TUNING GAUGES

engine, we are really wlking abour a
mixwre of fuel and oil. 1t you nchen
the pre-mix ratio (20:1 as opposed 1o
30:1), chere is more oil and less fuel in
the same volume of liquid, which effec-
tively leans the air-fuel ratio. This fact
gives the clever tuner one more ool o
nse when the correct jer 1s not available
or when nooe of the standard jeis are
exacdy tight. You can richen the jerting
by slightly reducing the pre-mix ratio
(less oil}. You ain lean the jeaing by
increasing the pre-mix racio {more oil).
Changes in the pre-mix ratio affec the
jeting over che entire throttle-opening
tange. but the changes in rado muse be
small to prevent excess wear from lack
of lubricating oil ot fouled plugs from
roo much oil,

Pre-mix oils are formulared for a
faitly parrow range of pre-mix rarios.
You should examine the oil bortde for
the oil manufacturers suggescion on the
pre-mix ratio. All production two-stroke
dirt bikes have a sticker on the rear
fender suggesting that you seu the pre-
mix ratio o 20:1, Thac sticker is puc
thete for legal purposes. Always refer to
the oil manufacturer’s suggestion on
pre-mix ratios. ln  general, small-
displacement engines require a richer
pre-mix ratio than do large-displace-
menc engines because smaller engines
have a higher peak rpm rthan larger

engines. The higher the enginc revs, tlo

more lubricarion ir requires.

TUNING GAUGES

There are three rypes o

professional tuners use t rb jerring;:

1. Relarive-air-densi D) gauge

2. Air—fuel (AF) g @ retel

3. Fxhausr- emperawre (EGT) gauge
The followgng is a description of how

each gauge funcrions and irs advantages.
RAD Gauge—A RAD gauge is the

best choice for dirt bikes because of the

convenicence, bur the gauge is no good
unless you get the jerting perfect. The
RATD) gauge provides you with an indi-
cation of bow much che air densicy
changes, helping you compensare for
the effects of changes in the air remper-
arure, aldrude, and baromerric pressure.

The gauge s calibrated in percentage
points. Once you set the jetting with
the ride and feel merhod, you can sel
the calibration screw on rthe gauge so
the needle is pointing to 100 peicent.
When the air densiry changes, the RAD
gauge will show the relacive percent of
change. Using a calculator, you can
multiply the percentage change shown
on the RAD gauge by the jer size and
derermine the correcred jer size for the
air density. The pilot/slow and main jec
have number sizes that carrelate widh
the RAD gauge, bur the peedle clip
position can only be cstimared.
Normally for every nwo main jec incre-
ments, the needle dip mnse be adjusred
onc notch.

AF Ratio Meter—1he AF mcrer

the exhaust gases and displays ¢

approximare air-fuel ratio of [h@.
The gauge displays AF ratigs I’@ 1
to 16:1. The oprimum for a
two-stroke engine is 12: F gauge
utilizes a lambda sen3gr thit is inserved

approximately Gaimfrom the piston in
the header pige four-scroke and in

AN

measures the percenrage ol oxygen i|;

inro the center ol (

xhaust stream,

The number one cause of stuck throttle condition 15
a bad throttle cable. Improper routing caused this

cable to fray above the carburelor. The cable should
route through the center of the head-stay brackets.

the batfle cone of a rwo-stroke engine.
A permanent female pipe fitring (174
in.) musr be welded o the side of the
exhaust pipe in order to fasten che
sensor. I'he weld-on firting setup is also
used on the temperaiure gauges. and
the fitting can be plugged wich a 1/4-in.
malc pipe fitting when the gauge is vor
in use. This gauge is idea) for four-
stroke engines.

EGT Gauge—'l"bo' 5T gauge
measures rhe tenyferar f the gases in

l.I'!C exhaust pil’lC C NFAnNs ofa I.CI'I'[PCI"J.-

ture probs fagrened into che exhaust
pipe. 6 in, h%iﬂﬂwe piston. This type of
|

Cnagle

you to tune che carb
rhe pipe rogedher, taking
advgnrage of the facr thar exhause pipes
re designed with a precise temperarure
inmind.

An exhaust pipe is designed to return
a compression wave to the combustion
chamber just before the exhaust port
closes. Most pipes are designed for a
peak temperature of 1,200 degrees
Fahrenheic. Most dirc bikes ave jetred
o nch, which prevents the exhaust
gases from reaching their design temper-
ature, so  power output  suffers.
Somertimes just leaning the main jet and
the needle-cdip  posicion  makes
dramadic difference.

Digitron is the most popular brand
of FGT gauge. It measures borh FCT
and rpm. The gauge is designed for kart
racing and is not suited for wer weacher
condirions. Tt is designed to mouni on
the handlebars so che rider can focus in
on it. Once you perform the baseline
jetting, send rthe rider our on the bike
with the FGT. The rider obicrves the
LEG'I' ro give you fecdback on the neces
sary jecring changes. Once th
dialed, use the tachomerer 1 check thie

jetting is

peak pm of the engine on the longest
straighrt of the raceriack. For cxample, if
the peak rpm exceeds the poinc of the
engines power-peak rpm, change the
rear sprocker to a highet final drive rario
(rear sprocker with fewer weety uniil the
rpm drops into the wirmer mange. An
EGT gauge is ideal for dirc rrack bikes
and karts, where peale rpm tcmperatine
is critical.
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CHAPTER SIX

Top-end rebuilding is the most frequenc
and costly service routine on rwo-stroke
dirc bikes, Every vear, dirt bike riders
waste loads of money on top-end parts
that didn't need 10 be replaced, or they
make costly mistakes while performing
cepairs. This scction provides the dos and
don'ts ro easy rop-end rebuilding. plus
some tips thar aren't printed in vour
facrory service manual.

BEFORE YOU START

Thoroughly wash your bike because dirt
stuck o the underside of the cop frame
tube could break loose when servicing
and Fill into rhe engine. Use a saiff plascic
brush and hot soapy warer to clean off
rhe gric and grime around the base of the
cvlinder, on the carburetor and incake
boort, and especially underneatch the rop
frame rail. Degreaser can be used on

it on rubber or gasker surfaces.

metal surfaces, but rake care nor to |eaveQ

X

TOOLS

You'll need at least some 3/8-in.-Buive
merric  sockers and  box nches
(open-end wrenches will #Owung Aff rhe
edges on the cylind , head nurs
and shouldn’t be for rop-end

rebuilding), nccllehose pliers for
removing cir, @a l a gasker wol to
scrape gaskets away. For solt
ools, g some shop rowels, aerosol
oven cleaner, a Scorch-Brire pad, a
locking agent such as Loctite, a gasket
scraper, a brush, and a bucker of soapy
warter. You'll also neced a compression
tester, a feeler gauge, and a digiral
vernier caliper.

COMPRESSION TESTING
A compression tester is a useful diag-
nostic wol, readily available from Sears
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or auto parts stores. Buy the chreaded
type, and make sure the kit comes with
an adaprer thar marches the spark plug
threads of your engine.

Performing a compression tesr is
simple. Start by removing the spark plug,
threading in rhe adaprer, and holding the
throttle wide open with the kill button
on. This prevents any spark and enabl
the enginc o draw in maximum aitflg
Then kick-start che engine sevér, q
unril rhe needle on the presy@re gauge
peaks. The pressure readin ds on
two main facrors: the ¢ i
and the altitude at W
tesred. The compressi

rhe engine is
racio will also
or not the engine

depend on w
is equipp% h exhaust valves and
AL

the con [ the valves, When rhe
es are in the closed position,
thcﬁm ression ratio will be greacer

if che valves are carbon-seized in rhe
open position. The difference may yield
a pressure reading of 25 psi. The quality
of compression testers varies grearly.
The main ching char a compression
tester can idenrify is a change in condi-
tion. Whenever you rebuild the top end,
talkke a compression pressure reading
and mark ir down. When the pressure
changes 20 percent, check the condition
of the piston and rings. Pistons usually
last rwice as long as rings.

CRANKCASE PRESSURETESTING

The crankease of a rtwo-stroke engine is
sealed off from che rranny. [t's impor-
tanc thar the two crankshaft seals are in
oprimum condition. One side of rhe
crankshaft uses a dry seal and the orher
a wert seal. The dry seal runs on the
magncro side and the wer seal runs in
oil on the tranny side. When rhe dry
seal wears, the crankcase sucks in hort

i && run lean and

air, causing the n-mv
overheac thefngi hen che wet seal

wears, the Ggin

ase sucks in cranny
oil, c:lus' the engine to run rich and
event NK t-foul the spark plug.

A{l’&l kcase pressure test involves
%& ol a vacuum pump with spark

Plug adaprer and rubber plugs to block
off the intake and exhaust manifolds of
the cylinder. The piston must be posi-
tioned ar BDC ro allow che transfer
portts to be wide open, linking the bore
and che crankcase. The hand pump
produces vacuum pressure up to a stan-
dard setring of 5 psi. The normal
bleed-down pressure loss is 1 psi per
minute. Cylinders with complicaced
exhausr valve svstems can be difficult to
block off air lcaks and harder to test.
Crankcase pressure resring kits are
available froin Morion Pro.

If 1 suspecr chat an engine has an air
lcak in cthe crankeases, 1 do a visual resc.
Starr by power-washing rhe engine
clean. Theo remove rhe magneto cover.
Spray the magnero clean with an
aerosol can of brake cleaner. Make sure

non-chlorinated cleaner,

Sprinkle baby powder on all che

suspect areas of the engine. Sprinkle
the powder on the crankcase around
the magneto, ar the crankcase seam
line, the cylinder base, and the reed

o use a

valve. Run the engine for a while; rhe
white baby powder will highlight any
fluid or air leaks on the engine. The
baby powder test is inuch betcer than
the alternanive rest of blowing raw
propane gas ar differenr areas of a
running cngine and listening for a
change in che idle rpm. Thar is
dangerous because ir involves flam-
mable gas and a hot engine with
random elecrrical shorts.



MAINTENANCE AND INSPECTION

DISPLACEMENT 80 cc

TEAR DOWN AFTER 5 hours

125 ce 250 cc 500 cc

10 hours 20 hours 40 hours

When you do a top-end job, check Lhe condition of
the cybnder head. The top-end bearing of this bike
started Lo break apart, and the needle bearings
smashed belween the piston and head, causing
damage to both. The head was refinished on a lathe.

MAINTENANCE AND
INSPECTION

A rthorough top-end rebuild requires
removing the reed valve, cylinder head,
and cylinder. You should tcar down
your top end periodically and inspect
the reed valve, cylinder head, cylinder,
piston, and sa on. Use the following

chart to determine when vou shoub

tear down your bike:

Note that air-cooled bikes shquld
be inspected mare frequently, % vou
may want 1o inspect more glenf vou are
riding in fine sand or lo %ld. When
you tear down the EIQ inspecr each
system e following
trouble sigrqﬁ
REED VALVE
Check the reed perals for open gaps
berween the sealing surfaces, In time,
the reed petals lose their spring tension,
and the backHow can cause a flac spor
in the throrde response. Stock nylon
reeds rend o splir ar the edges on bikes
thar are constantly over-revved. Expert

tiders find that carbon fber reeds last
much longet.

and  loo

Most cylinders use ali@nment pins to locate the

cylinder on 1@@5& If those pins get tweaked
or rusty, iIQ'ﬁ difficult te balt the cylinder Lo the
¢ s@t s, stress fractures will occur on the
Q& the case, Check oul this hairline crack in

the'eases below the cylinder bolt.

CYLINDER HEAD

Check rthe head ar the edge of che
chamber for crosion marks—a sign that
the head gasler is leaking. If che head or
top edge of the cylinder is eroded. it must
be turned on a lathe ro be resurfaced.

CYLINDER

All cylinder bases use aligning dowel
pins around two of the cylinder base
studs. The pins are made of sceel, and
afrer heavy power-washing, they gec
corroded. That makes it difficulc o
remove the eylinder  from  che
crankcases. Never use a pry bar, L'har
will damage the cylinder. Tnsread, use a
plastic mallet to hir upward on rthe
sides of the cylinder ar a 45-degree

There are two ways Lo install the lop end. You can
install the piston assembly into the cylinder, and
then lower the pisten and cylinder anto the
connecting rad to pin it. The convenlional way IS 1o
install the piston assembly on the rod and lower Lhe
cylinder onto the piston. Never twist the cylinder or
rings when shding the cylinder and piston logether.
The fing ends can gel trapped in the porls and be
prone to cracking.

angle. Aliernate from left o right sides
to lifc che cylinder up evenly. After you
remove the cylinder, stuff a shop rowel
inta the open crankecases o prevent
debris from entering rhe engine.

THE DIFFERENT TYPES OF STEEL-LINED
AND PLATED CYLINDERS

There are two rypes of cylinder bores
used on dirc bikes: sceel or casr-iron
sleeves or rhose with plading on the
alumipum. Most dirc bikes made after
1989 have plated cylinders. You can
check the cylinder cype with a magner.
If the magner sticks to the bore, it is a
sleeve. If it doesn't stick, it is plared.
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TWO-STROKE TOP-END REBUILDING

This 15 @ view looking down the exhaust pie. Notice
how carbon bulldup has reduced the diameter of the
pipe, which can make the bike [ose power and run
hatter. Il your bike ever breaks a pislon, power-wash
the pipe Lo flush out the debns.

Some big bore kits have pist *:}h,an the hole
1t the crankcases. Cleara g is necessary
and can be performed elul taping and Lhe
ald of 8 vacuum

There ;rc three cypes of plated

cvlinders: Kawasaki Flectrofusion, hard
chrome, 1l nickel silicon carbide. Uhere
are several variations of the nickel silicon
carbide process, but che most common
trade name is Nikasil. The nickel-
based processes have many advantages
over hard chrome, Elecrrofusion, and
sleeving, Nickel auracis oil and s an

excellent carrier marenal for silicon
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L 4
Whenever the cylinder is overbored, cn&}xhausl valve clearance ta the bore. These valves protrude too

far info the bore and need ta be g

wedb-resistant mace-
rial that carrie ad of the piston.
The mater) 'ﬁcctro'placed right on to
the alumi %}-’Iinder for the oprimum
thern siency. Nickel can be honed
liamood stones, which leave distine-
peak-and-valley scratches in  the
cylinder wall that rerain oil and provide a
ertain bearing ratio herween the running
surfaces of the bore.

carbide particles

wirl

Ics possible ro rebuild 2 plated
cylinder by fcting it with a sleeve.
HU’“’C’VCL’, )r‘l‘)l.l can t.‘xpfct [ pay maore
for bore maintenance over rhe life of
the bike and lose chermal efficiency and
horsepower, Placed cylinders are harder
and lasr longer chan sleeved cylinders.
Kawasaki cylinders with the original
Electrofusion coating or hard-chromed
cylinders can be repaired with nickel
plating or sleeving. Sreel or cast-iron
sleeves cannot be nickel-plated uuless
they are separated from the aluminum
cylinder. The preaeatmenc (or the plating
would disintegrare  the aluminum.

here are four companies that re-place
cylinders in the United States. The
average cost to re-plate a cylinder is
abour $200.

pislon clearance of 1 mm.

THE PISTON

Some uoferrunate guys do more damage
replacing the piston than the actual wear
on the piston. Remove che citclips wich
small needle-nose plicis and throw them
away. [r is 2 common mistike to reuse
circlips, but the cheap spring-sceel wire
clips will fatigue and hreak if you insrall
chem for 2 sccond rime.

Afier removing the circlips, you have
o remove the piston pin, Never use a
hammer and punch o remove the pin,
Thar will damage the connecting rod and
needle bearings. Tnstead, use one of the
pin-extracror tols available rom your
local franchised motorcycle shop. You can
also grasp the piston with one hand and
use a 3/8-in. socket extension o push the
pin out wich your ocher hand.

Too many people replace their pistons
oo often. The exact service interval for
vour bike depends on how hard the bike
was run, for how many hours, the qualiry
of the lubrication, and the amount of dirt
or other debris in the intake air. Bikes thar
are run hard wich dirgy air filiers may wear
out pistons in only six hours, while biles
that are ridden easy with clean fileers and
adequace fuel octane may last 60 hours.



This Motion Pra pistan pin extractor saves you from
hammering on the rod to remave the piston.

MEASURING THE PISTON

Lt is best to measure the piston with a
caliper. Digital calipers cost about $100
av industrial ool companies such as
Enco or Harbor Freight. A digital
caliper is casy to use and gives accurarte
measurements on the piston diamerer
and cylinder bare. Measure the widths
of the piston {front ro back) just above
this is the widest
point of the piston. Check the
maximum wear specs in your service
manual. Check the piston for derona-
rion marks in the crown, cracks in the
skire, or seizure marks. Look ac the
underside of che piston crown for a
large black spot. The spor is burnc oil
deposits that adhered o the pistan
because the piston crown remnperacure
was too hot, This is an indication that
rhe carb’s main jet needs to be richer

the inrake cutaway

LETTER DESIGNATIONS ON O

CYLINDERS AND PISTONS

The Japanese manufacturers
designarion sysrem for pl linders.
They intend for you to
pistons based on rthe t designation
princed or stamp cylinder. In
mass produgs@n you cant guarantee chat
all pares wi@xacr]y the same size. The
size variance 18" based on an acceprable
level of qualiry. Tool bits become dull,
temperatures of machine rools change
through production runs, and machinc
operators have inconsistent performance.
The Japanese manufacrurers have twa o
four differenc-sized pistons and cylinders,
normally labeled A, B, C, and D. If chey
only had one size, the piston-to-cylinder
wall elearance would vary berween 0.001

and 0.006 in. In the siandard

Japanese  alpha-labeling  system,

“A” denores rthe smallest bore or
piston size, and every lercer after
thar is slightly larger, usually in
increments of 0.0015 in. If you try
to put a [ piston in an A cylinder,
rhe piston-to-cylinder wall clear-
ance will be so right char a seizure
might oceur.

Measure the piston at the bottom. from front
to back. Pistons are cam ground and
tapered specially for engine running candi-
tions. A $30 caliper is good enough to get an
accurate measurement of the piston.

== R

b AT
B 11

——_
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Pro-X piston kits come in increments of 0.0005 inch
for most modern Japanese dirt bikes. LA Sleeve
distnbutes Pro-X and more indiwdual top-end engine
components than any company n the world.

PRO-X OVERSIZE PISTON KITS

Pro-X is a marketing company thar sells
the Japancsc
company ART, which makes all the cast
pistons for the Japanese motorcycle
manufacrurers. These pistons ate t
same quality as the OEM pistons, ;
they arc available in sizes larger tha
alpha pistons available from frankhised
dealers. The Pro-X pisronsdage usually
priced lower rhan OE {m)s. Il the
cylinder bore is slight orn {up ro
0.005 in.) with onl all arca of bare

surplus  pistons  from

aluminum cxp yau can install a
Pro-X oy fg iston. The Pro-X
pistons aregraded oversize in smaller
incremenrs than Wiseco pistons, but a

wider range than the OEM pistons. For
example, Wiseco pistons are sized in
0.010-in. increments and Pro-X pisrons
0.001-in.
Before attempring w© order a Pro-X
piston, you must measure the cylinder
bore at the smallest poinr and allow
0.002-in. clearance betweea the piston
and cylinder.

are sized in increments.
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Wiseco pistans are ideal for overboring and electroplating.
The Wiseco rings are campatible with all types of nicke! coalin% tirralize the acid in the oven

MEASURING THE RING GAP

Measure the ring end gap o detcrmin
if che rings are worn. Place theain
the cylinder and use the pisto le

it down abour 1/2 in. fro op,
f’\’fl‘lly Sp;«lC{:(I. Now use a _auge Lo
measure the width evring gap.
Normally, the maiguumNgap is 0.018 o
0.025 in. 6

CYLIND %) EXHAUST

VALVE
Does fouteylinder have burnr-on mud
u@ utside, heavy brown oil glazing
cylinder bore, or gooey oil on the

haust valves? If so, rhere is a way 10
clean rthose parts without Nammable
cleaners. Go to the grocery stre and get a
can of aerosol oven cleaner, This stuff is
grear for cleaning rhe carbon from che
exhaust valves without completely disas-

Bovesen Precision Porting makes trick cirglig instal-
lation tools for 125- and 250-cc dirt bikes. The
device has a plunger thal installs circlips withaut the
stress caused by pliers.

sembling them, Caution: Oven
cleaner arracks aluminum; don’
leave it on the cylinder for more
than 20 minutes. Oven cleaner
can be used on both sceel and
plated bores,

T'he oven cleaner will help
Joosen the oil glazing on the
cylinder walls. "Lhen, you can

use a Scorch- pad to hone
the cvlind Kﬂls in a criss-
Cross ar@ Wear
glov Aen you use oven

clganer and flush the cylinder
. :

x ard with soapy water o

8

rubber

cleaner and break the molec-
ular bond of the oil, so the
Cﬂbris can he rinsed away. Sleeved cylin-

ers (especially Kawasald cylinder bores
with Electrofusion coating) are vulner-
able w corrosion after cleaning. Spray
some penertating oil on the cylinder bore
to prevent it from rusting.

Caution: Cerrain types of cylinders
cortode quickly after the cleaning
process, so spray the bore area wich
penerrating oil to displace the water.

HONING THE CYLINDER BORE

Muany people ¢-mail me with questions
regarding haning cylinder bores. If you
want to buy a hone o deglaze bores or
polish off small sctacches. 4 ball hone is
the best choice. Ball hones are manufac-
tured by Brush Research in Los Angeles,
under rhe brand name Flex-Hone.
These hones are under
differenr labels and are most casily avail-

available

able from auto parts stores, Buy a sive
rhat firs in che tange of the actual bore
size. Hones are available in scveral
different materials and grits, bur the
profile that best suits bath steel and
plated cylinders is aluminum oxide or
silicon carbide 240 ro 360 gric.

A ball hone cannoc remove material
from che cylinder bore, especially on
hard, nickel-plated bores. However, a
ball hane can polish down the peales of
the original hone scrarches and increase
the bearing ratio. In other words, the
piston will he touching a greater
percencage of the bore. Sometimes thar




BIG BORE KITS

A centrifugal governor mechanism converts rotary motion from the crankshaft and turns it into linear motion to
vary the exhaust port's effective stroke matched to rpm. The four steel balls travel in channels on & ramp. The
higher the rpm, the farther the balls travel up the ramp, overcoming the force of the spnng.

makes the piston wear quicker, burt if

you have ro ball hone the bore to
remove scratches, it's 4 compromise.
Never use a spring-loaded finger hone
on a two-srroke cylinder. The sharp
edges of the stone will snag the port
edges and most likely damage rthe hone
and the cylinder.

TOP-END ASSEMBLY

1. Insrall one of che circlips in che
piston with the opening facing away
in the 6 or 12 o'clock position.

2. Grease rhe cylinder-base alignment
pins.

3. Set the exhaust valves in the closed
position.

4, On cylinders with reed valves, leave
the inrake porr open because yo
will need ro reach in through
port to push the pisron-rin ds
back in place.

5. The best way to slip thg on into
the boctom of the_cdinder is o
rotate rhe rings 1 one side of

the locating pi ndh, squeeze the
r muddle finger and

t will leave your other
hand frec ro®position the cylinder.

6. There are two methods used rto

assemble the wp end. The first

rings wit
thumb.

merhod is 1o attach che piston ro the
connecting rod and lower che cylinder
on to the piston assembly, The second
method is to install che piston
assembly into the cylinder and lower
the cylinder and piston on o che
connecting rod. The second merhod

N

is easier buc involves pinning rhe
piston and installing one circlip with a
minimum amounr of free space.

7. Take care ro align che exhaust valve
conrrol mechanism as the cylinder

bolted to the crankcases. &}

GASKET HYGIENE O
The oven cleaner you dean the

cylinders will help lodsen e old gasker
material enongh tw ¢ i, Carefully
scrape the gasket ith a pasker scraper.
Never use a fl driver to remove the
¢ the aluminum surfaces
Adinder, and crankeases are
iJ_v d. If these surfaces are gouged
% ngine, they should be draw-filed
flacko prevenr air or coolant leaks.

Never reuse paper paskets; always

replace them with new gaskets, and
spray sealer on che paper gaskers, so
they will scal beteer and will be easier o
remove the next tme. The new-style
steel gaskets can be cleaned and reused a
few times, but you'll need ro spray the
gasket with a sealer such as Permatex
Spray-A-Gaskec or copper-coat.

KEEP A LOGBOOK

Keep a loghook that tracks the number
of riding days and the periodic maiore-
nance. From reviewing che log, you will
lcarn how often you nced to service the
top end if you record the measurements
of the ring gap and rhe pisron diamerer.
A logbook also gives you greater
leverage when you cry 1o scll your used
bike for a premium price.

BIG BORE KITS

One of the best ways to increase horse-
power is 1o increase displacement by
overboring the cylinder. This can be
ideal for play or ver-class riders, where
the increased displacement won't be
illegal for your race class. When done
right, a big bore kit can give you more
power everywhere rather
increase in anly the top ¢ bottom
of the powerband. S %qcrcases are
typically more  y€abl d give vou
more power whe need it.

than an

Piston  manulacturers  such  as
Wiseco m’lx;c&rsize piston kiws for
popu dct bikes. These kits boost
the agement of the eylinder o che
limig, of " racing class or ro a larger

isp{qccmenr class, for exarmple: 80 cc
oM 00 cc, 125 cc o 145 cc, 250 cc 0
65 ccor 300 ce, and 495 ce ro 550 cc.

Riders compering in the AMA
veteran class can ride a bike with any
displacement. Riders competing in hare
scrambles and enduro can race rhe 200
cc class wich a 125 couverted o any
displacement.  AMA  morocross  and
endure racers can make che 250 cc
bikes legal for open class by increasing
the disphcemem a minimum of 13
percent (1o 286 cc). Also, you should ar
leasc consule with an expert before tack-
ling a big bore kit. o ger the most from
an overbored engine, you need 1o make
sure the carburetion, exhaust, porring,
and riming arc all adjusted to suit the
larger bore. There are several companies
specializing in alternarive displacement
kits involving both overbores and
crankshaft stroking.

PORT TIME-AREA

Porr rimc-area rcfers to the size and
flow range of the intake and exhaust
ports, relative to rpm, The pors encer
the cylinder bore ar angles. When the
cylinder is overbored, the transfer ports
become lower and wider. The same
thing happens to the exhaust pore. This
effecrively retards rhe port timing and
reduces the total degrees of duration.
When the displacement of the engine
increases, so docs the demand for more
port time-arca.
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If you just overbored and plated a
cylinder, it would have much more low-
end power than stock, buc the top-end
power would suffer. Notmally, tuners
have t adjust the ports o suit the
demands of the larger engine displace-
ment. ‘The propet dimensions for the
calculated  using a
compurer program from Two-Srroke
Racing (TSR). The program, “Port
Tine,” enables wners wicth limited
mach skills to run stongs of formulas

ports can be

for deterrvining the opdmum dimen-
sions of the ports. Generally speaking, if
the ports in the overbored cylinder were
raised ro the same heighrs as the stock
cylinder, it would make the port diming
sufficient o run with stock or afrer-
muarket exhaust systems.

CYLINDER HEAD

After overboring the cylinder, the head'’s
dimensions must be changed ro suir the
latger piscon. Firse, the head’s bore must
be enlarged to the finished bore size.
Then, che squish band deck heighe
must be ser to the proper installed
squish clearance. The larger bore size
will increase the squish wirbulence, so
the head’s squish band may have to be
narrowed. The volume of the head must

he increased 1 suit the change in @-n
eylinder displacement. Otherwise, thonrrihutes
g

enginc will run flat ac high rpm ot k
in the midrange from detonacion.

O

@l, the

Arance must

EXHAUST VALVES
When the bore size is
exhaust valve-to-pistg

be checked and adj
to the rypes o
operate wichj
piston. xhaust valves aten’t modi-
fied, ch&giston could strike the valves
and cause setious engine damage. The
normal clearance berween che exhaust
valves aod the piston should be ar least
0.030 in. or 0.75 mm.

This perrains
aust valves chat
se€proximity of the

CARBURETOR

The larger che ratio berween the piston’s
diamerer and che carb’s size, the higher
the intake velocity. Overbored cylinders
produce higher intake velocity, which
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reduce che risk of dirt and debris
falling into the engine. Once you
remove the cylinder, scuff a clean rap
down inco the ¢crankeascs.

2. 'The cylinder and head use alignment
pins w0 hold them straighe in posi-
tion from the crankeases on up. The
pins make ic difficult to reinove the

cylinder frown the cagand the head

draws more fuel through the carb. Of
course, a larger engine will nced mote
fucl. Normally, when vou overhore an
engine 15 to 20 percent, che slow jet
will need 1o be richened and the main
jet will need ro be leaned. Start wich the
stocle jerring and make adjustuments
after you ride the bike.

IGNITION TIMING

The ignidon tming has a minimal
effect on the powerband. Retarding the
timing reduces the hit of the powerband
in the midrange and extends the cop-

from the cylindeg "Sometimes the
steel alignmen &ormde inio the
aluminumfer components. Iry
spraying peogstating oil down the
m()’ungi studs before atcempring
end overrev. {"Overrev” js a slang rerm ) the cylinder and head.
thar describes the uscable length of the r ‘use a flar-blade screwdriver,
powerband at high cpm.) %el, or meral hammer o remove

The scientific reason for rthe shifc of ~ ,  the cylinder. Instead, use chis rech-
the powerband ro extremely high tp nique: buy a lead-shot plastic maller,
is because the temperacture in the pi swing ir at a 45-degree angic upward
increases with the retarded tiri d against the sides of che cylinder.
that enables the pipe’s rune@h o Alternate [rom left to righe, hiting
be more synchronous wi piston the sides of the cylinder to separate it
speed and port dming "egylinder.

from che cascs evenly. Clean the steel
increases the alignment pins with steel wool and
owerband, but

teen out at high
jvely long sparck lead
greater pressure rise in
r before che piston reaches
is produces more torque in
idrange, buc che high pressure
0 pumping
xcremely high rpm.

Advancing the
midrange hic ofache
makes che p
tpm. The

penetrating oil. Examine cthe pins
closely. If they are deformed, they
won't allow the engine parts o bole
togecher tighdy, which can cause a
dangerous air leak or a coolanc leak.
The pins are abouc $2 each. Replace
them if they're rusty or deformed.

3. Never reuse old gaskets. Remove them
with a razor blade or gasker scraper.
Don't use a drill-driven steel wool pad
o remove old gaskers because the
wool pad can remove aluminum from
the cylinder and head, which will
cause a gasket to leak.

4. Always check the ring end gap on a
new ring by placing it in the cylinder
berween the head gasket surface and
the exhaust port. The gap should he
0.012 ro0 0.024 in.

5. Always insall the circlips with rhe

T

losses at

PIPE AND SILENCER

Because only the bore size is changed,
you won't need a longer pipe, only one
wich a larger center section. FMF's Farcy
pipes work great on engines thac have
been overbored.

HEAD GASKET

Increase the bore diameter of the head
gasker w the dirmension of rhe new
piston. If the head gasker ovetlaps into
the cylindcr bore more than | mm on
each side, it could conrace the piston or

opening facing straight up or down;
that way inercia will hold it dghe
into the clip groove. Place one clip
in the groove before installing che
piston on the connecting rod. 1
easier to install a clip with the piston
in your hand than on the rod. There
is also less chance that you'll drop
the circlip in the crankcases.

he $U$C.Cpl'il‘l|tl' [0 pressure blOWOU[S‘

11 TIPS FOR REBUILDING A

TWO-STROKE TOP-END

1. Before you begin, power-wash the
engine and the test of the vehicle to



TROUBLESHOOTING PISTON FAILURES

6. Always install the rings on che piston
with the markings facing up. Coat
the rings wich pre-mix oil so they
slide in the groove when trying to
install the piston in che cylinder.

7. Always install the piscon on che
connecting rod with the artow on
the piston crown facing toward che
exhaust porr.

8. The traditional way ro assemble che
wp end is to insall che piscon
assembly on the connecring rod,
compress the rings, aod slide che
cylinder over the piston. That can be
difficult wich larger bore cylinders or
if you're working by yourself. Try this
mcthod instead: [nstall one citelip in
the pismn, p%ace the Piston in the
eylinder wich che pin hole exposed,
install the piston pin through one
side of the piston, position the
cylinder over the connecting rod,
push the piston pin through undl it
bortoms against the circlip, and
install the other circlip. It only rakes
two hands to insall the top end this
way, and chere is less chaoce thac
you'll damage the rings by owisting
the cylinder upon installation.

9. On cylinders with ceed valves and
large oval inwke ports, rake care
when installing che piston assembly
in the cylindec. The tings ace likely

to squeeze out of the ring grooves,x
Use a flac-blade screwdriver to genrb

push che cings back in the grooy,
the piston assembly can pass

inwake port.
&ace the

10.For steel head gaske
h(:ing up.

t sealer; use

vesealer instead.
For hyl iber/steel ring head
gaskers, place the wide side of the
steel rings [cing down.

11.When you inidally starc che engine
after a tebuild, manipulate the choke

Don't use liquid
aerosol spray

to kecp the engine rpm relacively low.
Onee the engine is warm enough o
take it off choke, drive the vehicle
around on flat, hard ground. Keep it
under 2/3 throtte for the first 30
minutes. Two commeon myths for
proper engine break-in ate: A) Set the

engine at a fast idle, stationary on a
stand. B) Add extra pre-mix oil o the
fuel. When the engine is on a stand,
it doesnt have any air passing
through the radiator and can run o
hot. When you add extra oil to the
fuel, you are effectively leﬂnin.g the
catb jetting. This can make the
engine run hotter and seize.

TROUBLESHOOTING PISTON
FAILURES

Examining a wsed piston can give a
mechanic helpful informadion on the
condicion of a two-stroke engine. When
engine failure oceurs, the piston is likely
to take the brunt of the damage. Careful
examinacion of the piston can help a
mechanic tace the source of a mechan-
ical or tuning problem. This is a guide fo
the most common mechanical probk&

1. Perfect Brown Crown

The crown of this piston shows an ideal
carbon pattern. ‘T'he wansfer ports of this
two-stroke engine are flowing equally
and the color of the carbon pattern is
chocolate brown. Thac indicares thac this
engine’s carb is jetted correcdy.

2. Black Spor Hor

The underside of this piston has a black
spot. The black spor is a carbon deposit
that resulted from pre-mix oil burning
onto the piston because the piston’s
crown was too hot. The main reasons for

this problem are overheating due ro lean
carb jetting or coolant system failure.

3. Ash Trash

This piston crown has an ash color,
which shows thart the engine has run hot
The ash color is actually piston marerial
thar has stacted 10 fash (melt) and wen
to tiny flakes. If this engine had been run
any longer, it probably would've devel-
oped a hot spot and hole pear the exhaust
side and failed. The main causes of this
problem are wo-lean carb jerting, rwo-
hot spark plug range, too-far-advanced
ignition timing, too much compression
for the fuel’s ocrane, or a general over-
heating problem.
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4. Smashed Debris

This piston crown was damaged when
debris entered the combustion chamber
and was crushed berween the piston
and the eylinder head. This engine had
a COI’!’E&pnIIding dalnage p:l[tern on [he
head's squish band, The common causes
of this problem are broken ncedle bear-
ings from the small- or big-end bearings
ol che connecting tod, broken ring
ends, or a dislodged ring cencering pin.
When a problem like this occurs, its
important 1o locare where rhe debris
originared. Also, che crankcases must be
flushed out to remove any lefrover

debris that could cause the same

damage again. If the debris originated
from the big end of rhe cannccring rod,
the crankshaft should be replaced along
with the main bearings and seals.

5. Chipped Crown Drown
This piston crown chi at the top
ring groove becau head gasket
leak. The coolar drawn inro the
combustion bé&s on the down-
stroke o iston. When the coolant

hits th&giston crown, it makes the

aluminum botle and eventually cracks.
In execreme cascs, the head gasker leak
can cause erosion at cthe top edge of che
cylinder and the corresponding arca of
the head. Minor leaks of the gasker or
Q-ring appear as black spots across the
gasket surface. When an engine suffers
from coolanc being pressurized and
forced out of the radiaror cap’s vent
tube, ic is a strong indication of a head
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gasket leak. Tn most cases, the top of che
cylinder and the face of the cylinder
head must be resurfaced when a leak
occurs, Most MX bikes have head-stays
mounting the head ro the frame. Over
time, the head can warp ncar the head-
stay mounting tab because of the forces
ansferred chrough the frame from the
wp shock mounc, Ir's imporant to
check for warpage of the head every
time vou rebuild the top end.

6 5%& Skire
@ ires of this piston shatered because
Qn piston-ro-cylinder clearance was too

great. When the piston is allowed to

rattle in the cylinder bore, it develops
stress ericks and evenmally sharers.

7. Snapped Rod

The connecting rod of rthis engine
snapped in half because the clearance
berween the rod and the thrusc washers
of the big end was too great. When the
big-end bearing wears out, the radial
deflection of the rod becomes excessive
and the rod suffers from torsion vibra-

This leads 1o
breakage and catastroplidgngine damage.
uld be checked

The big-end cleara
every time y m‘! che top end. To

check the cdearance  of che
connecting rod, inscrr a feeler gauge

*
berwe )\ rod and a chrust washer.
Aecloghe’ maximum wear limits in vour

s facrory service manual.

don. ;onnecring  rod

8. Four-Corner Seizure

This piston has verrical seizure marks
ar four equally spaced points around
the circumference. A four-corner seizure
occurs when the piston expands faster
than the cylinder and che clearance
berween the piston and cylinder is
reduced. Also common, a siogle-poinr
seizure on the center of the exhaust
side of the pisron occurs only on cylin-
ders with bridged exhaust pores. The
main causes of single-poinc seizure are
too-quick warm-up, too-lean
jecring (main jet), or too-har spark
plug range.

carh
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9. Multi-Point Seizere

This piscon has mulriple vertical seizure
marks around the circumference. This
cylinder was bored ro a diameter that was
roo small for che piston. As soon as the
engine starced and the piston starred irs
thermal expansion, the piston pressed up
agaiost the cylinder walls and seized. The
optimum  piston-to-cylinder wall clear-
ances for differenr types of cylinders vary
grearty. For example, a 50-cc composite
plated cyhnder can use a piston-to-
cylinder wall clearance of 0.0015 in.,
whereas a 1200-cc steel-sleeved cylinder
snowmohile ser up for grass drags will
need 0.0055 ro 0.0075 in. For the best
recommendation on rthe oprimum
piston-to-cylinder  clearance for vour
engine, look to the specs thar come pack-
aged with the piston or consulr yo

factory service manual.

10. Intake Side Seizure

This piston seized on the inwake side.
This is very uncommon and is caused by
only one thing—loss of lubricacion.
There are three possible causes for loss of
lubrication: no pre-mix oil, separation of
the fuel and pre-mix il in che fuel rank,
warer passing through the air fileer and
washing the oil film off the piston skirc.

11, Composi @ng
Most rwo@ cylinders used on moor-

cycles mid snowmobiles have composice
mdcrs The composicc marerial
%a € of tiny silicon carbide particles.
electro-plaring process enables the
|]|con carbide parricles to bond ro
rhe cylinder wall. The parricles are very
hard and sharp; they don't bond o che
ports so the manufacrurer or recondi-
rioning specialisc muse thoroughly clean
the cylinder. Somerimes the silicon
carbide “flashing” breaks loose from the
ports and wedges between the cylinder
and the piscon. This causes tiny vertical
scratches in the piscon. This problem isn't
necessarily dangerous and doesn't cause
catastrophic piston failure, buc it should
be addressed by thoroughly flushing the
cylinderand ball honing the bore ro rede-
finc the crossharching marks,

This type of problem can also be
caused by a leak in the air intake system.
Debris such as saod or dirt can cause the
same type of tiny verrical scratches in
the piston skirc and cylinder wall.

However, the main difference is the color
ol the piston crown and spark plug. Dirc
will leave a datk stain on the piston and
sand will make i look shiny, Jike glass.
Thac's because melted sand is essentially

glass. Normally, you will need ro

replace the piston kit because the
scratches will reduce the piston’s diam-

eter beyond the wear sp:c.k

12, Burnt-Ont Blow-Hole

This piston overheated so badly thar a
hole melted cthrough the crown and
collapsed rthe ring grooves on the
exhaust  side. Normally, the piston
temperature is higher on the exhaust
side so carastrophic  problems  will
appear there first. There arc several
reasons for a failure like chis. Here are
the most common: air Jeak ar rthe
magnero-side crankshaft scal, roo-lean
carb jetring, roo-far-advanced ignicion
timing or laulty igniter box, to-hot
spark plug range, too-high compression
ratio, or too-low-ocrane fucl.
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13. Blowby
This piston didn'c fail in operation, but
it does show the most common

problem, blowby. The rings were worn
past the maximum end-gap specifica-
ton, allowing combustion pressure to
scep past the rings and down the piston
skirt, causing a distinct carbon partern.
Irs possible thac che cylinder wall’s
crosshatched honing parttern is parily co
blame. If the cylinder walls are glazed or
warn Lo f‘:!r. even new Tiﬂgh WOD’I Sﬁill
properly ro prevent a blowby problem.
Flex-Hones are available ar most auro
parts stores. They can remove oil glazing
and restore crosshatch honing marks
thar enable the rings to wear to the
cylinder and form a good seal. If you
purchase a Flex-Hone for your cylinder,
the proper grir is 240 and the size
should be 10 percenr smaller than the
bore diamerer.

-

&r; Seatiered

This pistgfi was allowed to run way pasr
its service® life. Too much clearance
berween the piston and cylinder wall
caused siress cracks ro form ar several

14. Sha

poines. Amazingly enough, this piston
shatrered and rhe engine quit withour
causing any significant damage. Mosc of
the dehris was deposited in the exhaust
pipe. I flushed the crankcase, replaced
the crank seals, bored che cylinder, and
ficced a new piston.
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15. Briclge Point

This piston has a decp wear mark in line
with the exhaust bridge. Two differenc
chings can cause a problem like chis. 'I'he
most common problem is char che rig
side crankshaft seal is leaking,

cayst
tranny oil to enrer the bore. ¥ @ ic

charge of rhe friction pres& the
exhaust bridge and the nil)ﬂ § cause
an arcraction. The oily corks like

an abrasive media © erare the wear

at the exhaust bridg other common
problem is a | proper relief clear-
ance on tl Qﬁlusr hridge. When a
cylinder ¢ lared or overbored, de
cxhau@gc must be ground for extra

cleavance over the bore size because rhe

learance compensates for expansion.
The normal relief clearance is 0.001 o
0.003 in. Generally speaking, the wider
che exhaust port in telation 10 the bore
size and the narrower the bridge, rhe less
reliel needed. Too much bridge relicf
will cause the rings to flex the exhaust

porr and break.

@lt bridge gets hotrer than ocher
ar&s of the cylinder. ‘The extra relief

16. Piston Bounce

Do you norice the distiner circular line
locared ncar the outside of the piston?
It was cavused by conmacr berween the
piston and che cylinder head’s squish
band at TDC (top dead center). There
arc several causes for this problem,
ranging from worn  connecring rod
bearings to an improperly modified
cylinder head, ‘The opihwum clearance
berween the pisto %wml ar TDC is
0.040 1o 0. 'ncpending on the
displacemen ¢ engine. The larger
the difpl

ance @

Y4

ment, the greater the clear-

17. Arrow orward!

This piston was installed backward,
|“C3|1i"g [i);lr [hf arrow on Ehc Pis(ol'l
crown was pointing to the tear of the
bike. The ring end gap was aligned wich
the exhaust porc and che rings expanded
out of the groove into the exhause port,
causing chem to shear off in the exhaust
port. ‘I'bis engine suffered carasrrophic
damage and required a new cylinder
and piston.
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Piston manufaccucers use the stao-
dard of stamping an arrow on the crown
that poines coward the front of the bike
or the exhaust port. Another indication
of the correct piston position is to have
the ring centering pins facing the incake
side of the cvlinder. There is only one
motoreycle  I've knowo thar
opposes this rule—the early model

ever

Kawasaki KDX 175. That model has a
piston with ring centering pins aligned
on boch sides of the exhaust porr.

18. Four-Stroke Contact

This piston is from a modecn big bore
thumper. The cam chain tensioner
fuiled, allowing the cam chain to jump a
few teeth on the camshaft which allowed
the exhaust valves to contact the piston
This can also be caused by any orl
problem that allows for valve float OD
slack cam chain. For example, t ain
guides can wear our, the chai
the camn or crank sprocketgcamwear, and
automaric cam chain ¢ mrs can fail
abruptly. Valve floac cut when the

1, wWear.

engine is over-r r
break. Mos this happens when an
agaressive shaft is installed without
stiffer valve sp

valve springs

19. Reading Piston Burn Patterns
Reading che burn patterns thac naturally
form on the crowns of pistons can give a
tuner insight into several aspects of the
engine’s performance and condition.
T'he color and arrangemenc of the
burn paccerns and the location with
regards to che diffetenc types of porrs
provide insight into what types of
changes will make the eogine run its best.
The piston shown here is from an
RM125. The bike was running a bic
weak throughout cthe tpm range. These
are some of the observations ol che
hurn patterns and how rthey relate o
the engine’s condition and carb jerting.
I. Outer edge: The light gray color
indicates lean carb jetting. Mocha
brown js the optimum color, buc
some oils, such as Yamalube R, have
addirives that prevent carlmmfn
forming on che piston crown

2. Front edge: The two bI |:||:s
align with the sub-exhalg md
indicate exhausr bl ‘hen rthe
sub-cxhaust po Iveshare closed. [f

were carbon-
seized aud c osed, the carbon
p'tttems e much larger.

3. Re ha rwo small black spots
are above hc ring alignment pins. The

spots show pressure lcakage,

ibly from excessive ring-end gap,

vhich enables the combustion gas ro

escape past the ring gap and leave a
carbon rrail in ics wake.

4. Rear band: The incake side of the
squish band has some light brown
patterns. Thac is appropriate
color for the center pactern when the
carb jetring is right. If che color were
dark brown, it would mean rhar rhe

the cxhaust

the

engine is running on the rich side or
that the engine doesn't run ac the
right temperature.

5 Center: The center partern shape can
explain how the engine is tunning.
This pactern is shaped like a hear,
showing the flow parterns chrough
the rransfer ports. Notice rhe left
side is slighdy larger, which indicares
that cthe flow raie of the right-side
reansfers is greater than che left side,
Thar means thar the arca and timing

of the left-side transfer ports need o
be adjusted ro martch the right side.

TWO-STROKE EXHAUST
VALVES
Three words sum up exhaust valve
maintenance: spoogey, gooey, and
grungy, If two-stroke exhaust valves
didn’c have such a dramatic effect on the
mechanics
eat them 1o
[ruscration.

engioe’s powerband, I'm
would remove them

bits with a haffim 1
There is little informarion given by the
nanufacturegs on how to diagnose and
repair the 1{1&& valve systems on well-
use ir&ms, This section provides a
gui haracreristic mechanical prob-
lems chit occur in exhaust valve systems
of dict bikes and covers tips on how to
ré-time exhausr valve systeros.

How Exhaust Valves Work

An exhaust valve system is designed ro
the engincs low-end and
midrange power. 'I'here are three different
designs of exhaust valve systems. The first-
generation design uses a variable-volume

increase

chamber mounted to the head pipe o
change the wned length of the head pipe.
A bunerfly valve separates the surge
chamber and che head pipe. Ac low
rpm, the valve is open ro allow rhe pres-
sure waves in the pipe to ravel into the
surge chamber, effecrively lengthening
the pipe and reducing the pressure wave's
magnitude when it returns to the exbaust
port. This design was primitive and not
very effective on 125-cc dirt bikes. Honda
and Suzuki used this type of exhausc valve
system in the mid- to late-1980s.

The second-generation design features
valves that control the cffective stroke
and the rime area of the exhause port.
the sub-
exhaust ports and rthe main exhause
port. The main exhause-port valves
operate within close proximity to che
piston to control the effective scroke of
the engine. The cHective stroke s
defined as che rime from TDC 1o when
the exhaust port opens. Ac low rpm, the

These valves are fitced to

engine needs a Jong effeccive stroke,
which resules in a high compression
ratio. At high rpm, the engine needs +

111



TWO-STROKE TOP-END REBUILDING

shorter effective stroke, longer exhaust
duration, greater cime-area, and a lower
compression rauo. Yamaha used this
system scarting in 1982 on the YZ250.
Honda’s HPP system is similar and was
used on the 1986 ro 1991 CR250 and
1990 to currenc-maodel CR125.

The chird-generarion  design  of
exhaust valve systems arcempts w change
the exhause-porr velociry, effective stroke,
exhausc-gas temperature, and compres-
sion wave pressutc. Yamaha and Suzuki
started using rhese systems on cheir 125s
in 1995. Boch companies employed a
venting system to the ouwside atmos-
phete. 'Uhis is very complex because they
are a[[fmp[ing o H.I:Fccl []'If.' u‘:J‘Hpem(ul’e
and pressure of the terurning compres-
sion wave to synchronize it with the
piston speed. Two oval wedge valves thar -
enter the exhaust port at a 45-degree . O
angle control the exhaust-gas velocity — Thisis alayout of the CR125 HPP 199!@
and the effective steoke. The wedge  oul lovary the exhaust port. If ecm

the piston. The 1998 model u
piston. The 1998 model va

valves partially block the exhaust port,
thereby boosting the gas velociry.
Kawasaki's KIPS system uses wedge
valves in the main exhaust porc ro
control the effective stroke, drum valves

EXHAUS LVE TIPS AND
TUNIN 6
Alth
absotb the excess compression-wave  ess
pressure at low rpm.

A centiifugal governor mechanis
opens and closes rhe exhaust valves.
governar is mounted under th

in rhe sub-exhaust ports ro conrrol the
ume area, and a surge chamber o chaust valves use the same
ial “principles, the implementation
crent with each manufacturer and
each rype has irs own flaws and fixes. The
list below gives you tips on how to install
and service the most common exhausr

side cover and is gear-drive
crankshaft. As the engine 1

valves, as well as some tuning tips.
creases,
the governor spins, | i the
angular momentum
balls encased in ¢
balls fit into an

HONDA HPP
Hondas HPI' system starred as a
butterfly-operated canister mounred

e four sreel
nor. 1'he stecl

ramp-and-cup  berween the cylinder and pipe. It

arrangement ing places tension oo secved ro conrrol rhe volume and
the sre en the momenrum of  length of the exhaust pipe. 1t had lictde
the stedl¢balls overcomes the springs  effect on the power, and mast after-

tension, che balls force cheir way up the
angled ramp. A spool atrached to the
ramp cnables it to change its linear posi-
don with changes in rpm, and the spool
is accached ro a linkage system that oper-
ares the exhaust valves in the cylinder,
Factory race teams have diffecent combi-

marker pipes eliminated the caniscer.
The bucterfly was prone to carbon
seizure and required frequent mainre-
nance. The next-generation HPP was
used on che 1986 to 1991 CR250. This
systemn featured two sliding valves thac
operated within close proximiry of the
piston and
cxhaust port time-acea in accordance

nations of springs, ramps, and balls to varied the
tune the exhausc valve operation and

cnhance the powerband.

effecdively

with rpm. The square valves moved
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. Rectangular guides position the exhaust valves that slide in and
off the ends of the valves, the valves could fall into the bore and hit
ped guide that prevents the valves from wearing and contacting the
less expensive than previous models and fit back to model year 1990.

horizontally chrough a valve guide. The
system was plagued with a mixrure of
design problems and misinformartion
on how to service and re-time the
complicated exhaust valve arrange-
ment. This section lists some common
problems and some tips for timing the
system, installing the cylinder, and
engaging the HPP mechanism.

Common HPP Problems

Two main problems plague the HPP
system: carbon fouling and rack-and-
cam-spindle damage. 'The square shape
of the valves conreibures o the accumii-
lacion of carbon in che comer of the
valve guide (srationary part) char is
dicectly in che exhausc gas stream and
this causes the valve ro become carbon-
seized. Chamfering the corresponding
edge (1 mm) of the valve will eliminace
this problem. The rack-and-cam spindles
are easily damaged when the cylinder is
installed incortectly or the HPP mecha-
nism is engaged incorrectly. See the
photos for examples of damaged rack-
and-cam spindle pars.



EXHAUST VALVE TIPS AND TUNING

This is the CR125 2000 exhaust valve system. It's similar to the design proven on Honda’s line of road racers
and two-stroke sport bikes in Japan. Two main valves are actuated from a single pivot fo accurately vary the
exhavst port's width and efiective stroke. This system has a chronic problem of carbon seizing, so you can't
remove Lhe shaft [ram the valves to service them.

This 15 the late-medel CR250 1992 to 2000. Unlike
earlier models, there is no manual engagement bolt.
However, there s still an actuating rod in the cases
and cylinder. which must align properly.

This is @ lavout of the CR250 6 to 1991, This system uses a complicated rack-and-pinion linkage lo
control the rectangular vat eft and nght exhaust ports. The cylinder and crankcase actuating joint
t

have to be enga@ aneously with controls on the cylinder.

This 15 @ view of the forked actuating rod from the

This 15 the cerrect posttion of the boltom of the cylinder. Nolice that 1t 1s cracked. Thal
1988 to 1991 Honda CR250 HPP happened because the cylinder was tighlened down
pinion shafts when the cylinder is with the actuating rods out of alignment. This part
seated on the cases correctly. needs to be replaced.
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HPP Timing Procedure

Use the following procedure ro time the

HPP system.

1. Install the HPP valves and levers,
and ctighten che pivot nuts. Place the
washer on the stud firse, then the
lever (marked left and vighe}, and
then the flanged center hushing wich
the flange side facing yp.

2. Turn the ¢ylinder ppside down. To
posirion the ra &r
to the left gfciNigStops; then move
it right 2§mMmYRotare che rack so
the square notch faces you. Now
the tackis/in the correct position to

"

n 1e pinion shafts, Carefully
rp the cylinder righeside-up
without changing the position of

rectly, slide it

the rack,
3. Close the valves and install the left
You can quickly check the aperation of the HPP system of a late-model CR250 (1992 to 2000). Remave pinion shaft wich cthe screwdriver slot
17-mm cap bolt from the left side of the cylinder. The L and H marks stamped on the cylinder indi N ow- facing the 1 o’clock position. Install
%me the right pinion shaft wich the screw-

and high-rpm posilions of he valves. The line carved in the center rod is the left HPP valve’s. Yo,
engine with this cover removed to check the valves, but don't let it gel expased to dirt. 0 driver slot facing the 11 o'clock
position (sce photo for correce posi-
tions)., A simple way to determine if
the pinions are mistimed 1o rhe rack
is to look at rhe screwdriver slocs. The
wrong position is with borh slots
facing 12 o'clock.

Installing the Cylinder and Engaging the

HPP Drive

After timing the HPP mechanism,

the cylinder is ready ro be installed

on the crankcases. Here are some tips
for installing the cylinder and engaging
the HPP drive mechanism,

1. Make sure the teed valve is removed
from the cylinder. CR250s have
such large intake ports chat the rings
tend to slip out of the ring grooves
during installation of the cylinder.
This takes rhe spring pressure off the
cam spindle. Turn the engagement
bole 1/4 turn clockwise. You should
fec) it positively lock into a groove
and stop. Remember that the HPP
engagement bolt is a spring-loaded

This is a layout of the CR250 1992 to 2000 HPP system. The center valve pivols fram one end, and a rod detent not a threaded bolt. Slide
through the front center of the valve links the two sub-exhaust valves. The center valve lends to get caked with the eylinder down onto the piston
carbon, hindering its operation. Clean the valve with a wire brush, and pay special attention to the center of and rings; use a screwdriver to push
the valve that controis the full open and full closed position of the side sub-exhaust valves. You ¢an use a the rings back in the grooves until the
small-diameter round file to remove the carbon from the center valve. rings clear the incake porc.
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2. The HPP mechanism should be
engaged while the cylinder is being
installed, just to keep cthe cam spindle
in position. The cylinder will stop
abour 3 mm from the crankcases
because the cam spindle and the rack
are misaligned. Discngage the HPP
mechanismn by turning the engage-
ment bolt 1/4 murn counrerclockwise.
Grasp the rtight-side valve lever and
wiggle it; the cylinder should dhen
drop evenly onto the crankeases.

3. Bolt che cylinder down tighe. The
best way w engage the HPP mecha-
aism is w insert a screwdriver in the
right-side pinion shaft and trn it
countetclockwise. Now rturn  che
engagement  bolt clockwise.  You

should feel the engagement bolu lock
positively in posidon. If you vy w
rotate it oo far, you will bend the
cam spindle and the system won'
work ar all, so dont be a hammer-
head. The best way o check che HPP
system is 10 remove the left-side valve
cover from the cylinder, start the
engine and warm ir up, and then rev
rhe engine. The valves should be fully
closed acidle and fully open when the
engine is revved.

In 1992, Honda inwroduced cthe HPP
system currently used on the CR250.
The system features a center valve For
the main exhaust port and two Iotati
drum valves 1o conrrol the flow of, I.]l
sub-exhause ports. The syste
features a return of the old «

used on the mid-1980s I. The
resonaror improves Ihe @ response
and mellows d'l(‘ and ar low
rpm. A thm 1 che valves
together, whok system  is
mostly scl ping to prevent catbon
hutldup The iniside of the cencer valve
has an elongared passage where che e
rod travels. This elongated passage i
prone to carbon buildup over time (one
ro two years). The carbon limits the
range of movement in the valves. The
carbon is casily removed hy using a
small-diamerter rat-rail file. 'The sides of
the cenrer valve and the drum valves
interface, and that area is prone (o

cacbon buildup as well. A wire brush or
file is an effective ool in cleaning the
exhaust valves. Here is a simple way to
check the operation of this system: On
the left side of the cylinder therc isa 17-
mm cap bole thar exposes a straight-line
matk in the left drum valve. There is a
cortesponding mark on the cylinder.
The “L” mark denotes the low-speed
position of the valve, and the “H”
denotes the high-speed position. To
check the HPP, state the engine. Acidle,
the valve should align with che “L"
mark, Then rev the engine; the valve
should align with che “H™ mark. [ che
angle of the mark on rthe valve is slighely
off, rthe valve probably needs o be de-
carboned. The system is very easy t
disassemble and can only fir rogether
one obvious way so | won't waste sPa
on that procedure.

I'hete ate some aftermarker p&!
adjust the pecformance of chi t€m
for different types of dirt @Pm—
Racing in England ma spacer for
the righeside valve dayer. Yo serves o
add volume and le the tesonator
parc of the sys
suited  for

This is especially
riding where a
n w che midrange is
nmporw or heuer ESR
nders Racing} in California

es a teplaccmcm HPP system that

smooth g
traction.

s the valves wide open. The cencer
haust valve is thinner, which enables
tuners to raise the exhause port. The
ESR system is primarily used fou dirc
track or kart applicarions where low-
end power is of no consequence.
Whenever the cylinder is insalled
on the bouom end top-end
rcbuilding, che valves need o be put in
the closed position. Ocherwise, the HPP
cam spindle thar connects the actuacor
in the cases to the cylinder will get
damaged when you tighcen down che
cylinder. Thar will also male the valves
inoperable. Always check the HPTP valve
operation after you assemble che rop
end by using the inspection cap on che
lefi side of the cylindet
The CRI125 HPP
redesigned in 1990. Honda chose to use
a system similai to the 1986 ro 1991

alrer

system  was

CR250, featuring horizoneally sliding
valves. This system has been plagued
with problemis over the years. I'he valves
are prone to carbon seizure hecause the
critical square edges face rhe exhaust
stccam. If the clips that fic on che ends of
che valves vihrate off, or if the valve
wears too much, then the valve can uh
on an angle and swike the piston.
Another  coinmon rcl {probICm
happens when wuners y
port ducing port

the valves ac the
clearance. I

hc exhausc
Djeu to grind
rners for piston
re again, the valves

strike the ecause they protrude
into ge b
In , Honda made a modifica-

Lit)n, o the valves; they added an

-shaped rib that preventy rhe valves
om angling in and contacting che

PI‘:(OI) The problem of clearance
between the top of the valve and the
guide was climinaced, and the new-style
valves provide more low-cnd power.
The valve and guide sets (rom the 1998
w0 1999 models fic the CR125 models
back to 1990.

[n 2000, Honda redesigned the
CR125 engine and adapred the exhaust
valve system used on the RS250 road
Honda also used chis svstem on
several dual-sport and street hikes sold in
Asia and Europe. The new system is
simple and effective. It is a wedge-shaped
valve chat pivots al one end, similar
rhe CR250. The valve is much rhicker
and can vary rhe exhausc port’s effective
stroke, time-area, and duration over 2
wider rpm range. Its a self-scraping

racet.

scrup, so maintenance should be greatly
reduced over previous models.

KAWASAKI KIPS

Kawasaki's KIPS exhaust valve system
has gone through sready design tetine-
ment. Kawasaki uses o different system
to suic rhe needs of che different model
bikes. The earliest KIPS design used
two drum-shaped valves to conuol the
flow of the sub-exhaust porrs. Opening
the ports gave rhe exhaust port more
time-area. The main exhausc port was
telatively small with modest 1iming and

duration. A rack-and-pinion  setup
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This is a common problem for all KX and KDX madels
that use aluminum drum valves—the gear teeth tend
to shear when the valves become carbon-seized.

All KX250s use a yoke lever like this to tr Ie
linear motion of the centriugal gow ms‘&‘the
actuator rod. If your bike starts ru T

unbolt the plastic cover on Ih ight side of the
cylinder and make sure &uator rod is

moving in accordance v .If not, the yoke lever

is probably bwkio

conwrolled “the drum  valves, opening
tbem ac about 6,000 rpm.
used the rack-and-pinion design in all
of its KIPS systems excepr the 1998 and
later KX80-cc and 125-cc models. The
1992 KX125 and KDX used the nexr-
generation  KIPS, fearured a
center-wedge valve with two side-drum

Kawasiki

which

valves engaged to a rack-and-gear actu-

ating system. The system is very
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%ecomcs carbon-seized, the steel teeth
n the rack shear off rhe aluminum

This is a typical KIPS system for the tullt&%r els: 1992 10 1997 KX125, 1995 to 2000 KDX200, and 1983 to
m

2000 KX250. As you can see. there ag
main center vaives and the dru

complicated w'Lb Ity Moving parts.
The top a &rom racks have to be
synchroni through the left drum
valve has two drive gears molded

arc made of
drum

in 1e drum valves

ru!m When  che

valve

teeth on the drum valve, rendering
rhe drum valve inoperable. Check the
condition of the gear reeth every time
you do a rop-end service, because if one
gear fuils the whole sysrem runs out of
sync. On the late-model 80-cc and125-
cc KXs, the KIPS is relacively simple,
relying on a wedge valve and flapper.
The system is  self-scraping, so it
requires lictle maintenance.

In the first year of operation (1998),
the KIPS system was plagued wich failures
such as the pin breaking on rhe flapper,
the valve receding inro the cylinder and
contacring the piston, and over-extension
of the valve causing cock and jam.
Pro-Circuit made an aftermarker valve
cover with a full stop that prevented
over-extension and, in 1999, Kawasaki
changed the wedge «valve and Happer

oving parls. The two racks must be tmed with gears Lo link the
is valve system performs well, but 1L reguires a lol of maintenance.

design for more rigidity, which solved
all the reliabilicy problems.

The drum valves on rhe 1988-1992
KX250 and 1990-2000 KX500 are
aluminum bur have a hard-anodized
coating thar resists wear. However, the
drum valves evenrually wear at the drive
channels for rhe conter wedge valve, and
the sloppy fit berween the wedge and
drum valves prevents the cenrer valve
from fully opening. That is why the
bikes ger noticcably slower as rhey gec
older. There is no preventive cure or
aftermarker fix. You just need 1o replace
the drum valves when the drive channels
wear our.

The 1993 KX250 was the first yvear
for the KIPS system used through
present-day models. The system uses a
single wedge and flapper valve for rhe
main exhausr port and two drum-
shaped valves for the sub-exhaust pores.
The valves are linked rogether with two
rack-and-pinion units on rhe righc drum
valve and a steel gear on the upper rack
linking the wedge valve. A left-hand-
thread nur rewins the gear ro the rod
that actuares the wedge valve. Check the
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This 1s the new-generation KIPS system used on the 199
models. There are three pieces: a stationary guide, a
sell-cleaming and should be checked every time yo the lap end. It's normal [or & large amount of
sludge Lo accumulate under the valve cover. 6

o\

sens, the
ble. The

es two large

nut periodically; if the m
wedge valves become
KX250 KIPS also

ration ol the

cavities to allow i@ [
compressionewive rhar travels back up

the exhauschige ac low- to mid-rpm. Ic's
importnt that” the two valve covers on
the cylinder are sealed with gaskers, and
it is normal for large amounts of black
sludge 10 accumulate under those valve
covers. Jr takes years for che sludge to
accumulate ro rhe poinr of adversely
affecting performance. 'The only way ro
clean out che sludge is ro have the
¢evlinder hot tank cleaned ar an sutomo-
tve rebuilding store.

KX80. 100, and 1998 to 2002 125

gu;]e and a pivoting flapper. This design is mostly

The 1993-2000 KX250 wedge valve
tends o form burrs ar the ourer edges
that face the piston. The burrs prevent
the wedge valve froin opening fully, and
the thin flap that comprises the exhause-
part roof hangs our into the exhausc—gas
stream, producing a shock wave thar
closes off the exhaust port. File the burrs
until smooth and check the wedge valve
through the full range of movement. ‘T he
valve pockec in the cylinder gets worn
roo. Altermarker cylinder rebuilders such
as Max Power Cylinders apply a hard
coating to that area to reduce wear and
build up areas that have womn down
from the moving wedge valve.

, 85, and 100 use this

The 1998 tn (&
clum ever 1o actuale the KIPS valves. The

¥ Lppsenvice the top end is to slart by
remaying the balt that retains the pinion shaft and
ift the shaft off with the ¢ylinder. To install the

der, close Lhe valves and align the dot on the
shaft wilh the open balt hale of the valves won't
work because they won't be timed correcty.

Another characteristic problemn of che
KX250 KIPS is broken governor levers,
The lever chat rransmirs the movemenr
from the cenrrifugal governor ro the
right-side case lever cends 1o break in
balf. The piece is located under che righe-
side cover. I your KX250 suddenly loses
top-end power, s probably due o a
broken acruating lever or the carbon-
seizure of the KIPS valves.

1988-1992 KX250 and 1990-2000
KX500 KIPS Timing Procedure

The explanadon of this procedure, as
written in che Kawasaki service mmanual,
is confusing, It requires vou to time the
upper and lower racks at the same
instant. My method of diming the
exhaust valves vses simple steps thac
enable you to check vour worle as you go.
The 1988-1992 KX250 and KX500 use
the drive-channel syscem o acrvare rhe
center valve. Here is che best way o time
the IKIPS on these models.

L. Set the cylinder upside down on a

bench.

2. Inscall che cenrer valve bur don't bole
It in.
3. Tnstall the side drum valves and align

the drive channels on rhe drum
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4.

valves wirth cthe center valve, bur
don’t bolt it in.

Lift up che drum valves so the
bottoms of che gears are flush wich
the cylinder basc. 'lake care not o
disengage the center valve.

Slide in the rack from eicher side of
the cylinder. Posirion the rack by
installing che seal pack and pulling
the rack out unril ic bottoms against
the seal pack. This is rhe full-open
position.

Drap the drum valves onco rhe rack
so the valves are in the full-open
position. DonT pay atendon rto
alignment dots or marls on che valve
or rack; just remember cthat the
valves should be open when the rack
is pulled our and closed when the
rack is pushed in.

1992-1997 KXI125 and 1993-2004
KX250 KIPS Timing Procedure

The system on the KX125 and KX250
uses borh wedge and drum valves with
racks. This is the best exhaust valve
system for performance bue the most
difficulr to mainmin, Here are some tips
for retiming this KIPS system,

l.

(¥ )

. Pull the wedge valve into the fullf

Inseall che wedge valves in the cylinder
and the acruaring  rod and lever.
Squirt some pre-mix oi} on the parcs.

apen position, place the gear on
end of the rod, and rotace th

countcrclockwise unril che rack 5
against the stop plate. Thread\che nue
it, ¢

on the rod and dghe neer-

clockwise; irisa le -thread nut.
. Place the dru s inro their

respective can:mil the top of
the gears 2 eNwith the cylinder
push che lower rack into

base
placé\ahd bolt the seal pack on the
rack intd the cylinder.

. Pull the rack ouc undl ic scops and

push it in 1 mm; now it is in the
correct position to install the drum
valve. Before you push rhe drum valves
down, make sure the wedge valve and
drum valves are in the full-open
position.

. Push the drum valve down witch the

twa gears firs it must engage the
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The most common problem with Suz ﬁnﬁ

top ngnt side of the cylinder, thetey
spnng may snap laose an

valve systems has Lo do with the actuating lever spring. On the

upper rack and lower rack simulmane-
ously. Take care and be patienc. You
may have to wiggle the wedge valve
yoke o get everything ro fall inw
place. Never hammer the drum valves!
Push down the righc druny valve and

ft that the valves are inked to. If you remove the actualing lever, the
ds. The spring ends should always be paraliel in order for Lhe valves to move.

instal) che idlee pear. Now inseall che
bushings and checlc the syscem. The
valves will hind and stick if you try
move the valves wichout the bushings
installed or if the cylinder is facing
upside down. Tesi che KIPS in this
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way: pull the rack ourward uotl it
stops, and chen look through che
exhaust port from the pipe side. The
valves should be in the full-open posi-
aon. Oo cylinders where the base has
been rurned down more chan 0.010
in., the drum valve bushings will also
need o be rurned down to prevent the
valves from binding when the cylinder
is tightened.

SUZUKI ATEV

Suzuki firsr used exhausc valves in 1983,
using a drum valve rhar uncovered a
cavity in the head or cylinder 1o add
volume and length to the exhaust pipe,
stricdy at low rpm. Tn 1987, they
emploved a system thar featured wo
large valves thac had multiple funcrions.
The system was used on the 1989-2000
RM80, 1987-2000 RMI125, and
1987-95 RM250. The wedge-shaped
valve was posirianed ar about a 45-
degree angle over the exhaust porr. The
ATEV system is designed ro regulate che
effecrive  stroke  exhaust-gas  velocity
through the exhaust port, and on 1995
and Jater models, ir controls the
exhausi—gas temperature. The ATEV
svstem is self-cleaning in that carbon is
scraped off rhe valves every tme rhey
move. Some of the early RM models
suffered from broken exhaust valves

cylindrical wedge. Thac problem
cured in 1991 when the radius begwe
rhe srem and valve was Encreas%he
wo common problems rhat ith
the ATEV are caused by, crrors in

assembling che system
1. Too much preloa he spring. On

the left side inder rhere is a
dial tha % s the spring preload
for rhe%ausr valve system. The
preload dodsn’r have a grear effect on
the engine’s powerband, bur wo
much preload will prevent the valves
from opening, which causes a lack of
top-end powct.

2. Crisscrossed spring. A centeting
spring on the right side of the
cylinder, located on rhe rod, actuares
the valves. This spting is commonly
installed incorrectly. The spring rabs

wheo the srem would derach from ch&Q

&fnllu\uing models: 1989 to 2005 RMB0 and B5. 1988 ta
RMX models. The cylindrical valves are comprised of a

This is a typical layout of the valves u
2003 RM125, 1989 1o 1995 RM2
stationary guide and a sliding
tension. I's cammon for thJeft spring to get twisted in half from turning the knob too much or in the

appaosite direction {co wise).

Starting in 2001, Suzuki changed its exhaust valve system every year until 2004 on the RM250, fiddling around
with everything from electronic solenoids to cam levers and other components. Finally, n 2003, Suzuki settled
on a copy of Yamaha that sidestepped its patent. My advice is: If the valves move through their operatian,
don't attempt to disassemble and clean them.
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This 1s the onginal power valve design that Yamaha patented in 1972, The system is used on Y2125s from 1

/

101993 and Y2/WR250s from 1981 to 1998. In the early

years, Yamaha designed the valve with plenty of clearance from the piston. In 1990, Yamaha added aste on Lhe left side of the cylinder and positioned the valve
closer to the piston for better performance. The problem is that the stop plate and valve wear, ann&'Y
failure. The best remedy is 1o grind the valve face lor more clearance to the piston in the cJuse@t

should be parallel when coupled ro

the lever and rod. If the spring rabs

are crisscrossed, che valve travel will

be linited and won't open fully.

In 1996, Suzuki redesigned the
RM250 engine, going back o a design

For this model, Suzuki modified the
Honda HPP design used on the |

model CR250. However, a pro
plagued tbis system. Instcad of pivodig

the center valve, Suzuld chos

reminiscent of the 1987 model RM2 L)UQOK

in a passageway of the M
added mechanical frigg

system prone to bi
tion: half-open. |

g/in one posi-
auses the engine
of the valve was

o run fac. T 1@1[)
also o ppeblém. The leading edge that

faced rh

1ston was too square and
sharp. Ever? when che valve was jo che
full-apen posirion it caused a shock
wave rhar impeded the

cxhaust flow. Grinding the edge smooth

ou [gt]lllg

reduced che low-end power bur helped
improve top end. In 1997, Suzuki
redesigned the ceonrer valve, choosing
steel and splitting the valve into two
sections, a major and minor valve
Suzuki also added a rwo-stage spring

120

KE}@

& evenlually contacts the pisten, causing a total lop-end
You lose @ little power but save $500 or more in the long run.

This 15 the power valve from the 1999 to 2005 YZ250. It's 3 two-stage system mounled Lo g single drive shaft
where the center valve opens first and he sub-exhaust valves open later, based on the ramp angle of the dnve
lug The sub-exhaust valve cam levers aren't marked left and right, o 1t's common for people to install them
backward, which makes the powerband run flal. It's also common for the mounting plate for the cenler valve to

crack, allowing the valve to contact the piston.
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system. With some simple grinding to
match the valve to the exhaust pore when
fully open, this setup was a winner
Suzuki chose to redesign the 1997 systern
design for the 1998-2000 models. The
thought was thar the steel valve damaged
the valve pocket in che cylinder, although
simply extending  the nickel silicon
carbide bore material into the valve
pocker would have solved the problem,
In 2001-2004 models, Suzuld added
many more successive designs of moving
parts such as Jinkages and pins. It a very
difticult system to assemble and requires
a [actory service manual.

YAMAHA POWERVALVE

Yanuaha was che first motorcycle manu-
faccurer to adapr exhaust valves 1o
two-stroke mortoreycle engines. Yamaha's
simple design uses a cylindrical valve
thar
heighe of the exhaust port and requires

rotates 1/4 turn 1o vary the
little maintenance. The system was
used on the YZ250 Irom 1982 to 1998
and on the Y7125 from 1983 o 1993,
Occasionally, you'll need o replace the
seals and O-rings to prevent exhaust oil
from drooling out of the side of the
cvlinder. In 1989, Yamaha added a stop
plate to limic the travel of che power
valve, primarily so mechanics couldn't
install che valve in the wrong position.
The stop plate is located on the left Sid&.
of the cylinder. The valve has a small ra
rh"lr bl\mp& UP '{‘-’ﬂln\] f]l(:‘ Q(O[\ leLC‘ t
limic the fully opened and close
tions of the valve. This desig
Yamaha to positon the valyeNgloser o
the piston 1o make it %&crivc at
varying  the  exha re  cming.
iminum tab
worn, allowing che

Unﬂ)rturmlcl)’. th
on the valv

valve 1o rota
position.

arther in che fully closed
Eventlially (afeer abouc three
years' usel, the b wears enough char
the valve strikes the piston, causing
damage to the piston. Yamaha's exhause
valve is cheap o replace. 1 recommend
replacing the valve when the tab wears
mote than 0.030 in. (0.7 mm).

[n 1994, Yamaha changed the engine
design of the Y7125 and included the
next generation of exhaust valves. This

Thus is @ view [rom the left side
1255 and on all 250s, 300s, 360s, a

Lurn 1L too far, the ma
breaks the rin

grind the valye ta, 1 mm to prevent this problem.

used two oval-shaped wedge
vca. positioned at a 45-degrec angle
over the exhaust port. The system is
similar to the one employed by Suzuki.
Yamaha experimented with resonartor
cavity volume and vents for pressure
bleed-olf and remperature concrol.
Orverall, this is a very reliable syscem.
Occasionally, the pins that fic through
the ends of che valve to interface with the
acruator lever vibrate out, causing rhe
valve to strike the piston. Those pins are
a4 press fit but you can add some Loctite
Instanc Adhesive o the pins lor added
protection. Yamaha has added springs ro
the valves to control high-rpm valve
fucter, bur Future innovations could
include a positive seal berween rhe valve
and rhe cylinders’ valve pocker.
In 1999, Yamaha redesigned the
YZ250 valve

engine and exhaust

inder of Lhe KTM exhausl valve system used on the 1986 to 1997
380s. The main shalft has a gear plate that turns Lhe side drum valves.
Scribe marks show timin t. The stop plate with the two Allen bolts controls how far the main exhaust
valve closes in dis{m@ﬂlc. In the KTM manual, the stop plate is referred Lo as the “Z” dimension. |l you

e will contact the piston and damage il. The stop plate loosens and the valve
iston crown, causing catastrophic engine damage. Whenever | service a KIM cylinder, !

system. The model features a power
valve that marks a significant design
change from the company chat
pioneered the use of exhaust valves on
two-stroke engines. Looking morc like a

Rube Goldberg device, the new power

a8 separ: alves for the main
{center) and sub-exhaust ports (sides).
The whole assembly is concrolled by
one acruating rod, but the side valves

open after the main exhause valve. The
side valves are controlled hy two
wedge-shaped ramps chac resemble the
shifc drum from a rransmission. The
ramp design offers versarilicy in runing,
By changing the shape of che ramp, the
duration and timing of the sub-exhausc
ports can be changed o match a rider’s
ability or the demands of the teraain.
So far there are no aftermarker compa-
nies making these ramps butr you can
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TWO-STROKE TOP-END REBUILDING

bet that the faccory reams are experti-
mencing wich them.

The stop plate of the center valve
rends w0 caack, allowing che valve ro
conuact the piston. Look for cracks in the
plate right around the two retaining bols.

KTM 250, 300, 360, 380 19%90-2004

KTM uses two distingr designs of
exhaust valve sysrems.éearlicr model
uses one large centgrahg: with the actu-
ating tod cast m'fwo drum valves

control the sib-exftaust pores, and steel

gears inrgeface the main and minor
* e

valves. effective  stroke can  be

a tsf&b; altering a stop plate on che

leRGside of the cylinder. The governor
}onrrof in the righr-side case has an
inspection cap thac allows runers to add
thin washers and increase the spring
preload to effect a change in engagemenr
Use RTV Ultra Copper silicone sealant on the front exhaust plate of the KTMs. 0 rpm. The system is pronc to carbon-

O seizute of the srecl valves (sub-exhaust

This is the exhaust valve system for the 1998 to 2005 KTM125 and 200 models. Overall, the system is very reliable and perdorms well.
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EXHAUST VALVE TIPS AND TUNING

The KTM system is easy to align, with dots on the valves aligning with lines on the rack. Q

ports). Also, there are rubber O-rings
that prevent oil from leaking our the
sides of the actwacing rod thar evenrualty
wear out. In arder to service this exhaust
valve system, vou need to remaove che
cylindec. The main valve and all irs hard-
ware can remain bolred together, There
is an access cover on the front of the
cylinder, and four bolrs fascen the cover
to the cylinder. There is no gasker for the
cover; it seals with a non-drying liquid
gasker like RTV silicone. The main valv
pulls straight out.

The drum valves are held in plage |
wo plates with two tapered, p
Phillips screws. There s

screws

procedure for removing ‘CWS.
Start by heating the scr @13 for two
minutes with a pro Qrd‘l to break
down the lockin the rhreads.

Then use Q impact with a No. 2

Phillips tip. Il you strip the he;

screws (most people do, in
use a tapered-point pu
e screw, but

vou should replac ‘b hillips with a
rapcrcd panhe}.% en bolr, Take care

screws out. It will deSgcoy

stop lever on the left

when handlii -
side ol ain valve. Before yon
loosen the oo Allen bolcs, scribe a line

n ¢ the position of the plate
% to the gear plare. It is possible to

st the srop plate so far thart che valve
orates past the fully closed position and
contacts the piston. That will destroy
che piston.

The 1998 and newer KTMs have an
cxhaust valve system rhac makes use of
the resonator concept. The system is so
complex rhat you would need the
factory service manual in order to
service ir,
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CHAPTER SEVEN

Rebuilding the lower end of a rwo-stroke
engine is the procedure thar is most
often put off undl next race/inonch/
season. When you starc hearing the
engine make a strange knocking sound,
it's time to shur ic off and tear it down.
Don't pin the throtde wide open and
hope ic will just go away! The normal
service incerval for lower-end rebuilding
is once a year on engines under 200 cc
and once every owo to three vears for 250
and larger engines. While rebuilding the
lower end, you should replace the ball
bearings thar supporr the crankshaft and
the transmission shafts, plus rhe rubber
scals. In mosr cases, the crankshaft will
need to have a new connecting rod, pin,
bearing, and  thrust washers installed.
Some manufacturers (Honda) dont sell
parts for their crankshafts, only the entire
part. However, there are conpanies chat
offer high-quality replacemenc parts (Hor
Rods) to rebuild modern Japanese cranks
and vintage Spanish cranks. Altho
some aspects of lower-end rebuildi

very specific to a particular mode cm.

this section gives you an ove c ol the

THE RIGHT TOQ Q}

Engine rebuildin @ carly impossible
without the gig odls. Some guys rry
o use gehe\caveman” merhod—big
nd chisels. They usually end

generil process.

Il'dl'l'l.]'llf
up doing sbme stupid thing rthat ruins
€xpensive engine components.

'To propecly rebuild the lower end,
you will need the following rwols from
the manutacturer: a service manual for
rorque specs and disassembly/assembly
rechniques specific to your model engine,
a flywheel puller, a cluch-hub holder. a
crankcase splitring rool, and a crank-
shaft inswalladion wol—but 'l show
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you techniques for removing the cluich
and installing che crank so you can save
money on those tools. You will also
need: an air- or elecrric-powered impact
wl‘L‘I“lCl‘I o reinove fl'lf nurcs []'I::IL retain
the Aywheel. clucch,  countershaf
sprocket. and primary gear; a parts

washer with solvent o clean the engine

parts; a hydraulic press to remove an
install the bearings (a hammer will

damage them); a propanc torch EL@(

and expand the aluminum cr&}eﬁ )
remove or install the beayfas Wecause
they have an interferc meaning
that the bearing is a'Slimhtly larger diam-
it fits into); a

eter than che hdle th
sure certain engine

digical caliper{
R

.

parts and  com &thcm o the

minimum cs listed in che

scrvice snanWal! @ variery of wrenches

and suckmm soft tools such as brake
- .

clean n\ ad-locking agent, pene-

fridg oil! scal grease, and gasker sealer.

1

the engine while you work on
ake an open square box from wood
blocks. A universal box for any engine
can be made from 2x4-in. blocks with
the dimensions of the box being 5x10
in. CC Specialry makes a ball vise for

S100 thar is convenient if you plan ro

-E,

rebuild engines frequendy. To perma-
nently remove the tempration to usc
steel hammers when rebuilding engines,
buy a plastic mallet. Snap-on makes a

These are the basic lools that you'll need to rebuild the {ower end of a typical dirt bike engine. Starting from
the left, this is @ crankshaft installation tool that draws the crankshaft inlo Lhe left case hall. The three-point
tool in the top center 1s a crankcase splitting tool. Just below Lhat is a wedge Lool Lhal prevents the crankshaft
from slipping out of parallel alignment when pressed into the right case half. The tools are available from
Kawasaki and fil all lwo- and four-stroke dirt bikes. The small device in the top right 1s a llywheel extractor. The
long T-shaped tool is a piston pin extractor.



CRANKSHAFT REPAIR

Once the rod is pressed into one crank half, install the resl of the rod assembly, including the bearing \
washers. Place a machinist's square alongside the crank halves to align the free half before pressin

rod. At the final stages of pressing the crank togather, insert a feeler gauge with the minimum r ce
dimension between a ¢rank half and the rod. Then press the crank together and pre;}are f -Bfror

aligning, which requires a jig with live centers and & dial indicator.

4.

pressure to assemble the crank, He
then uses the square w align the
scribe lines on ench Ayweight so the
crank is assembled very clasc ta true.
As the crank is pressed together, the
technician uses a feeler gauge m
monitor the clearance berween I:I

connecting rod and the
washer. The proper clearance i
in the service manual, T

also lists an overall cra idth spec
that can be measure caliper.

Truing the Crank O
[. During &@ pracess, the tech-

nician sippores che crank berween
live centers.

Knifc-cdged bearings musc be used
if the machined centers of che crank
ends are damaged. Dial indicarors

are used ro measure the runour of

each crank end and the side runour
of the flyweights.

If the crank has side runout, the
flyweights aren't parallel and must be
adjusted before ihe crank ends can be

trued. 1 his @t}mphshed by hitring

l:ht wide ol the l‘])-'weights with a
ammer and then wedging

veights apart ac the narrow side

vidh a large wpered  chisel and
ammer. It sounds very caveman-like,
bur this is the way the pros do it. Of
course, the cranlk must he removed
from the jig before che runour can be
adjusted; otherwise the dial indicators
and jig centers will be damaged. The
crank ends have runout hecause the
flyweighes aren’t parallel and must
be rotated about the crankpin. This
is accomplished by striking the

Ayweight at the exact point of the

greatest runouc wich a brass hammer,

while holding the opposite (lyweighe

in hand. Te doesn’t rake much force 1o

rotate the flyweighr into true,

Now you can undcrstand why we
must be careful how the crank is installed
into the crankcases during engine
assembly. It is very easy to throw the
crank ouc of true if vou bear the hell out
of itand the cases during assembly!

This is (he RCE crankshaft assembly jig This excel-
lent tool features a sturdy jig frame and bushings o
align the crank halves and press the crankshaft
logether true,

131



CHAPTER EIGHT

Changing the powerband of your dirr
bike engine is simple when you know
the basics. A myriad of aftermarker
accessories is available to tune your bike
to berter suit your needs. The most
common mistake is to choose the wrong
combination of engine components,
making the engine run worse than a
stock engine. Use this sccrion as a guide
to inform yourself on how changes in
engine components can alter the
powerband of your bike's engine. Use
the “Tuning Guide to Performance
Modifications” section ro map out a
strategy for changing engine compo-
nents to create the perfect powerband.

TWO-STROKE PRINCIPLES &

Although a two-stroke engine bas fewer
moving parts than a four-stroke engine, This is @ide a cylinder. A right-angle gnnding tool machines the timing edges of the transfer and
orts—t

a two-stroke is a complex engine with exhanqd
differenc phases taking place in rthe

crankcase and in the cylinder bore acQ
rhe same rime. A two-srroke en
completes a power cycle in only

degrees of crankshaft rocarion, oom[@i

to a four-stroke engine, whi quires

720 degrees of cranksh close. Ac abour 90 degrees after
complere one power Two-srroke TDC, rhe exhaust port opens,
engines aren't as effic four-stroke ending the power stroke. A pressure
engines, meanin %}c}* don't retain wave of hot expanding gases Hows
as much air a deaw in through the down the exhaust pipe. The blow-
intake. the air is losr our the

exhaust Vpipe. 1f a two-stroke engine

down phase srarts and will cnd when
the transfer ports open. The pressure
could retain’the same percenrage of air, it in the cylinder musr blow down 1o
would be twice as powertul as a four-
srroke engine because it produces rwice

ion chamber expand and push
down the piston. This pressurizes the
crankcase, causing the reed valve o
taugn to

below the pressure in rhe crankcase
in order for che unburned mixture
gases to flow out che transfer porrs
number of crankshaft revolutions. during the scaveuging phase.

The following explains che basic 2. Now the transfer pores arc uncovered
operation of the two-stroke engine: at about 120 degrees after TDC. The
1. Starting wirh the piston ac top dead scavenging phase has begun, meaning

center (TDC, 0 degrees), ignirion that rhe unburned mixture gases are

occurs and the gases in the combus- flowing out of cthe transfers and

as many power strokes in the same
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his is real porting. Straight tools are used to texture surfaces and polish a port, which 1s
red metal finishing and doesn’t make much of 3 difference 1n power.

merging together w form a loop.
The gases travel up the back side of
the cylinder and loop around in
rhe cylinder head ro scavenge ouc che
burnr mixwure gases from the previous
power stroke. It is critical that the
burnr gases are scavenged from the
combustion chamber, to make rooin
for as much unburned gas as possible.
The more unburned gases you can
squeeze inro  the  combustion
chamber, the more power the engine
will produce. Now rthe Joop of
unburned mixrure gases has traveled
into the exhaust pipe’s header section.

. Now the crankshalL has roraced

pasr botcom dead center (BDC,
180 degrees) and the piston is on
the upstroke. The compression
wave reflected from the exhaust



HOW TO CHOOSE A POWERBAND

M

M

Case-reed engines can benefit from crankcase porting and cylinder matching more so than cylinder-reed
engines. Case parting is a metal finishing task that serves to match the crankcase and cylinder transler parts

and polish surface imperfections.

pipe packs the unburned gases back
in chrough the exhausr porr as the
piston closes off the port o start
the compression phase. In the
crankcase, the pressute is below
atmospheric producing a vacuum,
and a fresh charge of unburned
mixture gases flows through the
reed valve into the crankcase.

4. The unburned mixture gases are

*

Experc outdoor riders ¢ Q use
engines runed for high-

An engine runed\for
midrange power

OWEL
w-cnd and
ve plenty of
power down lo cfy midrange, and a
flar top end. 1@0&5 and enduro riders
favor d}is@t_ power. It is easy o use
and givés e cider confidence. Most
ee faster rimes and have more

morte low end and midrange.

rigler
W
compressed and, just before rhe&n ith tning, you can change your

piston reaches TDC, che igniri

system discharges a spark, causi
the gases to ignite and sArhc

process all over again,

HOW TO CHOOSE
POWERBAND

gine compo-
apanese dirr bike

The engine caft be runed for midrange
and high-rpm power or for low-end and
inidrange power. The midrange and
high-tpm bike will have lirtle or no low
end, hir explosively in the midrange,
and have an abundance of rop-end
power that can be over-revved. This
kind of power can pur you our front in
the straights. but it is barder to conrrol
and will cire out the rider more quickly.

otorcycle’s powerband to somewhere
berween onc of these excremes. Only a
few riders use the extremes. Professionals
on ourdoor cracks—especially  125-cc
European Grand Prix bikes—use engines
that are almosr all high-rpra power. I'hese
machines are excremely fast and require
highly ralented professionals o make the
most of them. Enduro riders in extremely
slippery, technical conditions use biles
tuned for lots of low end. Trials ciders
use bikes thar are cuned for nothing buc
low end.

Generally speaking, the higher the
powerband peak (hoth in horsepower
and rpm), the narrower the powerband.
Conversely, the lower the power peak, the
wider the powerband. Somerimes you
can ger the best of both worlds. Exhaust
valves systems have made the biggest

difference in widening che powerband.
Innovations in exhaust pipe design and
ignition systems have also contributed
to making two-stroke engines as tracrable
as four-stroke engines,

Riders should choose a2 powerhand
according to their skill levels, terrain
obstacles, and maincenance pracrices.
Here are some tips on how go select the

right powerband. K

SKILL LEVEL O
Generally spe g, Jheginning riders
need low (g midrange powerbands,

. > v
while exp rs can benefit from

wp- wetbands, There are excep-
tions, gh. Supercross bikes have
luwlro idrange powerbands because

he srcep, far-spaced jumps are posi-
[l ﬂﬁd 50 C!OSC o [l']ﬁ' rurns. Keep il}
mind that low-end ro midrange power-
bands are cypically easiec o use. In
conditions where rtraction is minimal
and the terrain is parricularly rechnical,
low-end power will allow you o keep
the bike under conrrol and ulcimarely
go faster. Also, “torquey” bikes are more
fun ro nide casually. Experr and rop-
level riders need high-end power ro be
competitive, but the extia juice can slow
down lesser riders even in good condi-
tions and is a handicap in slippery,
difficult conditions.

TERRAIN OBSTACLES

I'bis term describes a variery of things
ranging from the soil conrent 1o eleva-
tion changes and the frequency of
jumps and curns on a racerrack. Low o
midrange powerbands work well on
soils such as mud and sand. Tight tracks
with lots of off-camber or difficule
corners will favor Jow-end to midrange
power. Smoorther, broader powerhands
work well for endura or rrail riding over
a variery of terrain and soil conditions.
Midrange to top-end powerbands wark
best on terrain wich loamy soil, long fast
uphills, and fasr sweeping turns.

MAINTENANCE PRACTICES

Generally speaking, powerbands designed
for low to midrange require less engine
maintenance than powerbands designed
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TWO-STROKE ENGINES

TUNING FOR SPECIFIC POWERBANDS

to the chapters on tuning tips.

COMPONENT: Cylinder Head

LOW TO MIDRANGE: 9.5:1 compression ratio,
squish band 60 percent of bore area

MIDRANGE AND HIGH RPM: 8:1 compression
ratio, 40 percent squish

COMPONENT: Cylinder Ports

LOW TO MIDRANGE: Exhaust port 90 ATDC,
transfer ports 118 ATDC

MIDRANGE AND HIGH RPM: Exhaust port 84
ATDC, transfer ports 116 ATDC

COMPONENT: Reeds

>

LOW TO MIDRANGE: Dual-stage or 0.4-mm
fiberglass petals

COMPROMISE: Thick carbon fiber petals K
MIDRANGE AND HIGH RPM: e @

30-degree valve K

COMPONENT: Carbureto O

LOW TO MIDRANG%S” er diameter or sleeved
down carb (26 mm cc, 34 mm for 125 cc, 36
mm 250 cc)

MIDRANGEAND HIGH RPM: Larger carb (28 mm
for 80 { for 125 cc, 39.5 mm for 250 cc)

%

This chart is designed to give you some general guidelines on different powerbands and the changes
required to the individual engine components. For specific recommendations on your model bike, refer

COMPONENT: Pipe

LOW TO MIDRANGE: Fatty or Torqxb

MIDRANGE AND HIGH RPN\&yrt or rpm

COMPONENT: Silencexﬁrk Arrestor
/

LOW TO MIDR@E: Short, small diameter

MIDRANGE IGH RPM: Long, large diameter
C ENT: Ignition Timing or Advance Timing

O MIDRANGE: Stock timing
MIDRANGE AND HIGH RPM: Retard timing

COMPONENT: Flywheel

LOW TO MIDRANGE: Add weight

COMPROMISE: Stock flywheel

MIDRANGE AND HIGH RPM: PVL internal flywheel

COMPONENT: Fuel
LOW TO MIDRANGE: Super-unleaded 93-octane

MIDRANGE AND HIGH RPM: Racing fuel
105-octane

for high rpm. High-rpm powerbands
usually require frequent use of the cluich
to get the engine up into the rev range
where the powerband is mosr effective.
An engine thar sustains high rpm requires
more frequent replacement of parts such
as piston and rings, reeds, crankshaft
bearings, and cluech places. Also, the carb
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jetting becomes more critical. 1f the main
jet is one size wo lean, rhe piston can
seize. High-rpm powerbands have high
compression racios and [uel selection is
critical. Mosc wuners recommend racing
fuel because the specific gravity of chese
fuels docsnt vary with the season like
super-unleaded purup fuel.

TUNING GUIDE TO
PERFORMANCE
MODIFICATIONS

Before you begin modifications, you
nced o decide whar you want from
vour engine. What kind of riding do
you do? Whar level of rider are vou?
How much maney do you have w




TUNING GUIDE TO PERFORMANCE MODIFICATIONS

and transters) thar aleers che ciming, area
size, and angles of the ports 1o adjust the
powetband to better suir the rider’s
demands. For example. a veteran trail
rider riding an RM250 in the Rocly
Mountain region of the Unired Stares
will need to adjust the powerband for
more low-end power because of the steep
hillelimbs and the low aig density of
higher alcitudes. "I'be on s to derer-

mine what changes 1o wgine will be
necessary s to ] Gd caleulate the

The mostgerirical measurement is che
purl fime- :(Jae calculation ol a port
openj &k and tming in relation 1o
' ement of the engine and the

rpm. Bxperienced wners know what
exﬁl'lusr and

rransfer  porc time-area

ucs work best for different purposcs
\k‘l’) {mmocmsqx:rsuf enduro, for example).
In general, if a tuner wants ro

Q adjust the cngincs powerband for
The cylinder on the left s porled and the cylinder on the right is stack. Porting is a metal maching ration more low to midrange, he will do the

that includes general smoothing and matching of the porls with porl tming changes ma iftersection following two things.
of lhe port windows and the cylinder bore. 1. Turn down the cylinder base on a
b lathe to increase the cffective stroke
(] {distance from TDC to exhaust port
spend? Remember thar you need o CYLINDER Pi @ opening). This also retards  the
bring the bike to peak stock condition  The cylin pores are designed 1o exbausc port timing, shortens the
before you add aftermarket equipment. prodnc& rtain power characteristic exhaust port duracion, and increases

This seccion lists each performance ity narrow rpm band. Porting or the compression rario.

mod and describes how to modify each IS a mertal machining process 2. Narrow the transfer ports and reangle
system lor the performance you want. Urmed to the eylinder ports {exhaust them wich epoxy to reduce che porc

These are silicon molds of popular cambustion chamber designs starting from the left: flat top, domed, and hemispherical designs. Flat-top chambers are good for
molocross and off-road because of their quick throttle response and use of lightweight flat-top pistons. Domed chambers are better for thermally loaded, high-rpm
engines. Most factory 125s use domed pistons. Hemi chambers are used for road racing and shifter karl applications.
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TWO-STROKE ENGINES

The latest performance lrend in cylinder head design is the two-piece head. The water jacket housing and
combustion chamber are separate pieces bolted logether on the cylinder. Bronze combustion chambers(a
used because the material transfers heat efficiently and is more resistant to detonation damage. Nt

designs and compression ralios can be quickly changed for different applications.

time-arca for an rpm peak of 7,000.
The rear rransfer ports need tw be
reangled o oppose each other rather
than pointing forward to the exhaust

port. This changes the flow partern of

the wansfer ports o improve scav-

enging efficiency from 2,000 to
5,000 rpm. %

For both of these types of cylidder
porting changes 1o be effecrive,
engine components need 1o be chagged

as well. A
CYLINDER HEAD MOOI &&
Cylinder head sha éé’:' affects the
powerband. Ge @ speaking, a
cylinder head degp, small-diamerer
combuisgj er and a wide squish
band CQ with a high compression
ratio is suitdd for low-end and midrange
power. A cylinder head with a wide,
shallow chamber and a narrow squish

band and a lower compression ratio is
suited for high-rpm power.

Cylinder heads with wide squish
bands and high compression ratios will
generate high turbulence in the combus-
tion chamber. This wrbulence is termed
maximum squish velocity (MSV) and is
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rated in meters \ger Second (m/s). A
cylinder head ed for supercross
should have rating of 35 m/s,

whereas designed for morocross
bhﬂlll@ an MSV rating of 25 m/s.
rav to accuracely determine the
ating of a head is by measuring
basic engine dimensions  and
nputting the numbers intin a TSR
computer program called SQUISH. In
the model runing cps chaprers, the
SQUISH program was used (o calculare
the modified head dirnensions.
Aftermarket companies such as Cool
Head also offer cylinder heads thar have
differenc carcridges 1o give different
cylinder head shapes. The various head
cartridges  bave different combustion
bowl shapes, caompression ratios, and
MSV ratings. The head carrridges are
incrementally different, corresponding
to powerbands ranging from extreme
low end to high rpm.

CRANKSHAFT STROKING

Scroking refers o a2 combinarion of
metal machining processes thar relo-
cates the center of the rod’s big end in
relation o the crankshaft cencer. A crank

can be stroked or de-stroked. Generally
speaking, stroking refers to increasing the
distance between the big end and crank
center, and de-stroking refers ro reducing
the distance. Stroking increases the
displacement of the engine, and de-
stroking reduces the displacement.

Certain combinarion
size, cranlishaft sug
rod lengrh pséd
for cerrain \ap
motocros

PLAYING THE NUMBERS GAME

@yiindcr bore
Nand connecting
eal powerbands
ations. [n 125-cc
the accepred standard is a
bore ol 3%wfm, a stroke of 54.5 mm,
a ﬁk&lnccting tod length of 105

road race it’s 56x30 and 110. A

stroke cnables a  higher rpm

?hor
sefore critical piston speed is atrained

(4,500 feer per minute); thars why a
shorter strole is used for road racers.
These engine configurations are termed
“over-square” because che bore is grearer

This is @ Wiseco GP piston, designed for ported
cylinders. Itis a high-performance piston for & 125-
cc engine, Unlike a stock piston, the Wiseco GP
uses a nickel crown coating that reduces detona-
lion, a moly coating on the skirt that is a dry film
lubricant, lightening cutouts inside the piston for
wider exhaust porting, and 50 percent of its mass
is centered in the piston crown for better thermal
efficiency. The ning is pinned on center to allow for
wider transfer ports.



TUNING GUIDE TO PERFORMANCE MODIFICATIONS

than the stroke. Conversely, the popular
MX configuration is termed “under-
square” or “long swroke.,”  Long
connecting rods are commonly thought
to produce more leverage. bur the real
advantage of a high-revving enginc is
that the piston dwells longer ac TDC
and allows for a greater pressure rise
and hopefully more brake mean effec-
tive pressure (BMEP), or the average
pressure per square inch in the cylinder
from TDC o BDC.

The manufacturers fiddle around
wirth bore, stroke, and rod combos all
che rime. The latest rage for rhe amateur
class for 1255 where the 80-over rule
applies is a $5.5-mm bore and a 55.2-
mm stroke with a 109-mm rod. Suzuki
has determined thac o be the winning
combo and requires its support riders to
have their engines modified to thar
spec. For the Kawasaki KX80, the
magic numbers are 48.5x53x92. Kudos
0 Pro-Circuit for doing the legwork on
thac one!

So how does one find thar magic
combo? You could spend loads of time
and money to try every possible combi-
narion, or yoo could use a simulation
program such as Virtual ‘lwo-Scroke or
Dynomation. There are a lot of things
going on in a two-stroke engine. When
you change one rhing like the stroke,

herter or worse.

WHAT THINGS MUST BE

ACCOUNTED FOR?

The cylinder must be shimmed up or the

head’s squish band must be machined to

compensate for che increase in stroke.

I. The port time-area must be increased
to compensate for the swoke and
displacement change.

2. The ignition timing may need to be
retarded.

3. The combustion chamber in the head
must be enlarged for greater volume.

4. The connecting rod bearing and
piston pin bearing must be changed
more often.

5. The crankcase diamerer may need 1o
be increased for rod clearance due to
the greater offsec of the rod.

FOUR WAYS TO STROKE A CRANK
There ate four popular ways to chan

X

voles and

the crank

the stroke of a crank:

1. Manufacture new crank hs
the dimensions builc in.

2. TIG weld the big eddpi
drill new holes farther
cenrer.

3. Bore rthe big,cnd holes larger and
TIG weld @ric flanges.

4. Prccisi@‘d an eccentric crankpin.
Mamdfacttiring new scroked cranle-

tffe most expensive choice and

shafi
ently there are no afrermarker prod-
several other things change too, fOl&lC of this type for modern dirt bikes.

These are the chings that a

when the stroke is change

L. The displacement i Qd

2. The port timing aQ&s.

3. The ignition r'n@a ances.

4, The ¢ sion ratio of the
combuchhamber and crankcase

increase.

WHAT HAPPENS WHEN? Q*d
&

wn

The reed valve timing advances and
the recd lift increases.

6. The piston speed is greater at any
given tpm.

The maximum piston speed is reached
at a lower rpm.

8. The rod bearing wear accelerates.

=4

9. The rod ratio decreases.
10. The bore-to-stroke rario is altered.

O

Relocacing che big end pin holes is
the most Jogical and reliable choice.
The crank is disassembled, the holes are
TIG welded with swinless-steel Fller
rod, and the holes are rough-bored and
finish-honed wirh rhe crank halves
jigged together to cnsure accuracy.

Eccentric (langes are manufactured
by gun-drilling rod stock off center, and
then turning rhe rod on a lathe inwo a
flange shape. The cranlds big end holes
are bored oversize and the flanges are
installed, indexed, and TIG welded ro
the crank halves.

Eccentric big end pins were popular-
ized in Cermany 20 years ago. The
German logic is to avoid hearing/welding
material to the crank halves so as to mini-
mize srress and distortion. Oversize rod
stock is OD {ourside diamerer) ground ro

Cylinder base stums are used [or three reasons: to
accommodate stroker cranks and long-rod kits or to
advance the port timing.

This spacer plate was custom-made by Cometic
Gaskel Co. Average cost is $50.
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This is a wiew of the head, cylinder, and pislon on an engine where (he crank has been straked. Notice how tQ

piston crawn extends over the top of the cyhinder. The head's squish band recess gap has been incr

the piston doesn't contact the head.

form the three surfaces. However, the
crank cannot be rebuile by rradicional
means because of the difficuley with
indexing the cranl halves for the proper
stroke dimension.

BALANCE FACTORS—THE MAGIC BULLET

Truing and balancing are ofren confused.
Truing the crank refers to the process OIQ

aligning the crank halves abour the
end pin, making the halves para]

each other. Balancing refers to chahgilg
the balance facror, which is die'\vario of
the reciprocating mass rorational
mass. The reciprocatingiifass consisis of
most of the conn @rod and the
piston  assembly. rotational mass

consists of th ves. Crankshalis
are ligh

i the top near the big end
number of diffcrent methods.
there are holes drilled in
the crank halves or lighrer marerials
are substicured.

Crankshaft  balance is  imporrant
because excess vibration is converted to
heat, which  spread
throughour the crankcases and reduce
the charge densicy. And thar directly
affects the peak power.

Altering the balance factor may

triction  and
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a denser mass
to the borrom theNerank halves or
lightening th es at the rtop.

Subsrtiture 1
include Mal

include adding wei

ld s for adding weight
L lead, and osmium.

ROD KITS AND SPACER PLATES

“Jong rod kir” and “spacer

" were popuhr:zcd by the motor-

cle press. Here are some frequently

asked questions on these items and cheir
effects on engine performance.

What is a long rod kic?

A long rod kit coosists of a longer
connccring rod and all the special parts
that must be used with . A longer
connecting rod only changes the rod
ratio berween the scroke lengeh and the
rod’s cencer-to-center length. Long rod

kits do not change the displacement of

the cylinder, only che crankcase.

How does a long rod kit improve

the powerband?

The longer rod allows the piston to dwell
at TDC longer for a greater pressure rise.
Before the piston opens the exhaust in
the middle of the stroke, the longer tod
will have greater leverage. Near BDC,

the piston teavels faster, causing greater
intake velocily on piston port engines
and greater reed peral lift and mass flow
on reed valve intake systems.

How would the porting change with a
longer dwell rime?

The operating speed is abour 8.000 o
11,000 rpm. The timin ﬁ:f rthe intake,

transfers, and exhaust gl change, cven
if the cylmdcr is d at the same
discance diffe e longer rod.

Why dm? bikes in stock form have long
?"067’5) forfe on all 125-cc bikes?

engine designers have o
a numbcr of factors when
g an cagine for a particular applica-
ton. For example, a rod ratio of 4:1 is

considercd ideal for a ruad racer, while
3.75:1 is berrer for MX. On small
engines. the greater the rod ratio, the
Jower the primary compression ratio. MX
engines need a primary compression rato
of about 1.8:1 in order to have surong
throtde response 1o clear obstacles.

Is there an ideal length or is longer better?
For a typical 54.5-mm stroke, the rod
can range from 102 to 112 mm.

Why use a spacer plate and is there

an alternasive?

A spacer place is like a thick base
gasker, usually made of aluminum with
a standard gasket on each side to
provide some sealing means. The spacer
plate scrves to compensate for the
difference in the excra rod lengeh. In
order 10 use a spacer plate, the cylinder
base studds and the power valve linkage
rod must be longer. The head-swy
brackets must also be slotted. and the
exhaust system brackers will need to be
repositioned. The use of spacer plates
enables che port timing ro remain close
to stock, which will help the midrange
to top-end power. The alternative to a
spacer plate is to machine the cvlinder
head’s squish band and combuscion
chamber to accommodare the piston
cravel. This would also serve to rerard
the porc diming due 1o rhe relative
position of the piston.
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Here is a comparison between a V-Force {lefl) and canventional stock reed cage (right). The V-Force has double
the reed area bul also double the angle. V-Force reed valves generally improve the low-end Lo midrange pow

CARBURETOR MODIFICATION

o general, a small-diameter carbureror
will provide high air-mass vclociry and
good flow characeeristics for a low- o
mid-rpm powerband. A large-diameter
carburcror works beceer for high-rpm
powerbands. For 125-cc engives, a 34-
mm carburetor works well for supercross
and enduro, and a 36- to 38-mm carbu-
retor works besr for fast motocross rracks.
For 250-cc engines, a 36-mm carbureror
works best for low- o mid-rpm powe
bands, and a 39.5-mm carburetor wotl
bese far high-rpm powerbands.

Recently, there has been wfSporedge
tiog for

in rthe usc of air foils and rj
carburetors.  These | 1@(”15 are
designed impron‘i@w ar low
throtdle openings. S@c panies, such
as Performa incering in Florida,
ofter a bchﬂ overhore the carb and
include insects o reduce che diamecer of
the carbureror. For example, a 38-mm
carb for a 250-cc bike will be bored o
39.5 mm and wtwo insers will he
supplied. The carb can then be restricted
o a diameter of 36 or 38 mm.

Not every carb can be overbored.
The maximum diamerer of the carbu-

retor cannot excced the widrch of rhe
slide or air will bypass the venruri and

&mke velociry.

X

the engine will run roo le ’Qﬁ‘ are
two ways to overhore d ¥ srip-
ping it down and rutwing ¥ on a lathe
(Kcihin PWK and i round slide},
or by milling it vertical mill using a
rorary rable. @rary table method is
necessary arburerors  where the
needle iﬂca not be removed (Keihin
P :u@i duni TMX). Whenever a carb
%e ored. the jerting musc be rich-
en

to compensace for che loss of

AFTERMARKET REED VALVES

Like large-bore carburerors, bigger reed
valves with large flow area work best for
high-rpm powerbands. In general, reed
valves wich six or more perals are used for
high-rpm engines. Reed valves with four
petals are used for dirt bikes rhar need
stong low-cnd and midrange power.
Three other facrors must be considered
when choosing a reed valve: the angle of
the reed valve, the rype of reed matedial,
and che petal thickness, The owo
common reed valve angles are 30 and 45
degrees. The 30-degree valve is designed
for low-end ro mideange power, and the
45-degree valve is designed for high-rpm
powet. Two rypes of reed-petal marerials
are commonly used: carbon fiber and

fiberglass. Carbon fiber reeds are light-
weight bur relanvely stiff (spring tension)
and arc designed tw resist fluctering ac
high rpm. Fiberglass reeds have rclatively
low spring rension ro instntly respond (o
pressure  changes in  the crankecase;
however, the low spring wnsion makes
them Auteer ac high rpm, theeby limiting
the amount of power. Fibgrglass reed

petals are good for low-cn midrange
powerbands, and carl r reeds are
berrer for high-rpf s. Regarding

longeviry, fiberglags Tregds rend o splir
whercas carbonfiber reeds tend to chip.
Some ali rc.;ﬂ(cr reeds, such as the
Boyesgh { mralgc reeds, have a large,
thick ced with a smaller, thinner
l'C'Ed, mounted on top. This setup
idens the rpm range where the reed
valve flows best. The thin reeds respond
to low tpm and low-frequency pressure
pulses. The rhick reeds respond to

higher pressure pulses and resist fue-
tering ar high rpm, I'he Boyesen RAD
valve is differenc than a wadidional reed
valve. Bikes with single rear shocks have
offser catbs, The RAD valve is designed
to evenly edistribure the gas flow from
the offsec carh 1o the crankcases. A
RAD valve will give an overall improve-
ment to rhe powerband. Polini of [raly
makes a reed valve called the Supervalve.
It fearures several mini sets of reeds
posiriobed vertically instead of horizon-
aally (as on convencional rced valves).
These valves are excellenr for enduro
riding because they improve throrde
response. lests on an inerria chassis
dyno show the Supervalve 1o be supe-
rior when power shifting. However, the
valves do not generate grearer peak
POW‘EI’ l:h:m COII\'C]][iOI]Hl l'Eed VaIVL‘S.

THE SECRET LIFE OF A TWO-STROKE
EXHAUST PIPE

A pipes job is to draw out the burnt
gases from combustion along with some
unbumed gases, and rhen reflect a wave
char plugs the unburned gases back into
the cylinder before rhe piston closes ofl
the exhaust poct. The pipe is comprised
of five distinct scctions: header, diffuser,
center dwell, convergence cone, and
stinger. There are algebraic formulas for
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FMF makes tailpipe silencers in three basic varia-
tions: shart for low end, long for top end, and a
spark arrestor for sound and fire safety.

the dimensions of each section of‘%
pipe, bur rhey are only a baseli

designers. The problem is rhag e st
gas and ourtside skin tem .%‘e are
variables o wing the
temperature Correct g the pipe

provides a grearc shg advanrage
than just swap iFQ a different hop-
up company, e.NThe temperarure
inside ¢ Q is affected by che carb
jerting, W€l formuladion, and ignicion
timing curve. Cylinders with exhaust
valve systems thar employ large cavitics

or venting can also dramarically affect
how the pipe works. Some of these

consider.

things you can cantrol, others you can't.

How Aftermarker Companies Design Pipes

You're fooling yoursell if you think thar
the pipe maoufacturers run comprehen-
sive R&D programs on every model of
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This is a comparisan between two pipes for a 125%¢g e

gine. The pipe on top is designed far a high-rpm power-

band. It has a short luned length and steeg ¢ @ gles. The other pipe is designed for a low- to mid-rpm
powerband. A long, tapered head pipe %Nluw cone angles highlight the difference from the rev pipe.

O

dirc bike that they e a pipe for.
ith bringing a

They are challefged

large variety ob to marker quickly
and the ws *E they do it is simple.
They sta }boing a dvno run on the
stock Then rhey decide which

reaNof the powetband they want to

a
i@)vc. Nexe, they cut the front and
rear cones ofl the pipe and weld spring

oops. Then chey interchange a selection
of angled concs and make dyno runs.
Some companies use the same cones on
all their 125s or 250s since the Japanesc
manufacrurers use neatly identical bore,
stroke, rod length, and porr ciming.
Once they are sarisfied wich the cone
choices, they weld the cones perma-
nently inro place. Finally, they cuc and
rocate 21“ thc cOnes so [hf pipf FO!'TTIS i
“C" shape. Then they cuc off the header
flange and the stinger. From there, the
pipe goes to the die maker, who makes
the alumioum casting of the pipe thar
becomes the press-die.

lorgue and Rev Pipes

Pipes are scamped from sheet metal into
a C-shaped partern. Press-dies have a
limited life span rated in the number of
parts scamped. Ic isn'c that they crumble

to pieces, but they do slowly wear. When
the press-die wears, it changes the
dimensions ol a parc. Dies starc our
larger than the targer size and weat. The
parts at the beginoing and end of rhe
die’s life are different sizes. Pipes are
fabricated by welding two C-shaped pipe
shells together; then che sections are cur,
rotated, and welded again. Fvery time
the pipe is cut on the band saw, the
length is reduced by the widch of the saw
blade and the amounc of material thac is
sanded off the cuc edges. Multiply thac
by the number of cuts and a pipe can
shift its runing range prewy quickly,
especially if an overzealous worker sands
too much here and there.

Manufacrurers rate pipes by their
length. A long pipe is a “torque” and a
shorc pipe is a “rev.” The engine manu-
facturers do the same thing with pistons
and cylinders with the marlings "A” and
“B." I'he label is a dimensional represen-
ration of a finished manufactured part.
Some manufacrurers, like FME don'
rate their pipes, buc the pipes are srill
different dimensions. That’s why you can
buy two of the same model pipes from
one manufacturer and they will perform
slightly diffetently.
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Whats a Rocket Engine Doing in the Pipe?
When FMF introduced ics SST pipe the
manufacturer described ir as a rocker
engine in the pipe. Actually, it's a tapid
convergence cone and it is shaped like
the business end of a rocker engine. By
constricting the outler of the stinger
before the silencer, it serves to raise che
ptessure in the pipe and the piston
ctown temperature. [t has the grearest
effect ac high tpm. In shifter kart racing,
RCE markets a pipe with a selection of
tuning cones thac fearure different angles
and diameters to adjust the uning effect
for different rpm ranges.

The opposite of a rapid convergence
cone is a rapid diffuser. A bulge in the
junction berween the convergence cone
and che stinger was used on the Yamaha
IT and YZ490 models of the mid-
1980s. That shape prevents a backup of
pressure in the stinger, mainly because
those old bikes had a sharp bend in the
pipe w compensate for. FMF uses a
rapid diffuser in its four-stroke headet
pipes and calls it a “Power Bomb.” A
mulri-phase tesonator is commonly used
on snowmobiles and it wotks differently
on a two-stroke engine. (A rapid
diffuser allows for less loss of energy
when waves moving in opposite direc-
tions pass through each ocher. ln che
field of unsceady gas dynamics, rhac is
called “super-position,” A mulci-phase

resonator has a specific volume, leng,
and orifice size thar allow the resonaro

to have an effect based on rpm its
position in the expansion chamber.)

Whars a Tiety Pipe?

I'm waiting to flip opcﬂ%%kc maga-
zine someday to rt@} “l'he Tirey
Pipe.” T thin aveTage teenager who
reads chese zines could embrace the
concept. Randy* Nouis, an cngincer at
GM Racing. invented che multi-phase
resonator, nicknamed the titey pipe. It
looks like a bulging chamber that fastens
to che pipe. Some modern Canadian
snowmobiles and [ralian trials mororey-
cles use them in production. Basically,
the multi-phase resonator consists of an
oval flask with an orifice that incersects
with the edge of the pipe. [t serves to add

volume and length to a particular section
of the pipe. The orifice size determines
the tpm ac which the resonacor will func-
tion. Honda used a similar device on
CR125 and 250s on the 1985 and 1986
models. The concepr was abandoned
because the burterfly valve used 1o
control the orifice of the chambet
frequently clogged wich carbon.

How the Ignition Changes the Pipe

Though it doesot actually  have
anything to do with che pipe, an
adjustable ignition can have a great
effect. The igpition boxes have two
tming circuits built in. A switch s
provided to go from one circuir 1o the
other. Ope tming curve has a steep
advance for good low-end power and
quick throttle response. The other
circuic has a shallow advance curve wit

a high-speed retard circuic that@

the spark close co TDC. This G d
the top-end or hole s icch.
Essentially, combustion about 53

[y occur.

degrees of crank dusacio
Rerarding the spar] cs more heatr

from combustion to shift into the pipe
and our of the cylinder. Raising the
remperature in the pipe raiscs the tpm
peak in accordance wich piston speed.

FLYWHEEL WEIGHTS

A heavier flywheel will smooth our
power delivery. The flywheel is weighted
to improve the engine’s rragrabilicy ar
low- o mid-tpm, Flywhed Sweighes ate
best for powetful bikes sithydecent low
end and an expl ve@ The weighr
smooths our the Rir reduces wheel-
spin, which wimptove the drive our of
cotners. O 10n misconception of
Alywh k}s is thac they increase
low-c%cr. If an engine doesn’t have
enou, -end torque in the first place,
il will actually be worse with the extra

vwwheel weight.

Steahly  manufactutes  thread-on
Rywheel weights thar thread on to the
fine lefe-hand threads on the cencer hub
of most Japancse magneto rorors.
Thread-on flywheel weights can only he
used if the threads on the flywheel are
in perfect condition.

This flywheel has been modified for a longer stroke length. The stock big-end pin is bored off center and a steel

slug is welded in place and bored to size.
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\J

~

A centered spark plug head s threaded to 2 Goodson Automative r@ﬂalted in the three-jaw chuck of a lathe to lacilitate tuning changes

Modern bikes use external

flywheels. They bave a larger diamege

rator
than intcrnal rotor flywheels so ¢
have greater fywheel inertia.
makes an internal rotor flywhee r
gives quicker chrorcle respons

%G a2 minimal

d. Retarding che

reducing che hir

IGNITION TIMING
The ignirion timi
effect on the powd
timing has th &t
of the p gnd in the midrange and
extendingghe rop-end over-rev, “Over-
rev’ is a sldng term chac describes che
useable length of the powerband ac
high rpm.

The scientific reason for the shifc of
the powerband to excremely high rpm is
that the remperature in the pipe
with the retarded  timing
because the burn cyele wakes abour 55
degrees of crankshaft rorarion. When

increases

the timing is retarded, the burn cycle
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s &ter and conrinues into the pipe.
8ing the exhaust gas remnperature
ises the velocity of che waves, making,
rhem mote synchronous with the piston
speed and porr riming of the eylinder.

Advancing the tirning increases the
midrange hit of the powetband bur makes
the power flacten out ar high rpm. The
telatively long spark lead time enables for a
greater pressure rise in the cylioder before
the piston reaches TDC. "Lhis produces
more rorque in the midrange, but the high
pressure contributes to pumping losses ar
extremely high rpm.

ENGINE MANAGEMENT
SYSTEMS

Mortoreycle engines have always been at
the forcfront of engine design. The next
leap will come in the Fornn of engine
management systems that control the
ignition system, power jer, exhausi
valves, and resonator temperature and

PTEhSlIl’t’.. R_ight now, “f't“l'f SECillg new
products such as pragronmable or
switchable ignition boxes. In the near
future, we'll sec a continual scream af
produces that will culminate in a direcr-
injeccted, two-stroke engine wich a
system chat coordinates
the ignition, intake, exhaust, and ului-
maccly the powerband with just a rweak
of the chumb.

management

The Optimum GP* Courrol package
for the Suzuki RM250 is a kit thac
KX250

carburetor with pumper and throule

includes a handlebar swireh,
posidon sensor, and a computer char Frs
under the sear on a hinged place. The
unic coordinates the ignition systcin
with the carbs fuel pump. The
handlebar switch offers 42 positions,
and the jerting and igniton can be
adjusted on the Hy, There is also a sepa-
rate bole shot switch that provides
smooth power delivery and beter rrac-




PERFORMANCE MACHINING TOOLS AND TECHNIQUES

This cylinder 1s fastened on an expanding mandrel and mounted in a lathe. The cylinder base 15 being tumed
down to reduce the ports’ duration, retard the Liming, and increase the campression ralio. Tis machining op
ation serves 1o improve the low to midrange power of a dirt Dike.

rion. You can program the control
package with a PDA and change things
such as the engine’s abiliry to perform
on less-expensive fuel. The Kawasaki
Keihin carburetor  with
throtdle  position sensor is ideal for
computer control and coordinarion with

things such as exhaust valve systems.

electronic

There are less-expensive afrermarker
arts such as ienirer boxes. FMFE sells
parts | goiter boxes. FMF sell

adjust-on-the-fly diming, Products sud
as chese offer a choice of an ad

curve for betcer midrange or,
a retarded curve for beygr\gver-rev.
Normally, these produ s@lﬂ)t abour

igniter box.

che saine puice as the

PERFOR ACHINING
TOOLS ANP TECHNIQUES
MACHINE TOO

Thete are four different machine tools

used for perforinance machining of

motorcycle parts: lathe, vercical mill,

horizonml  or  porwable hone. and

grinding or polisbing rools.

Lathing
A bench lathe can be & handy machine
in a motorcycle workshop. A 9x20-in.

bench lache costs as lic 595 new

from mail-order cdmpantes such as
ENCO and Ha Freight.  This
simple lache ¢ {yq le most of the
%minmin dirt bikes.
ar a lathe include resur-
“rroke  cylinder  heads,
b rh@' nders and carbs, machining
il ring grooves, rurning cylinder

, polishing axles, and checking the

tasks needed

facing %)

bases
‘ueness of a crankshafc.

the Wolf brund igniter box chat Feamrb

Tooling for lathing includes the
Clitfing ['(.1‘015 fLﬂd rhﬁ rrmrld[?is ar ﬁx[ll[es
needed to mounc a worl piece. For
centered two-stroke heads, a chreaded
mandrel  can be  purchased  from
Goodson for $25. For offser heads, vou'll
need to fasten and space the heads on
bolrs and pins on a face-plare.

To turn gylinders, expanding mandrels
arc the best serup. The mandrels
adjustable sleeve clamps on dhe cylinder
bore, Precision Devices has the biggest
sclecion of cxpanding mandrels, buc
inandrel kits can cost $200 o $1,000.

The most cost-eftective way to buy
cucting tools is to purchase a kic wirh
five tool bit holders and replaceable
tips. Considering that most machining
tasks on dirc bikes will be performed on

Honing machines are eilher portable or slationary.
The hone on the lefl 1s a portable lool (hat can be
driven with a drill. Sunnen makes stationary honing
machines with a wide variety of mandrels and
stones. Diamond stones are required to hone
modern plated cylinders.

aluminum parts, the TiN-coated rips
work best because they resist buildup of
aluminum on the curcing rip.

Milling
A verdeal millis like a lache rurned up on
end. The main difference is chat on a
lache the curting ool is stationary and a
mill spins the ol with the work piece
mounted stationary. The uses for a mill
include installing fywheel weights thac
use three Allen holts, baring crankeases,
temoving broken bols. resurfacing gasker
surfaces such as crankeascs, boring cylin-
ders, and baclk-cutting tranny gears.

For my business, 1 chose a combina-
tion machine rthat cnahics laching and
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This crankcase 1S being bored on a m|llingbma@ Because the crankshaft was stroked for a 2-mm offset, the
area where the connecting rod swings &Nrankcase must be bored 4 mm larger for the proper clearance.

O

Cylinder heads with offset spark plug holes must be
mounted to a face-plate for machining in 2 lathe. Three
ol the boll holes are tapped to a 3/8-NC thread and
spaced from the plate with wrist pins and washers.

milling rasks. It's ma
called Granite 1324, Thi
for $3,700 wichy 4 age of accessories,
including | &(oo] bits, end mills,

collecs, li cr, boring/facing head,
and as@mlﬂe

}Qz
Ofing is considered a finish machining
rocess. The two types of hones used in
the motorcycle business are a horizoneal
machinc with a stationary mandrel and a
drill-operated, portable honing mandrel.
Common  applications  for  bhoning
include the cylinder bore, connecring

ymithy and is
machine sells

tod, a cylinder head’s cam and rmappet
bore surfaces, crankshaft big end bores,
and valve guides.

The biggest supplier in the world
for mortorcycle honing machines and
supplies is Sunnen, headquartered in
St. Louis, Missouri.

Grinding and Polishing

The two types of grinding rools are
bench and cable-driven. Both a 6-in.
bench grinder and a hand-operated
setup like a Dremel can accepr a variety
of media ranging from rough stones to

finc, rubberized ahrasives.

[n my porting business, | use a
Dremel model 732. It has changeable
tool handles in straighc and right-angle
configurations. Thete are hundreds of
tool bits, varying in shape, size, gric, and
matcrial from felt to diamond.

The popular uses of grinding and
polishing include cylinder  porting,
cleaning carbon from manifolds and
pipes, leveling rhe wear grooyes on
clutch  baskets, slicing  the  rusted
bearing cages of swingarms and linkage,
polishing carbon from power valves,
and removing the molded rubber cars of
two-stroke intake manifolds for V-Force
reed cage inswallation.

Cylinder porting ool bits differ greatly
for uses on nickel-plated and cast-iton-
lined cylinders. Plared cylinders are harder
and more brittle. Tt is a common mistake
to chip the plating ac a port's edge, which
can lead 1o ring snagging and bore failure.
Stones or diamond rooling cuc through
the hard niclel-placing, where traditional
fluted carbide tool bits can rake over the
porting rasks. Virtually any tool bits can
be used on cast-iron-lined cylinders
hecause the material is much softer.

The biggest supplier of porring ools
in the motorcycle industry is CC
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Portable gnnding tools have cable-griven and fool-
operaled eleclric motors with quick-change tool
capability. They are used most often for cylinder and
head porting tasks.

Specialty in Lawrenceburg, Tennessee.

air-driven

wols o wol bics ab
polishing supplies. They even sell ge

¢
uring rools and flow benches. &
VALVE SEAT MACHINETUOQ}

The latesr trend rformance
machining is the Q.angle carbide
cucter thar floa h& valve pocker
holding a tric pach. Serdi and
Newen sellN¢omplere machines from

bench-top micro to heavy-duty producdon
machine tools. Goodson Automotive, a

) %l—ordcr supply company, markets an
They sell cverything from elecuric ancx;:x usive line of multi-angle cutters from

These are lool handles, d right-angle designs. These tools hold tool bits of different shapes, materials,
and textures. Tool h

company for @ bits, and polishing supplies.

ug into cable drives. CC Specialty in Lawrenceburg, Tennessee, 1 the biggest supply

amous tuners such as Tony Moendello. On
four-srroke heads, much of the porting is
accomplished by gerting the right carbide
cuteer profile for che application and valve
size. Goodson also sells a floating rool
holder designed for the R-8 collets used in
most vertical milling machines. The tool
holder sells for $900 and rhe carbide
cutrers for $40 each.

T'here is hardly a need ro resurface a
valve because mosr of the hard coatings
are applied during manufacruring.

This is a Serdi Micro mukti-angle valve seat
refacing tool. Multi-angle seats offer improved flow
and longer valvetrain life.
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