMP 
CHAMBEP ,-. .-.:-- process) 

(31 14) (5) 
(?:--'----- ~rocess) 

PORT 

1. As the valve descends, i t  blocks the outlet passage while gradually opening the inlet passage. 
2. Here at the "bottom dead center" Dosition. the outlet Dassaae is com~letelv closed while the inlet Dassaae is completelv 

opened - allowing free flow of oil into thepump chamber. - 
- 

3. With the oil chamber filled, the valve ascends - closing the inlet passage. 
4. The valve ascends further, allowing free flow of oil through the outlet passage. 
5. The plunger also ascends, compressing the oil inside the pump chamber and pumping oil out through the outlet pas- 

sage, toward the intake pipe via the outlet line. 
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OIL PRESSURE CHECK 
NOTE: 

This procedure is for vehicles equipped with an 
oil pressure switch. 
If the engine is cold, the pressure reading will be 
abnormally high. Warm up the engine to normal 
operating temperature before starting this test. 
Refer to the Model Specific manual for 
specifications. 

Stop the engine and pull off the switch cover. Dis- 
connect the switch wire by removing the screw. 
Turn the ignition switch ON and check that the oil 
warning light does not come on. 

If the warning light comes on, there is a short circuit 
in the switch wire. Repair or replace as necessary. 

Remove the oil pressure switch (see the Model Spe- 
cific manual). 

/NOTlCEI 
Overtightening the switch can cause crankcase 

Install the attachment as necessary and connect the 
oil pressure gauge. 

TOOLS 
Oil pressure gauge: 07506-3000000 
Attachment: Refer to  Model Specific manual. 

Check the oil level and add the recommended oil 
if necessary. 

Start the engine and check the oil pressure. If it is 
normal, replace the oil pressure switch. 

Stop the engine. 

damage. 
- 

Connect the oil pressure switch wire and start 
the engine. 

Apply 3-BONDm sealant or equivalent to the pres- 
sure switch threads and install. 

Check that the oil pressure warning indicator goes 
out in one or two seconds. 

NOTE: Apply sealant only to the area shown. 

If the oil pressure warning indicator stays on, stop 
the engine immediately and determine the cause. 

OIL PUMP INSPECTION 
TROCHOID TYPE 
Where there are two pair of inner and outer rotors, 
check each side of the pump as described below. 

Do not try to Measure at several places and use the largest read- 
repair Plunger ing to compare to the service limit. 

T""0 ",!"I" .,,-- --...,-, 
Replace Disassemble the oil pump and clean the parts with 

when worn clean oil. or damaged. 
Set the inner and outer rotors into the pump 
body properly. 

APPLY 
SEALANT 
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TIP CLEARANCE 
FEELER GAUGE 

%' 

Measure body clearance (pump body-to-outer rotor) 
and tip clearance (inner rotor-to-outer rotor) using a 
feeler gauge. 

BODY CLEARANCE 

OUTER ROTOR 

Do not disassemble and try to repair a two-stroke 
oil pump; i t  will not operate properly once 
reassembled. 
Replace the pump if  it is worn or damaged. 

Measure the side clearance (rotor side-to-body) with 
a straight edge and feeler gauge. 

NOTE: 
If there is a cover gasket, measure the clearance 
with the gasket installed. 

Refer to the Model Specific manual for all clearance 
specifications. 

PLUNGER TYPE 
NOTE: 

Remove trapped Remove the oil pump and inspect for the following: 
air in the oil 

SIDE 
CLEARANCE 

STRAIGHT EDGE 

GASKET 

system before - Worn or damaged pump gear 
S'arfW the - Oil leaks from seals 

- Binding pump shaft O-RING 

Connect the oil tube from the oil tank to the suction 
side, then turn the shaft. Check that oil flows out of 
the outlet. 
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PRESSURE RELIEF VALVE 

OIL PUMPIOIL LlNE BLEEDING 
(2-stroke engines) 

Remove the snap ring, washer, spring and valve 
from the valve body. 
Check the valve and body for wear, scratches or 
damage. 
Check the snap ring groove for damage. 
If the snap ring groove is damaged, the oil supply 
will be reduced and the engine may seize. 

NOTE: 
Install the valve with the open side facing toward 
the spring. 

IN-SET TYPE OIL PUMP 
Removetrapped Remove the cotter pin, seat, spring and valve. 

ajr oil Check the valve for wear or damage. 
system before 

starting the NOTE: 
englne. Install the valve with the closed side facing the 

spring. 

Be sure to bleed all air from the oil system. Air in the 
oil system will block or restrict oil flow and can 
cause serious engine damage. 

% SPRING 

O-RING ? 
VALVE 

VALVE 

SPRING PIN 

Bleed air from the oil suction line and oil pump 
whenever the oil lines and pump have been re- 
moved, there is no oil in the tank, or there is air in the 
oil lines. 

Bleed air from the oil suction line and pump first, 
then bleed the oil outlet line. 

SUCTION LINE, OIL PUMP BLEEDING 
Shut engine 

off immediately 
if there is no 

oil flow 

Fill the oil tank with the recommended oil. 
Place a clean shop towel around the oil pump. 

Disconnect the oil lines from the oil pump, and fill 
the pump with oil through the pump outlet. 

OIL OUTLET LlNE 

LINE CLAMP TOWEL 



LUBRICATION 
Let oil drip from the inlet line to expel any air that 
mav be in the line. and then reconnect the suction 
lineto the pump inlet. 
If there is a bleed bolt, loosen it until there are no air 
bubbles in the oil coming out of the bolt hole, then 
retighten the bleed bolt. 

Check that there is no air in the oil line. 

Next, bleed air from the oil outlet line. 

OUTLET LINE BLEEDING 
Remove the oil outlet line and close the intake 
pipe joint. 
Bend the oil outlet line into a "U" form with both 
ends parallel, and fill the oil outer line with clean oil. 

Connect the oil outlet line to the oil pump joint. 

Start the engine and allow it to idle with the oil con- 
trol lever in the fully open position, making sure that 
oil is flowing out of the oil outlet line. 

Perform this operation in a well ventilated area. 
Exhaust contains poisonous carbon monoxide gas 
that can cause loss of consciousness and may lead 
to death. 

Run the engine at the lowest rpm level to avoidpos- 
sible engine damage if oi l  flow is restricted. 

Stop the engine and again bleed air from the oil 
inlet line and oil pump if oil does not flow out within 
one minute. Then recheck oil flow. 

Connect the oil outlet line to the intake pipe joint. 



LUBRICATION 

OIL COOLER INSPECTION 
Check the oil line connections for leaks. 

Check the oil cooler for bent or collapsed fins. 
Straighten the bent or collapsed fins with a suitable, 
small, blade-type screwdriver if necessary. 
Check the air passages for clogging or restriction. 
Blow dirt out from between core fins with com- 
pressed air or wash it off with water. 

FIN 
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COOLING SYSTEM 

SERVICE INFORMATION 
GENERAL 

Removing the radiator cap while the engine is hot can allow the coolant to spray out, seriously scalding you. Always 
let the engine and radiator cool down before removing the radiator cap. 

Add coolant at the reserve tank. Do not remove the radiator cap except to refill or drain the system. 
All cooling system service can be made with the engine in the frame. 
Avoid spilling coolant on painted surfaces. 
After servicing the system, check for leaks with a cooling system tester. 
Radiator coolant is toxic. K e e ~  it awav from eves. mouth. skin and clothes. 

- If any coolant gets in your eyes,'rinse them with waier and consult a doctor immediately. 
- If any coolant is swallowed, induce vomitins. sarsle and consult a ~hvsician immediatelv. 
- If any coolant gets on your skin or clothes, rinse Goroughly with pieniy of water. 

TROUBLESHOOTING 
Engine temperature too high 

Faulty temperature gauge or gauge sensor (see Section 25) 
Ther ostat stuck closed 
FaultTradiator cap 
Insufficient coolant 
Passages blocked in radiator, hoses, or water jacket 
Air in system 
Faulty cooling fan motor 
Faulty fan motor switch (see Section 25) 
Faulty water pump 

Engine temperature too low 
Faulty temperature gauge or gauge sensor 
Thermostat stuck open 
Faulty cooling fan motor switch (see Section 25) 

Coolant leaks 
Faulty pump mechanical seal 
Deteriorated O-rings 
Faulty radiator cap 
Damaged or deteriorated gaskets 
Loose hose connection or clamp 
Damaged or deteriorated hoses 



COOLING SYSTEM 

SYSTEM DESCRIPTIONS 
A liquid cooling system allows optimal engine operating temperature while preventing overheating and overcooling. 

The coolant is pumped through the system by means of a water pump. Combustion heat is absorbed by the coolant in the 
course of its passage through the water hoses, water jacket around the cylinder, and through the cylinder head. The cool- 
ant then passes into the radiator through the thermostat and upper radiator hose. The hot coolant is cooled by air as it 
passes through the radiator and returns into the water pump through the lower radiator hose. 

SYSTEM FLOW PAlTERNS 
TYPICAL CSTROKE ENGINE: 

. UPPER HOSE CAP 

COOLING FAN , THERMOSTAT 

WATER PIPE 

I 
WATER PUMP 

TYPICAL 2-STROKE ENGINE: 

RADIATOR 



COOLING SYSTEM 

RADIATOR 
Coolant temperature is decreased by dissipating heat into the air by means of the radiator fins as the coolant passes 
through the radiator tube. The larger the fin's surface area, the more the radiator exerts its cooling capacity. 

It is important that air is permitted to pass through the radiator fins so that the heat is dissipated from the coolant to the 
fins and into the atmosphere. Crushed or twisted fins will not permit heat to be dissipated because of inability of the air to 
pass through them, resulting in lowered cooling capacity. If 113 or more of the fins are crushed or twisted, the fins should 
be straightened using a small flat blade screwdriver. 

COOLING FAN 
Heat is dissipated into the atmosphere because of the difference in temperature between the air and the coolant which has 
absorbed the heat. 

If air around the radiator is stagnant, or when the atmospheric temperature is high, since the temperature differ- 
ence between the atmosphere and the coolant becomes smaller, heat dissipation is decreased, adversely affecting 
engine cooling. 

A cooling fan maintains the cooling performance under severe conditions. It forces air to flow through the radiator and 
around the engine to dissipate heat, whether the machine is moving or not. 

/ HOT COOLANT COOLING FAN I 

\ 
COOLED COOLANT 

5-4 



COOLING SYSTEM 
COOLING FAN SWITCH 

a The fan switch automatically starts or shuts down the cooling fan depending on the temperature of the coolant. While the 
coolant temperature is low, the fan motor switch is turned OFF. When the coolant temperature rises, the thermo-wax in the 
switch expands to turn the switch ON, causing the cooling fan to turn. 

RADIATOR CAP 
The boiling point of the coolant may be increased by providing a pressure-type cap (radiator cap) on the coolant inlet. The 
radiator cap serves to increase the coolant temperature as well as to retain pressure in the cooling system. 

VENT VALVE 

Coolant Boiling Point (Coolant of 50-50 Mixture) 



COOLING SYSTEM 
As the coolanttemperature increases, the difference in temperature between the coolant and atmosphere becomes greater. 

Due to the pressurized system, coolant vapor loss is prevented while the cooling effect is enhanced. 

The radiator cap is provided with a pressure valve and vent valve which maintain the pressure in the cooling system at a 
constant level. 
If the pressure in the cooling system is increased due to the increase in coolant temperature, the pressure is kept constant 
by means of a pressure valve. 

I PRESSURE 

If the pressure exceeds the prescribed limit, the pressure valve is opened so that the pressure in the cooling system is reg- 
ulated by releasing the coolant (whose volume has expanded due to the increase in temperature). The pressure at which 
the pressure valve begins to open is called the radiator valve opening pressure. 

When the coolant temperature is decreased after shutdown of the engine and the cooling system pressure is reduced (with 
the coolant volume contracted), the vent valve is opened by atmospheric pressure and coolant from the reserve tank flows 
back into the cooling system. 

VENT 
VALVE 

RESERVE TANK 
The reserve tank serves to temporarily store the reserve volume of the coolant. 

This helps to control the coolant level in the cooling system. The reserve tank is connected to the radiator by means of a 
siphon tube. 

SIPHON 



COOLING SYSTEM 

THERMOSTAT 
The thermostat is installed between the water jacket of the cylinder head and the radiator. 

The thermostat helps warm up the engine by preventing coolant circulation when the temperature of the engine (coolant) 
is low by closing a valve. 

It is an automatic valve designed so that when the engine temperature increases, thermostat wax expands to open the 
valve, allowing the coolant to circulate through the radiator. 

COLD ENGINE TO RADIATOR 

FROM 
HEAD 

- - 
I CYLINDER 

When the atmospheric temperature varies, the thermostat controls the engine temperature at a constant level. 

If the thermostat is stuck open, the coolant circulates even at low temperatures. This prevents optimum engine operating 
temperature and leads to overcooling. 

If the thermostat is stuck closed, it contributes to overheating, since it prevents coolant circulation and prevents the radia- 
tor from dissipating the heat if the engine temperature exceeds the critical limit. 

HOT ENGINE TO RADIATOR 

FROM CYLINDER HEAD 



COOLING SYSTEM 

WATER PUMP 
The water pump prompts the natural circulation of the coolant in the cooling system, which is carried out by convection. It 
also feeds the coolant uniformly to the cylinder and cylinder head water jacket so that effective cooling is maintained. 

The conventional water pump is mechanically driven. Some models use a new magnetic-coupled water pump. Magnetic 
forces drive the impeller via the plastic case which separates the coolant from the engine oil. Compared to the conven- 
tional type pump, this pump eliminates the mechanical seal, oil seal, and ball bearing, allowing for a compact pump with 
reduced friction. 

When the impeller turns, centrifugal force draws the coolant through the water pump inlet and discharges it into the 
engine's water jacket. 



COOLING SYSTEM 

COOLANT 
PREPARATION 

The effectiveness of coolant decreases with the ac- 
cumulation of rust or if there is a change in the mix- 
ing proportion during usage. Therefore, for best 
performance change the coolant regularly as speci- 
fied in the maintenance schedule. 

Use coolant designed for use in aluminum 
engines (ethylene glycol base solution). 
Mix only distilled water with the antifreeze. 

RECOMMENDED MIXTURE: 
50150 (Distilled water and coolant) 

REPLACEMENT 

GLYCOL BASE 

Remove the coolant reserve tank. Empty the coolant 
and rinse the inside of the reserve tank. 

Refer to the Model Specific manual for drain bolt 
locations.). 

Reinstall the drain bolt(s) 

Pour the recommended coolant through the radia- 
tor filler opening up to the filler neck. 

Reinstall the reserve tank and fill it to the upper level 
line with fresh coolant. 

Bleed air from the system. 

Install the radiator cap securely. 

I DRAIN BOLT 1 



COOLING SYSTEM 

AIR BLEEDING 
Shift the transmission into neutral. 

Start the engine and snap the throttle 3 - 4 times to 
bleed air from the system. 

Stop the engine and add coolant up to filler neck. 

Install the radiator cap securely. 

Check the coolant level of the reserve tank and fill to 
the upper level if the level is low. 



COOLING SYSTEM 

SYSTEM TESTING 

Coolant Gravity Chart 

HYDROMETER TEST 

RADIATOR CAP TEST 

Check the coolant gravity using a hydrometer. 

Look for contamination and replace the coolant 
if necessary. 

Test the radiator cap using the cooling system 
tester. Replace the cap if the relief pressure is too 
high or too low, or if the cap does not hold the spec- 
ified pressure for at least 6 seconds. 

Before installing the cap on the tester, wet the seal- 
ing surfaces with clean water. 

HYDROMETER 



COOLING SYSTEM 

SYSTEM PRESSURE TEST 

Exceeding the radiator cap relief pressure can dam- 
age cooling system components. 

Check that the system holds the specified pressure 
for at least 6 seconds. 

If the system will not hold the specified pressure, 
check the following and correct as necessary: 

- All hose and pipe connections 
- Water pump installation 
- Water pump seal (for leakage) 
- Deformed radiator filler neck 

THERMOSTAT 
Remove the thermostat (refer to the Model Specific 
manual). 

Inspect the thermostat visually for damage. 

Suspend the thermostat in heated water to check if 
it opens. 

Do not let the thermostat or thermometer touch the 
pan, or you will get false readings. 

Replace the thermostat if the valve stays open at 
room temperature, or if it responds at temperatures 
other than those specified. 

Check for the correct valve lift temperature with the 
water heated to operating temperature for 
5 minutes. Refer to the Model Specific manual for 
the specific temperature. 

Reinstall the thermostat, 

WATER PUMP 
MECHANICAL SEAL INSPECTION 
Inspect the telltale hole for signs of coolant leakage. 
If there is leakage, the mechanical seal is defective 
and must be replaced. 

See the Model Specific manual for mechanical seal 
replacement procedures. 

If the mechanical seal is the built-in type, the water 
pump must be replaced as an assembly. 

COOLING SYSTEM TESTER 
(COMMERCIALLY AVAILABLE) / 

THERMOSTAT ,. 

I WATER PUMP 



COOLING SYSTEM 

REPLACEMENT 
Drain the engine oil and coolant. 

Remove the water pump mounting bolts. 

Disconnect the water hoses and by-pass 
remove the water pump. 

tube, then 

Remove the bolts and separate the pump 
from the body. 

Replace the water pump with a new one. 

Install a new O-ring into the groove in the 
cover, then install the cover on the pump. 

cover 

pump 

BY-PASS TUBE 

HOSES BOLTS 

O-RING WATER PUMP 

O-RING 

PUMP COVER 

Install a new O-ring onto the water pump, and oil 
the O-ring. 

Align the water pump shaft groove with the water 
pump drive shaft and install the water pump. 

Tighten the pump mounting bolts. 

Connect all the water hoses and tighten the bands 
and clamp. 

Fill the cooling system with coolant and add the rec- 
ommended engine oil to the engine (see mainte- 
nance sectionl. 

. . I 

BY-PASS TUBE , 

I 
WATER HOSE 

v 
BOLTS 
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EXHAUST SYSTEM 

SERVICE INFORMATION 
GENERAL 

Beware of carbon monoxide poisoning from engine exhaust. Be sure there is adequate ventilation when running 
an engine. 

Serious burns may result if the exhaust system is not allowed to cool before components are removed or sewiced. 

Always replace the exhaust pipe gasket when removing the exhaust pipe from the engine. 
Note the positions of the clamps installed between the exhaust pipe and muffler; the tab on the clamp should align with 
the groove on the muffler. 
When installing the exhaust system, install all the fasteners loosely. Always tighten the exhaust clamp nut first, then 
tighten the mounting fasteners. If you tighten the mounting fasteners first, the exhaust pipe may not seat properly. 
Always inspect the exhaust system for leaks after installation. 

TROUBLESHOOTING 
Excessive exhaust noise 

Broken exhaust system 
Exhaust gas leaks 

Poor performance 
Deformed exhaust system 
Exhaust gas leaks 
Clogged muffler 



EXHAUST SYSTEM 

SYSTEM DESCRIPTIONS 
The exhaust system serves other functions in addition to discharging the exhaust gas. 

Since the exhaust gas discharged from the exhaust port is pressurized and verv hot. it swells suddenlv and D ~ O ~ U C ~ S  a 
loud noise if it is discharged f r i m  the exhaust port directly into the atmosphere. lt also lowers the exhaust efficiency as the 
gas is diffused from the exhaust port. To prevent the above problems, the exhaust gas is drawn from the exhaust port into 
the muffler and is discharged into the atmosphere after its temperature and pressure are lowered. By varying the sizes and 
diameters of sections of the exhaust system, the airlfuel mixture can be drawn into the cylinder more effectively. This is 
called the EXHAUST PULSE SCAVENGE EFFECT. Utilizing this effect in exhaust system design results in significant 
improvements in engine performance, especially on 2-stroke engines. 

EXHAUST PULSE SCAVENGE EFFECT 
When the exhaust valve (or port) opens with the engine on the exhaust stroke, the exhaust gas flows rapidly from the 
exhaust port into the muffler. At the end of the exhaust stroke, the gas flow slows down, but due to the inertia of the 
exhaust gases, pressure in the cylinder goes down below the atmospheric pressure; in other words, negative pressure is 
applied to the cylinder for a short time. As the intake valve (or scavenge port) opens, the airlfuel mixture is quickly drawn 
into the cylinder. 

INTAKE VALVE OPENS 

NEGATIVE PRESSURE AT 
END OF EXHAUST STROKE 



EXHAUST SYSTEM 
The discharged gas flows through the muffler forming a high speed pressure wave. Due to the inertia of the exhaust 
gases, negative pressure is applied to the exhaust port where the pressure wave originated. When the exhaust valve (or 
port) opens on the next exhaust stroke, the exhaust gas is drawn out by the negative pressure, and the exhaust efficiency 
is im~roved. 

EXHAUST VALVE OPENS 

w NEGATIVE PRESSURE 
AT EXHAUST PORT 

On 2-stroke engines, the possibility exists that the airlfuel mixture that was scavenged just before the end of the exhaust 
stroke may leak out to some degree and be discharged into the exhaust port. 

The gas is discharged into the muffler, forming a high pressure wave. This pressure wave impacts against the taper at 
the end of the muffler, rebounds, and applies a positive pressure to the exhaust port. The airlfuel mixture that was about 
to be discharged before the exhaust port closes is thus forced back into the cylinder and the exhaust pulse scavenge 
effect is improved. 

Since the pressure wave cycle changes in accordance with the change in engine speed, the exhaust pulse scavenge effect 
is not always as effective as it could be at all engine speeds. The exhaust pulse scavenge effect is regulated to a certain 
range of engine speed. Therefore, the exhaust system is designed to be most effective and most suitable for each model, 
depending on its intended use. Note that if the exhaust system is deformed due to denting or exhaust gas leakage, i t  can 
affect the exhaust pulse and result in a drop in engine horsepower. 

AIRIFUEL MIXTURE 

WAVES EXPANSION 
CHAMBER 



EXHAUST SYSTEM 

REVOLUTIONARY CONTROL (RC) VALVE 
In a two-stroke engine, port timing is a prime variable in determining powerband. If the ports are low in the cylinder, bot- 
tom-end power will be strong, with a peak at lower revs. If the ports are higher, the power will be greater and will peak at 
higher revs -but low-end and mid-range power will be weaker in proportion. 

Honda engineers resolved this dilemma with the Honda CR125R Power Port System, which varies exhaust port area and 
timing in proportion to rpm. At lower revs, two valve elements block the top of the bridged exhaust port, reducina area and 
cutting timing, which yields good bottom-end and midrange acceleration.. As revs buiid, a speed-sensing slides 
the valve elements out of the port, giving the engine top-end port timing and increased area. This lets the power build 
steadily across a wide powerband to a high peak output. 

The CR250R RC Valve uses a simplified method of varying a two-stroke engine's exhaust port area and timing. Instead of 
elements that slide into the port from two sides as in the original Honda Power Port, a single drawbridge gate, pivoted 
downstream of the exhaust port and driven by a cam, raises and lowers the top edge of the exhaust port in response to 
changing rpm. The result is a wider powerband, with both the ability to pull at lower revs, and to go on pulling hard to peak 
rpm. For detailed information, see Model Specific manual. 

SERVO MOTOR 



EXHAUST SYSTEM ~- - - 

COMMON EXHAUST PIPE 
The muffler of the conventional 4-stroke multi cylinder engine uses an independent pipe for each cylinder, but most mod- 
els adopt a common exhaust pipe for all cylinders. 

This type of system features exhaust pipes that join in the exhaust chamber, or are directly joined. In both systems, gas 
pressures exhausted from individual cylinders intermingle. The pulse wave in the muffler, generated by the staggered 
combustion in adjoining cylinders, promotes the "pulse scavenge effect," which increases exhaust energy absorption and 
effectively reduces exhaust noise. 

The method of exhaust pipe connection depends on the cylinder arrangement or the required engine characteristics. For 
example, an inline four cylinder engine features a "4-into-1" system or "4-2-1" system, etc. 

4-into-1 EXHAUST 



EXHAUST SYSTEM 

CATALYTIC CONVERTER 
The catalytic converter converts harmful carbon monoxide and hydrocarbons into water vapor and carbon dioxide. A cata- 
lytic converter is coated with platinum and rhodium (both catalysts), all spread out over a honeycomb structure for a 
greater surface area. The exhaust gases pass through the converter, where the catalysts speed up the oxidation reactions 
to turn the harmful gases into less harmful substances. Recent advances have improved the efficiency of the converter by 
increasing the number of holes in the honeycomb structure (see below). 

Clogging of the honeycomb structure may occur if non-approved fuel is used. Leaded gasoline is not compatible with cat- 
alytic converters and should not be used in any motorcycle. Re~lacement intervals mav varv on different models, see 
Model Specific manual for replacement intervals. 

NEW PREVIOUS 
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EMISSION CONTROL SYSTEMS 

SERVICE INFORMATION 
GENERAL 

pmE- l  
To prevent damage, be sure to remove any diaphragms before cleaning air and fuel passages with compressed air. 

Al l  hoses used in the pulse secondary air supply and evaporative emission control systems are numbered for identifica- 
tion. When connecting one of these hoses, compare the hose number with the Vacuum Hose Routing Diagram Label 
(Refer to the Model specific manuall. 
Refer to the Model Specific manual for emission control system specifications. 

TOOLS 

Vacuum/Pressure pump 
STAH-260-MC7 (U.S.A. only) 

TROUBLESHOOTING 
Engine stalls, hard to  stalt. rough idling - 

~va~orati;e emission purgecontrol;alve (EVAP purge control valve) faulty 
Eva~orative emission carburetor air vent control valve (EVAP CAV control valve) faulty 
~ o i e s  in the emission control system faulty 

Afterburn when engine braking is used 
Pulse secondary air supply system faulty 
Hoses in emission control system faulty 

Poor performance idriveability1 and poor fuel economy 
Faulty evaporative emission carburetor air vent control valve (EVAP CAV control valve) 
Damagedlmisconnected emission control system hoses 



EMISSION CONTROL SYSTEMS 

SYSTEM DESCRIPTIONS 

EMISSION CONTROL SYSTEMS 
The U.S.Environmental Protection Agency and California Air Resources Board (CARB) and Transport Canada require man- 
ufacturers to certifv that their motorcvcles comolv with ao~licable exhaust emissions standards during their useful life, 
when operated and maintained accord;ng to the'inbtructions provided. The EPA requires that motorcycl& built after Janu- 
arv 1. 1983. comolv with aoolicable noise emission standards for one year or 3.730 miles 16.000 kml after the time of sale to 
the ultimate purchsser, when operated and maintained according to ihe instructions provided. Compliance with the terms 
of the Distributor's Warranties for Honda Motorcycle Emission Control Systems is necessary in order to keep the emis- 
sions system warranty in effect. 

SOURCE OF EMISSIONS 
The combustion orocess oroduces carbon monoxide (CO). oxides of nitrogen iNOx), and hydrocarbons (HC). Control of 
hydrocarbons and oxidesof nitrogen are very important because, under certain conditions. they react to form photochem- 
lcal smog when subjected to sunlight. Carbon monoxide does not react in the same way, but it is toxic. 

Honda Motor Co., Ltd., utilizes lean carburetor, or lean fuel injector settings in a fuel injection (FI) system, as well as emis- 
sion control systems, to reduce CO, NOx, and HC. Fuel injection (FI), which is replacing many carburetor systems, offers 
significant advantages in performance, efficiency, and emissions control. A number of sensors monitor various perfor- 
mance and operational characteristics while the engine is running. The sensors send this information to the Engine Control 
Module (ECM). This module controls both the fuel injection and the ignition systems. The ECM takes the information from 
the sensors and determines how much fuel to provide to the engine at that given moment. With this system, the ECM con- 
stantly adjusts the airlfuel mixture andlor ignition timing based on demands and operating conditions for optimum perfor- 
mance and efficiency. See Ch. 8, FUEL SYSTEMS for more information on fuel injection systems. 

CRANKCASE EMISSION CONTROL SYSTEM 
The crankcase emission control system routes crankcase emissions through the air cleaner and into the combustion cham- 
oer. Condensed crankcase vapors are accumulated in an airloil separator and crankcase breather tube which must be emp- 
tied periodically. Refer to the Maintenance Schedule for each model. The crankcase breather tube neeos to be checked for 
oil accumulation more frequently if the machine has been consistently ridden at high speeds or in rain. 

6 FRESH AIR - BLOW-BY GAS 
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CATALYTIC CONVERTERS 
Manv svstems use a catalvtic converter to reduce oollution. A three-wav catalvtic converter helos reduce carbon monox- 
ide, HC and NOx molecul&. The converter uses two different types of catalysts; a reduction catalyst and an oxidation cata- 
Ivst. Both Woes consist of a ceramic structure coated with a metal catalvst. usuallv olatinum. rhodium andlor oalladium. 
i h e  idea is ib  create a structure that exposes the maximum surface area of catalystto the exhaust stream, while'also mini- 
mizing the amount of catalyst required (they are very expensive). 

The oxidation catalvtic converter reduces the amo-unt of exhaust emission.   he oxidation catalvst within the converter ~ ~ ~~~~ ~~~~ , ~ ~~ 

promotes a chemical reaction that oxidizes the HC and CO that is present in the exhaust gas.   he oxidation process con- 
verts the HC and CO into harmless water vapor (Hz01 and carbon dioxide (CO?). Generally, the catalytic converter is in the 
muffler. 

The "Three-Way" Type Catalytic Converter 

The catalyst within the converter promotes a chemical reaction that 
oxidizes the HC and CO that is present in the exhaust gases. The three- 
way catalytic converter also reduces NOx by converting NOx to nitro- 
gen and oxygen (Oz).The models with a three-way catalytic converter 
are usually equipped with an oxygen ( 0 2 )  sensor. 

OXYGEN SENSOR 
Some fuel injected models employ a control system that monitors the exhaust stream and uses this information to control 
the fuel system. There is an oxygen ( 0 2 )  sensor mounted upstream of the catalytic converter, it is closer to the engine than 
the converter is. This sensor tells the ECM how much oxygen is in the exhaust. The ECM can increase or decrease the 
amount of oxygen in the exhaust by adjusting the air-to-fueliatio. This allows the ECM to make sure that the engine is run- 
ning at the orooer airlfuel ratio and that there is enough oxygen in the exhaust to allow the oxidization catalyst to burn the - . . 
unhrned hydrocarbons and CO. 

The optimum airffuel ratio for gasoline engines is referred to as stoichiometric ratio. (Theoretically, this is the AIF ratio for 
complete combustion). With the air-fuel ratio controlled around this point by the oxygen sensor, the remaining toxic com- 
pounds in the exhaust gas are more efficiently converted to non-toxic compounds. 

STOlCHlOMETRlC RATIO ----) &- AIF CONTROL ZONE 

HARMLESS 
GAS 

REDUCTION 
RATIO 

01 SENSOR 
OUTPUT 

VOLTAGE 

How k Works 

The 0 2  sensor uses a hollow, closed-end shaft of zirconium dioxide with platinum-plated inner and outer surfaces. The 
inner surface is open to the atmosphere and the outer surface is exposed to exhaust gas flow through the manifold.The 
oxygen sensor converts the difference in oxygen density between the inner and outer surfaces into electromotive force, 
and transmits a voltage signal to the ECM to control the air-fuel ratio. 

Sometimes the oxygen sensor must be heated to a particular temperature to operate normally. In multi-cylinder engines, 
the oxygen sensor is insufficiently heated by the exhaust gases because of its remote position from the exhaust ports. 
For this reason, an electric heating element is incorporated in the sensor to allow it to measure the average value of all 
cylinder gases. 
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FUEL CUTOFF VALVE 
The fuel cutoff valve is featured on motorcycles equipped with carburetors and an oxidation catalytic converter. Through 
chemical reactions, the oxidation catalytic converter converts HC and CO in the engine's exhaust to carbon dioxide (COz) 
and water vapor. 

If unburned (raw) gasoline from the combustion chamber flows into the catalytic converter, it will damage the catalytic con- 
verter through excessive temperatures. A damaged catalytic converter cannot be effective for exhaust emissions control. 

Raw gasoline can enter the catalytic converter under the following conditions: 

- The engine stop switch is turned to OFF suddenly while the engine is running. 

- Ignition cut system (rev limiter) operates when the engine is over rewed. - 
The fuel cutoff solenoid valve protects the oxidation catalytic converter from the unburned gasoline by stopping the 
fuel flow. 

CONSTRUCTION 
The fuel cutoff solenoid valve is controlled by the ICM, and the float chamber air vent is changed according to above 
described conditions. 

The fuel cutoff solenoid valve consists of a coil and valve, and 3 passages. 

1. Connection to atmosphere 

2. Connection to throttle bore 

3. Connection to float chamber air vent 

The fuel cutoff solenoid valve opens passages 1 to 3 when there is no operation voltage. 

OPERATION 
Normal Operation (When the fuel cutoff solenoid valve does not operate): 

a 1. No operation voltage from the ICM. 

2. The float chamber air vent is open to atmosphere. 

3. The float chamber pressure (surface of the gasoline in the float 
chamber) is atmosphere. 

4. The carbutetor operates normally. 

Fuel Cut Opertion (When the fuel cutoff solenoid valve operates): 

1. The operation voltage comes from the ICM. 

2. The float chamber air vent is closed to atmosphere. 

3. The float chamber air vent is opened to the throttle bore. 

4. The float chamber pressure (surface of the gasoline in the float chamber) becomes negative. 

5. The float chamber pressure will be the same as throttle bore pressure. 

6. The carburetor stops fuel supply. 

MANIFOLD ABSOLUTE PRESSURE (MAP) SENSOR 
The atmosphere exerts a pressure of 14.7 pounds per square inch (psi) at sea level. Any pressure below 14.7 psi is a vac- 
uum and -14.7 psi is a perfect vacuum, what scientists describe as absolute zero pressure. Now, we're not interested in 
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measurina that much vacuum. but the enaineers at Honda R & D felt that measurina Dressure on a scale without oositive 
and negaave values would bea better merhod. It allows the sensors to measure inlei bort vacuum, atmospheric and even, 
boost pressure above atmospheric on the same scale. 

KNOCK SENSOR OPERATION 
The knock sensor detects detonation and ouputs a voltage signal to the ECM, and input the ECM retards the ignition timing. 

Detonation above the designated limit can damage the engine. Therefore it's important to minimize any detonation 
before damage can occur. 

Retarding the ignition timing when excessive detonation is detected prevents possible engine damage. 
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PULSE SECONDARY AIR SUPPLY SYSTEM 
On some models the exhaust emission control system also includes a pulse secondary air supply system which introduces 
filtered air into the exhaust gases in the exhaust port. Fresh air is drawn into the exhaust port whenever there is a negative 
pressure pulse in the exhaust system. This charge of fresh air promotes burning of the unburned exhaust gases and 
changes a considerable amount of hydrocarbons and carbon monoxide into relatively harmless carbon dioxide and water. 

A pulse secondary air injection check valve (PAIR check valve) prevents reverse air flow through the system. The pulse sec- 
ondaw air iniection control valve (PAIR control valve) reacts to h ~ a h  intake manifold vacuum an0 will cut off the supplv of 
fresh air duri;lg engine deceleratidn, thereby preventing afterburnin the exhaust system. 

No adjustments to the secondary air supply system should be made, although periodic inspection of the components 
is recommended. 

PULSE SECONDARY 
AIR CLEANER 

ONTROL VALVE) 

iAUST PORT 

PULSE SECONDARY AIR INJECTION CHECK VALVE (PAIR CHECK VALVE) 
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EVAPORATIVE EMISSION (EVAP) CONTROL SYSTEM (California models only) 
All Honda motorcycles and scooters sold in California for street use comply with the California Air Resources Board 
requirements for evaporative emission regulations. 

Fuel vapor from the fuel tank and carburetors is routed into the evaporative emission canister (EVAP canister) where it is 
absorbed and stored while the engine is stopped. When the engine is running and the eva~orative emission Durae control 
valve (EVAP purge control valve) is open, fuel vapor in the EVAP canister is &awn into the engine through the carburetor. 
At the same time, the evaporative emission carburetor air vent control valve IEVAP CAV control valve) is ooen and air is 
drawn into the carburetor through the valve. 

CARBURETORS 
EVAPORATIVE EMISSION PURGE 
CONTROL VALVE 

IVE EMISSION 
(EVAP CANISTER) 

MISSION CARBURETOR 

TO OPEN 
AIR 

o: FRESH AIR 
c: FUEL VAPOR 

NOISE EMISSION CONTROL SYSTEM 
TAMPERING WITH THE NOISE CONTROL SYSTEM IS PROHIBITED: Federal law prohibits the following acts or the causing 
thereof: (1) The removal or rendering inoperative by any person, other than for DurDoses of maintenance. r e ~ a i r  or redace- 
ment, of any device or element of design incorporated into any new vehicle for the-purpose of noise control'prior to iis sale 
or delivery to the ultimate purchaser or while it is in use; or (2) the use of the vehicle after such device or element of desian 
has been removed or rendered inoperative by any person. 

AMONG THOSE ACTS PRESUMED TO CONSTITUTE TAMPERING ARE THE ACTS LISTED BELOW: 
1. Removal of, or puncturing the muffler, baffles, header pipes or any other component which conducts exhaust gases. 
2. Removal of, or puncturing of any part of the intake system. 
3. Lack of proper maintenance. 
4. Replacing any moving parts of the vehicle, or parts of the exhaust or intake system, with parts other than those speci- 

fied by the manufacturer. 
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SYSTEM INSPECTION 
EVAPORATIVE EMISSION CONTROL 
SYSTEM (California model) 
Check the system hoses for deterioration, clogging, 
damage, and loose joints and connections. 

Replace any hose that shows signs of damage 
or deterioration. 

Check the evaporative emission canister for cracks 
or damage. 

EVAPORATIVE EMISSION PURGE 
CONTROL VALVE (EVAP PURGE 
CONTROL VALVE) 
- The evaporative emission purge control valve 

should be inspected if hot restart is difficult. 

Disconnect the EVAP purge control valve hoses 
from their connections and remove the EVAP purge 
control valve from its mount. Refer to the vacuum 
hose routing diagram label for hose connections. 

Connect a vacuum pump to the hose that goes to 
the vacuum hose fitting. 

Apply the specified vacuum to the EVAP purge con- 
trol valve. 

TOOL: 
Vacuum pump STAH-260-MC7 

(U.S.A. only) 

SPECIFIED VACUUM: 250 mrn (9.8 in) Hg 

The specified vacuum should be maintained. 
Replace the EVAP purge control valve if vacuum is 
not maintained. 

Remove the vacuum pump and connect i t  to the 
hose fitting (EVAP output port) that goes to the 
carburetor(s). 

- If the EVAP purge control valve has two hose fit- 
tings that go to the carburetor(s), connect the 
blocked hose onto the other fitting to prevent air 
leaks. 

Apply the specified vacuum to the EVAP purge con- 
trol valve. 

SPECIFIED VACUUM: 250 mm (9.8 in) Hg 

The specified vacuum should be maintained. 
Replace the EVAP purge control valve if vacuum is 
not maintained. 

TOCARBURETOR EVAPPURGE 
(EVAP PURGE CONTROL VALVE 
CONTROL VALVE 
OUTPUT PORT) 

LVE 

VACUUM PUMP 
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Connect a pressure pump to the hose fitting that 
goes to the EVAP canister. 

- If the EVAP purge control valve has two hose fit- 
tings that go to the charcoal EVAP canister, con- 
nect a blocked hose onto the other fining to 
prevent air leaks. 

While applying the specified vacuum to the EVAP 
purge control valve hose that goes to the vacuum 
port, pump air through the EVAP canister hose. Air 
should flow through the EVAP purge control valve 
and out the hose that goes to the carburetor. 
Replace the EVAP purge control valve if air does not 
flow out. 

TOOL: 

TO CARBURETOR TO EVAP 
(EVAP PURGE 
CONTROL VALVE CANISTER (EVAP 

OUTPUT PORT) PURGE CONTROL 
VALVE INPUT 

PUMP 

Pressure pump ST-AH-255-MC7 
(U.S.A. only) 

Damage to the EVAP purge control valve may result 
from use of a high pressure air source. Use a hand- 
operated air pump only. 

Remove the pump, install the EVAP purge con- 
trol valve on its mount, route and reconnect the 
hoses according to the vacuum hose routing dia- 
gram label. 

EVAPORATIVE EMISSION 
CARBURETOR AIR VENT CONTROL 
VALVE (EVAP CAV CONTROL VALVE) 
- The EVAP CAV control valve should be inspected 

if engine restart is difficult. 

Disconnect the EVAP CAV control valve hoses from 
their connections and remove the EVAP CAV control 
valve from its mount. Refer to the vacuum hose 
routing diagram label for hose connections. 

TOOL: 
Vacuum pump ST-AH-260-MC7 

(U.S.A. only) 

Connect a vacuum pump to the hose that goes to 

Apply the specified vacuum to the EVAP CAV con- 
trol valve. 

SPECIFIED VACUUM: 250 mm (9.8 in) Hg 

the vacuum hose fitting. 

The specified vacuum should be maintained. 
Replace the EVAP CAV control valve if vacuum is 
not maintained. 

TO - 
VACUUM 



Connect the vacuum pump to the hose that goes to 
the vacuum hose fitting. 

TOOL: 
Vacuum pump ST-AH-260-MC7 

(U.S.A. only) 

Connect the pressure pump to the air vent fitting on 
the EVAP CAV control valve that goes to filtered air. 

TOOL: 
Pressure pump ST-AH-255-MC7 

(U.S.A. only) 

NOTE: 
If the EVAP CAV control valve has two hose 
fittings that go to filtered air, connect a 
blocked tube hose onto the other fitting to pre- 
vent air leaks. 

While applying vacuum to the EVAP CAV control 
valve hose that goes to the vacuum hose fitting, 
pump air through the air vent fitting. Air should flow 
through the EVAP CAV control valve and out the 
hose that goes to the carburetor. 

pmEq 
Damage to the EVAP CAV control valve may result 
from use of a high pressure air source. Use a hand- 
operated air pump only. 

Plug the hose that goes to the carburetor. 

- If the EVAP CAV control valve has two hose fit- 
tings that go to filtered air, connect a blocked 
hose onto the other fitting to prevent air leaks. 

While applying vacuum to the EVAP CAV control 
valve hose that goes to the vacuum tube fitting, 
apply air pressure to the air vent fitting. 

It should hold steady. 

Replace the EVAP CAV control valve if pressure is 
not retained. 

Remove the pumps, install the EVAP purge control 
valve on its mount, route and reconnect the hoses 
according to the vacuum hose routing diagram 
label. 

EMISSION CONTROL SYSTEMS 

Connect the vacuum pump to the air vent fitting on 
the EVAP CAV control valve that goes to filtered air. 

- If the EVAP CAV control valve has two hose fit- 
tings that go to filtered air, connect a blocked 
hose onto the other fitting to prevent air leaks. 

Apply vacuum to the EVAP CAV control valve. The 
vacuum should hold steady. Replace the EVAP CAV 
control valve if vacuum is not contained. 

AIRVENT 
PORT 

PUMP 



EMISSION CONTROL SYSTEMS 

PULSE SECONDARY AIR SUPPLY 
(PAIR) SYSTEM 
Start the engine and warm it up to operating 
temperature. 

Stop the engine and remove the air cleaner 
element. 

Check that the PAlR intake ports are clean and free 
of carbon deposits. 

Check the PAlR check valve in the secondary air pas- 
sage if the ports are carbon fouled. 

Disconnect the air cleaner-to-pulse secondary air 
injection control valve hose from the air cleaner 
housing. 

Remove the vacuum hose from the intake manifold 
and install a plug to keep air from entering. Connect 
a vacuum pump to the vacuum hose. 

TOOL: 
Vacuum pump ST-AH-260-MC7 

(U.S.A. only) 

Start the engine and open the throttle slightly to be 
certain that air is sucked in through the air cleaner- - 
to-PAIR control valve hose. 

If air is not drawn in, check the air cleaner-to-PAIR 
control valve hose and vacuum hose for clogging. 

With the engine running, gradually apply vacuum to 
the vacuum hose. 

Check that the air intake port stops drawing air, and 
that the vacuum is maintained. 

SPECIFIED VACUUM: Refer to the Model Specific 
manual. 

If air is still drawn in, or if the specified vacuum is 
not maintained, install a new PAlR control valve. 

If afterburn occurs on deceleration, even when the 
secondary air supply system is normal, check the 
slow air cutoff valve for correct vacuum operation. 

SECONDARY AIR 
INTAKE PORT 

PLUG 
\ 

PAlR CHECK 
VALVE HOSE 

(AIR CLEANER-TO-PAIR 
CONTROL VALVE) 
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PULSE SECONDARY AIR INJECTION 
CHECK VALVE (PAIR CHECK VALVE) 
Certain types of secondary air supply systems 
have a reed valve built in the PAlR control valve. 
Refer to the Model S~ecific manual for PAlR check 

TROUBLESHOOTING THE 0 2  SENSOR 
Makesure the The 0 2  sensor creates a signal between 0.1 and 1.0 

engine. exhaust volts, depending on the air I fuel ratio (or so-called 
emlssslon system and catalvtic Lambda value). 

valve location. 

convertererare If the mixture is "RICH." sensor voltage is thoroughly warmed 
before festino or V, 

Remove the PAlR check valve covers and PAlR 
check valves. 

Check the PAlR check valves for damage or fatigue, 
and replace i f  necessary. 

Install a new PAlR check valve i f  the seat rubber is 
cracked or damaged, or if there is clearance 
between the reed and seat. 

pimicq 
Disassembling or bending the reed stopper or PAlR 
check valve will damage it. Replace the PAIR check 
valve as a unit if the stopper, reed, o r  seat is faulty. 

~. . . ..-~ 

a@u,"$% If the mixture is "LEAN," sensor voltage is 
control sytem. "LOW (0.1 V) 

PAIR CHECK VALVE REED STOPPER 

REED 

This can be best monitored during engine operation 
(while "snapping" the throttle), using an ANALOG 
voltmeter or oscilloscope. 

While accelerating, the mixture is "RICH" for a mo- 
ment, immediately returning to "LEAN" again. This 
should be clearly reflected by the change of sensor 
output voltage. 

The 0 2  sensor-heating element is essential for the op- 
eration of the system. It can be checked statically by 
measuring its resistancevalue. However, the "control 
system" (ECM) should be checked. 

This activity can be best monitored during engine 
operation: the voltage across the heating element 
is switched ON and OFF by the ECM at a certain 
rhythm. 

An analog meter or peak voltage tester (IMRIE tester 
or lgnition-Mate) is more useful for this kind of "dy- 
namic" monitoring during operation. 
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EMISSION CONTROL INFORMATION 
LABELS 

Labels for the emission control system consists of 
three types: 

1. Emission control information label 
- Gives basic tune-up specifications. 

2. Emission control update 
- After making a high altitude carburetor adjust- 

ment, attach this label at the specified location. 
Instructions for obtaining the update label are 
given in Service Letter No. 132. 

3. Vacuum hose routing diagram label (California 
model only) 
- Route the vacuum hoses as shown on this 

label. 

On models after '85, all hoses used in the second- 
ary air supply and evaporative emission systems 
are numbered for identification, so compare the 
hose number with this label when connecting one 
of these hoses. 

Refer to the Model Specific manual for the location 
of each label. 
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FUEL SYSTEM COMPONENTS 
The traditional fuel system consists of a fuel tank, fuel tank cap, fuel valve, fuel strainer, fuel hoses and carburetor. 

Let's look at the function of each component, following the path of fuel flow. The fuel tank stores fuel. The fuel tank cao 
opens and closes the filler port of the fuel tank. It also &idesatmospheric air into the fuel tank to compensate for the no;- 
ma1 drop in fuel. The vent in the fuel tank cap maintains atmospheric pressure acting on the fuel in the fuel tank. 

The fuel strainer filters the fuel to prevent the entry of dirt particles into the carburetor. 

The fuel valve is opened and closed as necessary, or switched to the reserve fuel supply. 

The hoses route fuel to the carburetor. 

The carburetor mixes the fuel with air and feeds the atomized mixture to the engine. 

In operation, the carburetor meters gasoline into the fast moving air passing through it. The atomized gasoline (a mist of 
liquid fuel) is then vaporized (changed from a liquid to a gas) by engine heat and the heat of compression to provide a uni- 
form and efficiently combustible air-fuel mixture. 

The quantity of gasoline dispensed by the carburetor is controlled by metering circuits within the carburetor body, provid- 
ing the right air-fuel ratios. A throttle valve controls the amount of air-fuel mixture delivered to the engine, regulating the 
engine's power output. 

ELTANK CAP 

FUEL STRAINER 

CARBURETOR 
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FUEL AND CARBURETOR OPERATING PRINCIPLES 
Fuel 
In order to burn, fuel must combine with oxygen in the air. During combustion, the carbon and hydrogen forming the gas- 
oline become compounds with oxygen. High temperature, oxygen and fuel are required for combustion to take place. 

Carbon dioxide and water are produced as a result of the chemical reaction which occurs during combustion. 

C(carbon) + Oz(oxygen) = CO~(carbon dioxide) 

ZH~(hydrogen) + Odoxygen) = ZHzO(water) 

The following three properties are required of gasoline for suitable combustion in engines. 

Volatility 

Volatility (the ability to evaporate quickly) is required because gasoline can burn only when in a gaseous state. Good vola- 
tility contributes to easy starting and good acceleration. If volatility is too high, however, the gasoline will boil in  the fuel 
line. In some areas, there are two types of fuel sold according to the season. Winter-formula fuel is blended to vaporize 
well at low temperatures. In contrast, summer formula fuel is blended to prevent boiling at high temperatures. 

Flash Point 

A low flash point is required for fast ignition by the spark, 

Anti-Knock Property 

An anti-knock property is required to prevent uncontrolled combustion. The fuel should not self-ignite when exposed to 
the high compression and heat produced in the engine. 

The octane number of a gasoline indicates its antiknock property. The higher the octane number, the less the knocking. 

Two methods of measuring the anti-knock property of fuel are used: 

Research Octane Number (RON) 
Motor Octane Number (MON) 

Example: RON 85, MON 76 

The higher the octane number for either measurement, the less knocking occurs. 

The octane number displayed on fuel pumps in Service Stations is the Pump Octane Number which is the average of RON 
and MON (R+M/2). 

Air-Fuel Ratios 
The theoretically perfect air-fuel ratio for complete combustion is 14.7 parts of air to 1 part of gasoline, by weight. One 
ounce of fuel requires 14.7 ounces of air for complete combustion. This ratio is termed the stoichiometric mixture and is 
indicated as 14.7:l. (Thus, seven pounds of fuel, one gallon, requires 103 pounds of air for optimal combustion.) 

When there is a uniform air-fuel ratio of this DroDortion, the mixture burns completely without leaving an excess of either . . 
fuel or air. 

The air-fuel mixture may still burn effectively when the ratio is as rich as 9:l or as lean as 21:l. The actual limits of 
combustion will vary according to combustion chamber shape, pressures, temperatures, fuel characteristics, and mix- 
ture uniformity. 

The air-fuel ratio for engine operation must be varied according to operating conditions and requirements. 

A rich air-fuel mixture is required for cold starting because a cold engine reduces vaporization and causes fuel condensa- 
tion in the intake ports and on cylinder walls. A leaner air-fuel mixture is used for improved fuel economy. 

Extremely rich and extremely lean fuel mixtures both result in loss of power. 

An extremely rich fuel mixture burns slowly and incompletely, because there is not enough oxygen in the mixture to com- 
bine with the fuel. Incomplete fuel combustion causes spark plug fouling and carbon build-up in the combustion chamber. 

An extremely lean fuel mixture burns slowly and does not use all the oxygen in the mixture. If the lean fuel mixture is still 
burning when the exhaust valve opens, the valve head is exposed to prolonged high temperatures and oxygen, which may 
result in a burnt valve. Prolonged high cylinder temperatures may also lead to pre-ignition and may melt the piston crown. 
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OUTPUTTORQUE 

FUEL CONSUMPTION 

YR-NEL RAT10 

Under actual operating conditions, fuel vaporization and combustion are less than perfect. Consequently, maximum power 
is usually developed with an air-fuel ratio of about 12:l rather than the theoretical optimum of 14.7:l 

a 
Atomizer Principal 
Atmospheric pressure provides the force that enables the carburetor to function. Each time the piston moves down on the 
intake stroke, a vacuum is created in the cylinder, and air under atmospheric pressure rushes through the carburetor to fill 
that vacuum. 

It is a law of physics that a moving stream of air exerts less pressure than air at rest. Thus, the airstream moving through 
the carburetor bore exerts less pressure against the fuel jet nozzle than atmospheric air at rest exerts on the gasoline in 
the float bowl. Consequently, atmospheric pressure forces gasoline up the jet, spraying i t  into the airstream in the carbu- 
retor bore. 

The carburetor atomizes the gasoline and mixes it with air at various airlfuel ratios depending on operating conditions. 
The mixture gas is then drawn into the engine's cylinder, compressed, ignited and the expansion of the gas forces the 
piston down. • 

PRESSURE INTHECYLINDER 
DROPS, DRAWING INTHE 
MIXTURE GAS 

Role of Carburetor 

The carburetor atomizes fuel and mixes it with air at a specific airlfuel ratio. The mixture gas is then sucked into the 
engine's cylinder, compressed, and ignited. The expansion of the gas forces the piston down. The volume of mixture gas 
and the airlfuel ratio must be variable according to various engine operating conditions. 

a 
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Venturi Effect 
Bernoulli's theorem explains the relationship between the flow and pressure of gasses. A carburetor is a practical applica- 
tion of the theorem. 

When a gas flows through a restriction in a pipe, it gains speed and the pressure of the gas drops. When the pipe's sec- 
tional area increases after the constriction, the speed of the gas flow drops and the pressure increases again. This type of 
pipe is called a venturi and the relationship between the flow and the pressure is explained as Bernoulli's theorem. 

A venturi is a constriction in the carburetor bore in the immediate area of the fuel jet nozzle. This constriction makes the 
atomizer principle work more effectively. Because the carburetor bore is narrower at the venturi, the volume of air passing 
through the bore must move faster at this point than at other areas. Increasing the speed of the airstream at the fuel jet 
nozzle decreases air pressure against the nozzle, causing atmospheric pressure in the float bowl to force more fuel into the 
carburetor bore. The constriction can be varied by moving the throttle valve up or down. 

For practical operation, the carburetor must have a float system to control the fuel level at the base of the jets (or an alter- 
native system such as a pressure pulse diaphragm), a throttle valve to regulate the volume of air-fuel mixture delivered 
to the engine, fuel metering systems to suit all operating conditions, and a choke valve or mixture enrichener to facilitate 
cold starting 

LARGE 
DROPIN SMALL 

VENTURI PRESSURE DROP IN 

u/ PRESSURE 

ATMOSPHERIC 
PRESSURE 

Air-Fuel Mixture Control 
The carburetor is comprised of a starting system that uses either a choke valve or starter valve, a float system for fuel sup- 
ply, and slow and main systems. 

Fuel supply changes according to the degree of throttle opening. The following illustration shows the relationship of throt- 
tle opening to the low, mid-range, and high speed metering circuits. 

MAIN SYSTEM 

JET NEEDLI IN, CLIP POSITION) 

JET NEEDLE (STRAIGHT SECTION) 

SLOW SYSTEM 

FULLY lm 114 ~n w4 FULLY 
CLOSE OPEN 
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Fuel Mixture Control -Mechanical Slide 

L o w  Speed: The pilot screw, slow jet, and throttle valve cutaway control the air-fuel mixture from idle to 'h throttle. 

Mid-Range: The jet needlelneedle jet control the airfuel mixture from 'h to % throttle. 

High Speed: The main jet controls the air-fuel mixture from % to full throttle. 

LOW SPEED MIDRANGE HIGH SPEED SYSTEM 

MINIMUM FO lla If4 318 1R 314 FULL 

TnROmE POSmON 

Fuel Mixture Control - Throttle Plate (CV) 

Low Speed: The pilot screw, bypass outlet, and slow jet control the air-fuel mixture from idle to 'h throttle. 

Mid-Range: The jet needlelneedle jet control the airfuel mixture from 'h to % throttle. 

High Speed: The main jet controls the air-fuel mixture from '/2 to full throttle. 

(A) NEEDLE MAMETER OF STRAIGHT SECTION 
(8) NEEDLE OIAMETER OFTAPERED SECTION 
(C)TAPER ANGLE 

MID MNGE - JET NEEDLE 

HIGH SPEED - MAIN J R  
* 



CARBURETOR 80 

FUEL SYSTEM 

FLOAT SYSTEM 

1 FLOAT VALVE OPEN 1 

The float system maintains a constant and correct 
level of fuel in the carburetor'sfloat bowl. 

A float, made of brass, plastic, or fiber rises and falls 
with the level of fuel in the float bowl. 

When the float rises, the arm on which the float piv- 
ots presses against the float valve, shutting off the 
fuel supply to the float bowl. 

When the float falls, the float arm releases the valve, 
allowing fuel to enter the float bowl The float arm 
tang is adjusted to close the valve when the fuel 
reaches exactly the right level. If the fuel level 
should rise above the correct level, too much fuel 
may be released into the carburetor bore, resulting 
in a rich air-fuel mixture. If the fuel level should fall 
below the correct level, too little fuel may reach the 
carburetor bore, resulting in a lean mixture. 

Float Adjustment 
The carburetor manufacturer establishes the correct 
float bowl fuel level in accordance with the design, 
characteristics, and application of the particular car- 
buretor model. 

Because it is not possible to see the actual level of 
the fuel within the float bowl (unless one attaches a 
sight tube), float adjustment specifications are usu- 
ally given in terms of the distance between the car- 
buretor body and the bottom of the float when the 
float arm tang just closes the valve. 

NOTE: 
On some models the tang is not adjustable. A ver- 
nier caliper may be used to calibrate the float gauge 
for greater accuracy. 

FLOAT ARM 

FLOAT VALVE CLOSED 

FLOAT VALVE 
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Float System Vents 
Float system vents are necessary to ensure a 
smooth flow of fuel through the carburetor. These 
vents may be external or internal. In addition, 
they may or may not have control (air vent and 
purge) valves. 

Externally Vented Without Control Valves 

The externally vented float bowl has the vent 
tube(s) routed to atmosphere. This system utilizes 
atmospheric pressure to maintain pressure on the 
fuel inside the float bowl. The svstem was widelv 
used (because of its simplicity) until emission law; 
came into effect. It is possible for hydrocarbon pol- 
lutants to escape from this type of float bowl vent- 
ing system (because the float bowl is allowed to 
breathe to the atmosphere). The vent tube routing is 
critical. Besides the possibility of pinching shut, 
incorrectly routed tubes may be exposed to low 
pressure when the motorcycle is in motion, which 
could change the pressure in the float bowl and 
alter fuel delivery characteristics. 

Externally Vented With Air Vent Control 

Some external float bowl venting systems use an air 
vent control valve. This valve closes off the float 
bowl vent(s) to atmosphere when the engine is 
stopped. This forces the float bowl vent(s) to 
breathe into an evaporative emission control canis- 
ter. The canister contains activated charcoal to trap 
fuel vapors. When the engine is started, manifold 
vacuum opens the air vent control valve, enabling 
the float bowl to vent to atmosphere. 

Float Bowl Vents 
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Externally Vented With Purge Control Valve 

Models equipped with an evaporative emission con- 
trol canister also have a purge control valve. The 
purge control valve holds fuel vapor in the canister 
when the engine is off, or at idle. Ported vacuum 
(vacuum between the throttle valve and the air 
cleaner) activates the purge control valve and opens 
a path to the canister. Manifold vacuum (vacuum 
between the intake valve and the throttle valve) 
causes the fuel vapor to be drawn from the canister 
into the intake ~ o r t .  

EVAP PURGE CONTROL VALVE 

\ CARBURETOR 

EVAP 

N E L  TANK 

Internally Vented 

The internally vented float bowl has vent pipes 
routed to the air cleaner chamber. The float bowl 
must get its pressure from the air cleaner chamber. 
When the engine is running, pressure is less than 
atmospheric. This results in less pressure on the 
fuel in the float bowl. Larger jets are needed to 
allow more fuel to be moved through the jets to 
compensate for the reduced pressure. Sometimes 
air jets are installed in the internal vent pipes to sta- 
bilize the fluctuating pressures in the air box. 

STARTING ENRICHMENT SYSTEMS 
There are three types of starting enrichment sys- 
tems: 

Chokevalve 
Mixture enrichener 
- Plunger valve 
- Bimetal type 
- Thermowax type 
Bystarter type 

A choke valve enrichens the mixture by obstructing 
the carburetor bore, between the fuel jet and the 
mouth of the carburetor. 

A mixture enrichener is a supplemental fuel delivery 
circuit that operates up to about one-quarter throttle. Elementary Carburetor with Choke Valve 
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A bystarter is also a supplemental fuel delivery cir- 
cuit which interrupts air to the main jet air bleed. 
This enrichens the mixture throughout the throttle- 
opening range. 

Fuel does not vaporize well in a cold engine and 
tends to condense in intake ports and on cylinder 
walls. Because a smaller percentage of the fuel is 
vaporized in a cold engine, the carburetor must 
deliver a richer mixture in order for the combustion 
chamber to receive enough vaporized fuel to make a 
combustible air-fuel mixture. The mixture must not 
be excessively enrichened, however, or the com- 
bustion chamber will become flooded with liquid 
fuel which may not ignite. 

The starting enrichment system used in Honda 
motorcycles may be either a supplemental fuel 
delivery circuit (mixture enrichener) or a choke 
valve that enrichens the mixture bv obstructina the 
carburetor bore. 

slide-~ype Choke Valve 

Choke Valve 
A choke valve, when used for cold starting, 
obstructs the carburetor bore. The obstruction 
reduces the volume of air that can flow through the 
bore to fill the vacuum created in the engine cylin- 
der, thus maintaining a low pressure area beyond 
the obstruction. 

Because the choke is located on the air cleaner 
side of the fuel jet nozzle, the nozzle is within the 
low pressure area, causing atmospheric pressure 
in the float bowl to force more fuel into the carbu- 
retor bore. 

Although the venturi and the choke both increase 
fuel flow by reducing air pressure against the fuel 
jet nozzle, there are important structural and func- 
tional differences: 

Venturi 

A venturi is a carburetor bore constriction in the 
immediate area of the fuel jet nozzle. 
A venturi reduces air pressure against the fuel jet 
nozzle by locally increasing airstream velocity. 

Choke 

A choke is a carburetor bore obstruction on the air 
cleaner side of the fuel jet nozzle. 

A choke reduces air pressure against the fuel jet 
nozzle by preventing atmospheric air from filling 
induction port vacuum. 

In motorcycle carburetors, a choke valve may be 
either a flat slide or a pivoted plate. The choke valve 
is connected to a lever or knob by which the rider 
controls the choke valve position. When the choke 
valve is closed, it reduces the volume of air that can 
flow through the carburetor bore to fill the vacuum 
created in the engine cylinder, thus maintaining a 
partial vacuum at all fuel discharge jets and orifices. 
Atmospheric pressure in the float bowl then forces 
more fuel into the carburetor bore. A spring loaded 
relief valve within the choke slide or plate limits car- 
buretor bore vacuum to a certain level to reduce the 
possibility of flooding. 

8-10 
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Mixture Enrichener 
A mixture enrichener is used in Honda two and four- 
stroke motorcycles instead of a choke valve in order 
to improve fuel atomization and further reduce the 
possibility of flooding. The enrichener circuit is 
turned on and off by one of three methods: 

A plunger valve is attached to a lever or knob, 
controlled by the operator (manual). 
A bimetal strip is controlled by engine heat 
(automatic). 
A thermo-wax valve is controlled electrically 
(automatic). 

Automatic enricheners use a bimetal strip, con- 
trolled by engine heat, to open or close the 
enrichener circuit, or a thermowax valve which is 
controlled electronically, to open or close the 
enrichener circuit. 

Mixture Enrichener - Plunger Valve Type (Manual) 

When the plunger valve is open, the mixture 
enrichening circuit functions like an atomizer. Fuel 
flows from the float bowl through a metering jet, 
then through a perforated tube where the fuel is ini- 
tially aerated. When the aerated fuel reaches the 
enrichener valve juncture, it is combined with the 
airstream in a passage that parallels the carburetor 
bore. The mixture is then sprayed into the carbure- 
tor bore at a point between the throttle slide or 
throttle plate and the intake manifold. 

When the plunger valve remains partially open it  
can also serve as an idle circuit. With the flat slide 
carburetor, idle speed is controlled by allowing the 
mixture enrichener plunger valve to remain partially 
open. After the engine warms up, the mixture 
enrichener plunger valve is pushed down, but the 
plunger does not seat fully. This allows a small 
amount of mixed fuel and air to continue to be 
drawn into the intake manifold. Rotating the 
plunger valve knob changes the idle speed. ~ i r n i n ~  
the knob counterclockwise raises the idle speed by 
increasing the mixture quantity, turning the knob 
clockwise lowers the idle speed by decreasing the 
mixture quantity. 

The throttle slide or throttle plate must be closed for 
the mixture enrichener circuit to be fully effective. A 
closed throttle slide or throttle platemaintains a 
high vacuum at the discharge port of the mixture 
enrichener circuit, and air rushes through the mix- 
ture enrichener air passage to fill that vacuum. Rais- 
ing the throttle slide or rotating the throttle plate 
causes a loss of vacuum at the discharge port and 
diminishes the mixture enrichener airstream. 

DISCHARGE 

PASSAGE 

Mixture Enrichener Circuit 
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Mixture Enrichener - Bimetal Type (Automatic) I I 
The bimetal strip deflects when the engine is cold to 
allow the enrichener passage to be open. As the 

BIMETAL 

engine heats up, the bimetal strip deflects in the BIMETAL 
opposite direction and slowly closes the enrichener 
passage, thereby canceling the enrichening effect. SECONDARY 

AIR 
C-- 

RICH 
MIXTURE - 

TO ENGINE 

Mixture Enrichener - Thermowax Type (Automatic) 

The thermowax valve is a plunger or needle valve 
that retracts when cold or when no current is flow- 
ing 1i.e. such as when the ignition key is in the off 
position). When the ignition key is switched on, or 
when the engine is running, current flows to the 
thermowax valve and heats up wax inside of the 
valve. The heated wax expands. As the wax 
expands i t  causes the valve to extend and slowly 
close the metering jet. 

Bystarter Type 
The bystarter and the mixture enrichener are func- 
tionally similar, however, the bystarter interrupts air 
to the main jet air-bleed. This enrichens the mixture 
throughout the throttle opening range. As long as 
the bystarter is in use, the main jet circuit will also 
operate in a rich condition (because it reduces 
atomization). The mixture enrichener does not cut 
the main jet air-bleed passage when activated. 
Atomization is not affected. 

IDLE AND LOW SPEED CIRCUITS 
When the throttle valve is at or near the closed posi- 
tion, very little air can flow through the carburetor 
bore. The air moves too slowly across the main jet 
for the atomizer principle to work effectively, and no 
fuel is delivered from that jet. It is therefore neces- 
sary for the carburetor to have a separate fuel sys- 
tem for idle and low speed operation. 

Control Box: Operates Thermally 

mc HEATER 

THERMOWAX 

LIQUID MEDIUM 

PISTON SET COLLAR 

SET 
SPRING 

BYSTARTER VALVE 

JET NEEDLE 

Operates Electrically 
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ldle and Low Speed Air-Fuel Mixture 
Adjustment 
A screw type needle valve adjusts the air-fuel mix- 
ture ratio. An adjustment screw controlling air flow 
will be located near the air cleaner end of the carbu- 
retor in the air-bleed passage leading to the low 
speed fuel jet. A fuel screw or pilot screw is located 
near the intake manifold end of the carburetor in the 
passage between the low speed fuel jet and the idle 
fuel discharge orifice. 

If so equipped, push the relief valve and be sure that 
it opens and closes smoothly. 

ldle and Low Speed Air-Bleed 
A low speed air-bleed circuit controls the flow of air 
delivered to the perforated tube above the low 
speed fuel jet. The screw can be turned clockwise to 
constrict the air-bleed passage, producing a richer 
pre-mixture. Turning the screw counterclockwise 
will open the passage, producing a leaner pre-mix- 
ture. Air adjustment screws are usually located at 
the end of the carburetor nearest the air cleaner. 

Many motorcycle carburetors are equipped with an 
air screw for adjusting idle mixture. However, some 
models have a fixed idle and low speed air-bleed 
and use an adjustment screw called a pilot screw to 
meter the flow of aerated fuel instead. Pilot screws 
are usually located on the opposite end of the car- 
buretor from air screws; they are near the intake 
manifold end of the carburetor. 

Air Screw 
The adjustment screw, located in the air-bleed pas- 
sage, controls the flow rate of air delivered to the 
perforated tube above the low speed fuel jet. The 
final air-fuel mixture is combined with the air in the 
carburetor bore. The adjustment screw (airscrew) is 
turned clockwise to enrichen the mixture by reduc- 
ing aeration. 

SLOW SPEED JET 
WrrH PERFORATED 

AIR ADJUSTMENT SCREW 

ldle and Low Speed Air-Bleed 

FUEL DISCHARGE 
ORIFICE 

I Enlarged View of System I 



Fuel Discharge Orifices 
Some carburetors use a single fuel discharge orifice 
for both idle and low speed operation while others 
have separate idle and low speed orifices. In either 
case, fuel is metered through the low speed jet and 
aerated before it reaches the fuel discharge orifice 
or orifices. 

Carburetors using a single fuel discharge orifice 
have that orifice located at the lip of the throttle 
valve, where carburetor bore constriction and air 
speed are greatest. 

FUEL SYSTEM 
Pilot (Fuel) Screw 

Idle and Low Speed System with 
Air-Bleed Adjustment Screw and 
Single Fuel Discharge Orifice 

The pilot screw, or fuel adjustment screw, located in 
the passage between the low speed jet and the idle 
fuel discharge orifice, controls the flow rate of aer- 
ated fuel delivered to the carburetor bore. The final 
air-fuel mixture ratio is achieved when the aerated 
pre-mixture is combined with the air in the carbure- 
tor bore. The pilot screw is turned counterclockwise 
to enrichen the mixture by increasing fuel flow. The 
pilot screw is factory pre-set after a flow rate test. 

FUEL ADJUSTMENT SCREW 

LOW SPEED JET 

Enlarged View of System 

a 

a 
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Carburetors using separate idle and low speed ori- 
fices have the idle orifice located beyond the throttle 
valve. This location assures that intake port vacuum 
will be available for fuel delivery. When the throttle 
valve is opened slightly, the low speed orifice (or 
orifices) at the lip of the throttle valve is brought 
into play, supplying additional fuel to match the 
increased air flow. 

ldle and Low Speed System with Fuel 
Adjustment Screw and Separate Fuel 
Discharge Orifices 

ldle Drop Procedure 
The idle drop adjustment procedure insures that the 
carburetor is providing the correct amount of air- 
fuel mixture to the cylinder at idle and low speed. 
This facilitates smooth operation. Too rich an air- 
fuel mixture causes an increase in pollutants such 
as hydrocarbons and carbon monoxide. A rich mix- 
ture will also increase fuel consumption and cause 
spark plug fouling. Too lean an air-fuel mixture can 
cause surging during low speed operation, which is 
annovinq to the rider. A lean mixture may also 
cause long warm-up times and engine overheating 
due to insufficient fuel quantity from the idle circuit. 

The air-fuel mixture can be adjusted for smooth 
operation at idle and low speed by adjusting the 
pilot screw or air screw. 

On emission controlled motorcycles, the pilot screw 
will have a limiter cap or be hidden behind a plug in 
the carburetor body. If the pilot screw has a limiter 
cap, first remove the pilot screw and replace i t  with 
a new pilot screw before beginning the procedure. 
A new pilot screw comes with a new limiter cap 
that must be glued on upon completion of the idle 
drop procedure. 

PILOT SCREW 

If the pilot screw is hidden behind a plug, remove 
the plug by drilling a small hole through it. 
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pmiiF 
Use only the tip o f  the drill to penetrate the plug. 
Place a spring or a piece of copper tubing over the 
drill to facilitate this process. I f  the drill is allowed to 
continue through the plug i t  will strike the pilot 
screw and turn i t  inward, which could damage the 
carburetor body. After drilling a hole in the plug, 
insert a sheet metal screw to serve as a post for 
removing the plug. A new plug can be ordered sep- 
arately from the pilot screw. 

Before beginning the idle drop procedure, connect a 
tachometer to the engine to monitor rpm. The 
motorcycle's tachometer is not sufficiently sensitive 
to read the small changes in engine speed that are 
specified in this procedure. 

Select a tachometer that is sensitive enough for this 
job. It must be capable of reading small changes in 
engine speed (50 rpm or less). Check the service 
tools newsletter for recommended types. 

Follow the idle drop procedure steps outlined in the 
appropriate service manual for the model you are 
working on. 

NOTE: 
An idle drop procedure should only be performed 
after valve adjustment, carburetor synchronization. 
and any other tune up related adjustments have 
been checked. 

Idle Speed Adjustment 
An adjustable throttle stop controls engine idle rpm 
by limiting throttle valve closure. The stop screw is 
turned clockwise to increase idle rpm or counter- 
clockwise to decrease idle rpm. 

If the carburetor is equipped with a slide type throt- 
tle valve, the stop screw will usually be located on 
the slide bore and act directly against the slide. 

If the carburetor is equipped with a flat slide type 
throttle valve, idle speed is adjusted by rotating 
the enrichener control knob (choke knob). The 
enrichener control knob is turned counterclock- 
wise to increase idle rpm or clockwise to decrease 
idle rpm. 

With the slide throttle valve and throttle plate 
arrangement, idle speed is raised or lowered by 
opening or closing the throttle plate slightly. There- 
fore, if the carburetor is equipped with a throttle 
plate, the stop screw will usually be located at the 
throttle plate pivot arm. 

Carburetor with Slide Type Throttle Valve I 
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The idle speed adjustment procedure is greatly sim- 
plified in most models by providing a single throttle 
stop at the throttle valve operating linkage. When a 
single throttle stop is used for two or more carbure- 
tors, throttle valve synchronization is not affected 
by idle speed adjustment. 

I Flat Slide Carburetor I 

Carburetor With Disc Type Throttle Valve 
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INTERMEDIATE CIRCUIT 
When the throttle valve is opened, there is a transi- 
tion from the Low Speed System to the lntermedi- 
ate System, which begins to meter fuel from the 
main fuel discharge jet (needle jet). 

We'll look at the intermediate circuit for both carbu- 
retor types: 

Mechanical slide 
Throttle plate (constant velocity) 

Mechanical Slide 
In carburetors with slide type throttle valves, the 
intermediate system uses a tapered fuel metering 
rod (jet needle) that works in connection with the 
variable venturi action of the throttle valve. The jet 
needle meters fuel flow, maintaining the correct air- 
fuel mixture ratio through most of the carburetor's 
operating range. At full throttle opening, the jet nee- 
dle is fully raised, and fuel flow will be controlled 
solely by main jet diameter (High Speed System). 

Jet Needle Throttle Valve Cutaway 

The needle jet begins to discharge fuel at about 114 
throttle opening and takes the place of the low 
speed system as the chief fuel supply. It is impor- 
tant to have a smooth transition from the low speed 
system to the intermediate system as the throttle is 
opened. Otherwise, there would be a momentary 
fuel delivery failure causing a hesitation in accelera- 
tion. The height of the throttle valve cutaway is cru- 
cial in obtaining smooth system transition and good 
initial acceleration. 

While the position of the throttle slide determines 
the venturi constriction in the carburetor bore, the 
shape of the bonom edge of the slide, and height of 
the cutaway, determines the extent to which induc- 
tion port vacuum is maintained at the needle jet. 

If the bonom edge of the throttle valve on the air 
cleaner side were flat, an overly rich condition 
would be caused whenever the throttle valve 
approached the fully closed position: i t  would 
attempt to seal off the mouth of the carburetor. This 
would increase the Throttle Valve Cutaway intake 
port vacuum at the needle jet, and draw an exces- 
sive amount of fuel from the needle jet. The cut- 
away causes an increase in atmospheric pressure 
that acts to diminish the vacuum. Increasing the 
height of the cutaway produces a leaner air-fuel 
mixture as the throttle is opened. 

The throttle valve cutaway controls the air-fuel 
mixture ratio primarily at 118 to 114 throttle open- 
ings and ceases t o  have any effect after the throttle 
is half open. 

JET NEEDLE 

NEEDLE JET 

Throttle Valve Cutaway 



Many carburetors have fixed jet needles which are 
not adjustable. 

FUEL SYSTEM 
Jet Needle 

Constant Velocity 
When the throttle plate valve is opened, there is a 
transition from low speed fuel discharge orifices to 
the intermediate system, similar to that which 
occurs in carburetors using slide type throttle 
valves. However, there is more accurate venturi 
control, because the vacuum piston (a vacuum con- 
trolled slide throttle valve) moves independently of 
the throttle input. 

When a slide type throttle valve is opened, the ven- 
turi constriction is widened in direct proportion to 
throttle opening. If the slide throttle valve is 
mechanically linked to the throttle grip, venturi size 
is regulated by the rider. This may result in less than 
optimum control of the air velocity and venturi size. 
An independently controlled vacuum piston ensures 
correct venturi size and air velocity throughout the 
intermediate operating range. 

a A tapered metering rod, called the jet needle, is 
attached to the throttle slide and extends downward 
into the fuel discharge jet (needle jet). 

At small throttle openings, the wide base of the nee- 
dle fills most of the fuel jet diameter, reducing fuel 
flow to a minimum. As the throttle valve is opened, 
raising the needle, the progressively smaller needle 
diameter allows more fuel to flow through the jet, 
matching the increasing volume of air flowing • through the carburetor bore. 

Jet needles used with slide type throttle valves usu- 
ally have a series of grooves at the needle head to 
permit alternate mounting positions. The jet needle 
can be raised or lowered in the throttle slide by 

a installing the jet needle retaining clip in one of the 
alternate grooves. 

Raising the needle to a higher position (by inserting 
the clip in a lower groove) allows a greater flow of 
fuel through the needle jet, creating a richer air-fuel 
mixture. The jet needle controls the air-fuel mixture 
ratio primarily at 114 t o  314 throttle openings. 

RETAINING 
CUP 

M 

@ 0 

NEEDLE POSmON NEEDLE POSlTlON 
AT LOW THROrrLE AT HlGHTHROrnE 

OPENING OPENING 

Needle and Needle Jet 

L A  

Needle and Retaining Clip 

NOTE: 
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The main advantage of constant velocity carbure- 
tors is apparent during hard acceleration. If a motor- 
cycle is equipped with conventional slide throttle 
carburetors, sudden full throttle opening at low 
speed may produce poor engine response, as vac- 
uum and venturi air velocity will drop to a point 
where very little fuel is drawn from the jets. If the 
motorcycle is equipped with constant velocity car- 
buretors, the vacuum pistons ensure sufficient ven- 
turi air velocity to prevent a lean fuel mixture on 
sudden throttle opening. 

Jet Needle 

Because venturi air velocity is held to a constant 
speed, air pressure against the fuel jet nozzle(s) is 
also constant. This causes the fuel to flow from the 
jet(s) at a constant rate, regardless of engine rpm, 
so the vacuum piston must carry a metering rod 
(jet needle) to regulate fuel flow in proportion to 
air flow volume. 

Jet needles used in constant velocitv carburetors are 
similar to those used in slide throttle carburetors, 
exceDt that most models of constant velocity carbu- 
retors do not provide any needle height adjustment. 
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HIGH SPEED CIRCUIT 
When the throttle valve is fully open, and the vac- 
uum piston is fully raised, the carburetor functions 
as an elementary fixed venturi instrument. 

Fuel mixture is controlled by the thickness of the jet 
needle and the size of the main jet, in that order. 

Single Main Fuel Circuit 

The carburetor discharges fuel from a single jet 
assembly throughout the operating range of the 
intermediate and high speed systems. Main jet and 
needle jet functions are similar to those in carbure- 
tors with slide type throttle valves. 

Primary And Secondary Main Fuel Circuits 

Some carburetor models divide the main jet sys- 
tem into two separate circuits. These circuits are 
called the primary main jet circuit and the second- 
ary main jet circuit. The purpose of this design is to 
provide a smoother transition from low speed to 
intermediate systems. 

As the throttle valve starts to open and induction 
port vacuum extends toward the air cleaner end of 
the carburetor, fuel is discharged from the primary 
main jet nozzle before the secondary circuit 
becomes operative. 

As the throttle valve opens farther, fuel is dis- 
charged from the secondary main jet nozzle (needle 
jet), and the vacuum piston begins to rise. Fuel is 
delivered from both primary and secondary circuits 
throughout the operating range of the vacuum pis- 
ton. Fuel to the slow speed jet is delivered from the 
primary main jet through a cross port, thereby prim- 
ing the primary jet tube. 

I High Speed System 1 

SECONDARY 

SEWNDIRY / \ 'MAIN NOZZLE 
MAIN N E L  JET PRIMARY MAIN FUEL JET 
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Main Jet Air-Bleed 
Low venturi pressure, which causes fuel to rise 
through the main fuel jet, also causes atmospheric 
air to flow through the air jet. Air and fuel meet and 
mix together in a perforated tube (emulsion tube) 
above the main fuel jet. The aerated fuel released 
into the venturi is more easily atomized than a 
denser unaerated stream of fuel. 

Aerated fuel also has less tendency to fall back 
down the jet tube between intake strokes, thus sta- 
bilizing fuel height in the jet tube. The same effect 
can be observed when drinking beverages through 
a straw. When you remove your mouth from the 
straw, a frothy beverage tends to remain in the 
straw, but an unaerated beverage will fall back 
down the straw into the cup. 

-MAINJET 

Main Jet Air-Bleed 
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THROTTLE SYSTEMS 
The throttle system allows the rider to control 
engine speed. Two types of throttle valves are used: 

Mechanical slide (changes the venturi size) 
Throttle plate (doesn't change venturi size) 

Throttle Valve 
The mechanical slide (round or flat) is used by itself, 
or combined with a throttle plate. The throttle is 
always combined with a linked mechanical slide or 
a vacuum piston (that operates independent of rider 
input at the throttle). 

The throttle valve regulates the engine's power out- 
put by controlling the volume of air-fuel mixture 
delivered to the engine cylinder. Reducing the 
charge in the cylinder reduces the power it can gen- 
erate and vice versa. 

Manifold vacuum fluctuates greatly where there is 
no overlap between intake strokes in the engine. 

For this reason, slide type throttle valves are not 
suitable for multi-cylinder automobile engines but 
work very well in motorcycle applications where 
each carburetor feeds only one or two cylinders. 

Round Slide Throttle Valve 

Round slide throttle valves were the initial design 
because they were easy to manufacture. Currently, 
their use is diminishing. 

Round Slide Throttle Valve 
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Flat Slide Throttle Valve 

Air flows past a flat slide with less turbulence than a 
round slide. This allows a smoother passage of air 
over the jets. The shape of the flat slide cutaway 
enhances air flow over the needle jet. The result is 
better throttle response and driveabilitv because of 
less resistance and turbulence. FLAT SLIDE 

Flat Side Throttle Valve 

Throttle Plate In Combination With Vacuum Piston 
(Constant Velocity) 

Many Honda models are equipped with carburetors 
that have a vacuum piston and a throttle plate. The 
throttle plate is located beyond the venturiarea, and 
creates no constriction at that point. If a carburetor 
using a throttle plate type throttle valve, without a 
slide, had only one fixed jet and one fixed venturi, it 
could deliver the correct air-fuel mixture ratio at 
only one air speed. 

When a throttle plate is used, the carburetor must 
also be equipped with compensating systems, i.e. a 
slide, or a vacuum piston to vary venturi size and 
hold a fuel meteringneedle in themanner of a slide 
throttle valve. The vacuum piston possesses some 
special advantages. 

Air velocity through the carburetor is not controlled 
by rider input. Instead, the air velocity is controlled 
in reaction to the engine's operation. The throttle 
return spring can be lighter because the throttle 
plate is unaffected by the vacuum in the carburetor 
bore. (A mechanical slide requires a stronger spring 
to close the throttle.) 

Slide Throttle Valve and Throttle Plate 
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Throttle Valve Synchronization 

On multiple cylinder and twin cylinder engines 
using more than one carburetor, the movement of 
the throttle valves must be accurately synchronized. 
This ensures that each cylinder is idling and running 
at the same speed as the other(s). If carburetors are 
not properly synchronized, engine roughness, and 
popping in the muffler(s) may occur. This is espe- 
cially noticeable at idle, and low speed. An accurate 
measure of synchronization can be made with a 
vacuum gauge set, or with an airflow meter if a vac- 
uum gauge set cannot be attached. 

Multiple throttle valves cannot be accurately syn- 
chronized by feel or sound. 

Once synchronized, the slide type throttle valves 
will all move up and down in unison. 

NOTE: 
Specific instructions for throttle valve synchroni- 
zation adjustment are given in the applicable 
shop manuals. 

Throttle Plate - Mechanically Linked to 
Mechanical Throttle Slide (ATV) 
This design of carburetor uses a throttle valve and 
throttle slide, which are mechanically linked 
together. The throttle plate requires only a light 
return spring, which makes the throttle lever easier 
to operate. The mechanical link to the throttle slide 
provides optimum control of slide travel. 

Checking Throttle Valve Synchronization with 
a Vacuum Gauge Set I 

SINGLE CARBURETOR 
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Dual Carburetors: Mechanical Throttle 
Slide (Piston Valve) Variation 
In the past, dual carburetors on single cylinder 
engines were desirable because they offered 
improved low speed driveability, and the ability to 
deliver sufficient fuel-air mixture at maximum 
enoine soeed. - ~ - . ~ ~ ~ ~ ~  
These carburetors are the slide throttle valve 
type. Only the primary carburetor has an idle and 
low speed circuit. Both the primary and second- 
ary carburetors have an intermediate and high 
speed circuit. 

LowIMid Range Flow 

From low speed to mid-range, only the primary car- 
buretor opens and supplies fuel-air mixture to the 
engine while the secondary carburetor remains 
closed. This ensures high air velocity through the 
primary carburetor to provide smooth throttle 
response at low speeds. 

High Range Flow 

From mid-range to full throttle, the secondary car- 
buretor opens and both carburetors supply the fuel- 
air mixture to the engine through two intake ports. 
Because both carburetors are open, a large volume 
of mixture can be drawn into the engine to provide 
maximum power. 

Adjustment 

Idle mixture, idle speed, and float level adjustments 
are similar to other slide throttle valve carburetors. 
The only unique adjustment is the secondary touch 
lever, which determines when the secondary carbu- 
retor begins to open. The secondary touch lever 
clearance is adjusted by turning the secondary 
touch lever adjustment screw in or out. This adjust- 
ment only needs to be performed when the carbure- 
tors are reassembled after dismantling that disturbs 
the linkage. 

- w  
DUAL CARBURETORS 
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PRINCIPLES OF THE CV CARBURETOR 
With piston-valve type carburetors, operation of the 
throttle grip on the handlebar actuates the piston 
valve, causing the cross-sectional area of the venturi 
to change. 

Unlike a motorcycle with a mechanical throttle slide 
carburetor, where imprecise throttle input can nega- 
tively affect engine operation, throttle input with a 
constant velocity carburetor actuates a butterfly 
type throttle valve that is separate from the venturi 
control. With this system, the venturi is controlled 
by the vacuum piston, which responds only to 
engine operation, not rider input. 

A vacuum piston independent of the throttle control 
is provided at the venturi. This moves up and down 
to vary sectional area at the venturi according to the 
volume of air flow, maintaining the air velocity at 
the venturi within the best range to draw fuel from 
the nozzle. 

Vacuum Piston Construction 

The bottom of the vacuum piston is vented to allow 
air pressure in the carburetor bore and air pressure 
in the chamber above the vacuum piston to equal- 
ize. The chamber below the vacuum piston dia- 
phragm or rim is vented to the atmosphere. 

Vacuum piston design may utilize a flexible dia- 
phragm to separate the upper and lower air cham- 
bers. Designs that utilize a flexible diaphragm are 
usually called a vacuum diaphragm. Designs that do 
not utilize a flexible diaphragm are usually made of 
aluminum. They rely on a close fit between the pis- 
ton and the walls of the carburetor top to separate 
the air chambers. This type is usually referred to as 
a vacuum  ist ton. 

ATMOSPHERIC 

I Operation: Vacuum Piston without Diaphragm 
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Vacuum Piston Operation 

When air pressure in the carburetor bore becomes 
significantly lower than atmos~heric Dressure. 
atmospheric pressure forces the piston ' upward: 
When air pressure in the carburetor bore 
approaches atmospheric pressure, the piston 
(assisted by a returnspring) will fall. 

During idle and low speed operation, when the 
throttle plate is nearly closed, induction port vac- 
uum is confined to the area between the throttle 
plate and intake manifold. Air pressure at the vac- 
uum piston is nearly the same as atmospheric 
pressure, and the vacuum piston is in the fully 
closed position. 

As the throttle is o~ened. the area with induction 
port vacuum extends toward the vacuum piston. 
The intermediate svstem becomes o~erative. and 
the vacuum piston moves in response i o  differknces 
between atmos~heric Dressure and vacuum in the 
carburetor bore. piston movement stabilizes at a 
heiaht where the Dressure differential balances  is- 

An increase in flow volume is accommodated by 
increasing the size of the air passage rather than 
by increasing air speed. Piston movement varies 
the size of the venturi so that air velocity can 
remain constant regardless of changes in flow vol- 
ume. Carburetors equipped with vacuum pistons 
are therefore frequently referred to as constant 
velocity carburetors. 

In most CV carburetors, the vacuum piston is 
mounted vertically or at a slight angle. (The only 
exception is the GL1500, in which the vacuum pis- 
ton is mounted horizontally.) In the following, we'll 
refer to the vacuum piston as rising (increasing ver- 
turi size) and lowering (decreasing venturi size). 

With CV (Constant Velocity) carburetors, operation 
of the throttle grip actuates a butterfly-type throttle 
valve, separately from the venturi. 

Operation: Vacuum Piston with Diaphragm 

w 
Operation: Vacuum Piston without Diaphragm 
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We'll be looking at several variations of CV carbure- 
tor svstems. These include: 

VE 
VDNG 
VD (GL1500) 
VP 

At the initial stage, the vacuum piston rests in the 
lowest position due to gravity and spring force. 

A diaphragm installed on the vacuum piston sepa- 
rates the upper and lower chambers. Vacuum at the 
venturi is transmitted to the upper chamber through 
a hole in the bottom of the piston, while atmo- 
spheric pressure acts on the lower chamber. 

When the throttle valve is opened -assuming a con- 
stant engine speed - the volume and the velocity of 
air flow increases. The increased velocity increases 
vacuum at the venturi and this is transmitted to the 
vacuum chamber, causing the diaphragm and the 
vacuum piston to lift. 

As the piston lifts, the sectional area at the venturi 
increases, decreasing the velocity of air flow. Thus, 
the velocity of air at the venturi is kept constant. 

Let's examine another situation. When the engine 
speed decreases - assuming a constant throttle 
position - the air volume decreases and the velocity 
also decreases. 

The decreased velocity of flow decreases vacuum at 
the venturi and this causes the diaphragm and the 
vacuum piston to descend. 

As the piston descends, the sectional area at the 
venturi decreases, increasing the velocity of the air 
flow. In this way, velocity of air flow at the venturi is 
kept constant. 

The volume of air required by the engine increases 
as engine speed increases. 

Range 1: When engine speed is very low, the vac- 
uum piston is still at its bottom position. Air velocity 
increases as engine speed rises. 

Range 2: The vacuum piston starts to rise which 
increases venturi size. Since the venturi size 
increases as required air volume increases, air 
velocity at the venturi is maintained at an almost 
constant level. 

Range 3: After the vacuum piston is fully raised, the 
venturi size is fixed and air velocity increases as the 
air volume increases. 

ATMOSPHERIC 

VACUUM PISTON 
BEGINS TO OPEN\ 

1 g I 3 , 

- 
ENQINE SPEED 



VE Type Carburetor Systems 
VE type carburetors are of horizontal-draft design. A 
rubber diaphragm separates the upper and lower 
chambers. A slow system, a starting system and a 
main system feed mixture gas by turns according to 
operating conditions, with the functions overlap- 
ping to assume smooth transition. 

FUEL SYSTEM 

STARTING 
ENRICHMENT 

BYSTARTER JET 

The jet needle 1s ~nstalled on the vacuum plston 
and moves up and down together with the piston, 
varylng clearance between the needle and the jet 
needle holder. 

SMALL 
CLEARANCE LARGE 

CLE AFI ANCE 

JET 

NEEDLE 
JET 
HOLDER 
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SYSTEM 

SLOW AIR JET 

FUEL SYSTEM 

Location of Jets/Ports 

IDLE 
WRT. 

TIIROUGHTHIS PORT. AIR FROM CARBURETOR INLET 

SLOW JET - 
.OUTLET OF 
STARTlffi 
SYSTEM 

, BYPISS 
m 

- STARTER JEl 

.MAINJET 
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Idle Port/ Bypass Ports 

When the throttle valve is fullv closed, fuel is drawn I - 

the main system,a few extra ports are provided in 
the throttle bore. These ports are called bypass 
ports. When the throttle valve is fully closed, air 
enters the bypass ports to lean the mixture in the 
slow system. As the throttle valve opens slightly, the 
positional relationship of the bypass ports with the 
throttle valve chanaes (Uostream - Downstream). 

into the intake manifold onlv.through the idle port. 
When the throttle valve is medium to wide open, the 
main system feeds mixture gas. To achieve a 
smooth shift in operation from the slow system to 

This causes the bypass potis to change function and 
thev beain to s u ~ ~ l v  fuel. When two or more bvoass I 

SLOW AIR JR. 

ports are provided,'they start to supply fuel in'turn 
as the throttle valve opens. L SLOW JET 

MAIN 
NOZZLE 

BYPASS PORTS 

T H R m L E  OPENING I 



Air Cut Valve (ACV) 

FUEL SYSTEM 

The air cut valve cancels one of two slow air circuits 
and enriches the mixture fed by the slow system to 
prevent afterburn. When the engine is idling, the 
diaphragm is forced to the left by spring force, 
opening the air passage from slow air jet No. 2. Dur- 
ing deceleration, increased vacuum pulls the dia- 
phragm to the right, overcoming spring force to 
shut the air passage. 

Air to the slow system is Introduced from the dia- 
phragm lower chamber, where there IS atmospheric 
pressure, and IS controlled by the slow air jet 

SLOW AIR JET 
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Starting Enrichment Circuit 
There are two methods which feed rich mixture gas 
to ease starting when the engine is cold. A choke 
system restricts air volume while a bystarter system 
supplies rich mixture gas via an independent circuit. 
A bystarter is used on most CV type carburetors 
found on Honda motorcycles because it offers better 
cold engine performance. 

Opening the starting enrichment valve with the MAIN AIR JET 
throttle valve closed mixes air with fuel drawn 
through the bystarter jet and feeds the rich mixture 
to the engine. 

Opening the throttle valve causes the main system 
to start feeding mixture gas and the starting enrich- 
ment system to stop functioning. 

In order to improve driveability (starting, accelera- 
tion) while the engine is cold and the starting enrich- 
ment valve is open, the main system feeds mixture 
gas richer than when the starting enrichment valve 
is closed. Because the air passages to the bystarter 
valve and to the main air jet are interconnected, 
opening the bystarter valve reduces air pressure to 
the main air jet. This reduces air for mixing with fuel 
in the main system, resulting in a slightly rich mix- 
ture, which improves cold engine response. 

Fuel drawn up through the main jet is mixed with air 
regulated by the main air jet. The mixture is then 
sprayed into the venturi, passing through the clear- 
ance between the jet needle and the needle jet. BYSTARTER JET 

TYPE: VE65B 
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VDIVG Type Carburetor Systems 
Slant-draft carburetors are used on engines with 
inclined cylinders, including V-twins, V4's and in- 
line cylinder engines. The main, slow and starter 
fuel jets are fitted vertically. 

The slanted CV carburetors used on Honda motor- 
cycles are coded VD or VG according to the angle 
of the diaphragm chamber against the carbure- 
tor's body. The VD type is used on V-twin and V4 
engines while the VG type is used on in-line cylin- 
der engines. 

Location of Jets/Ports 

CARBURETOR BYSTARTERVALVE 
INTAKE PORT I 

MAIN AIR 
JET n m D  

SLOW 
AIR JET 

BYSTARTER 
AIR JET 

ADDITIONAL 
AIR INLET 
TO 
STARTING 

DIAPHRAGM SYSTEM 

CHAMBER 
DRAIN HOLE 
(CONNECTS TO THE INLET PORT TO 
PURGE THE MAPHRAQM UPPER 
CHAMBER OF ANY CONDENSED FUEL VAWR) 

ATMOSPHERIC 
PRESSURE 
m DIAPHRAGM 

ounm OF 
BYSTARTER 
SYSTEM 

SLOW JET 
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Slow System 

Since the positions of the idle port and the bypass 
ports are lower than the fuel level in the float cham- 
ber, an extra air jet circuit is provided to prevent any 
fuel siphoning from the float bowl through these 
ports. Air from the extra circuit is controlled by slow 
air jet No. 2. 

Starting/Main System 

The main jet and the emulsion tube are installed 
vertically while the vacuum piston, jet needle and 
needle jet are slanted. 

The pressure difference between the vacuum in the 
upper chamber and the atmospheric pressure in the 
lower chamber acts to lift the vacuum piston. Main- 
taining atmospheric pressure is an important 
requirement for optimum vacuum piston operation. 

At high speed with a wide open throttle, atmo- 
spheric pressure in the air cleaner case is reduced. 
(Bernoulli's theorem: as the velocity of air flow 
increases, pressure decreases.) 

I MAlN SYSTEM 
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Some CV type carburetors are equipped with an 
atmospheric air intake to the diaphragm lower 
chamber which has an independent sub-air cleaner. 
This design assures stable atmospheric pressure to 
the diaphragm and isolates it from pressure 
changes in the "main" air cleaner case. This system 
contributes to good throttle response at high speed. 

VD Type Carburetor System (GL1500) 
The carburetors on certain models are mounted in a 
"down-draft" position with intake air passing 
straight down through the carburetors. 

Intake air temperature is controlled by use of a 
vacuum-activated flap door to direct either warm 
air from near the exhaust pipes or fresh air. A 
temperature-sensitive bimetallic air bleed valve 
located in the air cleaner case determines the 
choice of air source. 

A temperature compensating accelerator pump, 
which doubles its pumped volume when the fuel 
temperature is below 50°F, increases the amount of 
fuel delivered. 

0 VACUUM ATMOSPHERIC PRESSURE 

BY-PASS HOLE 
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Each carburetor is mounted on top of a one-into- 
three intake manifold and feeds three cylinders on 
each side of the flat six engine. Carburetor and 
intake manifold heating is used to prevent icing of 
the carburetor and condensation of fuel in the mani- 
fold passages. The coolant passage that heats the 
carburetor is controlled by a thermovalve, which 
closes at normal operating temperatures. 

Primary and secondary main jet circuits are used to 
provide greater mixture control in the idle to one- 
half open throttle range. The primary main jet circuit 
has three air bleeds, two are computer controlled. 
The air bleeds are opened or closed based on 
engine speed, manifold vacuum and intake air tem- 
Derature. With both air bleeds closed. a rich mixture 

CARBURETOR 
CWIANT MANIFOLD, I 

is produced. Two leaner stages of mixture are avaic I I 
able as airjet 2 solenoid valve or air jet 3 solenoid 
valve is opened by the carburetor control unit as 
either of the air bleeds is opened. 

GL1500 COMPUTERIZED AIR JET CONTROL SYSTEM 
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VP Type Carburetor Systems 
Introduction of a newly designed vacuum piston 
contributes to: 

Improved throttle response 
Compact overall size 
Straight and smooth throttle bore 

Round Vs Flat CVSlides 

The balance of several factors determines the posi- 
tion of the vacuum piston. The balance of atmo- 
spheric pressure and negative pressure across the 
diaphragm causes the vacuum piston to rise. The 
weight of the vacuum piston acts to lower the piston. 

In addition to these factors, vacuum in the venturi is 
acting against the bottom of the vacuum piston and 
pulling it down. The diameter of the vacuum piston 
diaphragm is designed so that the "up" force 
applied to the diaphragm balances or overcomes 
the "down" force of the other factors. 

VACUUM PISTON VACUUM 
ONVWDNa PISTON 

ON VP TYPE 

The vacuum piston designed for VP type carbure- 
tors has a smaller bottom area than that for VE, VD 
and VG types. As this reduces the down force cre- 
ated by vacuum in the venturi, it was possible to 
reduce the diameter of the vacuum piston dia- 
phragm accordingly. 

ROUND SUDE MAMETER: FLAT SUDE 

ROUND CV SLIDE FLAT CV SLIDE 
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Smooth Venturi Bore 

When the throttle valve is abruptly opened, vacuum 
in the venturi momentarily increases and pulls the 
vacuum piston down. In the next moment, vacuum 
is transmitted to the diaphragm upper chamber to 
pull the piston up. Because of this sequence, there 
is a slight time lag. With VP type carburetors, the 
reduced bottom area of the piston improves throttle 
response by reducing this time lag. 

1 Round Piston Type I 

Flat Piston Type 
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Slow System 

As with VDNG type carburetors, the positions of the 
idle port and the bypass ports are lower than the 
fuel level in the float chamber. An extra air jet circuit 
is provided to prevent any fuel siphoning from the 
float bowl through these ports. Air from the extra 
circuit is controlled by slow air jet no. 2. 

SLOW FdR JET No. 2 ( I 

Air Cut Valve 

The air cut valve is a one-piece plastic component 
screwed onto the carburetor body. Vacuum from 
the intake manifold is routed to the air cut valve 
through an external rubber tube. 
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Air enters through the clearance between the plug 
and the carburetor body. O It then passes the air cut 
valve, slow air jet No. 2, and joins the airlfuel mix- 
ture from the slow jet and slow air jet No. 1 

When intake manifold vacuum rises due to deceler- 
ation, the air cut valve closes to cut this air supply, 
enriching mixture gas from the slow system. 

AIR JEl 

I 
+TIME 

0 VACUUM LEVEL AT IDLE 
VACUUM LEVEL WHEN ACV ACTUATED 

@ HIGHEST POSSIBLE VACUUM LEVEL 

VACUUM 
(mmHe) 

r -~ - - - -- 

--,A 
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Starting System 

Air enters the starting system from a port at the top 
of the throttle bore,@ before the throttle valve. 
When the bystarter valve is open, the starting mix- 
ture flows down into the throttle bore, past the 
throttle valve Q. 

Depending on the installation angle of the carbure- 
tor and the maximum air flow volume, a plug is 
sometimes fitted in place of the bystarter air jet. 
Instead, air jet(s) are drilled in the carburetor die 
cast body. 

BVSTARTER 

BVSTARTER 

BVSTARTER AIR JET 

PLUG 
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Main System 

MAIN 
AIR 
JET - 
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ADDITIONAL FUEL SYSTEM 
INFORMATION 

Vacuum Fuel Valve 
The vacuum fuel valve automatically opens when 
the engine is started and closes when the engine is 
stopped. It includes two diaphragms that are inter- 
connected by an aluminum link. When the engine is 
stopped, a spring forces the larger diaphragm and 
the smaller diaphragm to the left via the link to close 
the fuel passage. When the engine is started, vac- 
uum force is applied to the larger diaphragm and 
pulls it to the right. The smaller diaphragm moves 
(to the left) via the link too, opening the fuel pas- 
sage. It automatically returns to the original position 
to close the fuel passage when the engine stops. 

ATMOSPHERIC 

44'' MANIF~LDI 
VACUUM 

L 

Air Cut Valve (ACV) 
Afterburn is the combustion of unburned air fuel 
mixture in the muffler. 

Reasons why the mixture gas does not burn in the 
combustion chamber: 

Lean mixture: When the throttle valve is closed, 
only the slow system supplies fuel and the vol- 
ume is insufficient. 
Low compression: When the throttle valve is 
closed, the total volume of mixture gas sucked 
into the engine is small, resulting in low com- 
pression in the cylinder. 

VACUUM -I 

To prevent afterburn, the air cut valve closes one of 
two slow air circuits and enriches the mixture fed by 
the slow system during deceleration. 

Closing the throttle valve increases the vacuum in 
the main bore (after the throttle valve), which pulls 
the diaphragm and the pin, causing the air cut valve 
to close the air passage. As engine speed decreases, 
the vacuum in the main bore decreases and the 
spring diaphragm pushes the diaphragmlpin. which 
oDens the air cut valve. 

@) VACUUM LEVEL AT IDLE 
@ VACUUM LEVEL WHEN ACV ACTUATED 
@ HIGHEST WSSIELEVACUUM LEVEL 

DIAPHRAGM 

AIR CUT VALVE CLOSED 
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Accelerator Pump 
The accelerator pump provides an additional squirt 
of fuel on acceleration. Taking a small quantity of 
fuel from one of the float bowls, the accelerator 
pump supplies fuel to a spray nozzle located near 
the air cleaner end of the carburetor. The accelera- 
tor pump is actuated by the throttle linkage. When 
the throttle is opened suddenly, fuel squirts into 
the carburetor bore and enrichens the mixture. The 
stroke of the accelerator pump is adjusted by 
bending a tab on the linkage, as detailed in the 
service manual. 

As the throttle is opened, the area with induction 
port vacuum extends toward the vacuum piston. 
The intermediate system becomes operative, and 
the vacuum piston moves in response to differences 
between atmospheric pressure and vacuum in the 
carburetor bore. Piston movement stabilizes at a 
height where the pressure differential balances pis- 
ton weight. 

Electric Fuel Pump 
A fuel pump is used when the height difference 
between the fuel tank and the carburetor float 
chamber is not sufficient to supply fuel by gravity 
feed alone. 

The fuel pump is a low pressure electromagnetic 
type. When the engine is started, the fuel pump 
switch, turned on by a fuel cut-off relay, generates 
electromagnetic force in the fuel pump coil which 
moves the plunger and diaphragm. The resulting 
vacuum in the diaphragm chamber opens valve A 
and fuel flows into the diaphragm chamber. The 
plunger pushes the switch off, collapsing the elec- 
tromagnetic force in the coil. This allows the dia- 
phragm spring to move the plunger and diaphragm 
which forces fuel into the diaphragm chamber 
through valve 6. Certain types of this fuel pump 
have a built-in fuel cut-off relay. 

Accelerator Pump 

FUELPUMP FUEL PUMP 
SWITCH a 

DIAPHRAGM 
CHAMBER 

VALVE B 

VALVE A 

DIAPHRAGM 
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Fuel Cut-Off Relay 

When the ignition switch is on, current flows to the 
transistor and thyristor but does not flow to the 
fuel pump. 

FUEL CUT-OFF RELAY I - - - - - - - - - - - - - -  1 
BLACK I - 

T I T I 

To fill the carburetor float chambers with fuel when 
the ignition switch is on, certain types of fuel cut-off 
relays have a timer function that sends current to 
the fuel pump for several seconds. 

I I ---------- - - - I  
BLACWBLUE t 

When Ignition Switch ON 
----..--...--..-..--.- 
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When the engine is running, ignition pulses are 
transmitted from the ignition primary circuit to 
the ignition control module and to the transistor 
in the fuel cut relay. The transistor then switches 
on the thyristor, which sends battery current to 
the fuel pump. 

The fuel pump will not operate unless the ignition 
primary circuit operates properly. 

FUEL PUMP DISCHARGE VOLUME INSPECTION 

WHEN ENGINE RUNNING 

FUEL CUTkFF RELAY 

JUMPER WIRE 

Turn off the ignition switch. 
Disconnect the fuel cut-off relay wire connector. 
Connect the black wire terminal and the black1 
blue wire terminal with a jumper wire. 
Disconnect the fuel outlet tube. Hold a graduated 
beaker under the tube outlet. 
Confirm that the fuel valve is in the ON or RES 
position. 
Multiply the volume of drained fuel by 12 to get 
the fuel volume pumped in one minute. This 
should match the specification for the model. 
Turn the ianition switch on to activate the fuel 
pump for Cve seconds, then turn the switch off. I -  \ \\,\ - 

N E L  CUT-OFF RELAY 
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Bank Angle Sensor 

I 

High Altitude Adjustment 

The bank angle sensor controls the operation of the 
engine-stop relay and the fuel-cut relay. The sensor 
consists of a reed switch, latch-up circuit and an oil 
dampened pendulum with two magnets. 

When the ignition switch is turned on, power flows 
through the latch-up circuit turning the transistor 
on, then current flows through the coil of the 
engine-stop relay to ground. 

When the motorcycle and sensor are tipped more 
than 50 degrees, the magnet in the sensor pendu- 
lum closes the reed switch. This causes the latch-up 
circuit to turn off the transistor, opening the circuit 
between the engine-stop relay and ground. This 

When an engine is operated continuously at alti- 
tudes above 6,500 feet (2,000 m) the carburetor 
must be adjusted to improve driveability and 
decrease exhaust emissions. 

MOTORCYLE 
IGNmON SWlTCH 

TRANSISTOR 

m ENGINE 
STOP RELAY 

LATCH~UPCIRCUIT 

At high altitude, air density is low. This mean 
there's less oxygen for combustion. For this reason, 

stops power to the ECM. 

To reset the sensor, turn the ignition key switch off 
before attempting to re-start the engine. 

TO ENGINE STOP RELAY 

TRANSISTOR 

Two-Stroke Fuel/Oil Ratios 
Currently, the most common ratio is 32:1, but other 
ratios may apply to specific models and applica- 32:l FUEL OIL MIXING CHART 
tions. For example, older motocross engines use 
20:l. 

The following charts indicate the amount of oil (in 
ounces or cc's) to add per gallon (or liters). If the 
recommended rate is not 32:l. here's how to calcu- 
late the amount of oil needed. 

Ounces in one gallon = 128 

FuellOil Ratio = 32:l (32 parts fuel to 1 part oil) 

Formula: 128 divided by fuel part of ratio = ounces 
of oil to add to one gallon of fuel 

Example: 128 divided by 32 = 4 ounces (as shown in 
the table) 

Example: 128 divided by 20 = 5.4 ounces of oil 
per gallon 

5.0 , 18.92 
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the standard carburetor setting becomes over-rich. 
To achieve the proper air-fuel ratio, lean the carbu- 
retor setting. 

Methods for adjustment are: 

Slow system - adjustment of the air screw 
Main svstem (medium) - re~ositionina of the iet 
needle clip 

- 
Main svstem (fullv o ~ e n )  - re~lacement of the . . 
main jet 

Perform the altitude adjustment specific to the 
motorcycle model. 

I NOTICE I . . - . . - - 

Ooeration at an altitude lower than 5,000 feet 11,500 1 
k) with the carburetors adjusted for high altitude 
may cause the engine to idle roughly or stall. 

When the engine is used continuously at altitudes 
below 5,000 feet (1,500 m), carburetors adjusted for 
high altitudes must be readjusted to the standard 
setting. Failure to do so will result in over-lean oper- I s,maj 

I ' I 
ation and may cause engine damage. 

All jetting is based on 

Standard Jetting 
32:l FuelIOil Ratio (for 2-stroke) 
Unmodified Engine (Including Porting, Exhaust 
and Timing) 

Additional Altitude 1 Temperature 
Adjustment 
Tuning for Race Conditions 

Once you've adjusted the carburetor for tempera- 
ture and altitude, i t  shouldn't need major readjust- 
ment unless race conditions change drastically. 
However, there are some unique atmospheric con- 
ditions or race day situations that may require addi- 
tional adjustments. They are as follows. 

NOTE: 
To prevent engine damage, always adjust the main 
jet before adjusting the jet needle. Always choose 
the next richer jet if there is any doubt so there is a 
safety margin. 

Main Jet 

Go richer on the main jet, by one number, when: 
the track has a very long straightaway or uphill 
sections, a high percentage of sand, or the track 
is muddy. 
Go leaner on the main jet, by one number, when: 
i t  is very humid or raining, or it is hotter than 113 
degrees F. 

NOTE: 
After using the chart, and making any adjustments 
for special conditions, it shouldn't be necessary to 
go more than one jet size richer or leaner to fine 
tune your vehicle. If larger jetting changes are nec- 
essary, check for worn crankshaft seals, air leaks, 
blocked or restricted exhaust or fuel systems, or a 
dirty air cleaner. 



FUEL SYSTEM 
SAMPLE CHART (see Model Specific manual for dif- 
ferent vehicles1 

Lengena: 
AS: Screw opening from fully seated JN: Jet Needle 
AJ: Slow Jet MJ: Main Jet 
NC: Needle Clip Position 
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GENERAL CHANGES DUE TO TEMPERATURE AND ALTITUDE 

I Dry air I Lean I Richen I Main jet Oet needle stage) I 

High altitude Rich Lean Main jet (jet needle stagg I - .--II-- 
Spark Plug Coloring Indications 

/ Overheating Light gray or white color I Mixture is Lean* I 

Remember that in addition to improper jetting: 

*A lean condition can be caused by air leaks in the inlet 
tract, in the center crankcase joint and leaking ignition side 
crank seal. 

**A rich condition may be caused by a leaking primary 
drive side seal that draws transmission oil into the fuellair 
mixture. Excessive smoking will occur. 
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COMPUTERIZED FUEL INJECTION (CFI) 
SYSTEM DIAGRAM 

Computerized fuel iniection (CFI) provides each cvl- 
inder with a precise amount of fuel to mix with the 
incoming air. This results in maximum fuel econ- 
omy and performance because each cylinder is 
given only the fuel it needs. 

To further provide for economy and performance, 
the system has two computer generated maps. One 
map provides fuel for low-speed low-load condi- 
tions, and the other map provides fuel for high 
speed high load conditions. This system was used 
between 1982 and 1985. 

CRANKSHAFT 
POSITION SENSOR 
1 
CAM 
POSITION SENSOR FUEL INJECTORS 

ECM CONTROL OUTPUTS ' 

These maps are the primary source of fuel quantity. 
To provide compensation for varying weather, alti- 
tude, and engine temperature conditions, several 
sensors are incorporated. These sensors provide 
input that allows the computer to compensate for 
varying conditions. 

'1 
PB (INTAKE MANIFOLD 
PRESSURE) SENSOR , 

ENGINE COOUNT 
TEMP SENSOR 

The diagram below presents a graphic overview of 
the computerized fuel injection system. We'll exam- 
ine the fuel delivery system first and then the 
engine control module (ECM) - after a brief look at 
the idle air controls. Next, we'll check out the basic, 
correction, and control inputs. And, finally, the ECM 
control outputs. 

K1NITION COILS 

FUEL PUMP 
CONTROL RELAY 

CFI 
ECM 

J 
FUEL PUMP 

INTAKE AIR TEMP 
SENSOR /+ 
MROMETRIC 
PRESSURE SENSOR 

CORRECTION INPUTS r 
FUEL FILTER 

FUEL DELIVERY 
FUEL UNES 

EANK ANGLE CONTROL INPUTS 

FUEL PRESSURE , REGULATOR 

SENSOR f / 
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FUEL DELIVERY SYSTEM 
Let's look at the operation of the following key 
elements of the fuel delivery system: 

Fuel pump 

Fuel pressure regulator 

Fuel injectors 

located at the opposite end of the pump housing. A 
relief valve prevents abnormal pressure from being 
attained within the system when the flow of fuel is 
blocked or restricted. 

The fuel pump supplies the necessary amount of 
fuel (volume and ~ressure) to the iniectors. The CFI 

Fuel Pump 

fuel pump maintiins a constant supply of pressur- I N ~ T  
ized fuel to the iniectors. Insufficient fuel oressure at 

The fuel pump is an "in-line" design that is directly 
coupled to an electric motor as shown. Fuel flow 
from the fuel filter is through the motor to an outlet 

/ \ 
ARMANRE SPACER 

MAGNET RELIEF VALVE 
OUTLET I 1 

the fuel injector; may cause a lean con'dition. The ' I 

fuel pump is an inline type that pulls fuel from the 
fuel tank, through an inline filter. The fuel flows 
from the fuel pump under high pressure to the fuel 
injectors and the fuel pressure regulator. 

Fuel Pressure Regulator 
To understand the fuel pressure requirements of 
fuel injection sytems, start by looking at the condi- FUEL SUPPLY 
tions at both ends of the injector. The output end of 
the injector points into an intake port. In order to 
spray fuel into the intake port, the pressure on the 
supply end of the injector must be greater than the 
intake manifold pressure. When the engine is run- 
ning, a vacuum exists in the intake ports. This is 
measured in inches or millimeters of Mercury (Hg). 
A normal motorcycle idle vacuum pressure is about 
one inch of Hg., or 4.9 psi. 

INTAKE PORT 



PRESSURE 
REINLATOR 
OPEN 

W INTAKE MAWOLD 

FUEL SYSTEM 

FUEL 

Fuel pressure is typically in the range of 32 - 50 psi. 
The GL1200LTD. for example, uses a fuel pressure 
of 32 psi. That is the pressure difference between 
inlet port vacuum pressure and fuel pressure as 
shown in the illustration. The fuel pressure is set at 

a sure. fixed Therefore, amount above changes the in inlet inlet port port vacuum vacuum pres- pres- 
sure have no effect on the amount of fuel that an 
injector delivers when it is opened for a specific 
amount of time. 

A spring presses the regulator valve closed and inlet 
port vacuum pressure pulls the valve open. These 
two forces balance to give a continuously changing 

E r  CONSTANT PRESSURE 
DIFFERENCE 

0 - 
MANIFOLD 
PRESSURE 

fuel pressure that is a specified amount above inlet 
port pressure. 

NOTE: 
Some models have a fuel pressure test port, others 
require a pressure test banjo bolt. Check the Service 
Manual for the vehicle you are working on. 

PRESSURE 
REGULATOR 
CLOSE0 

DIAPHRAGM 
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Fuel Injectors 
Fuel passes through the fuel injector(s) before 
entering the cylinder. The fuel injector is a con- 
stant stroke, pintle type injector. The needle valve 
in the fuel injector is normally closed and can only 
be opened electrically. When activated, the needle 
valve always opens the same amount. The amount 
of fuel that flows through the injector is controlled 
by the length of time the needle valve stays open. 
Controlled by currents from the Engine Control 
Module (ECM), the fuel injector needle valve 
remains open until current stops flowing. Current 
passes through a small field coil in the fuel injec- 
tor body which creates an electromagnetic field 
that opens the needle valve against spring pres- 
sure. When the current stops flowing from the 
ECM, spring pressure closes the needle valve in the 
fuel injector. 

IDLE AIR CONTROLS 
The air control system consists of the air cleaner, 
throttle valves, air valve and reed valve. To aid cold 
starting, a separate air passage with air valve and 
reed valve, much like that used on the '82 CX500 
Turbo, bypasses the throttle valves. The reduced 
size of this air passage, compared to intake mani- 
fold volume, allows accurate control of the engine 
idle speed during cold start conditions. 

Air Valve 
The air valve is controlled by a bimetallic spring. 
The spring opens the valve when it is cold and 
closes the valve when it is hot. Coolant is routed to 
the valve assembly, which also affects air valve 
opening. A separate air passage for cold start also 
eliminates the need for a fast idle position on the 
throttle linkage. 

For cold starting, the air valve provides additional 
air to increase idle speed. The bimetallic spring has 
an electrical coil at one end that receives current 
once the engine is running. As the coil heats the 
spring, the air valve begins to close gradually. Clos- 
ing rates will differ depending on ambient air tem- 
perature. During hot restart, coolant temperature 
ensures that the air valve will remain closed. 

I Cutaway View of Injector 

AIR VALVE (COLD) 

AIR 

V 

AIR VALVE (HOT) 



ENGINE CONTROL MODULE 
The computer that controls fuel injection is cur- 
rently referred to as an engine control module 
(ECM). Until the mid-90% it was referred to as an 
electronic control unit (ECU). Both terms identify 
the same component in various Honda publica- 
tions. The ECM is the central brain that contains the 
computerized fuel quantity maps (memories). The 
main function of the ECM is to gather information 
from the various sensors, analyze their input, 
decide which map will best accommodate the 
needed fuel quantity, and activate the fuel injectors. 
The ECM is also equipped with some fail-safe func- 
tions. In the unlikely event of a CFI component fail- 
ure, the ECM will utilize input from the other 
sensors and in most cases override the failed com- 
ponent. If a failure occurs, the ECM will display a 
signal through light emitting diodes located on the 
side of the ECM housing. The sequence of flashes 
the light emitting diodes display provides diagnos- 
tic information. 

FUEL SYSTEM 
Reed Valve 

BOOST PRESSURORPM 

Reed valves (a simplified one-way-valve) are incor- 
porated between the air valve and the intake mani- 
folds. The reed valves prevent air flow between the 
individual intake manifolds. 

0 +ENGINE RPM 0 +ENGINE RPM 

REED VALVE 

SEAT 

REEDSTOPPER 
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ECM INPUTS AND OUTPUTS 
The engine control module has three types of 
inputs: 

Basic 
Corrective 
Control 

The basic inputs provide the information the ECM 
needs to select one of the two (high or low speed) 
mixture control maps, and then select the basic fuel 
discharge duration from the chosen map. 

The correction inputs provide the information 
the ECM needs to adjust the basic fuel dis- 
charge duration. 

The control input (i.e., bank angle sensor), rather 
than providing information to the ECM, instead 
cuts off electrical power to the ECM. This stops 
the engine. 
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Basic ECM Inputs 
. I  I . . 

Engine Speed l~ng ine  speed I Spiked Wave ILocated on the rear - Sensor - 
CS500TC 

The output voltage from this sensor indi- 
cates crankshaft position, speed, and 
acceleration. 

Note: NE stands for Number of revolutions 
of the Engine. 

Position (NS) and stroke 
CX650T piston is on 

culate when to activate the fuel injectors 
and ignition coils (which require greater 
accuracy than fuel injection). 

Note: NS stands for Number of Strokes of 
the engine. 

(PB) Sensor model: inlet 
manifold 
pressure. 

With non-turbo 
model: manifold 
vacuum 

----------- 
LOW HIGH 

PRESSURE 

" 
duiation. 

Helps ECM distinguish between accelera- 
tion, deceleration, and cruise for determin 
ing fuel injection quantity. 
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Correction ECM Inputs 

(Engine Coolant Tem- temperature mistor) measures 
perature) engine coolant temper- 

ature. The output volt- 
age decreases as the 
temperature increases. 
Compare this output 

I 
voltage to the T1 sen- 
sor when the engine is 
cold. They should be 

atmospheric pressure. 
Its input allows the 

------------ pi ECM to adjust the air1 
fuel mixture for 
changes in altitude. It is  
mounted inside the ------------- ECM case and is not 
testable. 

IDLE WOT 



Control ECM Input 
Bank Angle Sensor 
The bank angle sensor controls the operation of the 
engine-stop relay and the fuel-cut relay. The sensor 
consists of a reed switch, latch-up circuit and an oil 
dampened pendulum with two magnets. 

When the ignition switch is turned on, power flows 
through the latch-up circuit turning the transistor 
on, then current flows through the coil of the en- 
gine-stop relay to ground. 

When the motorcycle and sensor are tipped more 
than 50 degrees, the magnet in the sensor pendu- 
lum closes the reed switch. This causes the latch-up 
circuit to turn off the transistor, opening the circuit 
between the engine-stop relay and ground. This 
stops power to the ECM. 

IGNITION SWITCH 
TRANSISTOR \ Y I 

- 
LATCH-UP CIRCUIT 

Motorcyde UprlgM 

TO ENGINE 
STOP RELAY 

/ LATCH-UP CIRCUIT I ' REED SWITCH 

To reset the sensor, turn the ignition key switch off 
before attempting to re-start the engine 

Motorcycle Tipped Mom Than 50 Deqess 

ECM Control Outputs 
The ECM controls fuel injection, ignition spark, and 
fuel pump operation. 

TO ENGINE s m p  RELAY 

IGNmON SWTCH 4 

Fuel injectors are supplied power from the ECM or 
through a resistor. The ECM grounds the injector to 
operate it. 

On some models the ignition coils are connected to 
a single spark unit or two spark units, depending on 
the design. Some models have a separate ignition 
system that is not connected to the ECM. 

The fuel pump relay is activated by the ECM. Its 
power is supplied by the main relay, which is con- 
trolled (on its ground side) by the fuel shut off sen- 
sor. The ignition switch and handlebar ignition 
switch power the main relay. 
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PROGRAMMED FUEL INJECTION 
SYSTEM (PGM-FI) DIAGRAM 

Programmed fuel injection provides each cylinder 
with a precise amount of fuel to mix with the incom- 
ing air. This results in maximum fuel economy and 
performance because each cylinder is given only 
the fuel it needs. 

To further provide for economy and performance, 
the system has two computer generated maps. One 
map provides fuel for low speed low load condi- 
tions, and the other map provides fuel for high 
speed high load conditions. 

The diagram below presents a graphic overview of 
the programmed fuel injection system. We'll exam- 
ine the fuel delivery system first and then the engine 
control module - after a brief look at the idle air con- 
trols that are not controlled by the ECM. Next, we'll 
check out the basic, correction, and control inputs. 
And, finally, the ECM control outputs. 

FUEL INJECTORS 
I 

0 2  SENSOR 
\ CONTROL INPUTS 

KNOCK SENSOR 

CAM POSmON SENSOR 

THROITLE POSITION SENSOR 

MAP SENSOR 

FUELPRESSURE 

IGNlTtON COILS 
BASIC INPUTS r - ECM 'ONTRoL FUEL PUMP CONTROL RE, 

OUTPUTS 

BANK ANGLE SENSOR J 

J IDLE AIR CONTROL 
N A P  PURGE 

\ CONI'WLREIAV 

ENGINE COOLANTTEMP SENSOR PGM-fl 
\ FAN CONTROL REIAV \ ECM 

INTAKE AIRTEMP SENSOR 

\ 
CORRECTION 

, INPUTS 
BAROSENSOR J- 

VEHICLE SPEED SENSOR 

GEAR WSmON SWlTCH J 
FUELLINES 

. J 
FUEL PUMP 

, FUEL DELIVERY, 
FUEL FILER 
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FUEL DELIVERY SYSTEM 
Fuel Pump 
The fuel pump is located inside the fuel tank and is 
accessible through the bottom of the tank. Locating 
the fuel pump in the tank saves space on the motor- 
cycle and keeps the pump cooler, preventing vapor 
lock. It is electrically operated and gets its power 
from the battery through a fuel cut relay. The 
Engine Control Module (ECM) controls the relay in 
order to operate the fuel pump. 

The fuel pump operates: 

for two seconds when the key is first 
turned on 

when the starter is operating 

when the engine is running 

Before fuel enters the inlet side of the pump, it must 
first go through a mesh filter that prevents grit and 
rust from entering the pump and damaging it. 

HIGH PRESSURE 
FUEL FILTER 

MESH FILTER 

FUEL RETURN HOSE I- 
Fuel Pump Control Circuit 
The ECM controls power to the fuel pump by 
switching the fuel cut relay on or off. The main 
(engine stop) relay supplies power to the fuel pump 
control (fuel cut) relay. The bank angle sensor con- 
trols the operation of the engine cut relay by com- 
pleting the ground circuit. 

ENGINE FUEL CUT FUEL PUMP 
STOP RELAY 

ENG. STOP SW 

- - 

When testing PGM-Fl fuel pumps, always discon- 
nect the ECM connector to prevent possible damage 
to the ECM. 
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The fuel pump motor consist of an armature that 
spins between two permanent magnets and turns 
an impeller. The impeller draws fuel in and through 
the pump body to the discharge port. 

A check valve in the pump discharge port main- 
tains residual pressure in the delivew system when 
the engine is turned off and the pump is not oper- 
ating. Maintaining residual fuel pressure at the 
injectors aids in quick engine starting. Fuel sealed 
in the system can't evaporate or deteriorate during 
winter storage. 

A relief valve is located on the end of the fuel pump. 
This relief valve will open if the pressure inside the 
fuel pump becomes too high due to a restricted or 
blocked fuel line. When it opens, the relief valve 
sends fuel back into the fuel tank preventing further 
pressure build up. 

I REUEFVALVE CASINO SUCTION 

I VALVE 
IMPELLER 
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Fuel Filter 
After leaving the pump, fuel flows through the fuel 
filter. The filter's paper element is fine enough to 
block particles that could cause an injector malfunc- 
tion. but not so fine that it restricts the flow of fuel. 

No replacement interval is given. Replace the fuel fil- 
ter when fuel flow is less than the service limit. 

I 

NOTE: 
A replaceable fuel filter is not used on all models. 
Check the Service Manual for the model you are 
working on. 

FUEL FILTER 

Fuel Line 
On fuel injected models, the high-pressure hose 
from the fuel pump to the injector fuel rail can be 
damaged if it is by mishandled by bending or 
stretching i t  too much. This damage is internal and 
you will not be able to see it. When servicing fuel in- 
jected models, avoid damaging the high-pressure 
fuel hose. 

L i i  the tank slowly, being careful not t o  overextend 
the fuel hose. 

Fuel Injectors 
Fuel injectors are electrically opened on-off solenoid 
valves. They are either fully closed or fully open. The 
amount of fuel injected is dependent on how long 
the injector is kept open. This amount of time is re- 
ferred to as the injector discharge duration. Each in- 
jector is opened by a signal from the ECM. Fuel is 
only injected when it is needed - during each cylin- 
der's intake stroke. This is referred to as sequential 
fuel injection. 

Inside the injector there's a spring-loaded plunger 
that closes against a valve seat. Once seated, the 
flow of fuel is blocked. When the solenoid coil 
within the injector assembly lifts the plunger, the 
pressurized fuel sprays into the cylinder. The bat- 
tery supplies the power for the solenoid coil. The 
injector solenoid coils are a switch to ground circuit. 
The ECM provides an electrical ground when i t  
determines the injector should be opened. 

The injector tip's opening is designed to provide a 
spray pattern that atomizes the fuel to help it mix 
with the incoming air. 

OLENOID COIL 

8-65 
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In 2001 a new type of injector was introduced on 
some models. This is a multi-outlet design with a 
ball shaped plunger in place of the tapered needle 
plunger. Both four and twelve outlet injectors are 
used in the new Programmed Fuel Injection (PGM- 
FI) models. These provide a finer spray of fuel for 
better atomization. 

The choice of injector type is based on performance, 
cost and availability at the time of development. 

Injector Failures 
Injectors can have two types of failures; electrical 
and mechanical. 

There are three possible electrical failures for an 
injector: 

High resistance 

An open 

Ashort 

Some models detect electrical failure while run- 
ning. Others detect it only on start up. The MIL 
switches on and the engine stops when an injector 
failure is detected. 

There are two possible mechanical failures for an 
injector: 

Leaking fuel (partial or complete) 

Blocked fuel discharge (partial or complete) 

Possible fuel leakage is indicated by: 

Dark spark plug color 

Fuel fouled spark plugs 

Blocked fuel discharge is indicated by: 

A cold exhaust pipe on that cylinder 

FOUR OUTLET INJECTOR 

i TWELVE OUTLET INJECTOR 
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Fuel Pressure Regulator 
A fuel pressure regulator is used to maintain fuel 
pressure. The regulator is mounted to the fuel rail 
and has a return line to the fuel tank. Excess fuel in 
the fuel rail flows back to the tank. Fuel entering the 
tank from the return line passes through a stainless 
steel wool pad to remove air bubbles. 

HIGH PRESSURE FUEL FILER 
HlGH PRESSURE FUEL FLOW 

CII] LOW PRESSURE FUEL FLOW 

STAINLESS STEEL 

MESH FILTER 

FUEL FEED HOSE 

PRESSUREREGULATOR 

EL RETURN HOSE 
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A spring presses the regulator valve closed and inlet 
oort vacuum oressure oulls the valve ooen. These 

To understand the fuel pressure requirements of 
fuel injection systems, start by looking at the condi- 
tions at both ends of the injector. The output end of 
the injector points into an intake port. In order to 
spray fuel into the intake port the pressure on the 
supply end of the injector must be greater than the 
intake manifold pressure. When the engine is run- 
ning, a vacuum exists in the intake ports. This is 
measured in inches or millimeters of Mercury (Hg). 
A normal motorcycle idle vacuum pressure is about 
one inch of Hg., or 4.9 psi. 

Fuel pressure is typically in the range of 32 - 50 psi. 
The GL1800, for example, uses a fuel pressure of 50 
psi. That is the pressure difference between inlet 
port vacuum pressure and fuel pressure as shown 
below. The fuel pressure is set at a fixed amount 
above the inlet port vacuum pressure. Therefore, 
changes in inlet port vacuum pressure have no 
effect on the amount of fuel that an injector delivers 
when it is opened for a specific amount of time. 

iwo forces baiance to &ve a continuousl; changing 
fuel oressure that is a soecified amount above inlet 

DIFFERENCE 

INLET 

PRESSURE 

port bressure. 

NOTE: 
Some models have a fuel pressure test port, others 
require a pressure test banjo bolt. Check the model- 
specific Service Manual for the vehicle you are 
working on. 

FUELSUPPLY 

INLET PORT 

Prsssum Regulator Closed 

I ~mssum Regulator open I 
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IDLE AIR CONTROLS 
Let's look at three different idle air control systems 
used on PGM-FI models: 

VFR800FI 

GL1800 

VTX1800 

VFR800FI ldle Air Control 
A starter enrichment valve controls airflow to each cylinder at idle speeds. The starter enrichment 
valves allow air to bypass the throttle valves at idle to keep the engine running and provide a fast idle 
for engine warm up. The VFR800FI is unique because the starter enrichment valves are adjusted to dif- 
ferent vacuum readings to compensate for differences in exhaust length between cylinders. 

AIR CLEANER CASE ,. STARTER ENRICHMENTVALVE 

WHEN THE STARTER ENRICHMENT VALVES ARE OPEN, AIR FLOWS FROM THE AIR CLEANER CASE, PAST EACH STARTER 
ENRICHMENT VALVE INTO EACH INTAKE PORT 

VFRIOO FI ldle Air Control 
Fast idle function is obtained by opening the air 
valves further, allowing more air to enter the 
engine. On '98 and '99 models, a choke lever opens 
the starter enrichment valves. 

CHOKE LEVER 
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On 2000 and later models, the starter enrichment 
valves are open a predetermined amount at cold- 
start condition for fast idle. A thermowax mecha- 
nism is used to automatically close the starter 
enrichment valves gradually, based on engine tem- 
perature. Engine coolant heats the thermowax ele- 
ment, causing it to expand and close the starter 
enrichment valves. 

Starter enrichment valve synchronization is required 
after disassembly of the throttle body, or if the idle 
becomes rough or uneven. The starter enrichment 
valve for cylinder 1 is the base and is non-adjustable. 
There is no scheduled maintenance interval for 
starter enrichment valve synchronization. 

GL1800 Idle Air Control 
The idle air control (IACI valve, operated by the 
ECM, controls the volume of air that enters the 
engine during idle to maintain an even idle speed. It 
controls idle speed fluctuations and adjusts the 
basic idle speed by supplying air to the intake mani- 
folds according to the: 

engine coolant temperature 

alternator load 

throttle valve position 

No. 3,SCREW 

No. 2 SCREW 
No. 4 SCREW 

I 
ROTARY VALVE 
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The IAC also controls fast idle by providing more air 
to the engine during warm up. 

An electromagnetic coil attracting a permanent 
magnet on the end of the IAC shaft rotates the IAC 
valve shah. As voltage in the electromagnetic coil is 
reversed, the valve rotates in opposite directions to 
increase or decrease idle airflow. 

OPPOSITE I CURRENTFLOW CURRENT FLOW 

lncmaea Alr 

GL1800 IDLE AIR CONTROL 

adjust idle airflow for changes in engine operatio1 
over time. 

existing settings will be used. 1 I'f 1-1 1 

The ECM initializes the idle speed whenever the 
engine is started and left to idle for several minutes. 
If the throttle is opened or the motorcycle is ridden 
before the initialization process is complete, the 

0 l : : : : : : : : : l  
0  30 80 80 120 150 180 210 240 270 

TIME (SECONDS) 

8-71 

12w .- 
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VTX1800 Idle Air Control 
The VTX1800 uses a single thermowax controlled 
valve to supply cold-start idle air to both cylinders. 

Once the engine is up to normal operating tempera- 
ture the air flowing into each cylinder at idle is bal- 
anced by adjusting the airscrews. 

1 THROTTLE STOP SCREW 

Throttle Body (Slow System) 

AGF + AIR PASTTHROrrLE 
VALVE FRONT 
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ENGINE CONTROL 
MODULE (ECM) 

The ECM uses a 16 or 32-bit single chip microcom- 
puter to process the data and control the operation 
of fuel injectors, ignition timing, fuel pump and air 
intake door. The ECM collects information from the 
following basic input sensors: 

Ignition pulse generator 

Cam position sensor 

Throttle position (TP) sensor 

Manifold absolute pressure (MAP) sensor 

From these inputs the ECM determines which basic 
discharge duration map to use and a basic dis- 
charge duration value in milliseconds. That is the 
length of time the injector is open to deliver fuel. 

PGM-FI Mixture Control Maps 

For high loadllarger throttle openings, a speed- 
throttle map is used. The inputs here are throttle 
position and RPM. 

Two types of fuel control maps are used to deter- 
mine the basic discharge duration. Some engines 
will have separate versions of both types of map 
tailored to the needs of each cylinder or bank of 
cylinders. 

For low load/small throttle opening operation, a 
speed-density map is used. This map determines 
basic injection volume based on inputs of intake 
manifold pressure and RPM. 

[&EL SPEED-THROT~LE MAP 
VOLUME 

FUEL SPEED-DENSITY MAP 

4 

ABSOLUTE LOW - 'IGn 
PRESSURE RPM 

MROTTLE LOW - HIGH 

POSmON RPM 
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How the Mixture Control Maps 
Are Used 
The ECM looks at engine RPM, throttle position, and 
manifold pressure. Based on throttle position, one 
of the maps is selected, then the variables of engine 
speed and manifold pressure or engine speed and 
throttle position are used to select a specific point 
on the map. The intersection of these two values 
gives a vertical line for the basic discharge duration 
shown here. 

The basic discharge duration value is modified 
based on input from the correction sensors: 

Engine coolant temperature sensor (ECT) 

Intake air temperature sensor (IAT) 

Barometric pressure sensor (BARO) 

Each of these corrections can increase or decrease 
the amount of fuel injected.The mixture map selec- 
tion can be based on input from the following: 

Vehicle speed sensor 

Gear position switch 

Under certain conditions, engine operation is adjust- 
ed based on these control inputs: 

Oxygen ( 0 2 )  sensor 

Knock sensor 

Bank angle sensor (stops, but does not adjust 
engine operation) 

MANIFOLD PRESSURE MAP 1 

BASIC DISCHARGE DURATION I 

ECM Self-Diagnosis Function 
Various components of the PGM-FI are monitored by 
the self-diagnosis function of the ECM. 

If the ECM diagnoses a fault, the Malfunction Indica- 
tor Lamp (MIL) lights and remains on to notify the 
rider of a problem. 

When the MIL lights, the failsafe program in the ECM 
will affect engine operation in one of two ways: 

Engine stops, won't restart 

Engine continues to run with reduced 
performance 

Refer to the symptoms column of the MIL Failure 
Codes table on the next page. 

Malfunction lndicator Lamp (MIL) 
MALFUNCTION INDICATOR 

For PGM-FI troubleshooting, diagnosis of failures is 
orovided throuoh a Malfunction Indicator Lamo 
~MILI. While operating the engine at less than 5.00'0 
rom with the side stand down. the MIL will blink out 
afault code. There are long blinks (1.3 seconds) and 
short blinks (0.5 seconds). A long blink represents 
the number 10. Short blinks indicate 1 through 9. 
Therefore, one long blink and three short blinks indi- 
cate 13. This fault code can then be looked up in the 
model-specific Service Manual and by following the 
provided instructions, quickly diagnosed. 

The self-diagnosis feature can only detect failures 
electrically, therefore i t  will not detect all of the 
problems you may encounter. 
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ECM Self-Diagnosis Function (most PGM-FI models) 

MIL I Code Part Condition Fall-Safe Action Symptom I 

1 MAP Sensor I Output voltage is out of Use Throttle Map I Poor idling and low 
specified range continuously 
for specific duration. 

I throttle operation. I 
I I 

2 I MAP Sensor I MAP voltage does not change 1 Use Throttle Map I Poor idlina and low 

I 1 I I I Note) I 

a 7 

/ for specific dhation. 

Vacuum Tube 

ECT 

8 

9 
- 

11 

12-17 

18 

19 

before and-after engine stalied. 

Output voltage is out of 
specified range continuously 
for specific duration. 

Throttle 

IAT 

10 

Vehicle Speed 

Injector 

Cam Position 
Sensor 

Cam Position 
Sensor 

20 

21 
sensor. 

Stop feedback control 

23 

1 

Use fixed temperature 
value 

Output voltage is out of 
specified range continuously 
for specific duration. 

Output voltage is out of 
specified range continuouslv 

BAR0 

Gear is not in Neutral, engine 
rpm is high, but vehicle speed 
signal pulse does not input. 

Voltage not applied to ECM 
terminal. 

No signal from cam though 
there is crank pulse input. 

No signal from crank though 
there is cam pulse input. 

Malfunction history 
cannot be read. 

No noticeable problem. 

ECM-E~PROM 

Oxygen Sensor 

25 

I I I I 

signals at a time, or 
mismatched to gear position 
calculated with vehicle speed 

throttle operation. 

Hard to statt when cold. 
Cooling fan runs if 
controlled by ECM. (See 

Failure in readinglwriting 
E 2 p R O ~  in ECM. 

No voltage from oxygen 

Oxygen Sensor 
Heater 

29 

a 
and engine speed. 

Lon:  

Opening zero 

Use fixed temperature 
value 20 dearees C. 

Output voltage is out of range 
continuouslv for specific time. 

No compensation for 
each gear position 

Fuel injection and 
ignition shut down 

Fuel injection and 
ignition shut down 

Fuel injection and 
ignition shut down 

Knock Sensor 

On some models with fans that blow forward, the fans stop when vehicle speed exceeds a specific speed (example: 
20 kmlh). 

Poor response when 
accelerating. 

Poor hot engine starting. 

~ ~ ~~ ~ -~ 

Some poor driveability. 

Engine stop. 

Engine stop. 

Engine stop. 

Voltage is not applied to ECM 
terminal. 

Idle Air Control 
Valve 

Use sea level 

No signal input though engine 
rpm is higher than a specified 
speed. 

33 

41 

Poor performance at high 
altitude. 

Stop feedback control 

Voltage is not applied to ECM 
terminal. 

Failure in readinglwriting 
EZPROM in ECM. 

More than 2 gear position 

ECM-E~PROM 

Gear Position 

No noticeable problem. 

Ignition timing retard Poor engine 
performance. 

Stop control 

Stop compensation 

Unstable idling. 

Malfunction history 
cannot be read. 

Some poor driveability. 



FUEL SYSTEM 

Fail Safe Operation 
If the ECM self diagnosis detects a failure with a PGM-FI compo- 
nent it will either stop the engine or use a stored value for the 
input that is not available. The components in the PGM-FI system 
can be grouped in two categories, essential and nonessential. 

Essential components must all function for engine operation: 

Ignition Pulse Generator 

Cam Position Sensor 

Injectors 

If any of these components fail, the engine will stop, or it will not 
restart after the key is turned off. Fuel injection, ignition and fuel pump 
operation will be prevented. 

Non-essential components with back-up for fail-safe operation are: 

Throttle Position Sensor 

Oxygen Sensor Heater 

Manifold Absolute Pressure Sensol 

Knock Sensor 

Engine Coolant Temperature 

Idle Air Control Valve 

Intake Air Temperature 

Gear Position 

BAR0 Sensor 

PAIR Solenoid Valve 

Vehicle Speed Sensor 

EVAP Purge Solenoid Valve 

Oxygen Sensor 

Each of these components has a back-up or fail-safe fixed value that 
allows the vehicle to be ridden to a dealers hi^ for service. 
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Throttle Body 
Most models with PGM-FI have one throttle valve 
for each cylinder. An exception to this is the GL1800 
that uses a single throttle valve for each bank of 
three cylinders. In all cases the throttle position sen- 
sor is nonadjustable and the throttle body must be 
replaced if the throttle position sensor fails. 

Do not attempt to remove or re-adjust bolts and 
nuts that are painted white. I t  is nearly impossible to 
reset the throttle sensor to the proper position 

WHITE 

The yellow painted bolts and screws can be 
removed, but must be tightened to the specified 
torque. 

4 N*n (OA W m ,  2.9 IM) 



FUEL SYSTEM 1 
Each throttle valve and the surrounding area of the 
throttle bore are coated with a molybdenum-sealant Lr 
to assure sealing between the throttle valve and the 

w 

throttle body. ?A 
I 

Do not attempt to remove this sealant. Removal will 
cause air leakage, resulting in  rough idle. 

Clearing a Flooded Engine 
If the rider floods the engine, the PGM-FI system has 
a feature that will assist in restarting the engine. If 
the throttle is held wide open when starting the 
engine, no fuel will be injected. 

ECM INPUTS & OUTPUTS 
The engine control module has three types of 
inputs: 

Basic 

Correction 

Control 

The basic inputs provide the information the ECM 
needs to select one of the two (high or low speed) 
mixture control maps, and then select the basic fuel 
discharge duration from the chosen map. 

The correction inputs provide the information the 
ECM needs to adjust the basic fuel discharge 
duration. 

Two control inputs provide the information the ECM 
needs to adjust engine operation. A third control 
input ( the bank angle sensor), rather than providing 
information to the ECM, instead cuts off electrical 
power to the ECM. This stops the engine. 



- - - - . - - - - - - 

Basic ECM Inputs 

I Sensor Measures Signal Component 

Ignition Pulse 
Generator 

- 
Engine Speed Spiked Wave (AC) 

I I 

Sensor 

IDLE WOT 

The PGM-FI system 

I 
cannot operate without 
this input. Measure 
this voltage signal with 
a peak voltage tester. 

Sensor voltage varies 
with throttle opening. 
Idle: about 0.5 volts. 
Full open: about 4.5 
volts. Sensor is not 
adjustable. Throttle 

[ I body must be replaced I I if it fails. 
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- 

Correction ECM Inputs 

Engine 
Coolant 
Temperature 
(ECT) Sensor 

Meds~ l res  Component Comment  

engine coolant 
temperature. The output 
voltage decreases as the 
temperature increases. At 
70 degrees F the output 
voltage is 2.8 to 3.0 volts. 
Compare this output 
voltaqe to the IAT sensor 
whenthe engine is cold, 
They should be similar. 

I __". . -I...-.. position issupplied to 
in order for i t  to Switch select the correct ignition 

map for the gear selected. 
The GL1800 has separate 
ignition maps for neutral. 
1st. 2nd. 3rd and above. 
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Control ECM Inputs 

uxygen 1 u 2 1  uxygen In Analog IULI 

Sensor exhaust 

senses very litt e oxygen, 
when the mixture is rich. 
Close to zero when the a mixture is too lean and 
there is excessive oxygen. 
About a half volt when the 
mixture is just right. 

detonation and f 

a : input the ECM re 

Bank Angle 
Sensor 

Vehicle 
position 

I I The bank anale sensor I " ~ ~- 

controls the operation of 
SNITION-WITCH I . the enalne-stoo relav and I TRANSISTOR 1 I the fu i -cut  reiay.  he I 

sensor consists of a reed 
ENGINE switch, latch-up circuit and 

an oil dampened 
pendulum with two 
masnets. When the 

MOTORCYCLE UPRIGHT 

m ENGINE STOP REUV L 

1 YOTORCYCLE TlWED 
MORE MAN 50 DEGREES 

current flows through the 
coil of the engine-stop 
relay to ground. 

When the motorcycle and 
sensor are tipped more 
than 50 degrees, the 
magnet in the sensor 
pendulum closes the reed 
switch. This causes the 
latch-up circuit to turn off 
the transistor, opening the 
circuit between the 
engine-stop relay and 
ground. This stops power 
to the ECM. To reset the 
sensor, turn the ignition 
key switch off before 
attempting to restart the 
engine. 
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ECM Outputs 
The ECM controls fuel injection, ignition spark, and the operation of 
idle air control valve, fuel pump, purge control, and cooling fan. 

Fuel Injectors 
Fuel injectors are supplied power from the main relay. The ECM 
grounds the injector to operate it. 

See fuel delivery system, fuel injectors, page 8-56. 

Ignition Coils 
The ignition coils are connected to the ECM. Each ignition coil has a 
built-in igniter that boosts the ignition signal (5V) from the engine con- 
trol module (ECM) to generate the primary side voltage. 

The fuel pump relay is activated by the ECM. Its power is supplied by 
the main relay, which is controlled (on its ground side) by the fuel shut 
off sensor. The ignition switch and handlebar ignition switch power 
the main relay. 

Idle Air Control Valve (GL1800) 
See idle air controls, GL1800, page 8-72for an explanation of operation. 

IGNmON 
PULSE GENERATOR 

Fuel Cut (Fuel Pump Control) Relay 
The fuel cut relay is powered from the engine control relay and con- 
trolled by the ECM. The ECM switches on the relay to operate the 
fuel pump. 

I 
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EVAP Purge Contol Solenoid (CA 
models only) 
The EVAP purge 
the purge control 
the intake system. 

control 
system 

Fan Control Relay 

relay opens 
to vent fuel 

and closes 
vapors into 

The fan control relay controls power to the cooling 
fan and 1s switched on and off by the ECM. This 
replaces the thermoswitch used to control fan oper- 
ation on other models 
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QUICK REFERENCE: NORMAL PGM-FI VOLTAGE 

~rnponent Normal Voltage I 

E & r  lntn FCM I Battew voltaae 1 Battew voltaoe 1 . - . . - . . . . . - - - . . . -. . , -  - " -  I - 

Cam Position Sensor 
I I Min. 0.7 peak voltage when cranking 

Ing. Switch ON, Engine iglne Runn 
Stopped 

Thrnttla Sansnr Outnut L / 0.50 V throttle closed 1 0. 
- 

IAT Sensor Ir 

. --- 

ake Duct Control Solenoid Valve 

EVAP P ~ r g e  Cotirrol Solcno a Va ve (CA only) Battery voltage I Lower voltage 

3 
1 0 2  Sensor Heater I Battew voltage 1 Lower voltage I 

PVehlcle Speed Sensor I Pulsing 0 to 5 V as wheel is slowly rotated I 



ADDITIONAL PGM-FI INFORMATION 
Absolute Pressure 
In school science class you probably learned that the atmosphere 
exerts a pressure of 14.7 pounds per square inch (psi) at sea level. You 
probably learned that any pressure below -14.7 psi is a vacuum, but 
what if the vacuum was 14.7 psi? That would be a perfect vacuum, 
what scientists describe as absolute zero pressure. Now, we're not 
interested in measuring that much vacuum, but the engineers at 

a Honda R & D felt that measuring pressure on a scale without positive 
and negative values would be a better method. It allows the sensors to 
measure intake port vacuum, atmospheric and even, boost pressure 
above atmospheric with only positive values. 

Knock Sensor Operation 

GAUGE ABSOLUTE 
PRESSURE PRESSURE 

SCALE SCALE 
(p=l ( P W I  

PRESSURE 
LESS THAN 

READ AS ATMOSPHERIC 
VACUUM; READ AS 

REDUCED 
5.0 

MEASURED 
IN Hg. PRESSURE 

0 

Detonation above the designated limit can damage the engine. There- 
fore it's important to minimize any detonation before damage can 
occur. 

IGNmONTlMlNG DEG 

/ , . . . . . . . . . . . . 
MAX RETARDED 
IGNmON TIMING 

KNOCK 
CONTROL 

NE rpm 

Retarding the ignition timing when excessive detonation is detected 
prevents possible engine damage. 

DEG (BTDC) tGNmON llMlNG 
W. ADVANCE ,......... ~ ~ . ~ . ~ ~ ~ . ~ . ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~  ~ ~ ~ - ~ ~ . ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ . . ~ ~ ~ . ~ . . . ~ ~ . ~  ........... 
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SERVICE INFORMATION 
GENERAL 

Refer to Engine Testing, section 3, for cylinder compression and leak-down testing. 
Remove accumulated carbon from the cylinder head of two-stroke engines as described in the Model Specific manual. 
Camshaft lubricating oil is fed through oil passages in the cylinder head. Clean the oil passages before assembling the 
cylinder head. 
Clean all disassembled parts with cleaning solvent and dry them by blowing them off with compressed air 
before inspection. 
Before reassembly, lubricate the sliding surfaces of the parts (see each Model Specific manual for lubrication). 
When disassembling, mark and store the disassembled parts to ensure that they are reinstalled in their proper 
locations. 
Loosen the cylinder head bolts in a crisscross pattern in two or three steps from outside to center and from small diam- 
eter to large diameter. 
When tightening cylinder head bolts: 
-tighten the bolts and nuts to the specified torque in the sequence described in Model Specific manual, or if the 

sequence is not described, tighten according to the following general rule. 
- hand-tighten the bolts and nuts, then torque the large bolts and nuts before the small ones in a crisscross pattern 

from inner-to-outer in two or three gradual steps. 
If it is not clear which bolt belongs in which hole, insert all bolts in the holes and check the exposed lengths; each 
should be ex~0Sed the same amount. 

and Attachment 

TOOLS 

Valve spring compressor Valve guide reamer Valve guide remover 
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TROUBLESHOOTING 
Engine top-end problems usually affect engine performance. These can be diagnosed by a compression or leak-down test, 
or by tracing noises to the top-end with a sounding rod or stethoscope. 

Low compression 
Valves 
- lncorrect valve adjustment (see section 2) 
- Burned or bent valves 
- Incorrect valve timing 
- Broken valve spring 
- Uneven valve seating 
Cylinder head 
- Leaking or damaged head gasket 
- Warped or cracked cylinder head 
cylinder, piston (see section 10) 
Leaking crankcase primary compression @stroke engine) 
- Blown crankcase gasket 
- Damaged crankshaft oil seal 

Excessive white smoke (4-stroke engine) 
Worn valve stem or valve guide 
Damaged stem seal 

Rough idle 
Low cylinder compression 
lncorrect decompression adjustment 

Compression too high 
Excessive carbon build-up on piston or combustion chamber 

Excessive noise 
lncorrect valve adjustment 
Sticking valve or broken valve spring 
Damaged or worn camshaft 
Loose or worn cam chain 
Worn or damaged cam chain tensioner 
Worn cam sprocket teeth 
Worn rocker arm andlor shaft 

Kick starting difficult 
lncorrect decompressor adjustment 
Seized engine 
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SYSTEM DESCRIPTION 
CYLINDER HEAD 
As cylinder heads are subject to high combustion heat and pressure, they are made of a one-piece aluminum casting with 
considerable strength and cooling capability. Air-cooled engines are provided with air cooling fins, and liquid-cooled 
engines with a water jacket to cool the engine. 

The cylinder head encloses a combustion chamber. A hemisphere shape is most common, providing the minimum neces- 
sary space for improved combustion efficiency. Where four valves per cylinder are used in a 4-stroke engine, the combus- 
tion chamber is shaped like a shed roof, according to the valve arrangement. 

Some models, of both 2- and 4-stroke enaines. are ~rovided with souish areas on the outer circumference of the combus- 
tion chamber. This has the effect of improving combustion efficiency at the final stage of the compression process by extra 
compression of the airlfuel mixture in the sauish areas between the   is ton and cvlinder head. forcino the airffuel mixture 
to the center of the combustion chamber. ~ h k r e  is also the added advantage of decreased carbon adh-esion. 

The construction of the 2-stroke engine cylinder head is simple. Four-stroke engines, however, have a complicated con- 
figuration containing more parts, due to the necessity of valve actuating mechanisms. Furthermore, since the intake1 
exhaust port configuration of a 4-stroke engine has a direct relation to engine performance, it is preferable to design 
these models with a very direct inlet for an improved airlfuel mixture by straightning the intake path from the carburetor 
to the combustion chamber. 

2-Stroke Engines 

COOLING FIN CYLINDER HEAD 

\ / 

SQUISH AREAS 

&Stroke Engines 
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2-STROKE ENGINES 
RC VALVE 
To maximize 2-stroke engine output, engineers determine the ideal cylinder port timing and then increase the crankcase 
chamber's intake pumping efficiency by using the exhaust gas pulses as they pass through the exhaust chamber. 

Significant increases in 2-stroke engine output are possible by varying the exhaust timing according to the engine's 
speed. Honda has added an electronically controlled RC valve to address this need. The ECM controls RC valve opera- 
tion. The RC valve's servomotor controls RC valve operation. The RC valve's servo motor is attached to the exhaust port 
flap valves, which based on rpm, varies the exhaust timing. When engine speed is below 3,000 rpm the RC valve par- 
tially restricts the exhaust port. As the engine speed varies between 3,000 and 8,000 rpm, the RC valve will change 
exhaust port timing in relation to the rpm. Above 8,000 rpm, the RC valve fully opens the exhaust port, providing maxi- 
mum output. 

SERVO MOTOR 
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When the engine is running below 3,000 rpm, the servo motor operates the RC valve control cables and the flap valve 
shaft, closing the flap valves. As a result the exhaust port timing is retarded and the port volume is reduced. 

SERVO MOTOR 

RC VALVE CONTROL 
CABLES 

RC VALVE PULLEY FLAP VALVES 

When the engine is running above 8,000 rpm, the servo motor operates the RC valve control cables and the flap valve 
shaft, opening the flap valves fully. As a result the exhaust port timing is advanced and the port volume is increased. 

1 SERVOMOTOR 
\ 
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COMPOSIT RACING VALVE (CRV) 
The composite racing valve (CRV) is a carefully tuned mechanical system that ensures a dynamic power delivery throughout 
the powerband. This is accomplished by opening and closing a set of valves at the exhaust port, which alters the exhaust 
timing and the volume of the exhaust chamber. 

The valves are mechanically linked to the primary drive gear and are activated when the engine speed reaches a certain 
rpm. The flap valve locatedat the cylinderexhaust port controls the exhaust timing, while the sub-exhaust valve working 
in concert with the flap valve opens and closes the entrance to the sub-exhaust chamber thereby altering the total volume 
of the exhaust chamber and controlling the exhaust pulses. 

The exhaust timing is additionally controlled by one of the sub-exhaust valves which directs and shuts out the exhaust 
pulses through the sub-exhaust port. 

FLAPVALVE 

RIGHT SUB VALVE 

GOVERNOR / U 



As the engine speed increases and exceeds a certain rpm, the centrifu- 
gal weights are moved out to their furthest extreme. 

The rack moves out, then turns the pinion shaft, exhaust valve linkage 
and exhaust valve against the pinion spring. 

CYLINDER HEADNALVE 

The sub-exhaust valve closes the sub-chamber, and the sub-exhaust 
ports and the flap valve are fully open. 

At middle or low speeds, the sub-assembly valve opens the exhaust 
sub-chamber, and the flap valve is placed in the fully closed position 
by pinion spring force. The centrifugal weights (steel balls) remain 
close to the water pump shaft, so there is no force applied to the link- 
age between the governor and the rack. 

SUB-EXHAUST VALVES 

C 

GOVERNOR 

SUB-EXHAUST VALVES 

GOVERNOR 
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4-STROKE ENGINES 
VALVETRAIN 
~ondamotorcycle engines come in two, three, or four valves per cylinder. Increasing the size or number of valves per cyl- 
~nder, Increases the airlfuel volume and leads to higher output from the engine. 

The current valve train designs used on Cstroke engines are divided into three types: a conventional chain drive, a belt 
drive (with considerable noise reduction), and a gear drive for high performance engines. 

A chain drive is the most commonly used mechanism for current valve train design. Its simple construction allows for 
lower manufacturing costs. Some maintenance is required, however, because eventually chain elongation increases chain 
noise. Chain maintenance is not required with types using an "automatic cam chain tensioner." The automatic cam chain 
tensioner provides spring support by pressing the chain in the direction of tension and locking against any counter- 
pressure. This provides the automatic elimination of chain slack. 

CHAIN DRIVE 

STOPPER WEDGE 

TENSIONER WEDGE 
; WEDGE 

There are also models using gears to drive the valves. This offers minimal friction loss and maintains accurate valve timing 
even at high engine speeds. Accordingly, this type is used for sport machines. The camshaft drive gear mechanism 
between the crankshaft and the camshaft is of a cassette type, allowing easier mountinglremoval of the camshaft and gear 
case in comparison to chain drive. 

Belt drive and gear drive types require no maintenance and provide reliable strength and durability. 

BELT DRIVE GEAR DRIVE 
CAMSHAFT DRIVE BELT 

REAR CYLINDER 
REAR CYLINDER EXHAUST CAMSHAFT 
INTAKE CAMSHAFT I 

FRONT CYLINDER 
INTAKE CAMSHAFT 

IDLER GEARS 

,,I,-,, 8 

CRANKSHAFT 
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OHV VALVE TRAIN 
Use of an OHV (overhead valve) drive train contributes to a compact cylinder head, and allows the optimum placement of 
intake and exhaust system parts. For an An/ engine, the compactness of pushrod valve actuation can be more valuable 
than the high-rpm ability offered by overhead-cam designs.  pushro rod vaive operating system places only a rocker arm 
above each valve, thus reducing engine height. The room that would have been taken UP bv overhead cams and their drive 
sprockets can now be put to other uses, such as increasing ground clearance while maintaining a low center of gravity. 

The camshaft is located in the crankcase on the right side of the crankshaft and is driven by a short cam chain. As the cam- 
shaft turns, the push rods are moved up and down by means of the cam followers on the camshaft. The force of the push 
rods is then transmitted to the valves through the rocker arms which pivot on the rocker shaft in the cylinder head. 

The TRX400FW overhead valve train is illustrated below. Later models were made more compact by rearranging the posi- 
tion of the cam which shortened the push rods. 

ROCKER ARM 

CAM FOLLOWER 

- F i r  w\ CRANKSHAFT 

VALVE 

VALVE 
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VALVE LIFTER MECHANISMIARRANGEMENT 
The current camshaft arrangement in Cstroke engines can be divided into Single Over Head Camshaft (SOHC) and Double 
Over Head Camshaft (DOHC) configurations. 
The SOHC follows the basic design of Cstroke engines, operating intake and exaust valves through rocker arms with one 
camshaft. Compared to the DOHC, the SOHC type is less expensive to manufacture and is easier to maintain due to the 
reduced number of parts. However, "valve float" (where the valve cannot accurately follow the cam when the engine 
rotates at high speed) can occur, causing the valve to contact the piston, and causing severe engine damage. To decrease 
valve mass and reduce the possibility of engine damage during high engine speeds, 4-stroke engines requiring high power 
generally use the DOHC design in which the valves are operated directly with two separate camshafts for intake and 
exhaust valves. 

The DOHC configuration can be of two designs: a type pressing the valve bucket directly, or a type lifting the valve through 
the use of a rocker arm. For the former. a shim is ~rovided in the bucket for valve clearance adiustment. The valve clear- 
ance is adjusted by replacing the shim. A valve adkstment shim may be placed in one of the twb positions, depending on 
the enaine desian. One desian   laces the shim between the bucket and the cam lobe. Another desian  laces it between the - - - .  
underside of the bucket and valve stem, allowing less valve actuating mechanism weight. 

Some DOHC types are also equipped with rocker arms, allowing easier adjustment of valve clearance, but requiring more 
frequent service. 

The DOHC has a further advantage when combined with the Cvalves per cylinder engine type. A larger valve area can be 
provided in the Cvalve type in comparison to that of the 2-valve type, enabling a greater intake volume of airlfuel mixture 
and a smoother exhaust. Valve weight is also less, consequently reducing the likelihood of valvefloat associated with high 
engine speeds. Furthermore, with a Cvalve type the spark plug can be placed at the center of the combustion chamber, 
allowing an improved flame propagation during combustion. 

Example of SOHC-4 Valve System 

ROCKER ARM 

TAKE VALVES 

EXHAUST VA 

Example of DOHC with Bucket Type Lifter 

VALVE SPRING / 
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UNICAM SYSTEM 
The Honda Unicam has a single overhead camshaft (SOHC) and one-piece camshaft holder. The camshaft acts directly on 
the intake valves while the exhaust valves are activated by a U-shaped roller rocker arm. 

This Unicam design is lighter and more compact than a dual overhead camshaft (DOHC) cylinder head design. The Unicam 
cylinder head incorporates a narrow 22 degree valve angle. 

The exhaust roller rocker arm is U-shaped to fit around the centrally located spark plug. 

DECOMPRESSOR ARM 

LIFTER ARM U-SHAPED ROLLER 
ROCKER ARM 

DECOMPRESSOR WEIGHT 

TITANIUM VALVES 
(EXAMPLE: CRF450 

AUTO-DECOMPRESSION SYSTEM 
During Start-Up or When Engine is Off 

The lifter arm is raised slightly by the rounded side of the decompressor lever's pin. The raised lifter causes the decom- 
pressor arm to push against the rocker arm, opening the exhaust valve slightly. 

After Start-Up 

Centrifugal force of the spinning camshaft causes the decompressor lever to swing out. As the lever swings out, its pin 
rotates so the flat side is facing up. This allows the decompressor cam to  be flush with the camshaft surface, releasing 
pressure on the rocker arm and closing the exhaust VALVE. 

START: 
DECOMPRESSOR ARM 

ROCKER ARM 

DECOMPRESSOR 
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VTEC SYSTEM 

a OUTLINE 

The Honda VTEC system, such as VFR800A-02, combines the power characteristics of both two-valve and four-valve cylin- 
der head designs. The engine runs on two valves per cylinder below 6,800 rpm and then switches to four-valves per cylin- 
der, delivering significantly stronger low-end and mid-range torque, while maintaining high-rpm power delivery. 

The VTEC engine uses hydraulically actuated lifter sleeves inside the inverted buckets of the valve train's direct-actuated 
lifters. Above 6,800 rpm, an oil spool valve, actuated by an electric solenoid, sends oil pressure to the lifter actuators and 
positions their spring-loaded engagement pins above the valve stems to initiate actuation of the remaining two valves of a each cylinder. Precise, shim-under-bucket valve actuation for the two continuously operating valves contributes to quiet 
low-speed engine operation and allows 16,000-mile valve maintenance intervals. The diagonally opposed VTEC-actuated 
valves utilize shim-less buckets, reducing valve train weight and service complexity. 

This VTEC system allows for improved engine performance and fuel economy, as well as reducing engine noise and harm- 
ful exhaust emissions. 

a 2 VALVE OPERATION (SPOOL VALVE OFF): 4 VALVE OPERATION (SPOOL VALVE ON): 
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SPOOL VALVE OPERATION 

The spool valve (solenoid valve) is placed in the engine V-bank and it charges the oil passage from the oil pump to the 
VTEC valve lifters. 

When the spool valve is off, oil pressure from the main gallery is returned in the crankcase and the oil pressure has no 
effect to the valve lifters. When the spool valve is on, oil pressure reaches the valve lifter through the oil passage. 
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The spool valve solenoid is operated by the ECM. The ECM detects the side stand switch, coolant temperature and ignition 
pulse generator signals, then sends the signals to the solenoid valve. 

Operating condition from 2 valve to 4 valve 

-Engine coolant temperature is over 65 'C1149 O F .  

-Engine revolution 6,800 rpm. 

CYLINDER HEAD 

ECT SENSOR 

GENERATOR 
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SLIDE PIN OPERATION I 

In the valves that are part of the VTEC system, the slide pin holder is installed in the valve lifter, between the valve lifter 
and valve stem tip. The slide pin holder is positioned where the typical valve shim is usually located. 

The slide pin holder consists of the slide pin, return spring, and stopper pin. When the spool valve (located in the engine V- 
bank) turns off, the camshafts affect only the valve lifters, slide pin holders and outer valve springs, making the VTEC 
intake and exhaust valves non-operational. 

When the s ~ o o l  valve turns on. the slide   in within the slide   in holder is ~ushed  toward the valve stem bv oil oressure, , . 
The camshaft motion is then transferred tb the valves and the'VT~c valves bperate. 

SLIDE PIN HOLDER 

SLIDE PIN HOLDER 

VALVE 

SPOOL VALVE RR 

SLIDE PIN HOLDFR 

SPOOL VALVE 
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GENERAL 
Hydraulic tappets do not require adjustment and help the engine to run quieter by keeping valve clearance adjusted at all 
engine temperatures. 

OPERATION 
When the camshaft lobe does not push the rocker arm, the tappet plunger is at rest. In this position its oil inlet hole 
aligns with the tappet body oil inlet hole. Oil enters the tappet reservoir through this hole. 

1 OIL CHAMBER I 

OIL IN. 

HIGH 
PRESSURE 
CHAMBER 

PLUNGER 
SPRING 

R O C K E R ~ R M  FOLLOWER 
CONTACTING FACE 

RETAINER CAP 

BODY 

RESERVOIR 

EAK-DOWN PLUNGER 
CHECK VALVE (BALL) 

CHECK BALL CAGE 

As the camshaft turns and pushes on the rocker arm, the rocker arm pushes the tappet plunger down and oil pressure in 
the tappet high pressure chamber increases causing the check valve to close. 
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During the short time it takes the check valve to close, a small amount of oil leaks out of the chamber causing the tap- 
pet to compress. 

As the cam lobe continues to push on the rocker arm, oil pressure in the high pressure chamber increases rapidly (because 
the check valve is closed). 

The high oil Dressure kee~s  the tatmet from com~ressina anv further which then allows the rocker arm to oivot and ooen ~.~ ~~~ ~ - ,-- 
the engine valve. As the cam lobe nkars maximum lift, o i  pressure in the high pressure chamber becomes high enough to 
cause a ven/ small amount of oil to leak out of the high pressure chamber between the plunger and body. 

This allows the plunger to absorb the shock from the effects of the cam lobe reaching maximum lift. 

After the cam lobe passes maximum lift, the engine valve springs force the engine valve to close. 

When the valve closes completely, the plunger is pushed up by the spring in the high pressure chamber. Oil pressure 
decreases and as a result the check valve opens and allows oil to re-enter the high pressure chamber from the reservoir. 

All of the above actions keep valve clearance at zero under all normal 
operating conditions. 

CHECK VALVE 

I/] 
HIGH PRESSURE CHAMBER 

RESERVOIR 

PLUNGER 

CHECK VALVE (BALL) 
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DECOMPRESSOR SYSTEM 
DESCRIPTION 
The decompressor eases the required kick-starting force and also reduces starting kickback. This system is used on all 1988 
Cstroke singles of 250 cc and larger engines. It is more compact and lighter than previous systems and is maintenance 
free. On the XRGOOR, it reduces the required kick-starting force to that of a 250 cc engine. 

CONSTRUCTION 
The system uses two separate decompressor cams: one is for reducing the necessary kickover force (decompressor cam) 
and the other reduces startina kickback ireverse decom~ressor cam). Both of these decomoressor cams s l i ~  onto the drive 
end of the camshaft. The de~ompresso; cam is loosel; keyed onto'the camshaft which ailows it to shift bositions as the 
engine speed increases (after startup). The reverse decompressor cam rotates on a machined surface on the camshaft, but 
it can only rotate in one direction because of a one-way roller bearing. 

RIGHT EXHAUST REVERSE DECOMPRESSOR CAM 
ROCKER ARM \ / 

CAM SPROCKET 
HOLDER 

PINS 

CAMSHAFT 

RIGHT EXHAUST 
ONE-WAY CLUTCH 

CAM LOBE 
DECOMPRESSOR CAM 

FUNCTION 
DECOMPRESSOR CAM 
At TDC (on compression) the right exhaust rocker arm is contacting the normal cam lobe's heel (concentric circle) so that 
valve is closed, as would be normal. But the decompressor cam opens the exhaust valve a slight amount to reduce kick 
starting force. After the engine starts, centrifugal force moves the position of the decompressor cam and it becomes flush 
with the normal cam lobe's heel. 

RIGHT EXHAUST ROCKER ARM 
\ 

Moment to start valve lift 
(Below 800 rpm) 

After engine is started 
(Above 800 rpm) 
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REVERSE DECOMPRESSOR CAM 

The reverse decompressor cam is stationary during normal engine operation. It doesn't turn when the engine is being 
started or when it is running. Its one-way roller bearing allows it  to free-wheel whenever the engine is turning in the nor- 
mal direction. 
But if the engine kicks back during startup, the reverse direction locks up the one-way roller bearing which moves the lobe 
of the reverse decom~ressor cam into uosition (it oDens the exhaust valve). The reverse decom~ressor cam automaticallv 
returns to its normal position when the engine stops turning from the kickback. 

RIGHT EXHAUST ROCKER ARM RIGHT EXHAUST ROCKER ARM 
(Opens the exhaust valve) 

Normal engine operation Engine kicks back during startup 
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Check camshaft runout with a dial indicator. 
Support both ends of the camshaft with V-blocks. 7 
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CAMSHAFT 
CAMSHAFT INSPECTION 

Actual runout is 112 the total indicator reading 

lnspect the cam lobes and replace cams that are 
worn, scored or scratched. 

lnspect the rocker arm if the cam lobe is worn 
or damaged. 

lnspect the journal surfaces. Replace the camshaft 
if any of the working surfaces are worn, scored 
or scratched. 

lnspect the oil passages and camshaft holders for 
wear or damage if the journal surface is worn 
or damaged. 

Measure the journal O.D. and cam height. Replace 
any camshaft if its measurements are beyond the 
service limits. 

CAMSHAFT BEARING INSPECTION 
Check that the bearing inner race fits the camshaft 
tightly without play. 

JOURNAL 

I 

CAM LOBES 

Turn the outer race and check that the bearing turns 
smoothly and quietly. 
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CAMSHAFT OIL CLEARANCE 
INSPECTION 
The oil clearance is the difference between the cam- 
shaft holder I.D. and the journal O.D. 

Measure the camshaft holder journal I.D. with a 
dial indicator. Subtract the camshaft journal O.D. 
from the camshaft holder journal I.D. to  obtain 
the oil clearance. 

When the service limits are exceeded, replace the 
camshaft and recheck the oil clearance. 

Replace the cylinder head and camshaft holders if 
the clearance still exceeds service limits. 

If a dial indicator cannot be used, measure the oil 
clearances using PlastigaugeTM: 

Clean off any oil from the camshaft journals. 

Put the camshaft in  the cylinder head and place a 
strip of PlastigaugeiM on top of each camshaft 
journal. 

I 
- 

CAMSHAFT HOLDER 

CAMSHAFT PLASTIGAUGETM 

Remove the camshaft holders and measure the 
width of each Plastigauge. The widest thickness PLASTIGAUGE 

determines the oil clearance. 

When the service limits are exceeded, replace the 
camshaft and recheck the oil clearance. 

Donorrotate the Install the camshaft holders and tighten the mount- 
camshaft during ing bolts to  the specified torque. (Refer to the Model 

rnspectron. Specific manual for the correct torque specification.) 

I' Replace the cylinder head and camshaft holders if 
the clearance still exceeds service limits. . - 

CAMSHAFT HOLDERS 
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ROCKER ARM, ROCKER ARM SHAFT 
lnspect the sliding surface of the rocker arms for 
wear or damage where they contact the camshaft, 
and for clogged oil holes. 

Measure the I.D. of each rocker arm. Measure each 
rocker arm shaft O.D. 

Inspect the shaft for wear or damage and calculate 
the shaft to rocker arm clearance. 

Replace the rocker arm andlor shaft if the measure- 
ments exceed the service limits. 

CYLINDER HEAD INSPECTION 
SOLVENT TEST 
Remove the cylinder head (refer to the Model Spe- 
cific manual). 
Place the cylinder head with the intake port facing 
up as shown. Pour kerosene into the intake port. 

Wait for a few minutes, then check the valve area on 
the combustion chamber side for kerosene leakage. 

With the exhaust port facing up, pour the kerosene 
into the port as shown. Wait for a few minutes, then 
check the valve area on the combustion chamber for 
kerosene leakage. 

If kerosene leaks from around the valve, it indicates 
faulty sealing of the valve seat. Remove the valve 
from the cylinder head and check the following: 

Valve seat for damage (page 9-18) 
Valve seat contact face (page 9-19) 
Valve stern for bending or damage (page 9-15) 

WARPAGE INSPECTION 
Gasketswillcome Remove carbon deposits from the combustion 
offeaslerlfsoaked chamber and clean off the head gasket surfaces. 

in hiah flash-ooint 
clec%ings~jvent. Check the spark plug hole and valve areas for cracks. 
Avoid damaging 

the gasket and 
valve seat 
surfaces. 

ROCKER ARMS 

COMBUSTION 
CHAMBER 
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Check the cylinder head for warpage with a straight 
edge and feeler gauge. STRAIGHT EDGE 

Repair or replace the cylinder head if warpage 
exceeds the service limit. (Refer to the Model Spe- 
cific manual.) 

FEELER GAUGE 

CYLINDER HEAD DISASSEMBLY 
Remove the cylinder head according to the Model 
Specific manual. 

Remove the valve cotters with the valve spring 
compressor. 

TOOL: 

Valve spring compressor 

Compressing the valve springs more than neces- 
sary will cause loss of valve spring tension. 

VALVE SPRING COMPRESSOR 

AlTACHMENT 

COTTERS 

Mark the valvesso Remove the valve spring compressor; then remove 
they can be re- the retainers, valve springs and valves. 

placed ,n the~r orlg- 
inalP0s;tions. Remove and discard the stem seals if necessary. 

Do not reuse the 
removed stem 

seallsl. 

RETAINER 

SPRING SEAT 
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VALVE SPRINGS 
Measure the free length of the inner and outer 
valve springs. 

Replace the springs if they are shorter than the 
service limits. 

I 

VALVES 
Inspect each valve for bending, burning, scratches 
or abnormal wear. 

Insert the valves in their original positions in the cyl- 
inder head. Check that each valve moves up and 
down smoothly, without binding. 

Measure and record the valve stem O.D. in three 
places along the valve guide sliding area. 

Replace the valve with a new one if the service limit 
is exceeded. 
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VALVE GUIDES 

Take care not to tilt 
or lean the reamer 
in the guide while 

ream~ng. 
I f  reaming is 

irregulac oil will 
leak past the valve 
stem seal. It  could 

cause improper 
seat contact that 

cannot be 
corrected by 

re facing. 
Rotate the reamer 

clockwise, never 
counterclockwise ~~ ~~ ~ 

when inserrina 

INSPECTION 
Insert the valve guide reamer from the combustion 
chamber side and ream the guide to remove any 
carbon build-up before measuring the guide. 

TOOL: 
Valve guide reamer 

and removing 

Measure and record each valve guide I.D. using a I 
ball gauge or inside micrometer. 

STEM-TO-GUIDE CLEARANCE 
WHEN USING A DIAL INDICATOR: 

Measure the stem-to-guide clearance with a dial 
indicator while rocking the stem in the direction of 
normal thrust (wobble method). 

REPLACEMENT 
Refinish the valve seats whenever the valve guides 
are replaced to prevent uneven seating. 

FLANGED GUIDES: 

Chill the valve guides in the freezer section of a 
refrigerator for about an hour. 

Heat the cylinder head to 130°C - 140°C (275'F - 
290°F). Do not heat the cylinder head beyond 150°C 
(300°F). Use temperature indicator sticks, available 
from welding supply stores, to be sure the cylinder 
head is heated to the proper temperature. 

Using a torch to heat the cylinder head may 
cause warping. 
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~ ~ ~ , d d ~ ~ ~ ~ , ~ ~  the Support the cylinder head and drive the old 

head when drjvjng guides out of the combustion chamber side of the 
the valve gwde out cylinder head. 

TOOL: 
Valve guide remover or driver 

Apply oil to a new O-ring and install it onto a new 
valve guide. Drive the new guide in from the cam- 
shaft side of the cylinder head while the cylinder 
head is still heated. 

TOOL: 
Valve guide remover or driver 

Let the cylinder head cool to room temperature, 
then ream the new valve guides. 

FLANGELESS TYPE GUIDES: 
torch to Measure and record the exposed height of the valve heat the cylinder 

headmay cause guide using a pair of vernier calipers. 
warping. Ch. 111 the valve guides in the freezer section of a 

refrigerator for about an hour. 

Heat the cylinder head to 130°C - 140°C (275°F - 
290°F). Do not heat the cylinder head beyond 150°C 
(300°F). Use temperature indicator sticks, available 
from welding supply stores, to be sure the cylinder 
head is heated to the proper temperature. 

VALVE GUIDE REMOVER 

VALVE GUIDE REMOVER 
or DRIVER 

O-RINGS 
(Replace) 3 

VALVE GUIDE 

EXPOSED 
HEIGHT 

Avoiddamaging support the cylinder head and drive the old guides 
the head when driving the valve out of the combustion chamber side of the cylinder. 

guide out. TOOL: 
Valve guide remover o r  driver 

VALVE GUIDE 
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While the cylinder head is still heated, drive a new 
valve guide in from the valve spring side until the 
exposed height is the same as was measured for 
the old guide. 

TOOL: 
Valve guide remover or driver 

Let the cylinder head cool to room temperature and 
ream the new valve guide. 

VALVE GUIDE REAMING 
When reaming new valve guides, insert the valve 
guide reamer from the combustion chamber side. 

TOOL: 
Valve guide reamer 

Take care not to tilt or lean the reamer in the guide 
while reaming. 

If reaming is irregular, oil will leak past the valve 
stem seal. It could cause improper seat contact that 
cannot be corrected by refacing. 

Use cutting oil on the reamer during this operation. 

Rotate the reamer clockwise, never counterclock- 
wise when inserting and removing. 

Reface the valve seats and clean the cylinder head 
thoroughly to remove any metal particles. 

VALVE SEATS 
INSPECTION 
Clean all intake and exhaust valves thoroughly to 
remove carbon deposits. 

Apply a light coating of Prussian BlueTM to each 
valve face. 

Tap the valve against the valve seat several times 
with your finger, without rotating the valve, to check 
for proper valve seat contact. 
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Remove the valve and inspect the valve seat face. 
The valve seat contact should be within the spec- 
ified width and even all around the circumfer- 
ence. (Refer to the Model Specific manual for the 
seat width.) 

If the valve seat width is not within specification, re- 
face the valve seat (see below). 

Most valve faces and stem tips are coated with a thin 
layer of stellite so they cannot be ground. If a valve 
face or stem tip is rough, worn unevenly, or contacts 
the seat improperly, the valve must be replaced. 

1 VALVE SEAT I 
INSPECT THE VALVE SEAT FACE FOR: 
Uneven seat width: 
-Bent or collapsed valve stem; replace thevalve and 

reface the valve seat. 

Damaged face: 
- Re~lace the valve and reface the valve seat. 

Contact area (too high or too low): 

- Reface the valve seat. 

VALVE SEAT REFACING 
Follow the refacer manufacturer's operating 
instructions. 

Reface the valve seat whenever the valve guide has 
been replaced. 

Be careful not to grind the seat more than necessary. 

WIDTH UNEVENSEAT 1 
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If the contact area is too high on the valve, the seat 
must be lowered using a 32 degree flat cutter. CONTACT TOO HIGH 

If the contact area is too low on the valve, the seat 
must be raised using a 60 degree inner cutter. 
Refinish the seat to specifications, using a 45 
degree finish cutter. 

I ilL 

CONTACT TOO LOW 
OLDSEAT 
WIDTH 

Using a 45 degree cutter, remove any roughness or 
irregularities from the seat. 

7 
ROUGHNESS 

Using a 32 degree cutter, remove 114 of the existing 
valve seat material. 

Using a 60 degree cutter, remove the bottom 1/4 of 
the old seat. 

' - =  
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Using a 45 degree cutter, cut the seat to the 
proper width. 

After cutting the seat, apply lapping compound to 
the valve face, and lap the valve using light pressure. 

Excessive lapping pressure may deform or dam- 
age the seat. 

Change the angle of the lapping tool frequently to 
prevent uneven seat wear. 

Lapping compound can cause damage if it enters 
between the valve stem and guide 

Titanium valves have a special oxide surface coat- 
ing and should not be lapped. 

After lapping, wash any residual compound off the 
cylinder head and valve. 

Recheck the seat contact after lapping. 

CYLINDER HEAD ASSEMBLY 
Replace the stem 

seals with new 
ones whenever a 

stem seal is 
removed. 

If the valve s~r ings 
have a varyiig 

pitch. install the 
sorinos with the 

n&row ottch end 
fachg down. 

Install new stem seals. 

Lubricate each valve stem with molybdenum disul- 
fide grease and insert the valve into the valve guide 
while slowly turning the valve. 

To avoid damage to the stem seals, turn each valve 
when inserting. 

Install the spring seats, valve springs and retainers. 

. - 
ROTATE THE VALVE 
AND PRESS LIGHTLY 

RETAINER 



~oeasens ta l l~ t jon  Compress the valve springs with the valve spring 
of the cofters, compressor and install the valve cotters. 

grease them first. 

TOOL: 
Valve spring compressor 

Compressing the valve spring more than necessary 
when installing the valve cotters may cause loss of 
valve spring tension. 

VALVE SPRING COMPRESSOR 

Compressing the valve spring more than necessar- 
when installing the valve cotters may cause loss of 
valve spring tension. 

^re^-^ ^̂ ..+I., ... :+,. " c^'+ L.mmar +n i I 

Clean any gasket material from the cylinder mating 
surface. Reface the mating surface using oil stone, 
if necessary. 

INITIAL CAMSHAFT LUBRICATION 
Apply molybdenum disulfide grease to the cam- 
shaft journal surfaces in the cylinder head. 

OIL STONE 
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Fill the oil pockets in the head with the I I 
recomended oil. 



MEMO 





SERVICE INFORMATION 
GENERAL 

Be careful not to damage the mating surfaces by using a screwdriver when disassembling the cylinder. Do not strike the 
cylinder too hard during disassembly, even with a rubber or plastic mallet, to prevent the possibility of damage to the 
cylinder fins. 
Take care not to damage the cylinder wall and piston. 
With multi-cylinder engines, store the pistons, piston rings and piston pins in the same order they were installed so they 
can be reinstalled in the original positions. 

TOOLS 

TROUBLESHOOTING 
Four-stroke engines: If performance is poor at low speeds, check for white smoke in the crankcase breather tube. If the tube 
is smoky, check for a seized piston ring. 

NOTE: 
Refer to section 3 for cylinder compression and leak-down test procedures. 

Compression too low, hard starting or poor performance at low speed 
Leaking cylinder head gasket 
Loose spark plug 
Worn, stuck or broken piston rings 
Worn or damaged cylinder and piston 

Compression too high, overheating or knocking 
Excessive carbon build-up in cylinder head or on top of piston 

Excessive smoke 
Worn cylinder, piston, or piston rings 
Improper installation of piston rings 
Scored or scratched piston or cylinder wall 

Abnormal noise (piston) 
Worn cylinder and piston 
Worn piston pin or piston pin hole 
Worn connecting rod small end bearing 

Piston ring compressor Piston base 

... 

, , 
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SYSTEM DESCRIPTION 
CYLINDER 
The internal combustion chamber and cylinder is a hostile environment of extreme temperatures, corrosive gases, and high 
pressure. Materials used in this area are selected for heat tolerance, low friction, and low expansion coefficient. For lighter 
weight and improved heat conduction, aluminum has replaced old-style cast-iron liners. ~ecause the piston rings and ;ston 
skirts move against the cylinder walls, a material with high wear resistance is required. I 
Honda's solution for aluminum 2-stroke cylinders is to plate a thin layer of extremely durable Nikasil', a proprietary mix- 
ture of tough nickel with tiny particles of ceramic silicon carbide embedded in it. Nikasilm bonds tenaciously to aluminum l 
and is a diamond-like finish that gives a long-wearing precision bore surface, offers outstanding heat dissipation and re- 
tains an oil film. 

Another Honda innovation is the aluminum compositecylinder sleeve. Aluminum composite cylinder sleeves are hiah-pres- 
sure formed from sintered aluminum powder impregnated with ceramic and graphite: The lightweight composite sleeves 
provide better wear resistance and superior heat dissipation compared to conventional steel sleeves. 

The new flangeless cylinder block improves cooling. While conventional cylinder sleeves are cast into the cylinder block 
with their top rims, or flanges, sunk in flush with the top deck of the cylinder, the low friction aluminumlceramic composite 
cylinder sleeves have no top flange, and their upper edges are instead set 3 mm below the surface of the top deck. This 
new 'flangeless' design enhances cooling efficiency by permitting the cylinder's uppermost hot spot above the top piston 
ring to move quickly and effectively bleed-off combustion heat directly to the coolant jacket, with less interference from the 
cylinder sleeves in this critical area. 

Example of 2-Stroke with Sleeve Type 

SCAVENGING PORT 
CYLINDER SLEEVE 

COOLING FINS BARREL 

SCAVENGING PORT EXHAUST PORT 

Example of 2-Stroke Engine Processed with Nickel-Silicon Carbide (Nikasil") 
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PISTON 
The piston moves at high speed in the cylinder, and is exposed to the extreme temperature of combustion. Pistons are 
therefore made of a specially forged light alloy type aluminum, which is not only lightweight but also less susceptible to 
thermal expansion. 

The piston itself is a high temperature part. being cooled only by the release of heat to the cylinder through the inhaled air1 
fuel mixture and the piston ring. The piston head is therefore fabricated to have a somewhat smaller outer diameter than 
the skirt, due to the high temperature exposure and large thermal expansion. 

Many aluminum alloy pistons feature LUB-Coat, a solid lubricant to minimize friction and wear between the piston and cyl- 
inder wall. LUB-Coat is a special solid-lubricant coating screen-printed onto the pistons. 

ALUMINUM 

With a 2-stroke engine, the cylinder is distorted and the clearance with the piston tends to partially decrease, as there are 
two different parts with unequal thermal expansion in the cylinder: a part cooled by the airtfuel mixture around the piston, 
such as the scavenging port, and a part exposed to the extreme heat near the exhaust port. To resolve this problem the pis- 
ton head of the 2-stroke engine is oval and designed to have appropriate clearance during operation. 

At the small end of the connecting rod of the 2-stroke engine, a needle bearing is used. For the Cstroke engine, however, a 
plain bearing is used at this point. 

The reciprocating motion of the piston is converted into a rotational motion of the crankshaft through the connecting rod. 
To smooth the motion conversion, the pin hole of the piston is slightly offset against the center shaft of the crankshaft. If 
the piston is assembled in an incorrect direction, the piston strikes the cylinderwall due to reversed offset, causing rapid 
wear or seizure. 

To assemble the offset correctly. 
bly direction. 

OFFSET 

CONNECTING ROD 

CRANKSHAFT 

-- 

the assembly must be done by following the marks indicating the piston head assem- 

PISTON 

PISTON RINGS PISTON MARK 

PISTON PIN 
NEEDLE 
BEARING 
(2-STROKE 
ONLY) 



PISTON RlNG 
4-STROKE 

The piston rings are inserted within the grooves in the piston. Rings are made of a material with considerable wear resis- 
tance, because the piston rings move at high speed with the piston while being pressed against the cylinder wall by their 
own tension. 

The ring arrangement for the Cstroke engine is with two compression rings sealing the combustion gas and a pair of oil 
rings removing the oil from the cylinder wall. 

Although the two compression rings are similar in appearance, they are different in detail. Therefore, when removed, their 
installation position must be noted and marked before storing to prevent incorrect reassembly. If identification is difficult, 
the difference in shapes should be remembered; the top ring is usually plain and the second ring has a beveled edge. Most 
of the top rings are chrome plated on their sliding surface in order to increase wear resistance. A few second rings are, 
however, also plated. 

COMPRESSION RINGS i 

Piston rings for Cstroke and 2-stroke engines have identification marks near the end gap of the top and second rings. 
These ring marks must face upwards on the piston when assembling. 

PISTON RlNG GAP 
RlNG MARK 

The oil ring is needed to remove oil from the cylinder wall and return the oil through the hole of the oil ring groove. If the 
oil ring fails, oil flows into the combustion chamber and burns, causing smoke. The oil ring is either of a split type arranged 
with two side rails and a slotted expander, or an integrated type with a slotted square edge. 

Steel Rail with 
Slotted Expander 

Sloned Expander 
,,,,,,,,,,,,,,.~,,,,,,,,,,,,,,,,,,,,,",,,,,,,,,,,,,,~ 

$ 
Sloned, Square-Edge\ s 

$ 
\ 
3 

.///,/,B 



As the 2-stroke engine has a different lubrication system, it is arranged with only the top and second rings and without an 
oil ring. As the 2-stroke engine has a cylinder wall with ports, a dowel is added to the rina groove of the oiston. to orevent 
the rings from rotating and hooking an edge in a port, causing breakage. The piston r i n g o f  the 2-stroke engine must be 
assembled by aligning the end gaps to the pin. 

PISTON RING DOWELS 
A piston ring pin is press fitted to each 
ring groove to prevent the ring from 
rotating in the groove. After fitting the 
ring in the ring groove, check that the pin 
engages the ring end gap properly. 

4 / 

The design and shape of piston rings for 2-stroke engines are different than Cstroke engines. A taper is provided over the 
entire cross section in 2-stroke ring design. 
This is because with the 2-stroke engine burning engine oil, carbon tends to adhere to the ring groove. 

If not remedied, the ring sticks to the groove, causing it to lose tension and resulting in decreased compression. The ring 
and the ring groove therefore have a tapered form to remove the carbon in the ring groove when the ring is compressed 
during the power stroke. These are called keystone rings. 

Some 2-stroke piston rings are provided with an expansion ring inserted between the inside of the second ring and the pis- 
ton. The tension of the expansion ring absorbs the impact generated when the piston contacts the cylinder wall, with a 
resultant decrease in engine noise 

2nd RING 



CYLINDER 

Two-stroke 
engines: avoid 
the intake and 
exhaust ports 

when measuring. 

STRAIGHT EDGE 

4 
v \ I  

WARPAGE INSPECTION 
Remove the cylinder (see the Model Specific 
manual). 

Carefully remove any gasket material from the cylin- 
derlhead mating surface. Do not scratch the surface. 

Check the cylinder for warpage by placing a straight 
edge and a feeler gauge across the stud holes. 
Replace the cylinder if the service limit is exceeded. 

Any clearance between the cylinder and head due to 
damage or warpage will result in compression leaks 
and reduced performance. 

- 

FEELER GAUGE 

WEAR INSPECTION 
lnspect the cylinder wall for scratches and wear. 

Inspect the area near TDC (Top Dead Center) careful- 
ly. This area is especially subject to wear due to the 
possibility of borderline lubrication from heat and 
top ring compression. 

Measure and record the cylinder I.D. at three levels 
in both an X and Y axis. 
The maximum reading is the cylinder wear. 

Measure the piston O.D. (see page 10-10). 
Calculate the piston-to-cylinder clearance. The max- 
imum reading is the clearance. 

CYLINDER 
HEAD SIDE 

CYLINDER GAUGE 

Calculate the cylinder taper at three levels on the X 
and Y axis. Take the maximum reading to determine 4-STROKE: 2-STROKE: 

the taper. 

Calculate the cylinder for out-of-round at three lev- 
els in an X and Y axis. The maximum reading deter- 
mines the out-of-round. 

x TOP 

MIDDLE 

PORTS 
BOTTOM 

TOP x 

If any of the cylinder measurements exceed the ser- 
vice limits and oversized pistons are available, 
rebore to the next size possible and install the 
proper pistons. Otherwise, replace the cylinder. 

MIDDLE 

BOTTOM. 



Clean carbon deposits from the piston ring grooves 
with a ring that will be discarded. Never use a wire 
brush; it will scratch the ring groove. 

Inspect the piston rings for movement by pressing 
the rings. The rings should be able to move in their 
grooves without catching. 

CYLINDERIPISTON 

PISTONIPISTON RING 

S~read each oiston ring and remove it by lifting i t  I I 1 
ub at a point Gst opposite the gap. I 

REMOVAL 
Placea clean Remove the piston pin clip using a pair of pliers. 

Press the piston pin out of the piston. 
the crankcase 
to prevent the Do not damage or scratch the piston. 

posab'l'rvof the Do not apply side force to the connecting rod. 
prston pin c lp Do not let the clip fall into the crankcase. 
thecrankcase Mark and store pistons and piston pins So that 

they can be reinstalled in their original positions. 

&STROKE ENGINES: 

Remove the needle bearing from the small end of 
the connecting rod. 

INSPECTION 

Do not damage the piston ring by spreading the 
ends too far. 

Some 2-stroke engines: Remove the expander from 
the second ring groove. r '  - 

Clean carbon deposits from the piston. 

SHOP TOWEL 

PISTON PIN CLIP PISTON PIN 



CYLINDERIPISTON 

INSPECT THE PISTON: 
Sliding surface for scratches or wear. 
Remove any small surface scratches using 
#600-#800 sandpaper. If there are deep 
scratches, replace the piston. 
Piston ring grooves - for excessive wear. 
Replace the piston as necessary. 
Cstroke engines: Oil pass holes in the oil ring 
groove - for clogs. Clean the oil holes with com- a pressed air. 

Measure and record the piston O.D. 90' to the pis- 
ton pin bore and at the point specified in the Model 
Specific manual, near the bottom of the piston skirt. 

Replace the piston if the service limit is exceeded. 

Calculate the piston-to-cylinder clearance 
(see page 10-8). 

I I 

Measure the piston pin bore I.D. on the X and Y 
axis. The maximum reading is the 1.D wear. 

Replace the piston if the 1.13. is greater than the ser- 
vice limit. 

Alwaysreplace Inspect the piston rings, and replace them if they 
Piston riflings are worn. 

as a set. 
Reinstall the piston rings into the piston grooves. 

Push in the ring until the outer surface of the piston 
ring is nearly flush with the piston and measure the 
clearance using a feeler gauge. Replace the piston 
ring if the service limit is exceeded. 

PISTON RING 



CYLINDERIPISTON 
Insert the piston ring into the bottom of the cylinder 
squarely, using the piston as shown. 

Measure the end gap using a feeler gauge. Replace 
the ring i f  the service limit is exceeded. 

PISTON PIN INSPECTION 
Calculate the piston pin-to-pin bore clearance by 
subtracting the piston pin O.D. from the pin bore I.D. 

Measure the piston pin O.D. at three points. 

Replace the piston pin if the service limit is 
exceeded. 

SMALL END BEARING SURFACE 
INSPECTION 
2-STROKE ENGINES: 

Install the needle bearing and piston pin in the con- 
necting rod small end and check for excessive play. 
Measure the I.D. of the connecting rod small end. If 
the connecting rod I.D. is greater than the service 
limit, the crankshaft must be replaced. 

CSTROKE ENGINES: 

Measure the I.D. of the connecting rod small end. 

Replace the connecting rod or crankshaft assembly 
if the service limit is exceeded. 

CSTROKE ENGINE I 2-STROKE ENGINE 



CYLINDERIPISTON 

PISTONIPISTON RING INSTALLATION 
4STROKE ENGINES: 

Clean the piston heads, ring lands and skirts. 7 
Carefully install the piston rings onto the piston with 
the markings facing up. 

Be careful not to damage the piston and rings 
during assembly. 
Do not mix the  to^ and second rings: The top -. -~ 

ring is chrome-coaied and the second ring is not 
coated (black). . After installing the rings they should rotate 
freely, without sticking. 
Space the ring end gaps 120 degrees apart. 
Space the side rail gaps 40 mm (1.6 in) or more 
apart as shown. 

2-STROKE ENGINES: 

Clean the piston ring grooves. 

Lubricate the piston rings and ring grooves with 
clean 2-stroke oil. 

Install the piston rings on the piston with the marks 
facing up. 

Do not mix the top and second rings. Be sure to 
install them in the proper grooves. 
Some 2-stroke engines use an expander ring 
behind the second ring. 

In 2-stroke engines, the piston has locating pins that 
keep the piston ring end gaps away from the intake 
and exhaust ports. 

Align the piston ring end gaps with the locating pins. 

Check the fit of each ring in its groove by pressing 
the ring into the groove. Make sure that i t  is flush 
with the piston at several points around the ring. 

If the ring rides over the locating pin, i t  will be dam- 
aged during assembly. 

- SECOND 

2-STROKE ENGINE 

~ K E  ENGINE LOCATING PINS I 



CYLINDERIPISTON 

PISTON INSTALLATION 
Coat the needle bearing (2-stroke engine only) and 
oiston   in with the recommended oil. 
iubricate the piston pin. 
4-STROKE ENGINE: Molvbdenum oil solution 
2-STROKE ENGINE: ~ecommended engine oil 

Place a clean shop towel over the crankcase to 
prevent the piston pin clip from falling into the 
crankcase. 

lnstall the needle bearing into the connecting rod. 

lnstall the piston and insert the piston pin. 

4-STROKE ENGINE 2-STROKE ENGINE 

PISTON 

I " "  
NEEDLE I 
BEARING 

I I 

The mark that is stamped on the piston head should 
be facing the correct direction. 

"IN" MARK: TO INTAKE SlDE 

"EX" or "a" MARK: TO EXHAUST SIDE 

Always usenew lnstall new piston pin clips. 
prston pln clrps. 

Reusing usedpiston 
Din clios rnavlead . Take care not to droo the oiston oin clip into the 
'to seifous engine crankcase. 

Set the piston pin clip in the groove properly. 
Do not align the clip's end gap with the pis- 
ton cutout. 

CYLINDER INSTALLATION 
Be carefulnot Make sure that the piston ring end gap is correct 

1 PISTON PIN 
I 

MARK 

SHOP TOWEL I I 
I 

CUTOUT 
. - ~ 

to damage the 
piston rings, Install a new cylinder gasket and dowel pins. 

Coat the cylinder wall with clean engine oil and 
install the cylinder. 

Route the cam chain through the cylinder 

SINGLE CYLINDER: 
lnstall the cylinder over the piston while compress- 
ing the piston rings by hand. 



CYLINDERIPISTON 

MULTl CYLINDER: 
Position the piston at TDC and install two piston 
bases to  hold the 213 pistons. 

Compress the rings with the piston ring compressor 
and install the cylinder. 

First install #2/3, then #1/4. 

TOOLS: 
Piston ring compressor 
Piston base 

To avoid damage to  the aluminum cylinder face, 
always use a piston ring compressor to  insert a 
piston. 

MULTI C ~ L ~ ~ ~ E R  
PISTON RING COMPRESSOR 

PISTON BASE 

INSERTING PISTON 

PISTON RING COMPRESSOR 



MEMO I 
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CLUTCH 

SERVICE INFORMATION 
GENERAL a 

On most models, clutch maintenance can be done with the engine in the frame. - 
Refer to the Model Specific manual for removallinstallation of the crankcase cover and specific clutch maintenance. 
Engine oil viscosity and level have an effect on clutch disengagement. When the clutch does not disengage or the vehi- 
cle creeps with clutch disengaged, inspect the engine oil level before servicing the clutch system. 
On wet centrifugal clutches, the clutch will not engage properly if the engine oil contains additives such as molybde- 
num disulfide. Oils with a molybdenum disulfide additive tend to reduce clutch friction. a - 

TOOLS 

Clutch outer holder Lock nut wrench, 20 x 24rnm 

. ,,' 

Clutch spring compressor 

Clutch center holder 

Snap ring pliers 

or equivalent tool commercially 
available 



CLUTCH 

TROUBLESHOOTING 
Clutch lever effort too high 

Damaged, kinked or dirty clutch cable 
Damaged clutch lifter mechanism 
Faulty clutch lifter plate bearing 
Sticking clutch slave cylinder piston 
Clogged hydraulic system 

Clutch wil l  not disengage or the motorcycle creeps with the clutch disengaged 
Too much clutch lever free play 
Warped plate 
Loose clutch lock nut 
Oil level too high, improper oil viscosity or oil additive used 
Air in hydraulic system 
Low fluid level 
Hydraulic system leaking or clogged 

c,, slips 
Clutch lifter sticking 
Worn clutch discs 
Weak clutch springs 
No clutch lever free play 
Hydraulic system clogged 

SYSTEM DESCRIPTION 
The clutch system functions to disconnectlconnect the power of the crankshaft. Most clutches are placed between the pri- 
mary reduction and transmission. With some models, however, they are attached directly to the crankshaft. The actuation 
of the clutch can be roughly divided into two types: the manual clutch controlled by the rider and the centrifugal clutch 
which connects/disconnects power according to engine rotation per minute (RPMI. 

The clutch controls the transmission of power by frictional force. When the clutch is completely disengaged, power cannot 
be transmitted to the rear wheel. When the vehicle is started, the clutch gradually increases its frictional force and 
smoothly transmits power to the rear wheel. When the clutch is completely engaged, the power of the crankshaft will be 
directly transmitted to the rear wheel. 

If the clutch is partially released with the engine at high rpm, the reduction in friction force caused by heat or wear in the 
clutch causes the clutch to slip. As a result, power transmission is lost. 

WET MULTIPLATE MANUAL CLUTCH (TYPE A: OUTER PUSH TYPE) 
This is the most conventional clutch type used on motorcycles. The primary drive gear of the crankshaft drives the primary 
driven gear integrated in the clutch outer. The clutch discs and the clutch outer rotate with the crankshaft, because the 
claws of the clutch disc are engaged with the grooves of the clutch outer. 
The mainshaft of the transmission and the clutch center are fixed with a lock nut. Furthermore, the clutch center and the 
clutch plates are engaged with splines. Thus, the clutch plates rotate with the rear wheel through the transmission. 

@CLUTCH 
@CLUTCH SPRING 

DISC 



CLUTCH 
When the clutch lever is pulled in, the clutch lifter mechanism presses the pressure plate through the lifter plate, resulting 
in a gap between the discs and the plates. When this occurs, the power of the crankshaft is no longer transferred to the 
rear wheel. 
When operating the transmission gear and gradually releasing the clutch lever, the pressure plate begins to press the disc 
and plate by the tension of the springs, and the discs and the plates begin to transmit power by sliding contact. At this 
time, the vehicle will start to move. 
When the clutch lever is completely released, the discs and plates are pressed between the pressure plate and the clutch 
center, and no longer slip. The power of the crankshaft is now transmitted to the rear wheel. 

JUDDER SPRING PURPOSE 

When the clutch lever is released to engage the clutch, the clutch discs and plates sometimes engage intermittently caus- 
ing judder or vibration to some degree. To lessen this symptom, some models are equipped with a judder spring. 
The clutch discs and plates are compressed by the judder spring tension and each disc and plate engages smoothly. 
A judder spring is not installed on motorcycles on which the judder is not bothersome. 

/ SPRING SEAT JUDDER SPRING I 

DAMPER SPRING PURPOSE 

When the engine is running, the piston transfers the combustion pressure to the crankshaft. With a Cstroke design, these 
power pulses do not occur on every revolution, so the clutch outer primary driver gear receives a power pulse only during 
the piston's power stroke. 
Due to the pulsing nature of the power input, a damper spring is installed between the clutch outer and primary driven 
gear, close to the crankshaft. 
The damper springs absorb the impact of the power pulses so they are not transmitted through the rest of the drive line. 
The drive train is thus protected from unnecessary damage and overall vibration is reduced. 



CLUTCH 

WET MULTIPLATE MANUAL CLUTCH: (TYPE B INNER PUSH TYPE) 
The type B (inner push type) lifter is located directly on the pressure plate of the clutch, distinguishing it from the type A 
(outer push type). The push rod is installed through the mainshaft and presses the clutch pressure plate towards the out- 
side of the clutch cover. 

@CLUTCH @CLUTCH 
CENTER DISC 

@CLUTCH PRESSURE 
PLATE 

Power transmission and operating principle are the same as type A (see page 11-31, 

WET MULTIPLATE MANUAL CLUTCH: ONE-WAY CLUTCH SYSTEM 
(TYPE C: INNER PUSH TYPE WITH BACK TORQUE LIMITER MECHANISM) 
On rapid downshifting from high RPM, the compression braking forces created by the engine can exceed the rear wheel's 
traction; the engine becomes a rear wheel brake. This can cause momentary lockup of the rear wheel - until the compres- 
sion braking force drops below the level necessary to make the rear tire break traction. If multiple downshifts are made, the 
result will be a much longer loss of traction. The one-way clutch system has been specifically designed to prevent this loss 
of traction. 

CLUTCH HUB, INNER 

ONE-WAY SPRAG CLUTCH 
(splined to mainshaft) 

CLUTCH HUB, OUTER 
(no splines, but receives 
power via the one-way 
sprag clutch) INNER PORTION 

during decleleration) 

OUTER PORTION 
(can slip during 
decleleration) 



CLUTCH 
The major difference between this system and a conventional clutch is a two-piece clutch hub, inner and outer. In addition, 
the outer portion of the clutch hub, that which controls the majority of the clutch plates and discs, is driven by a special 
one-way sprag clutch. 

SPRAG CLUTCH CLUTCH HUB, 

CLUT 
HUB, 

The inner portion of the clutch hub is splined to the transmission's mainshaft as is normal. But it only controls about two- 
fifths of the clutch plates and discs. This portion of the clutch transmits power and deceleration forces in the usual manner. 

The outer portion of the clutch hub is not splined to the transmission's mainshaft. It controls about three-fifths of the clutch 
plates and discs. This portion transmits power when the sprag clutch is locked up, such as during normal acceleration. 
cruising, and deceleration. But it will slip during high RPM deceleration. 

OPERATION: 
When the transmission is downshifted from high RPM, it causes a backloading at the clutch because of the forces gener- 
ated by the engine's compression braking effect. If these forces approach that which will cause the rear wheel to lock up, 
the one-wav clutch will disenaaae the outer  ort ti on and allow the inner  ort ti on to s l i ~ .  It will do this to a declree that allows 
the rear wheel to maintain tr&thn while maintaining the highest effect &engine braking. So rather than bGng a harsh ON 
or OFF mechanism. the one-wav clutch determines the correct amount of s l i ~  for each situation. all the while maintainina 
the maximum possible engine braking effect. 

- 

During acceleration, cruising, and normal deceleration, power is transmitted through the clutch in the normal manner: 
Clutch outer -+ plate + disc + sprag clutch -+ mainshaft. 

CLUl 
HUB, 
INNE 
(splir 

, ,, CLUTCH OUTER 

-UTCH 
UB, OUTER 
o splines) 

SPRAG 
CLUTCH 

SPRAG 
CLUTCH 
INNER 
RACE 

MAINS'HAFT (splinedl 



CLUTCH 
When there is a backloading on the clutch caused by the rear wheel nearing lock-up, the sprag clutch will slip just enough 
to prevent the wheel from locking without losing the benefit of maximum engine compression braking. 

Power Flow Diagram 

CLUTCH OUTER 

+ 
/ CLUTCH HUB. OUTER 

+ 
SPRAGCLUTCH 

ORDINARY POWER FLOW 

+ - - - BACK LOAD 

CLUTCH HUB, INNER SPRAG CLUTCH INNER RACE/ 



CLUTCH 

WET MULTIPLATE MANUAL CLUTCH: (TYPE D CRANKSHAFT MOUNTED) 
The clutch outer is on the crankshaft. 

@CLUTCH @DRIVE 
PLATE PLATE 

@CLUTCH 9 CLUTCH 
I 

OUTER O LOCK NUT b ~ + f  

Power Flow Diagram 

CRANKSHAFT 7' MAINSHAFT 

DRIVE PLATE 
t 

PRIMARY DRIVEN GEAR 

4 
CLUTCH OUTER 

t 
PRIMARY DRIVE GEAR 

4 
CLUTCH PLATE 

t 
CLUTCH DISC 

4 t 
Clutch springs are compressed --+ Clutch is disengaged 

Clutch springs are released - Clutch is engaged 

t 
CLUTCH LEVER 

CLUTCH CLUTCH 
DISENGAGED ENGAGED 

OPERATION: 
Clearance 

Clutch lever is Lifter rod, lifter Clutch outer Clutch springs appears Clutch 
pulled in  --+plate are -is depressed +are compressed + between plate +disengaged 

depressed and disc 

Clutch lever is Lifter rod is Clutch springs Clutch outer is Disc and plate Clutch 
released ----) released +are released ---) pushed out -) make contact +engaged 



CLUTCH 

WET MULTIPLATE CENTRIFUGAL CLUTCH 
The centrifugal clutch achieves a connectionldisconnection of the clutch by the centrifugal force applied on the clutch 
rotated by the crankshaft. With this mechanism, the vehicle will not move when idling, because the centrifugal force is less 
and the clutch is disengaged. However, as the rotation of the engine increases, the clutch will be engaged and the vehicle 
can be moved without the necessity of a manual operated clutch. 

When the centrifugal clutch is integrated with the transmission, it includes an independent mechanism to disengage the 
clutch whenever the gear shift pedal is used to change gears. This is to disengage the clutch temporarily when changing 
gears, and to eliminate the pressure applied on the toothed surface of the gear transmission to enable the gear to slide 

a smoothly, resulting in an easier shift. 

- 
WET MULTIPLATE CENTRIFUGAL CLUTCH: (TYPE A SHIFT CLUTCH COMBINED) 
The centrifugal and shift clutches are combined to be mounted to the crankshaft. 

SHIFT LIFTER 



CLUTCH 
At low engine speeds, the centrifugal force applied on the clutch weight is less and a gap exists between the clutch plates 
and discs. The clutch is disengaged. 

When the engine speed is increased, the centrifugal force applied to the clutch weight increases. The weight moves out- 
wards and presses on the clutch plate. The plates and the discs therefore closely join and the power of the crankshaft will 
be transmitted to the primary drive gear. 

In some cases, a roller is used instead of a clutch weight between the drive plate and the clutch plate. In this type, centrifu- 
gal force shifts the roller to the outside of the drive plate, causing the pressure on the clutch plate to engage the clutch. 

DRIVE 
PLATE 

I - 
UTCH PLATE 

0 
INCREASED 
CENTRIFUGAL 
FORCE 

ROLLER 

GEAR SHIFT LIFTER 
When the shift pedal is operated, the rotation of the gear shift spindle rotates the lifter cam through the clutch lever. When 
the lifter cam is rotated, the ball positions of the ball retainer and the lifter cam are dislocated, causing the lifter cam to lift 
the distance shown in figure (a) and the pressure plate to move. 



CLUTCH 

I BALL RETAINER 
\ LIFTER CAM I 

When the pressure plate is pressed, the clutch outer contacts the spring and the whole clutch outer is pushed inwards. At 
this time, even though the clutch weight is closely joined to the disc and plate, a gap will exist between the disc and plate 
from the motion of the clutch outer, and the clutch is then disengaged. 

CLUTCH 
/OUTER 

CLUTCH 
SPRING 

LIFTER 
PLATE 

As the shift pedal is released after completion of shifting gears, the lifter cam returns to its original position. When the 
clutch outer returns to its original position by the tension of the clutch spring, the disc and the plate closely join again, and 
the clutch is then engaged. 



CLUTCH 

WET MULTIPLATE CENTRIFUGAL CLUTCH: (TYPE B SEPARATED SHIFT CLUTCH1 
The centrifugal clutch and the shift clutch are separate in this arrangement, increasing the clutch capacity in comparison 1 
with the combined type described on previous pages. Differing from the type mentioned in the previous section, this cen- 
trifugal clutch has a mechanism whereby the clutch shoe attached to the crankshaft is expanded outwards by centrifugal 
force, and the shoe is pressed against the inner surface of the clutch drum, allowing power transmission. This is a similar 
mechanism to a drum brake. The shift clutch is attached to the mainshaft as with a manual clutch. The work of engaging1 
disengaging is also the same as with the manual clutch. The gear shift lifter mechanism is the same as that of the com- 
bined type described in the previous section. 

@CLUTCH 
@CLUTCH CENTER 

@LIFTER / @CLL 
PLATE / DIS 

6 CLUTCH @PRESSURE 
JTCH ;c ?PLATE PLATE @CLUTCH 

I I I I OUTER 

OPERATION PRINCIPLES 
Centrifugal operation: refer to belt automatic transmission. 
Lifter mechanism operation: refer to wet multiplate centrifugal clutch (Type A). 
Clutch mechanism operation: refer to wet multiplate centrifugal clutch (Type A). 



CLUTCH 

HYDRAULICALLY ASSISTED CLUTCH 
SUMMARY 

The hydraulically assisted clutch uses engine oil to boost the engagement force against the pressure plate. This clutch 
increases the friction force between the clutch plates and discs (pressure force against the pressure plate) without the need 
for heavy clutch springs. This allows the use of a small and lightweight clutch, which results in a light clutch lever feel. 

High pressure oil is pumped from the oil pump through the crankcase oil passage. Oil flows through the oil passage and is 
regulated by the regulator valve. The oil then travels through the oil passage in the clutch cover and joint piece, and goes 
to the clutch. 

CLUTCH COVER JOINT PIECE 

COVER 



CLUTCH 
CONSTRUCTION AND OPERATION 

When the clutch is engaged: 

The pressurized oil flows through the oil passage in the joint piece and mainshaft, and enters an oil chamber which is 
formed by the clutch piston, pressure plate and clutch center. 

1 CLUTCH CENTER PRESSUREPLATE I 1 
Because the clutch piston and clutch center are fixed by the lock nut via the spring guide, oil pressure moves the pressure 
plate towards the clutch center. 

The clutch spring is forced against the pressure plate via lifter plate B. Therefore, the clutch plates and discs are pressed 
together by oil pressure and spring force. 

When t h e  c lutch i s  disengaged: 

Oil outlet ports in the pressure plate are sealed by lifter plate 8. Lifter plate B is pressed against the pressure plate by the 
force of the clutch spring. When lifter plate A is pushed out by the lifter rod via the joint piece and bearing, the spring force 
which acts on the pressure plate via lifter plate B is released. 

The lifter spring presses lifter plate B against the pressure plate lightly to prevent the oil in the hydraulic oil chamber 
from draining. 

I I 

u \ / LIFTER PLATE B 

OIL OUTLET PORT 
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CLUTCH INSPECTION 
CLUTCH LIFTER DISASSEMBLY1 
INSPECTION 
(Type A and part of Type B) 
Remove the crankcase cover (refer to the Model 
Specific manual). 

Remove the lifter rod and return spring. 

If a spring pin is used, drive out the pin using a 
pin driver. 

Remove the lifter shaft from the crankcase cover. 

Remove the following: 

Stopper pin and lifter arm 
Screw and set plate 
Lifter plate and lifter rod 

Check the following: 

Lifter rod for bending 
Needle bearing for play or damage 
Dust seal for damage 
Return spring for damage or weakness 

(Type D) 
Remove the right crankcase cover (see the Model 
Specific manual). 

Remove the screws and lifter cover. 

LIFTER COVER 

SCREWS 



Check the following: 

Lifter arm for straightness 
Return spring for weakness 
O-ring for damage 
Sliding surface of the lifter arm for abnormal 
wear or damage 

RETURN 
SPRING 

CLUTCH REMOVALIDISASSEMBLY 
(Type A) 
Loosen the clutch spring bolts in a crisscross pat- 
tern in 2 or 3 steps. 

Remove the clutch spring bolts, lifter plate and 
clutch springs. 

If the clutch is secured with a staked lock nut, 
unstake the nut. 

I CLUTCH SPRING I 

Remove the lock nut and lock washer using a spe- I I 
cia1 tool. I 
TOOLS: 
Lock nut wrench 
Clutch center holder 

If a snap ring is used, remove the snap ring and 
clutch assembly. 

Loosen the clutch spring bolts in a crisscross pat- 
tern in 2 or 3 steps. 

Remove the clutch spring bolts, pressure plate and 
clutch springs. 

Hydraulic Clutches: Do not allow air to enter the sys- 
tem. Slowly squeeze the clutch lever immediately af- 
ter removing the pressure plate, then tie the lever to 
the handlebar grip. 

HOLDER 

CLUTCH SPRING PRESSURE 
0 0  



CLUTCH 
Remove the lifter rod, push rod, discs and clutch 
plates. 

Some models have a steel ball between the lifter 
and push rods. 

Remove judder spring and spring seat if they 
are installed. 

SPRING AND 

If the lock nut is staked to the mainshaft, unstab 
lock nut and remove it. 

TOOL: 
Lock nut wrench 

Remove the lock washer. 

Remove the clutch center and clutch outer. 

Remove the set ring, lifter plate, lifter rod and 
bearing. 

Slowly squeeze the clutch lever immediately after 
removing the clutch lifter plate; then tie the lever to 
the handlebar. 

Ambient air can contaminate and may damage the 
hydraulic system of the clutch. 

Shift the transmission into top gear and apply the 
rear brake. Remove the lock nut. 

TOOL: 
Lock nut wrench 

If the engine is not in the frame, shift the transmis- 
sion into top gear and hold the drive sprocket using 
the universal holder. 

Remove the lock washer, clutch spring set plate, 
clutch spring and washers. 

CLUTCH OUTE 

UTCH CENTER 

I SET RING I 

LIFTER PLATE LIF~ER ROD 

LOCK NUT AND LOCK WASHER, LOCK NUT 

E 

1 CLUTCH SPRING AND WASHER 1 



CLUTCH 

Remove clutch center B and the one-way clutch as 
an assembly. 

CLUTCH CENTER BAND 
ONE-WAY CLUTCH 

Remove the clutch pressure plate, clutch plates 
and discs. 

DISCS 
AND 
CLUTCH 
PLATES 

PLATE 

Remove the lifter, spring and, if applicable, the oil 
through guide. Remove the screws, clutch outer 
cover and gasket. 

Remove clutch center A, the washer and the 
clutch outer. 

Remove the clutch outer guide. 

WASHER CLUTCH 
OUTER 
GUIDE 

CLUTCH 
CENTER A OUTER 



CLUTCH 

Straighten the lock washer tab. 
\ 

LOCK WASHER B 

Hold the clutch outer usincl the clutch outer holder. I 1 

TOOLS: 
Lock nut wrench 
Clutch outer holder 

Remove the lock nut using the lock nut wrench. 

Remove lock washers A and B; discard washer B. 

Replace lock washer B whenever it is removed. 

Remove the clutch assembly from the crankshaft. 

, .- LOCK WASHER 

Remove the clutch center guide and collar from I 1 

1 SNAPRING CLUTCH CENTER 1 GUIDE I 
Remove the damper springs from the clutch outer. 



CLUTCH 

I I 
LIFTER BEARING I 

Install the primary drive gear onto the clutch assem- 
bly and compress the clutch springs using the 
clutch spring compressor; then remove the set ring. 

TOOL: 
Clutch spring compressor 

Loosen and remove the tool, then disassemble 
the clutch. 

I I 

CLUTCH INSPECTION 
LIFTER PLATE BEARING (Types A, B, C, and D) 

CLUTCH OUTER (Types A, B, C, and D) 
Check the primary driven gear teeth for wear or 
damage; replace as necessary. 
Check the slots of the clutch outer for nicks, 
damage or wear from the clutch discs; replace 
as necessary. 

The lifter plate bearing inner race is loaded by the 
lifter rod when the clutch is disengaged. Inner bear- 
ing race damage affects the clutch operation. 

Turn the bearing inner race with your finger, and 
check that the bearing turns smoothly and quietly 
without play. Also check that the outer race fits 
tightly in the lifter plate. 

CLUTCH OUTER GUIDE, NEEDLE BEARING 
(Types A, B, and C) 

CLUTCH SPRING COMPRESSOR 

SET RING DRIVE GEAR 

LIFTER PLATE 

Measure the I.D. and/or O.D. of the clutch outer 
guide. Replace if the service limits are exceeded. 
Check the needle bearing for damage or exces- 
sive wear; replace if necessary. 

SLOT & 
CLUTCH OUTER 

PRIMARY 
DRIVEN GEAR 

CLUTCH 
OUTER 
GUIDE 



CLUTCHCENTER 
Check the clutch center for nicks, grooves or abnor- 
mal wear from the clutch plates; replace as 
necessary. 

CLUTCH 

CLUTCH DlSC (Types A, B, C, and D) 

A damaged clutch center causes engine noise. 

Check the clutch discs for scoring or discolora- 
tion; replace as necessary. 
Measure the disc thickness and replace the discs 
if the service limit is exceeded. 

Replace the clutch discs and plates as a set. 

LIFTER PUSH ROD (Types B and C) 
Check the push rod for trueness or damage; replace 
if necessary. 

DlSC 

If there is a steel ball between the lifter rod and 
push rod, check the ball for wear or damage; 
replace as necessary. 

CLUTCH PLATE (Types A, B, C, and D) 
Check the clutch plates for warpage or discolora- 
tion; replace if necessary. 
Check for plate warpage on a surface plate 
using a feeler gauge; replace if the service 
limit is exceeded. 

Warped clutch plates prevent the clutch from dis- 
engaging properly. 

CLUTCH 9 
FEELER GAUGE PLATE 



CLUTCH 

JUDDER SPRING, SPRING SEAT (Types A and B) 

Check the judder spring and spring seat for defor- 
mation, warpage or damage; replace as necessary. JUDDER SPRING 

A damaged or warped spring seat will cause the 
judder spring to be pressed unevenly. 

A damaged judder spring also causes weak con- 
tact between the discs and plates or uneven disc1 
plate contact. 

MAINSHAFT (Types A, B, and C) 

If the clutch outer guide slides on the mainshaft, 
measure the mainshaft O.D. at the sliding surface. 7 

I I 
CLUTCH SPRING (Types A, B, and D) 

Replace the mainshaft if the service limit is 
exceeded. 

Measure the clutch spring free length; replace the 
springs if the measurement is not within the ser- 
vice limit. 

MAINSHAFT 

If the vehicle has been used for a long time, the 
clutch spring free length will be shorter because 
the clutch springs are compressed while the clutch 
is disengaged. 

Replace the clutch springs as a set so that the discs 
contact the clutch plates evenly. 

CLUTCH SPRING (Type C) 

Measure the free height of the clutch spring; replace 
the spring if the measurement is less than the ser- 
vice limit. 



CLUTCH 

ONE-WAY CLUTCH (Type C) 
Check the inside surface of clutch center B for I 1 
abnormal wear or damage; replace as necessary. / A CLUTCH CENTER B 1 

Check the outside surface of the one-wav clutch I I ~ ~~ 

inner for abnormal wear; replace if necessary. ONE-WAY CLUTCH 
Measure the O.D. of the one-wav clutch inner. 1 

Check the sprag for damage or excessive wear; 
replace if necessary. 

Reassemble the one-way clutch as follows: 

Install the sprag into the clutch center B with the 
flanged side facing up. 
Install the clutch inner into the sprag by turn- 
ing it in the specified direction with the groove 
facing up. 

Hold the clutch inner and turn clutch center B as 
shown, and check that the clutch center turns in the 
specified direction but not in the opposite direction. 
Replace the one-way clutch if the clutch center turns 
in both directions. 

PRIMARY DRIVE GEAR (Type D) 
Check the drive gear grooves for nicks or wear 
caused by the clutch plates; replace as necessary. 
Measure the I.D. of the primary drive gear. 
Replace if the service limit is exceeded. 

- 

1 ONE-WAY CLUTCH 
LUTCH INNER CENTER 

PRIMARY DRIVE GEAR 



CRANKSHAFT (Type Dl 

Measure the O.D. of the crankshaft at the clutch cen- 
ter guide sliding surface; replace if the service limit 
is exceeded. 

CLUTCH 
CLUTCH CENTER GUIDE, COLLAR (Type D) 

CLUTCH REASSEMBLY 
(Type A) 

Measure the I.D. and/or O.D. of the clutch center 
guide at the sliding surface. Replace the guide if 
the service limit is exceeded. 
Measure the I.D. and/or height of the collar; 
replace if the service limit is exceeded. 

Install the needle bearing or clutch outer guide onto 
the mainshaft. 

COLLAR 

4 
CLUTCH 
CENTER 
GUIDE 

Install the clutch outer onto the mainshaft. 

If the pump drive sprocket is installed on the 
mainshaft, align the holes of the clutch outer 
with the pins on the oil pump drive sprocket. 
If the primary drive gear is the anti-backlash 
type, install the clutch outer onto the mainshaft 
while moving the drive sub gear. Align the two 
gear teeth using a screwdriver. Take care not to 
damage the gear teeth. 

Install the thrust washer (if used). 

CRANKSHAFT 



CLUTCH 

Coat the clutch discs and plates with clean oil. 1 
Install the pressure plate, discs, plates and clutch 
center onto the mainshaft in the order shown. If a 1 PRESTURE PLATE 
iudder s ~ r i n a  is used, install the iudder spring and . - 
spring seat as shown below. 

CLUTCH 
CENTER 

I 

I DISCS AND PLATES I 
If the splines of the clutch center cannot be 
aligned with the mainshaft splines while install- 
ing, change the transmission into any gear posi- 
tion and turn the rear wheel to ease installation. 

. The disc that is installed against the judder 
spring has a larger I.D. than the other discs. 

' Y J u D D E R  SPRING SEAT SPRING 

DISC 

I 

Make sure that the clutch center is installed com- 
pletely; the grooves of the clutch center must align 
with the tabs of the pressure plates. 

CLUTCH CENTER PRESSURE PLATE 

If the clutch is secured with a lock nut: 

Use a new lock nut if the lock nut was staked. 
Face the chamfered side of the lock nut inward if 
the lock nut is chamfered. 

If a snap ring is used: 

A ~ G N  

Install the lock washer onto the mainshaft with the 
"OUT SIDE" mark facing outside. 

If there is no mark, install the lock washer with the 
convex side facing out. 

Install the lock nut and tighten i t  to the specified 
torque. 

Set the snap ring into the groove in the mainshaft I 1 
with the chamfered side inward. Turn the snaD rina 

LOCK 
WASHER 

. - 
to be sure that it is seated in the groove. 



TOOLS: 
Lock nut wrench 
Clutch center holder 

CLUTCH 
Tighten the lock nut to the specified torque using a 

Where a staked lock nut is used: 

special tooL 

Stake the nut to the mainshaft. 

LOCK NUT WRENCH 

Replace staked-type lock nuts if the old staked 
area of the nut aligns with the aroove of the shaft 
after tightening thk nut to the specified torque. 
Be careful not to damage the shaft when stakina - - 
the lock nut. 
Make sure that the peen point covers at least 213 
of the width of the mainshaft groove. 

Set the bearing in the lifter plate; then install the 
clutch springs and the lifter plate. 

Install the clutch spring bolts and tighten them in a 
crisscross pattern in 2 or 3 steps. 

I CLUTCHCENTERHOLDER I 

PEEN POINT 

Tb 213 OR MORE 

CLUTCH SPRING 1 

CLUTCH SPRING BOLT 

(Type B) 
Install the clutch outer guide, needle bearing and 
clutch outer (see page 11-24). r 
Install the clutch center. 

Install the lock washer and lock nut (see page 
11-25). 

Tighten the lock nut using the special tool to hold 
the clutch center. 

TOOL: 
Lock nut wrench 

Stake the lock nut if necessav. 



CLUTCH 

Coat the clutch plates and discs with clean I I 
engine oil. 

Install the judder spring seat and spring, discs and 
clutch plates. 

The judder spring and spring seat should be 
installed as shown. 
The disc that is installed against the judder 
spring has a larger I.D. than the other discs. 

Coat the push rod with grease and install it into 
the mainshaft. 

Install the lifter rod (and steel ball, if removed). 

Install the bearing in the lifter plate; then install the 
clutch springs, pressure plate, washer(s) and clutch 
spring bolts. 

Tighten the clutch spring bolts. 

CLUTCH 
DISC +t 

JUDDER SPRING 
SPRING SEAT 

PUSH ROD 1 

SPRING, WASHER 
AND BOLT F-. PRESSURE 

Install clutch center A and the washer. 

(Type C) 
Install the clutch outer guide, needle bearing and 
clutch outer (see page 11-24). CLUTCH CENTER A 

\ 



CLUTCH 
lnstall the clutch center B, the one-way clutch and 
one-way clutch inner as an assembly onto the 
clutch &ter. 

See page 11-23 for one-way clutch assembly. 
Make sure that the one-way clutch is installed 
correctly by turning clutch center B. The clutch 
center should turn in the specified direction freely 
and should not turn in the opposite direction. 

1 CLUTCH CENTER B: ONE-WAY CLUTCH 
AND ONE-WAY CLUTCH INNER 

Coat the clutch plates and discs with clean engine r 
oil and install them in the clutch outer and on-the 
clutch center. 

SECOND AND THIRD 
(different groove pattern) 

Two discs have different groove patterns than 
the other discs. lnstall these two in the SECOND 
and THIRD disc positions (from the mainshaft). 
Do not move clutch center B after installing the 
discs and clutch plates. 

lnstall the pressure plate. 

lnstall the washers, clutch spring and set plate. 

lnstall the clutch spring with its concave side 
toward the inside. 

Put the transmission in top gear and apply the 
rear brake. Then tighten the lock nut to the speci- 
fied torque. 

- 
PLATES AND DISCS 

PRESSURE 

WASHER SPRING 

lnstall the lock washer and lock nut (see page 

moL: 
Lock nut wrench 

11-25). 

If the engine is not in  the frame, shift the 
transmission into top gear, hold the drive 
sprocket with the universal holder, and tighten 
the lock nut. 

LOCK WASHER AND LOCK NUT 



CLUTCH 

Coat the push rod with grease and install it in 
the mainshaft. 

Install the lifter rod. 

Untie the clutch lever from the handlebar. 

Install the bearing onto the lifter plate. 

Install the lifter plate and secure i t  with the set ring. 

/ I LIFTER PLATE CARING 

(Type D) 
Install the clutch springs on the clutch outer. I I 

w 

CLUTCH SPRINGS I 
Assemble the drive plate in t*- -I,.' 
, -.*. 8 ,  *L. - 8  ..A. L A?.. .,.. 

CLUTCH DISC 

Compress the clutch springs with the clutch spring 
compressor; then install the set spring in the groove 
of the clutch outer. 

Remove the tool. 

TOOL: 
Clutch spring compressor 

CLUTCH SPRING COMPRESSOR 
\ 

DRIVE 



CLUTCH 

lnstall the collar and clutch center guide onto 
the crankshaft. 

lnstall the clutch damper springs. 

lnstall the primary driven gear onto the mainshaft 
and secure it with a snap ring. 

v 
DAMPER SPRINGS 

PRIMARY DRIVEN GEAR COLLAR 

I I 

Install the clutch assembly onto the crankshaft. I I 
lnstall a new lock washer B (tongued washer) onto 
the mainshaft. 

Replace lock washer B with a new one whenever it 
is removed. 

lnstall lock washer A with the "OUT SIDE" mark fac- 
ing outside. If there is no mark, install the lock 
washer with the convex side toward the outside. 

lnstall the lock nut with the chamfered edge toward 
the inside. 

I "OUT SIDE" MARK I 

LOCK WASHER B ERA 

Hold the clutch outer using a special holder tool and I I 
tighten the lock nut to the specified torque. 

TOOLS: 
Lock nut wrench 
Clutch outer holder 

CLUTCH OUTER 
HOLDER 

BEND TAB 

Bend the tab of lock washer B up into the lock LOCK NUT 
nut groove. WRENCH 

If the tab and groove aren't aligned, turn the lock nut 
in the tightening direction to align; do not loosen the 
nut to set the locking tab. 



CLUTCH LIFTER REASSEMBLY 
(Type A and a part of type Bl 

CLUTCH 

Coat the lifter arm and dust seal with grease. 

lnstall a new gasket onto the clutch outer. 

lnstall the clutch outer cover and tighten the mount- 
ing screws. 

lnstall the lifter, spring and oil through guide onto 
the clutch assembly. 

lnstall the lifter arm and return spring. 

Drive in a new spring pin using a pin driver until the 
pin does not interfere with the lifter arm. 

Q 
SPRING ;";a 
OIL THROUGH 
GUIDE 

Reset the return spring, 

CLUTCH OUTER COVER 

lnstall the lifter rod into the cutout in the lifter arm. 

lnstall the crankcase cover (see the Model Specific 
manual). 

, . ,  . 
SPRING PIN 

(Type D) 
Coat the lifter arm with grease. 

Replace the O-ring with a new one, and install the 
return spring and lifter arm in the crankcase cover. 

Install the stopper pin into the pin hole on the crank- 
case cover. 

lnstall the lifter plate and set plate, then tighten 
the screw. 

lnstall the lifter rod by aligning the boss of the lifter 
rod with the groove in the crankcase cover. 

Install a new gasket and the clutch lifter cover. 
Tighten the screws. 

lnstall the crankcase cover (see the Model Specific 
manual). 



CLUTCH 

HYDRAULIC CLUTCH SYSTEM 
SERVICE 

FLUID REPLACEMENT 
Before removing the reservoir cover, turn the han- 
dlebar until the reservoir is level. 

Place a rag over painted, plastic or rubber parts 
whenever the system is serviced. 

Remove the reservoir cover, diaphragm cover and 
diaphragm. 

Do not mix different types of fluid, as they are 
not compatible with each other. 
Do not allow foreign matter to enter the system 
when filling the reservoir. 

RESERVOIR COVER 

Spilled fluid can damage painted, plastic or rubber I 1 
Darts. Place a shoo towel over these Darts whenever 
;he system is sen;iced. 

Stop operating the lever when no fluid flows out of 
the bleed valve. 

Connect a bleed hose to the bleed valve. 

Close the bleed valve. 

Loosen the bleed valve and pump the clutch lever. 

Fill the reservoir with the recommended fluid from 
an unopened container. Do not allow foreign mate- 
rial to enter the system when refilling the reservoir. 

BLEED HOSE 
\ BLEED VALVE 

Install the diaphragm and reservoir cover. 

Install and tighten the cover screws. 

I NOTICE I 
Using the wrong fluid will cause loss of braking 
efficiency. 
Contaminated fluid can clog the system, causing 
a loss o f  clutch function. 

Connect the brake bleeder to the bleed valve. 

Pump the brake bleeder and loosen the bleed valve. 

Add clutch fluid when the fluid level in the master 
cylinder reservoir is low. 

Repeat the above procedure until air bubbles do not 
appear in the bleed hose. 

Be sure the fluid reservoir is parallel to the ground 
before removing the cover and diaphragm. 

If air enters the bleeder from around the bleed valve 
threads, seal the threads with teflon tape. 

If a brake bleeder is not available, perform the fol- 
lowing procedure: 

(commerically available) 

Connect a bleed hose to the bleed valve. 
Loosen the slave cylinder bleed valve and pump 
the clutch lever, 
Stop operating the lever when no fluid flows out of 
the bleed valve. 
Close the bleed valve. Fill the reservoir, and install 
the diaphragm. 
Pump up the system pressure with the lever until 
there are no air bubbles in the fluid flowing out of 
the reservoir compensation port, and lever resis- 
tance is felt. 

*Then bleed the system. 

1 1-32 



I LOWER LEVEL I 

CLUTCH 

AIR BLEEDING 
1. Squeeze the clutch lever, open the bleed valve 

112 turn and then close the valve. 

Do not release the clutch lever until the bleed valve 
has been closed. 

Check the fluid level often while bleeding the system 
to prevent air from being pumped into the system. 

2. Release the clutch lever slowly, and wait several 
seconds after it is fully released before repeating 
the procedure. 

DIAPHRAGM 

Repeat the above procedures until air bubbles no 
longer appear at the end of the hose. 

I HOLDER SEALING WASHERS I 

BLEED VALVE 

CLUTCH MASTER CYLINDER 
REMOVAUDISASSEMBLY 

Tighten the bleed valve to the specified torque. 

Fill the clutch fluid reservoir to the upper level. 

Install the diaphragm, diaphragm cover and reser- 
voir cover. 

Place a rag over painted, plastic or rubber parts 
whenever the system is serviced. 

Disconnect the clutch switch wires, and remove the 
clutch hose bolt and two sealing washers. 

Cover the end of the hose with a clean rag to pre- 
vent contamination of the system. Then secure the 
hose to the handlebar. 

Remove the holder bolts and holder; then remove 
the master cylinder from the handlebar. 

HOSE BOLT 

Remove the clutch lever pivot bolt, nut and 
clutch lever. 

Remove the push rod and boot. 

CLUTCH LEVER 

PIVOT BOLT 

BOOT 

PUSH ROD 



CLUTCH 
Remove the snap ring from the master cylinder. 

TOOL: 
Snap ring pliers 

Remove the washer, pistonlsecondary cup, primary 
cup and spring from the master cylinder body. 

Replace the master piston components as a set. 

Replacing individual master piston components 
cause clutch system failure. 

can 

I 

INSPECTION 

Check the primary cup and secondary cup for wear, 
damage or deterioration and replace as necessary. 
Measure the master piston O.D.; replace if the ser- 
vice limit is exceeded. 

Check the master cylinder for scores or nicks and 
replace as necessary. 

Measure the master cylinder I.D. in X and Y direc- 
tions; replace if the service limit is exceeded. 

Replace the piston, spring and cups as a set. 



CLUTCH 
ASSEMBLYllNSTALLATlON 

Clean all parts thoroughly. 

Coat the primary and secondary cups with clean 
brake fluid before assembly. 

lnstall the spring in the master cylinder with the 
small end out. 

lnstall the primary cup and pistonlsecondary cup. 

Make sure the cup lips do not turn inside out dur- 
ing installation. 

lnstall the washer and snap ring, making sure the 
snap ring is seated firmly in the groove. 

TOOL: 
Snap ring pliers 

lnstall the boot and push rod. 

Set the push rod end piece into the clutch lever 
hole. Then install the lever with the end piece over 
the push rod. 

Screw in the pivot bolt making sure that the lever 
moves smoothly; then tighten the pivot nut securely. 

Place the master cylinder on the handlebar and 
install the holder with the "UP" mark facing up. 

Align the end of the holder with the handlebar 
punch mark. 

Tighten the upper holder mounting bolt first; then 
tighten the lower bolt. 

lnstall the clutch hose with the bolt and two new 
sealing washers. 

Connect the clutch switch wires to the switch termi- 
nals. Fill the reservoir and bleed the clutch system 
(page 11-32). 

1 PUNCH MARK 1 

I & SEALING WASHERS u 



CLUTCH 

CLUTCH SLAVE CYLINDER 
Place a rag over painted, plastic or rubber parts 
whenever the system is serviced. 

Remove the slave cylinder mounting bolts and then 
remove the slave cylinder from the crankcase. 

Do not disconnect the clutch hose until the piston 
has been removed. 

Inspect the piston seals for signs of leakage. 

Disassemble the slave cylinder and replace the pis- 
ton seal as required. 

Place a clean pan under the slave cylinder to catch 
the draining fluid, and squeeze the clutch lever 
slowly to push out the piston. 

Drain the clutch fluid. Temporarily install the slave 
cylinder; then disconnect the clutch hose. 

Remove the spring from the piston 

Check the piston and cylinder for scoring or 
scratches. 

Remove the oil seal and piston seal from the piston 
and discard them. 

The seals must be replaced with new ones when- 
ever they have been removed. 

ASSEMBLY 
Assemble the slave cylinder in the reverse order 
of disassembly. 
Apply a hi-temperature silicone grease or brake 
fluid to the new piston seal and oil seal. 

Carefully seat the piston seal in the piston groove. 
Install the oil seal. Place the piston in the cylinder 
with the seal end facing out. 

Install the spring in the cylinder with the small end 
toward the piston. 

OIL SEAL I 
.@? F. PISTON SEAL 

SPRING 

PISTON SEAL 
SLAVE CYLINDER 

OIL SEAL I BODY 1 



CLUTCH 

Make sure that the clutch lifter push rod is installed 
properly. 

Install the dowel pins and a new gasket onto the 
slave cylinder, and install the cylinder by aligning 
the push rod with the oil seal hole. 

Tighten the mounting bolts to the specified torque. ) I 
Some models have dowel bolts instead of dowel 
pins to secure the slave cylinder positions. 
Note the location of the dowel bolts or dowel 
pins for positioning the slave cylinder. 
Tighten the bolts in 2 or 3 steps in a crisscross 
pattern starting from the dowel bolt or the dowel 
pin bolt. 

Connect the clutch hose with the hose bolt and two 
new sealing washers; then tighten the hose bolt to 
the specified torque. 

Fill the clutch fluid reservoir and bleed the clutch 
system (page 11-32). SEALING WASHERS 



MEMO 



12 . V-MATIC BELT DRIVE SYSTEM 



V-MATIC BELT DRIVE SYSTEM 

SERVICE INFORMATION 
GENERAL 

Avoid getting grease and oil on the V-belt and pulley drive faces in order to prevent belt slippage. 
Refer to the Model Specific manual for removal/installation of the left crankcase cover and specific clutch maintenance. 

TROUBLESHOOTING 

TOOLS 

Engine starts but vehicle won't move 
Worn drive belt 
Damaged ramp plate 
Worn or damaged clutch lining 

Universal holder 

Engine stalls or vehicle creeps 
Broken clutch shoe spring 

Poor performance at high speed or lack of power 
Worn drive belt 
Weak driven face spring 
Worn weight roller 
Faulty driven pulley face 

Drive pulley holder 



V-MATIC BELT DRlVE SYSTEM 

SYSTEM DESCRIPTION 
OPERATION 
HONDA V-MATIC provides variable drive ratios between the engine and rear wheel according to the engine speed and 
load. It accomplishes this with two sets of pulleys, drive and driven, connected by a drive belt. The drive pulley is attached 
to the engine crankshaft. The driven pulley is attached to a shaft that incorporates a centrifugal clutch. In the V-Matic Drive, 
there is a final gear reduction between the driven pulley and rear wheel, providing an increase in torque. 

BALL BEARING 

w- 

MOVABLE DRIVE FACE DRlVE FACE 

When the engine is running at low speed, the unit increases or multi- 
plies torque. This delivers more torque than a higher engine speed at 
a greater drive ratio. 

REDUCTION: LOW 

As the engine rpm increases, or the load on the rear wheel decreases, 
centrifugal force on the weight rollers throws the rollers outward. 
When the rollers are forced outward, they push the movable face of 
the drive pulley closer to the drive face. The result is a reduced drive 
ratio between the driven and drive pulleys. 

REDUCTION: HIGH 

DRIVE PULLEY DRIVEN PULLEY 

DRIVE PULLEY DRIVEN PULLEY 



V-MATIC BELT DRlVE SYSTEM 

DRlVE PULLEY OPERATION 
The drive pulley consists of a fixed and a movable face. The movable face is capable of sliding axially on the shaft of the 
fixed face. The ramp plate. which pushes the weight rollers against the drive face, is attached to the shaft of the drive face 
with a nut. 

WEIGHT ROLLER 

RAMP 

I  RIVE FACE 
MOVABLE DRlVE FACE 

As the engine rpm increases, centrifugal force on the weight rollers is increased. This pushes the movable drive face 
toward the fixed face. This reduces the drive ratio by allowing the drive belt to run on a pulley of greater diameter. 

DRIVE BELT 
,MOVABLE FACE 

AS SPEED INCREASES 

RAMP PLATE 

DRIVE FACE WEIGHT ROLLER 



V-MATIC BELT DRIVE SYSTEM 
DRIVEN PULLEYICENTRIFUGAL DRY CLUTCH 
The centrifugal clutch is disengaged when the engine speed is low. When engine speed increases, the rotating clutch 
shoes of the clutch weight will expand as the centrifugal force increases. In this way, the clutch is automatically engaged. 

The drive belt is pushed out towards the drive face circumference of the drive pulley as the engine speed increases. As the 
belt remains constant in length, the belt, in turn, is pulled in toward the center of the driven face, pushing out the movable 
driven face and compressing the driven face spring. 

By this mechanism, the diameter of the belt on the driven pulley decreases at high engine speed. When the engine speed 
decreases, the belt is pulled back towards the center of the drive pulley releasing the tension on the belt. This allows the 
driven face spring to move the movable driven face toward the original position, pushing the belt back toward the circum- 
ference of the driven pulle,. - 
In the manner described above, the reduction ratio varies with engine speed automatically, without the need to manually 
shift between gear ratios. 

BALL BEARING 
n 

CLUTCH WEIGHT 

DRIVE SHAFT 

CLUTCH OUTER 

GUIDE PIN AND ROLLER \ 
DRIVEN FACE 
SPRING 



V-MATIC BELT DRIVE SYSTEM I 
DRIVE BELT 

REMOVAL 
Remove the left crankcase cover (see Model 
Specific manual). 

Measure the width of the drive belt as shown. 

Squeeze the drive belt into the pulley groove as 
shown so that it slackens enough to remove the 
driven pulley from the drive shaft. 

Remove the driven pulleylclutch with the drive belt 
in place. 

Remove the drive belt from the driven pulley groove 
and drive pulley groove. 

INSPECTION 
Check the drive belt for cracks, ply separation and 
wear; replace as necessary. 

Replace the belt if the service limit is exceeded. 

Use only a genuine Honda replacement drive belt. 

Do not get oil or grease on the drive belt or pulley 
faces. Clean off any grease or oil before reinstalling. 

Hold the clutch outer using the universal holder and 
remove the nut and clutch outer. 

TOOL: 
Universal holder 

[NOTlCEI 
Use the special tool when loosening the lock nut. 
Holding the rear wheel or rear brake will damage 
the final reduction system. 

DRIVE BELT 

CLUTCHIDRIVEN PULLEY 

INSTALLATION 

CLUTCH OUT 

Temporarily install the driven pulleylclutch assem- 
bly on the drive shaft. 

Turn the pulley clockwise and spread the faces apart 
while installing the drive belt. 

COG 

WIDTH )c 

MOVABLE 
DRIVEN 
PULLEY 
FACE 



V-MATIC BELT DRlVE SYSTEM 
Remove the pulley assembly once with the drive 
belt installed. 

Hold the pulley faces apart to prevent them from 
closing. 

Put the drive belt over the drive pulley. 

Reinstall the driven pulley on the drive shaft with 
the drive belt attached. 

Install the clutch outer and the universal holder. 
Tighten the nut to the specified torque. 

TOOL: 
Universal holder 

Reinstall the left crankcase cover (see Model 
Specific Manual). 

DRlVE PULLEY 

/ - 
CLUTCHIDRIVEN PULLEY DRIVE 

SHAFT 

CLUTCH OUTER 

UNIVERSAL HOLDER 
I 1 

DRlVE PULLEY 
REMOVAL 
Remove the left crankcase cover (see Model 
Specific manual). 

Hold the drive pulley face using the drive pulley 
holder and remove the nut and washer. 

Remove the drive pulley face. 

TOOL: 
Drive pulley holder 

I DRlVE PULLEY HOLDER I 
If the drive pulley holder cannot be used, remove 
the cooling fan at the right side of the crankshaft, 
and hold the flywheel with the universal holder. 

TOOL: 
Universal holder 

HEEL 



V-MATIC BELT DRIVE SYSTEM 

DISASSEMBLY 

I I 

Remove the three bolts attaching the movable drive 
face seal and remove the seal. 

Remove the ramp plate. 

WET TYPE: 
Remove the weight rollers and the O-rings from the 
movable drive face. MOVABLE DRIVE FACE SEAL 

There are two types of movable drive faces: wet type 
which needs thegrease application insideof the face 
and dry type which doesn't need grease application. 

Remove the movable drive face and drive face shaft 
from the crankshaft. 

DRY TYPE: 

Remove the weight rollers from the movable drive 
face. 

WEIGHT ROLLER (WET TYPE) 

MOVABLE DRIVE FACE 

INSPECTION 

Check the rollers for wear or damage and replace as 
necessary. 

The weight rollers push on the movable drive pulley 
face (by centrifugal force); worn or damaged weight 
rollers will interfere with this force. 

Measure the O.D. of each roller; replace if the ser- 
vice limit is exceeded. 

WEIGHT ROLLER 



V-MATIC BELT DRIVE SYSTEM 

If dust seal is installed, check it for damage and 
deterioration. A defective dust seal causes bad 
operation of the movable drive face boss. Replace it 
with the new one. 

Check the drive face shaft for wear or damage and 
replace as necessary. 

Measure the O.D. of the drive face shaft. Replace the 
shaft if the service limit is exceeded. 

Measure the I.D. of the drive face. Replace it if the 
service limit is exceeded. 

ASSEMBLYIINSTALLATION 
WET TYPE: 

MOVABLE DRIVE FACE 

DRIVE FACE 
SHAFT 

Pack the inside of the movable drive face with 
the specified amount of grease; then install the 
weight rollers. 

Use only the specified grease in the specified 
amount or the clutch operation will be affected. 
Apply the grease equally over the inside of the 
pulley face. 

SPECIFIED GREASE (Lithium Based Grease): 
Mitsubishi HD-3 
Nippon Sekiyu Lipanox Deluxe 3 
ldemitsu Comnex 3 
Sta-Lube MP #3141 
Bel-Ray Moly Lube 126 EP#O 

DUST SEAL 

SPECIFIED GREASE (WET TYPE) 

1 I 

Install the O-ring. Take care that the O-ring doesn't 
come out from its groove. 

DRY TYPE: 

Make sure there is no oil or grease inside of the RAMP PLATE movable drive face; then install the weight rollers. BOLTS 

Install the ramp plate. 

Install the face seal and tighten the bolts to the spec- 
ified torque. 

FACE SEAL 



V-MATIC BELT DRIVE SYSTEM 
Coat the inside of the drive face shaft with 4-5 g 
of grease. Install the shaft with the splined hole 
facing out. 

Do not allow any grease on the pulley face. Remove 
any excess grease with a degreasing agent. 

CRANKSHAFT SHAFT 

Install the movable face assembly on the crankshaft. 
DRlVE FACE 

Install the drive pulley face, washer and nut. 

Be sure both pulley faces are free of oil and grease. 

Hold the drive pulley face using the drive pulley 
holder and tighten the nut to the specified torque. 

TOOL: 
Drive pulley holder 

DRIVE PULLEY FACE INSTALLATION 

D ~ I V E  1 
BELT 

Squeeze the drive belt into the pulley groove and 
pull the drive belt over the drive face shaft. 

DRlVE PULLEY 

SQUEEZE 

. . 
DRlVE PULLEY HOLDER ' 

, 



V-MATIC BELT DRIVE SYSTEM 
If the ~ u l l e v  holder cannot be used. remove the I I 
cooling fan and hold the flywheel with the 
universal holder. 

TOOL: 
Universal holder 

Install the left crankcase cover (see Model 
Specific manual). 

AL 



V-MATIC BELT DRIVE SYSTEM 

CLUTCHIDRIVEN PULLEY 
DISASSEMBLY 
Remove the drive belt and clutchldriven pulley (see 
page 12-6). 

Install a clutch spring compressor on the pulley 
assembly and tighten the tool to gain access to 
the nut. 

Do not overtighten the compressor. 

Hold the clutch spring compressor in a vise as 
shown and remove the lock nut using the lock 
nut wrench. 

Loosen the clutch spring compressor and disassem- 
ble the clutch and spring from the driven pulley. 

Remove the seal collar from the driven pulley 

Remove the guide pins and guide pin rollers and the 
movable driven pulley face. 

Remove the O-ring and oil seals from the movable 
face. 

LOCK NUT WRENCH 

SEAL 
COLLAR 

MOVABLE DRIVEN OIL SEAL GUIDE 
PULLEY FACE I PINS 1 

O-RINGS GUIDE PIN 

GUIDE 
PIN 
ROLLER 
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INSPECTION 
CLUTCH OUTER 

Measure the 1.D at the shoe contact surface of the 
clutch outer. 

Replace the outer if the servlce l ~ m ~ t  IS exceeded 

CLUTCH OUTER 

CLUTCH SHOE 

Measure the th~ckness of each shoe, replace lf the 
servlce l ~ m ~ t  IS exceeded 

Refer to page 12-14 for clutch shoe replacement 

DRIVEN PULLEY SPRING 

Measure the free length of the driven pulley spring 
and replace if the service limit is exceeded. 

DRIVEN PULLEY 

Check the following: 

Both faces for damage or excessive wear. 
Guide pin groove for damage or deformation. 

Replace damaged or worn parts as necessary. 

Measure the O.D. of the driven face and the I.D. of 
the movable driven face. Replace either part if the 
service limit is exceeded. 

DRIVEN PULLEY FACE 

b 
MOVABLE FACE GROOVE 

12-13 



V-MATIC BELT DRIVE SYSTEM 
DRIVEN FACE BEARING INSPECTION 

Check the inner bearing oil seal (if installed) for 
damage; replace as necessary. 

Check the needle bearing for damage or excessive 
play; replace as necessary. 

Turn the inner race of the outer bearing with your 
finger. Check that the bearing turns smoothly and 
quietly, and that the bearing outer race fits securely. 
Replace the bearing if necessary. 

Some models use two ball bearings. 

Refer to page 12-15 for bearing replacement. 

BEARING 

Check the damper rubbers for damage or deforma- 
tion; replace as necessary. 

Apply a small amount of grease on the pivot pins. 

CLUTCH SHOE REPLACEMENT 
Remove the snap rings and washers; then remove 
the clutch shoes and shoe springs from the 
drive plate. 

Some models use one retainer plate instead of three 
snap rings. 

Checktheshoespringsfor damageor loss oftension. 

I 
CLUTCH SHOE 

SHOE SPRING 
DRIVE PLATE 

Install new clutch shoes on the pivot pins and push 
them into place. 

Use a small amount of grease on the pivot pin. Keep 
grease off of the brake shoes. Replace the brake 
shoes if there is any grease on them. 

ps iq 
Grease or oi l  damages clutch shoes and can lead to 
a loss of engaging ability. 

DAMPER RUBBER 
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Install the snap rings and washers or retainer plate 
onto the pivot pins. 

Use pliers to hook the springs to the shoes. 

I SNAP RING 

SHOE SPRING 

DRIVEN FACE BEARING 
REPLACEMENT 
Remove the inner bearing. I I 
If the driven face has an oil seal on the inner bearing 
side, remove the oil seal first. 

If a ball bearing is used on the inside, remove the 
snap ring first; then remove the bearing. 

Remove the snap ring; then drive out the outer 
bearing toward the inner bearing side. 

Drive a new outer bearing into place with the sealed 
end toward the outside. 

Install the snap ring securely. 

Apply the specified amount of specified grease. 

SPECIFIED GREASE (Lithium Based Grease): 
Mitsubishi HD-3 
Nippon Sekiyu Lipanox Deluxe 3 
ldemitsu Comnex 3 
Sta-Lube MP W141 
Bel-Ray Moly Lube 126 EPM 



V-MATIC BELT DRIVE SYSTEM 

I INNER BEARING I 

lnstall in a new inner bearing. 

Install the bearing with the sealed side facing out. 

lnstall the needle bearing using a hydraulic press. 
lnstall the ball bearing by driving i t  in or using a 
hydraulic press. 

lnstall the snap ring into the groove in thedrivenface. 

lnstall a new oil seal with the lip toward the bearing 
(if required). 

CLUTCHIDRIVEN PULLEY ASSEMBLY 
lnstall new oil seals and O-rings on the movable 
driven pulley face. 

Lubricate the inside of the movable face with the 
specified amount of grease. 

SPECIFIED GREASE (Lithium Based Grease): 
Mitsubishi HD-3 
Nippon Sekiyu Lipanox Deluxe 3 
ldemitsu Coronex 3 
Sta-Lube MP #3141 
Bel-Ray Moly Lube 126 E M  

1 OIL SEALS 

SEALED SIDE 

lnstall the movable face on the driven pulley face. I 

a 

a 

lnstall the seal collar. 

Install the guide pins, or guide pins and guide 
pin rollers. 

MOVABLE DRIVEN GUIDE PIN 
PULLEY FACE 

GUIDE PIN 

DRIVEN PULLEY FACE 

SEAL COLLAR 
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Clamp the clutch spring compressor in a vise and 
tighten the lock nut to the specified torque using the 
lock nut wrench. Remove the spring compressor. 

Install the clutchldriven pulley and drive belt onto 
the drive shaft (see page 12-6). 

Assemble the driven pulley, spring and clutch in 
the clutch spring compressor. Compress the 
assembly by turning the tool handle until the lock 
nut can be installed. 

LOCK NUT WRENCH 



MEMO ~ 
a' 
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TRANSMISSION 

SERVICE INFORMATION 
GENERAL 

Refer to the Model Specific manual for specifications and proper servicing information on the particular model 
in question. 

TROUBLESHOOTING 
MANUAL TRANSMISSION 

Hard to shift 

Improper clutch operation 
Incorrect engine oil weight 
Incorrect clutch adjustment 
Bent shift forks 
Bent fork shaft 
Bent fork claw 
Damaged shift drum cam grooves 
Bent shift spindle 

Transmission jumps out of gear 

Worn gear dogs or slots 
Bent fork shaft 
Broken shift drum stopper 
Worn or bent shift forks 
Broken shift linkage return spring 
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SYSTEM DESCRIPTION 
HONDAMATIC 
SUMMARY 
Conventional automatic transmissions consisting of a traditional belt drive and pulley system have been used in certain All 
Terrain Vehicles (ANs). 

The Hondamatic transmission first introduced on the 2001 TRXBOOFA, however, is a hydromechanical continuously vari- 

a able transmission. Housed within a compact, fully sealed assembly, it uses the principles of hydrostatic drive and elec- 
tronic controls. It is compact, quiet, maintenance-free, rugged, and features engine compression braking. 

The usefulness of the Hondamatic is maximized when combined with the computer (Engine Control Module)-controlled, 
dual-mode continuously variable change program or the Electric Shift Program (ESP), already in use on the TRX450ES 
and TRX35OFETTE ANs. The ESP allows the operator to select higher or lower output ratios, providing manual control of 
the Hondamatic. 

SWASH PLATE ASSEM 
ISTRIBUTOR VALVES 

RAULIC MOTOR PISTONS (9 pieces) 

OTOR SWASH PLATE 

SWASH PLATE ASSEMBLY 
(angle adjustable) 

HYDRAULIC PUM 
PISTONS (7 pieces) 

PRIMARY DRIVE GEAR (anached AUTOMATICTRANSMISSION UNIT 

on the centrifugal clutch) / 
(in the crankcase) 

- 
The hydromechanical transmission uses the engine to drive the hydraulic pump that forces hydraulic fluid through se- 
quential pistons (hydraulic pump side). On the other side of these pistons (hydraulic motor side) the pressurized fluid en- 
ters a second set of pistons that push against an angled plate (called a swash plate). Because the cylinder body holding 
the pistons is splined to the output shaft (called a pump/motor shaft), the pressure exerted on the swash plate (hydraulic 
motor side) causes the cylinder body to rotate. When the angle of the hydraulic motor swash plate is adjusted, the cylin- a der body (and, therefore, the pumplmotor shaft) rotates faster or slower, resulting in higher or lower output drive ratios. 
When either of the two drive modes (Dl-Maximum Performance or DZ-Maximum Torque) is selected, the Engine Control 
Module (ECM) continuously monitors input from each sensor and switch to position the motor side swash plate at the 
optimal ratio. Using the ESP mode, the ECM instructs the control motor to move the hydraulic motor swash plate to pre- 
set angles to simulate specific gear selection. 
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HONDAMATIC UNIT CONSTRUCTION AND OPERATION 
OPERATING PRINCIPLES 

This automatic transmission unit utilizes a fixed-volume piston pump and a variable-volume piston motor in opposition on 
the same shaft lpump/motor shaft). As the automatic transmission is a closed circuit, any excess hydraulic fluid from the 
automatic transmission system is recirculated to the transmission using a separate charge pump (i.e. oil pump for engine 
lubrication). The automatic uses standard engine oil for lubrication as hydraulic fluid. 

Upon engagement by the centrifugal clutch, the engine turns the transmission's pump-side outer body (called a pump 
swash plate assembly). causing the fixed-angle pump-side swash plate within to rotate, sequentially stroking the pump 
side pistons. This action draws low-pressure fluid into the pistons, which discharge high-pressure fluid (corresponding to 
the input torque). The fluid is distributed to the high-pressure circuit by the distributor valve on the pump side. The distrib- 
utor valve on the motor side opens and feeds the high-pressure fluid to the piston on the motor side for the suction stroke. 
Each distributor valve is eccentrically synchronized to the rotation of its respective swash plate, ensuring that fluid is trans- 
ferred at the proper time. 

Circulation of hvdraulic 

ENGINE POWER 
(from centrifugal clutch) 

1 
fluid in the auto'matic 

PUMP SWASH PLATE 

(To engine 
components 
for lubrica- 
tion) 

pressure circuits) PUMP 

Charging to 
low-Geisure 
circuit 

PUMP SIDE DlSTRiBUTOR V A L V E ~ K  MOTOR , SIDE DISTRIBUTOR VALVES 

Islope) 
SWASH PLATE 

MOTOR SHAFI 
UT SHAFT) 

IfYMOTO""TON 
3 MOTOR SWASH 

HIGH-PRESSURE CIRCUIT 
LOW-PRESSURE CIRCUIT 

The amount of fluid discharged depends on the angle of the motor side swash plate. The greater the slant, the further the 
pistons move and more fluid they transfer. This additional volume transfer makes the motor side less efficient, resulting in 
a differential based on the volume transferred. As the motor-side pistons travel down the slope of the motor side swash 
plate, the fluid pressure is drawn through the pistons and rotates the cylinder body (which houses the pistons). As the cyl- 
inder is splined to the output shaft (pumplmotor shaft), the output shaft also rotates, transferring power to the drive train. 

When the motor-side swash plate is perpendicular to the pump axis, the pistons do not stroke (therefore, oil is not dis- 
charged). In this condition, oil cannot flow between the pump and the motor, and the pump swash plate assembly and out- 
put shaft are hydraulically locked (1: l  gear ratio) to rotate them together as one body. An Overdrive is achieved by 
adjusting the swash plate to an angle beyond perpendicularity to the pump axis. 



TRANSMISSION 
As the pistons begin their travel back up the motor-side swash plate. they begin their discharge stroke. The hydraulic fluid 
is transferred back through the motor-side distributor valve and into the low-pressure circuit of the body. The fluid then 
passes through the pump-side distributor valve, where it is timed to the suction stroke of the pump pistons. 

MOTOR SWASH PLATE ASSEMBLY 

CONTROL MOTOR 
\ 

\ 
SCREW SHAFT 

REDUCTION GEAR 

TORQUE AMPLIFICATION 

The input reaction force torque from the engine is transmitted to the pistons that are fixed within the rotating cylinder. This 
force is then transferred through the cylinder to the shaft (mechanical power train). When the ratio is 1:l  and the motor side 
swash plate exerts no reactive force against the motor cylinder, the input torque is transferred directly to output torque with 
no amplification. When the angle of the swash plate is increased, the reaction force increases, amplifying the output torque. 
The total output torque is the sum of the input reaction force torque and hydraulic output torque. 

DISTRIBUTOR VALVES 

The hydraulic fluid is transferred between the pump and motor piston chambers by the sprue-type distributor valve 
arranged radially around the shaft. The pump-side and motor-side distributor valves are eccentricallv arranaed on the . . 
shaft and are aligned to time the transfer of low-pressure and high-pressure fluid in tune with the direction and3nclination 
of the pump and motor swash plates. As the cyllinder rotates, the eccentrically arranged valves slide in and out of the cvl- 
inder body, opening and closing the paths in the body. 

- 

PUMP SIDE: MOTOR SIDE: 
SLIP RING (Pump SLIP RING 

swash plate assembly HIGH-PRESSURE (Transmission 

DISTRIBUTOR VALVE 

CYLINDER BODY 
LOW-PRESSURE 

PISTON CHAMBE 
SECTION 

w pressure side; 
side; suction work , 

side; discharge suction work 
work 
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COMPRESSION BRAKING AND PRESSURE CONTROL 

Check Valves and Pressure Control Valves-During on-throttle driving, the check valve in the pump-side cylinder feeds 
hydraulic fluid into the low-pressure circuit. The check valve is open when the hydraulic pressure in the low-pressure cir- 
cuit drops below a specified level and, upon achieving the proper pressure, closes to prevent backflow. Under engine com- 
pression braking conditions (where the rotational force comes from the wheels), the motor side becomes a pump (driven 
by the pump/motor shaft) and the pump side becomes a hydraulic motor. In this situation, the high and low-pressure cir- 
cuits in the automatic transmission unit are reversed. This transmission uses a separate check valve to feed hydraulic fluid 
to the engine braking low-pressure circuit. 

Pressure control valves vent excessive high-pressure fluid into the low-pressure circuit during both on-throttle driving, and 
compression braking conditions. 

Low pressure circuit 
when engine 

High pressure circuit 
when normal running 

PRESSURE CONTROL 

Low pressure circuit 
during on-throttle 

ENGINE COMPRESSION 
BRAKE PRESSURE '7 High pressure circuit 
CONTROL VALVE when engine 

compression braking 

driving 

View from pump swash plate side: 

ENGINE COMPRESSION 
BRAKE PRESSURE 
CONTROL VALVE 

/ 
PRESSURE CONTROL VALVE 
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HONDAMATIC ELECTRICAL SYSTEM CONSTRUCTION 
OUTLINE 

The output speed (reduction ratio) is controlled by the angle of the hydraulic motor side swash plate. The position of this 
swash   late is determined bv the ECM. which uses various Dieces of information to send commands to the control motor 
that m&es the swash plate arm. The signals used to determine optimal automatic transmission output are: 

-Throttle opening (throttle sensor) 

-Vehicle speed (speed sensor) 

-Engine speed (rpm) (ignition pulse generator) 

-Automatic transmission control motor swash plate angle (angle sensor) 

- Sub-transmission gear position (gear position switch-R, N, D, L) 

-Control mode and map (drive mode select switch-Dl, D2, ESP) 

-Manual shaft range (ESP shift switch-l,2,3,4,5) 

COMBINATION METER 

I 

IGNITION SWITCH. I 

ESP SHIFT SWITCHES 

ANGLE SENSOR 

1 GEAR POSITION SWITCH 
I 

f l  I \ GEARSHIFT! DRUM I 
/ I \ I 

CONTROL MOTOR 

GEAR SHIFT LEVER 
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THREE-SPEED AUTOMATIC TRANSMISSION SYSTEM 
OUTLINE 

This three-speed automatic transmission system first introduced on the 2003 TRX650FA controls gear selection by means 
of the automatic transmission mechanism that consists of the torque converter and the 3 shift clutches (hydraulic clutch). 

To control the hydraulic clutch and to shift, the system changes the supply of hydraulic pressure to each clutch (lst, Znd, 
3rd) by activating the respective spool valves with the corresponding solenoid valves. Each solenoid valve is controlled by 
the engine control module (ECM), that detects the signal from each sensor and switch, and the transmission control mod- 
ule (TCM). 

The hydraulic oil for this system is the engine oil, which is supplied from the ordinan/ oil pump for engine lubrication 

The valve body which incorporates solenoid valves and spool valves that control the clutch hydraulic pressure is laid out 
independently on the crankcase cover to facilitate maintenance. 

The sub-transmission is laid out in front of the output shaft, and selecting Drive-Neutral-Reverse can be made mechani- 
cally by operating the selector lever located near the drivers seat. 

TORQUE CONVERTER \ PRIMARY DRIVE GEAR 
I Prr' 

PRIMARY DRIVEN GEA 

SUB-TRANSMISSION 
(COUNTERSHAFT) 

nd SHIFT CLUTCH \ I\ OUTPGTSHAFT - . -. ..--.. 
\ 

OUTPUT DRIVEN GEAR 
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TORQUE CONVERTER 

a STRUCTURE 

Pump 
The pump, directly connected to the crankshaft, converts engine output (torque) into oil flow. 

Turbine 
Receiving the oil from the pump, the turbine transmits the torque to the transmission by way of the primary drive gear. 

Stator 
The stator changes the direction of the oil flow drained from the turbine. It drains the oil toward the pump. 

Stator Shaft 
It transmits the stator rotation to the one-way clutch. 

Stator One-way Clutch 
The stator one-way clutch locks the stator at stalling and it releases (rotates) the stator at coupling. 

Inner Collar 
The inner collar, prevented from turning by the stopper pin fixed on the crankcase, stops the rotation force at stalling, 
which is transmitted from the stator by way of the one-way clutch. - 
Engine Brake One-Way Clutch 
When the engine braking is applied, the engine brake one-way clutch directly transmits the input torque from the pri- 
mary drive gear to the crankshaft. This allows the machine to slow down by engine braking. 

Seal ring and Seal Collar 
The seal ring and seal collar are provided to prevent oil leakage. 

PUMP BLADES RAKE ONE-WAY CLUTCH 

STATOR BLADES TOR ONE-WAY CLUTCH 

Hydrsullc Oil 

OPERATION PRINCIPLE 

1. Oil Flow: 

The oil in the torque converter flows in this order; from the pump, to the turbine, and to the stator. The oil is supplied 
from the inside of the pump, and the excess oil is drained from the turbine. The torque converter is cooled down by 
draining (exchanging) the excess oil. 

2. Stall range: 

When the difference of rotation speed between the pump and turbine is large, the stator turns in the reverse direction 

a from that of the turbine by receiving the reaction force from the turbine. As this motion is locked by the one-way clutch, 
the counter torque is applied to the stator. To balance the rotation direction, the turbine torque (output torque) 
becomees the sum of the pump torque and counter torque of the stator. Therefore, the output torque is amplified by the 
amount of counter torque of the stator. 

3. Coupling Range: 

When the difference of rotation speed between the pump and turbine is small (0.8 or more), the reaction force applied 

a from the turbine to the stator is small and the stator turns in the same direction as that of the turbine. As the torque is 
not amplified this time, the torque ratio is about 1.0 and the torque transfer efficiency to speed ratio changes in the ratio 
of 1:l.  

4. Engine Braking: 

The input force from the primary drive gear is directly transmitted to the crankshaft by the one-way clutch, which pro- 
duces the engine breaking (Same as conventional A N ) .  

13-9 
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HYDRAULIC VALVE FUNCTION 
Linear Solenoid Valve 

It controls the vehicle creep by diverting the hydraulic pressure that flows to the entire clutch system to the linear valve. 

Shift Solenoid Valves (A and B) 

The shift solenoid valves control the shift timing by supplying and shutting off hydraulic pressure to activate the 
shaft valves. 

Shift Valves (1-2 and 23) 

The shift valves switch the hydraulic circuits to the three clutches. 

Orifice Control Valve (2nd and 3rd) 

The orifice control valves operate when clutch fluid pressure rises during shifting. It releases the pressure to reduce 
shift shock. 

Emergency Valve 

The emergency valve is used when the hydraulic pressure is shut off by the faulty linear solenoid valve (stuck; mechanical 
lock), and the vehicle is hindered from running. Open the bypass oil circuit manually to supply hydraulic fluid. (In this case, 
the transmission is held in 2nd range and the vehicle creeps during idling.) 

3rd SHIFT CLUTCH 

2nd SHIFT CLUTCH 
3rd ORIFICE In SHIFT CLUTCH 

2-3 SHIFT VALVE 

TORQUE CONVERTER 

Cylinder head 
Alternator 

Sub-transmission 

MLSTRUNERS 

OIL PUMP 
hM.nkcII 
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SHIFT CLUTCH HYDRAULIC CIRCUIT AND OPERATION 
This system activates the linear solenoid valve and shift solenoid valve A and B as the ECM and TCM detect the follow- 
ing signals: 

-throttle angle 

-vehicle speed 

-sub-transmission gear position (D - N - R) 

-drive mode (AUTO - ESP) 

-engine oil temperature 

It controls the shiftclutchesforthe situation according to the combination of the operation ofthe respective solenoid valves. 

Gear in Neutral 

The hydraulic passage is the same as the transmission being in the 2nd range. The linear solenoid valve is on (valve 
closed) and the hydraulic oil that flows to activate all shift clutches is shut off. Therefore, all clutches are inactive. 

3rd SHIFT CLUTCH 
I 

TORQUE 

OIL PUMP m 
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Driving in 1st range and Reverse gear 

-The hydraulic passage is connected to supply hydraulic oil to the 1st shift clutch, and the clutch is engaged. 
Oil is supplied by way of: Linear solenoid valve .) 1-2 Shift valve * 1st Shift clutch 
(Oil is drained by way of: 2nd Shift clutch + 2-3 Shift valve * 1-2 Shift valve, 3rd Shift clutch * 2-3 Shift valve). 

-At  idling, the linear solenoid valve is on (valve closed) to eliminate vehicle creep. At start up, the linear solenoid valve 
controls the clutch hydraulic pressure to the linear valve in accordance with the signal from the TCM. 

-Control of the hydraulic passage during driving in Reverse gear is the same. However, the vehicle can be driven only 
in the 1st-hold mode (no shift). 

TORQUE 



TRANSMISSION 
Driving in 2nd range 

-The hydraulic passage is connected to supply hydraulic oil to the 2nd shift clutch. 
Oil is supplied by way of: Linear solenoid valve * 1-2 Shift valve + 2-3 Shift valve + 2nd Shift clutch. 
(Oil is drained by way of: 1st Shift clutch .1 1-2 Shift valve * 2nd Orifice control valve, 3rd Shift clutch + 2-3 
Shift valve). 

-When shifting from 1st to 2nd position, the draining volume of the 1st clutch hydraulic oil is controlled by the ordinary 
orifice and the 2nd orifice control valve to reduce the shift shock.* 
'When the TCM detects system failure (fail-safe mode), the hydraulic passage is the same as the above. (Therefore, 
the vehicle can be driven only in the 2nd-hold mode and creeping can occur at idle). 

3rd SHIFT CLUTCH 
I 

TORQUE 



TRANSMISSION 
Driving in  3rd range 

-The hydraulic passage is connected to supply hydraulic oil to the 3rd shift clutch. 
Oil is supplied by way of: Linear solenoid valve + 1-2 Shift valve + 2-3 Shift valve * 3rd Shift clutch. 
(Oil is drained by way of: 1st Shift clutch * 1-2 Shift valve * 2nd Orifice control valve, 2nd Shift clutch * 2-3 Shift 
valve * 3rd Orifice control valve). 

-When shifting from 2nd to 3rd position, the draining volume of the 2nd clutch hydraulic oil is controlled by  the ordi- 
nary orifice and the 3rd orifice control valve to reduce the shift shock. 

3rd SHIFT CLUTCH 
1 
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AUTOMATIC TRANSMISSION PERFORMANCE CURVE 
See the following graph for the relationship between the vehicle speed and throttle angle. It shows the shift timing (shift- 
up shown with the solid lines and shift-down with the dotted lines) and the ranges of shift position. 
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ELECTRIC SHIFT PROGRAM (ESP) 
The Electric Shift Program (ESP) is designed to make conventional transmission gear shift operation easier by replacing 
the conventional foot-operated shift change with a switch located near the operators hand. 

Refer the model-specific Service Manual for component locations. 

COMPONENT DIAGRAM 

SHIFTSWITCH COMBINATION METER 
\ I 

CONTROL MOTOR IGNITION PULSE GENERATOR 

\ 

Shift Position Indicator 
The shift position indicator incorporated in the combination meter indicates the current shift position, detected through the 
gear position switch (operated by an electric ON and OFF to detect Reverse. Neutral, 1st and 5th) and Electronic Control Unit 
signals (calculated from the signals of both the engine revolution and vehicle speed to detect Znd, 3rd, 4th) 

Shift Switch 

When the operator presses the shift switch installed on the left handlebar, it sends the shift-up or shift-down signal to the 
Electronic Control Unit. 

Reverse Shift Switch 

The reverse switch, located above the rear brake lever bracket, turns ON when the reverse selector is operated. The Elec- 
tronic Control Unit will shift to Reverse and the control motor starts to run, while the reverse selector is being operated. 

Main Relay 

The main relay, installed inside the rear fender, shuts off the electric current for controlling the motor to the Electronic Con- 
trol Unit by cutting off the voltage for relay operation when the electronic Control Unit detects an error. 

Electronic Control Unit 
The Electronic Control Unit, installed inside the front fender, controls the system by processing the signals coming from 
each switch and sensor. 

Ignition Pulse Generator 
The pulse generator, installed inside the rear crankcase, controls the ignition system and also sends an engine revolution 
signal to the Electronic Control Unit. 

Control Motor 
The control motor, installed on the front crankcase cover, rotates the sub-gearshift spindle depending on the current from 
the Electronic Control Unit. 

Anale Sensor - 
The angle sensor, installed on the control motor, converts the direction of rotation, rotating angle and rotating speed of the 
sub-gearshifts spindle into a voltage change and speed change and outputs them to the Electronic Control Unit. 



TRANSMISSION 
Gear Position Switch 
The gear position switch, installed inside the rear crankcase, controls the starter relay switch and also sends Reverse, Neu- 
tral ?st, and 5th signals to the Electronic Control Unit. 

Speed Sensor 
The speed sensor, installed on the rear crankcase, sends a vehicle speed signal both to the combination meter and the Elec- 
tronic Control Unit. 

DESCRIPTION OF MAJOR COMPONENTS 
Angle Sensor 

The angle sensor shaft is connected to the end of the sub-gearshift spindle. It converts the direction of rotation, rotating 
angle and rotating speed of the sub-gearshift spindle into a voltage change and speed change and then outputs these sig- 
nals to the Electronic Control Unit. 

The angle sensor shaft is connected to the end of the sub-gearshift spindle. It converts the direction of rotation, rotating 
angle and rotating speed of the sub-gearshift spindle into a voltage change and speed change and then outputs these sig- 
nals to the Electronic Control Unit. 

The rotation of the angle sensor shaft changes a variable resistance value, thereby changing the output voltage to the Elec- 
tronic Control Unit from the angle sensor. 

The Electronic Control Unit detects whether the gear is shifted down or up during the voltage change. 

Electronic Control Unit 

Consisting of the CPU, a motor drive circuit and gear position (2nd. 3rd and 4th signals) output circuits, the Electronic Con- 
trol Unit calculates the signals from each switch and sensor and controls the ESP system. 

The Electronic Control Unit has a self-diagnostic function which checks the system. 

If any error is found as the result of self-diagnosis, it shuts off the electric current for operation to the main relay, bringing 
ESP to a stop. Starting with some 2002 models the problem codes are displayed on the combination meter. Refer to the 
model-specific Service Manual for problem code retreival and troubleshooting. 

13-17 



TRANSMISSION 
If the error is temporary, turn OFF the ignition switch to erase the self-diagnostic results. then restart the engine to reacti- 
vate the system. 

TRANSMISSION 

CON~ROL MASTER ARM 
MOTOR 

SHIF? DRUM 

The shift control motor rotates the clutch lever, master arm and shift drum via the reduction gear and sub-gearshift spindle. 
It activates the clutch and shift changes. 

The shape and number of the transmission gear dogs have been changed for faster gear shifting by a shift control motor in 
place of the conventional foot-operated shift mechanism. 



TRANSMISSION 

MANUAL TRANSMISSION 
- GEAR MECHANISM 

The gearshift mechanism consists of three gearshiftforks, a gearshift drum, a gearshift arm, a shift drum stopper and a gear- 
shift positive stopper. When the gearshift pedal is depressed, the gearshift spindle rotates, causing the gearshift arm to ro- 
tate the shift drum. When the shift drum rotates, the shift forks move sideways due to the cam action of the groove cut in 
the shift drum body. 

GEARSHIFT 

LEFT GEARSHIFT FORK 

GEARSHIFT DRUM VIEW z 

RIGHT GEARSHIFT FORK TRASMISSION MAINSHAFT 

CENTER GEARSHIFT FORK b 
LEFT GEARSHIFT FORK 

SHIFT DRUM STOPP 

Z 

POSITIVE STOPPER 

GEARSHIFT SIDE P 

, 
GEARSHIFT PEDAL GEARSHIFT SPINDLE 
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PLANETARY GEAR TYPE 
This system is comprised of a shift spindle assembly, guide plates, drum shifter, and two stopper assemblies. 

The shift spindle assembly is comprised of the shift spindle and the three planetary gears. 

The shift spindle assembly, plus the guide plates, transmit the gear shifter movement to the sun gear on the drum shifter. 
As the drum shifter turns, one of its pawls will engage a detent in the shift drum, turning the drum. 

Turning the drum causes the shift forks to move by the same cam action as with the conventional type shift mechanism. 

The two stopper assemblies locate the shift drum at the proper gear and neutral positions. 

DRUM SHIFTER 
RATCHET PAWL / 

SHIFl 

GEARSHIFT DRUM 

RATCHET GUIDE PLATE 

. . . . . - -- 

PLANETARY GEAR PLANETARY GEARS 

I SHIF? DRUM 
STOPPER PLATE 
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SHlFT START 

Pushing down on the shift pedal turns the spindle counterclockwise. Because the gear plate is fixed, the planetary gears 
turn clockwise, turning the drum shifter counterclockwise. 

As the drum shifter turns counterclockwise, the right pawl engages the detent in the shift drum, while the left pawl is 
pushed out of the way into the shifter by the guide plate. With the pawl engaged, the drum shifter turns the shift drum, 
moving the shin forks into place. 

RATCHET PAWL 

SHlFT DRUM 

GUIDE PLATE 

SHlFT FINISH 

To prevent the drum from rotating too far, a shift drum stopper plate is used. The shift drum stopper plate rotates on an 
eccentric pivot moved by the spindle assembly. 

As the spindle reaches the end of its travel, one leg of the stopper plate is moved up to contact a positive stop on the shift 
drum. At the same time, the spindle assembly is prevented from moving too far by the shift arm stopper pin. 

RUM SHIFTER 

SHlFT 
DRUM 

DRUM STOPPER 
PLATE 

SHlFT RETURN 

When the shift pedal is released, the shift return spring brings the spindle assembly back to the centered position. 

At this time, the drum shifter rotates and the ratchet feature allows the right pawl to disengage from the shift drum. As the 
drum shifter rotates, the drum stopper arm prevents the shift drum from moving. 

ATCHET PAWL 

GUIDE PLATE 
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CONSTANT MESH TRANSMISSION 
The constant mesh transmission consists of the following components: I I 

The mainshaft, with its fixed and sliding gears. 
The countershaft, with its fixed and sliding gears. 
The shift forks. 
The shift drum. 

Power is transmitted through the clutch to'the mainshaft. 

From the mainshaft, power may be transmitted through several gear COUNTERSHAFT 
sets to the countershaft. Cl C4 C3 C5 C2 

M1 through M5 are the gears on the mainshaft and C1 through C5 are 
the countershaft gears. 

The gear sets are comprised of opposing gears, one gear on each shaft. 

The illustration on the right shows the gear sets, pairing the mainshaft 
number with the countershaft number (MlIC1, M21C2, etc.). 

Selection of the proper gear set is done by moving a sliding gear into 
contact with the gear set desired. 

Connection of the sliding gear and the gear set is done using dogs and 
slots on the sides of the gears. 

In the illustration, gears M3, C4, and C5 are the sliding gears. 

The sliding gears are moved by shift forks which ride on the shift 
drum. Cam grooves cut in the shift drum move the shift forks as the 
drum rotates. 

Rotation of the shift drum is done by working the gearshift pedal. 1 / ""Y 
The relative positions of the transmission at the respective gear posi- 
tion are shown below. 

. . 

3RD GEAR (C4 GE 
SHIFTED) 

/ 
CRANKSHAFT u 

4TH GEAR (M3 GEAR 
U 

SHIFTED) 

. . 

2ND GEAR (C5 GEA 
SHIFTED) 

5TH GEAR (M3 GEAR U 

SHIFTED) 
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TRANSMISSION DISASSEMBLY 
Keep track of the Separate the crancase. 

disassembled parts 
(gears, bushings, Remove the following: 

washers, and snap 
rings) by stacking - Shift fork shaft(s) 
them on a tool or 

sljppinq them onto - Shift drum 
a p7ece of wire. - Shift forks 

- Main shaft and countershaft as an assembly 
Do expand the Disassemble the mainshaft and countershaft. 

snap ring more 
than necessary Clean all disassembled parts in  solvent. 
for removal. To 
remove a snap 

ring, expand the 
snap ring and pull 

it off using the 
gear behind it 

TRANSMISSION INSPECTION 
CHECK THE FOLLOWING: 
GEARS: 

lnspect teeth for damage or excessive wear. 

lnspect dogs and slots for damage or excessive 
wear. 

Measure the gear I. D. (except splined holes and 
holes with needle bearings). 

I SNAP RINGS I 

BUSHINGS: 

Inspect for wear or damage. I I 
Measure the I.D. and O.D. 1 1 
Calculate the gear-to-bushing and bushing-to-shaft 
clearances. 

Refer t o  the model-specific Service Manual for 
clearance specifications. 



TRANSMISSION 
MAINSHAFT, COUNTERSHAFT 

Inspect spline groove and sliding surface for abnor- 
mal wear or damage. 

Measure O.D. at the gear sliding areas. I 
Calculate the gear-to-shaft and shaft-to-bushing 
clearances. 

Refer to  the model-specific Service Manual for 
clearance specifications. 

SHIFT DRUM 

lnspect the guide groove for abnormal wear or 
damaae. - 
Measure the bearing for excessive play or damage 
(if required). 

I GUIDE G~OOVES 1 
SHIFT FORK 

lnspect for deformation or abnormal wear. 

Measure the fork claw thickness. 

Measure the I.D. of the shift fork. 

Some fork claws are measured at A and C (claw 
ends). Others are measured at B (the center). 

Refer to the model-specific Service Manual for 
clearance specifications. 
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SHIFT FORK SHAFT 

Inspect for damage and straightness. 

Measure the O.D. at the shift fork areas. 

Refer to the model-specific Service Manual for clear- 
ance specifications. 

TRANSMISSION ASSEMBLY .% 
Clean all parts in solvent and dry them thoroughly. 

Apply engine oil to all sliding surfaces of the 
mainshaft, countershaft and bushings to ensure 
initial lubrication. 

Assemble the main shaft and countershaft. 

Always install the thrust washers with the cham- 
fered (rolled) edge facing away from the thrust load. 

After installing a snap ring, slightly open the ring 
and rotate it in its groove to be sure it is fully seated. 

Do not use worn snap rings which could easily spin 
in the groove. It would be too loose to properly seat 
in the groove. Align the gap in the snap ring with 
the groove of the spline. 

Install the lock washer by aligning its tabs with the 
grooves of the spline washer. 

Do not forget to install the thrust washer at the end 
of the mainshaft and countershaft. 

GEAR ClRCLlP 

THRUST 
LOAD - x m  
6 6 

SPLINE WASHER 



Turn the mainshaft or countershaft to ensure that 
the gears turn smoothly after reassembly. 

Lubricate the gears with the recommended engine 
oil while turning the shaft. 

TRANSMISSION 
Align the oil hole in the bushing or gear with shaft 
oil hole. 

Install the shift forks in the correct positions accord- 
ing to the location mark on each fork. 

"L" mark: Left side of the crankcase 
"C" mark: Center of the crankcase 
"R" mark: Right side of the crankcase 

Install the shift drum. 

Install the shift fork shaft(s). 

OIL HOLES 

MARKS 
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CRANKCASEICRANKSHAFT 

SERVICE INFORMATION 
GENERAL 

Refer to the Model Specific manual for removal/installation of the crankshaft. 
Mark and store the bearing inserts to be sure of their correct locations for reassembly. If the inserts are improperly 
installed, they will block the oil holes, causing insufficient lubrication and eventual engine seizure. 

TOOLS 

Driver Attachment 

Threaded adapter Assembly tool shaft 

TROUBLESHOOTING 
Excessive noise 

Worn connecting rod big end bearing 
Bent connecting rod 
Worn crankshaft main bearing 
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SYSTEM DESCRIPTIONS 

a The crankshaft changes the reciprocating action of the piston and connecting rod into rotary motion, so the energy can be 
transmitted to the clutch and transmission. 

It is necessary that the reciprocating and rotating components are properly balanced to produce a smooth running engine. 

Stress on the components increases proportionally with an increase in rpm's. 

Because of this increased stress, it is critical that the balance is maintained when components are replaced. 

- - ---  RECIPROCATING 
MOVEMENT 

-- - I 
ROTARY 
MOVEMENT 

There are two types of crankshafts: the assembly type, in which the right and left crankshafts are assembled with the aid of 
a crank pin, and the single unit type, in which a unibody crankshaft is employed. With the assembly type, caution should 
be used when handling it, because if it is dropped, the crank pin will be knocked out of alignment. 

The unit type employs plain-type main bearings. While the crankshaft is designed to rest directly on the metal bearing 
material, strictly speaking, the crankshaft and metals are lubricated on their surfaces by an oil film. 

Consequently, scratches, burrs or dust on the bearing surface spoils the oil film, leading to bearing seizure. a 
ASSEMBLY-TYPE CRANKSHAFT 

ROD CRANK PIN 

UNIT-TYPE CRANKSHAFT 

PLAIN BEARING 
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NUTLESS CONNECTING ROD 
The CBRGOORR connecting rods feature a lighter 'nutless' design that uses standard threaded bolts screwed directly into 
tapped holes in the rod. 

Requiring only one tool to assemble, this design is 129 lighter than the standard bolt and nut combination, for a total 
weight savings of approximately 359 per cylinder. The connecting rods have also been carburized for an ultra-hard outer 
surface which is strong and durable. 

The end result of these improvements is a quicker-revving engine that produces strong power throught its wide rev range 
and quick acceleration. 

BOLTS 

DUAL SHAFT BALANCER 
The dual shaft balancer eliminates high frequency vibration on large-displacement, high horsepower motorcycles. 
Through computer analysis, the balancer shafts are carefully positioned inside the rigid-mounted engine. 

The two balancer shafts rotate in opposite directions at twice the engine speed. The front balancer is located at the front of 
the crankshaft and is gear driven in a clockwise rotation. The rear balancer is located above and behind the crankshaft 
where an idler gear drives i t  counter-clockwise. As a piston reaches TDC, its corresponding two balancer weights are at 
their BDC, working to offset the weight and resulting vibration. Together, these two balance shafts minimize the effects of 
the engine's vibration at high rpm, offering a smoother ride. 



RADIAL CLEARANCE (ASSEMBLY- 
TYPE CRANKSHAFT ONLY) 

CRANKCASEICRANKSHAFT 

CRANKSHAFT INSPECTION 
SIDE CLEARANCE 

Measure the side clearance at the connecting rod 
big end with a feeler gauge. Replace the crankshaft 
if the service limit is exceeded. 

Measure the side clearance by inserting the feeler 
gauge between the crankshaft and connecting rod 
big end as shown. 

Measure the connecting rod radial clearance in both 
X and Y directions. 

Replace the crankshaft when the service limit has 
been exceeded. 

FEELER GAUGE 

Measure the crankshaft runout using dial indicators. 

The single unit crankshaft uses the plain bear- 
inas at the main iournal. Excessive runout can - 
cause engine seizure. 
Refer to the Model S~ecif ic manual for measur- 

DlAL INDICATOR 

DIAL INDICATOR 

MEASURING POINTS / 

ing and supporting points. 
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CRANKSHAFT MAIN BEARINGS 
OIL CLEARANCE INSPECTION 

[piimitr 
Do not interchange the bearing inserts. They must 
be installed in their original locations or  the correct 
bearing oil clearance may not be obtained, resulting 
in severe engine damage. 

Main bearings may be either two-piece or one-piece 
bushing types. 

Check the bearing inserts for unusual wear, damage 
or peeling and replace as necessav. 

I PEELING DAMAGE 1 
TWO-PIECE TYPE: 
L 

Wipe all oil from the bearing inserts and journals. 

Reinstall the upper crankcase's main bearing 
inserts; then carefully lower the crankshaft in place. 

Put a piece of Plastigauge on each journal. 

Do not put the Plastigauge over the oil holes. 
Do not rotate the crankshaft during inspection. 

Install the main bearing inserts on the correct jour- 
nals in the lower crankcase; then assemble and 
tighten the bolts evenly in 2 or 3 steps to the 
specified torque. 



ONE-PIECE TYPE: 

Wipe all oil from the bearing and the crankshaft 
journals. 

Measure and record crankshaft main journal O.D. r 

CRANKCASEICRANKSHAFT 

Measure and record the main bearing I.D. 

Calculate the oil clearance by subtracting the jour- 
nal O.D. from bearing I.D. Replace the bearing if the 
service l imit is exceeded. 

Remove the lower crankcase and measure the 
compressed Plastigauge on each journal. 

If the clearance is beyond the service limit, select 
the correct replacement bearings. 

MAIN BEARING SELECTION 
TWO-PIECE TYPE: 

Record the crankcase I.D. code letters. 

Letters (A, B or C) on the upper crankcase are the 
odes for the main journal 1.D.s from left t o  right. 

PLASTIGAUGE 

I CRANKCASE I.D. CODE LETTERS 1 



CRANKCASEICRANKSHAFT 
Record the corresponding main journal O.D. code 
numbers (or measure the main journal O.D.). 

Numbers (1, 2 or 3) on each crank weight are the 
codes for the main journal 0.D.s from left to right. 

Example: 
I.D. code on the crankcase: A 
O.D. code on the crankshaft: 1 
Bearing color code: Pink 

Cross-reference the case and journal codes to 

CRANKCASE I.D. CODE 
A I R I P 

determine the replacement bearing color code. COLOR CODE 

ONE-PIECE TYPE: 

Some bearings cannot be replaced. Refer to the 
Model Specific manual for complete information. 

Press the old bearing out of the crankcase 
(page 14-9). 

MAIN 
JOURNAL 
O.D. 

Record the I.D. code letter (A, B or C), or measure 
crankcase I.D. after the bearing has been removed. 

- 
Pink 

Yellow 
Green 

1 
2 
3 

Record the main journal O.D. code number 
(1,2 or 3). 

CYLINDER GAUGE 1 

" 
Yellow 
Green 
Brown 

I.D. CODE I 

., 
Green 
Brown 
Black 

- 
O.D. CODE 
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Cross-reference the case and journal codes t o  
determine the replacement bearing color code. COLOR CODE 

Example: 
I.D. code on the crankcase: A 
O.D. code on the crankshaft: 1 
Bearing color code: Bmwn 

CRANKCASE I.D. CODE 

JOURNAL 
O.D. CODE 

REMOVAL 
TWO-PIECE TYPE: 

ONE-PIECE TYPE: 

Press out the main bearing using the special tool 
and hydraulic press. 

Carefully remove the bearing inserts from the 
crankcase. 

TOOLS: 
Attachment and driver 

BEARING INSERT 

When removing bearings, always use a hydraulic 
press and bearing removal tools to prevent crank- 
case damage. 

ATTACHMENT AND DRIVER 
MAIN BEARING I 



CRANKCASEICRANKSHAFT 
MAlN BEARING INSTALLATION 
TWO-PIECE TYPE: 
Install the main bearings into the crankcase. 

The bearing tabs should be aligned with the 
grooves in the case and caps. 

Apply molybdenum disulfide solution to the upper 
and lower main bearings. 

Molybdenum disulfide solution is a mixture of equal 
parts molybdenum disulfide grease and engine oil. 

I ALIGN 1 

CRANKCASE GROOVE 

I 
One-Piece Type: 

Mark a line perpendicular to the bearing surface 
from each edge of the notch as shown. 

Apply molybdenum disulfide solution to the outer 
face of the bearing. 

Place the bearing in the crankcase by aligning the 
two lines with the crankcase groove. Press it into 
place using a hydraulic press. 

TOOLS: 
Attachment and driver 

DRIVER AND 
AlTACHMENT 

MAlN 
BEARING 
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CONNECTING ROD BEARINGS 
-1 
Do not interchange the bearing inserts. They must 
be installed in the% original locations or the correct 
bearing oi l  clearance may not be obtained, result- 
ing i n  severe engine damage. 

OIL CLEARANCE INSPECTION 
Check the bearing inserts for unusual wear or 
damage and replace as necessary. 

Wipe all oil from the bearing inserts and crankpins. 
Put a piece of Plastigauge on each crankpin. 

Do not put the Plastigauge over the oil hole in the 
crankpin. This may block the passage. 

Install the bearing caps and rods on the correct 
crankpins, and tighten them evenly. 

Do not rotate the crankshaft during inspection. 

DAMAGE ' 

NUT 

1 I 

Remove the caps and measure the compressed 
Plastigauge on each crankpin. 

If the rod bearing clearance is beyond tolerance, 
select replacement bearings. 



CRANKCASEICRANKSHAFT 

BEARING SELECTION 
Record the corresponding rod I.D. code number (I, 
2 or 3) or measure the I.D. with the bearing cap 
installed without bearing inserts. 

After selecting new bearings, recheck the clearance 
with a Plastigauge. Incorrect clearance can cause 
severe engine damage. 

Record the corresponding crankpin O.D. code letter 
(A, B or C1 or measure the crankpin O.D. 

I.D. CODE NUMBER I 

I O.D. CODE LETER I 

Example: 
Crankpin code: A 
Connecting rod code: 1 
Bearing code: Pink 

Cross-reference the crankpin and rod codes to 
determine the replacement bearing color. r 

The pink code bearing should be selected. I 
CRANKPIN I.D. CODE 

Pink Yellow 
Green 

BEARING REPLACEMENT 
Remove the bearing inserts from the connecting rod 
and cap. 

Wipe all oil from the connecting rod and the new 
bearing inserts. 

Install the bearing inserts by aligning the tabs with 
the grooves in the connecting rod and cap. 

The oil hole in the connecting rod should be aligned 
with the bearing insert oil hole. 

Apply molybdenum disulfide solution to the inside 
bearing surface for initial lubrication. 

Molybdenum disulfide solution is a mixture of equal 
parts molybdenum disulfide grease and engine oil. 

COLOR CODE 
(THICKNESS SHOWN) 

BEARING INSERTS 
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CONNECTING ROD 
SELECTION (MULTI CYLINDER 
ENGINE) 
When replacement of the connecting rods requires 
balancing of the weights, refer to the Model Specific 
manual, select the connecting rods and replace. 

The stamped alphabet code is the weight code. 

INSTALLATION 
Coat the inside bearing surfaces with molybdenum 
disulfide solution for initial lubrication, and install 
them into the original positions and directions. 

Molybdenum disulfide solution is a mixture of equal 
parts molybdenum disulfide grease and engine oil. 

I 
WEIGHT CODE 

Install the bearing caps and connecting rods on the 
correct crankpins. 

Install the connecting rods and bearing inserts in 
their original positions. 

Do not rotate the crankshaft and connecting rods 
during the Plastigauge procedure. 

If the connecting rod has an oil hole, install the rod 
so that the hole is "behind" the crankshaft rotating 
direction as shown. 

Oil the threads of the connecting rod bolts and nuts 
so that the bolts will be tightened evenly. Tighten 
the nuts to the specified torque. 

LUBRICATING OIL 

IL HOLE 

ROTATING DIRECTION 

After tightening, check that the connecting rods 
move freely without binding. 

Nutless Connecting Rod Bolts 
Because the bolts The nutless connecting rod bolts are usually tight- 

are deformedo" ened using the torque angle method. This method 
'"Stalla~~;,"~~~! uses plastic region deformation to ensure uniform 

tightening of the bolts. A description of the method 
can be found in the CBR9000RR Service Manual. 

BEARING CAP I 

- NUT 
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CRANKSHAFT INSTALLATION 
(Singles wlassem bly-type crankshaft) 

CRANKSHAFT INSTALLATION 
Clean both crankcase mating surfaces before 
assembling and check for wear or damage. 

If there is minor roughness or irregularities on 
the crankcase mating surfaces, dress them with 
an oil stone. 
After cleaning, lubricate the crankshaft bearings 
with recommended clean engine oil. 

Many single cylinder engines with assembly type 
crankshafts (CRs and XRs) require special tools to 
draw the crankshaft into the crankcase. 

Install the threaded adaptor onto the crankshaft. 

TOOL: 

Threaded adapter 

Draw the crankshaft into the crankcase using the 
special tools. 

TOOLS: 

Threaded adapter 
Assemblv tool shah 
Assembly collar 
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FINAL DRIVEIOUTPUT SHAFT 

SERVICE INFORMATION 
GENERAL 

Inspect the gear contact pattern and backlash whenever you replace the bearings, gears or gear case. Extension lines 
plotted from the gear engagement surfaces should intersect at one point. 

I POINT OF INTERSECTION 

Check the ring gear-to-gear case cover stop pin clearance whenever the ring gear is removedlreplaced. 
Replace the final driveshaft, side gear case, output shaft, and the ring and pinion gears of the final gear case as a set. 
Protect the gear case with a shop towel when holding it in a vise. To avoid damaging the case, do not clamp it  too tight. 
When tightening the lock nut with a lock nut wrench, the actual torque on the nut is greater than the reading by the 
length of the lock nut wrench. Refer to the Model Specific manual for the specified torque. Do not overtighten the 
lock nut. 
Gear tooth engagement: 

TOE (inside of gear) 

COAST SlDE 
(contacted when 
engine brake is 
a ~ ~ l i e d l  . . 

DRIVE SlDE 
(contacted when 
engine ower is 

HEEL (outside of gear) applied7 
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Rear shock absorber compressor 

Pilot, 17 mm 

8 

Attachment, 72 x 75mm 

TOOLS 

Spring compressor 

@ 
Remover weight 

Pinion joint holder 

Shaft holder 

,!ID< ,a, 

@ .e.> . . 

Attachment, 24 x 26 mm 

Driver 
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Pinion puller 

Attachment, 30mm I.D. 

Driver 

Retainer wrench Driver, 40mm I.D. 

Remover handle Bearing remover, 17 mm 
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TROUBLESHOOTING 

a Excessive noise in final drive 
Worn or damaged ring gear and driven flange 
Damaged driven flange or wheel hub 
Worn or damaged pinion gear and/or pinion joint splines 
Excessive backlash between pinion and ring gear 
Low oil level 

a Excessive noise i n  side gear 
Worn or damaged output shaft and final driveshaft gears 
Worn or damaged side gear case bearing 
Incorrect adjustment shim 

Excessive rear wheel backlash 
Worn driveshaft splines 
Excessive backlash between rina aear and   in ion aear - 

a Worn driven flange and ring gearsplines 
' 

Excessive play in final drive case bearings 
Worn driveshaft, universal joint and/or pinion joint splines 
Excessive play or worn universal joint bearing 

Oil leak at final gear case 
Clogged breather hole 
Too much oil 
Faulty oil seal(sl 
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SYSTEM DESCRIPTION 
Power from the engine is transmitted to the rear wheel as follows: 

Countershaft (or output drive gear) + output driven gear + driveshaft + pinion gear + ring gear+ rear wheel. 

To prevent harsh or jerky acceleration or deceleration, a damper spring is placed in the drive line. The spring absorbs sud- 
den applications of torque and provides smooth starts and stops. 

A damper mechanism is attached to either the output gear case or the driveshaft. 

Unlike a drive chain, the gear driven system requires only periodic gear oil changes for maintenance. 

DAMPER 
OUTPUT DRIVE GEAR CAM OUTPUT 

\ \ GEAR 

OUTPUT 
DRIVEN GEAR 

. - - - - - - - 
DAMPER 
MECHANISM 

GEAR """ 



FINAL DRIVEIOUTPUT SHAFT 
POWER TRAIN 
Some Honda engines use a longitudinal crankshaft that runs the length of the engine so that engine power is transmitted 
directly to the front differential and rear drive. Because there's no intermediate gearing, power from the engine is transmit- 
ted to the wheels with less friction loss. Another advantage of this design is fewer parts to service. 

The engine power is converted from the final shaft, front differential, rear drive and driveshafts to the front and rear wheels. 

A limited s l i ~  differential is used for the front drive. 



FINAL DRIVEIOUTPUT SHAFT 

LIMITED SLIP DIFFERENTIAL 
Some Honda models use a limited slip mechanism in the front differential unit. This system comprises two sets of clutch 
discs and plates, each tensioned by its own spring, one set for each front wheel. 

The use of a conventional front differential on four wheel drive vehicles tends to make them difficult to drive when one of 
the front wheels loses traction. This is because conventional differentials transmit driving power to the wheel that has lost 
traction, causing the vehicle to turn to one side. 

With a limited s l i ~  differential, even though a wheel slips or is raised from the ground, the pinion gear and side gear are 
engaged by pressure from the friction A certain portion of torque from the engine is transmitted to the other wheel, 
that still has traction, to Drevent the s l i ~ ~ i n g  wheel from racing. This characteristic allows the speed of the raised or slipping 
wheel to be much the same as the wheel onthe ground, whichprevents the front ofthe vehicle from turning unintentionally. 

Also, when a turn is initiated by the rider, the clutches slip moderately, causing differences in torque distributed to the 
inside and outside wheels, to decrease turning resistance. 
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A.P. SURETRAC TORQUE BIASING FRONT DIFFERENTIAL 
CONSTRUCTION 

In this mechanism, torque is transmitted through the differential using a cam and follower principle. The differential is 
groove-fitted in the differential case (which receives torque from a ring gear) so that the cam followers can move to the left 
and right. Torque is transmitted by contact of the cam faces at the left and right ends of the cam followers with the cam 
faces of the both face cams (equivalent to the side gears in a conventional configuration). 

When the differential operates, the cam followers move to the left and right, back and forth, transmitting torque to the 
face cams. 

The performance of this type of differential differs from conventional types because the torque difference is established 
before any relative motion takes place. The tire dynamics dictate the torque generated so that the differential always pro- 
vides the optimum torque balance. This maintains tire adhesion and enhances directional stability and safety. 

This construction differs from a conventional differential in the following ways: 
-Fewer number of structural parts 
-Reduced steering load 
-Greater durability 

DIFFERENTIAL CASE 

1 

DRIVE SHAFT PINION GEAR 

/ 
PROPELLER SHAFT 
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CONVENTIONAL TYPE ! 
1. Torque transmission: 

Ring Gear + Differential Case + Pinion Shaft e Pinions + Side Gears e Driveshafts s' Tires 

2. Absorption of differential rotation: 
Self-turning pinion absorb difference in rotation of the side gears (left and right tires). 

3. Differential limit: 
Initial torque - The cone springs in a multi-disc clutch imparts axual load in the thrust direction, producing initial torque. 
Torque bias ratio - Distribution of torque (except initial torque) to the left and right tires when differential action occurs 
i s 1 : l .  

NEW TYPE (Suretrac differential) 

4. Torque transmission: 
Ring Gear + Differential Case + Cam Followers e Face Cams e Driveshafts .3 Tires 

5. Absorption of differential rotation: 
Cam followers back-and-forth motion absorbs difference in rotation of the face cams (left and right tires). 

6. Differential limit: 
Initial torque - Pre-load is imparted to the sliding cam faces by action of the cone spring pressing the face cam against 
the cam followers, producing initial torque. 
Torque bias ratio - Torque is distributed according to preset optimum bias ratio by frictional braking action created by 
the cam follower and face cam sliding faces when differential action occurs. 

/ \ CLI~TCH DISCS 
CLUTCH DISCS PINION AND PLATE 
AND PLATE 

I 
CAM FOLLOWERS X 12 

PINION SHAFT 
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DIFFERENTIAL OPERATION 
Figure 1 shows the conditions when one wheel wants to spin, that is, tries to rotate faster than the differential case. The 
torque generates a force applied to the flank of the follower dog from the differential case spline, which is then shared bet- 
wen the two face cams by forces on the inclined faces. 

Figure 2 shows the friction forces on the ends of the cam follower. Since the differential speed is intermediate between the 
two face cams speeds, the cam follower will move faster than the face cam at one end, and slower than the face cam at the 
other end. This generates friction forces that are in opposite directions, leading to total resultant forces that are large on 
the slow face cam and small in the fast face cam. If there is a relative speed, then the friction must be at its limiting value, 
but it can build up to this progressively before rotation occurs. 

Figure 3 shows how the load is shared between the followers. Only those followers bearing on the forward faces of the 
face cam form transmit torque. The bold lines show the load bearing areas at any one time, and there is always just less 
than half the cam followers driving. The figure shows the situation at a number of discrete time steps, showing how the 
load carrying role is passed from follower to follower. The right hand face cam is drawn in the same position as a point of 
reference where the left hand face cam moves down with the cam followers (which are carried by the differential case 
moving down at about half speed). 

Figure 1 - Figure 2 
I I CAM FOLLOWER: 

CAM FOLLOWERS Input drive load 
Intermediate 
speed ./ I L 

Slow - 

DIFFERENTIAL CASE W T  
LOW 
drive High 
force 

N 1 
drive 

N 2 force 

Figure 3 
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SELECTABLE 4WD SYSTEM ~ 
CONSTRUCTION 

This mechanism controls the selectable 4WD. The rider selects either 2WD or 4WD on the 2WDl4WD switch on the right 
handlebar. Selection is possible when riding. 

This compact mechanism is operated by an electromagnetic mechanical clutch (electro-magnetically activated bi-direc- 
tional roller clutches) and drives a buit-in front differential pinion gear. 

This system provides for smooth and quiet operation. You can also shift smoothy between 2WD and 4WD. 

ALMATURE PLATE 

DIFFERENTIAL CASE \ PROPELLER SHAFT 

E~ECTROMAGNETIC 
FIELD COIL 

RETAINER , 

PINION GEAR DI~FERENTIAL 
CASE 



FINAL DRIVEIOUTPUT SHAFT 
OPERATION (at front differential) 

1.2WD torque transmission: 

Engine 
0 SWITCH ROLLER 

Propeller shaft 
0 

Outer ring 

CLEARANCE 

I 
OUTER 
RING 

ROLLER 

RETAINER 

2. 4WD torque transmission: 

When 4WD is selected, voltage is applied to the field coil. This creates a magnetic field that magnetizes the rotor. The mag- 
netic force pulls the armature plate against the rotor and rotates the roller retainer. This moves the rollers from their center 
neutral position on the cam ring causing them to bind between the outher ring and the cam ring. This allows power to flow 
to the differential and front wheels. 

When power to the field coil is switched off, the switch spring moves the roller retainer to the neutral position for 
2WD operation. 

Engine 
0 

Propeller shaft 
n 

Outer ring 
u 
Roller 
u 

Cam ring 
n " 

Pinion gear 
0 

Ring gear 
u 

Differential case 
0 

Driveshaft 
u 

Front tires 

ACCELERATION: DECELERATION: 

Pushing the switch 
spring and the retainer 

Locks the rollers 

. . . 



Using the damper spring compressor, compress the 
damper spring and remove the snap ring. Remove 
the damper spring compressor and then take out 
the damper cam and damper spring. 

FINAL DRIVEIOUTPUT SHAFT 

OUTPUT SHAFT 
REMOVAL 

TOOL: 
Spring compressor 

When a damper spring is installed at the output 
gear, remove the side gear case only after the 
damper spring has been removed. Follow the 
steps below. 
Refer to the Model Specific manual for output 
shaft removal. 

Remove the output gear. 

INSPECTION 
Check the gear and the dog holes for abnormal or 
excessive wear or signs of insufficient lubrication; 
replace as necessary. 

OUTPUT GEAR 

Measure the gear I.D. Replace the gear if the service 
limit is exceeded. 

Check the bushing for wear or damage. 

SPRING COMPRESSOR 1 

DOG HOLES I I 

Measure the bushing I.D. and O.D. Replace the 
bushing if the service limit is exceeded. 

Calculate the gear-to-bushing clearance. Replace 
either component if its service limit is exceeded. 

Measure the O.D. of the countershaft or output 
driveshaft at the sliding area. Replace the shaft if the 
service limit is exceeded. 

Calculate the shaft-to-bushing clearance. If it is 
beyond the service limit, determine if a new bushing 
would bring the clearance within tolerance. If so, 
replace the bushing. If the clearance still exceeds the 
service limit with a new bushing, replace the shaft. 



FINAL DRIVEIOUTPUT SHAFT 
Measure the damper spring free length. Replace the 
spring if the free length exceeds the service limit. 

BACKLASH INSPECTION 
Clamp the output gear case in a soft jaw vise or use 
a shop towel to cushion the case. 

Set a horizontal type dial indicator on the counter- 
shaft or output driveshaft as shown. 

Hold the driven gear with the shaft holder and 
rotate the shaft by hand until gear slack is taken up. 

TOOL: 
Shaft holder 

Turn the countershaft or output driveshaft back and 
forth to read the backlash. 

Remove the dial indicator. Turn the countershaft or 
output driveshaft 120" and measure backlash. 
Repeat this procedure once more. Compare the dif- 
ference between the three measurements. 

If the difference in measurements exceeds the limit, 
the shaft bearing is probably not installed squarely. 
Inspect the bearing and reinstall if necessav. 

If backlash is excessive, replace the countershaft 
or output driveshaft adjustment shim with a thin- 
ner one. 

If the backlash is too small, replace the countershaft 
or output driveshaft shim with a thicker one. 

DIAL INDICATOR 
SHAFT HOLDER 

SHIM 

GEAR TOOTH CONTACT PATTERN CHECK 

Remove the countershaft or output driveshaft from 
the side gear case. OUTPUT SHAFT GEAR 

Apply Prussian BlueTM to the output drive gear teeth. 

Install the countershaft or output driveshaft and 
the shim. 

Rotate the driveshaft several times in the normal 
direction of rotation. 



FINAL DRIVEIOUTPUT SHAFT 
Remove the shaft and check the gear tooth con- 
tact pattern. /NORMAL 1 
Contact is normal if Prussian Blue is transferred to 
the approximate center of each tooth. 

If the pattern is not correct, remove the output 
driven shaft and replace the shaft adjustment shim. 

OUTPUT 
DRIVEN 
SHAFT 

I DRIVE SIDE COAST SIDE 1 

COUNTERSHAFT 
OR OUTPUT 
DRIVESHAFT 

Replace the output shaft adjustment shim with a 
thicker one if the contact is too low (on the flank end). 

Replace the shim with a thinner one if the contact 
pattern is too high (on the face end). 

t t 
DRIVE SIDE COASTSIDE 

CONTACTTOO 

/ CONTACT TOO LOW 

Refer to the Model Specific manual for information 
about shim thickness selections. 

INSTALLATION 
Refer to the Model Specific manual for side gear 
case installation. 

If the damper spring was removed, install it accord- 
ing to the following procedure: 

Place the damper spring and damper cam over the 
shaft. Install thedamper spring compressorandcom- 
press the spring; then install the snap ring securely. 

TOOL: 
Spring compressor 

I DRIVE SIDE COASTSIDE 1 

SPRING COMPRESSOR 
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FINAL DRIVE 

DRIVESHAFT REMOVAL 
WITH DAMPER CASE: 

REMOVAL 

Hold the driveshaft in a soft jaw vise and separate 
the final gear case from the driveshaft. 

Use care when clamping the damper case section of 
the final drive assembly in a vise to avoid damage. 

Drain the final gear oil and remove the rear wheel. 
Remove the mounting nuts, and remove the final 
drive assembly. 

FINAL DRIVE ASSEMBLY 

MOUNTING NUTS 

Remove the spring and oil seal. 

WITHOUT DAMPER CASE: 

Separate the driveshaft from the final gear case by 
gently turning the driveshaft and pulling. OIL SEAL I 
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DRIVESHAFTIDAMPER DISASSEMBLY 
Drain the oil from the damper case. 

Set the driveshaft in  the shock absorber compressor 
with the proper attachments. 

TOOLS: 
Rear shock absorber 
compressor 
Attachment 
Attachment 

Compress the damper spring and remove the 
stop ring. 

Remove the tool. 

Remove the following: 

Spring seat 
Damper cam 
Damper lifter 
Damper case 
O-ring 
Snap ring 
Spring 

Remove the oil seal, oil seal guide and damper 
spring from the damper case. 

I STOP RING 1 

SPRING SEAT 

SPRING 

SNAP RlNG 

DAMPER CASE 
/ 

OIL SEAL 

OIL SEAL GUIDE 
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DRIVESHAFT INSPECTION 
Measure the damper spring free length. Replace the 
sprlng if the free length exceeds the servlce .:mit. 

Check the driveshaft splines for excessive or abnor- 
mal wear; replace as necessary. 

If the splines are wear-damaged, check the univer- 
sal joint splines also. 

Check the damper cam and lifter for damage; 
replace as necessary. 

DAMPER CASE ASSEMBLY 
Install the spring in  the damper case. 

Install the oil seal guide and a new oil seal using the 
special took 

TOOL: 
Oil Seal Guide 

Install a new O-ring onto the driveshaft. 

Install the shaft spring and secure the snap ring. 

Insert the driveshaft into the damper case. 

OIL SEAL 

OIL SEAL 
GUIDE 2;) 0 

DAMPER SPRING 

DAMPER CASE 

ING 



FINAL DRIVEIOUTPUT SHAFT 
Install the damper lifter, damper cam and spring 

Fill the damper case with the recommended type 
and amount of gear oil. 

seat. 

Set the driveshaft in the shock absorber compressor 
and compress the spring. 

TOOL: 
Shock absorber compressor 

Set the stop ring securely into the groove on the 
driveshaft. 

Remove the tools. 

Hold the driveshaft upright to avoid spilling the oil. 

Carefully position the gear case on the shaft. 

DAMPER LIFTER 

\ 

SPRING SEAT / 

STOP 

COMPRESSOR 

Avoid damaging the damper case oi l  seal during 
assemblv. 

DRIVESHAFT INSTALLATION 
WITH DAMPER CASE: 

FINAL DRIVE 
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WITHOUT DAMPER CASE: 
Install a new oil seal, stop ring and spring; then 
install the shaft on the final drive assembly. 

UNIVERSAL JOINT INSPECTION 
Remove the swingarm (see the Model Specific 
manual). 

Check that the universal joint moves smoothly with- 
out binding or noise. 

Check the splines for wear or damage and replace 
the joint if necessary. 

Install the universal joint on the output shaft; then 
install the swingarm. 

FINAL DRIVE INSPECTION 
Turn the pinion joint and check that the ring gear 
turns smoothly and quietly without binding. 

If the gear does not turn smoothly or quietly, the 
bearing may be improperly installed andlor the 
pinionlring gear may be damaged. 

Check the backlash first; then service the appropri- 
ate component(s1. 

Remove the universal joint from the output shaft. 
UNIVERSAL JOINT 
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BACKLASH INSPECTION 

Hold the pinion gear splines with a pinion joint 
holder. 

Remove the oil filler cap. 

Set the final gear assembly into a jig or vise with 

TOOL: 
Pinion joint holder 

soft jaws. 

Set a horizontal type dial indicator on the ring gear 
through the oil filler hole. 

PINION JOINT HOLDER 

Turn the ring gear back and forth to read backlash. 

Remove the dial indicator and the pinion joint 
holder. Turn the ring gear 120" and reinstall the pin- 
ion joint holder. Reinstall the dial indicator and mea- 
sure backlash. Repeat this procedure once more. 

If the difference in measurements exceeds the limit 
specified in the Model Specific manual, i t  indicates 
that the ring gear bearing is not installed squarely. 

Inspect the bearing and reinstall if necessary. 

If the backlash is excessive, 
shim with a thicker one. 

If the backlash is too small, 
shim with a thinner one. 

replace the ring gear 

replace the ring gear 

RING GEAR REMOVALISHIM 
REPLACEMENT 
Remove the distance collar. 

Remove the bolt and dust guard plate 
I DISTANCE COLLAR 1 
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Remove the gear case cover. 

Loosen the case cover bolts in a crisscross pattern 
in 2 or 3 steps. 

If the ring gear stays in the cover: 

Support the cover horizontally with the ring gear 
facing down, and press the gear out using a hydrau- 
lic press. 

TOOLS: 
Driver 
Attachment 

GEAR CASE COVER 
1 

BOLTS 

Remove the ring gear from the case. O-RING GUIDE 

Remove the ring gear bearing using a bearing puller. 

This bearing may not need to be replaced after 
removal. However, inspect the bearing for noise 
andlor excessive play after removal. 

Remove the O-ring guide by tapping it from the 
opposite side. 

BEARING 
PULLER 
(commercially 

RING GEAR BEARING ATTACHMENT 



Drive the bearing over the shaft squarely. 

FINAL DRIVEIOUTPUT SHAFT 

TOOL: 
Driver 

Replace the bearing adjustment shim. 

If the gear set, pinion bearing and/or gear case are 
replaced, install a new shim. (Refer to the Model 
Specific manual for shim thickness.) 

Place the bearing on the ring gear. 

I DRIVER I 

RING GEAR 
BEARING 

Install a new O-ring onto the O-ring guide. I I 
Drive the O-ring guide into the ring gear. 

TOOLS: 
Driver 
Attachment 

Remove and discard the oil seal. 

Install a new oil seal. 

O-RING GUIDE 

IVER 
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Install the ring gear into the gear case cover. I I 

If the clearance exceeds the limit, remove the ring 
gear. Heat the gear case cover to approximately 
80°C (176°F) and remove the stop pin by tapping 
the cover. 

To prevent burns, always wear insulated gloves 
when handling the heated gear case. 

Heat the case cover evenly and slowly to prevent 
warpage. Do not heat small areas individually. 

pmE-l 
Case cover warpage can occur if the cover is not 
heated properly. 

Select a stop pin shim that will provide the correct 
clearance. 

Install the shim and drive the stop pin into the 
case cover. 

Clean all sealing material off the mating surface of 
the gear case and cover. 

Keep dust and dirt out of the gear case. 
Be careful not to damage the mating surfaces. 

Check the gear tooth contact pattern after the ring 
gear shim has been replaced (see following). 

GEAR TOOTH CONTACT PATTERN 
CHECK 
Apply a thin coat of Prussian Blue to the pinion gear 
teeth for a gear tooth contact pattern check. 

Place the wave washer and ring gear into the 
gear case. 

i I STOP PIN 

STOP PIN 
I RING GEAR 

Apply Prussian Blue here. 
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Apply gear oil to the lip of the oil seal on the gear - 1 

te -=?f 

DRIVE SlDE COAST SlDE 

case cover and install the gear case cover. 

Tighten the cover bolts in 2 or 3 steps until the cover 
evenly touches the gear case; then tighten the 8 mm 
bolts to the specified torque in a crisscross pattern 
in two or more steps. 

Nexttighten the 10 mm bolts to the specified torque. 

Remove the oil filler cap from the final gear case. 

Rotate the ring gear several times in the normal 
direction of rotation. 

Check the gear tooth contact pattern as marked by 
the Prussian Blue through the oil filler hole. 

Contact is normal if the Prussian Blue is transferred 
to the approximate center of each tooth and slightly 
to the flank side. 

If the pattern is not correct, remove and replace the 
pinion shim. 

Replace the pinion shim with a thicker one if the 
contacts are too high. 

Replace the pinion shim with a thinner one if the 
TOO LOW contacts are too low. 

NORMAL 

HEEL- 
, TOE , - HEEL 

FACE 1 @ I FACE 

FLANK FLANK 
DRIVE SlDE COAST SlDE 

TOO 

DRIVE SlDE COAST SlDE I 

10 mm BOLTS GEAR CASE 
COVER 



TOOL: 
Pinion joint holder 

FINAL DRIVEIOUTPUT SHAFT 

PINION GEAR REMOVALISHIM 
REPLACEMENT 
Place the final gear case in a soft jaw vise or use a 
shop towel. 

Remove the tool and the pinion joint. 

Install the pinion joint holder onto the pinion joint 
and remove the pinion shaft nut. 

I I 
Remove the bolt and the retainer lock plate. 

Remove the pinion retainer with the pinion retainer 
wrench. 

RETAINER 
LOCK 

PINION JOINT HOLDER 

Pull off the pinion assembly with the pinion puller. 

TOOL: 
Pinion puller 

i PINION PULLER 

Remove the O-ring from the pinion shaft. 

Pull the bearing outer and inner races from the shaft 
with the bearing puller. 

This bearing may not need to be replaced after re- 
moval. However, inspect the bearing for noise and1 
or excessive play after removal. 

BEARING BEARING PULLER 

O-RING 
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Drive the pinion gear bearing onto 
using the special tool. 

Replace the pinion shim. 

If the gear set, pinion bearing, ring gear bearing 
andlor gear case are replaced, the shim must be re- 
placed. (Refer to the Model Specific manual for 
shim thickness.) 

TOOLS: 
Driver 
Attachment 

PINION SHIM 

Apply gear oil to a new O-ring and 
pinion gear. 

the pinion gear 

install it on the 

ATTACHMEN 

PINION 
BEARING 

Remove and discard the O-ring and oil seal from the 
bearing retainer. 

Install a new oil seal on the retainer. 

Coat a new O-ring with gear oil and install it. 

PINION GEAR INSTALLATION 
Place the gear case in a soft jaw vise or use a shop 
towel. Drive the pinion assembly into the gear case 
until the gear case threads will accept pinion 
retainer threads. 

OIL SEAL 

d u 

O-RING 

Be careful not to damage the gear case when driv- 
ing in the pinion assembly. 

moL: 
Driver 

- 
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Apply gear oil to the bearing retainer, oil seal lip, 
and the pinion retainer threads. 

a Screw in the pinion retainer to press the pinion 
bearing in place; then tighten the retainer to the 
specified torque. 

TOOL: 
Retainer wrench 

a 
I I 

Install the appropriate lock plate, depending on 
the position of the pinion retainer grooves in 
relation to the lock plate tabs when the retainer 
is properly torqued. 

The lock plates are available in the two types shown. 

Tighten the bolt to the specified torque. 

I I 
Apply gear oil to the oil seal lip surface and install 
the pinion joint. 

Screw in the pinion joint nut by hand as far as i t  goes. 

Hold the pinion joint using a pinion joint holder and 
tighten the joint nut to the specified torque. I 
TOOL: 
Pinion joint holder 

PINION JOINT 
HOLDER 



I 
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CASE BEARING REPLACEMENT 
Heat the gear case evenly to 80°C (176°F) using a I I 
heat gun. - I 
To remove the bearing, hold the gear case so that 
the bearing is horizontal and tap the bearing out of 
the case with a plastic hammer. 

To prevent burns, always wear insulated gloves 
when handling the heated gear case. 

I 1 

PINION NEEDLE BEARINGS 
Remove the stopper ring by rotating i t  until the end 
of the stopper ring appears in the access hole. 
Strike gently near the end of the ring with a punch 
to bend the end upward. 

Grasp the end of the ring with needle-nose pliers 
and pull the stopper ring out through the access 
hole. 

Drive a new ring gear bearing into the gear case. 

TOOLS: 
Driver 
Attachment 

I A ~ ~ H M E N T  

DRIVER 

ATTACHMENT 
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Heat the gear case to 80' C (176' F) and remove the I I 
needle bearing by using the special tool. 

TOOLIS: 
Bearing remover 
Remover handle 
Remover weight 

Remove the bearing cage and bearings from the 
inside of the pinion bearing to allow the special tool 
to grip the bearing. 

Install the stopper ring into the groove in the bear- 
ing. Install the bearing into the special tool until the 

I r 
COMPRESSOR STOPPER RING 

bearing is flush with the end of the tool. 

TOOLS: 
Bearing clip compressor 

Freeze the pinion bearing with the tool on ice or 
in a freezer. 
Heat the gear case to 80' C (176' F). 

Drive the pinion bearing into the gear case using 
the special tools as follows: 

TOOLS: 
Driver 
Attachment 
Pilot 

Only strike the driver once. If you strike it more than 
once, the stopper ring may slip out of the groove. 
If this happens, remove the ring and bearing, and 
install a new one again. 

Make sure that the stopper ring is securely set in 
the groove of the gear case. 
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BREATHER HOLE CLEANING 
Remove the breather hole cap and blow com- 
pressed air through the hole. 

Install the driveshaft (see page 15-12). 

Apply molybdenum disulfide grease to the splines 
of the driveshaft. 

Insert the driveshaft into the universal joint, and 
attach the gear case to the swingarm with the 
mounting nuts. 

After installing the wheel, tighten the gear case 
mounting nuts to the specified torque. 

Fill the final drive with the specified type and 
amount of oil. 

BREATHER HOLE 

FINAL DRIVE 

NUTS 

BREATHER HOLE 

BREATHER HOLE CAP 

GEAR CASE ASSEMBLY1 
INSTALLATION 
Clean all sealing material off the mating surfaces of 
the gear case and cover. 

Keep dust and dirt out of the gear case. 

Be careful not to damage the mating surfaces. 

Apply liquid sealant to the mating surfaces of the 
gear case and cover. 

Install the gear case cover. 

Tighten the cover bolts in 2 or 3 steps until the cover 
evenly touches the gear case; then tighten the 8 mm 
bolts to the specified torque in a crisscross pattern 
in two or more steps. 

Next, tighten the 10 mm bolts to the specified 
torque. 

Make sure that the gears rotate smoothly with- 
out binding. 

Install the dust guard plate and tighten the bolt 
securely. Install the collar. 
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WHEELSITIRES 

SERVICE INFORMATION 
GENERAL 

Support the motorcycle on its centerstand andlor with a jack or other suitable support under the engine or frame when 
servicing the front wheel. Be certain that the motorcycle is secure before ~roceedina. 
If the motorcycle, scooter or A N  is equipped wiih tubeless tires, valves, and wheel rims, use only tires marked 
"TUBELESS" and tubeless valves on rims marked "TUBELESS TIRE APPLICABLE." Never mount tires designed for 
use on automobiles. 

Any attempt to mount passenger car tires on a motorcycle rim may cause the tire bead to separate from the rim with / enough ex~losive force to cause serious iniurv or death. 

TOOLS 

Bearing remover head, 20mm 

Attachment, 37 x 40mm 

Bearing remover shah Driver 



TROUBLESHOOTING 

a Hard steering 
Steering adjustment nut too tight 
Faulty steering stem bearings 
Damaged steering stem bearings 
Insufficient tire pressure* 
Faulty tire* 

a Steers to  one side or does not track straight 
Unevenly adjusted right and left shock absorbers 
Bent fork 
Bent front axle: wheel installed incorrectly 
Faulty steering stem bearings 
Bent frame 
Worn wheel bearingMx 
Worn swingarm pivot a Front wheel wobbling 
Bent rim* 
Worn front wheel bearingsX 
Faulty tire* 

Wheel turns hard 
Misadjusted brake 
Faulty wheel bearing(s)* 
Faulty speedometer gear* 

*These items are addressed in this section. All other items are addressed in the Front or Rear Suspension, or Brake Section. 



WHEELSITIRES 

WHEEL REMOVALIINSTALLATION 
FRONT WHEEL 

Raise the vehicle off the ground by placing a jack 
or other support under the engine or frame. 
The speedometer cable and front brake cable 
must be disconnected. 
On vehicles with hydraulic disc brakes: if the 
wheel cannot be removed with brake caliper(s) 
installed on the fork legs, remove the wheel after 
removing the brake caliper with the caliper 
bracket attached. 
After installing the wheel, check that it turns 
smoothly and without binding. 

AXLE NUT TYPE 
REMOVAL 

Remove the axle nut. 

Pull the axle from the fork legs while holding the 
wheel: then remove the wheel. 

INSTALLATION 

Drum brake: Align the speedometer gear box 
retainer tabs with the cutouts and install the brake 
drum on the wheel hub. 

Install the side collar. 

Coat the axle with a small amount of grease 

Place the wheel between the fork legs while aligning 
the boss on the fork leg with the groove in the brake 
panel. Insert the axle through the fork legs. 

Turn the front wheel so that the speedometer gear 
retainer will engage properly with the wheel hub. 

Hydraulic disc brake: Align the stop on the 
speedometer gear box with the boss on the fork leg. 

Set the wheel so that the brake disc is positioned 
between the brake pads. Use care not to damage 
the brake pads. Install the axle. 

Tighten the axle nut to the specified torque. (Refer 
to the Model Specific manual.) 

Connect the cables. 

BOSS I 
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SINGLE HOLDER TYPE 
REMOVAL 

Loosen the axle holder nuts. I I 

INSTALLATION 

Hydraulic brake: 

Place the front wheel between the fork legs while 
slipping the disc between the pads. Take care not to 
damage the pads. Position the wheel in place and 
insert the axle through the wheel. 

Loosely install the axle holder with its UP mark fac- 
ing up and tighten the axle to the specified torque. 

With the front brake applied, pump the front sus- 
pension up and down several times; then tighten 
the holder nuts to the specified torque. 

Loosen the axle while holding the wheel. Remove 
the axle. 

Remove the wheel. 

The holder nuts should be tightened: 
- On vertically split type: upper first, then lower 

nut. 
- On horizontally split type: front first, then rear 

nut. 

FRONT WHEEL 

Reconnect the cables, 



DOUBLE HOLDER TYPE 
REMOVAL 

Remove the holders from both sides and then 
remove the front wheel. 

DISASSEMBLY 

Remove the axle nut from the axle; then remove the 
axle, collar and speedometer gear. 

ASSEMBLY 

Install the side collar and speedometer gear box 
onto the wheel hub. 

Coat the axle with a small amount of grease and 
install the axle. Tighten the axle nut to the specified 
torque. 

INSTALLATION 

Place the front wheel between the fork legs. 

Set the brake disc between the brake pads carefully. 
Do not damage the pads. 

Slowly lower the front of the vehicle until the fork 
legs are aligned with the axle. 

Install the axle holders with the arrow pointing for- 
ward and the speedometer gear box boss aligned 
with the fork leg stop. 

Tighten the upper nuts or forward nuts first; then 
the lower or rear nuts. 

Reconnect the cables. 



PINCH BOLT TYPE 
REMOVAL 

Loosen the axle pinch bolts on the axle bolt side and 
remove the axle bolt. PINCH BOLT 1 
Loosen the axle pinch bolts on the opposite side 
and remove the axle while holding the wheel. 
Remove the front wheel. 

AXLE BOLT 

INSTALLATION 

Place the front wheel between the fork legs and 
work the brake disc between the pads. Be careful 
not to damage the pads. 

Install the axle. Tighten the axle bolt to the specified 
torque. Align the speedometer gear box stop with 
the fork leg stop. 

Make sure that the index line on the axle aligns with 
the fork leg surface. 

Tighten all the pinch bolts to the specified torque. 

Refer to the Model Specific manual for the proper 
torque values. 

Check the clearance between the brake disc and the 
caliper bracket on each side after installation. The 
clearance should be at least 0.7 mm (0.03 in). 

If the clearance is not 0.7 mm (0.03 in) or more, 
loosen the holder nuts or pinch bolt on the axle 
shaft side and adjust the clearance. Then tighten the 
holder nuts or pinch bolt to the specified torque. 

0.7 mm (0:3 in) 

CALIPER 

DISC 
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REAR WHEEL 
I 

Support the vehicle securely with the rear wheel 
off the ground. 
Remove the muffler and/or other parts necessary 
to gain access to the wheel. 
For drum brakes, disconnect the brake rod or 
cable and the brake torque rod from the brake 
panel. 
For hydraulic disc brakes, it may be necessary to 
remove the brake caliper. Refer to the Model 
Specific manual. 
Note the side collar position and direction so it 
can be installed properly. 
After installing the wheel, make sure that it turns 
smoothly and w~thout blnding. 

CHAIN DRIVEN TYPE 
REMOVAL 
Loosen the axle nut and the drive chain adjusters. 

Move the rear wheel forward, and disengage the 
drive chain from the driven sprocket. 

CHAIN ADJUSTER 

For mechanical drum brakes, remove the rear brake 
adiustina nut and de~ress the Dedal to disconnect CHAIN ADJUSTER REAR AXLE 
the b r a k  rod (or cable) from ihe brake arm. If a 
brake torque rod is mounted on the brake panel, 
disconnect the torque rod from the brake panel by 
removing the torque rod mounting nut. 

Remove the axle nut and the rear axle. 

For hydraulic disc brakes: move the caliper 
assembly away from the disc to avoid interference. 

Remove the rear wheel. 

BRAKE 
AR 

BRAKE ADJUSTING NUT 



INSTALLATION 

For drum brakes: install the brake panel and side 
collar on the wheel hub. 

Be sure the collar is installed properly. 

Place the rear wheel into the swingarm while lay- 
ing the drive chain between the sprocket and 
wheel hub. 

If there is no brake torque rod, insert the stop on the 
swingarm into the groove in the brake panel when 
installing the wheel into the swingarm. 

For hydraulic disc brakes: install the rear wheel by 
working the brake disc between the brake pads. Be 
careful not to damage the pads. 

GROOVE STOP 

On snail cam types, note the proper direction of the I \ I 1 

With the rear wheel in place, install the axle with the 
chain adjuster. 

. . . . 
chain adjuster. 

Install the chain adjuster and axle nut on the 
opposite side of the wheel. 

Fit the drive chain over the driven sprocket. 

AXLE 
1 I 

AXLE NUT , 

DRIVE CHAIN CHAIN ADJUSTER 

For mechanical drum brakes: connect the brake rod 
(or cable) to the brake arm and install the adjusting 
nut loosely. If applicable, connect the torque rod to 
the brake panel and tighten the torque rod nut to the 
specified torque. 

Adjust the drive chain slack. 

Tighten the rear axle nut to the specified torque. 

Secure the axle nut and torque rod nut with a new 
cotter pin if required. 

For mechanical drum brakes: adjust the rear brake 
pedal free play. 

BRAKE ROD 
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SHAFT DRIVEN TYPE 
REMOVAL 
For drum brakes: disconnect the brake rod (or cable) 
and torque rod from the brake panel. 

Remove the axle nut and loosen the axle pinch bolt. 

Remove the rear axle. 

For hydraulic disc brakes: move the caliper 
assembly away from the disc to avoid interference. 

Remove the side collar and pull the rear wheel from 
the final drive gear. Remove the rear wheel. 

INSTALLATION 

Coat the driven flange with molybdenum disul- 
fide grease. 

Install the brake drum onto the wheel hub. 

Place the rear wheel into the swingarm. 

For hydraulic disc brakes: work the brake disc 
between the brake pads. Be careful not to damage 
the pads. 

Align the splines of the driven flange with the 
splines of the ring gear and push the rear wheel 
onto the final drive gear. 

Install the side collar. 

Be sure the collar is installed properly. 

Install the axle. 

DRIVEN FLANGE 

RIVEN FLANGE 



For mechanical drum brakes: connect the brake rod 
(or cable) to the brake arm and install the adjust- 
ing nut loosely. Connect the torque rod to the 
brake panel and tighten the torque rod nut to the 
specified torque. 

Tighten the axle nut first; then tighten the axle pinch 
bolt to the specified torque. 

For mechanical drum brakes: adjust the rear brake 
pedal free play. 

UNIT SWING TYPE 
REMOVAL 

Remove the frame covers and exhaust muffler if 
necessary. 

Apply the rear brake and loosen the axle nut, 

If the rear axle spins with the axle nut, apply torque 
to the wrench allowing the scooter to tilt rearward 
and the rear wheel to contact the ground. 

Remove the axle nut and the rear wheel. 

PINCH BOLT AXLE NUT I 

REAR 
WHEE 

I 

INSTALLATION 

Install the rear wheel by aligning the splines of the 
wheel hub with the final drive shaft splines. 

Apply the rear brake and tighten the rear axle nut to 
the specified torque. 

If the rear axle spins with the axle nut, apply torque 
to the wrench allowing the scooter to tilt rearward 
and the rear wheel to contact the ground. 

Install the removed parts. 



WHEELSITIRES 

PRO-ARM TYPE (CENTER LOCK TYPE) 
REMOVAL 

Remove the cotter pin. 

Do not reuse cotter pin. 
COTTER PIN 

Set the rear wheel to touch the ground and loosen 
the wheel nut while applying the rear brake. 

I I 

INSTALLATION 

Check the drive pin hole for damage and cracking 
and clean the contact surface of the rear wheel to 
the rear axle. 

Apply grease to the axle center lock spacer and the 
contact surface of the rear wheel. 

Install the rear wheel aligning the drive pin hole and 
the wheel center hole. 

WHEEL NUT 

Using the centerstand or equivalent, lift the rear 
wheel. Remove the wheel nut, washer (if equipped), 
center lock spacer and rear wheel. 

WHEEL WASHER 



Place the rear wheel on the ground and tighten the 
wheel nut to the specified torque while applying the 
rear brake. 

Tighten the axle nut to align a groove of the nut 
to the hole of the axle (to enable the cotter pin to 
be inserted). 

Alignment of the groove and the pin hole should be 
done in the tightening direction. 

Install the new cotter pin and fold the end to lock the 
axle nut (page 1-17). 

AXLE INSPECTION 
Set the axle in V-blocks. Rotate the axle and 
measure the runout using a dial indicator. 

The actual runout is 112 of the total indicator read- 
ing. Replace the axle if the service limit is exceeded. 
(Check the Model Specific manual for the specified 
service limit.) 

IAL INDICATOR 
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WHEEL BEARING REPLACEMENT 
Disc brake type: Be sure to remove the brake discs 
before removing the wheel bearings. 

Refer to the table on page 1-23 for information on 
bearing removerldriver size. 

REMOVAL 
Remove the wheel. 

Remove the dust seal, side collar, brake drum, and 
speedometer gear box retainer. 

Rear wheel: 

Chain drive type: Remove the driven sprocket. 

Shaft drive type: Remove the driven flange. 

Remove the right and left wheel bearings with the 
bearing remover shaft and remover head. 

TOOL: 
Bearing remover head 

INSTALLATION 
Right and left bearings have a specific installation 
order. Refer to the Model Specific manual for which 
bearing to install first. 

TOOL: 
Bearing driver 
Attachment 

Drive in a new bearing. 

Check the distance collar for the proper installation 
direction and install the collar. 

Replace right and left bearings in pairs. Do not 
reuse old bearings. 

Install the other bearing. 

Single side sealed bearings: 

Install the bearing with the sealed side facing out. 

Fully sealed bearings: 

Install the bearing with itsstamped size marktoward 
the outside. 

I BEARING REMOVER HEAD 1 

BEARING DRIVER 

I / .-- NT - 
/ DISTANCE COLLAR A ,- \. I 



BASIC TlRE INFORMATION 
pExq 
Be careful not to damage the rim area when using 
tire mounting tools. 

TUBE TlRE 
This type uses an air-filled tube within the tire's 
casing. 

Air pressure drops instantly when a nail or other 
sharp object penetrates the tire and tube. 

TUBELESS TlRE 
In place of a tube, tubeless tires have an inner liner 
bonded to the inside of the tire. The liner has a spe- 
cial bead area which, together with a wide-grooved 
bead seating rim, provides an effective seal against 
pressure loss. 

Since the thick liner is not separate from the tire, it 
does not stretch when inflated and will not burst if 
punctured. Instead, the liner closes around the punc- 
turing object to prevent substantial pressure loss. 

I TREAD - 
TUBE 

RIM LINE 
} SIDEWALL 

. -. . . . . 

BEAD 
TUBE VALVE 

I TUBED TlRE 

TREAD 
INNER LINER b 

TUBELESS TlRE I 



TlRE CODE 
[Inch indicationl 

Tread width: 4 inch -1 I I L Ply No.: 4-ply rating 

S eed limit code: h1 . . ,100 kmlh max. 
IN1 . . ,140 kmlh max. 
i ~ j  . . ,150 kmlh max. 
[Sl . . ,180 kmlh max. 
[HI . . ,210 kmlh max. 
[Vl . . ,210 kmlh min. 

Speed limit code Rim diameter: 18 inch [ZR] . ,240 kmlh min. 

[Metric indicationl 

Speed limit code 
Tread width: 170 mm 

Max. load code 
HeighVlread 

Radial indihation mark 

TUBELESS TlRE 

HElGHTMllDTH RATIO = % 

Tubeless tires have "TUBELESS" stamped on the 
sidewalls. Tubeless tire rims have "TUBELESS TlRE 
APPLICABLE" stamped on them. Each rim valve has 
"Snap-in valve: TR412" (or TR413) on it. 

"TUBELESS TI 
APPLICABLE" 

Identification 

Rim valve hole 
diameter 

The rim, bead seating areas, and rim valves are 
different from tube-types in construction. SNAP-IN VALVE 
Be careful to protect the sealing surfaces when 
handling and storing tubeless tires and rims. 

Tubeless tire 
rim 

# 
"TUBELESS 
TlRE APPLICA- 
BLE" stamped 

11.5 mm 

Tube tire rim 

TIRE "TUBELESS BLE" APPLIcA- not 

stamped 

8.5 mm 



Do not stack or lean tires against each other. 

To store a mounted, pressurized tire, adjust the 
pressure to 112 of the recommended amount. Be 
sure that the valve cap is securely installed. 

Do not store tubeless tires or rims in these areas: 

WHEELSITIRES 

STORAGE 

Where ozone is produced (near a motor or bat- 
tery charger) 
In high heat areas (near a heater, steam pipe, 
etc.) 
Where oil or grease is stored 
In direct sunlight 
In wet or humid areas 

Store tubeless tires upright with a spacer or thick 
paper placed between the beads. 

If the bead-to-bead clearance is narrower than the 
rim width, it will be difficult to mount the tire. 

WRONG WRONG WRONG 

RIGHT 
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TIRE REMOVAL 
Refer to page 16-25 for A N  wheelltire servicing. 
Remove the wheel. 

Single brake disc wheels: To prevent damage to the 
disc, place the wheel on a level surface with the disc 
facing up. 

Double brake disc wheels: Remove one disc first; 
then place the wheel on a level surface with the other 
disc facing up. 

Remove the valve cap and bleed air by depressing 
the valve core. 

Remove the valve core after bleeding the air 
completely. 

Remove the valve stem nut and push the valve 
stem lightly. 

VALVE CORE 

If a bead stopper is installed, loosen the lock nut and 
push the bead stopper down. 

- 
If no tire bead breaker is available, step on the side- 
wall to collapse the bead. 

Do not step on the rim. 
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Work the bead into the rim center and slide the tire I I 
out of position. 

The tire can be removed easily once the beads are 
collapsed completely. 

Lubricatethe rim and tire mating surfaces with water. 

Be sure that the bead is completely collapsed. Install 
a rim protector on the rim. 

With tubed tires, insert the tire lever from the 
opposite side of the valve and raise the bead 
over the rim. 

RIM CENTER / 

With tubeless tires, insert the tire lever from the 
valve side and raise the bead over the rim. 

To avoid damaging the rim when using the tire 
lever, always use rim protectors. Be sure to use 
motorcycle tire levers. 

Do not apply any form of tire mounting lubricant to 
the rim or tire mating surfaces. Use water only. 

Insert another tire lever 30 - 50 mm (1 to 2 in) from 
the first one and raise the bead over the rim, little 
by little. 

Do not try to raise the bead too much at one time. 

Do not pry against or scratch the bead stopper area 
with the tire lever. 

Re~eat the above ~rocedures until half of the I I 
beed is removed; 'then remove the remaining 
bead by hand. 
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TUBE-TYPE TlRE ONLY 
Press the valve into the rim hole completely and 
remove the tube from the tire. 

Remove one side of the bead using same proce- 
dures as described for tubeless tires. 

Remove the tire from the rim. 

RIM VALVE REPLACEMENT 
(TUBELESS TlRE ONLY) 

TlRE LEVER 

RIM PROTECTOR 

Cut off the rim valve at its base. 

Apply mild detergent solution to a replacement 
valve and insert i t  from inside of the rim. 

Be sure to use the recommended rim valve. 
Do not damage the valve hole. 
Replace the rim valve whenever installing a tube- 
less tire. 



WHEEL CENTER ADJUSTMENT 
(SPOKE WHEEL ONLY) 
The wheel center adjustment is necessary when 
spoke wheel has been rebuilt. 

The distance indicated is as follows: 

A: Between the rim side and the surface standard 

B: Rim width (measurement) 

C: Between the rim center and the surface standard 

Refer to the Model Specific manual for the surface 
standard and the specific value of "C." 

Measure distance B (rim width), and make the fol- 
lowing calculations. 

A = C - 812 

Example: (B: 76.2 mm, C: 56.5 mm) 

A = 56.5 - 76.212 = 18.4 

Adjust the rim position and distance A by tightening 
the spokes to the specified torque in 2 or 3 
progressive steps. 

Inspect and adjust the wheel rim runout. 

TIRE INSTALLATION 
Refer to page 16-25 for A N  wheel tire servicing. 

For a tubed tire, check the rim band and rim lock to 
be sure they are installed properly. 

pimEF 
Always replace rims which have been bent or 
have cracks, as they may cause air leakage. 
Always replace the rim i f  there are any flaws 
over 0.5 m m  deep or 1.0 mm wide on the bead 
contact surface. 

Check the overall condition of the tire. 

Use only water as a lubricant when removing or 
mounting tires. Soap or other tire lubricants may 
leave a slippery residue that can cause the tire to 
shift on the rim. 

A tire that shifts on the rim may lead to a sudden 
loss of air pressure while riding and an accident 
could occur. 

Be sure to use motorcycle tire levers and rim 
protectors. 

RIM 



If the tire has a balance dot (paint mark), install the 
tire with this mark aligned with the valve. 

If the tire has a rotation direction arrow, install 
the tire with the mark pointing in the direction 
of rotation. 

Stand the tire upright, hold i t  with one hand and, 
starting from the side opposite the valve, install 
one side of the tire on the rim as much as you can 
by hand. 

Be sure to assemble in the sequence shown. 

BALANCE 

Place the wheel on a level surface and install the 
remaining portion of the bead using two tire levers. 

To aid in assembly, apply water to the tire and rim 
mating surfaces. 

Do not apply any form of tire mounting lubricant to 
the rim or tire mating surfaces. Use water only. 

TUBE TIRES ONLY 
Inflate the tube with a small amount of air and push 
into the tire. 

Insert the valve through the rim valve hole and 
loosely install the stem nut. 

Work the tube by hand until it is seated evenly in the 
rim center. 

Be sure that the tube is not twisted and the valve 
stem is straight. 

Install the bead on the other side of the tire while 
holding the assembled portion of the bead with 
your knee to prevent it from coming off. 

Before using the first tire lever, be sure that the 
bead on the opposite side is positioned in the center 
of the rim. 

Install the bead a little at a time, using care not to 
damage the tube or the rim with the tire lever. 

After 112 of the bead has been installed, insert the 
second tire lever at a distance of 30 - 40 mm (1 to 
2 in) from the first. Continue working the bead 
under the rim with the levers in this proximity until 
314 of the bead has been installed. 

Hold one tire lever upright to remove the other lever. I 
1 
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After 314 of the bead has been installed, check the 
bead on the o ~ ~ o s i t e  side. Be sure it is still in the . . ,  1 
center of the rim. I \ \ f  \ I 
The last portion of the bead is more difficult to in- 
stall. The rim and bead may be damaged if the bead 
on the opposite side of the point where you are 
working is not in the rim center. 

When only 50 - 60 mm (2 to 2.5 in) of the bead 
remains free, pull the two levers up and over. 

I TIRE LEVERS I 'VALVE CORE 
" I 

RIM PROTECTOR h\ .~ . .. . ., \ BALANCE DOT 

It is important to align the balance dot (paint circle or 
spot) with the valve stem. The balance dot indicates 
the lightest portion of the tire. Alignment with the 
valve stem minimizes the weight needed to balance 
the wheel and tire. 

Install the valve core. 

Use only water as a lubricant when removing or 
mounting tires. Soap or other lubricants may leave 
a slippery residue which can cause the tire to shift 
on the rim. 

A tire that shifts on the rim may lead to a sudden 
loss of air pressure while riding and an accident 
could occur. 

\ 

Tap on the tire tread surface with a rubber ham- 
mer so that the tire and rim fit evenly around the 
circumference. 

Be sure that the tire center and rim center are 
aligned. 

I I 

Inflate the tire to 1.5 times the standard recom- 
mended pressure to seat the bead on the rim. 

Use the tire pressures specified in the Model Spe- 
cific manual or on the tire label. Overinflation may 
cause a tire to burst with sufficient force to result in 
serious injury or death. 

For tubeless tires, you may hear a loud sound as the 
bead seats onto the rim. This is normal. 

For tubeless tires, if air leaks out from between the 
rim and bead, let the wheel stand with the valve at 
the bottom and increase air pressure while pushing 
down on the tire. 



Tighten the rim lock nut to specified torque (if 
available). 

Tighten the valve stem nut (on tube tires). 

Install the wheel. 

WHEELSITIRES 

WHEEL BALANCING 
Refer to the Model Specific manual to determine if 
the model being serviced requires wheel balancing. 
The manual will specify the type of weights 
required, if necessary. 

Wheel balance directly affects the stability, handling 
and overall safety of the motorcycle. Carefully check 
balance before reinstalling the wheel. 

Mount the wheel, tire and brake disc assembly in an 
inspection stand. 

Spin the wheel, allow it to stop, and mark the lowest 
(heaviest) part of the wheel with chalk. Do this two 
or three times to verify the heaviest area. If the 
wheel is balanced, it will not stop consistently in the 
same ~osition. 

Check that the tire bead seats on the tire rim 
securely and the rim line of the tire is concentric 
with the rim. 

Adjust the tire pressure to the specified pressure. 

Check the wheel balance. 

RIM LOCK 

RIM LINE 

. 
INSPECTION STAND 



ATV WHEELITIRE 
REMOVALIINSTALLATION 

WHEELSITIRES 

Loosen the wheel nuts. 

Raise the rear wheels off the ground by placing a 
jack or block under the engine. 

To balance the wheel, install wheel weights on the 
lightest side of the rim, the side opposite the chalk 
marks. Add just enough weight so the wheel will no 
longer stop in the same position when it is spun. 

Remove the wheel nuts and wheel 

BALANCE WEIGHT 

TIRE REMOVAL 
NOTE: 

This service reauires the A N  Bead Buster 

Install the wheel in its original position. 

Do not interchange the right and left tires. If the tire 
has an arrow mark, install the wheel with the arrow 
mark pointing in the direction of rotation. 

Install the wheel nuts with the beveled sides facing 
inward and tighten them to the specified torque. 

(KLS379024). 
Remove and install the tire from the rim side 

FRONT 

opposite the valve stem. 

Remove the core from the valve stem. 

Use a pneumatic tire changer or equivalent to 
remove the tire from the rim. If a tire changer is not 
available, rim protectors and tire irons may be used. 



Failure to back out 
the breaker shoe 

two turns will cause 

WHEELSITIRES 

the shoe to scratch 

Adjust the bottom rim supports to the proper rim 
size. Align the flat side of the support with the 
corresponding rim size indicator. 

Useonlywateras Lube the bead area of the tire with water, press- 
a l u b ~ $ ~ \ ~ ~ ~  ing down on the tire sidewalllbead area in several 

mount,ngtjres, places to allow the water to run into and around 
Soap orsome the bead. 

mounting lubrk 
cants may leave a 

siipperly residue 
which can cause 

the tire to shift on 
the rim and lose 

tire pressure 
during riding. 

the bead lock, 
wh~ch may cause 

the tire to leak. 

RIM SUPPORTS 

-- 

Place the wheel assembly over the center shaft and 
use the correct size cone to keep the wheel centered 
during operation. 

Install the bottom hold down nut, bearing side 
down, and finger tighten it so the wheel can rotate 
freely during operation. 

Install the breaker arm assembly over the center 
shaft and adjust the upper rim supports to fit the 
outside rim diameter. 

Install the top hold down nut and tighten it finger 
tight. 

Pull the leverage bar down so the breaker shoe is 
just below the rim lip. Turn the crank to fully push 
the breaker shoe between the tire bead and rim. 
Once the shoe contacts the rim, back the crank 
out two turns to allow the shoe to clear the rim's 
bead lock. 

CENTER SHAFT 

I BREAKER ARM ASSY 1 

UPPER RIM SUPPORTS 

LEVERAGE BAR 

CRANK 
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Pull the leverage bar down so the breaker shoe is 
just below the rim lip. Turn the crank to fully push 
the breaker shoe between the tire bead and rim. 
Once the shoe contacts the rim, back the crank 
out two turns to allow the shoe to clear the rim's 
bead lock. 

Remove the breaker arm assembly and flip the 
wheel over. Install the breaker arm assembly, 
adjust the shoe properly and break the other bead 
by following the above procedures. 

Remove the tire from the rim using a tire chang- 
ing machine or tire irons and rim protectors. 

REMOVAL (EXCEPT U.S.A.) 
Applying water, soapy water, oil, or other lubricants 
to the tire, rim or tire tool when removing the tire 
may cause the tire breaker arm to slip off the tire so 
that the bead cannot be broken. 

Follow the breaker manufacturer's instructions. 

Do not damage the bead seating area of the rim. 

Install the tire breaker attachment on the rim with 
the wheel nuts and tighten the nuts securely. TIRE BREAKER ATTACHMENT 

WHEEL NUT 

I NARROW END (A SIDE) I 

Insert the narrow end (A side) of the breaker arm 
between the tire and the rim. BREAKER ARM 
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Position the breaker arm compressor on the tire 
breaker attachment as shown. 

Keep the breaker arm horizontal and align the end 
of the compressor bolt with the breaker arm hole. 

Screw in the breaker arm compressor bolt while 
pushing the breaker arm on the tire with your foot 
to break the bead from the rim. BREAKER ARM 

Do not break the bead all at once. Remove and repo- 
COMPRESSOR 

sition the compressor and arm 118 of the circumfer- 
ence of the rim. 

Tighten the compressor bolt. Break the bead by re- 
peating this procedure 3-4 times. 

After removing the tire from the rim, cut the 
valve off at the bottom, being careful not to dam- 
age the rim. 

If bead breaking is difficult with the narrow end 
(A side) of the breaker arm, use the wide end (B 
side) of the arm and repeat the procedure 
described above. 

Be sure to replace the valve with a new one whenev- 
er the tire is removed from the rim. 

WIDE END (B SIDE) 

\ 

Inspect and measure the damage. Tire repairs for 
damage or punctures larger than 15 mm (518 in) 
should be a section repair. Section repairs should 
be done by a professional tire repair shop. 

If the damaged area is smaller than 15 mm (518 in), 
proceed with the repair as described here. 

TIRE REPAIR 
Use the manufacturer's instructions for the tire re- 
pair kit you are using. If your kit does not have in- 
structions, use the procedures provided here. 

Check the tire for the puncturing object(s). Chalk 
mark the punctured area and remove the object. . . 1 
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Install a rubber plug into the hole as follows: I 
Apply cement to a plug inserting needle and work 
the needle into the hole to clean and lubricate it. Do 
this three times. Do not let the cement dry. 

Insert and center a rubber plug through the eye of 
the inserting needle. 

Apply cement to the rubber plug. 

Push the inserting needle with plug into the hole 
until the plug ends are slightly above the tire. Twist 
the needle and remove it from the tire; the plug will 
stay in the tire. 

Be careful not to push the plug all the way into 
the tire. 

Trim the plug 6 mm (114 in) above the tire surface. 

Repeat the above procedure if the puncture is large. 

Do not use more than two plugs per hole. 

Allow the repair to dry. Drying time will vary with air 
temperature. Refer to the tire repair kit manufac- 
turer's recommendations. 

Inflate the tire and test the seal by dabbing a small 
amount of cement around the plug. Escaping air will 
cause a bubble in the cement. If there is leakage, 
remove the tire (page 16-25) and apply a cold patch 
to the inside of the tire as described. 

If a plug has been inserted, trim it even with the 
inner tire surface. 

Temporarily place a rubber patch that is at least 
twice the size of the puncture over the damaged 
area. Make a mark around the patch, slightly larger 
than the patch itself. 

Remove the patch. 

Roughen the area marked inside the tire with a tire 
buffer or a wire brush. Clean the rubber dust from 
the buffed area. 

Apply cement over the area marked and allow it  
to dry. 

Remove the lining from the patch and center it over 
the damaged area. 

Press the patch against the damaged area using a 
special roller. 

Allow cement to dry until tacky before applying 
the patch. 

Do not touch the cement with dirty or greasy hands. 
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ASSEMBLY 
Clean the rim bead seat and flanges. 

Apply clean water to the rim flanges, bead seat 
and base. 

Install the tire on the rim, where the rim shoulder 
width is the narrowest, to simplify installation. 

Use only water as a lubricant when mounting 
tires. Soap or other tire lubricants may leave a 
slippery residue that can cause the tire to shift on 
the rim resulting in a sudden loss of air pressure 
while riding. 

Install the valve core in the valve stem. 

Install the tire and inflate it to seat the tire bead. 

The maximum pressure for seating the tire bead is 
indicated on the side wall. Do not inflate the tire 
beyond this pressure. The tire could burst with suffi- 
cient force to cause severe injury. 

If the tire has an arrow mark, install the tire with the 
mark pointing in the direction of rotation. 

Do not interchange the right and left tires. 

Deflate the tire. Wait 1 hour and inflate the tire to the 
specified pressure. 

Check for air leaks and install the valve cap. 

The A N s  are equipped with tubeless tires, valves, 
and wheel rims. Use only tires marked "TUBELESS" 
and tubeless valves on rims marked "TUBELESS 
TIRE APPLICABLE." Never mount tires designed for 
use on automobiles on an original rim. 
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SPOKE WHEEL LACING 
OVERVIEW 
The spoked wheels of motorcycles are quite similar 
to those of bicycles. On adult-sized bicycles, the 
rims are relatively narrow and the spokes extremely 
long. This creates a lightweight wheel with gener- 
ous suspension properties that also retains ade- 
quate radial stiffness to allow for efficient pedaling. 
Such bicycle wheels are inexpensive to build and 
"standard size" tires and tubes are available from 
many different sources. 

Motorcycle wheels have many of the same require- 
ments as a bicycle wheel, but also require greater 
strength. Motorcycles are heavier and put greater 
demands on their wheels because of their far 
greater acceleration, braking, and turning capabili- 
ties. The wheel hubs have large spoke flanges that 
help to decrease spoke length (increasing stiffness) 
and the spoke angle is normally angled severely to 
gain as much rigidity as possible. 

Since the rim has many holes for its spoke nipples, 
spoke wheels are usually fitted with tube type tires. 
A tube type tire generally runs hotter than a tube- 
less tire. This can limit the type and size of machines 
that are fitted with spoke wheels. Excessive heat at 
the tire reduces its usable life, so machines that are 
very heavy or have high performance are normally 
fitted with cast aluminum wheels and tubeless tires. 



Spokes 
There are two types of spokes used on wheels with 
equal diameter hub flanges: 

lnner spokes have an angle of more than 90 
degrees. The length of an inner spoke runs along 
the inside of the hub flange. The parts catalogue 
describes this as an " A  spoke. 

Outer spokes have an angle of less than 90 degrees. 
The length of an outer spoke runs along the outside 
of the hub flange. The parts catalogue describes 
this as a "6" spoke. 

More than 90' bend - il 
INNER SPOKE q 0 b 

lnner spokes mount inside the hub flange. 

Less than 90' bend - -=A 
OUTER SPOKE 

p 
Outer spokes mount inside the hub flange. 



Rim 

In order for the spokes on both sides of the hub to 
reach the correct rim hole, i t  is necessary to install 
the first inner spoke in the lower flange to the right 
of the first inner spoke in the upper flange. 

Hub 
Inner spokes must be installed first. They cannot be 
installed after the outer spokes have been laced to 
the rim. 

Typically, Honda rims require 36 spokes. Some, 
however, use 40 or even 52 spokes per wheel. 

UPPER FLANGE 

All Honda rims have spoke holes arranged in 
groups of four. 

36= 9 groups of 4 
40 = 10 groups of 4 
52 = 13 groups of 4 

Each rim has four types of spoke holes. Each points 
in a different direction. To lace the wheel properly, 
you must lace the spokes to the correct rim hole. 

When lacing the inner spokes to the rim it is impor- 
tant to leave three empty spoke holes between suc- 
cessive spokes in the same direction. 

When you are starting out, it is easier to start with 
the upper set of inner spokes and then turn the 
wheel over. After you have learned to lace spoke 
wheels, you can start with either the upper or lower 
layer of inner spokes. 
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WHEEL LACING 
Disassembly: 

Unscrew all the spoke nipples, then remove the 
spokes from the rim and hub. Place the spokes in 
two different piles (inners and outers) as deter- 
mined by the angle of the spoke head. When the 
wheel is fully disassembled, show the instructor the 
bare rim and hub. 

Assembly (36 Spoke, Equal Flange Hub): 

1. lnstall one inner spoke down through any spoke 
hole in the hub's upper spoke flange. Mark this 
spoke with a fold of tape. lnstall one inner spoke 
down through any spoke hole in the hub's upper 
spoke flange. Mark this spoke with a fold of tape. 
Follow these instructions to true a spoked wheel. 

2.Now place a second inner spoke up through 
the lower flange as shown. Mark this spoke 
with tape. 

3. lnstall eight more inner spokes down through 
the hub's upper flange, skipping a spoke hole 
between each one. Point the spokes in a counter- 
clockwise direction. 

4. lnstall eight inner spokes up through the lower 
hub flange. Point these lower spokes in a clock- 
wise direction. 
You must install all of the inner spokes in the 
hub before connecting them to the rim. The hub 
and s~okes should now look like this: 

UPPER SPOKES COUNTER CLOCKWISE 

5. Lay the rim over the hub and lace the upper I I 

@ . . 
LOWER SPOKES CLOCKWISE 

tape-marked spoke to the first spoke hole clock- 
wise from the valve stem hole as shown. 
Be sure to aet this location correct. as it will be 
the key to locating all the other spokes. 
Install a nipple 3 - 4 turns on the spoke. 

6. Now lace the remaining inner spokes on the 
upper hub flange to every fourth spoke hole. 
Arrange the assembly as shown by applying a 
gentle clockwise twist to the hub's center to pull 
the spoke tight. 
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7.Turn the wheel over. The rim holes should alisn I 1 - 
with the spokes. 

8. Lace the lower tape-marked spoke to the sev- 
enth spoke hole counter-clockwise from the first 
spoke. This spoke will point in the opposite 
direction of the installed spokes. 

9. Lace the remaining inner spokes to every fourth 
hole. The wheel should look like this: 

SPOKES # 2 

10. Move the wheel hub to the edge of the bench. 
Install nine outer spokes in the lower flange 
and connect to the rim in the counterclock- 
wise direction. 

1l.lnstall nine outer spokes in the top flange and 
connect them to the remaining holes 

12.Tighten all spoke nipples evenly until only a few 
threads show and the spokes are starting to 
tighten up. 

13.The wheel should look like this: 
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SPOKE WHEEL TRUING 
SUMMARY: 
Spoked wheels have always been a part of motorcy- 
cling. Cast and composite wheels have also become 
quite common. In recent years, there has been a 
resurgence of spoked wheels in the custom and 
cruiser bike markets. In addition, most off-road and 
dual-purpose motorcycles use spoke wheels exclu- 
sively. This means the ability to properly service 
this type of wheel is as great as ever. 

Directions: 

Follow these instructions to true a spoked wheel. 

Appropriate service manual 
Truing stand 

Flat screwdriver 
Spoke wrench 

Dial indicator on magnetic stand 

Technical Notes: 
Spoke wheels come in many different hub configu- 
rations which can be fitted to just about every possi- 
ble rim diameter, using a variety of spoke designs. 

For a spoke wheel to work correctly, each of its 
spokes must be tightened to a fairly uniform torque. 
Since the bare (unlaced) rim has little strength of its 
own, to avoid deformation, it relies mainly on spoke 
tension to give it the necessary strength and stiff- 
ness. The spokes should pull equally at all points 
around the rim, thereby utilizing the strength of 
each individual spoke to help resist bending. To 
gain maximum strength for severe side loadings, as 
occurs in motocross, the CR wheel lacing patterns 
always feature a wide hub to maximize triangula- 
tion. At any given point, the spokes directly oppo- 
site where the tire touches the ground are the 
spokes under tension. 

Ideally, spokes should have a straight head since 
such a design is inherently stronger than those 
which use angle head spokes. This is especially true 
of motocross wheels since weight and strength are 
of equal importance. But some small angle must be 
built into the spoke head to keep it from rotating in 
the hub as the spoke nipple is tightened. 

New CR wheels will loosen their spokes quickly in 
the first few hours of riding. This is caused by the 
spoke nipples bedding into the rim. If you are 
replacing an aluminum rim, it's a good idea to seat 
the spoke nipples into the rim by lightly hitting the 
end of the spoke with a brass drift and hammer. 
Then, do one more check of the spoke tension 
before sending the wheel out. 
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LATERAL WOBBLE 

WHEELSITIRES 
When you are learning to true a spoke wheel always 
start with the spokes too loose. When you are lacing 
the rim to the wheel, turn the spoke nipples down 
until you can see two threads on the spokes. 

If you are starting with an assembled wheel, loosen 
all the spokes so that two threads show. Then start 
at the valve stem hole and tighten each spoke 114 
turn. You will be able to notice the difference in ten- 
sion after you have tightened all the spokes once. 

Decide if you should repeat the process the same 
amount or 118 turn. If you guess wrong, and the 
spokes tighten up before you have tightened all of 
them, back up and start over with a smaller tighten- 
ing amount. 

Using a dial indicator is an easy way to see how 
much the rim is out of true and can show you how 
much of a change you are making when you loosen 
or tighten spokes. After you learn how much your 
spoke adjustments move the rim, you may not need 
to use a dial indicator, but when you're learning, it's 
a big help. 

The most common mistake made when truing 
wheels is over tightening. If the rim will not true 
with light torque, you have over tightened the 
spokes. Loosen them and try again. 

RADIAL HOP 

When checking wheel runout, be aware that there 
are two types of runout: lateral (side-to-side) and 
radial (up-and-down). Lateral and radial are often 
called "wobble" and "hop," which more accurately 
describes what you see when you spin the wheel. 

When tightening a spoke to correct wobble, also 
tighten its same side neighbors. 

- 



Always correct the hop on wheel rims before cor- 
recting wobble. It works easier that way. 

When truing hop or wobble, always tighten or 
loosen spokes in decreasing amounts as you 
move away from the center (high point) of the 
hop or wobble. Always correct radial first, then 
correct lateral wobble. 

When measuring hop or wobble, don't concern 
yourself with small dents or the welded seam. 

To Correct Radial Hop: 

Loosen several inside and outside spokes 
directly opposite the high spot. 

Then, tighten several inner and outer spokes at 
the high spot to center the hub. 

To Correct Lateral Rim Wobble: 

When tightening a spoke to correct wobble, also 
tighten its same-side neighbors. If the excessive 
runout is to your left, first loosen several left side 
spokes at the wobble point. The runout may then 
correct itself. If it doesn't, tighten several right 
side spokes at the wobble point to pull the rim to 
the right. 

If the excessive runout is to your right, first 
loosen several right side spokes at the wobble 
point. The runout may then correct itself. If it 
doesn't, tighten several left side spokes at the 
wobble point to pull the rim to the left. 

Continue as required to bring the runout (hop and 
wobble) to less than 0.5 mm. 

LOW POINT 

(loosen spokes here) 

Decrease turns on spokes as 
you move away from this point. 

Worksheet: 
1. Place the wheel in a truing stand. 

2. Check to see that all spoke nipples are threaded 
on equally, with two threads on the spoke show- 
ing above the nipple. 

3. Finger-tighten all spokes a 112 turn. Then tighten 
all spokes again, and perhaps again, using 
smaller fractions until all spokes are snug 1i.e. do 
not rattle). 

All of the above steps should be done using your 
fingers (not a screwdriver), to tighten the spokes. 

4. Mount the dial gauge to the rim and check hop I I 
and wobble. Reduce hop and wobble to less 
than 0.75mm. 
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5. Tighten all spokes equally around the rim in 
small increments. You can use a screwdriver or 
the spoke wrench to lightly strike each spoke to 
check for even tension. (Similar to using a f eeler 
gauge, checking spoke tension by "sounding" is 
a skill that takes time to master. The sound 
should not be a dull thud, nor should it be a 
bright ring.) After all spokes are equally tight, 
check radial and lateral runout and correct as 
stated in the following steps. 

6. Correct radial hop I u y 8  
Equally loosen several inside and outside spokes 
directly opposite the high spot. Now equally 
tighten several inner and outer spokes at the 
high spot to center the hub. 

7. Correct lateral wobble 7 
If excessive run out is to your left, first loosen 
several left side spokes to release tension. The 
runout may then correct itself. 
If not, tighten several right side spokes in the 
area needed to pull the rim to the right. 
Continue as needed until the runout is less than 
0.5 mm. 

Loose 
here 
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SERVICE INFORMATION 
TOOL 

Snap ring pliers 

p 
TROUBLESHOOTING 

Never use an air hose or dry brush to clean brake assemblies. In the United States, use an OSHA-approved vacuum I cleaner or alternate method amroved by OSHA, designed to minimize the hazard caused by airborne fibers. 1 
HYDRAULIC DISC BRAKE 
Brake leverlpedal soft or spongy 

Air bubbles in the hydraulic system 
Leaking hydraulic system 
Contaminated brake padldisc 
Worn caliper piston seal 
Worn master cylinder piston seal 
Worn brake pad 
Contaminated caliper 
Caliper not sliding properly 
Worn brake padldisc 
Low fluid level 
Clogged fluid passage 
Warpedldeformed brake disc 
Stickinglworn caliper piston 
Stickinglworn master cylinder piston 
Worn brake disc 
Contaminated master cylinder 
Bent brake leverlpedal 

Brake leverlpedal hard 
~logged1;estricted brake system 
Stickinglworn caliper piston 
caliper-not sliding properly 
Cloggedlrestricted fluid passage 
Worn caliper piston seal 
Stickinglworn master cylinder piston 
Bent brake leverlpedal 
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Brakes grab or pull t o  one side 
Contaminated brake ~adldisc 

a Misaligned wheel 
Cloggedlrestricted brake hose 
Warpedldeformed brake disc 
Caliper not sliding properly 
Cloggedlrestricted brake hose joint 

Brakes drag 
Contaminated brake ~adldisc 
Misaligned wheel 
Worn brake padldisc 
Warpedldeformed brake disc 
Caliper not sliding properly 

MECHANICAL DRUM BRAKE 

a Poor brake performance 
Improperly adjusted brake 
Worn brake linings 
Worn brake drum 
Worn brake cam 
lmproperly installed brake linings 
Brake cable stickinglneeds lubrication 
Contaminated brake linings 
Contaminated brake drum 
Worn brake shoes at cam contact areas 
Improper engagement between brake arm and camshaft serrations 

Brake lever hard or slow to  return 
Wornlbroken return s ~ r i n a  ~ ~ 

lmproperly adjusted brake 
Stickina brake drum due to contamination 

a Worn Gake shoes at cam contact areas 
Brake cable stickinglneeds lubrication 
Worn brake cam 
lmproperly installed brake linings 

Brake squeaks 
Worn brake linings 
Worn brake drum 
Contaminated brake linings 
Contaminated brake drum 
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BRAKE SYSTEM DESCRIPTIONS 
Braking systems on motorcycles, like virtually all braking systems, dissipate the vehicles kinetic energy by transforming it 
into heat energy - known as friction heat. 

a 

Two basic types of braking systems are used on Honda motorcycles and scooters: the drum-type and the disc type. Both 
the drum and the disc rotate together with the wheel. Each is slowed by the friction of either shoes or pads that press 
against them. 

a 
LBS 

The Linked Brake System (LBS), used on CBRs, Gold Wing, etc., simultaneously engages both front and rear brakes when 
either the front lever or rear pedal is used. The key component is an innovative mechanical linkage that transmits front cal- 
iper braking forces to a secondary master cylinder mounted on the left fork-slider. This in turn supplies pressure to a pro- 
portional control valve, which regulates pressure between the front and rear wheel, shifting braking force toward the front 
wheel in three stages as the rider increases pressure on the brake controls. 

ABS 

The Antilock Brakina Svstem (ABS) is desiqned to help prevent wheel lock-up during hard braking or braking on loose or 
sl'ppery surfaces. ~ i e  ABS uses wheel-sp&d sensors kdetect  if a wheel is decelerating at a too-rapid rate, and automati- 
cally reduces the braking effort just enough to prevent the wheel from locking. 

DELAY 

VAL"E ," ABS' MODULATOR 

~S'PEED $ 
SENSOR 

SPEED SENSOR 

LBS combined with ABS 

LBS can be combined with ABS for a wide range of braking and steering control. These systems use an electric-motor- 
driven modulator that gives quick, precise braking pressure adjustments and smooth operation. The system incorporates 
an integrated ECU controller, self-diagnostics with an interactive ECU test function, and automatic protection against sys- 
tem failure. For additional information, see Model Specific manual. 



BRAKES 

MECHANICAL DRUM BRAKES 
SINGLE LEADING SHOE TYPE (OR, LEADING-TRAILING SHOE TYPE) 

Force applied against the brake lever or pedal activates a cable or rod attached to the brake mechanism. A threaded adjuster 
on the end of the brake actuatina cable or rod offers one or two adiustments to control the precise brake actuation point. 
The adjuster acts against a pivoton the end of the brake arm, which is clamped onto and turns a brake activating cam. 

As shown in the illustration to the right, this cam transfers a rotating force from the outside of the drum, through the pro- 
tective brake panel to the inside of the drum. Here the cam spreads one end of two crescent-shaped shoes. The other end 
of the shoes pivot against a common pin set into the brake panel. Both shoes press against the inside surface of the drum, 
creating friction and slowing the rotation of the wheel. The first shoe to act upon the drum beyond the cam, in relation to 
the rotating direction of the drum, is called the leading shoe. The second shoe, arcing out against the drum from the com- 
mon pivot pin, is called the trailing shoe. 

Due to its position within the system, the leading shoe creates more force against the drum than that which is applied to it. 
This increased force capability is called a self-energizing effect. In contrast, the trailing shoe, again because of its position 
within the system based on the rotating direction of the drum, is pushed back by the rotating drum and creates less force 
than that which is applied to it. 

DOUBLE LEADING SHOE TYPE 

Double leading shoe brakes differ from single leading shoe types in that they use two shoe-activating cams, each at oppo- 
site ends of the brake panel, to simultaneously press the shoes against the drum (see illustration at the right). Because 
both shoes are leading in relation to the rotating direction of the drum and therefore operate against the drum in the same 
way, the effective braking force is noticeably greater than a similarly sized single leading shoe unit with an identical 
amount of actuating force applied to the brake lever or pedal. 

I BRAKECAM 1 

It is vital for brake systems to quickly dissipate the heat that is generated by the friction of the braking action so their stop- 
ping force remains consistent. Since drum brakes contain almost all of the brake components within the wheel hub, i t  is 
important that these brake components be made of materials that conduct heat rapidly. It is just as important that the 
brake is of the proper size for the anticipated requirements of the vehicle. 
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In order to enhance heat conductivity while providing acceptable wear resistance on the inner surface of the brake drum, 
the drum itself is made of cast iron. The remainder of the drumlhub is made of aluminum alloy with cooling fins cast into 
the outer circumference; again for heat conductivity and dispersion, but also for reduced unsprung weight. To speed con- 
ductivity, the cast iron drum is captured within the aluminum hub and cannot be removed. 

DRUM BRAKE 
BRAKE SHOE 

HUB 

The drum thickness is relatively thin, which further aids heat conductivity, and must not be machined in a brake lathe. If the 
drum surface is severely damaged, the hub must be replaced. 

HYDRAULIC BRAKES 
BRAKE FLUID 
The designations DOT 3 and DOT 4 specify the brake fluid's ability to withstand heat without boiling. The greater the num- 
ber, the higherthe boiling point. It is necessawfor the brake fluid to have a high boiling point so that the fluid does not boil 
within the brake line due to the high temperature of the brake discs and components. Boiling brake fluid leads to a drastic 
loss of braking force due to the air bubbles that form within the brake lines. 

Never mix DOT 3 and DOT 4 brake fluid within a system. It is important to add only the same DOT number and even the 
same brand of brake fluid when adding fluid. If you are unsure of the type within the system, drain the system and refill i t  
with DOT 4; systems designed for DOT 3 can use DOT 4. But DOT 4 systems must never be filled with DOT 3. DOT 4 sys- 
tems generate greater heat and thereby require the higher boiling point characteristic of DOT 4. 

Never use DOT 5 brake fluid in your Honda vehicle. 

Avoid mixing different brands of brake fluid. Improper mixing such as this may lead to chemical decomposition and con- 
tamination. 

It is also important to use only fresh brake fluid from a sealed container. Once a new container of brake fluid is opened, be 
sure to reseal it tightly and plan on discarding the fluid after six months. This is because brake fluid left in the container 
tends to absorb moisture from the air; it is hydroscopic. Moisture can form even within a sealed brake system because of 
this particular property. Moisture in the brake fluid contaminates the brake system and lowers the boiling point of the fluid. 
It also corrodes the brake cylinders and pistons, which eventually causes seal damage and leakage. 

For this reason you should note the date on the container when it is first opened for later reference. 

Never reuse brake fluid due to the possibility of contamination from dust or moisture absorption. 

If the brake fluid in a system shows any visual signs of contamination, i t  should be replaced -even if the recommended 
replacement interval has not passed. 

You must be careful when handling brake fluid because it can quickly damage many painted or plastic surfaces on contact. 
In certain plastics, structural damage can occur if brake fluid penetrates the material's surface. The only general exception 
is the components of the brake system that are designed to be resistant to the effects of brake fluid. Brake fluid that is 
spilled on a motorcycle should bewashed away with water immediately. 

Before removing the reservoir cover, turn the handlebar until the reservoir is level. 

Place a rag over painted, plastic or rubber parts whenever the system is serviced. 

pmicq 
Spilled fluid will damage painted, plastic or rubber parts. 

Refill with the same type of fluid from an unopened container. Do not allow foreign material to enter the system when 
refilling the reservoir. 

Using the wrong fluid can cause loss of braking efficiency. 
Contaminated fluid can clog the system, causing a loss of braking ability. 
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Pressure applied against the brake lever or pedal moves the piston within the master cylinder unit. Hydraulic fluid pres- 
sure is then transmitted through the brake line to the caliper where it presses against one or more caliper pistons. 
Because hydraulic fluid cannot compress, the caliper pistonk) move at the same instant as does the master piston in the 
master cylinder. 

Lever stroke z Caliper piston stroke 

LEVER 

I Master   is ton diameter < Caliper piston diameter 1 
I 

. . 
(Pushing force) c (Energy generated) 1 

The rise in hydraulic pressure that takes place between the master cylinder and the caliper because of the differences in the 
diameter of these parts is most significant. During development, these sizes are juggled to achieve best braking force and 
"feel." The leverage ratio offered by the design of the lever or pedal acting upon the master piston also helps to increase 
the force to be transmitted to the caliper pistons compared to the force initially applied. 

The caliper pistons are in direct contact with the back side of the brake pads. Anti-squeal shims are normally used between 
the piston and pad. As these pads press against opposite sides of the disc, the rotation of the wheel is slowed. 

When the brake lever is released, hydraulic pressure decreases and the pads cease to press against the disc. Unlike drum 
brake systems where a spring retracts the shoes from the drum surface, on disc brake systems, the resilience of the caliper 
piston seals retracts the pads from the disc and automatically self-adjusts for wear. 

/ Return of piston due to the resilience of the seal / 

I I 

In single push type calipers, both pads press against the brake disc through a reaction of the sliding caliper yoke. Calipers 
of this tvoe with sinale oiston are more common on earlier Hondas. More current models use a sinale ~ u s h  twe, but with 

. ... . . . .- . . .-. .- .. - -. .-. . -. .-. . -- 

SLIDE PIN CALIPER PISTON PAD 

Opposite piston calipers are most often used for road racing motorcycles today. They do offer some improvement in per- 
formance, but at great increase in cost and complexity. In this type, pistons facing each other on opposite sides press the 
pads against the disc. 

dual pisions (both on the same side). 
- 

SINGLE PUSH OPPOSITE PISTON 
CALIPER CALIPER 

YOKE 



The amount of braking force available depends on the magnitude of force pressing the pads against the discs, the size of 
the contact area between the brake pads and discs, the distance between the center of the wheel and the center of the 
brake pads, and on the outside diameter of the tire. 

EFFECTIVE DlSC 
DIAMETER 

Rectangular brake pads were introduced to increase the area of the pad against the disc. But it was found that these pads 
do not press against the disc uniformly, so the braking force is not as effective as it could be. Hence, the dual piston caliper 
was introduced so that a large braking force and uniform pressure against the brake pads is ensured. Some dual piston cal- 
ipers have different piston sizes to further balance the braking force across the pad -the trailing piston being larger than the 
leading piston. 

I DUAL PISTON CALIPER 1 

As previously touched on, increasing the area of contact between the brake pads and disc increases the braking force. This 
increased contact means increased heat energy. The increased heat energy requires greater capability for heat dissipation. 

With the exception of in-board disc brakes and the GL1500 front brakes, all brake discs are exposed. To protect them from 
rust, the discs are made of stainless steel alloy. 

Because the material the discs can be made of is limited, the discs can only be made so thin in order to reduce unsprung 
weight before thermal distortion of the disc becomes a problem. 

As the temperature of the brake disc rises, the disc expands. Because the disc is bolted to the wheel, its expansion is lim- 
ited and some degree of distortion occurs. 

The VTR250, with its in-board front disc, uses a plain cast iron disc since rust is not a problem. The design of the GL1500 
front brake, with its covered discs and calipers, transfers much of its heat to the cast, hollow wheel. 

To cope with the extreme heat typically generated in competition road racing, floating type discs have been developed. In 
this system, a floating disc is installed by means of spring washers and rivets or clevis pins with an aluminum carrier 
between the disc and the wheel. In this manner, deviations in radial directions are permitted, distortion is prevented, and 
weight is reduced. 

FLOATING TYPE 

BRAKE DlSC 



BRAKES 
In addition to the design basics already stated, discs are commonly drilled or grooved to remove dust or dirt from the disc 
surface, thereby preventing what are known as sympathetic vibrations. Contrary to popular belief, holes drilled in the disc 
do not significantly aid cooling. These holes are perpendicular to the flow of air so little additional cooling occurs. 

Among the many combinations of materials used to make brake pads are wear resistant resin, metallic mixtures, and sin- 
tered metal. These materials are combined in brake pad manufacturing according to the design requirements of the partic- 
ular application. Asbestos was dropped from use in pad manufacturing by Honda beginning around 1985-86. 

Just as disc brakes are used where greater than typical drum brake stopping force is required, double disc brakes (a 
disc on both sides of a single wheel) are used where an even greater braking capability or a smaller diameter front 
wheel is required. 

DOUBLE DISC N P E  

GENERAL INFORMATION FOR SERVICE 
Do not allow dust, dirt, water or any foreign material to enter the system when refilling or replacing the brake fluid. 
To maintain proper sealing and initial fit, replace the parts specified for replacement at the time of service. Replace the 
required parts as a set, when specified, for the same reason. 
Clean the sliding surfaces of the brake pads and disc with brake cleaner. Replace the pads if they are contaminated with 
oil or grease, as this significantly reduces braking force. 
The brake calipers can be removed from the motorcycle and the pads can be replaced without disconnecting the 
hydraulic system. 
Bleed the hydraulic system if it has been disassembled or if the brake feels spongy. 
If brake pads or shoes have been overheated (glazed), they must be replaced. Overheating changes the composition of 
the friction material and merely wire brushing or sanding the friction surface cannot change this fact. 
Always replace hydraulic linelhose sealing washers with new ones when reassembling. These sealing washers are 
made of aluminum alloy for effective sealing and are distorted once they are used. 

Use caution when handling and installing brake lines and hoses. When installing front brake lines, be sure that there is no 
possibility of damage or stress to the lines or hoses when the fork pivots fully in either direction or when the suspension 
compresses or extends. In the rear, allow proper clearance so that the lines or hoses do not rub against the tire, frame or 
swingarm, and so they are not caught between the coils of the spring when the suspension compresses. 

All brake lines or hoses should be installed using the clamps provided. Each clamp should be positioned around the rubber 
hose guards to prevent any damage to the lines and hoses. 

HOSE GUIDE 

HOSE CLAMP 
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EYELET-TYPE LINE AND HOSE JOINTS 
Use new sealing washers whenever eyelet-type joints are reinstalled. Be sure the hose bolt fluid passage is free from clog- 
ging prior to installation. 

I I 

HOSE JOI 
WASHERS 

Note the position of the stopper that aids in positioning the eyelet at the proper angle when installing the hose onto the 
master cylinder. If only one stopper is provided, press the hose end against the stopper while tightening the bolt. If two 
stoppers are provided, install the hose between the stoppers so that the hose will not move when the bolt is tightened. 

If the sealing washer includes a stopper with collapsible claws, be sure to note the direction these claws face so the new 
washer can be installed in the same position. 

HOSE JOINTS 
REMOVAL 

Remove the hose by loosening the joint nut while holding the hose nut stationary. This method prevents the hose from 
being twisted or kinked. 

I 

1 JOINT NUT HOSE NUT I 

I BRAKE HOSE 1 
INSTALLATION 
First install the hose joint onto the master cylinder with a new sealing washer and tighten i t  to the specified torque if it 
was removed. 

Then, while holding the hose nut, tighten the joint nut to the specified torque. 

/ MASTER CYLINDER HOSE NUT I 

JOINT NUT 
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METAL BRAKE LINES 
REMOVAL 
If the metal brake line is equipped with nuts as illustrated. always loosen the flare nuts first, using a flare nut wrench, so 
that the hose may be easily maneuvered. Remove the metal line using care not to bend it. 

INSTALLATION 

/ 

FLARE NUT WRENCH 

Always tighten brake line nuts first by hand. Then. confirm that the connections are free of play and tighten to the 
specified torque using a flare nut wrench. 

I FLARE NUT 
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LINKED BRAKING SYSTEM (LBS) 
SUMMARY 
The LBS (Linked Braking System) was designed to engage both front and rear brakes when either the front brake lever or 
rear brake pedal is used. Not merely a linked system that divides pedal braking force between the rear caliper and one of 
the front calipers, this system features a set of 3-piston calipers that are connected to two independent hydraulic systems. 
These combine to provide an optimal balance of front and rear braking forces whenever either the brake lever and/or the 
brake pedal is used. Featuring no electronic controls, the completely hydraulic LBS's key component is mechanical and 
transmits front caliper braking force to a secondary master cylinder mounted on the left fork slider. 

a Front calipers (3-pistons) 

@ Direct push rod 

@ Rear caliper (3-pistons) 

@ Delay valve 
Slows front brake engagement to minimize its associated dive when performing minor speed corrections with only the 
brake pedal. 

@ Secondary master cylinder 
Transmits the rotational torque exerted on the front caliper to the rear brake caliper by way of the Proportional Control 
Valve (PCV). 

@ Proportional Contol Valve (PCV) 
Regulates the rear caliper hydraulic pressure from the secondary master cylinder. 
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SYSTEM CONSTRUCTION 

BRAKE LEVER MASTER CYLINDER 

PROPORTIONAL CONTROL VALVE 

DELAY VALVE 

SECONDARY MASTER CYLINDER 

3-PISTON CALIPER 
A set of 3-piston calipers are controlleo by two independent hydraulic systems. The center piston of the front calipers and 
outer o'stons of the rear calber are o~e ra ted  directly by the brake pedal. The two outer pistons of the front calipers are 
contrdlled by the brake lever; and thecenter piston of the rear caliper is controlled by the servomechanism-actuated sec- 
ondary master cylinder. This arrangement delivers a broad, yet easily controlled range of braking force, depending on  
either or both of the two (lever and pedal) brake are engaged. 

CENTER PISTON 
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DELAYVALVE 

The delay valve is positioned between the pedal brake master cylinder and the center or both pistons of the front calipers. 
The delay valve engages only the left front caliper at first. effectively reducing the initial front wheel braking force. 

As pedal pressure gradually increases, the delay valve introduces pressure to  the front caliper, which increases to  match the 
pressure t o  the left front caliper at a predetermined level. The resulting feel is comfortable, even during deceleration, that 
begins at the rear, with little of the rapid forward dive that is usually brought on  when the front brakes are suddenly applied. 

BRAKE PEDAL 
MASTER CYLINDER 

lnlet (from brake 
pedal master 
cylinder) 

Outlet 2 (to 
right front 
caliper) 

Fig. 1 

DELAYVALVE 

Closed 

Closed 

Closed 

Closed 

, Closed 

Closed 

Fig. 2 Fig. 3 

Outlet 1 (Left front caliper) 

Outlet 2 (Right front caliper) 
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LINK MECHANISMISECONDARY MASTER CYLINDER 

The system's servomechanism uses the rotational torque exerted on the front caliper when they are engaged t o  actuate a 
secondary master cylinder that applies a corresponding amount of pressure t o  the rear brake caliper. 

SECONDARY MASTER CYLINDER 

CALIPER 

DIRECT PUSH ROD 

PROPORTIONAL CONTROL VALVE (PCV) 

The PCV installed between the secondary master cylinder and the center piston of the rear caliper, regulates pressure in  
three stages of operation. 

Initially, the PCV's output pressure increases in  direct porportion t o  the increasing input pressure originating from the sec- 
ondary master cylinder. 

As input pressure continues to increase, the cut piston activates, closing the valve and causing the output pressure to hold. 

A further increase in  input pressure forces the decompression piston down, which expands a sub-chamber that draws 
pressure off the output side of the PCV. 

lnlet (from secondarv Outlet (to rear 
master cylinder) caliper) 1 D@q 

\ v 
Cut piston Open Closed Closed 

Fig. 1 Fig. 2 Fig. 3 

Line A - B: Fig. 1 
Line B - C: Fig. 2 
Line C - D: Fig. 3 

A Inlet pressure (Pa) 
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LBS OPERATlON 
When hand brake is applied: 

On initial operation, the hand brake works like any conventional motorcycle front brake system. A squeeze on the brake 
lever pressurizes the master cylinder which transmits its increased hydraulic pressure to the piston(s) of the front calipers, 
causing a corresponding braking force to be applied to the front wheel. 

In response to braking force applied by the front caliper onto the spinning brake rotor, the caliper is pulled in the direction 
of wheel rotation, around its lower caliper pivot. This forward caliper motion also acts on the push rod which is connected 
to the secondary master cylinder. This direct pressure on the secondary master cylinder is regulated by the PCV then trans- 
mits hydraulic pressure to the rear caliper. 

I FRONT MASTER CYLINDER I 

LEFT FRONT CALIPER 1 RIGHT FRONT CALIPER 

: Diren push rod 
t 

SECONDARY MASTER CYLINDER I 
I PCV IRegulating pressure) I 

I REAR CALIPER (Center piston) I 

BRAKE LEVER 

LEFT 

- 
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When foot brake is applied: 

When the brake pedal is pressed, hydraulic pressure from the rear master cylinder is routed through two lines. One con- 
nects directly to the rear caliper and piston(s). The other line runs to the center pistons of the front calipers by way of the 
delay valve that slows front brake engagement to minimize its associated dive. As during hand brake operation, hydraulic 
pressure from the secondary master cylinder passes through the PCV, and acts on the center piston of the rear cliper. 
Because hydraulic pressure from the rear master cylinder is also being applied by the rear caliper's outer pistons, the brak- 
ing force applied to the rear wheel is greater than that applied when using the brake lever only. 

REAR MASTER CYLINDER 

I 

+ 
RIGHT FRONT CALIPER (Center piston) 

+ 

LEFT FRONT CALIPER (Center piston) : BYPASS LINE FOR AIR 
j BLEEDING 

REAR CALIPER 

: Direct push rod 

-------- 4 

(Outer pistons) 

(Center piston) 

t 

I PCV (Regulating pressure) I 
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ANTI-LOCK BRAKE SYSTEM (ABS) 
SUMMARY 
The Anti-lock Brake System (ABS) is designed to help prevent wheel lock-up during hard braking or on loose slippery sur- 
faces. ABS momentarily reduces the brake caliper fluid pressure when the wheels are about to lock. When the system 
senses that the tendency for wheel lock is reduced, brake caliper fluid pressure is restored. ABS repeats this cycle as 
required for secure brake performance with minimum possibility of wheel lock. 

The braking effectiveness and ba.ance of the motorcycle can oe significantly affected by the way the fronr and rear brakes 
are applieo. This ABS system is characterized by high deceleration ana follow-UD ~erformance thanks to its ouick resoonse 
to a variety of road surface conditions. It is also characterized by its compact siie; which is achieved by collective ar;ange- 
ment of the hydraulic control components in the modulator. 

MASTER CYLINDER 

a ABS indicator lights 
Blinks or stays ON when a problem occurs in the ABS. 

@ Pulser rings (fronurear) 
Rotates together with the wheel and detects the wheel speed using the wheel sensor. 

@ Wheel speed sensors (fronurear) 
Inputs the pulse signal, generated proportionally to the rotating speed of the pulser ring, in the control unit. 

@ ABS control unit (ECU) 
Controls ABS by monitoring the input signal of each sensor and switch. 

@ Modulators (fronthear) 
Adjusts the caliper fluid pressure. 

151 

GL1800 Shown 
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SYSTEM CONSTRUCTION 

FRONT MODULATOR 

Pedal input route 
WHEEL SPEED SENSOR 

r 
I 1 WHEEL SPEED 

I I 
e I 
5 I e I .- 
z I e I 
'I 
I REAR MODULATOR 
L 

ABS CONTROL UNIT 

MOTOR DRIVEN MODULATOR 

The modulator controls the brake fluid pressure that is essential for ABS operation. Some motorcycles are equipped with 
separate and independent front and rear modulators. At the same time, in order to combine with the Linked Brake System 
(LBS), a single modulator controls two routes for brake fluid pressure, as two routes for braking input are given respec- 
tively to the front and rear wheels. 

The modulator consists of the following parts: 
-Control piston: Operates in accordance with the change of the crankshaft angle and adjusts the caliper fluid pressure. 

Because each modulator must provide simultaneous control over two separate systems, each features two sets of con- 
trol oistons. 

-Crankshaft: Turns with the control motor via the reduction gears to change the piston position. 

- Back-up spring: Pushes the control pistons up (holds the cut-off valve open) by way of the crankshaft. 

-Control motor: Drives the crankshaft and adjusts the pressure in the system. 

-Crank angle sensor: Detects the crankshaft angle. 

- Cut-off valve*: Shuts off the hydraulic pressure to the brake caliper 

-Crank angle sensor: Detects the crankshaft angle 
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3-STAGE CUT-OFF VALVE 
A 3-stage cut-off valve was created by adding a spring-loaded orifice valve on top of a spring-loaded ball-type cut-off valve. 
By positioning the orifice valve in-line with the cut-off valve we obtain three stages of opertion. 

Stage 1: 
When the ABS is engaged, the control piston moves down to cut off flow to both the cut-off valve and orifice valve, elimi- 
nating hydraulic flow between the master cylinder and brake caliper. 

Stage 2: 
The control piston moves up slightly to open the cut-off valve, leaving the orifice valve closed. This stage permits only a 
small amount of hydraulic pressure to flow through the orifice valve to the brake caliper. 

Stage 3: 
The control piston returns to its normal, uppermost position, opening both the cut-off valve and orifice valve, and restoring 
full hydraulic pressure for conventional brake operation. 

ORIFICE VALVE 
\ 

CUT-OFF VALVE 

Open 

Open 

CONTROL PISTON 

Stage 1 Stage 2 Stage 3 

WHEEL SPEED SENSORIPULSER RlNG 

The wheel speed sensor is a contactless sensor that detects front and rear wheel speed. The sensor consists of a perma- 
nent magnet and Hall element, and is connected to the ABS control unit. When the projection on the pulser ring (that is 
rotating with the wheel) passes across the wheel speed sensor, voltage pulses are generated at the sensor. The ABS con- 
trol unit detects the wheel speed as it receives the pulse signal, because the frequency of the signal increases proportion- 
ally to the wheel speed. 

PULSER RlNG At low speed At high speed 
I / 

PULSE SIGNALS I I : I n 
I + 

i i- i  r - :  r7 

REAR WHEEL SPEED SENSOR 
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ABS CONTROL UNIT 

Modulator motor control: 
The ABS control unit monitors both the two wheel speed sensors and the two modulator crank angle sensors that pro- 
vide precise readings of each modulator's crankshaft positioning (i.e., control piston position). The ABS control unit 
directs its motor driven control signals (control unit with the built-in motor driver) to deliver high-amperage electrical 
output to the control motors and thus operates the system. 

Self-diagnosis function: 
The dual-CPU confiauration ensures instant recognition of computer-related malfunctions, since the two CPUs run con- 
stant checks on eack other whenever the ignition>witch is turned to "ON." 
When the ignition switch is turned to "ON," the ABS control unit evaluates its internal circuits. The indicator blinks when 
an abnormality is detected in the system. When the system is normal, the ABS indicator stays on indicating that the ABS 
control unit is in the stand-by mode for the wheel speed sensor and modulator crank angle sensor signals. The wheel 
speed sensors send signals to the control unit afterthe motorcylcle starts to move (approximately 10 kmlh or above), then 
the control unit evaluates the system condition by activating the modulator control motors and receiving signalsfrom the 
crank angle sensors. The ABS indicator goes off when the system is found to be normal. The control unit monitors its 
main functions while the motorcycle is moving, whether the brakes are engaged or not. When it detects a problem, the 
ABS indicator blinks. 

Change-over function: 
When the ABS control unit detects a problem through its self-diagnosis function, it stops the ABS function. The back- 
up spring in the modulator pushes the control piston automatically to open the cut-off valve and restore conventional 
brake operation. 

Problem code storage function: 
Problem codes can be memorized and stored in the ABS control unit (up to two codes), and can be retrieved and indi- 
cated by the number of times the ABS indicator blinks. 

CONTROL . UNIT 

ABS Control Unit 

ABS Indicator 

Rear Speed Sensor 4 
Front Angle Sensor 

Rear Angle Sensor T 

CPUs 

I- Front Control Motor 

Rear Control Motor 
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MODULATOR OPERATION 

Pressure DECREASE: 
When the ABS control unit detects any tendency towards wheel lock, it rapidly reduces hydraulic pressure to the brake 
caliper by rotating the crankshaft to lower the control piston, closing the cut-off valve. 

Pressure HOLD: 
Following a predetermined decompression interval, the crankshaft is rotated up slightly to move the control piston into 
the pressure hold position, which permits the slipping wheel to recover its rotational speed. 

Pressure INCREASE: 
Once the ABS control unit detects full wheel-speed recovery, it rotates the crankshaft back into its highest position. 
This rapid cycle of pressure DECREASE, HOLD, and INCREASE makes possible nearly instantaneous correction of 
changes in wheel rotation while ensuring highly accurate control of hydraulic pressure to both independent sets of 
brake caliper pistons. 

ABS DEACTICVATED: Pressure DECRFASE: Pressure INCREASF. 

MOTOR 

PISTON 
Caliper 
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BRAKE SERVO-PRESSURE SENSING ANTI-DIVE SYSTEM 
This feature is for motorcycles equipped with the Linked Brake System (LBS). The LBS system operates the ANTI-DIVE sys- 
tem on the left front fork by utilizing fluid pressure generated in the secondary master cylinder. 

The secondary master cylinder responds to braking forces generated by the lever andlor pedal. When either brake is 
applied, the plunger is pushed by pressure from the secondary master cylinder and the anti-dive piston valve in the fork oil 
passage moves to block the passage. As the flow of the fork fluid is reduced by movement of the piston valve, the system 
reduces compression of the front fork and thereby controls the nose dive of the vehicle. 

To rear caliper From front 

SECONDARY MASTER 

LEFT FORK RIGHT FORK 

FORK FLUID 

Fluid flow when 
compressing 



Connect a commercially available brake bleeder to 
the bleed valve. 

BRAKES 

HYDRAULIC DISC BRAKES 
BRAKE FLUID REPLACEMENT 

When using a brake bleeder, follow the manufac- 
turer's operating instructions. 

Before removing the reservoir cover, turn the han- 
dlebar until the reservoir is level. 

Place a rag over painted, plastic or rubber parts 
whenever the system is Se~iced.  

pmiq 
Spilling fluid on painted, plastic or rubber parts will 
damage them. 

Remove the master cylinder cover and diaphragm. 

Discard contaminated pads and clean a contami- 
nated disc with a high quality brake degreas- 
ing agent. 
A contaminated brake disc or pad reduces stop- 

Pump the brake bleeder and loosen the bleed valve. 

Add fluid when the fluid level in the master cylinder 
is low. 

ping ability. 

Refill with the same type of fluid. 

Mixing incompatible fluids will impair brak- 
ing efficiency. 
Foreign materials can clog the system, causing a 
reduction or complete loss of braking ability. 

Connect a bleed hose to the bleed valve. 

Loosen the caliper bleed valve and pump the brake BLEED VALVE 

lever or pedal. Stop operating the lever or pedal 
when fluid stops flowing out of the bleed valve. 

Close the bleed valve and fill the master cylinder 
with the specified brake fluid. Refer to the Model 
Specific manual. 

Reusing drained fluids can impair braking efficiency. 

BRAKE FLUID 

Repeat the above procedures until there are no air 
bubbles in the plastic hose. 

Check the fluid level often while bleeding the 
brakes to prevent air from being pumped into 
the system. 
Use only specified brake fluid from a sealed 
container. 
If air is entering the bleeder from around the 
bleed valve threads, seal the threads with 
teflon tape. 

I BLEED VALVE 

I BRAKE BLEEDER 

If a brake bleeder is not available, perform the 
following procedure: 
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Connect the transparent bleeder hose to the 
bleed valve and place the other end of the hose 
in a container. 

Loosen the bleed valve 114 turn, and pump the 
brake lever or pedal until there are no air bubbles in 
the bleed hose and lever or pedal resistance is felt. 

After filling the system, close the bleed valve and 
inspect the system for air bubbles by operating the 
brake lever or pedal. If it feels spongy, bleed the 
system as follows: 

1 BLEED VALVE 

Do not release the brake lever or pedal until the 
bleed valve has been closed. 
Check the brake fluid level often while bleeding 
the system to prevent air from being pumped 
into the system. 

2. Release the brake lever slowly and wait several 
seconds after i t  reaches the end of its travel. 

3. Repeat steps 1 and 2 above until bubbles cease 
to appear in the fluid at the end of the hose. 

AIR BLEEDING 
1. Squeeze the brake lever; then open the bleed 

Tighten the bleed valve. 

valve 114 turn and close the valve. 

\ 1 BRAKE LEVER 

BLEED VALVE 

Be sure that the brake fluid is up to the upper level I 1 
of the master cylinder; refill if necessary. 

Reinstall the master cylinder cover. 

BRAKE PAD REPLACEMENT 
REMOVAL 
There are two types of brake pads: 
Type A: Pad pin is secured by the retainer plate. 
Type B: Pad pin is secured by the pad pin plug. 

Type A: Loosen the pad pin retainer bolt. 

Type 6: Remove the pad pin plug and loosen the 
pad pin. 

Refer to the Model Specific manual for the caliper 
removal/installation. 

Remove the pads without removing the bracket 
from the caliper. If the pads cannot be removed, 
remove the bracket. 

Push the piston all the way in to allow the 
installation of new brake pads. 

I NPE A , N P E  B I 
PAD PIN RETAINER 

- ? ,, .> 1 PAD PINS I PAD PIN PLUGS / 
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Type A: Remove the pad pin retainer bolt and the 
pad pin retainer. I 
Before removing the pads, mark them so you can 
reinstall them in their original positions if they are 
to be reused, thereby assuring even disc pressure. 

Always reinstall the brake pads in their original 
positions to prevent loss of braking efficiency. 

PAD PIN RETAINER 

I I 
Type A: Pull out the pad pins and remove the pads. 

Type 6: Loosen the pad pins and remove the pins 
and pads. 

Pad pins can be easily removed by pressing the 
pads in the caliper. 

Install the new pad, align the holes in the pad and 
retainer, and install the pad pin. Note the installa- 
tion direction of the pad. I 

INSTALLATION 

Install the pad shim, if there is one, in the original 
position. 

Type A: Install the retainer by aligning its hole with 
the pad pin groove and loosely tighten the bolt. 

Press in the piston(s) to install the new pads. 

Clean around the caliper pistons and the 
exposed part of the pistons before pressing in 
the piston. 

If the caliper and bracket are separate, apply silicone 
grease to the caliper pivot bolt boot, pin bolt and 
collar bore, and insert the caliper into the bracket. 

Set the boot lip in the pin bolt groove securely. 

PAD PIN RETAINER 1 

PAD SPRING 

1 PAD PIN RETAINER BOLT 1 
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Install the caliper. (Refer t o  the Model Specific 

TypEA manual.) TYPE B 

Type A: Tighten the pad p in  retainer bolt t o  the 
specified torque. 

Type B: Tighten the pad pin to  the specified torque 
and install the pad p in  plug. 

BRAKE CALIPER 
REMOVAL 

Apply the brake lever t o  force the caliper piston out 
of  the caliper. 

Rotate the wheel by hand and check the brake 
operation. 

Refer t o  the Model Specific manual for brake caliper 
removallinstallation. 

Pump the brake lever t o  force the caliper piston out 
of  the caliper. 

BRAKE LEVER 

Place a clean container under the caliper and 
disconnect the brake hose from the caliper. 

Avoid spilling brake fluid on  painted surfaces. 

Spilled brake fluid wi l l  damage painted, plastic o r  
rubber parts. 

Remove the brake caliper assembly. 

Remove the pads from the caliper. 

DISASSEMBLY 

Remove the following: 

Ca l i ~e r  bracket 

I CALIPER I 

I PIVOT COL 
,- 

I 
-, .-.. -., 

Boot 

padspring 
Pivot collar I ~ A I  IPFR 

PAD SPRING 

Clean all of  the removed parts except the brake 
pads with fresh brake fluid. 

I 
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Remove the piston. r 
If necessary, apply compressed air to the caliper 
fluid inlet to get the piston out. Place a shop rag 
under the caliper to cushion the piston when it is 
expelled. Use low pressure air in  short spurts. 

Be careful no t  to damage the caliper cylinder bore 
when removing the seals. 

CALIPER PISTON INSPECTION 

Push the piston seal and dust seal in  and remo- 
ve them. 

Clean the caliper, especially the brake piston seal 
grooves, with fresh brake fluid. 

CALIPER CYLINDER INSPECTION 

Check the caliper cylinder bore for scoring, 
scratches or other damage. 

Measure the caliper cylinder I.D. in  X and Y axis at 
several points. 

Replace the caliper cylinder if the largest 
measurement is beyond the specified service limit. 

Refer to the Model Specific manual for the ser- 
vice limit. 

Measure the caliper piston O.D. in X and Y axis at 
several points. 

CALIPER 

AL 

CALIPER 

Replace the caliper piston if the smallest 
measurement is less than the specified service limit. 

Refer to the Model Specific manual for the ser- 
vice limit. 

MICROMETER 



There are two types of caliper pistons: resin pistons 
are mounted on light-weight motorcycles while 
metal pistons are used on heavy-weight motorcy- 
cles. The installation direction is different according 
to the type of the piston. 

Resin piston: lnstall with the concave side away 
from the pad. 

BRAKES 
ASSEMBLY 

a Make sure that each part is free from dust or dirt 
before reassembly. 
Replace the dust seals and piston seals as a set 
whenever they are removed. 

Metal piston: lnstall with the opening toward 
the pad. 

Coat the new piston seals with the recommended 
brake fluid and install them in the caliper cylin- 
der grooves. 

a Coat the dust seals with silicone grease and install 
them in the caliper cylinder grooves. 

Coat the caliper piston with fresh brake fluid and 
install it in the caliper. 

lnstall the pad spring in the caliper 

PAD SPRING 

Refer to the Model Specific manual for the installa- 
tion direction of the spring. 

lnstall the pad (page 17-13). 

lnstall the caliper. (Refer to the Model S~ecif ic 
manual.) 

BRAKE DlSC INSPECTION 
Visually inspect the discs for damage or cracks. 

Measure the brake disc thickness at several points 
and replace the disc if the smallest measurement is 
less than the specified service limit. 

Theservicelimir Refer to the Model Specific manual for the ser- 
is stampedon vice limit. 

some drscs. 

PISTON 

DISC I 



HOLDER 

BRAKES 

Remove the rubber boot. 

Remove the snap ring. 

Check the brake disc for warpage. 

Inspect the wheel bearings for excessive play if the 
warpage exceeds the specification. Replace the 
brake disc if the wheel bearings are normal. 

MASTER CYLINDER 
DISASSEMBLY 

pimF 
Do not  allow foreign materials to enter the master 
cylinder. 

Replace the master piston, spring, cups and snap 

TOOL: 
Snap ring pliers 

1 M-CYyNL-''~ SNAP RING PLIERS / 

ring as a set whenever they are disassembled. 

Disconnect the wire from the brake light switch. 

Drain the brake fluid (page 17-11). 

Remove the brake lever from the master cylinder. 

Disconnect the brake hose. 

Remove the master cylinder holder and the mas- 
ter cylinder. 

DIAL INDICATOR 

Remove the piston and spring. I A%, 

0 ;  

Clean the master 
brake fluid. 

cylinder with the recommended 

- 
MASTER CYLINDER INSPECTION 

Check the master cylinder for scores, scratches or 
nicks and replace if necessary. 

Measure the master cylinder I.D. in  X and Y axis at 
several points. 

Replace the master cylinder if the largest measure- 
ment is over the specified service limit. 

Refer to the Model Specific manual for the ser- 
vice limit. 

MASTER CYLINDER 

/ ' / I  
CYLINDER GAUGE 
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MASTER CYLINDER PISTON INSPECTION 

Measure the piston O.D. at the several points on the 
secondary cup seat and replace it if the smallest 
measurement is less than the specified service limit. 

Refer to the Model Specific manual for the service 
limit. 

Replace the master cylinder if i t  leaks with a new 
piston installed. 

ASSEMBLY 

Replace the piston, spring, cups and snap ring as 
a set. 
Be sure that each Dart is free from dust or dirt 

PISTON I 

before reassembly. I MICROMETER I 
Coat the piston cup with fresh brake fluid and install 
it on the piston. 

Install the spring with its larger diameter end 
toward the master cylinder. 

Install the primary cup with its concave side toward 
the master cylinder. 

Install the snap ring 

TOOL: 
Snap ring pliers 

- 

When installing the cups, do not allow the lips to 
turn inside out. 

MASTER CYLINDER PRIMARY CUP 

SPRING PISTON 

Be certain that the snap ring is seated firmly in 
the groove. 

Place the master cylinder on the handlebar and 
install the holder and holder bolts with the holder's 
"UP" mark facing up. 

Align the split between the holder and master 
cylinder with the punch mark on the handlebar. 

Tighten the upper holder bolt to the specified torque 
first; then tighten the lower bolt to the same torque. 

Install the rubber boot in the groove properly. 

lnstall the brake lever and connect the wire to the 
brake light switch. 

SPRING PISTON 

\ ASSEMBLY 
I 

MASTER CYLINDER 



Tighten the brake hose bolt to the specified torque. 

BRAKES I 

Make sure that the brake hose is routed properly. 

Route all cables, hoses, and lines carefully to avoid 
kinking or pinching. 

Connect the brake hose with two new sealing 
washers. Be careful not to twist the brake hose. 

Improper routing may damage cables, hoses, 
and lines. 

SEALING WASHERS 

Kinked or pinched brake cables, hoses, or lines may 
cause a loss of braking ability. 

HOSE B 

I 

MECHANICAL DRUM BRAKES 

Fill the system with specified grade of fluid and 
bleed the air from the system (refer to page 17-12). 

Remove the wheel. 

Remove the brake panel from the wheel hub. I BRAKE PANEL 

BRAKE HOSE 

INSPECTION 
BRAKE DRUM I.D. 

Measure the brake drum I.D. (at the lining surface) 
at several points and take the largest measurement. 

Refer to the Model Soecific manual for the service 

Check the brake drum for wear or damage. Replace 

-sp 
If the brake drum is rusted. clean with #I20 / 

the wheel hub if necessary. 

limit or refer to the wheel hub if the service limit is 
stamped on it. 

emery paper. 
Be sure to use inside vernier cal i~ers and mea- 

I 

VERNIER CALIPERS 
I / 

sure the lining surface, not the drum's wear ridge. / i~ 



BRAKES 
BRAKE LINING THICKNESS 

Measure the brake lining thickness at 3 points (both 
ends and the center). 

Replace the brake shoes in pairs if the smallest mea- 
surement is less than the service limit or if the lin- 
ings are contaminated with grease. 

I I 

DISASSEMBLY 

COIL SPRING TYPE 

Replace the brake shoes in pairs. 
When the brake shoes are to be reused, mark the 
shoes' positions before disassembly so that they 
can be installed in their original positions. 

U-SPRING TYPE 

SHOE SPRING 

BRAKE SHOES 

Move the brake arm and expand the brake shoes 

Remove the shoe sprlng from the anchor pln w ~ t h  
a screwdriver 

Remove the brake shoes. 

I ' SHOE SPRING 1 

SHOE SPRING 

BRAKE SHOES 

Pull the brake shoes away from the anchors and 
remove the shoes. BRAKE SHOES 



ASSEMBLY 

BRAKES 

1 FELT SEAUDUST SEAL I BRAKE ARM BOLT 1 

Remove the following from the brake panel: 

Brake arm 
Wear indicator plate 
Felt sealldust seal 
Brake cam 

WEAR INDICATOR 

Apply a small amount of grease to the brake cam 
and anchor   in. 

PLATE 

 AN^^^^ PIN 6 BRAKE CAM 

lnstall the brake cam in the brake panel. 

Keep grease off the brake linings. 

Wipe excess grease off the cam and anchor pin. 

Grease on the brake linings will reduce stopping 
ability and may cause brake failure. 

BRAKE ARM 

\7 v 

Felt seal: Apply a small amount of engine oil to the 
felt and install the felt seal on the brake panel. 

Dust seal: Apply a small amount of grease to the 
dust seal lip and install. 

lnstall the wear indicator plate by aligning its large 
serration with the large serration of the brake cam. 

WEAR INDICATOR PLATE 

LAR 
SER 

Install the brake arm on the brake cam while 
aligning the punch marks. 

Tighten the arm bolt and nut to the specified torque. 

Install the brake shoes according to the position 
mark on each brake shoe. 

PUNCH MARKS 



I I 
COIL SPRING TYPE: 

BRAKES 

lnstall the shoe springs on the brake shoes. 

Keep grease off the brake linings. 

If the brake drum and linings are contaminated with 
grease, clean the brake drum with brake cleaner and 
replace both brake shoes. 

lnstall the shoe springs with end side facing out. 

SHOE SPRINGS 

lnstall a brake shoe on the brake panel; then install 
the other shoe being careful to keep the shoe 
springs in position. 

U-SPRING TYPE: 

BRAKE SHOES 

lnstall the shoe spring on the brake shoes and 
secure it on the anchor pin. 

lnstall the brake shoes on the brake panel and 

1 SHOE SPRING I 

expand the shoes by moving the brake arm. BRAKE ARM 

Front wheel: Check the Model Specific manual for 
the proper installation procedures. 

lnstall the brake panel on the wheel hub. 

BRAKE PANEL I 

lnstall the wheel. 
SPEEDOMETER DRIVE GEAR 

I 



BRAKES 
Rear wheel: Check the Model Specific manual for 
the proper installation procedures. 

BRAKE PANEL 

C O n E R  PIN 
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FRONT SUSPENSION 

SERVICE INFORMATION 
GENERAL 

TOOLS 

Snap ring pliers 

Driver 

Steering stem socket 

Attachment, 42 x 47mm 

Fork seal driver body 

Ball race remover set 

Ball race remover 

Driver attachment, 41 mm I.D. 

.: .. - ..; ,' 

Outer race 

~. 
\ '. . ~ 

Attachment B.55mm Remover A, 47mm Remover B, 55mm 



FRONT SUSPENSION 

TROUBLESHOOTING 
Hard steering 

Steering adjustment nut too tight 
Faulty steering stem bearings 
Damaged steering stem bearings 
Insufficient tire pressure 
Faulty tire 

Steers to  one side or does not track straight 
Unevenly adjusted right and left shockHbsorbers 
Bent fork 
Bent front axle: wheel installed incorrectly 
Faulty steering stem bearings 
Bent frame 
Worn wheel bearing 
Worn swingarm pivot components 

a Front wheel wobbling 
Bent rim - 
Worn front wheel bearings 
Faulty tire 

Wheel turns hard 
Brake misadjusted 
Faulty wheel bearing 
Faulty speedometer gear 

Soft suspension 
Weak fork springs 
Telescopic type: 
- lnsufficient fluid in fork 
- Low fluid level in fork 
- Faulty anti-dive system 

Hard suspension 
Bent fork components 
Bent damper rod (bottom link type) 
Telescopic type: 
- Incorrect fluid weight 
- Bent fork tubes 
- Clogged fluid passage 

Front suspension noisy 
Worn slider or guide bushings (bottom link type) 
lnsufficient fluid in fork 
Loose fork fasteners 
Lack of grease in speedometer gearbox 



FRONT SUSPENSION 

SYSTEM DESCRIPTIONS 
Front suspension systems are designed for comfort and safety. A well designed suspension will absorb the bumps and 
ensure that the tires remain in contact with the road. These designs vary according to the model and how the vehicle will 
be used: touring, sport, motocross, etc. A sport or motocross vehicle will have a stiffer front suspension for better control 
and cornering ability. 

A N s  have seen lots of innovation with lndependent Front Suspension and A-Arms. lndependent Front Suspension, with 
each wheel linked separately to the chassis, offers superior performance compared to solid axles. On Cwheel-drive mod- 
els, power is sent to the wheels through halfshafts and constant-velocity joints, so that the vertical motion of one wheel as 
it passes over a bump does not affect the other wheel. A-arms are a rugged, efficient method of implementing indepen- 
dent suspension. A pair of A-arms pivot, one above the other, with their movement controlled by a springlshock unit. 

Motorcycles and scooters have long relied on Telescopic front suspension systems. Telescopic front suspension systems 
are made up of a pair of upper fork tubes and lower fork sliders that telescope into one another. Within the set of tubes on 
either side is a spring and an oil damping system. Many systems utilize a cartridge damper within the fork sliders. Basically, 
the oil controls the natural tendency of the spring to continue to rebound once acted upon by outside forces. This system 
forces the oil in each fork leg through a series of small holes (orifice), in effect, absorbing the energy from the road bump. 

To achieve higher levels of performance, the Twin Chamber lnverted Fork and Twin ChamberlCartridge Fork were devel- 
oped. The twin chamber fork design, found on some CR and CFR competition models, use a sealed damper cartridge 
within each fork leg. This creates the "twin chamber" construction where the oil in the damper cartridge is isolated from 
the oil in the fork tubelslider assembly. This twin chamber design was developed to prevent aeration (air and fluid mixing) 
within the damper assembly. Aerated fluid causes uneven damping characteristics that affect fork performance. 

lnverted ("u~side-down") forks are mounted with the outer fork tube in the t r i ~ l e  clamos and the inner slider mounted to 
the axle.  his is aone to ;ncrease rigiaity. The rigidly mounted outer tube houses large fork bushings and large slider tubes, 
addlng to the bike's increased stability. These designs benefit the rider by providing increased handling precision. 

In addition to the Telescopic front suspension system, there are Link Suspension systems. The pivoting link front suspen- 
sion connects the axle to the fork by means of a pivoting link extending from the ends of the axle to the upper front portion 
of the fork. Between the pivot points on the fork and the axle are eyelets to which the springldamper units are attached. 
The top of each "shock absorber" is attached to the fork, up near the lower steering head bearing. 

There are two types of link suspension. The trailing link design has the axle supported by links and "shock absorbers" that 
"trail" from the leading edge of the lower portion of the fork (see Rune below). The leading link type front suspension has 
the links pivoting toward the front and the "shock absorbers" mounted to the leading edge of the fork (early Super Cub). 

NRX18W (RUNE) 

/u 
TRAILING LINK SUSPENSION 

TELESCOPIC SUSPENSION 
INVERTED SNLE 



FRONT SUSPENSION 

BASIC DAMPER OPERATION 
FRICTION DAMPER OPERATING PRINCIPLES 

By far the simplest form of damper is the friction type. Instead of using oil to dampen the movement of the spring and sus- 
pension, the friction type uses only the friction of a single nonmetallic piston ring on the top of the damper rod pressing 
against the greased damper inner cylinder wall. This design is used primarily on only the smallest and simplest of vehicles. 

PISTON RING I 

OIL DAMPER OPERATING PRINCIPLES 

The primary function of suspension dampers is to control the natural rebound energy of the suspension springs so that 
traction and ride comfort is maintained. 

An oil damper controls the spring action by forcing oil to flow through a specific set of holes in the damper piston as the 
combined springldamper compresses or extends. The resistance of the movement of the damper piston created by the oil 
within the damper controls the force of the spring. By varying the path the oil is forced to take on the compression and 
rebound strokes, the desired damping rates can be achieved. 

On the compression stroke, oil is forced through several large capacity damping orifices so that the wheel can respond 
quickly to terrain changes. Since the wheel is free to move quickly, the average ride height of the machine is not disturbed. 

/ COMPRESSION STROKE 

I OIL OIL ORIFICE 

1 
On the rebound stroke, the force of the compressed springs is slowed by forcing the damper oil through fewer andlor 
smaller dam~ ina  holes. The DroDer dam~ ina  characteristics allow the suspension to extend quickly enough to meet the 
next bump, but not so quickly that the motor&cle bounces from one bumpto the next. 

1 REBOUND STROKE 



FRONT SUSPENSION 
- 

In the illustration below the compression stroke within a double wall damper is described. As the damper body is forced up 
against the spring and damper piston, oil is forced through the piston valve with little resistance. The primary resistance to 
this compression is the damper spring. The oil that passes through the piston merely flows to the upper side of the piston. 
At the same time, some oil is also allowed to flow out of the bottom valve. The quantity of oil that flows out of the cylinder 
bottom valve is equivalent to the amount drawn into the top. The combined resistance to flow through each of these 
valves is the compression damping. 

I COMPRESSION STROKE 

Resistance resulting When the wheel 
from the passage of hits a bump. 
oil through the 
orifice increases the 
compression force. 

The rebound stroke is illustrated below. Once the wheel has overcome the bump, the springforces the damper rod to force 
the piston back through the damper. Here, oil flows with little resistance into the cylinder, but there is considerable resis- 
tance caused by the damping valve in the piston. 

The wheel 
hits a hole. I 

Resistance resulting from 
the passage of oil through 
the orifice creates a 
damping force on the 
rebound stroke. 



Adjustable Front Suspension: 

Rider weight, riding style and solo or two-up riding all affect the opera- 
tion of a motorcycle's suspension system. Adjustable front suspension 
allows spring pre-load, compression and rebound damping force to be 
adjusted to suit rider perference for ride quality and handling. 

FRONT SUSPENSION 
Telescopic Fork: 

Telescopic forks are an important part of the suspension system and 
should be properly adjusted and maintained. FORK TUBE 

When the fork sliders move telescopically on the compression stroke, 
oil in Chamber B flows through the orifice in the fork tube into 
Chamber C, while the oil in Chamber B pushes past the free valve 
and up into Chamber A. The resistance in this oil flow absorbs shock 
on compression. 

As the fork nears full compression, the tapered oil lock piece comes 
into play to hydraulically prevent the fork from bottoming. 

On the rebound stroke, oil in Chamber A flows through the orifice in 
the top of the fork piston into Chamber C. Here the resulting resistance 
serves as a damping force and the tendency of the spring to rebound 
quickly is controlled. 

The rebound spring absorbs the shock of the fork legs extending out- 
ward. Oil in Chamber C flows through the orifice in the bottom of the 
fork piston into Chamber B at this time. 

Cartridge Fork: 

For many years, front suspension dampers were built into the fork 
tubes. As the need for increased stiffness caused new forks to be 
designed with ever-larger tube diameters, a higher standard of preci- 
sion than could be obtained with built-in dampers was also needed for 
improved performance. As a result, fork dampers are now built as 
minature shock absorbers (damping cartridges) and are then installed 
in the fork leg, improving both serviceability and precision. 



FRONT SUSPENSION 

FORK 
REMOVAL 
Remove the following: 

Handlebarb) 
Front wheel 
Front fender 
Front brake caliper(s) and bracket(s) 
Fork brace 

Loosen the fork pinch bolts 

Pull each fork leg out of the fork bridges by twisting 
while pulling them down. 

If applicable, press the air valve core to release air 
pressure from the fork. 

If the fork legs are to be disassembled: 

Break the socket bolts in the bottom of the fork 
sliders loose, but do not unscrew them (oil will 
leak out). 

To loosen the fork cap bolts: 

Because the clamping action of the pinch bolt(s) 
can distort the fork tubes slightly and prevent the 
caps from loosening, it is sometimes better to 
reposition the legs in the clamps so that the caps 
are 2 to 3 inches above the clamps, as shown in 
the first illustration on this page, prior to loosen- 
ing them. 

TOP BRIDGE 
PINCH BOLT 

FORK CAP I \ BOLT 

' \ '  LOWER BRIDGE 
PINCH BOLTS 1 m R K T u B l '  

DISASSEMBLY 
Remove the following: 

Fork boot (if used on the particular model) 
Fork cap bolt 
Spring seat 
Collar 
Fork spring 

Drain the fork oil by pumping the fork up and down 
several times. 

Hold the fork slider in a soft jaw vise or use a shop 
towel. Remove the socket bolt with a hex wrench. 

Temporarily install the fork spring and fork cap 
bolt to loosen the socket bolt. 

COLLAR 



I I 

Pull the fork tube out of the fork slider. I I 

FRONT SUSPENSION 

Remove dust seal, washer, and snap ring. 

TOOL: 
Snap ring pliers 

Support the brake For models with a stop ring. 
cal i~ersoitdoes Use a small blade screwdriver to carefully 

"Othang from remove the stop ring from the groove (see page brake hose. 
18-12). 

psxq 
Do not operate Be careful not to damage the fork slider or the fork 

a f t ~ ~ ~ e ~ ~ ~ ~ ~ ~  tube when removing the stop ring with the screw- 
brake calipers. driver. 

Pull the fork tube out until resistance from the slider 
bushing is felt. Then move it in and out, tapping the 
bushing lightly until the fork tube separates from 
the slider. The slider bushing will be forced out by 
the fork tube bushing. 

SNAP RlNG PLIERS 

If the type of fork being disassembled has a 
guide bushing installed, remove the fork tube 
as follows: 

I FORK TUBE 

\ \ \ FORK SLIDER 

Remove the following: 

Oil seal 
Back-up ring 
Fork tube bushing 
Guide bushing, if installed 
Rebound spring, if possible 

Do not remove the fork tube bushings unless it is 
necessary to replace them with new ones. 

BACK-UP RlNG 

1 

' ~1 I 

OIL SEAL FORK TUBE 
BUSHING 

BUSHING 1 
On the fork type that has no guide bushing, the 
oil seal may remain in the slider after the fork 
tube is removed. Remove the oil seal, being care- 
ful not to damage the oil seal seating surface of 
the slider. 

DRIVER 

OIL SEAL 
TOWEL 

FORK SLIDER 



I I 
INSPECTION 
Measure the fork spring free length by placing the 
spring on  a flat surface. Replace the spring if it is 
shorter than the service limit. 

FRONT SUSPENSION 
Remove the following: 

Do not scratch Oil lock piece from the fork slider 
the fork slider Stop ring from the fork piston 

or fork tube. 
Clean all disassembled parts. 

! FORK TUBE I 

Set the fork tube in V-blocks and measure the fork 
tube runout by rotating i t  with a dial indicator 
mounted against it. 

The actual runout is 112 of the total indicator read- 
ing. Replace i f  the service l imit is exceeded, or there 
are scratches or nicks that wil l  allow fork oil t o  leak 
past the seals. 

Do not reuse the fork tube if it cannot be per- 
fectly straightened with minimal effort. 

OIL LOCK PIECE 

a 

DIAL INDICATOR 

Do not dent or Visually inspect the slider and fork tube bushings. 
scratch the tube Replace the bushings if there is excessive scoring surface when 

a 

GUIDE B U S H ~ ~ G  
theseal, or scratching, or if the teflon is worn so that the 

copper surface appears on  more than 314 of the 
entire surface. 

Check the back-up ring; replace i t  i f  there is any dis- 
tortion at the points shown. 

a 



FRONT SUSPENSION 

FORK PISTON REBOUND SPRING 

ASSEMBLY 
Insert the fork piston into the fork tube. 

Install the following: 

u 
FORK PISTON 

Stop ring onto the fork piston 
Rebound spring onto the fork piston (if the 
rebound spring has been removed) 
Oil lock piece 

Replace the dust seal with a new one whenever it 
is removed. 

Insert the fork tube into the fork slider. 

Install the back-up ring and a new oil seal. 

Inspect the fork tube sliding surfaces for damage 
whenever the oil seal is replaced due to oil leaks. 
Wrap vinyl tape around the fork tube top end to 
avoid damaging the oil seal during the oil seal 
installation. 
Apply fork oil to the oil seal lip. 
Install the oil seal with the marked side facing up. 

Install the guide bushing if it has been removed. BACK-UP RING 

Check the fork sliders for internal scratches, dents 
that are visible from both the inside and outside, or 
abnormal wear. Replace the slider if necessary. 

Check the fork piston and other components for 

FORK SLIDER 

damage, cracks, straightness or abnormal wear. FORK TUBE 
Replace parts as necessary. \ 



FRONT SUSPENSION 

Place the fork slider in a vise. with soft iaws or a I I 

Make sure 
each item is 
clean before 

shop towel, clamping it at thebrake braciet or cali- 
per bracket as shown. Be careful not to distort the 
slider by clamping it in a vise incorrectly. 

Apply a locking agent to the socket bolt and thread 
it into the piston. Tighten the bolt with a 6 mm hex 
wrench. 

Temporarily install the fork spring and fork cap 
bolt so that the piston is held in place when the 
socket bolt is tightened. 

Place the slider bushing over the fork tube and rest 
it on the slider. Put the back-up ring and an old 
bushing or equivalent tool on top. 

reassemblv 

SOCKET BOLT 

' 

VISE 

BRACKET FORK PISTON 

Install the snap ring with its radius edge facing down. 
Seat the snap ring firmly in the groove. 
Failure to firmly seat the snap ring may cause the 
fork assembly to come apart unexpectedly and lead 
to a serious injury. 

Drive the bushing into place with the seal driver and 
remove the old bushing or equivalent tool. 

Coat a new oil seal with ATF and install it with the 
seal markings facing up. Drive the seal in with the 
seal driver. 

moL: 
Fork seal driver 
Attachment 

TOOL: 
Snap ring pliers 

FORK SEAL DRIVER 

SNAP RING PLIERS 

For models with a stop ring: 
Use a small flat-blade screwdriver to install the 
stop ring into the groove. Be careful not to dam- 
age the fork tube. 

Install the dust seal using the fork seal driver. 

G U I D E  



FRONT SUSPENSION 

Pour the specified amount of fork oil into the 
fork tube. 

Pump the fork tube several times to remove trapped 
air from the lower portion of the tube. 

Compress the fork leg fully and measure the oil 
level from the top of the tube. 

Wipe the oil off of the spring thoroughly using a 
clean, lint free shop towel. 

Pull the fork tube UD and insert the spring. I 1 
FORK SPRING Most fork springs are designed to be installed (Both ends tapered shown) 

with a specific end toward the top and bottom. J 

One end tapered: Install the spring with the 
tapered end down. . Both ends tapered: If the distance between each 
of the coils is the same (straight wound spring). 
either end may be installed down. If the coils 
are closer together at one end (progressive 
wound spring), the widely spaced coils should 
be at the bottom. 

Reassemble the removed parts (spring, collar, etc.). 

Install a new O-ring into the fork cap groove. 

Screw the fork cap into the fork tube. 

Tighten the fork cap to the specified torque after 
installing the fork tubes into the bridges and 
tightening the upper pinch bolts. 

INSTALLATION 
Install the fork boot (if the particular model uses 
one). 

Install the fork legs through the fork bridges by 
twisting while pushing them upward. 

Position the legs in the clamps as specified in the 
Model Specific manual. 

Make sure that the cables and wire harnesses are 
routed correctly. 

T -.L 

--.---. 
FORK SPRING 

WIDELY 
SPACED TAPE 
COILS 

BOTTOM BRIDGE 
PINCH BOLTS 

1 STEERING \ 
BOTTOM BRIDGE FORKTUBE 



DNT SUSPENSION 
Tighten the fork bridge pinch bolts to the speci- 
fied torque. I gP&B;lDGE PINCH 

Tighten the fork caps to the specified torque. 

Install the removed parts in  the reverse order of v/"hd / 
removal (refer to the Model Specific manual). 

With the front brake applied, compress the fork 
up and down several times t o  check for proper 
fork operation. 

HANDLEBARS 
ONE-PIECE, TUBULAR TYPE 
REMOVAL 

Make sure Remove the following: 
each item is 
clean before Rear view mirror(s) 
reassemblV Handlebar switches 

Throttle cable 
Brake and clutch lever brackets 

Holder bolts 
Handlebar upper holders 
Handlebar 

BRAKE LIGHT SWITCH I 

1 LEVER BRACKET 1 

UPPER HOLDER HANDLEBAR 

I 
- 

HOLDER BOLTS I 



FRONT SUSPENSION 
INSTALLATION 

Place the handlebar onto the lower holders, aligning 
the punch mark on the handlebar with the upper 
surface of the lower holders. 

Install the upper holders with the punch marks fat- 
ing forward. 

Tighten the front bolts first, then the rear, to the 
specified torque. 

Refer to the Model Specific manual for the proper 
torque value. 

Connect the choke cable to the choke lever 

Install the left handlebar switch, aligning the pin 
with the hole in the handlebar. 

Tighten the forward screw first, then the rear screw. 

Connect the throttle cable to the throttle grip and 
install the grip to the handlebar. 

LOWER' HOLDER PUNCH MARKS 

Apply a light coating of grease to the throttle cable 

Install the right handlebar switch, aligning the pin 
with the hole in the handlebar. 

ends and throttle grip sliding surface. 

Tighten the forward screw first, then the rear screw. 
Check that the throttle grip moves smoothly and 
adjust the throttle grip free play. 

THROlTLE GRIP [ PIN 

\ - 
Grease lightly 1 dLE ' I 

lnstall the brake lever and clutch lever brackets. 
aligning the punch marks with: I PUNCH MARKS 

Cable type: Slit in the bracket. 
Hydraulic type: Master cylinder; set the holder 
with the holder punch mark facing up. 

Tighten the upper bolts first, then the lower bolts. 

Route switch wires properly and secure them 
with bands. 

HOLDER 



FRONT SUSPENSION 

TWO-PIECE, CLAMP-ON TYPE 
REMOVAL 

Remove the following: 

Both handlebar switches 
Throttle grip 
Master cylindeds) or lever bracket(s) 

Remove the stop ring. 

Remove the pinch bolt and handlebar. 

INSTALLATION 

STOP RING 
I 

Install the handlebar by aligning the pin with the top 
bridge slot. 

Install the stop ring into the groove of the fork tube. I 
Tighten the pinch bolts to the specified torque. 1 
Turn the handlebar through its full range and check 
that there is no handlebarkteering interference with 
cables or harnesses, especially throttle and brake 
cables, hoses and lines. 

Handlebar interference can have an adverse effect 
on safe vehicle operation. 1 1 ' '  

FORK TUBE 

Connect the choke cable to the choke lever. 

I CHOKE LEVER I 

I I I 
PIN 

PINCH BOLTS 

Install the left handlebar switch, aligning the pin 
with the hole in the handlebar. 

Tighten the forward screw first, then the rear screw. 

PIN 

HOLE 



FRONT SUSPENSION 

Install the brake lever and clutch lever brackets or 
both master cylinders by aligning the punch mark MASTER CYLINDER 

on the handlebar with: 

Cable type: Slit in the lever bracket. 
Hydraulic type: Master cylinder; set the master 
cylinder holder with the "UP" mark facing up or 
punch mark facing forward or up. 

Tiahten the uooer or forward bolt first; then tighten 
the lower or reer bolt to same torque. 

Connect the throttle cable to the grip and install the 
throttle grip. 

Set the right handlebar switch by aligning the pin 
with the hole of the handlebar. 

Tighten the forward screw first, then the rear screw. 

Check that the throttle grip moves smoothly. 

Route the wires properly and secure them with 
wire bands. 

HANDLEBAR WEIGHT REPLACEMENT 

I Adjust the throttle grip free play. PIN 

HANDLE GRlP INSTALLATION 

End-Type Weights: 

Remove the mounting screw and the weight. 

Inner-Type Weights: 

Remove the handlebar grip: 

Spring pin type: 
Drive out the spring pin using a pin driver. 

If a choke lever is attached to the handlebar, it must 
be installed onto the handlebar before you install 
the grip. 

Apply Honda Bond A or Honda Hand Grip Cement 
(U.S.A. only) to the inside surfaces of the grips and 
to the clean surface of the left handlebar and throt- 
tle. Wait 3 - 6 minutes and install the grips. Rotate 
the grips for even application of the adhesive. 

Apply sufficient but not excessive adhesive to the 
throttle. Excessive adhesive, forced into the interior 
bore of the drum, will restrict free drum movement 
on the handlebar. Allow the adhesive to dry for at 
least an hour before using. 

INNER WEIGHT 
\ 1 END WEIGHT 

HANDLE GRIP HANDLE GRIP 

I SPRING PIN 



I LOCKING HOLE I 

FRONT SUSPENSION 

Insert the 
weight to 
the hole. 

Retainer ring type: 
Straighten the locking tab. 

To remove, pull the weight while twisting it. 

The inner weight is centered within the bar. 

Retainer ring type: 

Install a new retainer ring to the inner weight and 
install the end weight, aligning the cutout. 

weight into the handlebar, and turn the 
ensure that the locking tab aligns with 

LOCKING TAB 

Spring pin type: 

Insert the weight into the handlebar and turn it 
until the spring pin hole is aligned with the hole in 
the handlebar. 

Secure the weight with the spring pin using a 
pin driver. 

SPRING PIN INNER WEIGHT 

, 
PIN 
DRIVER 
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STEERING STEM 
If the vehicle has been involved in a collision, the 
steering stem may be damaged. 

REMOVAL 
Telescopic Type: 

The lock washer tabs must be bent down in order to 
remove the lock nut. 

LOCK NUT 

Remove the lock nut and lock washer. 

Remove the handlebar. 

Remove the ignition switch andlor fuse holder if 
either is attached to the top fork bridge. 

Refer to the Model Specific manual for specific 
procedures. 

Remove the following: 

Stem nut and washer 
Front wheel and fork 
Fork top bridge 
Horn andlor brake hose joint, if either is attached 

STEERING STEM NUT 



If the bearings are the loose-ball tvDe,  lace a 

FRONT SUSPENSION 
Remove the steering adjustment nut. 

shop towel under the steering stem-to catch the 
steel balls. 

TOOL: 

Tapered roller bearings or retained-ball type 
bearings should be removed from the steering 
stem after the stem has been removed from 
the frame. 

STEERING STEM SOCKET 
I 

Remove the dust seal and top cone race, or inner 
race, while holding the steering stem with your 
other hand. Then remove the steering stem from 
the frame. 

Where loose balls are used, be sure that none of 
the balls have been lost. 

OUTERRACE I 
INSPECTION 

BOTOM 

Check all of the races and balls for damage or 
abnormal wear and replace as necessary. r 

TOP CONE RACE 
(or inner race) 

RETAINER-TYPE 
STEEL BALL 

CONE RACE 
(or inner race) 

I TAPERED 
LOOSE-BALL TYPE ROLLER 

BEARINGS 
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RACE REPLACEMENT 
Bearings should be replaced as a set - inner and 
outer races. 
If the motorcycle has been involved in an acci- 
dent, examine the area around the steering head 
for cracks. 

Remove the races from the steering head using the 
ball race remover. 

Refer to the Model Specific manual for specific 
information about tools. 

TOOL: 
Ball race remover 

Install new races into the steering head using the 
driver and attachment. 

Drive the races in squarely, making sure that 
they are fully seated. 

TOOLS: 
Driver 
Attachment 

On aluminum frames: Replace the races using the 
ball race remover set as described in the follow- 
ing procedure. 

TOOL: 
Ball race remover set [includes (1) through (611 

(1) Driver shaft 
(2) Base 
(3) Attachment A, 4 7  m m  
(4) Attachment 6, 55 m m  
(5) Remover A, 4 7  mm 
(6) Remover B, 55 m m  

TOP RACE REMOVAL 

lnstall remover tool A into the steering head and 
place attachment A onto remover A and secure i t  
with nut B. 

Install anachment B onto the driver shaft and install 
them through attachment A. 

Install the base, noting the proper installing direc- 
tion and screw in  nut A. 

Set anachment B into the bottom of the steer- 
ing head. 

Hold the driver shaft with a wrench and tighten nut 
A to remove the upper race. 

DRIVER ATTACHMENT 

OUTER RACE 

BEARING 

ATTACHMENT 



FRONT SUSPENSION 
BOTTOM RACE REMOVAL 

Replace the wheel Set remover B into the steering head, place attach- 
bearings in sets. ment B onto remover B, and secure it with nut B. 

Donotreuseold Install attachment A onto the top of the steering 
bearings. head, 

Make sure all Install the remover shaft through attachments A and 
items are clean beforereassembly Band set the base with the big end toward the head 

pipe and screw in nut A. 

Remove the bottom race in the same manner as the 
top race. 

NUT A 

TOP RACE INSTALLATION 

Set attachment A and base on the top of the steer- 
ing head and tighten nut A. 

Hold the driver shaft securely and install the bottom 

DRIVER DRIVER SHAFT 

ATTACHMENT 

Install a new top race and attachment A onto the top 
of the steering head. 

Install the driver shaft, attachment, and base with 
the small side of the base toward the steering head 
as shown. 

Tighten nut A. 

Hold the driver shaft to prevent the new race from 
turning, and install the top race by turning nut A 
gradually until the groove of attachment A aligns 
with the top end of the head pipe. 

BOTTOM RACE INSTALLATION 

Install a new bottom race and attachment B onto the 

race into the steering head by turning nut A gradu- 
ally until the groove of the attachment aligns with 

ATTACHMENT GROOVE 

BASE 

driver shaft, and install them into the steering head. 

the bottom of the steering head. 
- 

NI IT A .. 
DRIVER 
ATTACHMENT 

DRIVER 
SHAFT 

LOWER 
OUTER RACE, 

DRIVER 
ATTACHMENT 

STEERING STEM BOTTOM RACE REPLACEMENT 

Temporarily install the steering stem nut onto the 
steering stem to prevent damage to the threads. 

STEERING STEM 
Remove the bottom race and dust seal using a drift, 
and discard them. 

STEM 
NUT 

DUST SEAL AND 
BOTTOM RACE 
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Install a new dust seal and bottom 
steering stem. 

Press in the bottom race using the 
driver and a hydraulic press. 

TOOL: 
Stem drivel 

race onto the 

steering stem 

STEERING STEM INSTALLATION 
LOOSE-BALL TYPE 

 ono or Apply grease to the top and bottom cone races. 
reuse Install the steel balls onto the top and bottom races, 

Old worn making sure you have the correct amount. 
hearlnos 

A 

Insert the steering stem, taking care not to dislodge 
Make sure 

a,,,tems are the steel balls from the grease. 
before Hold the steering stem in place and install the top 

reassembly 
cone race and dust seal steering adjustment nut. 

Tighten the steering adjustment nut to the proper 
torque: Refer to the Model Specific manual for 
this specification. 

TOOL: 
Steering stem nut wrench 

STEM 

TOP CONE RACE 
(or inner race) 

Turn the steering stem right and left, lock-to-lock, 
several times to seat the bearings. 

Make sure that the steering stem moves smoothly, 
without play or binding; then loosen the adjust- 
ment nut. 

STEERING STEM 

Retighten the steering adjustment nut to 15 N.m 
(1.5 kg-m, 10 fi-lb); then loosen the nut 118 turn. 

Recheck that the steering stem moves smoothly 
without play or binding. 

TOOL: 
Steering stem nut wrench 

STEERING 
STEM NUT 
WRENCH 



FRONT SUSPENSION 
Reinstall the top bridge and fork legs temporarily. I I 

Tighten the stem nut to the specified torque. I I 

TOP BRIDGE 
I 

RETAINER-TYPE BALL BEARINGS 

Apply grease to both the top and bottom bearings. 

Place the lower bearing onto the steering stem with 
BALL BEARING 

ADJUSTMENT NUT 
the retainer facing downward. 

Insert the steering stem into the steering head and 
install the upper bearing into the steering head. 

INNER RACE 

While holding the steering stem with one hand, 
install the inner race and steering adjustment nut 
onto the stem. 

Tighten the steering adjustment nut according to 
the Model Specific manual. 

Turn the steering stem right and left, lock-to-lock, 
several times to seat the bearings. 

Make sure that the steering stem moves smoothly, 
without play or binding; then loosen the adjust- 
ment nut. 

Retighten the adjustment nut according to the 
Model Specific manual. 

STEERING STEM 
NUT WRENCH I 

Install a new lock washer by aligning its tabs with 
the grooves in the adjustment nut. 

Screw the lock nut all the way in with your fingers. 

I Bend;he tab 

Hold the steering adjustment nut and further tighten 
the lock nut, enough to align the grooves with the 
lock washer tabs of the lock washer. 

Bend the lock washer tabs up into the lock nut 
grooves. 

LOCK WASHER I LOCK NUT 

I I 

,' 

a 
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Install the top bridge and temporarily install the 
fork leas. 7 - 
Tighten the stem nut to the specified torque 

Check the steering head bearing preload (page 
18-26). 

Reinstall the removed parts 

TAPERED ROLLER BEARING TYPE 
Do not reuse Apply grease to the top and bottom bearings. 

"lrl  ,",r,," 
U," ."U,,, 

bearings. Install the bottom bearing onto the steering stem 
with the retainer toward the bottom. 

Insert the steering stem into the steering head; then 
install the top bearing and dust seal (if a seal is used 
on the particular model). 

TOP BEARING 

\ 

Turn the steering stem right and left, lock-to-lock, 
several times to seat the bearings. 

Make sure that the steering stem moves smoothly, 
without play or binding. 

Retighten the adjustment nut according to the 
Model Specific manual. 

TOOL: 
Steering stem nut wrench 

Install the steering adjustment nut while holding the 
steering stem. 

STEM I [ WRENCH I 

STEERING STEM 

Tighten the adjustment nut according to the Model 
Specific manual. 



FRONT SUSPENSION 
Install the top bridge and temporarily install the 
fork legs. 

Tighten the steering stem nut to  the specified 
torque. 

Check the steering head bearing preload. 

Reinstall the remaining removed parts. 

I I 
STEERING HEAD BEARING PRELOAD 
MEASUREMENT 
Steering head bearings (applicable to  on-road mod- 
els over 125 cc) that are too loose or too t ight may 
cause handling problems. 

After the steering stem and bearings have been 
reassembled, make sure that the steering head 
bearings are installed correctly by measuring 
the preload. 

An average measurement is given here; refer to  
the Model Specific manual for the correct pre- 
load specification. 

Measurement (Reading PRELOAD (kg-m, in-lb) 
on spring scale). DISTANCE (between stem 

and fork tube centers) 

kg (Ib) (cm, in) 

Example: 

Distance: 7.5 cm (3.0 in) 

Preload: 15 kg-cm (13.0 in-lb) 

Measurement should be 2.0 kg (4.3 lb) on the 
spring scale. 

DISTANCE 

m 

I \ 
STEERING FORKTUBE 
STEM CENTER 
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MEASUREMENT 
Place a jack or work stand under the engine and 
raise the front wheel off the ground. 

Position the steering stem in  the straight ahead 
position. 

Hook the spring scale to a fork tube between the top 
and bottom bridges. 

Pull the spring scale, keeping the scale at a right 
angle t o  the steering stem. 

Read the scale at the point where the steering stem 
just starts t o  move. 

Compare this with the specification in the Model 
Specific manual. 

Adjust as necessary. 

STEERING 
STEM 



MEMO 
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REAR SUSPENSION 

SERVICE INFORMATION 
GENERAL 
Use only genuine Honda bolts and nuts on all suspension, swingarm, shock absorber and suspension linkage mount- 
ing locations. 

/ Some shock absorber damper units contain nitrogen gas under high pressure. Do not allow fire or heat near the I - - 

gas containing shock absorber. 
Before disposal of the gas containing shock absorber, release the nitrogen gas (see page 19-12). I 

TOOLS 

TROUBLESHOOTING 
Soft suspension 

Weak spring(s) 
Oil leakage from damper unit 
Air or gas leakage 
Incorrect damper adjustment 

Hard suspension 
Incorrectly mounted suspension components 
Incorrect damper adjustment 
Bent swingarm pivot 
Bent damper rod 
Damaged swingarm pivot bearing(s) 
Faulty suspension linkage 
Damaged linkage pivot bearings 

Shock absorber compressor base Rear shock absorber compressor Attachment 

Spring compressor attachment 
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SYSTEM DESCRIPTIONS 
Swingarm type rear suspension systems provide a comfortable ride while offering good traction and wheel control capa- 
bilities. Using the front swingarm pivot as the fulcrum and mounting the rear axle at the trailing end of the swingarm 
allows the wheel to respond quickly to variations in the road or trail surface. 

At present, almost all motorcycles have adopted this basic configuration for rear suspension. On some scooters, the entire 
engine and drive unit pivots as the "swingarm." This basic swingarm type rear suspension design can be broken down 
into a few categories, depending on the number of dampers used and the design of the swingarm. 

CONVENTIONAL, DUAL SPRING1 
DAMPER TYPE 
In the conventional type system, two springldamper units support 
the rear of the frame from the rear section of the swingarm as illus- 
trated here. 

Today, this type of suspension is found primarily on small displace- 
ment motorcycles because of the simplicity of installation, the small 
number of components necessary and due to the system's basic econ- 
omy. Up until around 1981, this dual spring damper design was also 
used on most larger displacement motorcycles as well. 

A rising rate type rear suspension is also possible on dual shock types 
if the shock angles are correctly positioned. 

1 

PRO-LINK, PROGRESSIVE LINK TYPE 
Honda's Pro-Link suspension system is designed to provide both com- 
fort and control without compromise. Its progressive action rising rate 
delivers an ideal proportion of springing and damping over a wide 
range of riding conditions. Initial rates are soft for supple response to 
small bumps and ripples. Should the riding surface become rougher, 
increasingly stiffer rates provide the control necessary to prevent bot- 
toming and keep the rear wheel in contact with the surface. 

The swingarm and damper unit of the Pro-Link type rear suspension 
are connected to the swingarm by a link. The damper unit travel in 
relation to the rear wheel movement can be changed relatively freely 
during the design stage in accordance with the combination of the 
shock arm and shock connecting rod that is selected. 

As the axle stroke distance increases, the piston speed of the damper 
and shock absorbing force increase progressively. Therefore, this type 
of suspension is characteristically soft on initial travel so it absorbs 
small riding surface inconsistencies well, and provides progressively 
firmer resistance to prevent bottoming at full compression when a 
large bump is hit. 

This arrangement offers a greater amount of suspension stroke com- 
pared to the amount the damper unit compresses and, therefore, 
greater control for improved suspension performance. It also enables 
the weight of the springldamper unit to be centralized more compactly, 
nearer the center of the frame. 

The Delta type Pro-Link is a further refinement which lowers the 
motorcycle's center of gravity by a significant amount, and reduces the 
weight of the shock arm. 

Full comoression ... . 
~ h o u g h  ihe amount of 
stoke A is the same, the 
amount of stroke B &8- & becomes greater. 2~ TC& 
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PRO-ARM TYPE 
Honda's unique cantilever-type Pro-Arm is a functional and stylish departure from the conventional forked-type swing- 
arms. High rigidity and durability are achieved through the use of a massive box-section design and large diameter "axle". 
The "center pin" mounting allows easy wheel removallinstallation, and the design of the eccentric bearing carrier makes 
chain adjusting easy and wheel alignment foolproof. Other benefits include minimal unsprung weight, added room for 
compact exhaust routing, slimmer overall machine shape, easier access for damper adjustments, and the simple design 
lends itself to ease of maintenance and cleaning. 

i I 

UNIT PROLINK SUSPENSION 
Certain street bikes feature the unit pro-link rear suspension which consists of the swingarm, shock link, shock arm, shock 
absorber and upper mounting bracket. 

The rear suspension unit is connected to the frame at the swingarm pivot and link arm, eliminating an upper shock connec- 
tion to the frame. 

The upper part of the rear shock is mounted on the upper mounting bracket through the swingarm, therefore the whole 
rear shock absorber moves in response to rear wheel movement. 

REAR SHOCK ABSORBER 
/ 
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DAMPER DESIGN AND OPERATION 
Riding comfort and proper rear wheel traction are provided by a com- 
bination springldamper unit and, to some degree, by maintaining 
proper tire pressure. The damper absorbs some suspension compres- 
sion force and controls the unwanted re-bounding effects of the spring. 
Typically, comparatively little damping resistance is offered on the 
compression stroke as most of this (shock) is handled bv the sorina. 

Oil damper units are either the upside down type or the right side up 
type. Running the damper body upside down (with the shaft below and 
the body above) reduces unsprung weight. 

In addition to the inverted and conventional damper body types, there 
are two basic damper designs, each named for the method used to cre- 
ate the damping action: the friction type and the oil damper type. 

The friction type damper is comparatively simple in design and is used 
on only the most lightweight and economical models. This design uses 
only the friction of a nonmetallic piston against the greased inside wall 
of the damper cylinder to counteract the natural rebounding action of 
the springs. 

Many of the simplest and most lightweight motorcycles and scooters 

- 
REBOUND DAMPER OIL COMPRESSED 

DAMPER 

Vibration Vibration 
(Spring only) (Spring and 

damper) 

Upside Right side 
down type up type 

The most effective damper design is the double damping or double- 
effect type. In these, damping force is provided for both compression 
and rebound strokes. 

Some damper designs include nitrogen gas within their bodies or 
within a reservoir to prevent the oil from foaming. 

are equipped with single damping or single-effect type dampers. This 
design provides damping force only on the rebound stroke and relies 
on the compression resistance of the spring alone to absorb riding sur- 
face irregularities. 

DOUBLE (DOUBLE-EFFECT) TYPE 

In emulsion type dampers the nitrogen is housed in the damper body. 
Some emulsion types include a separator in the gas chamber to pre- 
vent the gas from mixing with the oil. 

EMULSION TYPE 

SEPARATOR 
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Reservoir equipped dampers are a variation of the simplest decarbon 
design. A more consistent oil temperature, and therefore more consis- 
tent damping, is provided due to an increased oil capacity; the shock 
body can be entirely filled with oil since the gas chamber is elsewhere. 
A rubber bladder is used within the reservoir to separate the nitrogen 
gas from the damper oil. 

REAR DAMPER SPRINGS 
A variety of spring designs are used on motorcycles and scooters. 
Among these types are straight wound, progressive wound, wide pitch 
and narrow pitch, and even tapered spring wire types. Each provides 
different compressive force characteristics. 

Unsprung weight is reduced slightly when the widely pitched (or 
spaced) spring coils are positioned toward the swingarm. 

Decarbon design dampers keep the nitrogen gas separated from the 
oil by means of a free floating piston which acts as a diaphragm. This 
way the oil can pass through the damping orifices without interference 
from gas bubbles. 

1 STRAIGHT WOUND PROGRESSIVE WOUND 

DECARBON TYPE FREE 
FLOATING 
PISTON 

One means of achieving a progressive overall spring rate is to allow 
the spring rates of two or three different springs to "crossover" or 
combine their individual qualities by simply stacking the springs 
atop one another. This method is known as a combination type 
spring arrangement. 

Another variation towards achieving a progressive spring action is 
to add an air-assist bladder to the springldamper unit. On these 
types, air pressure is added up to a specified amount to compen- 
sate for increased load requirements rather than adjusting the pre- 
load on the spring. 

The right "shock" on GL1500s is actually only an "air spring." It has no 
damping properties aside from a very slight seal friction and is filled 
with only a very small amount of oil to lubricate its shaft and oil seal. 

COMBINATION TYPE AIR-ASSISTEDTYPE 
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SPRING PRELOAD ADJUSTER DESIGNS 
The spring adjuster changes the coil spring length and the initial spring preload. There are several types of spring preload 
adjuster systems: pre-set type, mechanical type and both mechanical and hydraulic remote control types, all of which 
adjust the spring seat position. 

The pre-set category includes both the cam type preload adjuster and the near infinitely adjustable threaded, double lock- 
ing nut type. 

CAM TYPE 
The cam type preload adjuster uses a collar with recessed steps that fits around the damper body. As each step is posi- 
tioned against a stop or pair of stops built in to the damper body, the spring preload can be adjusted to three to five pre- 
set positions, to better suit vehicle load requirements. 

CAM TYPE ADJUSTER 

SOFT 
I 1  m Y V  

e HARD 

THREADED TYPE 
Spring preload is set by moving an adjuster nut to either compress or extend the length of the spring. Once the desired 
preload is established, a lock nut is tightened against the adjuster nut to prevent i t  from changing position. A minimum 
and maximum spring length (spring preload) is recommended for each model. These dimensions must be complied with. 

LOCK NUT 

Failure to comply with the minimum and maximum spring length specifications may result in the spring coil binding near 
full suspension compression or the spring perch retainers coming loose near full suspension extension. 

REMOTE CONTROL TYPE 
The remote type of spring preload adjuster uses hydraulic pressure to reposition the spring seat. An adjuster knob on a 
conveniently located control mechanism presses against a diaphragm, which in turn forces hydraulic fluid through a line 
to the damper unit. This hydraulic system, completely separate from the damping system, increases or decreases the 
height of the spring to achieve the desired preload. 

SPRING ADJUSTER 

SPRING ADJUSTER 



REAR SUSPENSION . . -. - . . - - - - - . - - . - - - 

ELECTRIC REAR SUSPENSION SPRING PRELOAD ADJUSTMENT SYSTEM 
This system adjusts the rear suspension spring preload by operating a hydraulic jacking system that is driven by an 
electric motor. 

The shock absorber and actuator are connected with an oil hose. The piston in the actuator is operated by the control 
motor, while the shock absorber piston is operated by hydraulic pressure. The piston stroke is detected by the angle sen- 
sor and the motor is controlled with the control unit (ECU) inside the combination meter. 

Preload can be adjusted by operating the "Up" and "Down" switch while monitoring the preload condition on the multi- 
dis~lav. Two Dreload settinas can be stored and retrieved bv o~eratina the memorv buttons on the control Dane. . . - 

ACTUATOR SHOCK ABSORBER 

PISTON 

From SUSP LEVEL --t 
IUPIIIONI relays 

DAMPING ADJUSTER 
In oil damper units, a damping adjuster serves to control the oil flow 
by regulating the orifice diameter. 

On certain types other than those shown in the drawings, the damping 
force is controlled by adjusting the pre-set load on the valve. 

Decreasing the orifice diameter increases resistance and damper 
hardness. 

Increasing the orifice diameter decreases resistance and damper 
hardness. 

ADJUSTABLE DAMPING AND HEAT 
COMPENSATION 
In hard use, a lot of energy goes into suspension units, and it gener- 
ates heat. The hotter a suspension damper gets, the thinner its damp- 
ing oil becomes, and the less damping it delivers. To compensate, 
Honda employs a thermo-sensing device. As the damper's tempera- 
ture rises, the thermo-sensing device exerts more pressure on damp- 
ing-control springs, thus keeping damping constant. 

REBOUND 
SIDE 

ORIFICE 
DIAMETER 

0 -m 
Z 
L 
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SHOCK ABSORBER 
REMOVAL 
Support the vehicle securely and raise the rear 
wheel off the ground. r 

Make sure the Remove the mounting bolt(s) or nut(s1; then remove 
vehicie 'sPr0PeriV the shock absorber. 
suuuorted before . . 

removing the 
shock absorber. 

INSTALLATION 

SHOCK ABSORBER 
I 

- 
Install the shock absorber on the upper mount, not- 
in0 the orooer installation direction of the mountino 
hGdwa;e. ' 

- 
Raise the rear wheel enough to allow installation of 
the lower mounts. Slip the mounts into position. 

Tighten the upper and lower mounts to the I - - 

specified torque. 

On Pro-Link or Pro-Arm systems, refer to the Model 
Specific manual for shock absorber removal1 
installation procedures. 

DISASSEMBLY 
(FOR APPROPRIATE MODELS ONLY) 

Certain types of damper units are filled with high 
pressure nitrogen gas. 
Refer to the Model Specific manual for dissasem- 
bly of gas damper units. 
Be sure to release the gas from the damper unit 
before discarding it. 
To prevent loss of tension, do not compress the 
spring more than necessary to remove it. 

Remove the shock absorber. Compress the spring 
and remove the damper unit. 

SHOCK ABSORBER COMPRESSOR USE: 

lnstall the shock absorber compressor on the rear 
shock. 

Certain shock absorber compressors require adapt- 
ers when the attachment is installed, while others 
do not. Refer to the Model Specific manual for 
compressor specifics. 

TOOLS: 
Rear shock absorber 
compressor 
Attachment 

Install the shock absorber compressor holder 
securely onto the spring end that is near the lock nut 
or stopper ring. Turn the compressor handle and 
slowly compress the spring. 

TOOL: 
Shock absorber compressor 
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HYDRAULIC PRESS USE: 

Refer to the Model Specific manual 

Install the spring compressor attachment and com- 
press the spring with the hydraulic press. 

Always use a specified tool to compress the spring. 
Refer to the Model Specific manual. 

Compressing the spring improperly could cause 
serious injury. 

Certain types of shock absorbers are mounted with 
a stopper ring while other types are mounted with a 
lock nut. 

L smppER ~ 
RlNG 

SPRING COMPRESSOR 
AnACHMENT 

HYDRAULIC 
PRESS 

SPRING 

LOCK NUT REMOVAL 
Do not loosen or remove the lock nut if it is staked 

Loosening or removing a staked lock nut may cause 
a shock assembly to come apart unexpectedly and 
lead to a serious injury. 

Compress the spring and loosen the lock nut; then 
remove the upper or lower joint and the spring. SHOCK ABSORBER 

COMPRESSOR 

STOP RlNG REMOVAL 

Compress the spring and remove the stopper ring. 7 
Remove the spring. 

TOOLS: 
Shock absorber compressor 
Attachment 

SHOCK ABSORBER ATACHMENT 
COMPRESSOR 

RlNG 
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INSPECTION 
SPRING 
Place the spring on  a level surface and measure the 7 
free length: 

Replace the spring if it is deformed, cracked, or if its 
free length is shorter than the service limit. 

DAMPER UNlT 
Keep a gas-filled shock absorber away from fire 
or heat. 

Heating a gas-filled damper can lead t o  an explo- 
sive release of Dressure which can cause a seri- 
ous injury. 
Do not t rv to  disassemble the d a m ~ e r  unit if the 
disassembly procedure is not described in the 
Model S~ec i f i c  manual. Disassemblv can lead to  

SPRING 

I 

a release of gas under high pressu;e which can I 1 
cause an injury. 

Check the damper unit for deformation or oil 
leakage and replace i f  necessary. 

Check the damper rod for straightness. Also check 
for stepped wear and replace if necessary. 

Check the damper bump rubber for fatigue or 
damage and replace if necessary. 

DAMPER UNlT 
I I 

Place the damper rod on  a scale and measure the 
force required to  compress the damper until the 
mark is flush with the damper body. 

COMPRESSION FORCE (GAS-FILLED DAMPER 
ONLY) 
Examine the damper rod and replace the damper 
unit if the rod is bent or scored. 

Mark the damper rod to  indicate the specified 
compressed stroke (i.e., 10 mm10.4 in  from the 
damper body). 

Refer t o  the Model Specific manual for the compres- 
sion force and the specified compressed stroke. 

If the force required is less than the service limit, the 
damper is leaking. 

1 
BUMP RUBBER 

Check the upper joint and collar for wear or damage 
and replace the parts i f  necessary. 

Check the rubber bushing for wear or damage and 
replace it if necessary. 

Apply the specified grease t o  the sliding surfaces of 
the collar and bushing, and reinstall them. 

If a needle roller and spherical bearing are installed 
instead of the bushing and collar, refer to  the Model 
Specific manual for replacement procedures. 

SPECIFIED COMPRESSED 

UPPER JOINT 
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SHOCK ABSORBER DISPOSAL 
PROCEDURE 
Center punch the damper case to mark the drilling 
point. Refer to the Model Specific manual for the 
precise drilling point. 

Place the damper unit inside a plastic bag and 
clamp it upright in a vise. 

Through the open end of the bag, insert a drill 
motor with a sharp 2 - 3 mm (5164 - 118 in) drill bit. 
Wrap the bag around the drill and hold it closed. 

Use a sharp drill bit to minimize heat buildup. I 

1 Using a dull drill bit allows a buildup of 
excessive heat and pressure inside the 
damper whim may cause an explosion. 
The shock absorber contains nitrogen gas I 
and oil under high pressure. ~ r i l l i i ~  farther 
into the damper case than specified can 
puncture the oil chamber. Oil escaping 
under high pressure may cause serious 
injury. 
Always wear eye protection to avoid getting 
metal shavings in your eyes when gas 
pressure is released. 

The plastic bag is only intended to shield you from 
the escaping gas. 

Briefly run the drill motor inside the bag; this will 
inflate the bag with air from the motor and help 
keep the bag from getting caught in the bit when 
you start. 

For dampers with nitrogen gas filler valve, depress 
the valve core to release the nitrogen and then 
remove the valve from the shock absorber. 

Point the valve away from you. I 
ASSEMBLY (FOR APPROPRIATE 
MODELS ONLY) 
Assemble the shock absorber in the reverse order of 
disassembly. 

The drilling point indicated 
below is an example only! 
Refer to the Model Specific 
manual for precise drilling 
point. 

DRILLING 
POINT 

DRILL BIT 

I I 

\ 
DAMPER UNIT 

Compress the spring until the stopper ring can be 
installed using a hydraulic press. Refer to the Model 
Specific manual. 

If the shock absorber does not have an even pitch 
spring. the spring should be installed as specified in 
the Model Specific manual. 

Always use a shock absorber spring compressor to 
compress the spring on dampers with a rod 
screwed into the upper or lower joint. 

I 
I 

VALVE CORE 

Use of a hydraulic press to compress the spring can 
lead to the s ~ r i n a  or shock absorber flvino out of the 

HYDRAULIC PRESS USE 

. - . - 
press and causing a serious injury. 



REAR SUSPENSION 
Install the stopper ring in the groove in the damper. 

Failure to firmly seat the snap ring may cause the 
shock assembly to come apart unexpectedly and 
lead to a serious injury. 
Compressing the spring more than necessary 
may cause a loss of spring tension. 

JOINT INSTALLATION 

Clean the lock nut threads before installing the 
lower joint. 

Install the lock nut on the damper rod and tighten it 
by hand as for as it will go. 

Apply a locking agent to the damper rod threads. 
Install the lower joint on the damper unit. 

Hold the lower joint and tighten the lock nut to the 
specified torque. 

TOOL: 
Shock absorber compressor 

SPRING COMPRESSOR 
ATTACHMENT 

-HYDRAULIC 
PRESS * SPRING 

\STOPPER RING 

LOCK NUT LOWER JOINT 

SHOCKABSORBER 
COMPRESSOR 



REAR SUSPENSION 

Refer to the Model Specific manual for swingarm 
removal, disassembly, reassembly and installation. 

INSPECTION 
Remove the chain slider, chain guide and brake 
torque rod (if installed). 

Check the center collarldistance collar, i f installed, 
f o r  wear, scor ing o r  scratches and  replace i f  
necessary. 

If the motorcycle is a shaft-drive type, remove the 
rubber boot. 

Check the removed parts for wear or damage and 
replace parts if necessary. 

PRO-LINK SUSPENSION LINKAGE 
Mark installed position codes on the suspension link- 
age parts before disassembly. The shock arm and 
connecting rod often have specific installation direc- 
tions and they should be installed properly. They 

CHAIN SLIDER 

may Interfere wltn the frame analor change the vehl- 
cle he~ght unless installed properly 

REMOVAL 
Remove the following: 

Rear wheel 
Bolts from the frame side of the connecting rod 
Rear shock absorber lower mounting bolts 
Bolts from the swingarm side of the shock arm 

SHOCK ARM LOWER MOUNTING BOLT 

PINCH BOLT 

/ CONNECTING ROD 

MOUNTING BOLT 



REAR SUSPENSION 

Check the pivot collars, dust seals, bushings andlor 
bearings for wear or damage and replace parts if 
necessary. Refer to the Model Specific manual for 
replacement procedures. 

INSPECTION 

Refer to the Model Specific manual, if the motorcycle 
is equipped with needle roller or spherical bearings. 

Check the shock arm and connecting rod for defor- 
mation, cracks or other damage and replace as 
necessary. 

INSTALLATION 

SHOCK ARM 

I 

Apply molybdenum disulfide grease to all pivot 
points. 

Pack the grease fittings (if installed) with grease. 

Reassemble the suspension linkage with special 
attention to the proper installation directions, and 
loosely tighten the pivot bolts. 

Reinstall the suspension linkage assembly on to the 
frame and tighten each bolt to the specified torque. 

Refer to the Model Specific manual for the proper 
torque specifications. 

DUST SEAL 

CONNECTING 
n ROD 



MEMO I 
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FRAMEIBODY PANELS 

SERVICE INFORMATION 
GENERAL 

Although it is possible to weld some cracked frames and straighten some frames that are slightly bent, it is best to 
replace the frame with a new one when it is damaged. 
Generally speaking, plastic body panels cannot be repaired and, therefore, must be replaced. 
It is possible that a front end collision will bend the steering head, but not the fork, wheel, or even the axle. 

TROUBLESHOOTING 
Failure of the front suspension, steering, or rear suspension may damage the frame enough to require replacement. 
Refer to section 18 for front suspension and steering inspections. 
Refer to section 19 for rear suspension inspection. 

Abnormal engine vibration 
Cracked or damaged engine mounts 
Cracked, damaged or bent welded portions 
Bent or damaged frame 
Engine problems 

Abnormal noise when riding (banging or creaking) 
Damaged or bent engine mounts 
Damaged welded points 
Damaged or bent frame 

Steers to  one side when under acceleration or deceleration 
Bent frame 
Bent fork 
Bent swingarm 



FRAMEIBODY PANELS 

DESCRIPTION 
Motorcycle, scooter and A N  frames serve as a skeleton to which all other components are attached. Various forms and 
intensities of vibration and stress from both the engine and the suspension act against the frame when the vehicle is in 
use. These forces are major factors in determining the final design of each frame. 

The various frame designs can be classified into one of a few general categories. Certain types are chosen for particular 
models according to their engine displacement, the use the vehicle is designed for, serviceability, cost factors, and even 
visual appeal. 

The material used for a frame is chosen by similar means. Generally, aluminum frames are reserved exclusively for sport 
type, on-road motorcycles, usually of middle-to-large engine displacement. Virtually all other frames are made of steel. 
Aluminum alloys are lighter than steel of the same strength, but are bulkier and more expensive to produce. 

A wide variety of tubing and pressed steel shapes as well as castings and forgings are combined to form the optimal 
framework for a particular model. 

Many of the earliest Honda models used primarily a round steel tube frame. 

Later models up to 305 cc used a frame made mostly or entirely of pressed steel plate. 

Some of today's frames are made almost entirely of round steel tubing of various sizes and thicknesses. Others are made 
up mainly of square steel tubing. Most aluminum frame members are some form of rectangular tubing, though a few 
pieces are square. The highest stressed rectangular aluminum members are often relatively complex extrusions designed 
to fulfill a specific set of requirements. Most aluminum and steel frames include some castings or pressed steel sections in 
order to form strong and compact tube joints, and for pivot or major attachment points. 

Round tubing has the same strength in all directions. Square and rectangular tubing (as well as other variants) have differ- 
ent strength characteristics in different directions. When the maximum strength is required in a vertical direction and the 
strength in a horizontal direction is not as important, rectangular tubing with greater strength in the areas needed is cho- 
sen. At times a frame is lightened by changing the combination of the types of tubing. 

Thinwall rectangular aluminum tubing is strengthened by internal stiffening ribs and extrusion production. Some models 
use a special modified pentagonal or hexagonal extruded aluminum tubing (with internal strengthening ribs) in order to 
improve the frame member's strength to weight ratio, its rigidity in one or more specific directions and, in some cases, to 
allow a more compact and unobstructed riding position. 

The various material types, forms and dimensions used in frame design are linked directly to the experience gained from 
Honda's ongoing racing programs around the globe. As new knowledge is gained through competition, i t  is combined 
with input from non-competition testing and utilized in the construction of each new generation of production machine. 

STRONGEST - RECTANGULAR MODIFIED HEXAGONAL 

WEAKER - - -  - EXTRUDED EXTRUDED ALUMINUM 
ALUMINUM TUBING TUBING 

WEAKEST . 
RECTANGULAR 

ROUND TUBING TUBING 

STRENGTH DIFFERENT STRENGTH EQUAL D E P E N ~ l ~ ~  ON MODIFIED PENTAGONAL IN ALL DIRECTION OF FORCE EXTRUDED ALUMINUM TUBING 
APPLIED 

The frame also serves to absorb vibration from the engine and, to some degree, from the road surface. The difference in 
basic frame structure is determined according to the engine type and the type of use for which the machine is designed. 

Two slightly different frame designs may have significantly different vibration absorbing or generating characteristics 
which make one design correct and the other unsuitable, even with the same engine installed. Therefore, the particular 
frame structure a machine ends up with is chosen according to the engine type and by the specific use the machine is 
intended for, in order to prevent unpleasant vibration to the rider and premature fatigue to structural members. 

Frames are classified as follows, according to differences in basic structure: 



FRAMEIBODY PANELS 

BACK-BONE 
This type of frame is made up of a combination of pressed steel plate and steel tubing. 

This basic frame design is used mainly on scooters and some of Honda's early motorcycle designs. Back-bone construc- 
tion allows added freedom in the overall design of the vehicle and relatively economical production. 

DIAMOND FRAME 
With a diamond frame, the lower section of the down tube is not connected with other frame tubes. The engine forms the 
final portion of the frame structure and generates the frame strength. The diamond frame is used mainly on small and mid- 
dlesized vehicles due to  the simplicity of its structure and its light weight and excellent serviceability. 

SINGLE CRADLE FRAME 
The single cradle frame has one down tube and one main pipe at the front of the engine. The frame structural material sur- 
rounds the engine. This frame is mainly applied to off-road vehicles and middle-sized, street sport models due to its light 
weight, durability and ease of serviceability. 



FRAMEIBODY PANELS 

DOUBLE CRADLE FRAME 
The double cradle design is similar to the single cradle frame, but has two down and main tubes, resulting in increased 
rigidity. A part of the down tube can be removed to facilitate engine removal on some models. This frame is mainly used 
on large displacement street motorcycles. 

DOWN 

MAIN PIPES 

TUB 

PIVOTLESS FRAME 
The pivotless design features a beefier, triple-box design. The aluminum swingarm mounts directly to the engine and pro- 
vides more torsional riaiditv. A oivotless desian frame isolates the engine mounted swinaarm from the frame. This desian - .  
allows a simpler, lighter frame that's less affected by swingarm-imposed loads during hard cornering and acceleration.- 

PIVOTLESS FRAME 

SUB FRAMES 
The sub frame can be removed to improve the service access on some models. This frame is mainly used on sport 
type motorcycles. 
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INSPECTION 
Visually check the frame for damage or bent tubes 
and components. 

Straighten the handlebar and check the alignment 
between the front and rear wheels. 

If the rear wheel does not align with the front, check 
that the drive chain adjusters are adjusted correctly. 

If the rear wheel leans to either side when viewed 
from above, check whether the right or left arm is 
twisted or bent. 

Take a horizontal view of arm section of the swing- 
arm. Check the alignment of the rear shock mounts 
(on dual shock models) in the same way. 

Wheel alignment ! 

I I 
View from front View from rear 

Apply penetrant to inspect the cracks. I I 

Refer to penetrant manufacturer's instruction 
manual for the proper product use and inspection 
procedures. 

If cracks appear in the paint on the frame, inspect 
the area(s1 more closely to find out if the frame 
material itself is cracked. 

CHECK FOR: 
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ELECTRICAL FUNDAMENTALS 

SERVICE INFORMATION 
GENERAL 
This chapter illustrates the safety precautions and 

WHITEIRED 

BLUE 

the basic knowledge required for servicing electrical 
systems. Other chapters related to electrical sys- 
tems do not contain the basic information presented 
in this chapter. Read this chapter thoroughly in 
order to understand the basic safety procedures and 
diagnostic methods before starting any service. 

When connecting harnesses, connect wires only 
with wires of the same color. In the few instances 
when wires with different colors are connected, 
there is always a colored tube near the terminal 
(see the illustration to the right). 
Connect connectors with the same colored 
connectors. 
For striped wires, the stripe color is indicated after 
the color of the wire in Honda service manuals. 

WHITE 
GREEN TUBE BLACK 

GREEN 

Disconnect the negative cable of the battery 
before working on any electrical component. 
Do not let the tool contact the frame when dis- 
connecting the cable. 

- 

When measuring voltagelresistance of wire ter- 
minals using a tester, insert the probes from 
behind the connector. For waterproof connec- 
tors, insert the probes from the front to avoid 
opening the wire terminal. 

WATERPROOF 
TEST PROBES CONNECTOR 



ELECTRICAL FUNDAMENTALS I 

Connect the positive terminal first when connect- 
ing a battery. 
Coat the terminals with clean grease after con- 
nection. Make sure the protective cover is 
secured on the terminal. 

After completing a job, check that all terminal 
protecters are placed correctly. 

1- 
If a fuse blows out, diagnose the cause and 
repair it. Replace the fuse with one of the cor- 
rect rating. 



When separating connectors, pull only on the 
connector housing. Do not pull on the wires. 

ELECTRICAL FUNDAMENTALS 
Always separate wire connectors with the igni- 
tion switch in the OFF position. 
Before separating a connector, check whether 
its locking mechanism is of the push-in type or 
pull-up type. 

CORRECT INCORRECT 
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Make sure urotectors comuletelv cover the con- I I 
nectors and terminal. 1 GOOD NO GOOD 

When installing a connector, push it until it clicks 
into place. 
For connectors with locks, push the connector in 
lightly then unlock the lock. Check that the lock is 
securely fastened when reconnected. 

i r e  intact andUtight. 
If a terminal is corroded, clean it thoroughly 
before connecting. 

GOOD 
CLICK 

Make sure that the harnesses are secured to the 
motorcycle properly. 
Before connecting connectors, check that the 
oins are straiaht and that all the wire terminals 

NO GOOD 

--- 

Check for torn protective covers and oversized, 
loose fitting, female terminals before installation. 

I GOOD NOGOOD 1 



ELECTRICAL FUNDAMENTALS 
Replace damaged wires with new ones. 

GOOD NO GOOD 

Secure wires and wire harnesses to the frame 
with wire bands at the designated locations. 
Install the bands so that only the insulated sur- NO GOOD NO GOOD 

faces contact the wires or wire harnesses. 

- 

Connectors with protectors facing up must have 
a drain hole. 

I I 

Do not squeeze a wire against a weld or the end 
of its clamps. 

..A r @ 1 GOOD 
NU ClUUU 

I 

GOOD 

DRAIN HOLE 

X 

L a -  o 



ELECTRICAL FUNDAMENTALS 

Check that harnesses cannot come in Contact I I 

Protect wires and harnesses with at least two lay- 
ers of electrical tape or with electrical harness 
tubes if they contact a sharp edge or corner. 

To unlock a wire harness or hose from a clip, 
use a screwdriver to open up the tab. When 
locking the clip, press firmly until it clicks. If the 
clip was removed from the frame, replace i t  
with a new one. 

Check that the wire harness is securely clamped 
at all locations. 

TAB 
DRIVER 

GOOD NO GOOD 
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GOOD 

X 

Route wire harnesses to avoid sharp edges, cor- 
ners or the projected ends of bolts and screws. 

1 NOGOOD I 

GOOD 

Seat grommets in their holes properly. 
GOOD NO GOOD 

Do not bend or twist wire harnesses. 
Before using testers, read the instructions. 

Do not drop parts containing semiconductors. Semi- 
conductors are fragile and sensitive to shock. Drop- 
ping a semiconductor could damage or destroy it. 

GOOD 

0 N ~ D  



ELECTRICAL FUNDAMENTALS 
Be careful not to pinch or trap wires or harnesses 
under items during installation. 

Route wires and wire harness so that they are 
not too tight or loose when the handlebar is 
turned all the way to the right or left. 
Avoid routing wires and harnesses through 
sharp bends and around tight corners. 
Route harnesses so they are neither pulled taut 
nor have excessive slack. 

GOOD 

X 
NO GOOD 

Electricity flows when these electrons freely move 
outward from their orbits. Some materials become 
conductors when there are a lot of free electrons 
and some become insulators when there are no free 
electrons. It is a well known fact that when a piece 
of glass is rubbed with silk cloth, it generates "static 
electricity" attracting a piece of paper towards it. 
This happens because the free electrons in glass 
move into the silk due to the heat generated by rub- 
bing. As a result, the glass takes on a positive 
charge and the silkcloth takes on a negative charge. 

BASIC ELECTRONIC KNOWLEDGE 

GLASS SILK CLOTH 

All matter, whether solid, liquid, or gas, is a collec- 
tion of molecules, and each molecule is made up of 
atoms. Each atom consists of a nucleus (which is 
made up of protons and neutrons) and electrons, 
which circle around the nucleus. 

NUCLEUS 
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CURRENT FLOW 
When a positive charged material and a negative 
charged material are connected with a conductor, 
free electrons flow from negative charged to posi- 
tive charqed material. This flow of electrons is 
called "egctricity." For a long time it was thought 
that electrical current flowed from the positive side 
of the source to the negative side. When it  was dis- 
covered that electrons actually flow the other way, it 
was too late to change existing publications on elec- 
tricity. As a result, just for convenience, technical 
publications compromise by saying that electrical 
current flows from the positive to the negative side 
while electrons flow from the negative to the posi- 
tive side. 

It is convenient to think of the flow of electrical cur- 
rent as the flow of water. 

The number of electrons passing any given point in 
a circuit in one second determines the current flow- 
ing through the circuit. The amount of current flow 
is measured in "Amperes (A)." 

ALTERNATING CURRENT AND DIRECT 
CURRENT 
All electrical components are supplied with either 
alternating current or direct current, abbreviated as 
AC or DC, respectively. 

The fundamental characteristic of the two currents 
differ completely, and for the purpose of servicing. 
you need to have a good understanding of these dif- 
ferences. 

ALTERNATING CURRENT 

Alternating current (AC) changes in voltage value 
and polarity with time. AC current flows in one 
direction until peak voltage is reached and then 
drops to zero volts. AC current then changes direc- 
tion (polarity) until peak voltage is achieved and 
again drops to zero and again changes polarity. 
From zero voltage to peak positive voltage to peak 
negative voltage and back again to zero voltage is 
known as a cycle. 

FLOW OF CURRENT 

- 
FLOW OF ELECTRON 

ALTERNATING CURRENT 

1 CYCLE 

TIME 

In motorcycles, all electricity generated is AC. How- 
ever, AC can be converted to direct current (DC) by 
rectification. The DC current is then supplied to com- 
ponents operating on DC. For example, some mod- 
els use DC for their headlights and others use AC. 

For headlights operating on AC, the lights turn off 
when the current flow is zero, and then go back on 
again as the polarity becomes reversed. This ON- 
OFF cycle is repeated at a high frequency (number 
of cycles in one second) and is not noticeable. 

L 

o 

-m. 
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DIRECT CURRENT 

Direct current is a current whose magnitude and 
direction remain constant. Its form is shown in the 
graph. Direct current is abbreviated as DC. Motorcy- 
cle batteries and household batteries supply DC. 

DC has the following characteristics as opposed 
to AC. 

DC can be stored in batteries and discharged 
when needed. (AC cannot be stored) 
DC is capable of a large current flow. (Good for 
starter motors) 
DC voltage cannot be stepped up or down. (AC 
voltage can be changed using a transformer) 

DIRECT CURRENT 

CURRENT ~l------ 
+ 

TIME 

I 

VOLTAGE 
As illustrated in the figure to the right, when two 
water tanks, A and 6,  are connected, water flows 
from tank A to tank 6. This flow is the result of a 
pressure difference between the two tanks. 

PRESSURE DIFFERENCE 
(HEIGHT DIFFERENCE) 

FLOW OF WATER 

This same concept applies to electricity. The pres- 
sure difference, called the electrical potential differ- 
ence, causes current to flow through a circuit. 

The pressure of the current is measured as volt- 
age (V). 

(VOLTAGE) 

ELECTRICITY 
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RESISTANCE 
Water flows through a larger pipe easier than a 
smaller pipe. This is because the smaller pipe pro- 
vides greater resistance. Similarly, electrical current 
flows through a thicker wire (conductor) more eas- 
ily than a thinner wire. The resistance limiting the 
flow of electricity through a wire is measured in 
Ohms (Q). 

OHM'S LAW 
The amount of current flowing through a conductor 
in a closed circuit is proportional to the voltage 
applied to the conductor. The relationship between 
voltage and current flow and resistance is known as 
Ohm's law. 

Resistance increases as the size of wire becomes 
smaller and longer. This resistance value can be 
measured with an ohmmeter. 

For example, if a 6 Q resistor is connected to the + 
and - terminals of a 12 V battery, the current flowing 
through the resistor can be calculated by Ohm's law: 

THIN WlRE THICK WlRE 
(SMALL RESISTANCE) 

BAnE RY 

OHM'S LAW I 
VOLTAGE (El 

CURRENT (I) = 
RESISTANCE (R) 

- 
Current = Voltage i Resistance = 12 i 6 = 2 A VOLTAGE = CURRENT x RESISTANCE 

CURRENT = VOLTAGE + RESISTANCE 
RESISTANCE =VOLTAGE + CURRENT 1 

POWER 
We use electricity to operate headlights or starter 
motors, or we convert i t  to heat. The amount of work 
required to do these things is measured in Watts. 
Changing voltage (Volts) or the rate of current flow 
(Amperes) increases or decreases electrical power 
output (Watts). The relationship is defined as: 

W = E.1 (Power = Voltage x Current) 



ELECTRICAL FUNDAMENTALS 

ELECTRICAL CIRCUIT 
As shown in  the diagram at right, when a light bulb 
is connected to a battery, the current flows in  the 
direction of the arrow and the light bulb turns on. 

The path in  which an electric current flows is called a 
circuit. On Honda motorcycles, scooters and ATVs, 
the ground wire of an electrical circuit is connected 
t o  the engine or frame. Grounding the negative ter- 
minal is called a negative terminal ground type. 

All Honda motorcycles, scooters and ATVs share 
the negative ground circuit shown in  the diagram. 

u 

GROUND 
I I 

SERIES CIRCUIT 

A series circuit is an electric circuit in which the cur- 
rent flows through one device into another, and 
then to ground. There is only one current path and 
the voltage is distributed by the loads. The total 
resistance (R) can be found by simply adding all the 
resistances, e.g.: R = R1 + R2 

(SERIES CIRCUIT) 

I 1 
PARALLEL CIRCUIT 

A parallel circuit is an electric circuit which has two 
current paths, one for the positive and one for nega- 
tive. The devices are connected across the two 
paths. The voltage on each load is the same, but the 
current branches out to each load. The current flow 
to each load can be calculated as i l  = E + r l ,  
i2 = E i r2. 

The total current (I) is the sum of all current flowing 
to each load. 

SEMICONDUCTOR 
The electrical conduct;vity of semiconauctors lies 
oerween that o f  conauctors and insulators. Before 
understanding how they work in  circuits, you need 
t o  have a basic knowledge of their characteristics. 

DIODE 

(PARALLEL CIRCUIT) 

The diode allows current t o  flow in  onlv one direc- I I 
tion. When current is flowing, there is a slight volt- 
age drop across the diode. 

DIODE 

CURRENT FLOWS 
(NORMAL DIRECTION) 

e----- CURRENT DOES NOT 
FLOW 
(REVERSE DIRECTION) 

21-13 



ELECTRICAL FUNDAMENTALS 
ZENER DIODE 

The zener diode allows current to flow in one direc- 
tion similar to the diode on the previous page. 
When a certain reverse voltage is applied, current 
abruptly flows in the reverse direction. When the 
voltage is reduced below the reverse voltage, cur- n ZENER DIODE 11 / 
rent flow in the reverse direction stops 

- CURRENTFLOWS 1 ABOVE REVERSE VOLTAGE 

r - CURRENT FLOWS 
e------ NO CURRENT FLOWS 

BELOW REVERSE VOLTAGE 

- 
VOLTAGE 

I J 

THYRISTOR ISCR) 

The thyristor is turned on when a certain amount of 
voltage is applied to the gate. This input to the gate 
is called gate voltage or trigger voltage. 

Thyristors have three terminals: anode, cathode, 
and gate. The current flowing from the anode to 
cathode is said to be in the positive direction. 

Like diodes, thyristors do not allow current to flow 
in the negative direction. When turned on, thyristors 
allow current to flow from anode to cathode only. 

Once the thyristor is turned on, there is no need to 
continuously apply voltage to the gate, and its char- 
acteristics become identical to a regular diode. 

THYRISTOR 

1 
d 

ANODE A 

I 
G GATE 

*---- NO CURRENT FLOWS 

---- +NO CURRENT FLOWS 

I I GATE VOLTAGE 
G - 

CURRENT FLOWS - WHEN SCR IS ON 

------ NO CURRENT FLOWS I 

E: EMITTER 
C: COLLECTOR 
B: BASE 

I I 

TRANSISTOR 

A transistor has three terminals; emitter (E), collec- 
tor (C), and base (B). 

TRANSISTOR SYMBOLS 

There are two types of transistors: PNP and NPN PNP TYPE NPN TYPE 
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In PNP type transistors, when a positive voltage is 
applied to the emitter and negative voltage to the 
collector, almost no current flows from the collec- 
tor to the emitter. If the emitter voltage is raised 
slightly higher than the base voltage and a small 
amount of current flows from the emitter to the 
base, a large amount of current flows from the 
emitter to the collector. 

I 1 

In the NPN type, almost no current flows when a 
positive voltage is applied to the collector and a 
negative voltage to the emitter. When a small cur- 
rent flows from the base to the emitter, a large cur- 
rent flows from the collector to the emitter. 

In this way, the transistor resembles an amplifier in 
that the amount of collector-to-emitter current is 
controlled by the base current. 

BASE CURRENT 

Transistors also resemble switching devices. The 
transistor is turned on, allowing collector-to-emitter 
current to flow when there is base current, and 
turned off when no base current exists. 

THERMISTOR 

In general, the resistance value of most metals, 
including copper, increases as the temperature 
rises. 

When heat is a ~ ~ l i e d  to a substance. the activitv of 
its molecules increases and the f l o i  of 
free electrons. This increases the resistance. 

In contrast, the resistance of a thermistor decreases 
as the temperature rises. 

This is because the number of free electrons 
increases as heat is applied to the thermistor. In 
this case, the activity of the molecules no longer 
obstructs the flow of electrons and the resis- 
tance decreases. 

/ THERMISTOR SYMBOL I 
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ELECTRICAL SYMBOLS 
The symbols below are the most common type of symbols used in  electrical circuits. 

Abbreviations used in  switching devices are as follows: 

NO (Normally Open): Switch is open at rest. 

NC (Normally Closed): Switch is closed at rest 

IGNITION SWITCH 
(Circuit symbol) 

+ 
FUSE 

MOTOR 

-@ 

EYELET TERMINAL 

- 

BATTERY 

8 
_L - - - 
T 
8 

PUMP 

IGNITION SWITCH 
(Wiring symbol) 

RELAY (NO type) 

DOUBLE 
FILAMENT 

THREE PHASE 
ALTERNATOR 

lhJu 
SPARK PLUG 

MULTI-TESTER 

-@- 

Voltmeter 
CONNECTION 

SINGLE PHASE 
ALTERNATOR 

4) 
RESISTOR 

side side side side side 

Con- 
nected 

- t t  
SWITCH 
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BASIC ELECTRICAL DIAGNOSTIC 

HOW TO MEASURE VOLTAGE USING A 
VOLTMETER 

METHODS 
VOLTAGE MEASUREMENT 

Make sure the ground surface is clean and free of 
paint. Use a bolt anached directly to the frame. 

Measuring voltage is a fundamental method of 
checking circuit components. The measurement is 
conducted for the following reasons: 

1. To check if voltage exists. (A test light may also 
be used.) 

2. To measure the actual value. 
A voltmeter is used to determine if an electrical 
component is operating normally. 

Select the current range to measure the expected 
voltage value. If the voltage value is unknown, start 
at the highest scale on the meter and go to lower 
scales as necessary to obtain an accurate reading. 
Apply the red probe to the positive end and the 
black probe to the negative end of the circuit. The 
diagram on the right shows that the voltmeter regis- 
ters the voltage across the light bulb. Voltmeters are 
always connected in parallel, not in series. 

VOLTMETER 8 

8 

- - - 

CONNECTED IN CONNECTED IN 1 PARALLEL (GOODI I SERIES (NO GOOD, I 

{T VOLTMETER 

- - - - = 

fi LIGHT BULB 

- - - - 

EXAMPLE 1 

First study the circuit diagram. 

If light bulbs B and C do not work, and A is OK, 
check for voltage at bulbs B and C. If there is volt- 
age, the problem is in the ground side of the circuit. 
If no voltage is found, the problem is on the "hot" 
side of the circuit. 

WIRE HARNESS 

BULB 
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3. If there is no voltage at (1) and (21, check voltage 
at (31 and (41 in a similar manner. 
- If there is no voltage at (3) and (4), check wiring 

between the ignition switch and the battery. 
- If there is voltage at (3) and (4). check for a 

broken wire or a short circuit in the wire har- 
ness. Replace the wire harness with a new 
one if necessary. 

- If there is voltage at (3) and not at (41, then 
check connector B for looseness. 

1. If both light bulbs B and C are not working and 
there is no voltage at bulb B and C with the igni- 
tion switch ON, check voltage at (1). 

2. If no voltage is measured at (11, check voltage at 
(2) in case of a bad connection at connector A. If 
voltage exists at (2) and not at (11, there is prob- 
lem at connector A. 

If voltage registers at both (1) and (2), switch A 
should be checked. 

I CONNECTOR B 

CONNECTOR B BLACK 

SWITCH 

- - 

EXAMPLE 2 

Sometimes it is easier to diagnose a component by 
measuring voltage directly at the input terminals. I 
Please, the (+) probe voltage at the positive input 
terminal and the (-) probe at the ground wire of 
the component. 

If no voltage is measured, there are three possi- 
ble causes. 

1. Faulty battery: Check between the battery's posi- 
tive wire and ground. 

2. Open circuit between battery and positive termi- 
nal: Check for any intermediate circuits (i.e., 
switches). 

3. ~ooselshorted ground wire: Check for a secure 
grounding; check for continuity of the wire itself. 

EXAMPLE 3 

For instance, if a light bulb blows out frequently, the 
system needs to be checked with an AC voltmeter to 
see if excessive voltage is apparent. In this case, 
measure the AC voltage of the terminals to the light 
bulb to see if it is within the specified voltage range. 

LIGHT SWITCH 

REGULATOR 

GREEN COIL - = 
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MEASURING RESISTANCE 

Resistance is measured for the following reasons. 

Along with voltage, resistance is another basic 
parameter for diagnosing circuits and their 
components. 

1. To check if components are working properly. 
The resistance value of a coil (e.g., ignition coil) 
indicates i f  i t  is normal or malfunctioning. 

CHECK FOR BROKEN 
CHECKING COIL ,open circuit) 

2. To check for a broken wire. 
A continuity check indicates if a wire is intact 
or broken. 

How to measure resistance using an ohmmeter. 

Proper zeroing of an analog ohmmeter is necessary 
to obtain correct measurements. Touch the two 
probes together and adjust the ohmmeter so that it 
registers 0 (R). For a digital ohmmeter, note the 
resistance when you touch the two leads together, 
and subtract this amount from your meter reading. 

ZERO OH'M ADJUSTER 

Since the polarity of the terminals is not important, 
either probe may be applied to either terminal. 
However, since diodes allow current to flow in one 
direction only, the polarity is important when 
checking diodes. 

Unlike when measuring voltage, it is necessaw to 
disconnect the component from the circuit. If 
resistance is measured with the entire circuit 

connected, resistance than the it ohmmeter should. 
will read a different 

Similarly, if a circuit has branches, the connector 
leading to the specific branch needs to be discon- 
nected in order to read resistance correctly. 

GOOD r7 R = R 1  

- - - . - - 

CONNECTOR+R = R1 R2 
CONNECTED R1+R2 
WITH CONNECTOR-+R = R1 
DISCONNECTED 

BAD 

f-j R = -- R l  x R 2  
R1  t R2 

- - . - - 
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EXAMPLE 

To check the CDI exciter coil, resistance can be mea- 
sured at ( I )  or (2). Measuring resistance between ( I )  
and ground automatically checks for a broken wire 
(blacwred) and for a bad connection at the alterna- 
tor connector. If the resistance is normal between 
(1) and ground, (2) need not be checked. 

If the resistance between (2) and ground was 
checked first and the correct resistance was mea- 
sured, there is still a possibility of a broken wire 
andlor loose connection between (1) and (2). That 
would require more testing to locate the fault. 

When the ohmmeter is connected in series, resis- 
tance values wil l  be high. 

In the diagram, measure resistance R1 by moving 
the probe shown at ( I )  to ground. 

WIRE HARNESS 

CDI UNIT - 

2 

R 
- - 

If. while measuring resistance at (1). the negative I 1 
probe is placed on ihe  ground wire (green), t h i n  the r 3 % ~ ~ u -  --ih-c6~cf-+ B Y R E D  
connection to ground is checked as well. 11 ,--. 1 r; ---------- 
To check the operation of an exciter coil, place the 
probes as shown in  the diagram. If the resistance is 
normal, then the exciter coil, the wire connected t o  
the coil (blacwred), and the ground wire (green) are 
all normal. 

I 

- - - - 

If the resistance is far off the standard value, check 
the following: 

1. Broken ground wire (green) 

Place a probe at (3) and measure resistance to 
ground. If 0 R is measured, then the green wire is 
properly grounded. If - (infinity) is measured, then 
you may suspect a broken wire (green) or loose 
connection at the ground terminal. 

I 

TERMINAL - - - - 
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2. Faulty exciter coil 1 I 
Disconnect the alternator connector. Compare the 
resistance value at (2) (measured on the previous 
page) and at (1). 

If the two values are not the same, suspect a bro- 
ken blacklred wire or loose alternator connector. 
If both resistance values are the same, but not in 
the correct range, the exciter coil may be faulty. 

3. Shorted wire or wire harness 

To see if the green or blacklred wire is shorted, 
check the continuity between all other wires. If you 
have continuity between the other wires, replace 
the wire harness. 

MEASURING CURRENT 
Current is not normally checked during motorcycle 
service procedures. Though i t  is used for testing 
components, current measurements are not used 
for checking continuity within circuits. 

HOW TO MEASURE CURRENT USING AN 
AMMETER 

Connect the ammeter in series in the circuit to mea- 
sure the current flowing through it. 

Touch the (+) (red) probe to the positive end of the 
circuit and the (-) (black) probe to the negative end. 

Make sure the current flow does not exceed the 
maximum range selected, or the meter could be 
damaged. 

Connecting the ammeter in parallel, like a volt- 
meter, can damage the ammeter from a cur- 
rent overflow. 
Connecting the ammeter between the battery ter- 
minals will damage the ammeter. 
Turning on the starter motor while the ammeter 
is connected between the battery terminal and 
the battery cable will damage the ammeter. 

SERIES CONNECTION 
(GOOD) 



MEMO 
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SERVICE INFORMATION 
GENERAL 

The battery gives off explosive gases; keep sparks, flames, and cigarettes away. Provide adequate ventilation when 
charging or using batteries in an enclosed space. 
The battery contains sulfuric acid (electrolyte). Contact with skin or eyes may cause severe burns. Wear protective 
clothing and a face shield. 
- If electrolyte gets on your skin, flush with water. 
- If electrolyte gets in your eyes, flush with water for at least 15 minutes and call a physician immediately. 
Electrolyte is poisonous. If swallowed, call your local poison control center or a physician immediately! 
KEEP OUT OF REACH OF CHILDREN. 

Always turn off the ignition switch before disconnecting any electrical component. 

Some electrical components may be damaged i f  terminals or connectors are connected or disconnected while the ignition 
is ON and current is present. 

For extended storage, remove the battery, give it a full charge, and store it in a cool, dry place. 

For a battery remaining in a stored motorcycle, disconnect the negative battery cable from the battery terminal, 

CONVENTIONAL BATTERY 
Use only distilled water in the battery. 

rkmq 
Tap water will shorten the service life of the battery 

Avoid filling the battery above the UPPER LEVEL line to prevent an electrolyte overflow which could corrode the engine or 
nearby parts. 

Immediately wash off any spilled electrolyte using a mixture of baking soda and water. 
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MAINTENANCE-FREE BAlTERY 

The maintenance-free battery must be replaced when it reaches the end of its service life. 

pzmq 
The batterv caos o f  a maintenance-free batterv should not be removed. Attempting to remove the sealing caps from the 

~ - 

cells may damage the battery. 

Refer to Section 21 for basic electrical service. 
Refer to Section 2 for battery fluid and specific gravity. 

a This section explains the basic steps for diagnosis and service. Refer to the Model Specific manual for the location of 
specific components. 
Batteries can be damaged if overcharged or undercharged, or if left to discharge for long periods. These same condi- 
tions contribute to shortening the "life span" of the battery. Even under normal use, the performance of batteries dete- 
riorates after 2 - 3 years. 
Battery voltage may recover after battery charging. However, if the battery is subjected to a heavier load than it 
is designed for, the battery voltage will drop quickly and eventually die out (even if the charging system is work- 
ing properly). 
A battery overcharge symptom may be caused by a shorted battery cell. If one of the battery cells is shorted, battery 
voltage will not increase to the specified level. Under these conditions, the regulator allows the alternator to supply 
excess voltage to the battery and the electrolyte level will drop quickly. 
Before troubleshooting the charging system, check for proper use and maintenance of the battery. Check if the bat- 
tery is frequently under heavy load, such as having the headlight and taillight on for long periods of time without the 
engine running. 
The battery will self-discharge if allowed to stand idle for a long time. For this reason, charge the battery every two 
weeks to prevent sulfation from forming when the vehicle is not in use. 
Filling a new battery with electrolyte will produce some voltage, but will not allow the battery to achieve its maximum 
performance. Therefore, you should always charge a new battery. Battery life is lengthened when a new battery is 
charged before installation. 
When checking the charging system, alwaysfollow the steps in the troubleshooting flow chart. 
Question the customer to determine how his riding habits affect battery charging: 
- High rpm riding may overcharge the battery (on motorcycles without a regulator). 
- Low rpm riding with frequent brakelbrake light usage may result in discharging the battery. 

a TOOLS 

Universal holder Battery tester Battery charger 

Rotor holder Flywheel puller Rotor puller 
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TROUBLESHOOTING 
IF THE OUTPUT VOLTAGE DOES NOT REACH THE SPECIFIED VALUE (NO CHARGE) 

1. Charging System Output Voltage lnspection 

Measure and record the charging system output voltage (page 22-24). 

Is the specified voltage reached when the engine speed increases? 

YES - GOT0 STEP 2. 

NO - GOT0 STEP 3. 

2. Battery Current Leakage lnspection 

Check the battery current leakage (Leak Test: page 22-25). 

Is the current leakage within the specified value? 

YES - Faulty battery. 

NO - Shorted wire harness. 
Faulty ignition switch. 

3. RegulatorlRectifier Ground Wire lnspection 

Check the voltage between the battery line and ground line of the regulatorlrectifier (page 22-26). 

Is the voltage within the specified value? 

NO - Shorted wire harness. 
Poor contact at the connector. 

YES - GO TO STEP 4. 

4. Charging Coil Resistance lnspection 

Check the resistance of the charging coil at the charging coil line of the regulatorlrectifier connector (page 22-26). 

Is the resistance within the specified value? 

NO - GO TO STEP 5. 

YES - GO TO STEP 6. 

5. Charging (CharginglLightingl Coil lnspection 

Check the alternator charging coil (page 22-29). 

Is the alternator coil resistance within the specified value? 

YES - Poor contact at alternator connector. 

NO -Faulty charging coil. 

6. Check Field Coil Resistance 

Check the resistance of the field coil at the field coil line of the regulatorlrectifier connector (page 22-26). 
(For field coil type only.) 

Is the resistance within the specified value? 

NO - Open circuit in wire harness. 
Faulty alternator. (Open circuit in field coil.) 

YES - GO TO STEP 7. 

7. Headlight Voltage lnspection 

Measure the headlight voltage (page 22-27). (For regulatorlrectifier with AC regulator built in.) 

Is the voltage within the specified value? 

YES - Faulty battery. 

NO - GO TO STEP 8. 
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8. Headlight ResistorlHeadlight Switch lnspection 

Check the resistance of the headlight resistor and headlight switch of the regulatorlrectifier connector (page 22-27). 
(For appropriate models only.) 

Is the resistance within the specified value? 

NO - Shorted wire harness. 
Faulty headlight switch. 
Faulty headlight resistor. 

YES - GO TO STEP 9. 

9. Charging System Output Voltage lnspection 

Replace the battery with a fully charged battery (page 22-11). 
Measure and record the charging system output voltage (page 22-24). 

Is the standard control voltage reached when the engine speed increases? 

YES - Faulty battery. 

NO - Faulty regulatorlrectifier. 

IF THE OUTPUT VOLTAGE EXCEEDS THE SPECIFIED VALUE (OVERCHARGE) 

1. Charging System Output Voltage lnspection 

Measure and record the charging system output voltage (page 22-24). 

Does the control voltage greatly exceed the standard value? 

YES - GO TO STEP 2. 

2. Charging Coil Line lnspection 

Check the continuity between the ground line and frame of the regulatorlrectifier connector (page 22-26). 

Is there continuity? 

NO - Ooen circuit in wire harness. 
Poor contact at connector. 

YES - GOT0 STEPS. 

3. Field Coil Resistance lnspection 

Check the resistance of the field coil at the field coil line of the regulatorlrectifier connector (page 22-26). 
(For field coil type only.) 

Is the resistance within the specified value? 

NO - Shorted wire harness. 
Faulty alternator. (Short circuit in field coil.) 

YES - GO TO STEP 4. 

4. Feedback Line Voltage lnspection 

Check for batten/ voltage at the voltage feedback line of the regulatorlrectifier connector (page 22-26). 
(For voltage feedback type only.) 

Is the voltage within the specified value? 

YES - Shorted wire harness. 
Faulty ignition switch. 
Poor contact at connector. 

NO - GO TO STEP 5. 

5. Charging System Output Voltage lnspection 

Replace the battery with a fully charged battery (page 22-11 ). 
Measure and record the charging system output voltage (page 22-24) 

Does the voltage greatly exceed the standard value? 

YES - Faulty regulatorlrectifier. 

NO - Faultv batterv. 
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IF THE OUTPUT VOLTAGE REACHES THE SPECIFIED VALUE ONLY AFTER THE ENGINE SPEED EXCEEDS THE SPECIFIED 
RPM (UNDERCHARGE) 

1. Charging System Output Voltage lnspection 

Measure and record the charging system output voltage (page 22-24). 
I 

Is the control voltage reached only after the engine speed greatly exceeds the specified rpm? 

YES - GO TO STEP 2. 

2. Charging Coil lnspection 

Check the resistance of the charging coil at the charging coil line of the regulatorlrectifier connector (page 22-26). 

Is the resistance within the specified value? 

NO - GO TO STEP 3. 

YES - GO TO STEP 4. 

3. Charging (ChargingILighting) Coil lnspection 

Check the alternator charging coil (page 22-29). 

Is the alternator coil resistance within the specified value? 

NO - Poor contact at alternator connector 

YES - Faulty charging coil. 

4. Headlight ResistorlHeadlight Switch lnspection 

Check the resistance of the headlight resistor and headlight switch of the regulatorlrectifier connector (page 22-27), 
(For appropriate models only.) 

Is the resistance within the specified value? 

NO - Open circuit in wire harness. 
~au l t y  headlight switch. 
Faulty headlight resistor. 

YES - GO TO STEP 5. 

5. Charging System Output Voltage lnspection 

Replace the battery with a fully charged battery (page 22-11). 
Measure and record the charging system output voltage (page 22-24). 

Is the control voltage reached only after the engine speed greatly exceeds the specified rpm? 

YES - Faulty regulatorlrectifier. 

NO - Faulty battery. 
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BATTERY DESCRIPTIONS 
There are two types of batteries used in Honda motorcycles, scooters and ANs:  the conventional battery and the mainte- 
nance-free banery. 

THE STRUCTURE OF A CONVENTIONAL BATTERY 

FILLER CAP, 

NEGATIVE PLATE 

SEPARATOR 

GLASS MAT 

POSITIVE PLATE 

BREATHER 

ELBOW 

Use only distilled water in the battery. 
Tap water will shorten the service life of the battery. 

CONVENTIONAL BAlTERY 

Avoid filling the battery above the UPPER LEVEL line to prevent an 
electrolyte overflow which could corrode the engine or nearby parts. 

When you charge the leadlacid banery, electrolysis breaks the water 
down into its components, hydrogen and oxygen. Because of the gen- 
eration of these gases, you must remove the filler plugs while charging 
the battery. 

The battery is equipped with a vent, usually routed outboard into a 
tube, to rid it of the gases produced during normal use. 

The battery is said to be overcharged when an excess current is sup- 
plied to the battery. When the battery is overcharged, volatile gas is 
emitted from the plates, and electrolyte temperature rises. This tem- 
perature rise causes more rapid loss of water from the battery electro- 
lyte. This water loss and temperature rise will shorten the banery life. If 

a left unchecked, water loss and high temperature will damage the bat- 
tery beyond repair. 

This battery conducts electricity when the chemical action of electro- 
lyte (sulfuric acid) takes place between the two plates (lead peroxide 
and lead). The sulfate in the electrolyte combines with the plate materi- 
als, forming lead sulfate (battery discharge). By passing an electric cur- 
rent back into the battery, the plates revert to lead peroxide and lead 
(battery charge). 

Since the specific gravity of the electrolyte (relative weight of sulfu- 
ric acid as compared with an equal volume of water) varies, the bat- 
tery state of charge is determined by measuring the electrolyte's 
specific gravity. 

i ELECTROLYTE 

E 

(+) PLATE 
(LEAD 
PEROXIDE) 
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Because the motorcycle battery is constantly subjected to charging and discharging cycles, the water in the electrolyte is 1 
boiled off. 

When the water is boiled off to the point where the plates become exposed, a white crystalline deposit forms. This process 
is called sulfation (lead sulfate). The white crystalline lead sulfate, unlike the lead sulfate produced by discharging, is diffi- 
cult to revert to lead peroxide and lead. 

This causes damage to the battery and shortens the battery life. This can occur not only when the electrolyte level is low 
but also when the battery is discharged for long periods. Remember that the electrolyte level goes down when the water in 
the battery evaporates. Always add distilled water, not electrolyte. 

I NAKED PLATES 

/ 

MAINTENANCE-FREE BATTERY 
The new YTZ style maintenance-free battery is completely filled, sealed and charged at the factory. This new YTZ battery is 
smaller, will stay charged for longer periods of time and only requires charging if the voltage drops below 12.4 volts. 

SEALING CAP SAFETY JENT FILTER - 

New electronic technology on Honda motorcycles and ATVs increases demand on the battery. Careful attention must be 
placed on battery preparation and storage. 

Prolonged storage without charging results in gradual self-discharge that may end with a deeply discharged battery. This 
is detrimental because a deeply discharged battery is prone to corrosion attack, which shortens the battery's service life. 

Maintenance-free batteries have safety valves designed to open when excessive gas is produced. The safety valves close 
and seal the battery again when the internal pressure returns to normal. A ceramic filter is placed over the safety valves to 
prevent any internal ignition of the gases produced. 

When replacing the battery, follow the manufacturer's instructions. See "Battery TestingICharging" in this chapter. 

pmiq 
The maintenance-free battery life depends largely on the proper amount o f  electrolyte being added at the start o f  service. 
Use the electrolyte container designated for the specific battery 

Avoid interchanging conventional and maintenance-free batteries. They have different charging components. 

pmiK 
Removing the sealing caps from the cells of a maintenance-free battery may damage the battery. 

22-8 
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STORAGE 
All Yuasa conventional batteries and standard maintenance-free batteries delovered with Honda motorcycles, A N s  and 
scooters are "dry-charged" by the manufacturer. Each battery cell is carefully charged, drained, dried, installed, and sealed 
prior to shipment. This practice enables batteries to be stored for long periods of time without deterioration, provided 
these guidelines are observed: 

Store batteries in a level position in a cool, dry place. Do not remove the seal from the breather fitting until i t  is time to 
activate the battery. the seal preserves the dry-charged battey's shelf life. 

Do not activate batteries for new units until they are ready for delivery. If batteries are activated and then allowed to 
stand in unused vehicles, sulfation may destroy the cells soon after the vehicle is first ridden. 

The quick charging capability of the Christie Battery Charger (MVC101212) eliminates the need to have activated batter- 
ies on hand for new vehicle sales, since it can bring a new battery to full charge in approximately one hour. This 
includes electrolyte filling, charging time, and cool down time. 

ACTIVATION 
DO not activate new conventional batteries or new standard maintenance-free batteries until the sale and customer pickup 
time has been confirmed. Activated batteries can sulfate if inactive (not charged) for more than two weeks. 

CONVENTIONAL BATTERIES: 
For activation of conventional batteries, follow these instructions: 

1. Remove the banery warning label and breather fitting seal by pulling the label from right to left. The breather seal must 
be removed to prevent potentially explosive internal pressure from building up while the battery is charging. 

2. Attach the breather hose to the banery, if applicable. 

NOTE: 
If the hose is kinked, reform it first by placing i t  in boiling water for a 
few minutes. 

3. Add electrolyte to the upper level line on the case and let the battery stand for 5 to 10 minutes. After the bubbling has 
stopped, tap the banery gently to dislodge gas bubbles from the plates. Then, adjust the electrolyte level to the upper 
line and chage the battey according to the instructions in the Operation Manual for the Honda Battery Tester and 
Christie Battery Charger. 

STANDARD MAINTENANCE-FREE BATTERIES 

1. Remove the aluminum seal covering the filler holes. 

2. Following the directions packaged with the battery, add the special electrolyte. Let batteries rated 3-12 AH stand at least 
30 minutes before installing the Sealing Cap Strip. For batteries rated greater than 12 AH, let the battery stand a mini- 
mum of 1 hour before installing the Sealing Cap Strip. Install the Sealing Cap Strip by applying pressure from your 
hand. Never strike the ban ery sharply: this will permanently damage the batery. Then, charge the battery according to 
the instructions in the OperationManual for the Honda Battery Tester and Christie Battery Charger. 

3. Standard maintenance-free batteries require special electrolyte that has a specific gravity reading of 1.320. Use only the 
exact amount tht is packaged with the battery. Make sure the acid pack is the correct pack for the battery. Do not use 
electrolyte other than 1.320 specific gravity level in a standard maintenance-free battery. 

NOTE: 
Maintenance-free batteries have a built-in safety relief valve to control internal pressure. They have an external vent, but 
no vent tube. 

YTZ STYLE MAINTENANCE-FREE BAlTERIES: 

The new M Z  maintenance-free battey is filled, sealed and charged at the factory and requires no activation, but may need 
charging if the battery voltage is below 12.4 volts. 

NOTE: 
Maintenance-free batteries have a built-in safety relief valve to control internal pressure. They have an external vent, but 
no vent tube. 
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MOTORCYCLES WITHOUT BATTERIES 
Some motorcycles do not have batteries in their electrical systems. These models power electrical components with the 
electricity generated by the alternator, which is regulated by an AC regulator. For components using transistors which 
require DC current, a small rectifier (DC power unit) is used to rectify alternator signals to DC and feed DC current to 
these components. 

VOLTAGE REGULATOR 

To provide a stable current without using a battery, a high power output alternator that feeds sufficient current at low 
engine rpm is utilized. If the alternator continues supplying current as the engine rpm increases, the excessive current may 
burn out light bulbs. 

AC REGULATOR 

TO LOAD 

THYRISTOR 

TO LOAD 

REGULATOR WITH 
PROTECTION CIRCUIT 

To prevent this, the AC regulator maintains the output voltage of the alternator in the specified range. Some AC regulators 
have a protection circuit built into the alternator regulator circuit to prevent abrupt voltage increases on cold engine starts. 

The current generated from the alternator flows directly to the loads at voltage levels lower than the regulated voltage 
value. As the engine rpm increases, the regulator detects the rise and directs current to thvristor. shortino the alternator - ~ - ~~ ~-~ 

output to ground. When the alternator voltage goes over the specified voltage, the regulator cuts off the excess voltage, 
maintaining a constant voltage output. 

i I I /:, UNREGULATEDVOLTAGE I 

REGULATED VOLTAGE 

L 
ENGINE RPM 

DC VOLTAGE UNlT 

Although most electrical components use AC current, there are systems such as the engine oil warning system which 
require DC current to operate their transistors and LEDs. 

Therefore, a compact and lightweight DC voltage unit rectifies the AC current to DC current for these systems. 

These are systems and components used specifically for AC: alternating flash turn signals, whose front and rear signals 
flash alternately, and the AC horn which use electrical circuits and components designed for AC current. 

AC REGULATOR DC VOLTAGE UNlT 

LED LIGHTING 

LEVEL SWITCH 
ALTERNATOR 

22-1 0 



BAlTERYICHARGINGlLIGHTlNG SYSTEM 

BAlTERY REMOVALIINSTALLATION 
REMOVAL 
Turn off the ignition switch. 
Disconnect the negative (-) battery cable first; then 
remove the terminal cover and disconnect the posi- 
tive (+)cable. 

Disconnecting the positive (+) cable first could 
cause an accidental direct short between the two 
terminals when the tool disconnecting the terminal 
contacts the frame. The spark could ignite or dam- 
age the battery. 

INSTALLATION 
Be sure to route the breather hose properly on con- 
ventional batteries. 

Take care to prevent spilling electrolyte from the 
breather hose because it can corrode the 

For conventional batteries, always disconnect the 
breather hose before removing battery. 

Some electrolyte may remain in the breather hose. 

Keep electrolyte away from your eyes or skin while 
disconnecting the battery breather hose. 

components. 
Take care with the breather hose. Pay attention 

- 

BREATHER HOSE 

to the following points: 
- Connect the breather hose securely. 
- Follow the caution label and route the hose 

accordingly. 
- Avoid bending or squeezing the breather hose. 

Check that the breather hose has not been bent 
or squeezed by the surrounding components. 
Failure to replace a bent or squeezed breather 
hose may lead to a pressure buildup that can 
cause the battery to explode. 

ROUTING LABEL 

Place the battery into the frame. 
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Secure the battery with the battery holder. 

1 
Improper installation may cause vibrations which 
can damage the battery case. 

To prevent shorting, always connect the positive (+) 
cable first. 

After installing the battery, coat the terminals with 
dielectric grease to prevent corrosion. 

Connect the battery positive (+) cable and secure 
terminal cover onto the positive terminal; then 
connect the negative (-) cable. 

BATTERY TESTINGICHARGING 
BAlTERY REPLACING 
Before replacing a battery make sure to test and 
charge it using the Christie TesterICharger system. 
Using the Christie TesterICharger system is the 
most accurate way to test and charge batteries. 

When a customer comes in with a dead battery, 
you must test and charge the battery before 
testing the charging system. In order to do a 
valid charging system test, you must begin with a 
fully charged battery. Testing the charging system 
with a low battery will give inaccurate readings, 
especially when comparing results to the Service 
Manual specifications. 

Many Honda models have "key-off memory draw" 
that will slowly discharge the battery over time. This 
draw exists to maintain odometer, trip meter, clock, 
radio station presets, etc. 

Inform customers they should disconnect their 
battery and/or connect a trickle charger if they 
plan on parking their vehicle for more than 
two weeks. 
If the idle is set too low !see Service Manual rec- 
ommendation) the battery will discharge while 
the engine is idling. 
If the idle is set too low for cruising in stop-and- 
go traffic, with the high beam, brake lights and 
cooling fan on, the battery will discharge. 

If American Honda receives a warrantied battery 
that is capable of taking and holding a charge, 
the warranty claim may be denied: 

All style batteries need to be tested and, if neces- 
sary, charged at Set-UpIPDI. Although YTZ batteries 
are filled, sealed and charged at the factory, they 
can lose charge if they are stored for long periods 
before the unit is sold. 

BATTERY COVER 
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BEFORE USING THE TESTER 
Place the tester on a clean, flat and level surface. 
Be sure the work area is well ventilated, clear of 
flammable materials, and free from heat, humid- 
ity, water or dust. 
Always take the battery to the work benchltest 
area - continuallv moving of the tester or opera- 
tion on an uneven surfacemay shorten its service 
l ~ f e  and reduce sensitivitv over a period of time. 

Always clear the work area of flammable materials 
such as gasoline, brake fluid, electrolyte, or cloth 
towels when operating the tester; the heat generated 
by the tester may cause a fire. 

BAlTERY TESTING 
Use the following steps to remove the battery from 
the motorcycle: 

1. Disconnect the negative (-1 terminal lead. 
2. Remove the battery holder. 
3. Remove the battery cover (when applicable). 
4. Disconnect the positive (+)terminal lead. 
5. Remove the battery breather hose (when 

applicable). 
6. Pull out the battery. 
7. If necessary, clean the battery terminals. 

Foraccurate Securely connect the tester's positive (+) cable first; 
testresults. b: then connect the negative (-) cable. 

sure the testers 
cables and 

clamps are in 

a good working TOOL: 
condition and 
that a secure Battery tester - 

connection can 
be made at 
the battery. 

BATTERY 

I 1 

Set the temperature switch to "HIGH" or "LOW" 
depending on the ambient temperature. 

HIGH: 60°F (15°C) or higher 
LOW: 60°F (15°C) or lower 
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Be sure you've Push in the appropriate test button forthree seconds 
selected the and read the condition of the battery on the meter. 
correct test 
burron that 

corresponds 70 
the battery 

being tested - 
see the chart 

below. For rhe 
first check, DO 

NOT charge the 
battery before 
testing - test 

it "as is. 

Capacity 

Type 

To void damaging the tester, only test batteries with 
an amperage rating of less than 30 Ah. 

Tester damage can result from overheating when: 

~~~~~@ @ 0 

! 

1 
, - - -  

Capacity - 3 Ah 3.5 Ah - 5 Ah Ah - 
.. ... --Ah 

The test button is pushed in for more than 
three seconds. 

- 3 Ah 

YB25L-C-1- 
2 
YB3L-A 

The tester is used without being allowed to cool 
for at least one minute when testing more than 
one battery. 

Type 

More than ten consecutive tests are performed 
without allowing at least a 30-minute cool- 
down period. 

The result of a test on the meter scale is relative to 
the amp. hour rating of the battery. ANY BATTERY 
READING IN THE GREEN ZONE IS OK. Batteries 
should only be charged if they register in the YEL- 
LOW or RED zone. 

EXAMPLE: Gold Wing batteries (Y50-N18L-A, 
18 AMP HOUR) using the 16.5-30 amp. hour setting 
may read in the GREEN zone, but close to the YEL- 
LOW (charge) zone. As long as the meter reads in 
the GREEN zone, the battery is OK. 

YB25L-C-1- 
2 
YB3L-A 

YBIB(L)-A 
Y50-N18L-A 

3.5 Ah - 5 Ah 

YB12A(L)-A 
YB12A-B 
YB9-BCa 
YB14L-A1 
YB14A-A2 

RED GREEN 
(-3. -21 l+l. +2. +31 

5.5 Ah - 
9Ah 

12N9-40-1 
YB9(L)-B 
YB9-B-CA 
YB9A-A 
YTH9-120 

TB4L-B 
YB4L-B-Ca 
YB5L-B 
YB5L-B-Ca 

YBIGB-A 
HYBIGA-A 
YT12-12 
YTH12-128 
MH14-120 

YT4L-12 
YT4L-B-Ca 
YT5L-B 
M5L-12B 

12N9-40-1 
YB9(L)-B 
YB9-B-CA 
YB9A-A 
YTH9-120 

TB4L-B 
YB4L-B-Ca 
YB5L-B 
YB5L-B-Ca 

16.5 Ah - 
30Ah 

YBIB(L)-A 
Y50-N18L-A 

YT4L-12 
YT4L-B-Ca 
YT5L-B 
M5L-12B 

9.5 Ah - 16 Ah 

YB12A(L)-A 
YB12A-B 
YB9-BCa 
YB14L-A1 
YB14A-A2 

YBIGB-A 
HYBIGA-A 
YT12-12 
YTH12-128 
MH14-120 
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I Banery Check (First I I 

Battery Check (Second check) Battery Check (Second 1 
1 

( RED ) 
I 

NO GOOD I * 

/ *NO GOOD = Replace 

BATTERY CHARGING 
BEFORE OPERATING THE CHARGER 

Be sure the area around the charger is well venti- 
lated, clear of flammable materials, and free 
from heat, humidity, water and dust. 
Clean the battery terminals and position the bat- 
tery as far away from the charger as the leads 
wi l l  permit. 
Do not place batteries below the charger - 
gases from the battery may corrode and dam- 
age the charger. 
Do not place batteries on  top of the charger. Be 
sure the air vents are not blocked. 

TOOL: 
Battery charger 

1. Turn the Power Switch to  the OFF position. I I 
2. Set the Battery Amp. Hr. Selector Switch for the 

size of the battery being charged. 

3. Set the Timer to  the position indicated by the 
Honda Battery Tester: RED-3. RED-2, or 
YELLOW-1. If you are charging a new battery, set 
the switch to  the NEW BATT position. 

4. Attach the clamps t o  the battery terminals - RED 
to Positive, BLACK to Negative. 

Connect the battery cables only when the Power 
Switch is OFF. 

Set the appropriate amp. hour rating I 

Connecting the cables with the Power Switch 
ON can produce a spark which could ignite or 
explode the battery. 

5. Turn the Power Switch t o  the ON position. 

BAnERY AMP HR. 
SELECTOR SWITCH 

11m11 
0,-7. 

> e s m m  
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6. When the timer reaches the "Trickle" position, 

the charging cycle is complete. Turn the Power 
Switch OFF and disconnect the clamps. 

The charger will automatically switch to the Trickle 
mode after the set charging time has elapsed. 

7. Retest the battery using the Honda Battery Tester 
and recharge if necessary following the flow 
chart on page 22-15. 

For accurate test results, let the battery cool for 
at least ten minutes or until gassing subsides af- 
ter charging. 

NEW 
TIMER 

BATT Trickle w7'D 
YELLOW - 
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CHARGING SYSTEM DESCRIPTION 
The charging system basically consists of the 
following components. 

RECTIFIER 

1 Battery 

Component name 

Regulatorlrectifier 

Function 

Regulates voltage so that it stays within the specified range.. 
Converts alternating current (AC) to direct current (DC). 

ALTERNATOR TYPES 
The alternator consists of a rotor and a stator. The 

- 

rotor consists of a flywheel made up of a series of 
magnets, and is usually driven by the crankshaft. 

A generator producing current (AC) which is powered by engine 
revolution. 

Stores regulated DC current. 

The- stator consists of a series of soft iron poles 
around which are wound coils of wire. 

When the engine starts, the rotor rotates with the 
crankshaft. When the outer (or inner) core of the coil 
passes through the magnetic field, current is gener- 
ated. This is called electromagnetic induction, and 
other systems such as the ignition and AC lighting 
systems generate power under the same principle. 

In addition, the rotor acts as additional flywheel 
weight, smoothing out engine pulsations at low 
engine rpm. 

PERMANENT MAGNET TYPE 

This is the most common type of alternator with the 
stator placed inside the rotor. The permanent mag- 
net is assembled on the inner walls of the rotor. 

In general, the stator consists of several coils pro- 
ducing power for the charging, ignition and lighting 
systems. Current for charging the battery is gener- 
ated by the charging coil. 

-- 

STATOR 
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BRUSHLESS EXCITED FIELD COlL TYPE 

The other alternators described here are located 
within the engine. This alternator is exposed out- 
side the engine because it is air cooled. In gen- 
eral, the rotor speed is multiplied by gears or 
chains connected to  the crankshaft. This type is the 
most powerful among the triple phase alternators 
and is primarily used for power on  large displace- 
ment motorcycles. 

Excited field coil type alternators do not utilize a 
permanent magnet. Instead, the field coil magne- 
tizes the rotor and generates power as the rotor 
passes the stator. 

EXCITED FIELD COlL TYPE WITH BRUSHES 

This type has a field coil placed inside the rotor. 
Current flows through the brushes to  the field coil 
and magnetizes the rotor. This generator has a 
strong magnetic force, large output, and is small 
and lightweight. 

ROTOR 

0 

/ 
STATOR 

/ C 
*% 

STATOR 
I 

ALTERNATOR FUNCTION 
SINGLE PHASE OUTPUT TYPE 

Since this type uses only one charging coil, the out- 
put voltage is a single phase AC wave. The output 
frequency varies depending on the number of mag- 
nets on the rotor, and the speed of the rotor. 

The generator in  the diagram on  the right has two 
pairs of  magnets, and its output has two cycles for 
every rotation of the rotor. 

The single phase output type has a low output, and 
its small size is best suited for engines of small dis- 
placement and a small electrical load. 

ONE ROTATION OF ROTOR 

I -  

ALTERNATOR SYMBOL 

TRIPLE PHASE OUTPUT TYPE 

This type consists of  three coils connected t o  each 
other, producing three single phase alternating cur- 
rents. The output of  the alternator is three single 
phase AC wave forms where each is 120" out of  
phase with the others. 

The symbol for this alternator has only three coils 
in  the diagram. Each stator coil consists of  several 
coils connected in  series. 

The triple phase output type is used in engines of 
medium t o  large displacement with large electrical 
loads. Depending on  how the coils are connected, 
there are two symbols for this type. Servicing is the 
same for both tvpes. 

I , TRIPLE PHASE AC WAVE I 
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Some triple phase output types use an electromag- 
netically induced type alternator. The excited field 
coil type alternator feeds current to the field coil to 
magnetize the rotor which then acts like a perma- 
nent magnet. The symbol for this type has a field 
coil along with the charging coil. 

CHARGING COIL 1 
FIELD COlL 

I SYMBOL 
I 

REGULATORIRECTIFIER 
The regulatorlrectifier uses semiconductors such as 
thyristors which radiate heat in operation. For this 
reason, these components use printed circuit 
boards which are resined onto an aluminum case. 
The case has several fins for better heat dissipation. 

As the engine revolutions hcrease, the output volt- 
age of the alternator also increases. The function of 
the regulatorlrectifier is to keep this AC output volt- 
age within a certain range and to convert the AC 
output voltage to DC voltage - for powering various 
components and charging the battery. 

TYPE OF REGULATORlRECTlFlERS 

A regulatorlrectifier may be classified as one of sev- 
eral types, based on the method of regulation and 
rectification. The chart below shows the different 
types of regulatorlrectifiers. 

Input AC wave 
form 

Since the input waveform is the same as the output 
waveform of the alternator, refer to the alternator 
section for the types of input waveform. 

Single phase 

SINGLE PHASE, HALF-WAVE RECTIFIERS 

Rectification method 

Diode rectification method 
This method uses only a diode to convert alternat- 
ing current to direct current. The diode allows cur- 
rent to flow in one direction only. When a single 
phase AC waveform flows through the diode, the 
negative voltage of the waveform is cut off and the 
positive voltage drops slightly. As a result, the out- 
put consists of the positive half-cycles of the input 
waveform. The signal is said to have been rectified 
because only half-cycles are utilized. This is called 
half-wave rectification. 

Half-wave rectification 

DIODE 

+I 

Voltage feedback method 

Internal voltage feedback 

Triple phase 1 Full-wave rectification Battery voltage feedback 

Single phase half-wave rectification is used in mod- $ V VRECT~FY~ 
els with small electrical loads. AC 9 DC WAVEFORM 

Regulation 
method 

SCR shorted 

The single phase half-wave rectifier utilizes two 
voltage feedback methods. 
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Internal voltage regulation method 
The circuit illustrated at right is the most basic regu- 
lator circuit. 
The signal from the charging coil is half-wave recti- 
fied through diode Dl ,  which is inside the regulator1 
rectifier circuit, and is then fed to the battery. 
Voltage is regulated by the voltage regulation circuit 
and the SCR (thyristor). 

As the engine rpm (revolutions per minute) 
increases, the alternator output increases and is rec- 
tified by diode D2. This signal then goes to the zener 
diode (ZD). Current flows in the normal direction of 
the zener diode but does not flow in the reverse 
direction until a certain amount of voltage is applied 
in the reverse direction. When this voltage is 
reached. the zener diode abru~t lv  conducts current 
in the reverse direction. In this'wiy, current is fed to 
the gate of SCR which then turns on. 

When the SCR turns on, the output from the alterna- 
tor is shorted to ground through the SCR. This 
explains why the battery becomes overcharged if 
the ground wires of the regulatorlrectifier are bro- 
ken or poorly connected. 

For alternators with a combined chargingllighting 
coil (charging and lighting systems powered by the 
same coil), the headlight lighting system affects 
battery charging. Since the input of the lighting 
system is taken from the charging coil, if the light- 
ing coil load is unsuitable battery charging will be 
unstable. To prevent this from happening, when 
the headlight is off, the output from the charging 
coil is connected to a resistor equivalent to the 
impedance of the headlight. 
Keep in mind that if the lighting output lines are bro- 
ken or shorted, or if the switch has contact prob- 
lems, the charging system is adversely affected. 

Battery voltage regulation method 
This method is similar to the method explained pre- 
viously except that the voltage regulation is done 
after the signal is converted to DC at the input of the 
battery. Since this method regulates output voltage 
of the alternator after it is rectified, its charging is 
precisely controlled. 

LIGHTING1 
CHARGING COIL 

VOLTAGE 
I CUTOFF 

REGULATED 
VOLTAGE 
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In order to regulate the current going to the head- 
light, there is sometimes a resistor connected to the 
ground wire of the regulatorlrectifier through a 
switch. Since the charging coil powers the headlight 
as well, the headlight flickers and dims when the 
output of the charging coil is shorted to ground 
through the SCR. This happens because when the 
ground wire of the regulatorlrectifier is connected to 
ground, the resistance AB becomes less than AC, so 
less current is diverted to the headlight. In order to 
keep current flowing to the headlight steadily, a 
resistor, whose value is greater than resistance 
between AC, is placed between AD. 

SCR switching regulation1AC regulator built in type 
This regulation method is used for models with 
small displacement engines. Unlike the type above, 
the SCR is used for switching and the ZD (Zener 
diode) is used for voltage regulation. 

The output of the alternator goes to the gate of 
SCRl via the DC voltage regulator. When the volt- 
age at the cathode of SCRl is less than the voltage 
at the gate, the thyristor turns on and conducts cur- 
rent to the battery. When AC output of the alternator 
changes from positive to negative, the gate voltage 
of SCRl becomes zero, turning off the thyristor and 
cutting off the negative signal to the battery. 

The output voltage is regulated by ZDl and ZD2 
which turn on (and short to ground) when the out- 
put voltage of the charging coil increases beyond a 
specified value. When the ZDs turn on, the SCRl 
turns off by reducing the gate voltage of the thyris- 
tor and causes the output voltage to be regulated. 

HEAD- 
LIGHT R AC 

VOLTAGE DC V~LTAGE REGULATOR 

CATHODE 

ALTERNATOR BATTERY 

ANODE 

ALTERNATOR 

ZDZ 

- 
The regulator may overcharge the battery if the I 

I 

ground wire is broken or if there are poor connec- 
tions at the terminals. 

AC REGULATOR FUNCTION 

The AC regulator regulates the voltage to the head- 
light; no resistor is required. When the negative out- 
put of the charging coil reaches a certain voltage, 
the AC regulator feeds current to the gate of SCR2 
and turns it on. The SCRZ is shorted and a negative 
current to the coil regulates its output voltage. 

Since the negative output voltage of the charging 
coil is not used for charging the battery, the AC reg- 
ulator has no effect on charging the battery. 

However, since when the negative output of the 
coil is cut off the headlight voltage is also cut off, 
the AC regulator regulaies the output voltage to 
the headlight. 

V 
HEADLIGHTPOWER 1 
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Single Phase, Full-Wave Rectifiers 
These are used on medium engine displacement 
models. Compared to the half-wave rectifier, the 
full-wave rectifier is more efficient in using the alter- 
nator output for charging the battery. 

In order to convert the AC output of the alternator to 
DC, the diodes are arranged as shown in the dia- 
gram at right, inside the regulatorlrectifier. When 
the alternator is positive, the current flows through 
D l  -+ battery -+ D2 (shown by the white 
arrows), and when the alternator is negative, the 
current flows through D3 -+ battery + D4 (rep- 
resented by the black arrows). 

In this way, the AC output of the alternator is con- 
verted to a DC waveform. 

Similar to the single phase half-wave recitifier, the 
full-wave rectifier may be a battery voltage feedback 
type or an internal voltage feedback type. The circuit 
at right shows the battery voltage feedback rectifica- 
tion method. 

AC REGULATOR 

Most medium engine displacement motorcycles 
have independent lighting and charging coils. For 
these models, the lighting coil has its own indepen- 
dent AC regulator. The regulator detects the AC 
voltage of the lighting coil inside the regulatorlrecti- 
fier and shorts out all excessive output. 

There are regulators which regulate both positive 
and negative outputs and ones which regulate neg- 
ative output only. 

Since these regulators have lighting and charging 
coils that operate independent&, even if one ofthe 
coils does not work, the other is not affected. 

BATTERY 

4 

VOLTAGE I REGULATORIRECTIFIER FEEDBACK LINE 

LIGHT SWITCH 

- - - - - - 
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+ 

RECTIFI- 
CATION 

TRIPLE PHASE AC - DC WAVEFORM 

TRIPLE PHASE FULL-WAVE RECTIFIER 

TRIPLE PHASE FULL-WAVE RECTIFIERS WITH 
FIELD COILS 

This type is mainly used in  medium and large 
engine displacement models. The rectifier is 
connected directly to the three phase alternator. 
This circuit has no lighting coil but instead, the 
battery feeds DC current to the lighting system. 

This type regulates the alternator output using the 
current flowing through the field coil. The regula- 
torlrectifier has a voltage regulator for the field 
coil. The voltage regulator detects the voltage at 
the battery and feeds current t o  the base of a tran- 
sistor, turning it on. When the transistor is on, the 
battery feeds current through the ignition switch 
--f field coil -+ transistor --f ground. The 
field coil magnetizes the rotor, and the alternator 
generates power. 

When the alternator reaches a certain voltage, the 
voltage regulator turns off the transistor and cuts off 
current to the field coil; hence the alternator stops 
generating power. 

VOLTAGE FEEDBACK LINE 

A LT 

REGULATOR1 
REGULATO 

-VOLTAGE 7 T 

RECTIFIER 

The voltage regulation is performed by the high 
frequency onloff cycle of the alternator. When the 
DC voltage of the output waveform is measured, 
the reading wil l  always be less than the specified 
peak voltage. 

The rectified waveform of the triple phase AC 
output is more stable than the single phase AC type. 

A broken wire in  the field coil i n  this type of system 
wil l  result i n  insufficient alternator charging. If the 
ground wire of the field coil is shorted to ground 
(transistor shorted), the battery wi l l  be overcharged. 

F I ~ D  COIL 

TRANSISTOR , = - 
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CHARGING SYSTEM INSPECTION 

cal component. 1 

CHARGING VOLTAGE INSPECTION 
Be careful not to After warming up the engine, connect a voltmeter 
shOnany wires, between the battery terminals. 

For models with no tachometer, connect an engine 
tachometer. Turn the headlight ON (Hi beam) and 
start the engine. Gradually increase the engine 
speed and measure the voltage between the bat- 
tery terminals. 

Always turn the ignition OFF when conducting the 
test. Disconnecting the battery terminal(s) when 
current is flowing may damage the tester or electri- 

If the voltage reading increases to the control volt- 
age from the battery voltage when the engine speed 
reaches the specified rpm, the charging is normal. 

DIGITAL MULTITESTER 

The rpm at which the charging starts varies depend- 
ing on the battery condition andlor load of the elec- 
trical component(s). 

If the battery voltage drops quickly or the battery 
eventually dies out even if the charging is normal, i t  
is likely the battery's effective life span has passed. 

For the following conditions, the problem is most 
likely related to the charging system. Conduct the 
following inspection. 

1. Standard control voltage is not reached when the 
engine speed increases. 
- Open or shorted circuit of the wire harness, 

poorly connected connector. 
- Open or shorted circuit of the AC generator. 
- Faulty regulatorlrectifier. 
- The battery is bad. 

2. Control voltage greatly exceeds the standard 
value. 
- The battery is bad or incorrect (the capacity is 

underrated). 
- Faulty regulatorlrectifier. 
- The battery is bad. 

3. Standard control voltage is reached when the 
engine speed greatly exceeds the specified rpm. 
- Excessive electric load due to the use of light 

bulbs beyond the specified rating. 
- The battery is bad. 

NORMAL CHARGING 
VOLTAGE 

--CONTROL 
VOLTAGE 

BATERY 
VOLTAGE 

: CHARGING START 
! ENGINE SPEED 

I 
1 

ENGINE SPEED (rprn)- 

CHARGING VOLTAGE @ 

ENGINE SPEED (rpm) - 
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LEAK TEST 
Turn the ignition switch OFF, and disconnect the 
ground (-) cable from the battery. 

Connect an ammeter between the negative (-) ter- 
minal and ground cable. 

With the ignition switch OFF, measure the cur- 
rent leakage. 

When measuring current using a tester, set it to a 
high range initially and then lower the range setting 
to an appropriate level. Current flow larger than the 
range selected may blow out the fuse in the tester. 

The ignition switch must be OFF during the leakage 
inspection. A sudden surge of current may blow out 
the fuse in the tester. 

If current leakage exceeds the standard value, there 
is probably a short circuit in the system. 

Locate the short by disconnecting connections one 
by one and measuring the current. 

REGULATORIRECTIFIER INSPECTION 

since the regulatorlrect~fier is an electrical compo- 
nent which uses semiconductors, it cannot be ser- 
viced. Instead, the unit is checked at the connectors. 

Use the troubleshooting chart to make a preliminary 

Inspect the regulatorlrectifier at the terminals of 
each connector. 

diaanosis of the service ~roblem. 

R E G U L A T O R ~ R E ~ ~ F ~ E R  CON~ECTOR 
(Wire harness side) 

REGULATORIRECTIFIER 

REGULATORIRECTIFIER CONNECTOR 
(Wire harness side) 
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Voltage detection line Check that there is battery voltage between voltage direction line (+) and 1 (black) I around wire when the ignition is  ON. 

Items (wire colors) 

Battery wire 
(Redlwhite or red) 

Ground wire (green) 

- . . . . . - -. . r charging/lighting coil Check that the resistance of the coil is within the specified range. 
(refer to  Model lBecause the ,;ahtina svstem affects the resistance value, follow the 

Function 

Check that there is voltage between battery line (+) and ground line. 

Check continuity between ground and frame. 

(external voltage 
detection type) 

Charging coil 
(refer t o  Model 
S~ec i f i c  manual) 

- - .  1 specific manual) I Steps below.) 1 

- - 

Check that the resistance of the coil is within the specified range. 

With integrated chargingllighting coils (charging 
and lighting shared by a single coil), disconnect the 
coil output connector when measuring resistance. 
The headlight resistance wil l  be included in  the 
ohmmeter measurement if the connector is not dis- 
connected. (If the headlight conneclor is connected, 
the measured resistance wil l  be smaller, because 
the headlight resistor is connected in  parallel.) 

OHMMETER CONNECTOR 
(Disconnected) 

REGULATOR1 
SWITCH 

For lighting systems whose headlight connec- 
tor is connected t o  a resistor when the head- 
light is turned OFF, either disconnect the 
handlebar switch connector or the lighting out- 
put line of the chargingllighting. (Refer to  the 
diagram at right.) RESISTOR CHARGlNGlLlGHTlNG COIL 

For lighting systems that have a headlight ON 
and OFF switch. iust turn OFF the headliaht . , 
switch. (Refer to  the diagram at right.) 

- 
Disconnect the starting enrichment thermal 
valve connector i f  applicable. (Refer to  the dia- 
gram at right 
If the readings taken based on the chart 
above reveal that there is an abnormality, 
check the following: 
Battery wire --f Broken wire harness (repair 
or replace) 
Ground wire + Broken wire harness (repair 
or replace) 
Charging coil + Check the charging coil of  - .  
the aiteriator 
chargingllighting coil j Check the charging1 
lighting coil of the alternator 

If the resistance value of the alternator is normal 
(i.e., the resistance value measured by the above 
method is different from the alternator resistance). 
Check for a broken or shorted wire harness between 
the regulator~rectifier and alternator, or for a poor 
connection at the alternator connector. 

CONNECTOR 



BATTERYICHARGINGILIGHTING SYSTEM 

HEADLIGHT VOLTAGE INSPECTION 
REGULATORIRECTIFIER WITH 
BUILT-IN AC REGULATOR 
For a regulatorlrectifier with a built-in AC regulator, 
measure the headlight lighting voltage. 

Failure to measure the headlight voltage may lead 
to electrical damage o f  lighting components. 

If the model is not equipped with a tachometer, con- 
nect an engine tachometer. 

Remove the headlight and start the engine. 

Turn the headlight on Hi-beam. 

With the headlight wires still connected, measure 
the headlight lighting voltage between the terminals 
connected to blue (+) and green (-1 wires. 

Gradually increase the engine speed and read the 
voltage at the rpm specified in the Model Spe- 
cific manual. 

Refer to the Model Specific manual for service data. 

Select the AC range on your multimeter (AC current 
flows to the headlight). 
Use the specified multimeter. The measured head- 
light-regulated voltage may vary depending on the 
multimeter used because of the characteristics of 
the output waveform. 

RESISTOR INSPECTION 
For models with a headlight resistor or a start- 
ing enrichment valve, measure the resistance of 
the resistor. 

- 'HEADLIGHT 

/ 
RESISTOR 



BATTERYICHARGINGILIGHTING SYSTEM 

AC REGULATOR TYPE: 
This section explains the inspection procedures for 
models which have an independent lighting coil 
powering the headlight system. 

For models with combined lighting and charging 
coil, refer to the regulatorlrectifier inspection section. 

For models not equipped with a tachometer, con- 
nect an engine tachometer. 

Remove the headlight as shown, and switch the 
headlight to Hi-beam. 

With the headlight wires connected, start the engine 
and measure the headlight lighting voltage between 
the blue (+) and green (-)wire terminals. 

Increase the engine speed gradually and read the 
voltage at the specified engine rpm. Refer to the 
Model Specific manual for service data. 

Select the AC range on your multimeter (AC current 
flows to the headlight). 
Use the specified multimeter. The measured head- 
light-regulated voltage may vary depending on the 
multimeter used because of the characteristics of 
the output waveform. 

If the headlight lighting voltage is abnormally 
high, check the alternator connector and the 

AC REGULATOR INSPECTION 

HEADLIGHT WIRES 

Theresistance After checking that all connections are correct and 
readings willnof secure, inspect the alternator unit by measuring the 

be accurate if resistance between the terminals. (Refer to the Mod- the probes touch 
your fingers, el Specific manual for service data.) 

If the resistance between the terminals is out of stan- 
An old, weak dard value, replace the regulator with a new one. 

rnultimeter battery 
could cause 

inaccurate readings. 
Check the battery 
i f  the rnultimeter 

registers incorrectly. 

alternator unit. 
If there is no headlight lighting voltage, check: 
- For loose or poor contact at a connection in the 

lighting circuit. 
- For continuity at the dimmer switch. 
- The AC regulator. 
- The alternator lighting coil. 

AC REGULATOR 



BAlTERYlCHARGINGILIGHTING SYSTEM 

ALTERNATOR 
CHARGING (CHARGINGILIGHTING) 
COIL INSPECTION 
It is not necessary to remove the alternator from 
the engine. 

Disconnect the alternator connector and check con- 
tinuity between the wires. 

1. For single phase coils whose end is grounded, 
measure the resistance between the output line 
and ground. (If the measured value is not correct, 
check for continuity between the stator ground 
wire and ground, and between the alternator 
cover ground wire and ground.) 

2. For coils with two output lines, measure resis- 
tance between the lines. Check that there is no 
continuity between engine ground and the out- 
put lines. 

3. For single phase, combined chargingllighting 
coils, measure the resistance at the charging out- 
put line and at the lighting output line. 

4. For three phase coils, measure resistance 
between each output line, and check that 
there is no continuity between each output 
line and ground. 

If the tested resistance, components show infinite 
(-1, replace the stator. 

If measurements differ only slightly from the 
specified value, the stator may not need to be 
replaced. Check other areas and decide if replace- 
ment is required. 

(1) (2) 

(3) 



Insert the flywheel puller into the rotor and remove 
the rotor. 

BATTERYICHARGINGILIGHTING SYSTEM 

STATOR REMOVAL 
Remove alternator cover. (Oil may spill out.) 

TOOLS: 
Flywheel puller 
Rotor puller 

Hold the flywheel rotor with a holder and remove 
the rotor bolt. 

TOOLS: 
Universal holder 
Rotor holder 

pmcq 
Choose the correct holder. Using the wrong tool 
may damage components. Refer to the Model Spe- 
cific manual for the correct holder. 

To remove the rotor, screw in the puller attachment, 
hold it securely with a wrench, and then screw in 
the puller shaft. 

UNIVERSAL HOLDER 

Strong hammering on the puller shaft may damage 
the rotor. 

Always use a holder and a puller to remove the 
rotor. Do not try to remove the rotor by hammering 
directly on it. The crankshaft or other components 
could be damaged. 

ROTOR HOLDER 

HEEL PULLER 

ROTOR PULLER 



BATTERYICHARGINGILIGHTING SYSTEM 

STATOR REMOVAL 

Remove the woodruff key and put i t  where it won't 
be lost. 

Disconnect the alternator connector. STATOR BOLTS 
Remove the bolts (or screws) securing the alterna- 
tor wire to the cover or engine. 

Remove the stator. 

Stator bolts are often secured with a locking agent. 
Use an impact driver to remove the bolts. 

WOODRUFF KEY 

CRANKSHAFT 

STATOR INSTALLATION 
Install the stator in the crankcase cover. 
Apply a locking agent to the bolt (or screw) threads 
and tighten them to the specified torque. 

If the stator bolts/screws work loose, they may 
come into contact with the rotor and cause damage. 

Route the stator wire correctly on the crankcase 
cover. 

Route the stator wire so that i t  will not come into 
contact with the rotor. 

If there is a wire clamp or clip, secure the wire with it. 

Apply sealant to the grommet groove to prevent oil 
or water leakage. 

0 / GROMMETS -\A STATOR I 



BAlTERY/CHARGING/LIGHTlNG SYSTEM 

ROTOR INSTALLATION 
Clean the tapered portion of the crankshaft. I I 

Insert the woodruff key into the key groove in 
the crankshaft. 

If the rotor is installed over dust or dirt on the 
taper, the taper will not make secure contact with 

Set the rotor groove over the woodruff key and 
install the rotor on the crankshaft. 

Tighten the rotor bolt (or nut) with your fingers. 

pimicq 
Before installing the rotor, check that no nuts or 
bolts are magnetically attached to the rotor. Install- 
ing the rotor with anything attached to i t  could dam- 
age the stator coil. 

Hold the flywheel rotor with a holder and tighten 
the bolt (nut) to the specified torque. 

Before bolting on the crankcase cover, check that 
the wires are not pinched. 

Install the crankcase cover onto the engine. 

-1 
Some models use a crankcase (white metallic) 
ground bolt to ensure continuity between the engine 
and crankcase cover. (All other crankcase bolts are 
black.) The white bolt must be groundedproperly to 
allow the electrical system to operate normally. 

For reassembly, install the white metallic bolt in the 
case hole with the unpainted seating surface. 

WOODRUFF KEY 
the rotor and there will be excessive force on the 
woodruff key. / 
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IGNITION SYSTEMS 

SERVICE INFORMATION 
GENERAL 

Follow the steps described in the troubleshooting flow chart when servicing the ignition system. 
The CDI and transistorized ignition system use an electrically controlled ignition timing system. 
No adjustments can be made to the ignition timing. 
For multi-cylinder engines, a rough diagnosis can be made by identifying the cylinder whose spark timing is incorrect. 
The ignition control module may be damaged if dropped. Also, if the connector is disconnected when current is flow- 
ing, excessive voltage may damage the unit. Always turn off the ignition switch before servicing. 
A faulty ignition system is often related to poorly connected connectors. Check those connections before proceeding. 
For models with an electric starter, make sure the battery is adequately charged. Using the starter motor with a weak 
battery results in a slower engine cranking speed as well as a weak spark at the spark plugs. 
Use spark plugs of the correct heat range. Using spark plugs with an incorrect heat range can damage the engine. 
Refer to Chapter 2 for servicing spark plugs. 

TOOLS 

IgnitionMate peak voltage tester lmrie Ignition Analyzer 

TROUBLESHOOTING 
The explanations in the following troubleshooting charts are based on a general-type CDI and transistorized ignition 
system. In case of special-type devices, the inspection sequences and procedures may be different. Refer to the Model 
Specific manual for detail information. 
Before troubleshooting, check that no spark jumps at the spark plug using a known good spark plug (to ensure that the 
plug does not cause the problem). 
Moreover, check for proper spark plug gap and loose spark plug wire as well as for leakage of the ignition coil second- 
ary current caused by moisture. 
If no spark jumps at one cylinder or one part of the ignition system on multi-cylinder engines, exchange the ignition coil 
with the other good one and perform the spark test. If good sparks jump, the exchanged ignition coil is faulty. 
As for peak voltage inspection, first measure the primary coil voltage of the ignition coil. If the voltage is abnormal, 
check each item in numerical order in the "Probable Cause" column described on the Troubleshooting chart. 



IGNITION SYSTEMS 
No soark at oluas ICDI. DC-CDI) 

voltage 

~ - - -.~ ~~~ ~ ~ ~ . - . . - 
.. ~ m b a b l e z u s e  (Check in n u m e n i l  order) 

1. lncorrect peak voltage tester connectio%:(~ystem is normalifprimary 
' 

measured voltage is over the specifications with reverse connections.) 
The multimeter impedance is too low. 

2. Cranking speed is too slow. 
3. Battery is undercharged (or operating force of the kickstarter is weak). 

The sample timing of the tester and measured pulse were not synchro- 
4. nized. (System is normal if measured voltage is over the standard volt- 

aae at least once.) 1 1 

Usual Condition 

~ o o r l y  connected connectors or an open circuit in ignition system. 
5. Faultv ianiton system control circu~t such as side as srand switch or 

lgnition coil 
primary 

Low peak voltage. 

6. reverse-switch circuit (for appropriate models only). 
Faulty exciter coil. (Measure the peakvoltage.) 

7. Faulty ignition coil. 
8. Faultv ignition control module (in case when above No. 1 - 8 are 

I I 

Exciter coil 

Ignition pulse 
generator 

1 
No peak voltage. 

Peakvoltage is normal, but 
no spark jumps at plug. 
Low peak voltage. 

No peak voltage. 

Low peak voltage. 

No peak voltage. 

9. normall. 
1. Incorrect peak voltage tester connections. (System is normal if mea- 

sured voltage is over the specifications with reverse connections.) 
2. Battery is undercharged. (Voltage drops largely when the engine is 

started - only for DC-CDI.) 
3. Short circuit in engine stop switch wire (except DC-CDI). 
4. Faulty ignition switch or engine stop switch. 
5. Loose or poorly connected ignition control module connector(s). 
6. No voltage at the power source wire of the ignition control module (only 

for DC-CDI). 
7. Open circuit or poor connection in ground cord of the ignition control 

module. 
8. Faulty ignition system control circuit such as side stand switch or 

reverse switch circuit (for appropriate models only). 
9. Faulty peak voltage tester. 

10. Faulty exciter coil. (Measure peakvoltage.) 
11. Faulty ignition pulse generator. (Measure peak voltage.) 
12. Faulty ignition control module (in case when above No. 1 - 11 are 

normal). 
1. The multimeter impedance is too low. 
2. Faulty ignition coil. 
1. The multimeter impedance is too low. 
2. Cranking speed is too slow. 

Battery is undercharged (or operating force of the kickstarter is weak). 
3. The sample timing of the tester and measured pulse were not synchro- 

nized. (System is normal if measured voltage is over the specifications at 
least once.) 

4. Faulty exciter coil (in case when above No. 1 - 3  are normal). 
1. Faulty peak voltage tester. 
2. Faulty exciter coil. 
1. The multimeter impedance is too low. 
2. Cranking speed is too slow. 

Battery is undercharged (or operating force of the kickstarter is week). 
3. The sample timing of the tester and measured pulse were not synchro- 

nized. (System is normal if measured voltage is over the specifications at 
least once.) 

4. Faulty ignition pulse generator (in case when above No. 1 - 3  are 
normal). 

1. Faulty peak voltage tester. 
2. Faulty ignition pulse generator. 



IGNITION SYSTEMS 
No soark at ~ l u a s  (Transistorized ianition svsteml 

- 
4. ~ o b r  connection or open circuit in ground wire of the ignition control module.' 
5. Loose or poor connections, or open circuit between the ignition coil and 

. - -  - 
"Initial voltage" of the ignition primary coil is the voltage measured with the ignition switch ON and 

engine stop switch at RUN (when the engine is not cranking with the starter motor). 

ignition c'ontrol module. 
- 

6. Short circuit in ignition primary coil (except in case the coils are exchanged 
and checked on multi-cylinder engine). 

7. Faulty ignition system control circuit such as side stand switch or reverse 
switch circuit (for appropriate models only). 

8. Faulty ignition pulse generator. (Measure peak voltage.) 
1 9. ~ a u l <  ignition controi module (in case when above NO. 1 - 8 are normal). 

Initial voltaae is I 1. Incorrect oeak voltage tester connections. 

Probable Cause (Check in numerical order) 
1. Faulty engine stop switch. 
2. Open circuit between the engine stop switch and ignition coil. 
3. Loose or poor connection of the ignition coil primary wire terminal, or RUN. 

(Other electrical open circuit in  primary coil. Check at the ignition control 
module connector.) 

4. Faulty ignition control module, in case when the initial voltage is 
normal with the ignition control module connector(s) disconnected. 

1. Incorrect peak voltage tester connections. 
2. Battery is undercharged. (Voltage drops largely when the engine is started.) 
3. No voltage at the power source wire of the ignition control module, or loose 

or poorlv connected ignition control module connector(s). 

Usual Condition 

normal, buino peak / 2. Faulty peikvoltageiester. 
voltaoe exists while 3. Faultv ianition control module (in case when above No. 1 and 2 are normal). 

Ignition coil 
primary 
voltage 

normal, but peak 
voltage is lower than 
the standard value. 

No initial voltage 
with the ignition switch 
ON and engine stop 
switch at RUN. (Other 
electrical components 
are normal.) 

Initial voltage is 
normal, but it drops 
by 2 - 4 volts while 
crankina the enaine. 

1. The multimeter impedance is too low. 
2. Cranking speed is too slow. 

Battery is undercharged (or operating force of the kickstarter is weak). 
3. The sample timing of the tester and measured pulse were not synchronized. 

(System is norma/ if measured voltage is over the specifications at least once 
4. Faulty ignition coil (except in  case the coils are exchanged and checked on 

mu~ti lc~l inder engine). 
5. Faulty ignition control module (in case when above No. 1 - 4  are normal, but 

! !normal. but no soark I 1 

no spark jumps at plug). 
Initial voltage and 
peak voltage are 

/ 4. Fa'u~ty ignition pulse generator (in case when above No. 1 - 3  are normal). 
No peak voltage. 1. Faulty peak voltage tester. 

1. Faulty spark plug or leaking ignition coil secondary current ampere. 
2. Faulty ignition coil(s). 

Ignition pulse 
generator 

jumps i t  plug. ' 

Peakvoltage is 
lower than the 
standard value. 

1. The multimeter impedance is too low. 
2. Cranking speed is too slow. 

Battery is undercharged (or operating force of the kickstarter is week). 
3. The sample timing of the tester and measured pulse were not synchronized. 

lSvstem is normal if measured voltaae is over the s~ecifications at least once.) 



IGNITION SYSTEMS 

SYSTEM DESCRIPTIONS 
Most motorcycles use electrically controlled ignition systems. These ignition systems can be divided into CDI or transistor- 
ized types, depending on how they operate. Although their function is the same, the way they operate is different. In order 
to service these systems, one needs to understand their basic operation. Since both control their ignition-system compo- 
nents electrically, there is no mechanical wear, and periodic maintenance and adjustment are unnecessary. 

CDI 
The term CDI is an abbreviation for "Capacitive Discharge Ignition." The CDI produces quick and stable secondary voltage 
and is resistant to spark plug fouling. It is also designed to increase its secondary voltage as rpm increases. 

OPERATING PRINCIPLES 

As the alternator rotor turns, current is induced in the alternator (exciter coil). This current (AC) is fed to the ignition control 
module with a voltage of 100- 400 volts. This AC current is half-wave rectified by a diode and is stored in the capacitor 
inside the ignition control module. 

When the engine is turned off, the current induced by the exciter coil is shorted to ground, thus cutting off current to the 
capacitor and turning off the spark. 

The capacitor cannot discharge until the SCR is turned ON. The SCR is turned ON as the ignition pulse generator sends 
pulses to the trigger circuit which, in turn, feeds current to the gate of SCR. 

CAPACITOR 



IGNITION SYSTEMS 
When the SCR is turned ON, the capacitor discharges current to the ignition primary coil. A high voltage surge induced in 
secondary coil jumps the spark plug gap. 

This circuitry is also controlled by one additional circuit on models equipped with a side stand ignition cut-off system. 

SPARK PLUG WIRE 
\ 

PRINCIPLE OF IGNITION TIMING ADVANCE 

Another function of the electrically controlled ignition system is that the ignition timing advance (or retard) is controlled 
electrically. This system requires no mechanical advance and has no mechanical wear. The overall design eliminates peri- 
odic adjustments and maintenance. 

This section explains the operating principles of the ignition timing advance. The ignition timing retard system operates 
under the same principles. 

The trigger circuit consists of a wave A and wave B generating circuit which converts the output from the ignition pulse 
generator to waveforms A and 6,  and an ignition timing selector circuit. 

IGNITION CONTROL MODULE 

EXCITER 
DIODE CAPACITOR 

COIL I IGNITION COIL 

GENERATOR DETERMINATION 
ClRlCUlT GATE CIRCUIT 



IGNITION SYSTEMS 

OUTPUTPULSE OF IGNITION 1 PULSE GENERATOR 

The ignition pulse generator produces positive and negative voltage 
pulses when the rotor reluctor crosses the generator. 

The output from the ignition pulse generator is converted into basic 
waves A and B. 

Basic wave A is unaffected by engine speed and remains constant. 

Basic wave B changes its gradient as the engine speed increases as 
shown in the graph at right. 

The ignition timing determination circuit sends current to the gate of 
the SCR when a negative voltage pulse from the ignition pulse genera- 
tor is input to the determination circuit, or when wave A becomes 
greater than wave B. The current to the gate of the SCR turns it on and 
ignites the spark. 

Since wave A remains constant and wave B changes its waveform as 
the engine rotation increases, wave B becomes smaller than wave A. 
As the engine speed increases, the timing at which wave A becomes 
greater than wave B advances. When the engine speed increases 
above N4, ignition timing no longer advances because basic wave A is 
not inclined. 

At N1, wave B is larger than wave A and so ignition timing is deter- 
mined by the negative voltage pulse from the ignition pulse generator. 

ROTOR IGNITION PULSE GENERATOR 



IGNITION SYSTEMS 

DC-CDI 
The DC-CDI ignition system is basically a CDI system except that the battery is the voltage source. The DC-CDI ignition con- 
trol module includes a DC-DC converter which amplifies the battery voltage to about 220V, which is then stored in the 
capacitor. Except for the DC-DC converter, the DC-CDI ignition control module is identical to the CDI unit. Compared to con- 
ventional exciter coil-powered CDI, the DC-CDI provides greater spark energy at low rpm since the power source is stable 
battery energy. 

IGNITION CONTROL MODULE IGNITION COIL 

SPARK 
PLUG 

BATTERY y - 
- 

TRANSISTORIZED IGNITION SYSTEM - ~ - 

The transistorized ignition system also utilizes the battery, but its ignition operation works differently. 
Since the duration of time the soark olua fires is lonaer than that of a CDI svstem. the transistorized ignition svstem is well 

~ ~~~~ 

suited for large displacement engines. - - 

OPERATING PRINCIPLES 
The battery feeds current to the ignition primary coil via the ignition switch and the engine stop switch when the transistor 
inside the ignition control module is turned. This current is turned off when the transistor is. 

When the engine is turned on, the pulse signal from the ignition pulse generator is fed to the ignition timing control cir- 
cuit. The ignition timing control circuit determines the ignition timing based on the pulse signal, and sends current to 
the transistor. 

After a current pulse flows through the primary coil, the transistor is turned. At that moment, an induced voltage on the 
secondary coil ignites the spark plugs. 

PRIMARY COlL 
CURRENT 



IGNITION SYSTEMS 
As the engine speed increases, the duration of current flowing through the primary coil becomes shorter and eventually 
the secondary coil voltage is not high enough. The ignition timing control circuit also controls the duration of current flow 
through the ignition primary coil to ensure the correct plug-firing voltage to the secondary coil. 

BASE CURRENT 
I 

TO TRANSISTOR 

COIL VOLTAGE 

IGNITION SECONDARY 1 COIL VOLTAGE p[/v'p 1 
DIGITALLY CONTROLLED TRANSISTORIZED IGNITION SYSTEM 
This system digitally controls the ignition timing using a microcomputer inside the ignition control module which calcu- 
lates the ideal ignition timing at all engine speeds. The microcomputer also has a fail-safe mechanism which cuts off 
power to the ignition coil(s) if the ignition timing becomes abnormal. 

The system consists of an ignition pulse generator rotor, one or two ignition pulse generators, the ignition control module, 
ignition coil(s), and spark plug(s). 

1. The ignition pulse generator rotor has projections called reluctors that rotate past the ignition pulse generatods), pro- 
ducing electronic pulses which are sent to the ignition control module The engine rpm and crankshaft position of each 
cylinder are detected by the relative positions of the projections of the ignition pulse generator rotor(s). 

2. The ignition control module is non-serviceable and consists of a power distributor, a signal receiver, a microcomputer 
and a distributor. 
- The power distributor distributes battery voltage to the ignition control module when the key is turned on. 
- The signal receiver receives the electronic pulse from the ignition pulse generatorb) and then converts the pulse sig- 

nals to a digital signal. The digital signal is sent to the microcomputer which has a memory and an arithmetic unit. 
- The microcomputer memory stores the desired characteristics of the timing for each rpm and crankshaft position. The 

arithmetic unit relays the rpm and crankshaft position to microcomputer memory. The memory then determines 
when to turn the transistor on and off to achieve the correct spark plug firing time. 

- When the transistor is turned on, the primary coils of the ignition coils are saturated. Memory then turns the transistor 
off when i t  is time to fire the spark plug. 

The system illustration below features a simpl;f;ed single ignition pulse generator rotor system. This type is used on many 
models Droduced from early 1989 onward. Dual ignition pulse generator systems are very similar in design and are found 
on most engines produced before this time. 

ENGINE 
STOP IGNITION 

IGNITION PULSE SWITCH SWITCH 
GENERATOR ROTOR 

------------- 
1 

DISTRIBUTOR 

t 1 MICRO 
COMPUTER 
ARITHMETIC 

IGNITION 
PULSE 

I 
GENERATOR I 

I - 1 

IGNITION CONTROL , 
MODULE 

' I 

BATrERY 

SPARK PLUG 

Ignition Coil with Built-In Igniter 

On the GL1800, each coil has a built-in igniter that boosts the ignition signal (5V) from the engine 
control module (ECM) to generate the primary side voltage. 



IGNITION SYSTEMS I 

SIDE STAND IGNITION CUT-OFF SWITCH 

DESCRIPTION 
This device warns the rider that the side stand is lowered by turning on an indicator light. It also operates as an ignition 
cut-off switch when the transmission is shifted into gear, and prevents the starter motor and ignition from operating (and 
the battery from discharging) under certain conditions (described below). 

Retracted 

OPERATING PRINCIPLE 
"Starting" in  the table below means "Starting the engine with the starter motor." Starting with the kickstarter is excluded. 

! Neutral 
1 Pulled In Possible 1 Possible 1 

Side stand position 

Lowered 

1 1 / Released Possible Not Possible 1 

Transmission 

Neutral 

In Gear 

%==+= 
8 

TYPICAL COMPONENT LOCATIONS 

Clutch lever 

Pulled In 

Released 

Pulled In 

Released 

In Gear 

Ignition 

Possible 

Possible 

Not Possible 
- 

Not Possible 

Released 

Pulled In 

Starting 

Possible 

Possible 

Not Possible 

Not Possible 

Possible 

Possible 



ICiNI I ION SYS I tMS 

COMPONENT FUNCTION 
Remarks 

I When side stand is . , .-... , L.. 

-..--..-.. 
/ Contains interface for side stand 

1 

2 

3 

4 

I 1 / Lowered: Contact ~ o i n t  of ignition1 1 1 

Indicator 

Clutch switch 

Starter switch 

Clutch switch diode 

6 

~ ~ 

starting kde is closed 
Contact point of indicator 
side is open 

Lowered: Light ON 
Retracted: Light goes OFF 
When clutch lever is 
Pulled In: ON (Continuity) 
Released: OFF (No continuity) 
When starter switch is 
Pushed: ON (Continuity) 
Released: OFF (No continuity) 
Prevents current from flowing in reverse 

lgnition control 
module (ICM) 

Starter relay switch 

7 

- Lens culur IS amuer 
"SIDE STAND" is described 

Same switch as of starting system 

Also serves as a starting system diode 

switch 
When side stand switch wire is 
Grounded: Ignition is possible 
Opened: Ignition is not possible 

When relay coil in the switch is 
Activated: Starter motor turns 
Not Activated: Motor stops 
When side stand is 

Side stand switch 

Circuits are different depending on 
ignition system 

Same as ordinary starter relay switch 

starting side is open 
'Ontact point Of indicator 
side is closed 

Retracted: Contact ~ o i n t  of ianitionl 

Installed on the side stand pivot bolt 
Refer to next page for operation 
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SlDE STAND SWITCH OPERATION 
The side stand switch detects the side stand position electrically. The switch is installed on the side stand pivot bolt. On 
some models, the switch is installed on the rear of the pivot bolt or is covered. 

The switch is a rotary-type and the fixed contact is set to the frame. The rotary switch contact rotates inside the switch 
housing following the movements of the side stand. 

The side stand switch is activated by the side stand position, as shown below. 

Lowered Position Retracted Position 

Contact of indicator side: ON (Closed) - OFF (Open) 

Contact of ignitionlstarting side: OFF (Open) - ON (Closed) 

INDICATOR TO IGNITION1 
SlDE STAND SWITCH \ STARTING 

ROTARY 
CONTACT 

FIXED CONTACT 
(3 POINTS) 

SlDE STAND 
POSITION 
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INDICATOR OPERATION 
When the side stand is lowered, the indicator contact of the side stand switch is connected to ground and battery current 
flows through the circuit to light the indicator. 

Battery Ignition switch Indicator - Side stand switch (turned ON) + Body ground 

When the side stand is retracted, the indicator contact of the side stand switch is open. Therefore, current from the battery 
cannot flow and the indicator light goes off. 

STARTING SYSTEM (STARTER MOTOR) OPERATION 
MODEL WITH MANUAL CLUTCH 

When the ignition switch is turned ON and the starter switch is pushed, battery voltage is applied to the starter relay switch 
coil. If the switches in the ground circuit of the starter relay switch are not turned ON (condition 1 or 2 below), the circuit 
cannot be grounded and the starter motor does not operate. 

1. Neutral switch is turned ON 
2. Both clutch and side stand switches are turned ON 

If either condition 1 or 2 (above) is met, current from the battery flows through the circuit as shown in the diagram at right, 
the starter relay switch is turned ON and the starter motor operates. 

1 N E T  INDICATOR 

IGNITION SWITCH 

1 SIDESTAND 1 
T SWITCH - - . \  C , 

+ Current flow when starter switch 
is turned ON 

-Current flow when both clutch and 
side stand switches are turned ON 
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MODEL WITH CENTRIFUGAL CLUTCH 

To prevent vehicles with a centrifugal clutch from lurching forward when the engine starts, a circuit is used that prevents 
voltage from reaching the starter relay switch unless the brake is applied (brake light switch is turned on). 

The side stand switch is part of the ground circuit. Only when the side stand is retracted is the ground circuit complete and 
the starter motor able to operate. 

IGNITION SWITCH 

I STARTER MOTOR I 
Current flow when ignitionlstarting 
side contact of the side stand 
switch is turned ON (closed) 
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IGNITION SYSTEM OPERATION 
CDI SYSTEM INTEGRATED WITH SIDE STAND SWITCH AND/OR NEUTRAL SWITCH 

CDI Systems integrated with a side stand switch and a neutral switch operate similar to other CDI systems except that the 
ignition control module also controls the circumstances that allow ignition through an interface and transistor. 

The interface determines whether to turn the transistor on or off. 
The transistor determines how the ignition control circuit works by turning the SCR (thyristor) on or off. 

The interface receives information through the external detection circuit consisting of the side stand and neutral switches. 
A diode in this circuit prevents current from flowing in the reverse direction. This circuit must have a ground path for igni- 
tion to be possible. 

Ignition is not possible if both of the following conditions occur: 

1. Side stand is lowered 
2. Transmission is in gear 

Models without transmissions (such as scooters), do not have neutral switch or clutch circuits and therefore condition 2 
does not apply. 

Example of a Circuit for Models with Manual ClutchlTransmission 

NEUTRAL INDICATOR 
IGNITION SWITCH - 
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Under conditions 1 and 2, the interface in  the ignition control module is activated and sends the base signal to the transis- 
tor and the transistor is turned ON. 

When the transistor is turned ON, it conducts the gate signal from the trigger to ground. Therefore, the SCR (thyristor) can- 
not be turned on and the ignition is not possible. 

Ignition Is Not Possible 
TO NEUTRAL 
INDICATOR 

- - - = - * - - - - - - 

When: 

the side stand is retracted and 
the transmission is placed in  neutral 

the transistor is turned OFF as the interface is deactivated. Therefore, the gate signal from the trigger can be applied t o  the 
SCR and ignition is possible. 

lgnition Is Possible 

T = - 
Y 

- - 
7 * 
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DC-CDI SYSTEMS INTEGRATED WITH SIDE STAND SWITCH AND/OR NEUTRAL SWITCH 

DC-CDI Systems integrated with a side stand switch and a neutral switch operate similar to other DC-CDI systems except 
that the ignition control module (DC-CDI unit) also controls the circumstances that allow ignition through a resistor and 
a transistor. 
The external detection circuit is similar to the system described previously, but the method of ignition control is different. 

The resistor determines whether the transistor is turned off or turned on. The transistor determines how the ignition con- 
trol circuit works by activating or deactivating the DC-DC converter. 

If the transistor is turned off, the DC-DC converter is activated to make ignition ~ossible. - 
The resistor receives information through the external detection circuit consisting of the side stand and neutral switches. A 
diode in this circuit must have a ground path to make ignition possible. 

Ignition is not possible if both of the following conditions occur: 

1. Side stand is lowered 
2. Transmission is in gear 

Models without transmissions (such as scooters), do not have neutral switch or clutch circuits and therefore condition 2 
does not apply. 

Example of a Circuit for Models with Manual Clutchmansmission 

IGNITION SWITCH 
IGNITION COIL 

MAIN FUSE 
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Under conditions 1 and 2, the signal from the DC-DC converter is applied to the transistor through the resistor, turning the 
transistor ON. When the transistor is turned ON, the signal from the DC-DC converter is deactivated. This means that no 
electrical current from the DC-DC converter is applied t o  the capacitor, and ignition is not possible. 

1 DC-DC CONVERTER I 

When: 

the side stand is retracted and 
the transmission is placed in  neutral 

the signal from the DC-DC converter is grounded through the side stand and the neutral switches. The signal is not applied 
t o  the transistor, and therefore the transistor is turned OFF. When the transistor is turned OFF, the signal from the DC-DC 
converter is activated and, therefore, applied to the capacitor to make ignition possible. 

DC-DC CONVERTER 

TRIGGER 

TRANSISTORIZED IGNITION SYSTEM INTEGRATED WITH SIDE STAND SWITCH AND NEUTRAL SWITCH 

Transistorized Ignition Systems (TPI) integrated with a side stand switch and neutral switch operate similar t o  other TPI 
systems except that the TPI unit also controls the circumstances that allow ignition through a resistor and a transistor. 

The ignition control circuit in  the ignition control module is deactivated in  the same way as the DC-CDI ignition system 

Under condition 1 and 2: i f the sidestand is lowered and the transmission is placed in  gear, the signal from the ignition con- 
trol module power supply line is applied t o  the transistor through the resistor to turn the transistor ON. When the transistor 
is turned ON, the signal from the ignition control module power supply line is deactivated. 

This means that no electrical current from the ignition control module power supply line is applied t o  TR2 (power transis- 
tor) and ignition is not possible. 

- - = 
'= TPI SPARK UNIT 
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SPARK PLUG 
For information on iridium plugs, see Chapter 2, MAINTENANCE. 

Due to the high voltage generated at the ignition coil, sparks jump across the center electrode and side electrode of the 
spark plug and ignite the fuel mixture in the combustion chamber. 

Use spark plugs of the proper size and heat range appropriate for the engine, or the engine will not perform to its full 
potential and damage to the engine may occur. 

Heat dissipation. I 
SPARK PLUG HEAT RANGE 

As the spark plug is constantly exposed to the engine combustion, heat must be dissipated in order to keep the spark plug 
at a certain temperature at which carbon deposits are burned off. 

The capacity to dissipate heat is called "heating value" or heat range. 

It is important to install spark plugs of the proper heating value because the combustion temperature varies according to 
the engine type and driving conditions. 

Hot type .............. Heat is dissipated slowly. 
Cold type ............ Heat is dissipated quickly. 
The heating value indicated by a number: 
- Smaller number ............. Hotter type 
- Larger number ............... Colder type 

HOT TYPE P COLD TYPE 
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If an improper cold type spark plug is installed, the spark does not jump across the electrodes as easily and the electrodes 
may become contaminated with oillgasoline. If an improper hot type is installed, it causes overheating or pre-ignition. and 
may result in melted electrodes andlor a hole in the piston. 

Heat range of hot type and cold type I 

= 

m 
n 
V) 

Driving speed (kmlh) - 

Optional spark plugs are often listed for Honda motorcycles. Replace the standard plug with an optional one whenever the 
heating value of the original plug does not comply with the driving conditions. 

There are several types of spark plugs, grouped according to the heating value, thread diameter and construction, as 
shown below. 

NGK Plug 

D I P 1 8 1 E I A-9 
Thread dia. I Remark I Heating value 1 Thread length I Remark 
A: 18 mm IP: Porcelain ~roiected t v ~ e  14 (Hot tvpe) IE: 19 mm IA, Z: Special type . . 1: 'll ;I IR: ~es is to rs~ark  plug H: 12.7 mm S: wi th copp&wick 

IV: Narrow center electrode 

DENS0 Plug 

D: 12 mm K: Side electrode 
Number indicates the plug gap. 
"9": 0.9 mm 

- 
-9 

Remark 
"9" indicates that the plug gap 
plug is 0.9 mm. If no number is 
listed, it usually indicates that the 
gap is 0.7 mm. 

X 
Thread dia. 
M: 18 mm 
W: 14mm 
X: 10 mm 
U: 12mm 

24 
Heating value 
14 (Hot type) 
16 

f 20 
22 
24 
27 (Cold type) 

E 
Thread length 
E: 19 mm 
F: 12.7 mm 

P I U 
Remark 

P: Porcelain projected type 
L: Special plug 
R: Resistor spark plug 
S: Porcelain not projected type 
U: With "U" groove in the side electrode 
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DESCRIPTION OF PEAK VOLTAGE TESTER 
The input or output voltage of the ignition system is a pulse voltage that increases and decreases within short periods of 
time. If an ordinary voltmeter was used to measure these kinds of signals, i t  would read an incorrectly low voltage value. 
For example, the primary side pulse of the ignition coil reaches the range of some hundred volts for a moment whereas an 
ordinary voltmeter would read only millivolt values. 
Rather than using an expensive oscilloscope which is suitable to measure such short-length pulses, a much cheaper device 
is available to accurately measure peak voltages. This device is called a peak voltage tester. In the U.S.A. the approved 
devices are the IgnitionMate peakvoltage tester and the lmrie lgnition Analyzer. 

TOOL: 
Peak voltage tester 

IgnitionMate peak voltage tester lmrie lgnition Analyzer 
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SPARK TEST 
Remove the spark plugs from the cylinder head and 
reconnect them to the plug caps. 

Avoid touching the spark plug wires to prevent elec- 
tric shock. 

Ground the spark plug to the cylinder head and turn 
the ignition ON. Avoid holding the spark plug to 
prevent electrical shock. Check if a good spark 
occurs while cranking the engine with the starter. 

A high voltage spark will appear at the spark 
plug gap. 

For multi-cylinder engines, remove the spark plug 
from each cylinder. 
For some models with the CDI system, there is a cir- 
cuit within the ignition control module designed to 
turn off the spark at low cranking speeds (below 
200- 500 rpm). In this case, leave the spark plug in 
the cylinder head and try the spark test with a 
known good spark plug. 

Some ignition control modules are designed to turn 
off the spark when the transmission is in gear or 
reverse position. 

If the plug fires, the spark plug is good. 

Note that spark plugs are more difficult to fire in 
dense air than under normal atmospheric condi- 
tions. Thus, even though a spark occurs under nor- 
mal conditions, it may not occur in the compressed 
cylinder environment. 

For this reason, you should check that the second- 
ary coil has sufficient voltage by following the pro- 
cedure that follows: 

Attach a spark plug adaptor. Ground the black wire 
to the engine and conduct the spark plug test. 
If there is a spark across the gap in the adaptor, the 
ignition coil is good. 

TOOL: 
Spark adaptor 

If a spark occurs across the spark plug gap, but no 
spark occurs with the adaptor on, the secondary coil 
voltage is insufficient. 

IGNITION TIMING 
Warm up the engine. 

For models with multiple cylinders, connect a tim- 
ing light to the No. 1 spark plug wire. 

For models with no tachometer, connect an engine 
tachometer. 

Read the manufacturer's instructions for the timing 
light and engine tachometer before operating. 

Remove the timing hole cap from the engine (refer 
to the Model Specific manual forthe location of cap). 
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Start the engine and check for the following results: 

If the F mark on the rotor is aligned with the 
index mark on the case at the correct idling 
speed, then the timing is correct. 
Increase engine speed by rotating the stop screw 
on the carburetors. 
Check if the F mark begins to move when the 
engine speed reaches the advance (or retard) 
starr rpm. (This inspection cannot be done on 
models with a large ignition timing variation.) 
At full advancelretard rpm, the ignition timing is 
correct if the index mark is between the two 
advancelretard marks. 

Because models with large ignition timing variations 
cannot be checked this way, there are no advancelre- 
tard marks on the rotor for these models. In that 

ADVANCE 
MARK MARK MARKS 

&&& MARK 

IDLE ADVANCE FULL 
SPEED (RETARD) ADVANCE 

(FULL 
RETARD) 

Reverse the inductive pick-up lead of the timing 
light, or, since the polarity of the waveform has no 
effect on the spark plug, connect the ignition pri- 
mary coil wires to the opposite terminals. For dou- 
ble ignition coil types (a single coil firing two spark 
plugs), connect the timing light to the opposite 
wire of the same coil. The correct timing should 
then be observed. 

NEGATIVE 
WAVEFORM 

- - - - thetiming 
light 

case, check only the F mark position. 

Depending on the kind of timing light used when 
checking the ignition timing, you could detect 
abnormal advance timing. 

This is because the spark plug wire being measured 
is not receiving a negative pulse. (Most timing lights 
are designed to receive negative pulses.) 

If the spark plug wire being measured is receiving 
positive pulses, the input of the timing light will be 
receiving the alternated portion of the waveform 
and the timing light will flicker. 

WAVEFORM TIMING LIGHT 
FLASH POINT 
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IGNITION SYSTEM INSPECTION (PEAK 
VOLTAGE MEASUREMENT METHOD) 

If no spark jumps at the plug(s), check all connec- 
tions for loose or poor contact before measuring 
each peak voltage. 

TOOL: 
IgnitionMate peak voltage tester or 
lmrie Ignition Analyzer 

IGNITION COIL PRIMARY VOLTAGE 
INSPECTION 
Check all system connections before this inspec- 
tion. Poor connected connectors can cause incor- 
rect readings. 

Make sure that the cylinder compression is normal 
and check with the spark plug and plug cap in- 
stalled correctly. On the models with the transistor- 
ized ignition system, readings measured with the 
plug cap disconnected result in abnormally high 
peak voltage values. 

In case of a multi-cylinder engine, the ignition 
caused by normal cylinder spark will result in an 
unstable cranking speed. In the same way as ordi- 
nary spark test, leave the spark plug installed in the 
cylinder head, install a known good spark plug into 
the plug cap and ground it to the engine. 
When no spark jumps at plug and the engine does 
not start, however, the system can be checked with 
the spark plug and cap installed normally. 

Connect the peak voltage tester test leads to the 
ignition coil primary terminals. 
Refer to the Model Specific manual for the peak 
voltage specifications. 

If the peak voltage is lower than specifications, re- 
check peak voltage with reverse connection. The ig- 
nition system is normal if measured voltage is over 
the specifications with reverse connection. 

Turn the ignition switch ON. If equipped with an 
engine stop switch, turn it to RUN position. In case 
of transistorized ignition system, then measure the 
voltage (initial voltage). If the tester indicates a 
value close to the battery voltage, the ignition coil 
power supply circuit is normal. If there is no volt- 
age, the power supply circuit is defective. Check 
each item referring to the troubleshooting chart. 
Measure the peak voltage of the ignition coil pri- 
mary side with the ignition switch ON and the 
engine stop switch to RUN position, while cranking 
the engine with the kickstarter or starter motor. 
Refer to the Model Specific manual for the peak 
voltage value. 

TOOL: 
IgnitionMate peak voltage tester or 
lmrie Ignition Analyzer 
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If there are connectors between the ignition con- 
trol module and the ignition coil, it is possible to 
check an open circuit or poorly connected connec- 
tors by comparing the peak voltage measured at 
even/ point. If no defects are found in the har- 
ness after checking i t  completely, the peak volt- 
age is abnormal. 

In case of a configuration where several ignition coils 
are driven by one ignition control module, discon- 
nected or a loose connection in another ignition sys- 
tem circuit may cause abnormal voltage readings. 

On the models which use two or more ignition 
coils, various voltage may differ. As long as the 
measured voltages exceed the specified value, the 
svstem is normal. 

EXCITER COIL 
Install the spark plug(s) into the cylinder head and 
measure the peak voltage under normal cylinder 
compression. 

Test the exciter coil peak voltage at the ICM connec- 
tor, do not disconnect the connector. Refer to the 
model-specific Service Manual for the exciter coil 
wire color. Connect the tester probes to the exciter 
coil wire and ground. 

Crank the engine with the kickstarter or starter motor 
and measure the peak voltage of the exciter coil. 

Reverse the test leads and retest. 

Write down the higher of the two voltage readings. 

Refer to the Model Specific manual for the specified 
peak voltage. 

TOOL: 
IgnitionMate peak voltage tester or 
lmrie Ignition Analyzer 

If the peak voltage measured at the ignition con- 
trol module connector is abnormal, disconnect the 
nearest connector to the exciter coil and connect 
the adaptor probes to the exciter coil wire termi- 
nal and ground. 

In the same way as at the ignition control mod- 
ule connector, recheck the peak voltage and com- 
pare it to the voltage measured at the ignition 
control module. 

If the exciter coil wire is directly connected to 
the ignition control module, the test points will 
be on the same potential, thus not allowing a 
value comparison. 

If there are connectors between the ignition con- 
trol module and exciter coil, it is possible to check 
the wire harness for open circuit or loose connec- 
tions by comparing the peak voltage measured at 
different points. If no defects are found in the har- 
ness after checking it completely, the peak voltage 
is abnormal. 

If the peak voltage measured at the ignition control 
module is abnormal and the one measured at the 
exciter coil is normal, the wire harness has an open 
circuit or loose connections. 

If both peak voltages measured are abnormal, check 
each item in the troubleshooting chart. If all items 
are normal, the exciter coil is faulty. 
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IGNITION PULSE GENERATOR 
Install the spark plug(s1 into the cylinder head 
and measure the peak voltage under normal cyl- 
inder compression. 

Test the ignition pulse generator peak voltage at the 
ICM connector, do not disconnect the connector. 
Refer to the model-specific Service Manual for the 
pulse generator wire color. Connect the tester 
probes to the pulse generator wires. If there is only 
one wire, touch the other test probe to ground. 

Crank the engine with the kickstarter or starter 
motor and measure the peak voltage of the ignition 
pulse generator. 

Reverse the test leads and retest. 

Write down the higher of the two voltage readings. 

Refer to the Model Specific manual for the specified 
peak voltage. 

TOOL: 
IgnitionMate peak voltage tester or 
lmrie Ignition Analyzer 

If the peak voltage measured at the unit connector is 
abnormal, disconnect the nearest connector to the 
ignition pulse generator and connect the adaptor 
probes to the ignition pulse generator wire terminal 
and ground. 

In the same way as at the unit connector, recheck 
the peak voltage and compare it to the voltage mea- 
sured at the ignition control module. 

If the ignition pulse generator wire is directly con- 
nected to the ignition control module, the test 
points will be on the same potential, thus not al- 
lowing a value comparison. 

If there are connectors between the ignition control 
module and ignition pulse generator, it is possible 
to check the wire harness for open circuit or loose 
connections by comparing the peak voltage mea- 
sured at different points. If no defects are found in 
the harness after checking it completely, the peak 
voltage is abnormal. 

On the models equipped with two or more ignition 
pulse generators, variousvoltage may differ. As long 
as the measured voltages exceed the specified val- 
ue, the system is normal. 

If the peak voltage measured at the ignition control 
module is abnormal and the one measured at the 
ignition pulse generator is normal, the wire harness 
has an open circuit or loose connections. 

If both peakvoltages measured are abnormal, check 
each item in the troubleshooting chart. If all items 
are normal, the ignition pulse generator is faulty. 
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IGNITION COlL 
(For testing "Direct Ignition Coil," coil-integrated 
spark plug cap type coils, see Model Specific 
manual). 

Measure the peak voltage of the ignition coil primary 
side first. 

Since the resistance value of the primary coil is in- 
herently very small, it is difficult to distinguish it 
from a shorted wire. Measure the coil resistance as a 
guideline for checking the coil. 

PRIMARY COlL INSPECTION 
Measure the resistance between the two terminals 
of the ignition primary coil. 

If the resistance value is within the specified range, 
the coil is good. 

If resistance is m (infinite), replace the coil with a 
new one. 

SECONDARY COlL INSPECTION 

PRIMARY COlL 

With the spark plug cap on, measure the resistance 
between the primary coil terminal and the spark 
plug cap. 

For a double ignition coil, measure the resistance 
between the spark plug caps. 

If the resistance value is within the specified range, 
then the coil is good. 

If the resistance is m (open wire), disconnect the 
spark plug cap(s) and measure the secondary 
coil resistance. 

Measure resistance between the primary coil termi- 
nal and the spark plug wire. 

For a double ignition coil, measure the resistance 
between the spark plug wires. 

If the resistance value is within the specified range, 
the coil is good. 

SECONDARY COlL 
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SERVICE INFORMATION 
GENERAL 

Always turn the ignition switch OFF before servicing the starter motor. The motor could suddenly start, causing seri- I ous iniury. 

Refer to the Model Specific manual for removal and installation of the starter motor. 
A weak battery may be unable to turn the starter motor quickly enough or supply adequate ignition current. 
The starter motor may be damaged if current is allowed to flow to it when the engine cannot turn over. 
For models with a centrifugal clutch, incorrect adjustment of the brake light switch could prevent the starter motor 
from operating. 
Refer to Section 25 for the side stand switch and indicator inspections. 
The starter motor will not operate unless the conditions under which the engine can be started are met on models with 
the side stand ignition cut-off switch. 
Refer to Section 23 for the description and operation of the side stand ignition cut-off switch. 
The following table describes the conditions when the engine can or cannot be started. "Not possible" in the "Starting" 
column means that the starter motor cannot be operated. 

1 Side stand position 1 Transmission Clutch lever 1 Ignition Starting 1 

Retracted 

Neutral 

In Gear 

Neutral 
Released 

Pulled In 

Released 

Pulled In 

Released 

Pulled In 

In Gear 

Possible 

~ 

Possible 

Possible 

Not Possible 

Not Possible 

Possible 

Possible 

Pulled In 
I I 

Possible 

Possible 

Not Possible 

Not Possible 

Possible 

Released 

Possible Possible 

Possible Not Possible 
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TROUBLESHOOTING 
Starter motor turns slowly 

Low specific gravity in battery (or dead battery) 
Poorly connected battery terminal 
Poorly connected starter motor cable 
Faulty starter motor 
Poorly connected battery ground cable 

Starter motor relay "clicks," but engine does not turn over 
Crankshaft not turning due to engine problems 
Excessive reduction gear friction 
Faulty starter pinion engagement 

Starter motor turns, but engine does not turn 
Starter motor is running backwards 
- Brushes assembled improperly 
- Case assembled improperly 
- Terminals connected improperly 
Faulty starter clutch 
Damaged or faulty starter pinion 
Damaged idler gear or reduction gear 
Broken starter motor drive chain 
Faulty starter clutch 

Starter motor will not turn 
Check for a burnt main or sub fuse before servicing. 
For models with a centrifugal clutch, check that the brake light switch is correctly adjusted. 
Check that the side stand is positioned and/or transmission is placed in the conditions under which the engine can be 
started on models which employ the side stand ignition cut-off switch. 

1. Starter Relay Inspection 

With the ignition switch "ON" and engine stop switch at "RUN," check for a "click" sound from starter relay switch 
when starter button is pushed. 

Does the starter relay "click" when the starter button is pushed? 

YES - GO TO STEP 2. 

NO - GO TO STEP 3. 

2. Starter Motor Test 

Connect the starter motor (+I  terminal to the battery positive terminal. (Because a large amount of current flows, do not 
use thin wires.) 

Does the starter motor turn? 

YES - Loose or disconnected wire or cable 
Faulty starter relay switch (For operation check, see page 24-10) 

NO - Faulty starter motor 

3. Relay Coil Ground Wire Inspection 

Disconnect starter relay switch connector, and check the relay coil ground wire. 

Is there continuity? 

NO - Faulty neutral switch (Appropriate model only) 
Faultv clutch switch (A00ro~riate model onlv) 
~ault; starter switch '(dintriiugal clutch model only) 
Faulty side stand switch (Appropriate model only) 
Loose or poor contact at connector 
Open circuit in wire harness 

YES - GO TO STEP 4. 
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4. Starter Relay Voltage Inspection 

Connect the starter relay switch connector. Measure the starter relay voltage at the starter relay switch connector. 

Is voltage present7 

NO - Faulty ignition switch 
Broken starter switch wire (Manual clutch model only) 
Faulty brake light switch (Appropriate model only) 
Loose or poor contact at connector 
Open circuit in wire harness 

YES - GO TO STEP 5. 

5. Starter Relay Operation Check 

Check the starter relay operation. 

Does the starter relay operate normally7 

YES - Loose or poor contact at starter relay switch connectoi 

NO - Faulty starter relay switch 
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BRUSHLESS ALTERNATORISTARTER 
Some scooters use a combination alternatorlstarter. The alternator operates as a 3-phase AC generator. The alternator1 
starter also functions as a starter motor by applying current to the stator coil from the ECM to turn the flywheel. This com- 
ponent uses no brush, resulting in a compact, light and maintenance-free alternator. 

An angle sensor is anached to the stator to detect crankshaft position. Signals from a magnet that is integrated in the outer 
circumference of the flywheel boss are received by the sensor and sent to the ECM. The ECM adjusts current to the stator 
coil to turn the flywheel when starting, and to increase charging current under 3,500 rpm to enhance charging capability. 

ROTOR CORE MAGNET 
\ / 

SENSOR MAGNET 

ANGLE SENSOR 

The flywheel is designed with inner magnets integrated in the rotor core. See below for benefits of this design. 

1. When functioning as a starter motor, the magnetic flux occurs from the magnet and from the rotor core due to the 
strong motor drive current, multiplying the magnetic force and providing a high torque from the alternatorlstarter. 

2. When functioning as an alternator, the magnetic flux from the magnet passes through the rotor core, reducing the mag- 
netic force to allow low-friction spinning of the alternatorlstarter. 

STARTER MOTOR: ALTERNATOWSTARTER: 

c-( ROTATION DIRECTION 

---------I TOROUE 
+ROTATION DIRECTION 

4 T O R Q U E  
I I 



Between the cable terminal and the, case. There 
should be no continuity. 
Between the cable terminal and the brush (black 
wire). There should be continuity. 

If the readings are abnormal, replace the case with a 
new one. 
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STARTER MOTOR 
DISASSEMBLY 

Measure the brush length. I 

Before disassembling the starter motor, mark the 
index lines on the case and covers so the starter can 
be assembled correctly later. 

Replace the brush if it is worn beyond the service 
limit specified in the Model Specific manual. 

INDEX MARKS MOTOR COVER 

BRUSH 

I 1 

Check for continuity between the (+) and (-) termi- 
nals of the brush holder. 

Remove the starter motor case screws and remove 
the covers. 

For models with shims between the armature and 
cover, record the location and number of shims 
and their order so the parts can be installed cor- 
rectly later. 

0 TERMINAL @TERMINAL 

INSPECTION 
Check for continuity of the starter motor case. 1 I 

SCREWS 
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Check the commutator for: I I 

Damage or abnormal wear. 
Discoloration of the commutator bar. 
Re~lace the commutator if it is damaaed or 
di&olored. 

- 
Check for and remove anv metallic debris from 

COMMUTATOR 
\ 

between commutator bars. 

Check for continuity between pairs of commuta- 1 I 
tor bars. 

Make a continuity check between individual com- 
mutator bars and the armature shaft. 

There should be no continuity. 

Check the bearings. (For applicable models only.) 
If the bearings are loose or noisy, or if they do not 
turn smoothly, replace the cover. BEARING 

ASSEMBLY 
Align the case notch with the brush holder pin and 
install the holder on the case. 

Place the O-ring (seal ring) on the case. (For 
applicable models only.) 

Carefully insert the brushes into the brush holder. 

NOTCH 
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pimcq 
The sliding surfaces o f  the brushes can be damaged 
if they ere not installedproperly. 

Apply grease to both ends of the armature shaft. 

Push and hold the brushes inside the brush holder, 
and insert the armature into the case and through 
the brush holder from the rear side. 

When inserting the armature into the case, hold the 
armature tightly to keep the magnet from pulling 
the armature against the case. 

piimzl 
The coil may be damaged if the magnet pulls the 
armature against the case. 

Insert the shims in the correct order on the armature 
shaft. (For applicable models only.) 

Insert the O-ring. (For applicable models only.) 

Align the mark (that you made earlier) and install 
the covers. 

When installing the cover, take care to prevent dam- 
aging the oil seal lip with the shaft. 

Tighten the cover screws 

For starter motors that are mounted within a motor 
mount hole, check for a damaged O-ring. 
In order to prevent damage, grease the O-ring. 

Refer to the Model Specific manual for installation. 

Overtightening the cable terminal nuts may cause 
the terminals to turn inside the starter motor, result- 
ing in serious damage to the inner connectors. 

3 O-RING 
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STARTER RELAY SWITCH 
The starter system can be divided into two basic 
circuits. There are the clutch safety type (A circuit) 
and the brake safety type (B circuit). 

(A) When the starter switch is turned ON, battery 
voltage reaches the starter relay switch. 

If the neutral or clutch switch of the ground line is 
turned ON, current flows through the relay and the 
starter motor operates. 

( 6 )  When the brake light switch is turned ON, the 
same voltage as that at the brake light switch is 
applied to the starter relay switch. If the starter 
switch is turned ON, current flows through the relay 
and the starter motor operates. This type is com- 
monly used with a centrifugal clutch. 

INSPECTION 
If you suspect a problem with the starter motorlsys- 
tem, check if the starter relay switch "clicks" when i t  
is turned ON. 
Inspect further for: 

Clicks+ 
- Poorly connected B (battery) terminal and 

M (motor) terminal of the switch (Check the 
relay switch.) 

No click+ 
- No relay input voltage (Check relay input 

voltage.) 
- Faulty relay ground line (Check ground line.) 
- Faulty relay switch (Check relay switch.) 

CLUTCH STARTER 
SWITCH DIODE RELAY SWITCH 

INDICATOR 

SWITCH STARTER 
SWITCH NEUTRAL IGNITION MOTOR 

SWITCH SWITCH 

BRAKE LIGHT SWITCH 

IGNITION SWITCH 
STARTER 
MOTOR 

BRAKE STARTER 
LIGHT 

BATERY 
STARTER 
RELAY 

STARTER RELAY 
SWITCH 



Circuit B 
Measure the voltage between the greenlyellow wire 
and ground at the starter relay switch connector. 

If battery voltage is measured when the front or rear 
brake is applied, the relay is good. 

If the brake light adjustment is incorrect, no voltage 
will appear when the brake is ON. 

ELECTRIC STARTERISTARTER CLUTCH 
STARTER RELAY VOLTAGE 

Circuit A 

STARTER RELAY SWITCH GROUND LINE 

Circuit A 
Disconnect the connector from the starter relay 
switch and check for continuity between the ground 
wire (greenlred) and ground. 

Measure the voltage between the yellowlred wire 
(+) and ground at the starter relay switch connector. 

If battery voltage is measured only when the starter 
switch is pressed, the relay is good. 

If there is continuity when the transmission is in 
neutral or when the clutch is disengaged, the 
ground circuit is normal. (In neutral, there is a slight 
resistance due to the diode.) 

CONNECTOR 

- 

STARTER RELAY 
SWITCH 

STARTER RELAY - - 
SWITCH 

Circuit B 
Disconnect the connector from the starter relay and 
check for continuity between the ground wire 
(yellowlred) and ground. 

If there is continuity only when the starter switch is 
pressed, the ground circuit is normal. 

STARTER RELAY 
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OPERATION CHECK 

pimcq 
Take care to orevent direct short between the bat- 
tery terminals. The spark could ignite or damage 
the battery. 

Apply battery voltage between the two relay coil ter- 
minals. Check for continuity between the B (battery) 
and M (motor) terminals. 

Circuit A 
Apply battery voltage between the yellowlred and 
greenlred terminals. 

If there is continuity between B and M terminals, 
operation is normal. 

Circuit B 
When b a t t e ~  voltaae is a ~ ~ l i e d  between the 
starter relay green/yilow wire'and yellowlred ter- 
minals, there should be continuity between the red 
and redlwhite terminals. The terminals are distin- 
guished by the corresponding wire color of the 
wire harness connector. 

CLUTCH SWITCH DIODE INSPECTION 
The purpose of the clutch switch diode is to prevent 
reverse current flow from the neutral indicator to 
the clutch switch. 

Faulty diode -+ Neutral indicator turns ON 
when clutch is disengaged. 
Loose connections at diode terminal + 
Starter motor does not turn when transmission 
is in neutral. 

Check for continuity between the diode terminals. 
When there is continuity, a small resistance value 
is measured. 

If there is continuity in one direction and not in the 
other direction, the clutch switch diode is good. 

CLUTCH SWITCH DIODE 
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---- ~ ~ - ~ -  - ~ ~ ~ 

STARTER CLUTCH INSPECTION 
Refer to the Model Specific manual for starter clutch 
removal and installation. 

Install the driven gear into the housing. 
With all parts assembled, check the starter clutch. 

Check that the gear, or sprocket, turns 
smoothly in one direction and locks up in the 
other direction. 

Turns in one 
direction only. DRIVEN GEAR 

Disassemble the housing 

Damaged roller contact surface of the gear1 
sprocket -w Replace with a new one. ROLLER 
Damaged roller contact surface of the housing 
+ Replace with a new one. 
Damaged roller -+ Replace with a new one. 
Deformation or damage to the spring -+ 
Replace with a new one. 

With a one-way sprag clutch, check each sprag, the 
clutch housing, and all inner contact surfaces. 

Abnormal wear or damage to sprag -+ Replace 
with a new one. 
Irregular movement of the sprag -& Replace 
with a new one. 
Damage to the clutch housing or inner portion 
contact surface -+ Replace with a new one. 

(9 
L 

'"f'CI', 

SPRING PLUNGER 

SURFACE 

SPRAG 
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STARTER PINION INSPECTION 
Refer to the Model Specific manual for starter pin- 
ion removal and installation. 

Check the pinion and reduction gears for damage 
andlor abnormal wear. Check the gear journals for 
abnormal wear. 

Replace parts as required. 

I 
PINION GEAR 

Check if the pinion gear moves smoothly along 
the axis. 

If it does not, replace it. 



MEMO 
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LIGHTSIMETERSISWITCHES 

SERVICE INFORMATION 
GENERAL 

1 ..-l-..,... --.-- --w-..., .,., ..-. ......, .he he ,,..,... ., ,.., ,,,, ,,,,,. ,., ,.,. ,,, ,.,,,,,, .,,,, ,,,,, ,,, ,,,,,,, I 

OFF. Be sure to let them cool down before servicing. 

Use an electric heating element to heat the waterlcoolant mixture for thermo sensor inspection. 

I~..' ' ' ..-, ..-.". r.-.-" ...- "." ......J, J.Y."" ",," I protection. I 
Refer to Section 21 for general service rules for electrical components. 
This section covers general inspection/service procedures for lights, meters and switches. Refer to the Model Specific 
manual for the location and arrangement of components on the model being serviced. 
Note the following when replacing a halogen headlight bulb: 
- Wear clean gloves while replacing the bulb. Do not get fingerprints on the headlight bulb, as they may create hot 

spots on the bulb and cause it to break. 
- If you touch the bulb with your bare hands, clean it with a cloth moistened with alcohol to Drevent its earlv failure. 
- Be sure to install the dust cover after replacing the bulb. 
A continuity test can be made with the switches installed on the motorcvcle. 
Check the battery condition before performing any inspection that requikes proper battery voltage. 
There are two types of lighting systems: AC lighting that takes power from the alternator coil, and DC lighting that takes 
power from the battery. On DC lighting systems, the headlight comes on without starting the engine. On AC lighting 
systems, the headlight comes on when the engine starts. (Refer to Section 21.) 
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OIL PRESSURE WARNING LIGHT 
(4-stroke engine) 

THEORY 
When the oil pressure is below specifications, the 
oil pressure switch senses it and the oil pressure 
warning light comes on. It should be OFF while the 
engine is running. 

BllBr 

WARNING 
LIGHT 4 PRESSURE 

- SWITCH 

I I 
INSPECTION 
Oil pressure warning light does not come on with 
the ignition switch turned ON 

1. Oil Pressure Switch Voltage Inspection 

Disconnect the oil pressure switch wire. 
Turn the ignition switch ON. 
Check for battery voltage between the wire and 
ground. 

Is  battery voltage present? 

YES - Faulty oil pressure switch. 

NO - GO TO STEP 2. 

I I 
2. Warning Light Voltage Check 

Check for voltage between the black/brown ter- 
minal of the instruments and ground. 

Is voltage present7 

NO - Faulty ignition switch. 
Sub fuse blown. 
Main fuse blown. 

YES - Broken wire between the warning 
light and oil pressure switch. 
Bulb burnt out. 
Faulty oil pressure switch. 



LIGHTSIMETERSISWITCHES 
Oil pressure warning light stays ON when the 
engine is running 

1. Oil Level Check 

Check the englne oil level. 

Is the oi l  a t  the specified level7 

a 
NO - Add oil to spec~fied level 

YES - GOTOSTEPZ. 

2. Oil Pressure Switch Check 

D~sconnect the oil pressure switch wlre and turn 
the ignition switch ON. 

a 
Does the warning light come ON? 

NO - Faulty oil pressure switch. 
Low oil pressure. (See section 3.) 

A 
YES - Shorted bluelred wlre between the 

warning l~ght  and pressure switch. 
a 

OIL LEVEL INDICATOR 
(2-stroke engine) 

THEORY 

INSPECTION 
Oil level indicator comes ON when the oil level in 
the tank reaches a certain level (Oil level is not 
below spec.) 

a 

The oil level switch float in the oil tank moves up 
and down depending on the volume of oil in the 
tank. When the oil level is low, the float also goes 
down and the reed switch (oil level switch) circuit is 
closed by magnetic force of the float. 

When the ignition switch is turned ON, current 
flows through the reed switch and the oil level indi- 
cator comes on. 

IGNITION SWITCH 

- INDICATOR 

MAGNET 

REED SWITCH 

1. Oil Level Switch Inspection 

Disconnect the wires from the oil level switch 
and turn the ignition switch ON. 

Does the indicator light come ON7 

IGNITION OIL LEVEL SWITCH 
s 

• 
NO - Faulty oil level switch. 

YES - Shorted wire between the indicator 
light and oil level switch. 

CONDENSER 

INDICATOR (Comes 

- on for a few seconds.) 
. 



2. Oil Level Switch Voltage Inspection 

Disconnect the wires from the oil level switch 
and check for voltage between the wires and 
ground. 

LIGHTSIMETERSISWITCHES 

Oil level indicator does not come ON with no oil or 
a low oil level in the tank 

1. Oil Level Switch Inspection 

Is voltage present? 

Disconnect the wires from the oil level switch 
and connect a jumper wire between the wire 
terminals. 
Turn the ignition switch ON and check the 
indicator. 

Does the indicator turn ON? 

YES - Faulty oil level switch. 
Poor wire connection. 

NO - GO TO STEP 2. 

NO - Broken wire between the oil level 
indicator and the oil level switch. 
Bulb burnt out. 

INDICATOR 

YES - Faulty oil level switch. 
Poor contact at the oil level switch 
connector. 

IGNITION 
SWITCH FUSE 

L I 

TIMER TYPE INDICATOR THEORY 
A timer type indicator has a bulb check function to 
check the oil level indicator for Droper operation. 
When the ignition switch is t u r n e d b ~ ,  current flow- 
ina throuah the exciter coil to the condenser gener- 
ates an eik~troma~netic force at the exciter coil and 
closes the reed switch circuit. 
Current flows from the reed switch through the 
resistor R2 to the oil level indicator and turns it on. 
When the condenser is fully charged, current flow 
through the exciter coil to the condenser decreases, 
and consequently, electromagnetic force at the coil 
decreases. The reed switch opens and the oil level 
indicator turns off. 

When the ignition switch is turned OFF, current 
stored in the condenser flows through the exciter 
coil and resistor R1 and R2 to the oil level indicator. 
The oil level indicator does not come on in this case. 

IGNITION 
SWITCH (OFF) 

INDICATOR 
(Goes off) 
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TIMER TYPE INDICATOR INSPECTION 
Oil level indicator comes ON when the oil in  the 
tank reaches a certain level (Level is not below 
the spec.) 

Shorted wire between the indicator light and oil 
level switch. 
Faulty oil level switch. 

Oil level indicator does not come ON with no oil or 
a low oil level in the tank 

1. Oil Level Switch Inspection 

Disconnect the oil level switch connector and 
connect a jumper wire between the power 
supply wire (black or blacklbrown) terminal and 
the indicator wire (greenlred) terminal to short. 
Turn the ignition switch ON and check the oil 
level indicator. 

Does the indicator turn ON? 

YES - Faulty oil level switch. 
Poor wire connection at the switch. 

NO - GO TO STEP 2. 

2. Oil Level Switch Voltage Inspection 

IGNITION MAIN 
FUSE SWITCH FUSE 

Disconnect the oil level switch connector and 
check for voltage between the power supply 
wire (black or blackfbrown) and ground. 

Is  the voltage within the specified value? 

NO - Broken power supply wire. 
Faultv sub fuse. 
~au l t y  ignition switch. 
Poor sub fuse connection. 

YES - GO TO STEP 3. 

- - - . - - 

3. Indicator Light Voltage Inspection 

Connect the jumper wire between the power 
supply and oil level indicator wires to short. 
Check for voltage between the indicator wire 
and ground. 

Is  the voltage within the specified value? 

NO - Broken indicator wire. 

YES - Bulb burnt out. 
Faulty ground connection. JUMPER GI 
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FAN MOTOR SWITCH 
The fan motor may continue to run, even when the 
ignition switch is turned OFF. However, this does not 
necessarily indicate trouble. 

When the coolant temperature rises to a certain 
level, the fan motor switch turns on to operate the 
motor. When the coolant temperature is below the 
specification, the switch turns off to stop the motor. 

Check the coolant level and bleed air from the 
cooling system if the coolant is apt to overheat. 
(See pages 5-9 and 5-10 for coolant replacement 
and air bleeding.) 

IGNITION 
FUSE SWITCH 

RADIATOR 

INSPECTION 
Fan motor does not stop 

1. Fan Motor Switch lnspection 

Turn the ignition switch OFF. 
Disconnect the connector from the fan motor 
switch. 
Turn the ignition switch ON. 

Does the fan motor stop7 

NO - Shorted wire between the fan motor 
and switch. 

YES - Faulty fan motor switch. 

Fan motor does not start 

1. Fan Motor Switch lnspection 

Disconnect the connector from the fan motor 
switch and ground the connector to the frame 
using a jumper wire. 

Turn the ignition switch ON and check the fan 
motor. 

Does the fan motor start? 

YES - Faulty fan motor switch. 
Poor connection at fan motor switch. 

NO - GO TO STEP 2. 
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2. Fan Motor Switch Voltage Inspection 

YES 

NO 

Check for battery voltage between the fan motor 
switch and ground. 

Faulty fan motor. 

Broken wire harness. 
Blown sub fuse. 
Faulty ignition switch. 
Poor connection at the 
switchlfuse box connector. 

IGNITION MAIN 
FUSE SWITCH FUSE 

ignition 

Is battery voltage present7 e' 
@I 

SWITCH 

INSPECTION 
1. Thermo Sensor lnspection 

Disconnect the wire from the thermo sensor. 
Ground the thermo sensor wire using a 
jumper wire. 

Turn the ignition switch ON and check the cool- 
ant gauge. Disconnect the wire from the thermo 
sensor immediately if the gauge needle moves 
fully to "H" (hot). 

Immediately disconnect the wire from the ground if 
the needle moves to "H" (hot) to prevent damage to 
the gauge. 

Does the needle move fully to  "H" Ihot/7 

YES - Faulty thermo sensor. 

NO - GO TO STEP 2. 

I I 

COOLANT TEMPERATURE GAUGE 

2. Thermo Sensor Voltage lnspection 

The thermo sensor changes the amperage of the 
current that flows to the coolant temperature gauge 
and moves the gauge needle according to the 
changes in coolant temperature. 

Check for voltage between the 
wire and ground. 

Is battery voltage present7 

YES - Faulty coolant gauge. 

NO - GO TO STEP 3. 

SUB IGNITION MAIN 
FUSE S.WlTCH FUSE 

TEMP. GAUGE ERMO SENSOR 

thermo sensor 
IGNITION F$z 

FUSE SWITCH 

CONNECTOR 

TEMP. GAUGE 
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3. Coolant Temperature Gauge Voltage Inspection 

Check for voltage between the blacklbrown and 
greenlblue wires of the gauge. 

Is battery voltage present? 

NO - Broken blacklbrown or greenlblue wire. 

YES - Faulty coolant temperature gauge. 

THERMO SENSOR INSPECTION 
Drain the coolant (see page 5-9). 

Disconnect the wire from the thermo sensor and 
remove it. 

Suspend the thermo sensor in a pan of coolant (50- 
50 mixture) over an electric heating element and 
measure the resistance through the sensor as the 
coolant heats up. (Refer to the Model Specific man- 
ual for the specific resistance.) 

Soak the thermo sensor in coolant up to its threads 
with at least 40 mm (1.57 in) from the bottom of the 
pan to the bottom of the sensor. 

Keep temperature constant for 3 minutes before 
testing. A sudden change of temperature will result 
in incorrect readings. Do not let the thermometer or 
thermo sensor touch the pan. 

Apply sealant to the thermo sensor threads prior 
to reinstallation. 

I THERMO SENSOR 
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FUEL GAUGE 
Fuel unit resistance changes in relation to the level 
of the fuel unit float. The fuel gauge needle is 
moved by the varying amperage that flows through 
the fuel gauge. 

There are two types of fuel gauges: The "Return 
type" where the needle returns to "Empty" when 
the ignition switch is turned OFF, and the "Stop 
type" where the needle stays in position when the 
ignition switch is turned OFF. 

Check the fuel gauge if its needle does not move. 

INSPECTION 
1. Fuel Gauge Sending Unit lnspection 

If the fuel gauge sending unit connector has two 
terminals, short the gauge terminals using a 
jumper wire. 

If the fuel gauge sending unit connector has 
three terminals, short the gauge side yellowl 
white terminal and the green terminal using a 
jumper wire. 

Turn the ignition switch ON and check the 
gauge needle. 

Does the needle move? 

YES - Check the fuel gauge sending unit. 

NO - GO TO STEP 2. 

2-TERMINAL UNlT MAIN 

3-TERMINAL UNlT 
IGNITION 

FUSE 'WITCH FUSE 

I I 
2. Fuel Gauge Wire Continuity lnspection 

Check for continuity in both wires between the 
fuel gauge sending unit and the fuel gauge. 

Is there continuity? 

NO - Broken wire between the sending unit 
and the gauge. 

YES - GO TO STEP 3. 

3. Fuel Gauge Voltage lnspection 

Check for voltage at the black or blacklbrown 
(positive power line) and ground wire of the 
fuel gauge. 

Is the voltage within the specified value? 

NO - Broken positive power line. 

YES - Faulty fuel gauge. 
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FUEL UNIT INSPECTION 
Refer to the Model Specific manual for the fuel unit 
removallinstallation and inspection specifications. 

1. Fuel Gauge Inspection 

Connect the fuel unit connector. 
Turn the ignition switch ON. 

Move the float up and down to be sure that the 
fuel gauge needle moves to "F" and "RES." 

Does the needle move to  7" and "RES"? 

NO - GO TO STEP 2. 

2. Fuel Gauge Sending Unit Resistance Inspection 

FUEL GAUGE 

Is the resistance within the specified range? I 1 

Measure the resistance between the connec- 
tor terminals with the float in the full up and 
down positions. 

YES - Check the fuel gauge. 

NO - Replace the fuel gauge. 

FLOAT 
I 

I I 

LOW FUEL INDICATOR 
A thermistor is built into the fuel level sensor 
in the fuel tank. The fuel warning light's func- 
tion is controlled by the thermistor's automatic 
heat generation. 

When the thermistor is submerged in gasoline, heat 
generated by the thermistor is radiated by the liquid 
(gasoline), and the self-heating action is reduced. As 
the resistance is maintained and the current does 

IGNITION MAIN 
FUSE SWITCH FUSE 

not flow at this time, the fuel warning light does not 
turn on. 

0 
When the thermistor is exposed, i.e., fuel level low, I 
radiation of heat decreases and the self-heating pro- INDICATOR 
cess increases. When the resistance droos below a I 1"-YT 

L,U, 8 8 

specified point, current flows and the l o b  fuel indi- I 
cator turns on. I 
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INSPECTION 
If the low fuel indicator does not go off 

1. Fuel Level Sensor Voltage lnspection 

Check for battery voltage between the fuel level 
sensor connector terminals. 

Is  battery voltage present? 

YES - . Faulty fuel level sensor. 
Poor connection. 

NO - Shorted wire between the indicator 
light and sensor. 
Faulty ground. 

If the fuel warning light does not turn on 

1. Fuel Level Sensor Voltage Inspection 

Check for battery voltage between the fuel level 
sensor connector terminals. 

Is battery voltage present? 

YES - Faulty fuel level sensor. 
Poor connection. 

NO - GO TO STEP 2. 

2. Low Fuel Indicator Voltage Inspection 

Check for battery voltage between the battery 
side of the indicator wire and ground. 

Is  battery voltage present? 

YES - Bulb burnt out. 
Broken wire between the warning 
light and sensor. 
Faulty ground. 

NO - Faulty sub fuse. 
Faulty ignition switch. 
Poor connection of the fuse holder 
connector. 

IGNITION MAIN 
FUSE SWITCH FUSE 



FUEL CUT-OFF RELAY 

LIGHTSIMETERSISWITCHES 

FUEL PUMP 
DESCRIPTION 
Certain models are equipped with a low pres- 
sure electromagnetic fuel pump to supply fuel to 
the carburetor. 

When the engine is started, the switch is turned on 
by the function of the fuel cut-off relay (refer to the 
description of the fuel cut-off relay), which gener- 
ates an electromagnetic force at the coil and moves 
the plunger and diaphragm up. Valve A is then 
opened by vacuum action and the fuel flows into 
the diaphragm chamber. The plunger pushes the 
switch up and turns it off. As the electromagnetic 
force at the coils is shut down, the plunger and dia- 
phragm are returned by the spring and the fuel in 
the diaphragm chamber is sent to the carburetor 
through valve B. 

Certain models of this fuel pump have a built-in fuel 
cut-off relay. 

fuel oumo. 1 TO - - - -- - - - - - - - - - -- 7 

SWITCH 

DIAPHRAGM 

VALVE A VALVE B 

With the ignition switch ON, current flows to the 
transistor and thyristor, but does not flow to the 

With ignition switch ON 

+ 
TO FUEL PUMP 

. . 
To fill the carburetor float chamber with clean fuel 
when the ignition switch is turned ON, certain fuel 
cut-off relays have a timer function that sends cur- 
rent to the fuel pump for a few seconds. 

BATTERY 

TO 

CONTROL 
MODULE 

I 

1 
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CIRCUIT - 

While the engine is running, pulses are transmitted 
from the ignition primary circuit and, when i t  is 
transmitted to the transistor, current flows from the 
transistor to the thyristor to turn it ON. The battery 
current flows to the fuel pump this way. 

As the fuel cut-off relay is controlled by the ignition 
primary circuit, the relay does not operate unless 
the ignition primary circuit operates properly. 

INSPECTION 
Turn the ignition switch ON and perform the follow- 
ing inspections. 

1. Fuel Cut-Off Relay Voltage lnspection 

3. Fuel Pump lnspection 

With engine running 
r---------------- 

BATTERY 

TO IGNITION 
CONTROL 
MODULE 

I 
I 

I 
I 

I 
L --------------- A 

TO FUEL PUMP 

Check for battery voltage between the black 
wire (+) of the fuel cut-off relay connector 
(pump connector if the relay is built into the 
pumpl and ground (-). 

Is battery voltage present? 

NO - Broken black wire. 
Faulty sub fuse. 
Faulty ignition switch. 
Poor contact at the fuse holder 
connector. 

YES - GO TO STEP 2. 

2. Fuel Cut-Off Relay Ground Wire lnspection 

Check for continuity between the blacwblue wire 

Disconnect the relay, and short the black and 
blacwblue wires of the relay connector using a 
jumper wire, and check for battery voltage 
between the blacwblue (+) wire and green wire 
of the pump connector. 

Is battery voltage present? 

NO - Broken green or blacwblue wire. 
Faulty ground. 

----- 

TOIGNITION - 
CIRCUIT 

YES - Faulty fuel pump. 

of the relay connector and ground (or blacW IGNITION 

yellow wire and green wire of the pump connec- FUSE SWITCH 

tor, if the relay is built into the pump). 

Is  there continuity? 

YES - Faulty fuel cut-off relay (pump). 

NO - GO TO STEP 3. 
GREEN 
WIRE 
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DISCHARGE VOLUME INSPECTION 
Turn the ignition switch OFF. 

Turn on the fuel valve. On models with vacuum 
operated valve, apply vacuum. 

Disconnect the fuel pump-to-carburetor tube from 
the carburetor, and place the tube end in a beaker. 

If it is hard to reconnect the tube to the carbure- 
tor, disconnect it from the fuel pump instead, and 
connect another tube to the pump (gasoline dis- 
charge port). 

Refer to step 3 of INSPECTION and short the relay 
connectors. If the relay is built into the pump, short 
the black and black/yellow wires. 

Turn the ignition switch ON for 5 seconds and run 
the pump. 

Multiply the quantity of fuel pumped by 12. It should 
be as specified in the Model Specific manual. 

HEADLIGHT BULB 
Before replacing the bulb, be sure to check the 
switches for loose connections of the connectors. 

If you touch the bulb with your bare hands, clean it 
with a cloth moistened with denatured alcohol to 
prevent early bulb failure. 

pmEq 
Avoid touching halogen headlight bulbs. Finger- 
prints can create hot spots that cause a bulb to break. 

Be sure to install the dust cover after replacing 
the bulb. 

JUMPER WIRE FUEL PUMP 
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SWITCHES 

INSPECTION 
Disconnect the connector that is nearest to the 
switch that you are to inspect and check for 
continuity between the switch side terminals of 
the connector. 

There should be continuitv between the rr--n 
positions on the continuit; chart. (Refer 6 the 
Model Specific manual for the continuity chart.) 

Wire color 

With the turn signal switch at N (neutral), there 
should be no continuity between the wires. 

With the switch at L (left), there should be continuity 
between the orange and gray wires, and with the 
switch at R (right), there should be continuity 
between the blue and gray wires. 

CONTACT BASE REPLACEMENT 
If the contact base is mounted with screws: 
Remove the ignition switch. 

Remove the band and three screws; then remove 
the switch from the switch cylinder. 

Reassemble the switch and cylinder with the cylin- 
der shaft aligned with the notch in the switch hole. 

SCREWS 

and discard) 



Tighten the contact base with the three screws. 

Clamp the wires with a wire band and cut off the 
excess portion ofthe band. Checkthe ignition switch. 

If the contact base is secured with tabs: 
Remove the ignition switch and band. 

Insert the ignition switch key and turn it to the posi- 
tion between ON and OFF. 

I SCREWS 

with new one) 

Clamp the wires with a wire band and cut off the 
excess portion of the band. 

Push the contact base tabs in with a screwdriver to 
release them from the slots in the ignition switch 
body, and remove the contact base. 

Insert the contact base on the ignition switch body 
with its tabs aligned with the slots in the ignition 
switch body. 

Be sure that the ignition switch key is in the position 
between ON and OFF before attempting to reinstall 
the contact base. 

Check the ignition switch. 

GROOVES TABS 



LIGHTSIMETERSISWITCHES 

NEUTRAL SWITCH 
When the ignition switch is ON and the transmis- 
sion is in neutral, the neutral switch turns the indica- 
tor on. 

Some models are equipped with a change switch 
and/or overdrive switch. Refer to the Model Spe- 
cific manual for change and OD (overdrive) 
switch inspections. 

The change switch detects the gear position by the 
position of the shift drum and sends a signal to the 
gear position indicatorlignition control module. 

The overdrive switch turns the overdrive indicator 
on when the transmission is in OD position. 

IGNITION MAIN 
FUSE SWITCH FUSE 

SHIFT DRUM NEUTRAL 
SWITCH 

I I 
INSPECTION 
Neutral indicator does not go off 

1. Neutral Switch Inspection 

Place transmission in gear. 
Disconnect the light greenlred wire from the 
neutral switch. 

Turn the ignition switch ON. 

Does the indicator light come ON? 

YES - Shorted light greenlred wire. 

NO - Faulty neutral switch. 

Neutral indicator does not come on 

1. Neutral Switch Inspection 

Disconnect the light greenired wire from the 
neutral switch. 

Turn the ignition switch ON. 
Check for battery voltage between the light 
greenlred wire and ground. 

Is battery voltage present? 

YES - Faulty neutral switch. 

NO - Broken light greenlred wire between 
the indicator and neutral switch. 
Bulb burnt out. 
Blown sub fuse. 
Poor contact at the fuse connector. 



LIGHTS/METERS/SWITCHES 

CLUTCH SWITCH 
The clutch switch allows the starter motor to work 
if the engine stalls while in gear by disengaging 
the clutch. 

INSPECTION 
Check the starter system if the starter motor turns 
with the transmission in positions otherthan neutral. 

The starter motor should turn with the clutch lever 
pulled in and not turn with the lever released while 
In gear. 

If the starter system is not normal, check the 
following: 

Disconnect the wire from the clutch switch and 
check for continuity between the clutch switch ter- 
minals while operating the clutch lever. 

When the clutch lever is pulled in: 
There should be continuity between the terminals. 

When the clutch lever is released: 
Thereshould be nocontinuity between theterminals. 

If the clutch switch is normal, check the following: 

Check for shorted wire between the starter relay 
switch and the clutch switch. 
Check the neutral switch. 

SWITCH 



LIGHTSIMETERSISWITCHES 

BRAKE LIGHT SWITCH 

If the brake light switch is normal, check the 
following: 

The brake light comes on when the brake lever (or 
pedal) is applied. 

Starter motor-equipped scooters: To prevent the 
accidental start-up of the scooter, current does not 
flow to the starter motor unless the brake lever (or 
pedal) is applied. 

Blown sub fuse. 
Ignition switch. 
Poor connection of the fuse connector. 
Broken wire between the sub fuse and brake 
light switch. 
Broken wire between the brake light switch and 
brake light. 

IGNITION M~~~ 
SWITCH F U ~ E  

FRONT 
BRAKE 
LIGHT k% REAR BRAKE 

LIGHT SWITCH 

INSPECTION 
If the brake light does not come on, check the 
following: 

Bulb burnt out. 
Poor connection of the brake light switch 
connector. 

If normal, disconnect the brake light switch connec- 
tor and check for continuity between the terminals 
while operating the brake lever (or pedal). 

When the brake lever (or pedal) is depressed: 
There should be continuity between the terminals. 

When the brake lever (or pedal) is released: 
There should be no continuity between the 
terminals. 

SWITCH 



LIGHTSIMETERSISWITCHES 

TURN SIGNAL LIGHTS 
If the turn signal light does not blink, check the 
following: 

Is the battery normal? 
Is the bulb burnt out? 
Is the bulb of the specified wattage? 
Is the fuse blown? 
Are the ignition and turn signal switches normal? 
Is the connector properly connected? 

If normal, check as noted below. 

If the turn signal relay has two terminals: 

1. Turn Signal Relay Inspection 

Disconnect the connector from the relay and 
short the connector with a jumper wire. 

Turn the ignition switch ON. 

Turn the turn signal switch ON and check the 
turn signal light. 

Does the turn signal light come ON? 

YES - Faulty turn signal relay. 
Poor connection. 

NO - Broken wire harness. 

2. Turn Signal Relay Ground Wire lnspection 

~ - T E R M I N A L R E ~ Y  MAIN FUSE 

TURN 
LS 

If the turn signal relay has three terminals: 

1. Turn Signal Relay Inspection 

Check for continuity between the green terminal 
of the relay connector and ground. 

Is there continuity? 

NO - Broken ground wire. 

Short the black and gray terminals of the turn 
signal relay connector using a jumper wire. 

Turn the ignition switch ON. 

Turn the turn signal switch ON and check the 
turn signal light. 

Does the turn signal light come ON? 

NO - Broken wire harness. 

YES - GO TO STEP 2. 

YES - Faulty turn signal relay. 
Poor connection. 

3.TERMINAL REMY 
IGNITION SWITCH MAIN FUSE 

. - 

SIGNALS - 



LIGHTSIMETERSISWITCHES 

HORN 
Horn does not sound 
1. Ignition and Horn Switch Inspection 

Check the ignition and horn switches. 

Do the ignition and horn switches check OK7 

NO - Replace faulty switch(es). 

YES - GO TO STEP 2. 

2. Horn Switch Voltage Inspection 

Disconnect the wire from the horn. 

Turn the ignition switch ON and press the horn 
switch (or start the engine and press the horn 
switch if your motorcycle is battery-less type) 
and check for voltage between the light green 
and ground. 

Is battery voltage present? 

NO - Broken light green wire. 
Faulty sub fuse. 
Faulty horn switch. 

YES - GO TO STEP 3. 

3. Horn Ground Wire lnspection 

Check for continuity between the green 
ground. 

Is there continuity? 

YES - Faulty horn. 

NO - Broken green wire. 
Faulty ground connection. 

wire and 
IGNITION MAIN 

FUSE SWITCH FUSE . - - -  

HORN SWITCH 

HORN 



LIGHTSIMETERSISWITCHES 

SIDE STAND SWITCH 
INSPECTION 

If there is an open circuit in the ignition circuit of 
the side stand switch, the following symptoms 
will occur with the side stand retracted. 

- Models with centrifugal clutch: Starter motor 
will not operate. 

- Models with manual clutch: Starter motor will 
not operate with the transmission in gear and 
the clutch disengaged. (The engine stops when 
the transmission is shifted into gear.) 

- Models with kickstarter: Engine will not start. 
(No spark at plug.) 

If you suspect the side stand circuit, first check 
the operation of the side stand indicator. If the 
indicator operation is normal, the problem is in 
the side stand circuit. 

Disconnect the connector from the ignition control 
module. 

Check for continuity between the side stand switch 
wire (ignition side: Greenlwhite) of the harness side 
connector and ground. 

Side stand retracted: Continuity 
Side stand lowered: No continuity 

If there are any faults in above continuity check, dis- 
connect the side stand switch connector. 

Check for continuity between the wire terminals of 
the switch side connector. 

Side stand I position / I $:iW1 1 Green / 
wh~te 

Lowered o I 0 

Retracted I o I I o 

IGNITION CONTROL + 
Y M o D u L E  CONNECTOR 1 



LIGHTS/METERS/SWITCHES 

REPLACEMENT 
The switch is installed on either the front or the rear 
of the side stand pivot, depending on the model. 

REMOVAL 

Remove the switch attaching bolt from the side 
stand pivot. 

Disconnect the switch wire connector from the har- 
ness and remove the switch. 

Do not attempt to disassemble the switch because it 
is permanently sealed. 

INSTALLATION 

Install the switch, aligning its U-groove with the side 
stand return spring hook pin. 

Align the lug of the switch rotor with the hole in the 
side stand bar pivot by moving the stand barslightly. 

While holding the switch to prevent the lug from 
slipping out of the hole, tighten the attaching bolt. 

Route the switch wire properly and connect the 
connector. 

Check the switch operation after installation. 

A ~ C H I N G  
SWITCH 



INSPECTION 
u 

Check the indicator operation by moving the 
side stand. 7 

LIGHTSIMETERSISWITCHES 

SlDE STAND INDICATOR 
DESCRIPTION 

/ Side stand position I Indicator I 

When the side stand is lowered (parking position), 
the side stand switch detects the angle, the indicator 
side contact is turned ON (closed) and the indicator 
comes on. 

When the side stand is retracted, the indicator 
goes off. 

I Retracted I Goes off I 

MAIN FUSE 

A 

INDICATOR SIDE IGNlTlONlSTARTlNG 
CONTACT SIDE CONTACT 
(Continuity at - 
lowered position)? - - 

I Lowered (Parking) I Comes on I 

/ 
LOWERED (PARKING) INDICATOR 
POSITION 

lndicator does not go off 

1. Side Stand lndicator Inspection 

Disconnect the side stand switch connector from I I 
the harness 

Turn the ignition switch ON, and check the side 
stand indicator. 

Does the indicator come ON? 

NO - Faulty side stand switch. 

YES - GO TO STEP 2. 

2. Side Stand Harness lnspection 

Disconnect each connector of the yellowlblack 
wire between the bulb and side stand switch 
connector in order, referring to the wiring dia- 
gram, and check the indicator with the ignition 
switch turned ON. 

Does the indicator go OFF when a connector is 
disconnected? 

YES - Short circuit in the yellowlblack wire 
between the connector that caused the 
indicator to go off and the connector 
previously disconnected. 

SlDE STAND SWITCH 
R (Disconnected) 

SlDE STAND SWITCH 



LIGHTSIMETERSISWITCHES 
Indicator does not come ON 

1. Side Stand Switch lnspection 

Disconnect the side stand switch connector from 
the wire harness. 

Ground the yellowlblack wire terminal of the 
wire harness side connector to the frame. 

Turn the ignition switch ON, and check the 
indicator. 

Does the indicator come ON? 

YES - Faulty side stand switch. 
Poor contact at the side stand switch 
connector. 

NO - GO TO STEP 2. 

2. Side Stand Indicator Bulb Voltage Inspection 

Check the voltage between the power supply (+) 
wire of the indicator bulb and ground with the 
ignition switch ON. 

Is battery voltage present7 

NO - Blown fuse 
Poor connector contact. 
Open circuit in power supply wire. 

YES - Bulb burnt out. 
Poor contact at bulb socket. 
Open circuit between bulb and 
switch connector. 

- INDICATOR 

INDICATOR AND 
- - SWITCH 

CONNECTOR 
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PERSONAL WATERCRAFT (PWC) 

COOLING SYSTEM 
SYSTEM FLOW PATTERN 
The engine cooling system allows lake or ocean water to circulate from the jet pump through two separate circuits to cool 
the engine, and exhaust manifold. This ensures consistent operating temperatures for each system. 

On the turbocharged model. engine cooling water also circulates through the intercooler and the turbocharger housing, 
keeping the surface temperature around 175' F. 

ARX1200T3 ('02 model1 shown: 
To outlet (pilot water nozzle1 -=-y, 

EXHAUST BOW HAUST PIPE 

EXHAUST MANIFOLD 

To outlet (water outlet joint) 

COOLING 
WATER 
FILTER(lnlet) 

ENGINE SlDE 
I OUTLET JOINT I 4 CMINDER HEAD CYLINDER BLOCK OIL COOLER 1 

WATER CHAMBER PlLDT WATER HOLE JETPUMP I 

I I 
I TURBO CHARGER (ARX1200T3 ONLY) EXHAUST MANIFOLD 

t 
INTER COOLER I 

EXHAUST SlDE 



PERSONAL WATERCRAFT (PWC) 

OVERHEAT WARNING LAMP 
ECT SENSOR OPERATION 

The watercraft incorporates a fail-safe function in the event that the engine overheats. If the engine coolant temperature 
(ETC) sensor detects an engine temperature above 85' C (185' F), the fail-safe function allows the engine to continue to 
operate. However, if the manifold surface temperature (MST) switch and/or the ECT sensor detects an engine temperature 
above 95' C (203' F, the fail-safe function stops the engine. 

1. If the ECT sensor detects an engine temperature above 85' C (185' F), the engine control module (ECM) will limit the 
engine speed to 3,000 rpm to prevent engine damage. 

2. If the ECT sensor detects an engine temperature above 95' C (203'' F, the ECM stops the engine. Failure code #47 will 
be stored in the ECM. 

Manifold Surface Temperature (MST) SWITCH OPERATION 

1. If the MST sensor detects an engine temperature above 150' C (302' F), the ECM stops the engine. Failure code #46 will 
be stored in the ECM. 

MST SWITCH 



PERSONAL WATERCRAFT (PWC) 

TURBOCHARGER (ARXI 200T3) 
Turbocharging adds significant power and performance to the watercraft. The F-12 delivers 125 bhp @ 7000 rpm, while the 
F-12X delivers 165 bhp @ 6100 rpm. To compensate for the additional engine power, the following engine modifications 
have been made: 

1 
The compression ratio was lowered from 11.0:l on the F-I2 to 8.51 on the F-12X. 

Forged pistons and connecting rods have heen added to the F-12X. 

Oil jets have been added to the crankcase main journal castings to increase cooling of the pistons. 

Components 
A turbocharger uses the engine's waste exhaust gases to push more air into the combustion chambers. This allows the 
engine to produce more power without increasing its displacement. 

SUB AIR BOX \ 

WAKE AIR 
TEMPERANRE 
SENSOR 

FUEL INJECTION - I 



PERSONAL WATERCRAFT (PWC) 

OVERHEAT WARNING LAMP 
ECT SENSOR OPERATION 

The watercraft incorporates a fail-safe function in the event that the engine overheats. If the engine coolant temperature 
(ETC) sensor detects an engine temperature above 85' C (185O F), the fail-safe function allows the engine to continue to 
operate. However, if the manifold surface temperature (MST) switch andlor the ECT sensor detects an engine temperature 
above 95' C (203O F, the fail-safe function stops the engine. 

1. If the ECT sensor detects an engine temperature above 85O C (185' F), the engine control module (ECM) will limit the 
engine speed to 3.000 rpm to prevent engine damage. 

2. If the ECT sensor detects an engine temperature above 95' C (203' F, the ECM stops the engine. Failure code #47 will 
be stored in the ECM. 

ECT SENSOR 

Manifold Surface Temperature (MST) SWITCH OPERATION 

1. If the MST sensor detects an engine temperature above 150° C (302' F), the ECM stops the engine. Failure code #46 will 
be stored in the ECM. 

MST SWITCH 



PERSONAL WATERCRAFT (PWC) 

TURBOCHARGER (ARXI 200T3) 
Turbocharging adds significant power and performance to the watercraft. The F-12 delivers 125 bhp @ 7000 rpm, while the 
F-12X delivers 165 bhp @ 6100 rpm. To compensate for the additional engine power, the following engine modifications 
have been made: 

1 
The compression ratio was lowered from 11.0:l on the F-12 to 8.5:l on the F-12X. 

Forged pistons and connecting rods have heen added to the F-12X. 

Oil jets have been added to the crankcase main journal castings to increase cooling of the pistons. 

Components 
A turbocharger uses the engine's waste exhaust gases to push more air into the combustion chambers. This allows the 
engine to produce more power without increasing its displacement. 

TURBOCHAR.ROED 
I 

PRESSURE SENSOR 

TEMPERANRE 

'UEL INJECTION WATER COOLED 
~ T Y I W I F O W  

WAER COOLED 
TURBOWAUQER 

\ WAER COOLECI INTERCOOLER 



PERSONAL WATERCRAFT (PWC) 
The main components of the turbocharger system include: 

Turbine driven by the exhaust to drive the compressor. 

Compressor designed to force more air into the engine cylinders. 

Wastegate designed to limit maximum boost at high speeds by allowing some off the exhaust gases to bypass the 
turbine rotor. 

Intercooler designed to cool the intake charge before it enters the engine. 

As the throttle is opened, the engine exhaust gases pass through the turbine housing. The expansion of these gases cause 
the turbine wheel to turn. Since the compressor is directly connected to the turbine by a shah, it turns at the same speed. 
Filtered air drawn into the intake system is compressed and forced into the intake manifold. This compressed air is called 
boost. The increased amount of oxygen in the combustion chamber allows for more fuel to be delivered while maintaining 
an optimum airlfuel ratio. The end result is a higher power output from the engine. 

COMPRESSOR 



PERSONAL WATERCRAFT (PWC) 
A wastegate is used to allow some of the exhaust gases to bypass the turbine rotor at high engine speeds. 

The wastegate consists of a valve, actuator, and connecting linkage. 

The actuator consists of a diaphragm and spring enclosed in a canister housing. Under low boost conditions, the spring 
pushes against the diaphragm moving the linkage to close the wastegate valve. Turbo boost pressure is directed against 
the other side of the diaphragm. As boost pressure increases with engine speed, the diaphragm moves against spring 
pressure to open the valve and allow a portion of the exhaust gases to bypass the turbine wheel through a connecting line. 
As boost pressure drops, spring pressure moves the diaphragm and linkage to close the valve. 

I 
. .  . 

WASTEGATE CLOSED 



PERSONAL WATERCRAFT (PWC) 

The ECM controls a solenoid that can bleed off some of the pressure applied to the wastegate. When the solenoid is on 
(100% duty cycle), the wastegate opens at a higher pressure, resulting in more boost by monitoring the following compo- 
nents to determine the waste gate control solenoid duty cycle. 

Engine speed 
Throttle position sensor 
Intake air temperature sensor 
Turbo charged pressure sensor (TCP) 
Engine knock sensor 

ECM CALCULATESTHETARGET 80061 FROM VARIOUS ENGINE CONDITIONS. 
THEN ADJUSTSTHE WGCS WIRI DUTY CONTROL LOW BOOST - HIGH BOOST 

FROM AIR CLEANER -+ 

Lubrication 
The shaft bearings require special protection because of the high speed. The pressurized engine lubricating system pro- 
vides lubrication to the shaft bearings at a steady flow. As the engine oil circulates through the compressor, i t  also 
removes excess heat. 

ENGINE SPEED- 

THROllU POSITION SENSOR- 

INTAKE ARTEMPERANRE - 
SENSOR WASTE GATE D U N  

INPUT WASTE GATE ACTUATOR 
S~(IEUL WGCS 

TCP SENSOR CONTROL SOLENOID 1W 

ENGINE KNOCK 
SENSOR / 



PERSONAL WATERCRAFT (PWC) 

Cooling 1 - 
Water flows through the bearing housing to help control bearing and oil temperature. This helps to  cut down on clogged 
lubrication passages. 

-WATER 
OUT 

Intercooler 
The intake air temperature increases considerably as a result of turbocharging. Higher air temperature means that the air is 
less dense, so less air is delivered to the engine. 

The intercooler is designed to cool turbocharger boost air before it enters the engine. This is accomplished by directing 
coolant through a passage in the intercooler in order to transfer heat from the boost air back to the engine cooling system. 
This cooler air is more dense, so more air is delivered to the engine. This allows the ECM to command delivery of addi- 
tional fuel, while maintaining the best air-fuel ratio for combustion. As a result, the engine power output is increased. 

INTERCOOLER 



PERSONAL WATERCRAFT (PWC) 

DRIVE 
JET PUMP 
The jet pump used in the Honda AquaTrax is state of the art technology. An axial-flow single-stage 155mm jet pump with 
a Honda three-blade impeller is matched to the ARX1200 series engine to produce a maximum thrust. 

WATER CAP IMPELLER 

RING A 

/ 
STATOR CAP O ~ N G  

Impeller design is enhanced for the increased thrust of the turbocharged models. The impeller design minimizes pump 
cavitation, resulting in quiet pump operation and extended impeller life. 

Turbo Models Non-turbo Models 



PERSONAL WATERCRAFT (PWC) 
The crankshaft output end is directly coupled to  the jet pump drive through a rubber damper. - 

An easily accessible grease fitting Iu bricates the pump driveshaft bearing. 

The grease fitting is connected to the seal area of the bearing carrier. A breather hose is fitted to the hose fitting on the left. 

A simple and durable mechanical cable steering system directs the jet nozzle's thrust for directional control. 



PERSONAL WATERCRAFT (PWC) 

OFF-THROTTLE STEERING (OTS) 
When the throttle is closed (i.e., released), resulting in no thrust at the jet pump, the watercraft cannot be steered. 

When an obstruction in the water is encountered (e.g., another watercraft, rocks), the proper evasive maneuver is to con- 
tinually engage the throttle and turn to avoid the hazard. 

To a novice operator, the concept of actually accelerating when coming upon an obstruction in the water seems counterin- 
tuitive. Most watercraft riders, when confronted with a hazard, will instinctively release the throttle in an attempt to avoid 
a collision. However, as mentioned above, this will result in no thrust at the jet pump, and no ability to steer the craft. 

The OTS is designed to provide some turning thrust when the rider lets go of the throttle when trying to avoid hazards. 

OPERATION 
1. The ECM will initiate the OTS after the engine speed is kept above 4,000 rpm for a few seconds, and then the throttle is 

suddenly released. 

2. The limit switch, which is located below the steering shaft retainer on the inside of the hull, is switched on when the han- 
dlebar is turned fully to the right or left, causing a signal to be sent from the switch to the ECM. 

3. The ECM then sends a signl to the OTS solenoid valve. 

4. The OTS solenoid valve opens. 

5. The OTS control diaphragm is actuated by vacuum pressure of the intake manifold. 

6. The throttle valves are opened by the rod connected to the vacuum actuator. 

7. The ECM sends the signal to the combination meter, causing the tachometer segments to flash rapidly and alternately. 

OFFTHROTTLE STEERING SOLENOID VALVE 

t 

THROTTLE VALVE THROTTLE 
POSITION 
SENSOR 

FROM IGNITION PULSE- 
GENERATOR 
(ENGINE REV.) 

Searnents will flash ra~idlv 



PERSONAL WATERCRAFT (PWC) 

QUICK TRlM SYSTEM 
This system controls the attitude of the hull (trim) by tilting the vertical direction of the jet stream down with the steering 
nozzle. The trim adjustment is continuously variable from flat to a maximum of 8 degrees down. The nozzle can be locked 
in the maximum trim position. 

To adjust the trim, operate the trim lever located on the left handlebar as needed. Squeezing the lever tilts the steering 
nozzle down which will lower the bow of the craft. The steering nozzle returns to the original (flat) position when the 
lever is released. 

The trim lever is equipped with a lock mechanism that will lock the nozzle in maximum trim, this is recommended when 
the watercraft is loaded with two people. To lock the nozzle, squeeze the trim lever fully with your middle finger and push 
the lock lever with your index finger. To unlock the nozzle, pull on the lock lever. 

By lowering the bow of the craft the Quick Trim System offers the following effects: 
- lmproved acceleration performance from rest 
- lmproved turning performance with less effort from the driver 
-Less porpoising in rough water 
-Leveling the attitude of the watercraft when it is loaded with two people 

TRlM LOCK LEVER 
\ TRIM LEVER 
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