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Winning Combinations

Little things don't mean a lot — they mean everything

o
Practice does not make perfect — Perfect practice makes perfect
-
Losers want to win on Saturday, but not the other six days a week
o
Winners make it happen — Losers let it happen
.ﬂ:;
The harder you work, the luckier vou become

o

Effort + Concentration + Skill + Dedication = Success
o

Knowledge is Power
-
Knowledge doesn’t become power until it is used
<
Knowledge = Power = Performance

o>

You can't heat the competition wunless you know more
+*

Thi: more you know, the faster you go
o
It's not how much you fearn, but how mich you remember
and this book is your “hible” o remembering

+*

Invest in vour own knowledge — read this book
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Preface

_£1 1964 | bought my first Harlev—a Sportster for $1400. At the time, the name Harley-Davidson
was synonymous with high-performance and the Sportster was conzidered the Corvette of the
motorevele world. Also, Harley's race team was having great success with the Sportster on the fast
TT tracks that were then prevalent around the country. The competition was primarily from Tri-
umph Bonnevilles, BSAs and other British twins.

The Sportster came equipped with a very strong, highly developed engine that had roots dat-
ing back to the early 1950s and the side-valve V-T'win engine typically referred to as the Model K,
The engine was an excellent choice for those who wanted to inerease horsepower because it re-
sponded extremely well to modifications.

My initial quest for more performance led me to increasing the size of the Sportster’s engine
from 55 eubic inches to 65, along with adding hot cams, a bored-out Linkert carburctor and ported
heads. At that time, finding any performance tips or information was difficult at best. Some racers
would share their knowledge, while others would not. A performance oriented document could have
saved me countless hours of confusion, many costly phone calls and the effort Lo reinvent the wheel.

Since the 1960s, the high-performance market for Harley-Davidson motoreyeles has prown
tremendously and this has ereated a big demand for performanee parts. Consequently, we are
taced with choosing from a large and often confusing variety of performance parts and compo-
nents. Sorting through the vast array of sophisticated parts is a more difficult task today than it
was years ago. Although some performance information 1s available, it is (requently superficial in
nature and often lacks an in-depth and complete perspective of key perlormance considerations.
Additionally, it iz usually scattered around and hard to locate. As a vesult, I decided to take on the
long process of writing this manual with hope that it would eliminate much of the confusion and
pitfalls facing today’s performance enthusiast and racer, while providing essential performance
information in one handy guide,

The Big Twin High-Performance Guide iz designed to provide performance and racing
enthusiasts with the most comprehensive information ever presented in one manual dedicated to
Big Twin performance. It takes a vast amount of vague and eonfusing data and turns it into infor-
mation that will help you or your mechanic build an engine that will not only make more power,
but also have a better chance of reaching its real potential. It strips away the cloak of mystery
shrouding the secrets of the fast and famous. Discussed in detail are different engine combina-
tions and why certain combinations work better than others, Included are chapters covering per-
formance considerations, engine combinations, carburetion, cam and valvetrain factors, high com-
| pression, high-flowing exhaust systems and hot ignitions,

Also included are many performance engine building principles and concepts along with per-
formance tuning procedures that will benefit not only Big Twin enthusiasts, but alzo automotive
enthusiasts, vocational school students and avid do-it-yourself engine builders and racers.

Hopefully, The Big Twin High-Performance Guide will help stimulate your creativity, en-
hance vour dedication and promote yvour will to experiment by providing vou with a base of knowl-
edge required to differentiate yoursell from the competition.

Whether yvou want to learn Harlev performance engine modifications and tuning from the
ground up or simply want to sharpen your general performance knowledge, The Big Twin High-
Performance Guide is your encyclopedia for more performance, 4




How To Use This ‘Book.

{z;ze Big Twin High-Performance Guide covers the Harley-Davidson Big Twin
Evolution and Shavelhead models. The Evalution motor entered production in 1984 and
iz currently still in production, while the Shovelhead motor was produced [rom 1966
through 1984,

This comprehengive guide is designed for either the serious racer or novice perfor-
mance enthusiast, It wealth of information is also beneficial to automotive enthusiasts,
vocational school students and avid do-it-yoursell engine huilders,

The guide provides the information you need to maximize the performance of your Big
Twin. However, hefore attempting any operation involving engine disassembly or part
replacement, it is suggested that first vou consider your capabilities and skills, besides the
tools and eguipment available to you. If vou intend to perform any performance modifi-
cations, it ig highly recommended that first you buy a factory authorized service manual
and parts catalog to acquaint voursell with basic maintenance procedures and major
repair methods. This book is not intended to replace the factory service manual; instead,
it is meant to provide supplemental information, Remember to follow all safety recom-
mendations in your service manual,

Keep in mind that some procedures require special equipment and precision tools,
Many of these tools can be purchased from dealers, aftermarket performance companics
and some automotive specialty shops, Refer to the Performance Directory in the Appen-
dices for a listing of parts and tools suppliers.

If vou're in doubt aboul performing any performance work, remember there are
numerous highly qualified dealerships and aftermarket performance shops that special-
1ze in performance modifications.

This guide ig divided into eight chapters with each chapter devoled to a major
performance topic. Alzo included in the Appendices are camshaft specifications, ancestry
of the V-T'win engine, racing organizations, high-performance parts suppliers along with
new performance products and updated information for this edition. <




Chapter 1

Introduction

hen the local small talk

turns to motorcycles these

days, Harley-Davidson inevitably
is a major topic of discussion.

Wz not simply another motorcyele. Instead, 1t is
an expericnce of sounds and sensations that
generate the great interest among Harley en-
thusiasts in the marquee’s performance. The
Harley V-Twinengine design hasevolved through
over 90 vears of development. These engines are
typically low-revving and provide lots of low-end
power that's ideally suited to slow, casy cruising.
By today's standards, these engines produce
about half as much power per cubic inch as do
conternporary, state-of-the-art motoreyele en-
gines. So they are not really fast, Nevertheless,

Harley-Davidsonis riding the crest of popularity
and sales are booming. Harley's low tech design
and evolutionary developments offer owners
great rezale value that resulls in an exeellent
investment.

Today's Harley owners come from many walks
of lile. Some are hard-core, tattooed bikers while
others are Rolex-donned business men or celeb-
ritieg, Others are purebred racers to whom speed
18 most important while still others are touring
riders with fully dressed machines enjoyving the
sights and occasionally needing to pass an eigh-
teen-wheeler. Regardless of their lifestyle, over
time the vast majority of owners develop their
own ideas what a Harlev should be and eventu-
ally opt for more power and performance. And
Harley's low tech, evolutionary design lends
itself to performance oriented projects,

The Big Twin High-Performance Guide



2 Chapter One

Many riders walk into an engine shop and
ask for the perfect engine. They say, “T'd like lotz
of power down low, a bunch in the midrange, and
a strong top-end.” However, building an engine
iz acompromise. The components selected deter-
mine an engines “personality” or powerband.
Some maodifications, such as greater displace-
ment and higher compression, help performance
throughout the RPM range, while other en-
hancements invoke compromises. Generally, for
agiven engine size, 111018 built primarily for top-
end power some bottom end performance will be
sacrificed. But the bigger the engine, the less
compromise that 1z necessary. Having the knowl-
edge to select the right parts and install them
properly can help vou minimize the compro-
miscs,

In general, there are five routes to more
power. An engine can be built larger with a
bigger bore, longer stroke, or both. It can he
made to turn faster, It can be modified to fill the
cvlinders with more air and fuel. It can he opti-
mized to burn more fuel, thereby increasing
combustion efficiency. Finally, friction losses
can he reduced. Each method offers itz own
advantages and each one invalves various
tradeoffs.

The first question the performance enthusi-
ast must answer when deciding to modify an
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engineis; whatis the engine’s major purpose and
how will it be used? For example, 15 it going to be
uged for all oul racing, touring, hot street,
Bonneville, ete? The answer will determine which
methods are emploved to gain more power.

With the vast array of performance parts
available, iU's easy Lo dump big dollars into
engine rmodilications. Therelore, it makes sense
Lo know what options are available and what to
expect, regardless of whether yvou are doing the
work vourself or paying someone else to do if.
Also, many of today’s engines are built by catalog
part numbers and then assembled by way of
instruction sheets. And this is okay for many
performance enthusiasts; however, serious rac-
ers need every last fraction of power. They need
to have a “performance edge.” Consequently,
they need to know not only how and why things
worle, but also how to modify a part so it will
perform at its best.

This book is designed to help you better
understand the available performance options
along with providing the insight not only to do
things right, but also to do the right things. The
book contains the essence of what I have learned
during my 35 years of motorcyeling, of which the
last 29 have been devoted entirely to building,
riding, and racing Harlevs. Hopefully, it will be
of interest and benefit to vou. <



Chapter 2

‘Powver

he key to performance is
knowing what is right, what is
wrong and how to make it better

If vou copy the latest trick design or speed secret
from someone else without having the knowl-
edge to understand fully how Lo use it and make
it work, you can end up going backward instead
of forward. Performance depends on the collee-
tion of many small elements that collectively add
up to a competitive edge. To win today, a power-
ful engine alone 1s not enough. Understanding
why things work, having a specific plan, keeping
things simple and building the engine to last to
the fimish 1z also necessary. Building a good
engine takes a lot of patience, perseverance and
dedication to doing things the correct way, Addi-

tionally, attentions to small details, mechanical
skill and hard work are also required.

There currently exists a large variety of qual-
ity, highly developed performance parts for the
Harley-Davidson Big Twin, As a result, there iz
a deluge of potent, stock displacement and big
inch stroker engines running on the streets and
drag strips. S, you may wonder, what lactors
allow a racer to differentiate himself from the
competition? Why is one 95 cubic inch stroker
engine consistently faster than other 98 inchers?
There are many answers to the above questions,
but the basis of cach answer 1s centered on one
common point — and that point is knowledge.

Many of today’s engines are built by catalog
part numbers and then assembled according to
instruction sheets. And this is acceptable for
many enthusiasts, However, il you really want

The Big Twin High-Performance Gufde



4 Chapter Two

to go fast and keep a step ahead of the next guy,
yvouneed to know why things work, how to select
the right combination of parts and how to modify
parts to perform at their best. As an example, if
you want to improve your engine’s performance,
but don't necd to be the fastest guy on the block
then there are many combinations of carbs,
cams, exhaust systems and cvlinder heads that
will give a respectable power increase. Yet, if
vou're competing in a heads-up class, every last
fraction of horsepower 15 vital to winning and
vou need the hest combination of parts — not
just any parts. Although, the best combination is
dependent on many factors, with the proper
knowledge and some experimentation, vou can
azsemble an excellent combination for your ap-
plication.

Hacers who are frequent winners don't win
just because they copy the same combination
evervone else is running. Although their combi-
nation may be similar to their competitors, they
prove out the eombination through trial and
errortesting and experimentation, Forexample,
some racers order two or three different cams
that theoretically appear correct for their engine
displacement, head [low characteristics, gear-
ing, bike weight, ete. Each grind may vary in
intake or exhaust duration or lobe separation
angle. Then, after testing cach cam, the best one
iz selected. This time consuming, cut-and-try
pxperimentation often is the reason one racer
conszistently runs a fraction of a second faster
than all the others.

With the enormous interest in high-perfor-
mance Harleys, the brightest racing future lies
ahead for the self-taught, cut-and-try experi-
menter — particularly one well versed in elee-
tronics, chemistry, petrochemistry, physics, met-
allurgy, aerodynamics, and chassis-dynamics.
In racing, vour effectiveness depends on the
colleetion of many techniques that add up to give
you a competitive edge, Understanding certain
principles 1 the genesis of that competitive
edre. And knowledge, dedication, perseverance,
preparation, experimentation, attention to de-
tail and hard work, when applied to performance
engine building, provide the opportunity for that
competitive edge. There is a cliché that says
“Little things mean a lot.” Don't belicve it. Tittle
MEHW everything. I1ts the [ttle things

—— - e ——
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that add up to that extra 1/10 of a secand or gaing
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THE OBJECTIVE

Before you build an engine you must first decide
the purpose of the engine and its rpm range. For
example, do you want to inurcasu the touring
performance of a heavy “dresser,” build a top-
fuel drag bike, or are you interested in a hot
street bike or bracket racer? Your answer will
help determine the engine's size and the compo-
nents,

Currently, top-fuel drag engines range be-
tween 114 and 120 cubie inches with some near-
ing 1580 cubic inches, Bracket racing and hot
street engines can be any size you can afford to
build, although most generally end up hPtuEPn
80 and 98 cubic inches with qﬁmeﬁ‘largé as 103
to 114 cubic inches. Stock class engines are just
as the name implies, unmodified 74 or 80 cubic
inches (the 80 is actually 81.7) for Big Twins.

Evolution Big Twin engines are limited to
about 5250 rpm by the stock ignition module.
Although many factors, such as stroke length,
cam design and eylinder head airflow contribute
to an engine's rpm range, most mild perfor-
manr{ eng‘me*—‘. _.:,J.],_E,L]("LMLd_ bLi‘:’-‘L‘LI] 58[:'{] dild

Lnﬂu‘u}: purpmwe fmﬂ rpm, 1t mlhf he dur able
enough to finish a race and dependable for worry
free street riding. This requires proper assembly
procedures, properbreak-in, correct maintenance
and using zome discretion when rding.

WINNING COMBINATIONS
The Big Twin is composed of many complex,
interdependent components and (or each part to
be effective it must be compatible with numer-
ousother components. Component selection must
be based on how the picees will work together,
This means that each engine configuration must
be carefully matched with complementary com-
binations to produce the best horsepower and
torque curve for a particular application.
However, no combination iz perfect hecause
there are too manytradeoffs. Consequently, there
is no such thing as a free lunch. If vou build the

engine primarily for top-end power, yvou'll give
——— —
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up power at the lower end. This is because an
ﬂm{mh ; give maximum performance
umlfz[](] _?le_pm range.

The key to reliably going fast is to select a
good combination of parts that all work in har-
mony with each other — cach one building upon
the contributions of the others. For example, a
cam should be matched to the head’s airflow
capahility, engine displacement, hore-to-stroke
relationship, rpm range and desired torque curve.
Anychange Lo the combination requires retesting
to confirm the impact of the change, Remember,
for every engine there is one component that
ereates a threshold point that limits an increase
in performance. Once the restricting component
is replaced, the next restriction in the chain
becomes the limiting factor, In summary, run a
combination of parts that work together because
an engine is a system, not a list of parts.

THE PUMP
At first glance the internal combustion engine

seems like a rather simple device. A mixture of

fuel and air ig drawn into a closed chamber
whereitisignited and burned to produce energy.
However, ag we spend more time analyzing the
engine, it becomes obvious that 1t is guite com-
plex and offers an endless number of possibili-
ties for power and efficiency improvements.

In its simplest form, the internal combustion
engine is nothing more than a pump. To be more
accurate it can be called a heat pump because
heat is power. Regardless of the type of engine
vou build, it will never live up to its potential
unless it is an excellent gealing pump. What we
want to do is make a “happy motor.” By this it is
meant that the engine doesn't need to have the
most radical cam or biggest carb, but it does have
to have good airflow and excellent sealing char-
acteristics. Ixcellent pump seal and the right
combination of parts are the two most impartant
characteristics of a pood engine.

In faet, there is no way to tune an engine
CEIHLCLI];, unh*w itl has an F){CDT[OTH seal. A com-
mercially puuhqqed leak-down tester can be
used to determine the percentage of leak-down
for an individual evlinder, The process involves
pumping air at about 100 pounds per square
inch into a eylinder and measuring the amount
of leakage. Two percent leak-down or less is

Power Theories 5

excellent. Three to seven percent iz considered
maximum for a race engine. Many factory built
engines {all into the seven percent arca. Any-
thing above seven percent s considered out of
the ball park for serious racing because power is
going Lo be down and it's impaossible to read the
spark plugs accurately. Ideally, we are looking
for & maximum of two percent leakage after
three or four passes down the drag strip.

To build a good pump, you need to start with
round, straight evlinder bores. When head bolts
or studs are torqued, they twist and distort the
eylinder. To get a eylinder to seal properly, you
need to use a lr:nrqure platt_' duri ing the boring and
honing process and 1L 1s 1@0 use fhe
m.afl type hicad gasket, holts or studs and the
Cl}Hf*d"L , Lorque w Tﬁ?n—f._ttm;{ everyihing up for
rT‘lﬂCfllIllIl“’ .., &= o h

[r_j_ﬂLLerme whether the torque plate is
duplicating the same loads on the cvlinder that
the cvlinder head imposes, visually check each
bore after initial run-in, Shaded areas indicate
uneven ring to cylinder wall wear, Compression
ring seal atthe top 1-3/4 inch of ring travel is the
most important area. Beyond that. oil control is
the major consideration. Keep in mind that a
compression leak-down of less than two percent,
when coupled with high oil ring leakage, also iz
a bad combination due to potential detonation
and the inability to read plugs correctly.

Anotherimportant pointistoensure that the
evlinder heads and crankease decksz are as (lat as
possible, Finallv, a top noteh evlinder head job
with good valve guides, solid seats and concen-
trically ground valves and seats completes the
purmp,

ENGINE CYCLES
Now that some critical elements for a good seal-
ing pump have been discussed, lets review the
major eyeles of the four-stroke engine aor pump,
Specifically the cycles are the intake, compres-
sion, power and exhaust. All four cyveles thrive on
the efficient use of air and fuel and the key word
iz efficient. By efficient it is meant that the air
and fuel can be examined not only for guantity,
but also quality,

During the intake cyele the piston moves
down the eylinder and the greatest possible
amount of fresh airffuel mixture must be drawn

The Big Twin High-Performance Guide
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into Lhe cvlinder,

Next, the piston moves up the eyvlinder and
compresses the mixture. During this cyele the
intake charge not anly must be compressed to
increase cylinder pressure, but it also must be
thoroughly mixed for the highest possible amount
to burn, Additionally, it must be ignited atl ex-
actly the right moment with a big fat spark [rom
the ignition svatem.

The third eycle is the power stroke, Now the
burning fuel creates a pressure inerease on top of
the piston that forces the piston downward in the
cylinder. If designed correctly, the engine will
optimize cylinder pressure, maximize the burn-
ing fuel’s chemical energy and convert the mix-
ture into the greatest amount of mechanieal
energy to turn the erankshaft.

IMinally, during the exhaust stroke the piston
moves back up the cylinder and purges the
remaining burned mixture from the cyvlinder.
For maximum performance, the engine must
maximize the amount of burned mixture ex-
pended from the eylinder while minimizing the
effort required to purge it.

Notice that the deseription of the four engine
cycles not only mentions that the maximum
guantity of mixture must be drawn in or purged
out of the cylinder, but it also emphasizes the
thoroughness of the air/fuel mixing, exact tim-
ing of the 1gnition, optimizing evlinder pressure,
maximizing energy use and the completeness of
expending exhaust. These points refer to the
gualify of the processes that take place during
the engine eveles and are key for maximizing the
power outpul of any given engine combination.

TORQUE vs. HORSEPOWER

Acompletely stock 80 cubicineh Big Twin engine
produces about 57 horsepower at 5200 rpm and
70 foot pounds of Lorque at 3000 rpm, when
measurcd at the rear wheel., Belore discussing
methads to increase these numbers, let's Ltake a
closer look at what they mean,

Figure 2.1 reflects the horsepower and torque
curve of an average stock Big Twin engine. To
understand the relationship of lorque and
horsepower and their significance, it is first
necessary tounderstand how they differ. Torgue
15 the force that moves or aceelerates the hike. It
is alzo expressed as the amount of work

The Big Twin High-Performance Guide
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Figure 2.1 The stock Evalution engine achieves maximum
torgue near 3000 rom bacause cylinder fill iz highest al this
point. The majar reasan harsepower draps off after 5250
o ds because the rev limiter kicks in. Take note thal
harsepowear and torgue always cross at 5252 rpm.

an engine can produce and is the equivalent of
how much foree is pushing down on the piston
and how hard the crankshaft is being twisted.
Horzepower, on the other hand, is the speed at
which an engine performs work. The faster an
enging performs a given amount of work, the
maore horgepower developed.

An engine 15 sometimes referred (o as a
“torque engine,” meaning that it was built pre-
dominantly with torgque in mind. [nreality, there
is no such thing because any engine that has
torgue, also has horsepower. Figure 2.1 shows
that the Big Twin produces 60 pounds-feet of
torque at 5000 rpm. In fact, any engine that has
60 pounds-leet of torque at 5000 rpm, also has 57
horsepower at that engine speed. Torque is
present at all engine speeds and more torque at
a given rpm always vields more horsepower at
Lthat rpm.

Torque and horsepower are often confused,
although they are closely related in the equation
for measzuring horsepower. Currently, the only
efficient method that exists for measuring
horsepoweris by measuring actual engine torgue.
By definition, horsepower 1s equal to foree mul-
tiplied by distance, divided by time. With the
proper constant in place, a simple equation is
used to calculate horsepower:

forgue = fpm
5252

The constant 5252 originates from the followings




|
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formula uzed to determine horsepower: 33,000
pounds-feet divided by 2 times o (6. J‘*“%I equals
5252,

Tf.l]c_u note that torque and horsepower are
always equal al 5252 rpm. This results in torque
and horsepower alwavs crossing at 5252 rpm

when drawn on a line graph. One pound-foot of

torque below 5252 rpm produces less than one
horsepower, which means that torque below
5252 rpm will always be higher than horse-
power. Conversely, one pound-foot of torque above
0252 rpm makes more than one horsepower.
Consequently, torque above 5252 rpm is always
less than horsepower.

TORQUE PEAK
The reason the Big Twin's torgue falls off in the
higher rpm range iz that the evlinder’s volumet-
ric efficiency (VE) drops and torque is directly
proportional to VE. This is because VE repre-
sents the percentage of cylinder fill. Torgue peak
18 the point at which the engine achieves maxi-
mum eylinder filling, When an engine's VE {and
therefore torque) declines faster than its rpm
rises, the engine has gone bevond its torque
peal.

Airflow generally inereases with rpm until it
T'{-"'tlf‘h{-”- t]'!l’.‘ mdmmurn ﬂuw ca Eamwﬂi lhé ‘."‘l] ves,

ma]m mc.fﬂctu:-n Once maximum ﬂuw an’icm”f
mw‘i{'hed 1tr:amamnI:nnatanLdvap:LL111Lruv~os
in Lng_rgp_l pm. i\r this point the engine becomes
*Now ']I!T'IIEE'd “therefore volumetric cllicieiicy
and torque go down. If you increase the engine’s
evlinder F]hngmpﬂﬂﬁﬁWnnu
up the rpm band a nngﬁth horsepower, The
greater the cylinder ig filled, the greater the
force exerted on the piston by the expanding
gases and the greater the torque,

The point at which the engine runs out of air
is determined by the efficiencies of the intake
and exhaust system and the cam. However,
combustion chamber design, piston dome shape,
spark plug location, and the evenness of tem-
perature throughout the combustion chamber
determine the actual power potential of the
engine, If the engine has a good combustion
chamber design and sufficient intake and ex:
haust capability, power will continue to increase

as the engine turns higher rpm’s. The amount of
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torque may not increase in value, but it will
mave ta a higher point in the rpm range, In
reality, the real key to making power [or a given
engine displacement is the engine’s ability to
breathe and the total design of the combustion
chamber.

A highly tuned engine’s torque peak is usu-
ally about 75 percent of redline rpm. The Big
Twin's lorque peak is about 57 percent of its
5250 rpm redline, Figure 2,1 shows that torque
at BO00 rpm is about 61 percent of what it is at
A000 rpm. This indicates volumetric efficiency 1s
down due to an inefficient intake svstem, poor
combustion chamber design and a restrictive
exhaust.

[f voudon'texactly {ollow the above formulas
and details, don't worry because they're not that
important. What is important, however, iz the
relationship of torque to horsepower, Keep in
mind that at a specified engine rpm, horzepower
is directly proportional to torque. As torque
Inereases at a given rpm, horsepower increases
a corresponding amount. If torque remaing con-
stant, horsepower will either increase or de-
crease in direet relationzhip to a rpm change. By
spinning the engine faster, more horsepower is
developed for a given amount of torque. For a
given Upudtmg range, the only way to increase
harsepower in Lhat © ange is to increase ’rmqw_
To produce @ certain amount of horsepower at a
low rpm requires greater torque than it does at
a higher rpm. Assuming an engine is capable of
breathing sufficiently, the most effective methad
to inerease torgque and thereby horsepower is to
increase its displacement. Understanding these
relationships will help when selecting an engine
combination for a particular application,

When we think about power, we're inclined
toJudge engines exclusively by peak power with-
out vonsidering the operating range where the
power oceurs, Instead, engines should be com-
pared by the amount of power they produce in
the intended operating range. Big Twin drag
engines typically operate between 4500 and 7500
rpm, while a street driven *dresser” engine usu-
ally runs between 2000 and 4000 rpm. The drag
engine is built for maximum torque at high rpm
because this produces the most potential horse-
power, although it invariably reduces power in
the lower rpm ranges. Then the engine iz geared
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and ridden in a narrow, high rpm range to take
advantage of the torgue curve. The “dresser”
needs a different engine combination, that pro-
duces a different torque curve to address its
lower operating range requirements.

In Mlﬂ_mcrmnp torque for a given
engine displacement, you can 1]'1[]"{-‘Fl~u[-‘(f]]'l“:]:'.ﬂ"{-"1—
sion, get better flowing heads, make the combus-
tion chamber more efficient, change the cam-
:-T’iTL timing, and tune the 1t1ducmn and ex
haust Systems, Increasing torque, and shilting
its localion 10 the proper operating range is
crucial to building a winning engine combina
tion, regardless of whelher the inlended use 13
drag racing, hot streel or touring,

HORSEPOWER VARIABLES

In reality, there are three variables that control
horsepower: displacement, rpm and brake mean
effective pressure or BMEP. First, a large dis-
placement engine breathes in greater amounts
of airfuel mixture, consequently, it produces
more power. Second, revving the engine faster
through higher rpm allows an engine to perform
its power-producing cyele more frequently, which
produces more power. The last variable, BMEP,
iz more complex than the first two because it
involves the following: the amount of air/fuel
mixture (illing the eyvlinder; the amount of mix-
ture that is burned; and the amount of power
that iz lost to internal friction and heat. In
simple terms, BMEP means average effective
combustion pressure,

These three power variables lead to five
methods for inereasing engine power, The first
method is to increase the engine’s displacement
with a longer stroke, higger hore or hoth. Second

iz to rev the engine fuster to take advantage of

more power strokes in a given amount of time,
Third 1s to fill the cylinders with more air/fuel
mixture, The fourth method is to enhance com-
bustion efficiency by burning the greatest pos-
sible amount ol the air/fuel mixture, The last
method is to minimize internal friction losses by
using the correct parts and proper assembly
techniques.

LARGER DISPLACEMENT
Displacement is king when it comes to making
zerious horsepower, especially if vou're dealing
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with a heavy bike. All things being equal, a good
hig engine will always beat a good small engine,
Up to a point, you will benefit by building the
largest engine yvou can afford,

In general, a properly built high-performance
E‘-ig Twin engine will put out between 1-1/4 and

/2 horsepower per cubic inch. A little math
'-f;lH canfirm that cubic inches guickly add up to
cubic horsepower. However, keep in mind that
there is no guarantee horsepower will increase
at. the same rate as displacement. For horge-
power to increase linear to displacement, the
engine components must be compatible and
proper assembly techniques must be used,

Given two engines that make the same
horsepower, the larger-displacement engine will
generally make more Lorgue and this 1s highly
desirable forstreet and drag engines, Also, streel
riders who lug their enpgine al low rpm or those
with heavy bikes can especially benefit from
high volumelrie efficiency in the low rpmn range
hecause it increases torgue. And this s casier to
achieve in a big engine, even if you slightly miss
the best combination.

[nereasing the engine’s displacement allows
it to breathe in more mixture during each cycle
for greater torque and horsepower. This results
in the most effective method for inereasing torque
and power, The Big Twin engine offers great
potential for increased digplacement, while still
retaining excellent reliability.

Alarge displacement engine when combined
with stock size intake ports will increase the
velocity of the incoming airffuel mixture. This
decreases the pressure in the intake tract below
that of a stock engine and causes a big engine to
run out of breath sooner in the rpm range than
a stock engine. And the larger the displacement,
the more pronounced the effect 15, This means
that i increasing displacement withoutircreas
ing cylinder head breathing tﬁpac’ﬁ_hﬁ:y_}j:g_'n
an en;,mw that pmdmps higher torgue, but al-
ways at alower rpm. This phenomenon ty pically
gives the illugion of a more powerful engine
during normal riding conditions. '

However, as stated carlier, horsepower iaa
function of torgque times rpm. So, without i
creased breathing capacity it is possible Lo reach
o point where horsepower is decreasing and can
drop to a point below o stock displacement ens



!

gine. An engine must have rpm to make horse-
power becanse 100 foot pounds of torque times
zero rpm equals zero horsepower. Since high
torque over a maximum rpm range is the most
desirable atlribute of an engine, major increases
in engine displacement should always be com-
hined with increased breathing capacity.
There are three methods for increasing dis-
placement: increase stroke, increase bore, or
increase both, The size of a evlinder's bore is
aboul equal toits piston’s diameter, while stroke
length is the distance the piston moves up or
down in the cylinder, A stock displacement Big
Twin engine has an under-square configuration.
Thisis becauseits 3-1/2 inch bore iz smaller than
its 4-1/4 inch stroke length. Under-square en-
gines generally run at lower rpm and generate
maximum torgue at lower rpm than over square
engines. On the other hand, over-s quar E_u_rlg‘in es
hclw a larger hore I;]mn stroke and typically
g@nm ateTaxinmum tor que at a higher rpm level.
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LONGER STROKE
The most effective way to increase torque and
thus power, 15 to increase an engine’s displace-
ment. Boring and stroking both increase torgue,
however, stroling a Big Twin engine is most
effective. Dallar for dollar and cubic inch for
-:,uF'i'L“mrh Lhe most 3 rmtm—‘-ahle por[ummw
1]"1L1"_Eﬂ;-£ in aimkr_‘ " Over the lauL- L]mh ye 'nq
racers proved that Har lev V-T'win engines r -9.'1!]_',’
respond to stroking. To understand why, let’s
consider bore-lo-stroke configurations.
[nereasing the engine’s stroke lengthens the
crankshalt’s arm. This is accomplished by mov-
ing the position of the connecting rod crankpin
farther [rom the rotational centerline of the
crankshaft. Thiz change not only increases en-
gine displacement, bul also increases the me-
chanical leverage the rod has on the crankshalt.
As a result, torque increases at the crank
throughout the rpm range since torque equals

Shaded Area
Iz Chamber Volume

Shaded Area
Iz Swept Volume

{Displacement)

Swept Volume {or Cylinder Dlsplacemenﬂ + Chambq*r Volume

Compression Ratio =
Chamber Volume

fo fwice f”.'q o sr._-t V‘e Fur r*xcm*r:n 2, a:. B‘G cubie ur.rh rm "mﬂ er]f,r:r-e .II|<J% ] ,.-ux@ t‘-" r" fm inch, Trus rmvufs fir a C.’Equ..ﬂl
location 2-1/8 inches from the flywheel centarline. Musiration courtesy of S&S Cyola.
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force times the length of the arm on which it
pushes,

Az with anything, there is no such thing as a
free lunch, Although, we have elaborated on the
benelits of enlarging displacement by increasing
stroke, there iz also a downside. This 15 in the
form of increased internal Triction and cylinder
wear generated by Lthe greater distance the pis-
tun travels during cach cvcle and the increased
angularity of the conneeting rod. The following
formula is used to delermine average piston
speed in feet per minute,

Piston Feet/Min.= ————

Naotice that the formula ealeulates average
piston speed, not maximum speed. Maximum
speed ig actually much higher and is arrived at
approximately 745 crank degrees after either top-
dead-centeriTDC or bottom-dead-center BDC),
However, average speed works fine for our com-
parison.

The stock Big Twin engine has a stroke
of 4-1/4 inch and il redlines at about 5250 rpm.
Inserting these constante into the above formula
results in an average piston speed of 3683 feet

Lang stroke Mywheels and stroker pistons provide & simpla
and diract route to fncreased displacement. Large bore oplin-
ders can be nstalled along with the strokar flywhesis oradded
later for an even larger increase in displacernent. Phalo
courtesy of 8&5 Cpola.
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per minute. Now, if we increase the stroke
to 4-3/4 inch (which is a very common stroke)
and still redline at 5200 rpm, we see that piston
speed inereases Lo 4117 feet per minute. However,
neither of these piston speeds is considered ex-
ceedingly [ast, In the real world, a 4-3/4 inch
stroke engine would typically be revved to about
BO00 rpm on the streel and 6500 rpm or more on
the race track. Using 6000 rpm, we arrive at an
average piston speed of 4750 feel per minute,
Take note that many five inch stroke engines are
revved to 6500 rpm for shorl periods of time,
resulting in 5400 feet per minute piston speed,

As piston speed increases, internal [riction
increases by the square of piston speed. Conse-
guently, frictional horsepower losses increase.
Inereased piston speed also wears out rings and
cvlinder bores sooner, Additionally, long strokes
inerease the horizontal inertia effects on the
connecting rod and increase side-loading of the
piston due to increased rod angularity. Using a
longer connecting rod helps reduce rod angular-
ity.

As such, reliability and longevity can be
compromised, unless some discretion 13 exer-
cised regarding rpm. IFor a street engine, it 1s
wise to limil piston speed to about 4600 feet per
minute most of the time, with only oceasional
bursts higher. This should be acceptable for
street engines, since increasing stroke length
generally shifts an engine’s torque peak to a
leweer rpm and proper gearing c¢an be used to
take advantage of it

Although piston speeds can reach high levels
with long arm strokers, using discretion is the
kev to long life and reliability. You should be
aware that some riders have recorded 50,000
miles on a large stroker engine without ever
having it apart, while others have destroved a
small stroke engine in less than 5000 miles.
personally have put more than 15,000 street
miles on some ol my stroker engines and could
have gone much farther. The mileage included
riding double through 7500 foot high mountaing
and 110 degree deserts besides all oul drag strip
LIS,

It’s exhilarating to run through the pears to
maximum rpm from every stop with a g stroker.
However, it wears out an engine unnecessarily
quick. Az such, consider the following rule
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SHORT STHOKE

Maximum pressured s Iransferrad fo the piston when the con-
necting rod is posiionsd 80 degrees to the lvwhesls cantening,
A combination af stior! rod and long stroke produces the greal-
es! rod angularify. The longer the stroke, or the sharter the rod,
the highar the piston will be in the cwlindar wher the rodiye-
whee! anguiarity Is 90 degrees. A longer rod moves the plston
lower in the oylinder when the rodifliwhesl angulanly 15 sl 80
degrees. Enging wear is affectad by rod anguiarity and cam
shaft fiming iz influenced by the pistor's posifion i the cpling-
arat a given liywhesl angla

regarding engine rpm: Never rev a Big Twin
engine beyond 5200 rpm oor o Sporister engine
bevond 6000 rpm unless you wanl to make a
statement Lo someone. In the end, the longevity of
a stroker engine 1z just a matter of how well the
engine 1s built, broken-in, maintained and the
diseretion used when it is ridden.

BIGGER BORE

In the fifties and early sixties most increases in
dizplacement for a Big Twin were achicved
through longer strokes rather than bigger bores
because long stroke [Tyvwheels were easier and
less costly to make. Since then, big bore eylin-
ders have grown in popularity because of greater
availability and the introduction of complete
installation kits.

For a given increase in displacement, a big
bore engine will produce peak power levels at a
higher rpm, bul usually provides less torque at
low rpm than a stroker engine. For a given
engine size, il horsepower is the major consider-
ation, it is better to go with a large bore and the
ability to turn higher rpm. With a larger bore
diameter, the piston’s surface area is larger and
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the combustion pressure acting against a greater
piston area will allow the engine to produce more
power al higher rpm.

Big bore cylinders have the potential for
more zquish area in the combustion chamber.
Sguish can inerease mixture swirl and homog-
enization, which leads to improved combustion
efficiency and reduced potential for detonation.
However, remember that very large bore diam-
eters can have greater potential for detonation
simply hecause the {lame front has to travel
further across the piston’s top, This is because
for a given amount of fuel turbulence, Lthe rate of
burn remains relatively constant regardless of
engine rpm or bore size. Detonation can be mini-
mized or eliminated by increasing the turbu-
lenes in the combustion chamber and by redue-
ing the digtance the flame needs to travel. Al-
though, there are several other factors Lthat in-
fluence good combustion, it should be noted that,
in general, the bigger the eylinder bore or the
higher the engine rpm, the more difficult 1t 15 to
achieve complete and equalized burning of the
airffuel mixture across the entire combustion
chamber.

Although a big bore engine is usually run at
higher rpm than a stroker cngine, its piston
speed is lower and the rod's side-loading force is
less, so the engine has the potential to last
longer,

Axtel's 3- 137" big boce kil increases the Big Twin engine
fo 87 cubic inches while relaining the sfock sfroke. Shown is
Axtell's Sharthlack Kif, which includes a complete boftam
and assembly. Photo courtesy of Axtall Sales.

The Big Twin High-Performance Guide
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In the end, the question of stroke versus bore is
really one of torque versus horsepower. Torque
is necded to accelerate the bike from a standing
stop, while horsepower 1s needed to provide
maximum speed through a drag strip’s timing
lights or Bonneville's long straight-away. For
maximum performance, the best way to increase
displacement iz to combine a bigger bore with a
longer stroke. This provides the best of both
worlds, 1s cosl effective and easily accomplished
with one of the many available kits,

HIGHER RPM

A stock Big Twin engine is designed to produce
maximum torgue and horsepower al rpm levels
that fall well below dezign limitations. This
guarantees reasonable engine life and an aceept-
able period between engine rebuilds. Currently,
a Big T'win engine produces maximum torque at
about 3000 rpm and maximum horsepower near
5200 rpm.

A rev limiter built into the stock ignition
mmodule limits maximum horsepower and rpm by
retarding the ignition timing starting at about
4250 rpm. Revving the engine beyond this level
will not produce more horsepower unless the
intake and exhaust system are modified to allow
the engine o breathe better and burn a greater
percentage of fuel at high rpm. Remember that
engines with inereased displacement, such as
strokers, will run out of air and be down in
horsepower in the higher rpm ranges unless
Ltheir intake and exhaust svatems have been
modified for better breathing. Increasing the
engine’s ahility to breathe is a key factor fo
achieving higher rpm.

High rpm engines require efficient combus-
tion chambers because there ig considerably less

time to burn the fuel mixture, Characteristics of

gond chambers include: high mixture turbu-
lence, confinement of the fuel mixiure to a2 small
area, minimal flow restriction around the valves,
and short unrestricted flame travel.

Rev limits are determined not only by an
engine's ability to breathe and its bore to stroke
relationship, but also by the speeds at which the
engine’s parts can no longer support the lorces
created by the weight and acceleration of the
reciprocating parts. Anengine’s internal stresses
increase with the square of the rpm. If the Big-
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Twin's rev limit is increased 20 percent, from
5250 rpm to 6300 rpm, the increase brings 44
percent greater stress (120 percent times 120
percent equals 144 percent), As a result, modifi-
cations that increase the engine’s rpm range
must also include the proper combination of
parts to support the additional stresses. StifTer

harder crankpins, tougher pistons, better oil
pumps and proper assembly procedures are only
a few examples of what it takes to support high
rpm.

BETTER CYLINDER FILL
Regardless of displacement, an engine must be
able to flow a high volume of air/fuel mixture to
make serious horsepower, Every internal com-
bustion engine is restricted in the power 1t can
produce largely by the amount of air it can [low
through it. So, making vour engine breathe bet-
ter is the first step to making more power,
There are three major methods to improve
airflow and eylinder filling: a more efficient
induction system, different camshaft, or a less
restrictive exhaust system.

Cvlinder Heads

The internal combustion engine was described
ag an air pump and its most crucial componentis
the cylinder head, The eylinder head is the
galeway to success or failure of any engine and
proper eylinder head modifications are the key
to unlocking the engine’s maximum power po-
tential.

Horgepower and torque are quickly gainedor
lost 1in eylinder head preparation. For this rea-
son, knowledgeable engine builders spend a major
amount ol their efforts on cylinder head develop-
ment to squeeze a few more horsepower out of
the engine.

The ohjective of the eylinder head is to pass
as much air/fuel mixture as possible from the
mouth of the carburetor or injector, through the
intake port and into the cylinders of the engine.
Then it must efficiently pass the burned gases
out the exhaust port. To be efficient, the intake
port must do its job with the least amount of
pressure drop (that means retain maximum
amount of positive pressure) between the carbu-
retor and valve head. In the case of the exhaust




valve the objective 15 to maintain the maximum
amount of negative pressure,

Everyone knows that a large diameter hole
will pass more air than a small diameter one. So,
the first thought of the uninitiated is to make the
ports bigger without thought to why they need to
be bigger — if indeed they need to be higger.
Although, the ability ol a port to flow the maxi-
mum volume of air is mostly a function of its size,
some Big Twin ports are already large enough or
even too large,

When considering only size and not shape,
most ports are optimized for efficiency when
they are aboul 80 percent the diameter of the
valve head. Therefore, increased flow cannot be
achieved by simply making big holes for the air
to {flow through because that flow will come at
the expense of air velocity. The higher the air
velocity, the higher the amount of kinetic energy
it contains. As the kinetic energy increases, the
air's ram effect hecomes greater. Consequently,
evlinder fill iz increased.

In general, enlarging a port lowers velocity
at any given rpm, As a result, ram effect that is
affected by velocity is also reduced. This lowers
eylinder fill and reduces torque. Ram energy
effect increases or decreases with the square of
the speed through the port. A port that iz small,
efficient and flows the same amount of air as a
larger ineflicient port will generally produce a
superior power ¢urve. Experienced porlers gen-
crally keep ports as small as possible while using
optimurn port shape to keep flow high,

It should be noted that port zize and port
velocity are relative values that are dependent
upon the ohjective of the engine. As stated ear-
lier, the engine’s objeclive must be outlined
hefore the right combination of parts can be
selected, Different objectives allow for a differ-
ent combination of parts. For example, what is
considered an acceptable port size for a pro stock
drag bike will be entirely too large for a mildly
modified, heavy street bike. Since the drag bike
probably revs between 5500 and 7500 rpm, larger
ports can be used sinee high rpm compensates
for sluggish flow velocity at the top end and high
veloeity at low rpm is not a prime consideration.

This doesn’t mean that big ports are useless.
The port size iz related to the efficiency of the
valve, The more efficient the valve is at passing
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air into the eylinder, the more port area it will
accept. In general, port size is determined not
only by the size of the valve, but also by the
effectiveness ol the valve itself

Intake Port

The intake port’s responsibility is the combined
movement of air and fuel. Up to thiz point we
only have discussed the quantity of airflow, how-
ever, we also must be concerned with the guality
of the airflow. Fuel droplets that separate from
Lhe airstream will puddle in the port and lead Lo
inelficient combustion and lost power, The air/
[uel mixture must be “conditioned” to maintain
a well mixed (atomized ) air and fuel go that it is
in its most combustible form. This point is cru-
cial to making an efficient, powerful engine.

INTAKE PORT

Prassure and veloolly distibution are near symmeirical al the
mauth ofaport, But as the lov changes direchion at the racius,

valocity and pressure become loss uniform, Velocity becomes
highar and pressure lawer on the long-side radius. Gan
viersaly, velooity is low and pressure i high on the short-side
radivsg. Increasing the size of the port equally around its
circumference will reduce velooity. Howaver, remowing mate-
rial only in solected areas can ncrease velocity in high
pressure araas, legding o increased Haw

Pressure distribution within the port tends
Lo ehange and lose its uniformity with direc-
tional changes in flow. This is typically happens
al the port’s short-side radius (the sharp turn on
the floor of the port). Keeping all areas of an
intake port equally pressured and as flow-active
as possible discourages airifuel separation. Ve-
lacity probes can be used in conjunction with a
flow hench to measure pressure uniformity.

The flow path within a port usually takes the
shortest route to the combustion chamber and
thiz 15 along the short-side radius. The air/fuel
mixture moves slower along the short-side than
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Flow seeks out the shortes! palh atlocation A, Fressura is high
and velocity is low at this area. By flattening the area of the
shotest path info a D-shape, fow volume is increased be-
cause pressore (s more avenly aistibuted throughout the
port's cross-seciion.

]

the long-side, Pressure goes up on the short-side
and ecausges the fluid to tumble because on the
long-side the velocity is up and the pressure is
down. So, the idea is to increase the arca on the
short-side to pick up velocity and drop the pres-
sure closer to that of the long-side. If the short-
side radius is flattencd so the port takes on a D-
shape, flow can be increased without increasing
cross-sectional area that would reduce velocity.
With proper contouring and size, a port will
maintain high flow rates in combination with
pressure distribution that 1s as uniform as pos-

T e b R ﬂ.;i..“u..’. s TR
MNotice the flattened D-shaped bollorm of the intake port.
Enlarging a porl only where aiffiow s resticted moreasas fow
while keeping valooiy high. The port alsecan be tiased fo halp
direct the mixtura info the cylinder. FPhoto courlesy of Carl's
Speed Shop.
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sible. This will reduce air/fuel separation and
promote sustained atomization.

A port’s surface Lexture is extremely impor-
tant to good combustion. The highest flow rate is
at or near the center of the port, with little or no
activity at the port walls, This is the same for a
riverof flowing water. As the flow passes through
the port, it wets the outer walls and forms what
is called a “boundary layer”that has some degree
of thickness, Tts thickness 1s partially deter-
mined by surface finish. During normal flow,
some fuel droplets separate from the air and
puddle on the port walls or boundary layer.
Large droplets burn slower than smaller drop-
lets so Lhere is a greater possibility for the fuel to
pass through the combustion chamber unburned,
resulting in lost power.

A polished intake port allows fuel to creep in
a puddled form down its walls, which causes a
high percentage of fuel to pass through the
combustion chamber unbumed. Roughening the
port walls is a lechnique that can help the
puddled fuel hack into the airstream. Although,
Lhig technique has the effect of shrinking the
port due to inereased drag, the positives out
welgh the negatives. Atomization and mixture
dengity will increase, power will go up and the
chance of detonation will decrease, Roughening
port walls does not show any benefits on the flow
bench, but will show improvements at the race
track.

The typical procedure for creating intake
port wall roughness is by using 60-grit cartridge
rolls so that serateh marks are produced perpen-
dicular to the direction of the airflow. If the
surface [inish is too rough, however, 1t exces-
sively increases the thickness of the boundary
layer and flow is lost because the porl now
appears smaller,

In general, boundary-layer thickness in-
creases as flow rales increase or as the flow path
bends or turns. At Lypically port velocities, the
bhoundarv-laver is between 15 and 30 thousands
of an inch thick. In certain cases, the boundary-
layer can actually separate from the port walls,
producing turbulent eddies or whirlpools. This
reduces [low and knocks fuel out of suspension.
In mosi cases, this can be prevented or mini-
mized by contouring cross seclional shapes
through bends as previously menlioned.
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Flow seeks out the shordes! palh at location A, Fressure is bigh
and velooity is low af this area. By flattening the area of the
shovtest path into g D-shape, fow volume Js increased be-
cause pressore s Morg avenly aistibuted throughout the
pot’s Cross-sechion.

]

the long-side, Pressure goes up on the short-side
and eausges the fluid to tumble because on the
long-side the velocity is up and the pressure is
down. So, the idea is to increase the arca on the
short-side to pick up velocity and drop the pres-
sure closer to thal of the long-side. If the short-
side radius is flattencd so the port takes on a D-
shape, flow can be increased without increasing
cross-sectional arca that would reduce velocity.
With proper contouring and size, a port will
maintain high flow rates in eombination with
pressure distribution that 1s as uniform as pos-

Motice the flaftened D-shaped boltorm of the intake port.
Enlarging a porl only where aitfiov s restricted increasas fow
while keeping valocify high. The port alsecan be tiased fo halp
direct the mixtura ko the cylinder. Photo courtesy of Carl's
Speead Shop.
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sible. This will reduce air/fuel separation and
promote sustained atomization.

A port’s surface Lexture is extremely impor-
tant to good combustion. The highest flow rate is
al or near the center of the port, with little or no
activity at the port wallz. This is the same for a
river of flowing water. As the flow passes through
the port, it wets the outer walls and forms what
is called a “houndary layer” that has some degree
of thickness. Tts thickness is partially deter-
mined by surface finish. During normal flow,
some fuel droplets separale from the air and
puddle on the port walls or boundary layer.
Large droplets burn slower than smaller drop-
lets so there is a greater possibility for the fuel to
pass through the combustion chamber unburned,
resulting in lost power.

A polished intake port allows fuel to creepin
a puddled form down its walls, which causes a
high percentage of fuel to pass through the
combustion chamber unburned. Roughening the
port walls is a lechnique that can help the
puddled fuel back into the airstream. Although,
Lhiz technique has the effect of shrinking the
port due to increased drag, the positives out
weigh the negatives, Atomization and mixture
dengity will increase, power will go up and the
chance of detonation will decrease, Roughening
port walls does not show any benefits on the flow
bench, but will show improvements at the race
track.

The typical procedure for creating intake
port wall roughness is by using 60-grit cartridge
rolls so that scratch marks are produced perpen-
dicular Lo the direction of the airflow. If the
surface finish is too rough, however, 1t exces-
sively increases the thickness of the boundary
laver and flow iz lost because the port now
appears smaller.

In general, boundary-layer thickness in-
creases as flow rales increase or as the flow path
bends or turns. At Lypically port velocities, the
boundary-layer is between 15 and 30 thousands
of an inch thick. In certain cases, the boundary-
layer can actually separate from the port walls,
producing turbulent eddies or whirlpools. This
reduces (low and knocks fuel out of suspension,
In mosi cases, this can be prevented or mini-
mized by contouring cross seclional shapes
through bends as previously mentioned.
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A boundany fayer is created belwsen the mowving ainfiue!
charge and the surdface of the infake tract, Fueltends fo puddie
anad air is staghan! in this area. This results in an ingctive aroa
whosea thickness s determined by the swiface finish and aother
factors,
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A smaath surface finish produces a thin boundary layer, whils
a codrse surface increases boundary layer thickness. Head
porfing specialists have different schools of thaughl, but it s
generally acceplad that a rougher surace promofes fuel
suspension in the airstream. A smaoth surface helps dry-fow
axhaust conditicns.

Sharp edges that protrude into the port pas-
gage sigriflicantly affect port flow. These edges,
such as the sharp-edged factory undercuts below
stock valve seats, induce boundary-layer eddies,
The eddies or disturbances can reduce effective
flow and encourage air/fuel separation. The same
is true of a miss-matched intake manifold or port
ppening.

The major “bottleneck™ in the port is the
valve, 20 the cloger the valve 1s to the modifica-
tions the more important the changes hecome.
Because air moves at its greatest speed past the
valve seat, this area of head modification is very
critical. Modifications made within one inch above
or below the valve seat can make or break the
performance given by the head. Airflow gained
by modifications in this area are more important
than similar inereases gained at the carburetor,
The wvalve howl and scal areas are the most
critical arcas of the port and wield the most
horsepower for every dollar spent. A good multi-
angle valve joh, proper hlending of the seat to the
howl and combustion chamber, along with cor-
rect contouring of the short-side radius are the
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SMOOTH AND TUREULENT FLOW

L

Eddying, which is caused by lwrbulence reduces winglic ene
argy and decrease airflow. Hadical directional changes and
sharg edges in 8 port create unwanled eddics.

maost important modifications Lo the port.

At any given moment, the point at which the
mast resistance to [low occurs may transfer from
one point in the induction tract to another. At
low and medium valve lifts, most restriction
attributed to Limited {low area is located be-
tween the seat in the head and edge of the valve.
As valve lift increases, limitations at this point
are reduced. At high valve lifts, flow restrictions
are more attributed to portshapethan valve seal
area, As the valve moves up and down, it spends
more time nearer the seat than it does at full 1ift.
At low Lift levels, flow efficiencies of the seat have
significant impaortance because this arca deter-
mines the amount of air that will flow through at
a given moment. Keep in mind that a valve
reaches halflift position twice during each cyele,
but full lift position only onece.

Tha underside of a valve saa! creates turbuwlance, which
reduces airffow, The seat mustbe radivsed into the port's bow!
area. Shovel oylindar heads are particulanry prone fo over
hanging seals.
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The intake port llustrales a venlurl formed between the pan's
bowd dred and fha valve seat. Note the eiimination of all sharp
edges under the valve seal and how the seat is radiused inio
the bow!. Tha flat side of the combustion chamber must not
shroud sirflove around the valvas and the chamber roaf should
be blapded into fthe valve seat area. Blending the chamber
reduces compression, bul more impartantly it increases Air-
flow. Photo cowtesy of Carl’s Speed Shop.

Correct intake port size is directly related to
the engine’s displacement and operating range.
A port is normally enlarged in areas where
airflow is the greatest. Enlarging a port in a low
flow area reduces air speed even more in that
area and enhances [uel dropout from the air-
stream. As a result, a port that 1s too large is
worse than one too small,

Generally speaking. the straighter a port is
designed, the better it is. The Big Twin's engine
dictates a port design that bends a lot. This
means that as the air'fuel mixture passes through
the carburetor, it still has a tortuous path into
the eylinder. To increase the port's flow capabil-
iLy, a change involving port divection and port
elevation is often required rather than a change
in port size. For example, sometimes it can be
helpful to angle a port’s centerline to bias the
flow in a more favorable direction before entry
into the chamber. Both the Evolution and
Shovelhead can gain flow by raising their ports
to straighten out the flow path, For example,
some aftermarket Evolution heads have the in-
take port raized about 3/8 inch. Also, Shovelheads
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can benefit [rom internal welding, particularly
Lhe exhaust port.

Exhaust Port

I'or the most part. most of the concepts and
principles applied to intake port will also be
valid in Lthe exhaust port. However, there are
some differences because intake and exhaust
flows have different forces affecting them.

Adrflowis quite simpleuntil vou try to change
its direction. In the case of intake poris, we have
air and fuel coming in. With exhaust ports, there
are hot gases going out under quite a bit of
pressure. Exhaust gases are traveling about 300
feet per second at about 1300 to 1500 degrees
Fahrenheit. Hotter gas means lower pressure
and greater velocity, It also means a less effi-
cient combusiion chamber because more heat is
escaping out the exhausl, Heat radiated away
from the engine iz lost power. Keeping the ex-
haust temperature inside the system for as long
as poszible is important,

The flow relationship between the intake
and exhaust ports must be considered during
cylinder head modifications. When measuring
airflow on a head with nothing bolted to it, the
exhaunst port ideally should flow between 80 and
90 percent of the intake flow for a race applica-
tiom. By comparizon, a stock Evolution Big Twin
exhaust port flows between 70 and 75 percent of
the intake port. When the intake manifold, carh
and exhaust systerm are bolted on the head, the
flow should be equal on both sides, For example,
if an Evolution Big Twin intake port flows 155
cubie foot per minute (cfm), it probably ends up
flowing 145 cfm after the carb and manifold are
attached, On the exhaust side, the head prob-
ably flows about 140 cfm. With the header in
place, the flow ends up at about 145 ¢fim. Az a
resull, both the intake and exhaust sides are
cqual when the engine is running.

As the exhaust valve opens, the high pres-
sure in the cylinder starts to move toward the
relatively lower pressure in the exhaust system.
Additionally, with the added scavenging of the
header, the evlinder can be exhausted with a
rather amall port. Opening up the sides of the
port where the guide protrudes into the port
allows the escaping gases to split smoothly around
the guide,
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Alszo, the shape of the exhaust valve’s under-
side has major importance because it offers a
significant patential for flow increase. The ex-
haust valve has a great deal of combustion pres-
sure pushing on it when it opens, so it is best not
to use a valve any larger than is necessary.

Just as with the intake port, exhaust port
velocity 1s also important. A slow moving ex-
haust port can reduce the range of the engine’s
power band and hurt power al low rpm, 1 the
exhaust port has a large velocity diflferential
between its top and bollom, slow moving ex-
haust gases on the bollom of Lhe port can back
flow (reversion) into the chamber and reduce
power.

Since the exhaust port is not dealing with a
wet-flow environment, there 12 no concern about
airffuel separation. Therefore, exhaust port wall
texture takes on a different condition than the
intake's. As a result, the exhaust port surface
should be palished as smooth as possible so that
it produces a small boundary-layver and the least
possible friction, Also, as stated earlier, the in-
ternal combustion engine 1s a heat pump, and
heat is power, Heat radiated away from the
engine is lost power, Polishing the exhaust port
not only reduces {riction, but also helps retain
more heal, which inereases the veloeity of the
exiting exhaust gases, Polishing also helps to
minimize carbon buildup in the port,

‘arburetion

The carburetor is one of the most misunderstood
elements of the engine, but since it supplies fuel
it is the basic source of horsepower. Because the
carburetor is readily accessihle and has many
tunable elements, individuals are fregquently
adjusting, modifying or replacing it on the Big
Twin. When modifying a stock displacement Big
Twin, the carburctor is usually one of the first
four components that 15 replaced the other
three being the exhaust system, cam and igni-
tion module,

The ¢arb starts out just like a straight piece
of pipe. Az air flows through the pipe, it must
draw fuel into the airstream from the fuel reser-
voiror float bow]. The element that allows fuel to
be drawn into the airstream is called a venturi,
Aventuriis an obstructionin the pipe that starts
put asasharp narrowing of the pipe passage and
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then gradually widens to the original size of the
pipe. Air speeds up as it moves through the
venturi, just as it does over the top ol an airplane
wing, The fast-moving air creales a pressure
drop that causes fuel to be drawn out of the oat
bowl, up the spray tube and into the airstrip. The
stronger the pressure drop, the more accurately
the carburetor will react to small changes in
airflow.

The venturi allows the carburetor to meter
fuel almost proportionally to airflow. Therefore,
fuel flow roughly triples as airflow triples. A
uniform airffuel ratio throughout a wide rpm
range 1s paramount to a wide torque band. Naot
only must a carburetor meter fuel, it must also
assist the [uel to break up into very small drop-
lets, which is called atomization, The greater the
fuel 15 atomized, the greater the possibility is for
complete combustion and the greater the poten-
tial for increased power,

For a given carburetor and engine rpm, the
intake tract airspeed is governed by engine
digplacement, throttle position and the venturis
diameter. A smaller venturi ereates faster air-
speeds and a stronger booster signal. All things
being equal, the stronger the hooster signal, the
better performance will be at low rpm. A high

A carburetor with high aidflow takas priarfy over airfitration on
g drag take. Nole the largs fuel ling and deflector shiald on the
end of the velocity stack., Fhale courtesy of Larry Srith’
Handeralted American Racing Motorcycles.
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flowing, large venturi carburetor with a weaker
booster signal works best on large displacement
or high rpm engines. [fused on a small, low rpm
engine, horsepower and throttle responge will
suffer. Conversely, uging a small venturi carbu-
retor on alarge displacement engine will provide
great throtile response, but the engine will be
down in horsepower in the higher rpm ranges,

Muost carburelors available today for the Big
Twin are the fixed venturi butterfly type. This
tvpe carburetor uses a butterfly and shaft mecha-
nism to regulate the airflow through the venturi,
These carburetors usually have three adjust-
ments to regulate the air/fuel mixture through-
out the rpm range. They also tyvpically have a
large venturi to offset flow losses rezulting from
turbulence generated as the airsiream hits the
butterfly and shaft.

Another carburetor design is the variable
venturi constant velocity type. [tincludes a slide
that regulates the size of the venturi and a
butterfly and shaft that regulates the airflow.
The engine’s demand for air regulates Lhe posi-
tion of the slide, which in turn regulates the size
of the venturi, At low speed the venturi 1s small
for maximum booster signal and throtile re-
sponse, while at high speed it 1s large to satisfy
the engine’s greater demand for air. This type of
rarburetor provides the combined benefits of a
amall and large {ixed venturi carb and usually
offers excellent throtlle response.

A third type of carburetor is a smoothbore
radial flat slide. It has a very clean surface
through its bore, henee the name smoothbore.
[nstead of using a butterfly and shaft, it uses a
flat slide that is raised by the throttle cable. This
arrangement gives it the benefits of a variable
venturi carburetor without the negative effects
of a butterfly and shaft type. Its thin flat slide
design results in a greater pressure drop over
the main fuel system, which results in quicker
fuel delivery as the slideis opened. This provides
superior throttle response and tractability at
low rpm while providing excellent peak power.

The ideal high-performance carburetor has
high flow capability, maintains high air veloeity
with a minimum amount of turbulence, includes
sufficient adjustments for precise fuel metering
over the entire rpm range and allows for easy
jettingchanges. A carburetor for street use should
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also allow for easy installation and not inhibit
the rider’s leg position.

Intake Manifold

The intake manifold essentially 1s an extension
ofthe cylinder head’s port. The Big Twin's intake
manifold is designed as a short, stubby *Y"
shape. As air leaves the carburetor, the air-
stream must turn 45 degrees in the manifold and
then travel down the port. In stock form, the
manifold 1s restrictive. This iz especially true
with the Shovelhead and early Evolution marni-
folds.

Air passing through a turbulent carburetor
has a difficult time negotiating the 45 degree
bend and moving into the port because the
manilold’s short-side radius is too small. To
correct the problem, it 1s necessary to Increase
the radius at the 45 degree turn to give a less
abrupt change and help straighten the flow.
Also, the Shovelhead, early Evolution and some
aftermarket manifolds have a sharp ridge that
divides the two sides of the manifold. This ridge
also causes a lot of turbulence and needs to be
radinsed.

Some stock manifolds do not have enough
material to increase the short-zside radius suffi-
ciently, 2o an aluminum extension needs to be

S&5 Intake manifolas: Toplalt, Evolution; bottom, Shovalhesad,
fap nght, manifold for S&5 Two-Thraat carburelor. Notics the
sharp divectional changea the imlake charge must make with ail
Big Twan manifolds. Photo courtesy of S&85 Cyole.




welded toits carburetor end. Performance mani-
folds are now available that climinate the need
to modify the stock unit. These manifolds come
radiused and ported and include a larger ple-
num arcad for enhanced cylinder filling capahbil-
itw.

Due to a common manifold feeding both evl-

inders of the 453-degree V-Twin, the lengths of

time between the pulses in the intake runner
vary extensively, The front intake valve opens
and then closes, which is followed in rapid se-
gquence by the opening and closing of the rear
intake valve. Then there is a long pause until the
sequence again starts with the frontintake valve,
Az a result, the time between the front cylinder
flling and the rear evlinder filling 1z less than
the time between the rear cylinder filling and
the {ront {illing. The odd 315 degrees to 405
degrees firing pattern results in the rear cylin-
der benefiting from the air/fuel flow that has
already been established in the intake runner
during the filling of the front cylinder.

The longer time between the rear intake and
the front intake allows the air/fuel mixture to
slow down more and lose more inertia than
between the front intake and the rear intake.
wince airis lighter than fuel, airv/fuel separation
pccurs and this causes the front eylinder to end
up with a lean airfuel charge. For this reason, a
racing spark plug check frequently indicates the
front evlinder is running leaner and hotler than
the rear. Machining the intake manifold (on its
carburelor mounting surface from one to three
degrees slanted toward the front eyvlinder some-
times corrects the problem,

Some performance manifolds incorporate a
large plenum chamber designed to add volume
to the manifold. With the odd 315 degrees to 405
degrees firing pattern of the Big Twin, perfor-
mance is sometimes improved by using a large
plenum area, In general, a manifold with a large
plenum area helps midrange and top-end perfor-
mance, bul sometimes reduces low rpm power
due to diminished fuel metering caused by a
reduced mntake “signal” at the carburetor ven-
turi. The size of the plenum chamhber can affect
throttle response, torque, horsepower and the
rpm at which the torgue and horsepower arc
produced,
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Intake Tract Tuning

Acoustical wave tuming, which is commoenly re-
ferred to as “ram tuning,” can be used to increase
evlinder filling. The ram tuning technigue was
originally pioneered by Chrysler corporation on
their Ramcharger engines and is used today by
many engine builders.

Strong energy pulses are created in the in-
take tract by the opening and closing of the
valve, Az the intake valve opens, the airfuel
mixture starts flowing into the cvlinder at high
gpeed. A short time after the completion of the
intake stroke, the intake valve closes and the
fast moving airbounces off the valve, creating an
energy pulse. The energy pulse travels down the
intake port, through the carburetor and to the
atmosphere at approximately 1100 feet per sec-
ond. When the energy pulse exits the earburetor
and hits the atmosphere, a negative (low) pres-
sure pulse iz created and reflected back up the
intake tract toward the combustion chamber, If
the negative energy pulze 1s timed Lo reach the
eombustion chamber just after the intake valve
opens, it can help start intake flow before Lthe
piston’s intake stroke starts. This will increase
evlinderfilling and improve volumetric efficiency.

If room permits, the intake tract can be
adjusted in length to optimize the time at which
the negative wave reaches the combustion cham-
ber. [tslength can be adjusted to increase perfor-
manece over a short 1600 to 2000 rpm range,
although performance outside the range will he
compromised. Increasing thetract’slength helps
low rpm power, while shortening it helps at high
rpm. An Evolution’s intake tract (when mea-
gured [rom the valve seat through the middle of
the tract Lo the edge of the carb at the air eleaner
mounting} is approximately 9-1/2 inches long.
An engine tuned for street use 1o the 2500 to
3500 rpm range needs a tract length between 24
and 32-inches. A large displacement siroker
engine tuned for the 4500 to 65300 rpm range
requires hetween a 14 and 18-inch intake svstem
length, Obviously, it's impractical to aceommo-
date a street engine's requirements, soin certain
applications intake tuning is limited.

Camshafts
1f the eylinder head is considered the heart and
soul of the internal combustion engine, then the
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camshafl is its personality. The camshaft is the
primary component used to tailor the torgue and
horsepower curve of an engine.

Camshaft design is not an exact science. The
best cam lor an engine is determined by a num-
ber of interrelated factors that are difficult to
measure. As a result, determining Lthe besi cam
i5 accomplished more often by trial-and-error
methods than any other. The only sure way to
determine the cam’s capability is to test it.

The Big Twin engine Uses one camshall with four lobes. The
cam is driven by the pinian gear, whieh s located on th
Maaheals vight side main shafi,

Every engine design has inherently different
overall camshaft requirements. One reason for
thizisthat a camshafl needs tobe matched tothe
specific flow characteristics of the eylinder head.,
Cam lift and duration values are affected by
these characteristics, Specilic engine combina-
tions also determine camshaft design as does
engine displacement, rod-to-stroke rativand rpm
range.

The poppet valve is the basic type of valve
used in practically all four-cyele internal-com-
hustion engines. Raising and lowering poppet
valvesizanextremely slow and inefficient methaod
to control the operation of intake and exhaost
operations. The ideal situation would include
the ability to instantly open and close the ports
and to advance or retard the timing of these
events. This capability would optimize the torgue
and horsepower throughout the engine's operat-
ing range. Unfortunately, the camshaft and
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valvetrain are unable to instantly open or close
valves, As a result, overcoming these restrie-
tions iz best dealt with by first understanding
the different valve timing events,

Intake, compreszion, power and exhaust are
the four cvcles of the four-stroke engine and the
comeept for filling a cylinder during these eyeles
is rather simple. Iirst, open the intake valve as
the piston nears top-dead-centier (TDC). Then,
as the descending piston creates a vacuum, the
airffuel mixture from the intalke lract will [il] the
evlinder. When the piston reaches botlom-dead-
center (BDC) close the valve so compression can
take place. Although simple in concept, condi-
tionz are actually more complex under actual
conditions, As the piston descends, the air/fuel
mixture lags behind and takes a moment to get
moving, Once moving, it has stored up kinetic
energy Lo help fill the evlinder. By keeping the
imtake valve open a short time after BDC the
kineticenergy can be used to ram fill the evlinder
a little more, even though the piston is now
rising. The greater eylinder [illing ereates higher
combustion pressure, therehy creating greater
torque and power.

The faster the engine spins, the laster the
piston moves. This increases the inltake charge
velocity and the charge's kinetic energy or ram
effect. The greater the ram effect, the longer the
intake valve can be left open after BDC and still
derive benefits from the ram effect. Keeping the
intake valve open even longer after BDC im-
proves eylinder filling at high rpm, However, at
lower gpeeds, intake velocity is too low for ram
effect and the rising piston steadily builds pres-
sure in the e¢ylinder and overpowers the indue-
tion inertia. This forees the intake [low to re-
verse and move backward into the manilold. The
result iz reduced exlinder fill, torgue and power
at low vpm. Delaved closing of the intake valve
maves the point of peak torgue higher, while
reducing torque at lower speeds.

Of all the valve opening and closing events,
intake closing is congidered the most impaortant
because it signals the changeover from the in-
duction eyele to the compression evele, The sec-
ond most important event is exhaust opening,
Together, these two eventls determine the time
the cylinder is sealed (with both valves closed)
and evlinder pressure can push against the pis-




ton. In part, opening and closing cam timing
events are directly related to the piston’s aceel-
eration rate, whiech in turn is related to engine’s
stroke and connecting rod length, Ideally, the
intake valve should reach at least half'of its total
lift by the time the piston reaches its maximum
aceeleration rate away from TDC. This 1s the
point where the piston gencrates ils strongest
signal to the intake tract.

A cam is designed to lift a valve starting at a
specified crankshaft position, lifts it to a speci-
fied height above its seat and then closes it at
another timing position, Cam specifications pro-
vide opening and closing points for the intake
and exhaust valves, total duration (total time
valve iz open) and total 1ift (distance valve is
lifted off the seat). Some cam specifications pro-
vide twao timing values for duration, The first,
called advertised duration, includes the time
required for the lifter to move past the gradual
lobe clearance ramps that take the slack out the
valve train before the valve is opened. At this
lime, the lifter 12 moving very slowly and cheek-
ing cam timing at this point does nol give realis-
tie values. The second duration value 1s taken at
either 0.020-inch or 0.0583-1nch lifter (tappet) lift
and provides a more accurate reading becaase
lifter movement can be measured more precisely
at these points.

Tom Sifton, the founder of Sifton cams,
started measuring cam timing events at (.053-
inch tappet lift and now most aftermarket cams
are measured at this point. The lower the lift at
which the opening and closing events are mea-
sured, the longer the duration will be, Be aware
that the automotive industry’s de facto standard
for measuring cams 1z al 0.050-inch tappet lifi.

In many cases, cam specilications also in-
clude two additional values: overlap and lobe
separation angle (LSA). Overlap is the period
when the piston is near TDC at the end of the
exhaust stroke and the beginning of the intake
stroke. At this point both valves are opened at
the same time — the exhaust valve is just about
to close while the intake is just starting to open-
ing, Having both valves open at the same time
uses the moving mass of exhaust flow to scav-
enge the cylinder of residual eombustion gases
and initiate intake flow, even before the piston
has started to move down on ils intake stroke.
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The early induction flow improves eylinder fill-
ing and increases horsepower at high rpm, but
reduces power at low rpm when ram effect is low.
Short duration cams designed for low rpm use
generally have short overlap periods while long
duration cams used for high rpm racing typically
have longer overlap periods.
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Lobe separation angle is the distance mea-
sured in cam degrees between the point of maxi-
murn lilt of the intake lobe and maximum L1 of
the exhaust lobe for the same cylinder. A cam’s
LA has a direct bearing on the amount of
overlap for a given duration. Camshafts having
the same amount of lift and duration can be
ground with different lobe separation angles
that results in different amounts of overlap.

Increasing a cam’s lift produces additional
power, bul withoul narrowing the engine's power
band as much as a longer duration cam would,
Since most high Lift cams lift the valve faster,
stronger valve springs are often required. How-
ever, too much spring pressure can quickly wear
oul valves and valve guides, bezides generating
higher levels of horsepower robbing internal
friction, Alsn, a heavy valvetrain or too little
spring pressure allows valve float to take place
and thizs leads to reduced power and possible
major engine damage,

Ag duration increases, the engine’s power
band iz moved higher in the rpm range. As a
general rule, for each ten degree change in dura-
tion (measured at 0.0563-inch tappet lit), the
power band moves up or down about 500 rpm.
More lift can increase torque and horsepower,
but the speed at which the valve lifts iz a factor.
Although two different cams mayv have the same

The Big Twin High-Performance Guide



22 Chapter Two

lift, duration and Liming specilications, they
may provide totally different performance. One
reason [or this is that the specilications do not
show the rate of Tift. To get a truer comparison,
you need to plot a cam’s profile to determine ils
lift curve, The faster the lift, the more area there
will be under the lift curve, therefore the more
power. You may have heard of the term “cheater
cam.” Racers running in some classes are re-
quired to use cams with stock speecifications.
“Cheater cams” retain all the stock specifica-
tions except one — the rate of lift.

Many factors must be considered when se-
lecting a cam profile. These factors include basic
considerations such as intended engine use, en-
vine displacement and rpm range. Additionally,
the cam should be properly matched to: evlinder
head flow, compression ratio, exhaust system,
carburetor size, stroke lenglh, rad length and
the weight of the bike.

Keep in mind that no cam ean have maxi-
murn ¢ffectiveness for greater than ahout a 1500
rpm range, When in doubt, it is alwavs better to
under cam an engine than over cam it. In gen-
eral, for good low rpm torque choose a shorter
duration cam with as high a lift as practical,
consistent with head flow characteristies and
valve spring pressures. For a light weight, high
rpm bike, where maximum performance is the
objective, a long duration and high lift profile
cam is the norm.

Also, a four-valve head design uncovers flow
area faster than a two-valve design, This is
because two valves have more perimeter for a
given area than a single valve and low-|ift flow is
greater when there is more perimeler, As a
result, four-valve heads require less duration
and lift for a given eombination than a two-valve
design. Furthermore, since four-valve heads have
smaller and lighter valves, cam acceleration can
be quicker, which results in the valves reaching
maximum lift sooner,

Don't forget that since the cam iz affected by
many variables, the only sure way [or determin-

ing the besl profile is through trial-and-error

track testing.

Exhaust System
Previously it was explained how anengine is like
an air pump and how to cram more airfuel
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mixture into the pump. As it turns out, moving
the burned gases out of the pump 15 just as
important to making big power as is filling the
pump.

The funection of the engine’s exhaust system
15 to clear the engine of as much combustion
residue as possible, The less efficiently this is
accornplizhed, the greater the air/fuel mixture
contamination. Consequently, both power and
fuel efficiency are reduced. An efficient exhaust
system is a fundamental ingredient for any high
horsepower engine, The diameter and length of
the pipes, along with the overall design of the
gystem, all contribute to how efficiently the ex-
haust system scavenges. Up toa point, the higher
the scavenging capability, the higher the power,

During normal operating conditions, when
the exhaust valve opens the piston has to pump
the exhaust gases oul into approximately 15
pounds per square inch of atmosphere. A well-
designed exhanst system employs two concepls
during operation: inertial scavenging and wave
scavenging. The use of these concepts penerates
“free” horsepower by overcoming the atmospheric
pressure in the exhaust tract.

When the exhaust valve opens, hot exhaust
vases escape out of the combustion chamber,
move past the exhaust valve and flow down the
exhaust pipe at about 300 feetl per second, The
moving gasesinclude inertia, which is the ability
of a moving objecl to resist any change in its
motion by another {orce. As the escaping gazes
move down the pipe, a low pressure arca is
created behind the gases by the inertia. This
helps pull more air/fuel mixture from the intake
port into the combustion chamber during the
overlap period when the intake and exhaust
valves are both open. It also helps scavenge
combustion residue out of the chamber. This
elfect is known as inertia scavenging and results
in higher volumetrie efficiency and more power,

The second exhaust scavenging concept uses
acoustical tuning to help purge exhaust gases,
Acoustical tuning or wave scavenging uses a
pulse of low pressure that is generated by the
high pressure gases exiting the exhaust pipe fo
help pull additional airffuel mixture into the
evlinder during valve overlap, When the exhaust
valve [irst opens, the “burst” of escaping gases
creates a positive energy pulse. The energy pulse
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Straight pipes offer maximum exhaust scavenging, which is needed far iots af horsepower and lavw slapsed fimes in drag racing
avents. Phate courtesy of Larry SrittvHanderafted American Racing WMotoroycles,

travels through the exhaust pipe to the atmo-
sphere at the speed of sound. Dased on the
lemperalures and pressures present in Lhe pipe,
the speed is approximately 1700 feel per second.
When the energy pulse exits the pipe and hits
the atmosphere, a negative (low ) pressure pulse
is ereated and refllected back up the pipe toward
the combustion chamber.

If the negative pressure pulse is timed to
reach the chamber when the piston is near TDC
{during overlap when the intake and exhaust
valves are both opened), it can not only help
scavenge the remaining exhaust gases from the
cyvlinder, but also start intake flow before the
piston’s downward stroke begins. Adjusting the
exhausgt header length to optimize the moment
the negative wave reaches the combustion cham-
ber effectively increases the valve timing and
maximizes power. Unfortunately, wave scav-
enging only helps during a narrow part of the
rpm band. I the wave 1s optimized for high
engine-speed, then power and torque will be
down at low speeds.

Exhaust gazes travel about 300 feet per zec-
ond and pressure waves between 1700 and 2100
[eet per second. Uiz important to know that pipe
diameter changes gas veloeily and pressure,
while pipe lenglh changes pulsations, Smaller
diameter pipes work more efliciently at low rpm
die Lo higher gas inertia, but they reduce power
at high rpm due Lo volume restrictions. Larger
diameter pipes benefit top-end performance, but
hurt power at lower rpm because of reduced
inertia. Short length pipes provide maximum
horsepower at high rpm while long pipes yield
maximum performance at lower rpm. Ifthe pipe
i5tan large in diameter and too long, the exhaust
cools and affects wave pulsing. Also, the shape
and the numberofbends in the pipe can increase
unwanted pressure,

Heat retention in the exhaust system is also
very important. After heat has performed ils
{unction in the combustion chamber, it travels
oul the exhaust port to the pipe. As the gFases
cool, they lose velocity and their scavenging
effect 1s reduced. Insulating the exhaust svstem
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helps keep the gases at the highest possible
temperature, resulting in greater velocity,

Cam specifications generally determine the
rpm of maximum torque and horsepower. The
combination of cam and intake system also de-
termine the timing and magnitude of pressure
pulses. The stronger the negative pulses, the
maore fuel that will flow in the intake system,
Therefore, pipe diameters and lengths must al-
wavs be tuned to the camshaft.

As an example, to establish optimum pipe
diameter and length, the engine’s rpm range
must irst be determined., Let's assume a drag
engine leaves the starting line at 5000 rpm, but
drops down to 4500 rpm when the tire hooks up,
It is up-shifted to the next gear at 6500 rpm and
then drops down to 4500 rpm after the up-shitt,
For maximum performance, this engine should
have its pipe length optimized at about 5500 rpm

hecause this is half way between the low point of

4500 rpm and the high point of 6500 rpm.

It can be difficult to figure out the perfect
exhaust system, since so many variables come
inta plav. The best racers never stop trial-and-
error testing, As a rule, the higher the engine's
rpm range, the larger the pipe's diameter and
the shorter the length should be, Conversely, the
lower the rpm range, the smaller the pipe diam-
clter and the longer the length should be In
recent vears, some top racers have experienced
excellent performance by coupling a large diam-
eter pipe with a long length, For maximum
performance, all pipes should be exactly the
same length, flow the same amount of air, and
run at the same temperature. In the end, all
exhaust systems are proven through trial-and-
error track testing.

COMBUSTION EFFICIENCY

The fundamental factors for better cylinder fill-
ing and scavenging were previously discussed,
However, they are only part of the puzzle Tor
extracting maximum horsepower from an en-
gine. The more heat produced from the airfuel
mixture, the more pressure that is produced on
the piston and the greater the horsepower ex-
tracted from the engine. Generating more heat
can be accomplished not only through higher
cylinder filling, but also by burning a greater
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percentiage of the airfluel mixture, So, notonly iz
mixture guaniity important, but so s qualily.

The key to improving mixture gquality and
hurning a greater percentage ol the intake charge
i5 proper design of the ports, combustion cham-
her and piston dome. Many important aspects of
ports already were discussed, so lets concentrate
on the chamber.

Combustion Chambers

CGiood combustion chamber design can optimize
combustion and thermal efficienciez. This re-
zults in the maximum extraction of heat energy
from the airffuel mixture. The combustion area
consists of the roof (combustion chamber), floor
ipiston dome) and walls (evlinder surface), The
shapes of the roof and the floor, along with the
relationship between them arve eritical 1o en-
couraging full atomization of the airfuel mix-
Lure and smoolh lame travel, Poor combustion
area design promotes air/luel separation, wide
variations in the air/fuel ratio during combus-
tion and less than maximum cylinder filling.
This results in lost power and the potential for
detonation.

Stock D-shape Evalufion combustion chamber has a 80
degree squish ledge on one side and the spark plug on the
afhar. This chamber iz much smaller and more turbulent than
the Shovelthead chamber, resuiting i faster and maore com:
pete combushion, This head was reworked by Carl's spead
shop, Photo courtesy of Carl’s Speed Shop.

The ideal combustion area includes a rvela-
tively flat, compact space for rapid combustion
and provides for short, unobstructed flame travel.
It also allows for high comprezsion without re-
stricting airflow or flame travel and it encour-
ages turbulence for maximum air/fuel atomiza-
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Shaded Area
Is Swept Volume

(Displacement)

Figure 2.3 A hemisphenical chamber like the Shovelhead's resulls in & deep chamber thal requires & large dome pistan for high
comprassion. talso requires the combustion flame to travel g lang distance, A high dome pistan inlerferas with flame propagation
and robs heat from the combustion process. Mustration courtesy of S&8 Cyele.

tion and homogenization, Obtaining all of these
characteristics in a combustion chamber is diffi-
cult to accomplish, especially without restrict-
ing airflow near the valves. As a result, most
chamber designs are a compromise between
achieving good airflow, high turbulence, short
and unrestricted flame travel, and high com-
Pression.

A lat or shallow chamber exposes less sur-
[ace area to the 4500 degree flame it contains, so
it absorbs less heat. A shorter flame front re
gquires less time to consume the air/fuel mixture
and exposes less heat to the evlinder walls since
less ignition advance iz required. Consequently,
less heat energy is absorbed by the engine com-
ponents and more iz expended to drive the piston
downward. Lowering the combustion chamber
roof also allows the chamber [loor (read: piston
dome) to be lowered. Lowering the piston dome
reduces the dome area and exposes less surface
arca to heat. This allows the eylinder pressure to
be concentrated upon a smaller area. It alzo
reduces heat loss to the various engine compo-
nents and allows greater pressure to drive the
piston down. Additionally, it permits more rapid
and uniform combustion and potentially greater
eylinder filling at high rpm’s,

The ideal chamber is easier to achieve with
an over-square engine design — one with a
larger bore than stroke. It is very difficult for
two-valve head designs like the Evolution’s and
particularly the Shovelhead's to achieve the above
characteristics, To get two large valves into a

chamber for a given evlinder size requires the
valves to set at a very steep angle to each other.
This angle is referred to as the valve's included
angle. The larger the valves for a given bore
diameter, the greater the included angle must be
and consequently the deeper the combustion
chamber design.

Shovelheads and iron Sportsters have deep
combustion chambers with two valves set at a
B0-degree angle to cach other (45-degree in-
cluded angle), These deep, hemispherical cham-
bers were patterned after pre-World 1T aireraft
engines because they allow the use of large valve
sizes for a given hore diameter,

A deep combustion chamber requires a high
dome piston to achieve a high comprezsion ratio,
but a high dome can severely interfere with
flame travel. The interference slows the combus-
tion process and requires more spark advance
fora complete intake charge burn. Butinitiating
the combustion process very early with a large
amount of 1gnition advance exposes more cylin-
der wall area to Lthe combustion heat. This re-
sultsin reduced thermal efficiency and lost power.
I'urthermore, a high piston dome adds more
dome surface area that absorbs more heat than
one with a flatter dome, This reduces the energy
in the combustion gases that would normally be
used to increase the Brake Mean Effective Pres-
sure (BMET) on the piston. BMEP 12 an engi-
neering term that refers to the power output of
a given displacement engine. The resulting loss
inthermal efficiency reduces power and increases
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cylinder head, piston and o1l temperatures.

A high piston dome that is designed for a
high mechanical compression ratio also inter-
feres with eylinder filling during the valve over-
lap period at high rpm. The reduced cylinder {ill
results in less BMEP; therefore horsepower and
torque are lost, However, the same piston may
give good performance at lower rpm because of
its high mechanical compression and its ability
toprovide adequate cylinder filling without need-
ing torely on the valve overlap period to enhance
filling,.
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A high piston dome can interdere with flame prapagation and
slaw the combustion process, This can lead io less efficient
combustion and the snginge may reguiré more Jgnition ad-
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A high dame piston can interfare with the infake flow during
valve overldn and reduce volurmelnc efficiency. It alse can
increase heating of the intake charge, resulting inlass efficiant
crimder fillng.

Unlike the Shovelhead and iron Sportster,
the Evolution engine has a relatively shallow
chamber because its valvez are set at only 58
degrees to cach other or a 29 degree included
angle, Without a doubt, the Evolution chamber
ig not as flat or compact as some of the foreign
“multis,” but it is a big improvement over its
predecessors. This chamber incorporates maore
desirable characteristics such as a shallow roof,
flat-topped piston, good squizh band and shorter
flame travel.
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Many engine builders spend most of ther
time chasing big horsepower numbers by build-
ing large displacement engines — it's called the
“higger ig better theory.” Given all other things
are equal, a good big engine will heat a pood
small engine. However, many large engines never
reach their maximum potential power output.
Somewhere along the line it is forgotten that for
agivenengine displacement, the efficiency of the
combustion chamber is one of the two major
factors that govern the engine's power — the
other factor is the engine’s ability to breathe.
Using an efficient combustion chamber design
that includes a good pizton dome shape, good
spark plug location and an effective squish band
will provide enormous power gaing, Addition-
allv, evening the temperature throughout the
chamber to within about 50 degrees I, from the
intake to the exhaust side can also help power
output. When building your engine, remember
that an efficient combustion chamber design can
be the difference between a winning big engine
and just any big engine,

Squish Band

The squish band (sometimes referred to more
appropriately as quench areal is one of the most
common methods used to enhance air/fuel tur-
bulence before combustion, Areas where partsof
the cylinder head and piston dome come within
proximity at TDC are referred to as squish bands.
As the piston nears TDC, mixture trapped be-
tween the head’s squish area and piston squirts
out at high veloeity, Thig increases turbulence,
which promotes better air/fuel atomization and
reduces the potential for detonation, Mozt tur-
bulence is generated during the intake stroke as
the intake charge iz rushing through the narrow
valve opening and at the end of the compression
stroke where the flow 15 forced into the combus-
i1on chamber from the squish band area.

The Evolution squish band is located in the
head directly opposite the spark plug side. Iiis
shaped as a 90 degree ledge and 15 positionsd
above the piston to create the thin squish zone.
FFor the Evolution engine, the ideal squish zone
iz between 0.025 and 0.040-inch. Anything larger,
diminishesthe squish effect. The Evolution cham-
ber design can be improved by filling in the
chamber's sides through welding and then
recontouring its shape similar to a bathtub.
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Charnber lurbulence s generated as the airfuel mixture is
compressed belwean the head's sguish band and msing
piston. The compact charmber and fial dome pistan provide a
short and uncbstrocted path for lame propagation.

This improves squish, reduces potential detona-
tion and increases torgue, 1L also can increase
airflow by reducing valve shrouding,

The deep chambered Shovelheads and iron
Sportsters create very little air/fuel turbulence
because they havelittle or nosquish area. Unfor-
tunately, this is one of the inherent characteris-
tics of a hemispherical chamber design, The lack
of turbulence reduces the amount of fuel mixture
burned and reduces horsepower,

When building an engine, especially the
Shavelhead, it's eritical to do whatever is neces-
sary to create as much squish arca as possible.
When doing so, be sure to minimize the nooks
and ecrannies where mixture is excessively cooled
and goes unburned. The eylinder spigot sticking
up into the Shovelhead's chamber can ereate
dead areas that reduce the percentage of fuel
burned.
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Flame Propagation

An efficient combustion chamber minimizes the
distance between the spark plug and the far-
thest part of the combustion area. A centrally
located spark plug is the best dezign for a single
plug head, but two-valve heads usually do not
have enough room lor a spark plug Lo fit betweesn
the valves, so the plug resides on one side of the
chamber. This requires a long {lame travel that
needs lots of 1gnition spark advance and in-
creases the polential for detonation. This situa-
Lion is sometimes made worse when the piston
dome iz raized becanse the dome can interfere
with mixture turbulence and [lame travel,

Adding a second spark plug to the opposite
side of the chamber minimizes these problems
because it reduces the distance the flame needs
to travel and requires approximately five to
eight degrees less ignition advance. Dual plug
heads generally allow the use of higher compres-
sion ratios with a given gasoline octane rating, or
they allow the use of lower gasoline octane with
a given compression ratio. Shovelheads and iron
Sportsters can greatly benefit from dual plug
heads. Big Twin Evolution heads, with their
compact chamber and better mixture turbulence
have less need for dual plugs, vet they still can
benefit from the second plug.

There are a number of evolutionary differ-
ences between Evolution and pre-Evolution en-
gines. However, any major performance differ-
ence hetween the two can be directly attributed
to the BEvolution’s more efficient combustion
chamber design.

Combustion Process

Briefly, we have discussed how liquid fuel will
not burn and that some amount of oxygen needs
to be added for combustion. As a result, it be-
cores necessary to atomize the mixtare into a
vapor or “fog” like substance so the [uel particles
are dispersed into the smallest sizes possible,
This provides a more rapid and complete burn
because small droplets burn faster than larger
Ones.

The actual combustion process begins at, the
outer portions of the droplet and progreszes
inward, The larger the droplet, the longer the
time required to burn it. When there iz little
turbulence, the [lame front ocours in a smooth,
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Smaller Droplets with

Large Droplets with ;
goad atomization

poor atomization

Large fual groplets take longer o burn than small droplets and
they burn more completaly. Increased combustion chamber
furbulence imoroves fuel atomization and reduces the size of
fusl particles,

FFL!&ME KERMEL DEVELOPES
IN THE DIRECTION COF SWIRL

 VAPORIZED FUE

Z !
The lurbulent fuel charge is svarling through the spark plug
gap as the plug fires. This creates a long, radiused flame
rernel. High turbulence develops a larger flame kermel. which
improves combustion of the fuel charge.

laminar fashion, In general, atomization of the
fuel mixture will increase as turbulence in the
evlinder increazses. High atomization, which is
partly generated by a high level of turbulence,
causes small parts of Lthe flame front to separate
from the main flame kernel and penetrate the
fuel charge. This regults in a shaggy flame front
that has more surface area and consumes the
fuel charge more completely and quickly. When
high fuel atomization is combined with proper
ignition timing, the resull 18 more combustion
near TDC and greater cylinder pressure and
more torque. Remember, the efficiency of fuel
atomization is a crucial factor in burning the
maximum amount of fuel in the shortest time.
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High turbiulence creates a jagged and bushy flame frani, which
exposes marg gicfusd mixiure o the flame and increases
cambushorn.
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With a bushy flame, amall sections of the flame break away
and penetrate into the body of the givfuel mixture, therehy
enhancing combustion.

Az discuszed earlier, combustion chamber
induced turbulence is a common method used to
enhanced atomization. Poor chamber design may
provide fuel atomization, but it also can cause
the mixture to break into “elumps” where one




arca of the chamber tends to be rich, while
another area is lean, As a result, flame travel is
erratic, which makes it difficult to optimize igni-
tion spark advance and run with high compres-
sionratios. High dome pistons generally contrib-
ute toward thizs condition,

When conzidering combustion chamber de-
gigm, remember Lo view the combustion space as
a combination of the chamber (roof) and the
piaton (loor), Also, keep in mind that the cham-
ber roof, floor and the space between them not
only contribute to mixture turbulence, but also
determine how evenly the mixture iz dispersed.

Brake Specific Fuel Consumption (BSFC)
Engines with good fuel vaporization and even
mixture dispersion generale more power and
require less fuel because less fuel 15 dumped out
the exhaust and burned in the pipe. Also, their
exhaust temperatures are generally lower since
there is better thermal efficiency in the combus-
tion chamber and the engine is making more
power per cach pound of fuel. Engines with
efficient fuel vaporization typically have a lower
value for brake specifie fuel consumption,

Brake specifie fuel consumption (BSFC)is a
measure of how efficiently an engine is convert-
ing fuel to heat or power. The lower the BSFC
number, the more efficient the engine is, A stock
Big Twin's BSFC typically ranges between 60
and . 75-pound per horsepower per hour through-
out its rpm curve, This means that it takes
between .60 and .75-pound of fuel to make one
horsepower continuously for one hour. The more
even the BSI'C is throughout the rpm curve, the
better. Due to port design and combustion cham-
bershape, someengines have a lower BSFC than
others, Very efficient engines generally have a
BSIFC ranging between 45 and 49, A good
running Big Twin engine has a BEI'C between
B0 and _55-pound per horsepower.

A more homogenous air/fuel mixture burns
faster and produces more even peak evlinder
pressure than a poorly blended mixture, This
broadens the pressure curve in the cylinder,
reduces detonation causing pressure “spikes”
and allows for higher compression ratios, A
broader pressure curve extends peak pressure at
maximum piston velocity, which iz where the
greatest mechanical advantage is realized. Re-
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Greatar iwrbulence increases stomization and speeds com-
bustion. This allows less ignition advance to be used, whila s6ill
mainiaining maximum cilinder pressurs at the optimum fime
after TOC. Reduced ignition advance means lass combustion
pressura is pushing on the piston during the compovession
siroke and more wark is Used to generate pawer.

member, effective cvlinder pressure (BMEP) is
whatl pushes on the piston to ereate torque and
therehy horsepower.

Another point to consider refers Lo the term
“combuslion area”™ (chamber roof, floor and cvl-
inder walls) which was defined earlier. The com-
bustion area includes the entire surface area
over which the combustion flame is spread dur-
ing the burning of an air/fuel charge. [t iz impor-
tant to keep the tolal surface of the combustion
area as small as possible because the greater the
surface area exposed to combustion, the lower
the combustion temperature and the lower the
BMEF.

Compression Ratio
Almostevery performance enhancement involves
raising evlinder pressure on the compression
stroke or releasing it on the exhaust stroke. In
general, increasing evlinder pressure generates
a bigger bang that results in higher torque and
horsepower output. Raising an engine's mechani-
cal compression ratio is one method (or building
maore cylinder pressure and 1t is of vital impor-
tance to the engine’s power and torgque output.
Higher compression primarily inereases low
and midrange torque, enhances throttle response
and increases gas mileage. Raising comprezsion

The Big Twin High-Performance Guide



30 Chapter Two

can increase torque because the eylinder’s brake
mean elfective pressure (BMEP) is inereased,
However, peak cylinder pressure is limited by
detonation. Take note that an engine’s detona-
tion level is not fixed, but can move either up or
down with different quality of fuel, ignition tim-
ing, volumetrie efficiency and atmospheric con-
ditions.

A Big-Twin's mechanical compression ratio

can he altered by changing any combination of

piston design, combustion chamber volume or
evlinder length, The mechanical compression
ratio of an engine can be mathematically com-
puted when cylinder volume and combustion
chamber volume are known, Although mechani-
cal compression ratio 1s most commonly dis-
cussed, it 15 actually dynamic (effcetive) com-
pression that is realized by a running engine,

An engine’s dynamic compression ratio is
controlled in part by such things as cam dura-
tion, valve overlap and rpm level. A long dura-
tion vam with a long overlap period can essen-
tially raige an enging’s volumetric efficiency (the
amountof eylinder fill) at high rpm. The result is
an increase in Lhe dynamic compression ratio,

In general, changing the compression ratio
from 8:1 to 1 will have a greater effect than
soing from 13:1 to 14:1. In some cases, engines
that do not respond to tuning changes may be
helped by an increase in compression ratio. Since
fuel burn time is reduced by higher pressure,
higher compression may require less ignition
advance.

Ta make reasonable power with a Big Twin
enging, the mechanical compression ratio should
be no less than 91, Maximum ellort engines
using racing gasoline are typically between 13:1
and 15:1. Street engines are usually limited to
between 9.5:1 and 10:1 due to low 92 vclane
unleaded pumpgas, Wheninereasing the engine’s
mechanical eompression ratio by changing pis-
ton dome shape, it 18 important that the piston
does not restrict evlinder breathing or interfere
with spark plug flame travel.

In general, increasing squish inereases the
air/fuel mixture turbulence and this allows the
use of higher compression ratios. Also, long du-
ration, high overlap cams require higher than
gtock mechanical compression ralios to increase
eylinder pressure and torque at low rpm.
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In summary, the ideal combustion chamber
space includes a relatively shallow roof (cham-
ber) with a small included valve angle and a flat
chamber floor ( piston) for a minimum of bumps,
angles and edges. It also should inelude a cen-
trallv located spark plug for short, unobstructed
flame travel and sufficient squish area to pro-
duce a high degree of turbulence for excellent
air/fuel atomization and homogenization, Nooks
and erannies where fuel gets trapped and goes
unburned should be minimized or preferably
eliminated and the overall chamber design should
concentrate the compressed mixture toward the
spark plug lor a faster, more ecomplete burn.

REDUCING FRICTIONAL LOSSES

There are numerous approaches to making a
maotorcyele more performant. One approach s to
inerease the engine’s power. Another more subtle
method is to reduce [rictional logses, both inside
and outside the engine.

Frictional losses, sometimes referred to as
[rietional horsepower, are defined as the sum of
all mechanical losses in the engine and the
drivetrain, The most notable engine parts con-
Lributing to these losses include: rings and pis-
tong, valvetrain, flywheels, clulch, bearings,
seals, chains, oil pumps and alternators, Oil
pumping and churning losses also are included
in this category,

The largest single source of engine friction
loss 1s direetly attributed to piston ring drag on
the evlinder walls and accounts for approxi-
mately seventy-five percent of total friction loss.
Piston rings need proper ring land gaps and end
gaps to eliminale unnecessary friction. In cer-
tain applications, low tension oil-control seraper
rings can reduce friction, while still providing
proper seal. The finish of Lthe cylinder bore can
also make a major difference. Smooth finishes,
400 to 600-grit, work well with moly-faced rings.
[Furthermore, accurately machined piston pin
bores and erankease evlinder decks, along with
straight connecting rods can help ensure each
piston resides straight and true in its cylinder.
This will help keep evlinder wall friction to a
minimum while maximizing eylinder seal,

The valvetrain is another major source of
friction lesses, Luckily, the Big Twin includes
roller cam liflers for reduced friction and cam
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wear. Holler rocker arms are available from
several aftermarket performance companies,
Rollers attached to the end of each rocker arm
not only cut friction by decreasing the rubbing
resistance between the arms and valve stems,
but alzo can reduce cylinder head temperatures,
Urmecessarily high valve spring pressures nol
only waste horsepower, but also prematurely
wear oul valve seats and guides while increasing
oil temperature. Therefore, don’t run maore spring
pressure than the cam profile and engine rpm
require.

Reducing reciprocating and rotating mass
can also reduce friction and significantly help
acceleration. Frietion 1= generated by the inertia
of reciprocating parts. Inertia is the energy or
foree required to stop or reverse the direction of
moving parts such as pistons, rods, valve lifters,
pushrods, rocker arms, valves and anything elze
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that moves up and down. Remember that inertia
increases as the square of rpm, so there is four
times as much inertia at 6000 rpm as there is at
000,

Rotating parts such as cams, flywheels,
clutches and sprockets sometimes can be light-
ened to reduce friction and help acceleration,
Also, keep in mind that rolaling objects with
different mass distributions behave differently
even though their weights are the same. There-
fore, reducing diameter s as important as redue-
ing the weight of any rotating part. Light parts
will make an engine quicker revving, however,
for the engine tolast to the finish, durability and
reliability never must be compromised,

The Big Twin's crankcase breather system
can be the source of a significant amount of
hidden horsepower, The engine's erankease pres-
sure varies with cach piston stroke and this

Builders of maximum effont dragsters use all the winning combinations discussed heve to achieve gobs of horsepower in the needeq
mm band far maximum acceleration. Bob "Rat” Taft on tis Evaiulion Pro Gas dragster. He is an AMBA Top Gas recond holder,
with an E.T, of 8406 sec at 159.01 mph. Phota courtesy of Larry Smith/Handorafted American Racing Motorcyeolas.
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causes inlernal air-pumping losses, Enlarging
the crankease o1l breather opening along with
timing it to open and close al precisely the
correct moment can reduce air-pumping loszes
and maximize the efficiency of the oil scavenging
system.

Oil churmingin the erankease sloshes around
and interferes with the {lywheels, resulting in
additional friction losses. Again, ol breather
svslem modilications offer major improverments
for removing unwanted oil [rom the crankease.
Additionally, oil restrictors can be added to cer-
tain oil passages to limit the amount of oil
circulating through the engine. Flywheel nil
scrapers, which are built into the crankeases,
can be checked for proper clearance. Thig en-
gures the oil is efficiently seraped from the fly-
wheels and directed to the oil pump for quick
return to the oil tank. In some cases, eyvlinder
head oil returns can be routed to bypass the
crankease and drain directly into the oil pump
pickup area. This reduces the amount of oil
retained in the crankeases and provides gquicker
o1l return to the tank, On some engines, usually
Sportaters, an oil windage tray can be mounted
in the crankcase under the flywheels to help
keep unwanted oil off the [lywheels,

O1l visensity 1s not only the needed element
that keeps engine parts separated from one
another, butitis alsethe canse of major amounts
of friction, For race only engines, friction can be
reduced by using the thinnest petroleum based
engine oils that still provide sufficient film
strength. However, remember there iz a thin
line between retaining enough oil viscosity for
engine reliability and premature engine failure.
Synthetic oilg have seen major improvements in
recent yvears and can significantly cut friction
losses. Many, if not most of the top racers usc
synthetic based oils.

The stock Big Twin drivetrain (includes the
primary chain, clutch, transmission and rear
chain or belt) absorbs approximately 15 to 18
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percent ol the engine’s power. Using proper
aszembly techniques, along with lighter and
smaller diameter parts can help minimize often
overlooked {riction losses inthe drivetrain. Rusty,
red powder spots an the rear chain links indicate
alack of Tubrication and can aceount for up to five
horsepower 1n friction losses.

Abike’s chassis can be a significant source of
friction losses, Wheel bearings need to be clean
and have smooth surfaces, The front and rear
wheels need to be in alignment with one another
and brake calipers need to retract {rom the
rOLOTs.

Today, with the enormous availability of
performance parts, it is relatively easy for any-
one with a few dollars to build or have built for
them a large displacement engine. However,
many big-inch engines never performup to their
potential. They are fust when compared to stock
engines, but relatively speaking they are not
fast, Poor breathing intake and exhaust ports,
inefficient combustion chamber design, deficient
pump seal and inadeguate erankcage scaveng-
ing are the most common reasons for their sub-
standard performance. Too much cam for the
engine combinalion is also a common problem.

Adter reading this chapter, you should under-
stand that engine modifications involve more than
just installing a set of long stroke flvwheels, big
cam and large carb if the engine's true power
potential 15 to be reached. It's the eombination of
many subtle techniques that individually almost
gounnoticed that allow an engine to perform up to
its potential. However, when all the little things
are added up, they make the difference between
winningandlosing. Whenitisall said and done, it's
the accumulation of things such as proper plan-
ning, the right combination of parts, attention to
detail and trial-and-error Lesting that differenti-
ates one high-performance engine from another.
Remember, a“happy” engine is the combination of
related parts working together in harmony to their
maximum potential. <
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Recipes

wé

(Z:]day, there are numerous
possihilities for increasing
the Big Twin’s performance.

However, before deciding what changestomake,
vou firat must determine the ohjective for vour
bike and how the bike will be ridden. For ex-
ample, you need Lo decide w hether the bike is for
casual or serwous drap racing, general touring,
trailer towing, sidecar pulling. or short Friday
night ego trips. Also. you need to answer lor
yvourself, the following questions, Do yvou want Lo
runal the fronl ol the pack or are you just looking
for more performance? Where in the engine's
rpm band do you want the performance in-
crease? What kind of reliability and longevily
arevouwilling toaceepl? Are vou willing Lo lrade

reduced gas mileage for big-inch horscpower?
What s1ze budget do yvou have? The answers Lo
these and other questions will narrow down your
performanee options.

II'vouiniend lorace, the elass you compete in
poverns many of your options. Onee you decide
upon & class, it's helpful to know approximately
what engine displacament or engine eombina-
tion the class’ front runners are using. The point
hereizif vou want ta compete in a class where all
the top-guns are running 100 plus cubie inch
engines. it's a good bet you're not gong 1o win
consislenily with an 80-1och enpine. This is
particularly true if the guy with the big inch
engine has a good fundamental knowledge of
engine building and racing. Now this doesn't
rmean Lhal “big” 15 always better and it doesn’t
advocate copying every crazy trend thats in
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vogue, However, it is helpful to know what the
competition is running to minimize your learn-
ing curve and to give vourselfa reasonable chance
to win. Thig is especially true if you're new to the
world of Harleys and your experience is limited.

Street riders first need to determine how
frequent they are willing Lo rebuild their engine
and whether reduced gas mileage is acceptable.
A properly built stroker engine can easily last
15,000 to 50,000 miles between rebuilds. In the
end, engine longevity 15 dependent upon how
well the engine is built, broken-in and main-
tained, along with the length of 1tz stroke and
how hard it is ridden.

For street riding, an engine with 80 or more
harsepower makes it easy to pass vehicles at
highway speeds on a heavy touring hike while
riding two up into a head wind. Most Big Twins
weigh ahout 175 pounds less than a touring
model, so their performance is enhanced for any
riven engine displacement. Tt 1s relatively easy
Lo get 80 horsepower [rom a stock displacement
80 cubic inch engine and without getting Loo
exotic power can be upped to about 100 horse-
power. However, the added torque and power
from an 89 or 96 cubic inch stroker or big bore
engine makes riding even more exhilarating,

Before discussing various engine combina-
tions, keep in mind that this iz an area where
there are no hard-and-fast rules, Nothing is set
in concrete and there are few black-and-white
answers. Instead, there is a great deal of mushy
sray areas along with exceptions for just about
anvthing., In certain situations there is more
than one correct method for accomplishing an
ohjective, while at other times there 1 only one

the correct one.

LARGE VERSUS SMALL

Since the introduction of the Evolution engine,
the displacement of modified engines has been
on the increase. This is primarily due to perfor-

mance shops having invesled a great amount of

time developing new parts and complete kits
that make it easier to build a big engine. Fur-
thermore, the Evolution’s cylinder head and
crankcase design make it easier to build large
ENZINeS.

Often someone asks, how big is big and how
small is small? Well, it just depends, At one time
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98 cubie inches was considered big, now 1it's only
midsize, Today, engines between 90 and 100
cubic inches are considered medium size and
anything below 90 cubic inches falls into the
small category, Although there iz no fixed rule
defining what is big. 103 to 114 cubic inches
probably fits the definition as well ag anything.
Also, engines [rom about 117 inches and up fall
into the ultra large category.

LARGE DISPLACEMENT ENGINES
[nereasing engine displacement is accomplished
through either big bore cylinders, long stroke
[lywheels or a combination of hoth methods,
History has proved that Big Twins respond to an
mnerease in stroke extremely well. For classes re-
stricted to 85 cubic inches, a large 3-13/16" bore
combined with a short 3-11/16" stroke gives a high
reyvving engine that is proving to be very potent.
Yet, [or the hest of both worlds and the lowest
cost in the long run, inerease both the engine's
bore and stroke at the same time.

Alarge dizplacement engine with stock heads
will run out of airflow at high rpm. This means
that power gains will be limited mostly to the
lower and middle rpm ranges. As a rezult, it is
highly recommended always Lo inelude a set of
professionally ported heads when displacement
is significantly increased,

BIG TWIN ENGINE DISPLACEMENT

BORE [Inches)

STROKE| 3-716 3-1/2 5m | 3-13A6 4 | 411
(Inches) |
3-3172" TEG 7E3 G5 H0E ag 7 1126 |
a-1j4= TEE 817 &7E 270 1058
4152 &i5 | 355 . P25 | 192.7 1131
| a-5i8 8.5 | B89 25.5 1158 1162
4-3/4 &5 913 [ 97a E5 1194
- 827 | 951 1651 1140 | 1267
5106 a5 G385 1058 EdY 12B.8
514 Eri A 1364 1188 | 1320
| &z 1 | 1058 | 1135 1556 138.2
Table 31 * Stogk 747 - 5716 Sore by 3-31/327 Strowe

** Sfock BO" = 3-1/27 Bore oy 4-104° Stroke

Regardless ol your approach to achieving
large displacement (long stroke, big hore or both),
the engine must be removed from the frame, the
crankeases need to be split apart and some
amount of machining needs to be performed.
Some long stroke combinations require extra
long eylinders or spacer plates under the evlin-
ders. Long valvetrain components and a wide
manifold are also usually needed in these situa-
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op Fuel Evaiution. A few yesdrs ago Top Fuelers were averaging about 117 ol now they're a lot bigger.

Jaime has rwna 712 ET. at 183.0 mph. Photo cowrtesy of Larry Smith/Handerafted Amencan Racing Molorcyoles.

tions, The long parts may require clearancing
between the rear evlinder rocker cover and the
frame.

Furthermore, the Big Twin's transmission and
cluteh are marginal at best with a stock engine and
only get worse when coupled to one with high
power. To avoid missed shilts and gear damage,
sevious racers should budget the necessary dollars
forblueprinting the entire transmission, including
magnafluxing and backoutting the gears.

STOCK DISPLACEMENT ENGINES

If you're short on dollars or not interested in
pulling the engine totally apart, then vou are
limited to working with either a stock 50 cubic
inch {actually 81.7) Evolution engine, or a 74 or
80 cubic inch Shovelhead.

Without getting too exotie, an 80 cubic inch
Evolution engine can be modified to put out
about 100 horsepower. This provides about a 75
percent power improvement over stock and gives
a significant inecrease in acceleration. And this

can be accomplished while the engine remainsin
the bike's frame because only the heads, cylin-
ders, cam gear cover and carburetlor need to be
removed. An exception to this is where a racer
competing in a stock class needs (o remove the
engine for complete disassemble and blueprinting
to stay competitive. Also, without pulling the
heads oreylinders vou can get between 75 and 80
horzepower for up to a 40 percent performance
mnerease.

From a performance viewpoint, 75 or 80
horzepower is enough power to make a Big Twin
interesting and fun toride. And the fun only gets
better from this point on up. Depending on how
exobic the engine is built, as a general rule you
canestimate about 1-1/4 (0 1-1/2 horsepower per
each cubic inch of displacement,

Shovelhead engines can he modified to per-
form about as well as an Evolution engine. The
only difference is that it takes more work to get
the same amount of power. Without major head
maodifications, Shovelhead engines are probably
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down at least five horsepower from an equiva-
lent Evolution. This is primarily due to the poor
air/fuel turbulence of their large hemispherical
combustion chamber. However, experienced head
porters can modify the chambers for better tur-
hulence. Also, dual plugging the heads shortens
lame travel, reduces the potential for detona-
tion and allows the Shovelhead engine a better
chance for reaching its maximum potential.

The key to building a good Shovelhead en-
gine ig proper combustion chamber design and
not making the ports too big. The ports are
actually too big in stock form. Even with ils
deficient combustion chamber, the Shovelhead
is still & good engine and worth modifyving.

STOCK BORE & STROKE DIMENSIONS
Since ite inception in 1984, the Evolution Big
Twinengine has shipped with a4-1/4 inch stroke
and 3-1/2 inch bore for a total of 81.7 cubic
inches, Note that from here on 80 inches will he
used for reference purposes. Also, the actual
hare diameler 15 3.498-inches, bul for ease of
reference 3-1/2 inches will be used.

Shovelheads shipped with a 74 eubic inch
engine (3-31/32"7 stroke by 3-7/167 hore) from
1966 through mid 1979 and an 80-inch engine (4-
1/4™ stroke by 3-1/27 bore) from 1978 through
1984,

Over the years, many bore and stroke combi-
nations have been used. Table 3.1 shows the
displacements for the more popular combina-
tions,

EVOLUTION COMBINATIONS

In general, the Evolution engine displacements
that make the most sense from a performance
and cosl standpoint include the 89, 96. 103 and
114 cubic inch engines, Your performance objee-
tives and riding characteristics will ultimately
determine the best combination for yvou.

The 89 cubicinch (4-5/8" stroke x 3-1/2" hore)
engine uses stock bore evlinders and a 3/8" longer
stroke. This combination makes a good, small
engine that allows for big bore cylinders to be
added later. The #8-inch combination is a goad
setup for general strecl and touring hikes, but
like other big inch engines, gas mileage will be
reduced somewhat. Thizs engine should run high
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115 to low 125 at about 110 to 115 mph in the
gquarter mile when installed in an FX.

The 96 cubic inch (4-5/8" stroke x 3-5/8" bore)
combination not only offers the most perfor-
manee for the buck, but it alzo has proved to be
one of the best performance combinations avail-
able. This engine has a 3/8” longer stroke and a
/8" larger bore than stock, resulting in rod-to-
stroke and bore-to-stroke ratios that work very
well in the Big Twin. The engine's stroke length
iz limited to 4-5/8" so0 it fitg into the stock frame
without frame modifications, With thiz engine, a
light weight X that is properly setup should run
low to mid 11s at about 116 to 123 mph in the
guarter mile.

Although the 103 cubicineh (57 stroke x 3-5/8"
hore} and 114 cubic inch {57 stroke x 3-13/18"
bore) engines are frequently run on the street,
realistically they are primarily for drag racing
and short ego trips to the local burger hangout on
the weekends, Theze engines have a 3/4" longer
stroke and either a 1/8" or 5/16” larger bore than
stock. When built properly, these engines defi-
nitely are more powerful than smaller engines,
but they also are harder on parts and require
more maintenance. They also may require a
modified starter motor, For the most part, these
engines are more for the serious strecl stroker or
dragster classes. A light weight IFX, properly
setup for a street stroker class can run high 10s
to low 11sin the quarter mile at about 120 to 125
mph with these engines.

Until recently, most top fuel and gas drag
hikes were running 114 to 120 cubic inch en-
gines. Now some engines are in the 150 cubic
inch range.

MOTOR RECIPES

Since there are many approaches for gaining more
performance with the Big Twin, the [ollowing
cookbook of recipes was assembled to remove guess-
work and tooffer a logical, progressive path to more
performance.

Although these combinations include compo-
nents that work together very well, keep in mind
that they do not represent the only possibilities for
engine modifications and should be considered
only az a baseline starting point.
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EVOLUTION MOTOR RECIPES

Before various engine combinations are dis-
cussed, lets review the hasic performance char-
acteristics of a stock Big Twin Evolution engine.
An average stock B0 cubic inch engine produces
about 57 horsepower at 5250 rpm and 70 pound
feel of torgue at 3200 rpm, when measured at the
rear wheel, These values are between 15 and 18
percent higher when measured at the engine’s
crankshaft. This engine includes a factory igni-
tion module that limits rpm to about 5250 rpm.

The hasic problems with thiz engine are
that it has poor intake and exhaust breath-
ing and it is rpm lmited by the ignition
module. As a result, all initial performance
modifications are directed toward enhane-
ing these areas. Enabling the engine to
redline at approximately 6200 rpm allows it
to benefit fully from modifications that in-
crease breathing, while keeping piston speed
at a reasonable 4400 feet per second.

A stock 575 pound FX Big Twin setup with
street tives, a 170 pound rider and 25 pounds of
magweighsinat 770 pounds. This stock combina-
tion should be able to turn high 135 or low 14s at
approximately 90 to 93 mph in the guarter mile.
An 800 pound “dresser” with the same rider
should run low 155 at about 85 mph.

As engine horsepower increases, chas-
sig, tire, clutch and transmission modifica-
tions must be made to keep up with the
power increases. Also, keep in mind that
each 50 pounds of weight will change quar-
ter mile E.T.s approximately 1/3-second.

Take note that the following conventions are
used when listing parts for cach stage of modifi-
cation: A check mark next to a performance part
indicates the part is installed at this stage of
modification, Parts without a check mark were
previously installed.

Stage I Evolution
80 Cu. In. Engine
Low to Mid 13 Second Bracket
95 to 100 MPH — Abhout 70 HP

Performance Exhaust System
Mikuni HS40 or S&S Super E
Carburetor

v Performance Ignition Module

v
v
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Performance enhancements need to start some-
where and these changes will definitely liven up
a Big Twin. These items are grouped together
because they address major deficiencies and
because they are all external modifications. If
vou wish, vou can add them individually. Cali-
fornia engines have such a mild camshaft that
vou might consider changing the cam before
anvthing else or at least including a cam with
this package.

At this development stage a good exhaust
syatem such as a set of {ree flowing staggered
duals or a 2-into-1 gvstem 18 good for about a five
or six horsepower gain. For the drag strip, 407 by
1-3/4" O.D, straight pipes are a good place to
start. Change the pipe length in 2" increments to
fine tune the system to the engine combination.
Both Harley-Davidson and SuperTrapp make
performance turn-out mufiflers for “dresser”
maodels, Tomake decent power, the factory turn-
outs need their small internal baffle removed.
Since “dressers” have unequal length pipes for
each cvlinder, i’s best Lo retain the crossover
pipe connecting the two cyvlinders. Remember to
enrich the carburetor jelting when installing a
{ree flowing exhaust system.

A 40mm Mikuni flat slide or 1-7/87 (39.6mm
venturi} S&S Super E carburetor adds about
eight more horsepower. The Mikuni offers good
bottom and midrange power while the S&S pro-
vides a sirong top end. The 3&S also includes a
performance manifold. By using an adapter ring
the Mikuni can mount dirvectly to the 1990 and

The Big Twin High-Performance Guide




38 Chapter Three

Shown are various parts for the Stage | and Stage Il engines; 585 Super E carburetor along with Carl’s Speed Shap cam,
pustods and exhaust systam. Pholo courtesy of Carl's Speed Shop.

Showe are some addifional choices for Stage [ and Stage 1!
engings, Mikuni H840 carburetor, Branch manifald, Power
Arz igrition, Dyna coils, Andrews EVE cam and adjustatis
pushrods.

later manifold. The 1984 through 1989 Big Twins
use a manifold sealed with compliance fittings
and it usually ends up leaking. Branch and
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Bartels offer performance manifolds that [it the
Mikuni and eliminate the compliance fittings.
Although the stock 1990 and later manifold
eliminates the need for compliance fittings, you
will gain flow by replacing it with a performance
model.

The stock ignition module starts retarding
the ignition timing at about 5250 rpm. This
limits rpms and will hurt ET.s by about 1/3-
second at this performance level. Replacing the
stock module with an Aecel, Crane, Dyna, M.C.
Ignition or Sereamin’ Eagle ignition will elimi-
nate the problem. Any ignition with a single-fire
capahility provides added benefits and works
especially well. The engine can now be redlined
between 6000 and 6300 rpm for maximum power,
although keeping the revs down to 5200 helps
longevity. Also, adding a rev limiter to keep rpm
below 6300 rpm 15 highly recommended.

This combination produces about 70 horse-
power at 5800 and 79 pound feet of torque at
4000 rpm. With a good rider, it should be able to
turn very low to mid 13s at 95 to 100 mph.
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Stage 11 Evolution

80 Cu. In, Engine

Very high 12s to Low 13 Second Bracket
100 to 105 MPH — About 80 HP

v Performance Camshaft

v Chrome-moly Adjustable Pushrods
v High Output Coil and Plug Wires

= Performance Exhaust System

Mikuni HS40 or S&S Super E
Carburetor
= Performance Ignition Module
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To get to 80 horsepower, the engine needs to
breathe better and a mild cam change gets
the job done.

Installing a cam into an Evolution takes
more work than it does for a Shovelhead. Tt
involves removing the exhaust pipes, cam
gear cover, rocker covers, rocker arms,
pushrods and lifter blocks, Numerous meth-
ods have been tried to install an Evolution
cam without pulling the rocker arms. How-
ever, in the end it's easier Lo just bite-the-
bullet and pull them off. This uzually re-
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gquires removing the gas tank and with some
maodelz it also requires loosening the engine
mounts to lower the engine for necessary
clearance.

Since the heads are not removed at this
stage, consider a boll-in cam that works with the
stock valve springs, An Andrews EV13, EV3 or
EV46; Bartels’ BP 20 or BP 40; Carl's Speed
Shop CM46; Crane 1-1000; Sereamin’ Eagle 406;
Sifton 143-EV, 145-EV or 140-EV; and S&S 502
are possible choices. For heavy “dresser” models,
a cam with less duration (such as an Andrews
EV13, Crane 1-1100 0r 1-1103, or Sifton 143-EV)
will help retain power in the 2000 to 2500 rpm
range where this bike iz frequently ridden. Re-
member, it 15 better to under cam than over cam,
When in doubt, choose the next smaller cam. A
low cost S&S Hydraulie Lifter Limited Travel
Kit alsois worth installing because it helpz keep
the lifters from pumping up at high rpm.

Some early Evolutions do not have notched
pistons; therefore the heads must be removed to
check piston-to-valve clearance. In this case, it is
recommended to consider spending extra time
adjusting cach cylinder’s length to get the pis-
ton-to-head squish band clearance between 0,025
and 0.040-nch.

Adjustable chrome-moly pushrods are rec-
ommended instead of aluminum because thev
are more rigid and can be used in the future
when a mare radical cam may be installed,

Ahigh-performance coil that throws a hotter
spark 1s now recommended. Accel, Andrews,
Dvna and Screamin’ Eagle cach offers a solution.
Competition spark plug wires also should be
installed. Accel, Andrews, Dyna and Taylor wires
are pood cholees, but make sure thev are compat-
ible with the 1ignition,

For information regarding Stage 11 exhaust
systems, carburetors and ignition module modi-
fications, refer to the “Stage I Evolution™ madifi-
cations since they are identical.

This engine combination is now producing
about 80 horsepower between 5800 and 6300
rpm and ahout 84 pound feet of torque at 4000
rpm. A 770 pound FX bike should be good for
very high 12s to low 13s at 100 to 105 mph
in the guarter.
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Stage 111 Evolution

50 Cu. In. Engine

Very high 11s to Mid 12 Second Bracket
105 to 112 MPH — About 100 HP

v Professionally Ported Heads

v Higher Compression

v Blueprinted Transmission

v Performance Clutch

*  Performance Exhaust System

¢ ©Mikun HS40 or S&S Super E
Carburetor

L

Performance Ignition Module

*  Performance Camshaft

*  Chrome-moly Adjustable Pushrods
* High Output Coil and Plug Wires

The Stage 111 combination includes all Stage 11
madifications, along with high Qowing heads,
higher compression and a beefed up clutch.
The next major bottleneck of this engine is
the headsz. A professionally ported set with per-
formance valves, springs and eollars is now in
order. Maodifving a head to flow big numbers is
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This graph represents ihe approxinate horsepawer and largue
of a "streefanie” Stage Il angine whan measured at the rear
whee!, Both will be higher when taken at the engine sprocks!,
This graph dogs nol represant a maximum efforf engineg, With
higher compression, move Fadica! cams, maximized inguchion
and axhawst systems, and proper engine assembly tech-
niques, power can be increased beyond this faval. Also,
maximum harsepowear will then be reached batween 5300 and
FOO roer.

S

A sat of professionally ported heads can easily add 20 harsepowear at this stage of development. Shown 5 a set of STD bathiub
chamber heads reworked by Carl's Speed Shop. Phaolo cowtesy of Carl's Speed Shop,
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both a science and an art. Professional head
porters usually have scrapped many heads in
the process of learning how to do it right. There-
fore, it is recommended to let the professionals
do the jab,

Before sending vour heads for modification,
he sure to discuss your objectives with the head
porter. Explain your riding style, engine dis-
placement, cam specifications, compression ra-
tio, gearing, bike weight and rpm range. A top
notch performance head job includes not only
porting, but also oversize valves and seats,
blending the seat to the port and chamber, and
reworking the combustion chambers. In situa-
tions where a head needs replacement, S.T.0D.
Development makes an excellent performance
head. Also, consider dual plugging the heads at
this time. Dual plugs won't help the Evolution as
much as the Shovelhead, but they are still rec-
ommend. At the very least. they will smooth out
the engine.

The stock compression ratio is 8.5:1. Higher
compression helps low and midrange power by
replacing cylinder pressure lost due to a long
duration cam. On pump gas with good squish,
the engine can tolerate somewhere hetween 9:1
and 10:1 mechanical compression before reach-
ing detonation levels. For good performance, run
atleast a 9.5:1 compression ratio, Modilied heads
with welded chambers or high compression pis-
tons should easily end up with compression in
this range. When running on race gas, 12.5:1
compression gives good performance as long as
flame travel and airflow are not shrouded.

A good squish area for high mixture turbu-
lence is crucial for making maximum power.
Adjust the cyvlinder height so the piston comes
within 0.025 Lo 0.040-inch of the head’s aquish
band. Bartels’, Custom Chrome and others make
various thicknesses of eyvlinder hase gaskets for
adjusting cylinder height. Axtell, Rivera and
Zipper’s offer various high compression pistons.

Ifa bolt-in cam was previously installed, this
is the time to consider a higher performance non
bolt-in version. Reworked heads can usually
henefit from higher valve lift, than a bolt-in cam
offers. If low speed torque is important, be sure
the new cam’s duration and intake closing tim-
ing do not kill power down low. Be careful not to
add too much duration if’ you have a heavy
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welght “dresser” because power can be hurt
below 3000 rpm, particularly between the 2000
and 2500 rpm range. Lighter bikes, such as the
FX models, can handle more duration than
heavier bikes without feeling a low rpm power
loss, Refer to the “Cam and Valvetrain” chapter
for more information.

Possible cams [or this stage of modifications
are as follows: Andrews EV35 or EVS; Carl's
Speed Shop CM5; Crane 1-1001; Head Quarters
HQ-23 or HG-26; Leineweher E-2: Hed Shift 575,
585 661; Sereamin’ Eagle 400 or 433; and Sifton
144-EV or 141-EV.

For any bike with ported heads and situa-
tions where low end power (2000 to 3000 rpm)
takes priority over the top-end (greater than
about 5200 rpm), conzider the following: Get the
compression ratio as high as possible without
incurring detonation. Algo, discuss with your
head porter the option of sacrificing some top
end power in exchange for more at the bottom
end, This can be accomplished by keeping port
velocity high with a smaller than optimum port
size and by retaining stock size valves.

At this performance level, the drivetrain
starls to get strained. A Barnett Kevlar clutch
pack helps keep the cluteh from self destructing
during high rpm shifts. To get good E.T.& at this
power level, missed shifts and chipped gears
must be eliminated, This reguires disassem-
bling the transmission and blueprinted it to
apecifications. The modifications should include
magnafluxing and backeutting the gears for
quicker shifts and legz wear, Also, an Andrews
close ratio first gear set will help minimize rpm
reduction between [irst and second gear.

The stock rear tire can he replaced with
sticker Avon, Dunlop, Metzeler or Michelin rub-
ber. Finally, if you want to run a very wide rear
tire or would like the extra strength of a rear
drive chain, H/E/S and others offer a 24 tooth
chain sprocket conversion kit,

If you want to enhance an 80-inch engine any
further, vou're looking at complete blueprinting
torace specifications and possibly more cam and
carh. For the race track a more radical cam and
bigger carb should help top end power, but they
alzo will cut the bottom end.

When assembled properly, this engine will
produce about 100 horsepower between 6300
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and 6700 rpm and between 90 and 93 pound feet of
torque between 4500 and 5000 rpm. Notice that
the maximum amount of torque is slightly higher
than the Stage I[Lengine and it necurs higherin the
rpm range. The major increase in power is prima-
rily attributed to higher levels of torque over a
much broader rpm range.

This engine combination should be good for
very high 115 to mid 12s at 105 to 112 mph in the
Cuarter.

Stage 1V Evolution

89 Cu. In. Stroker Engine

Mid 11s to Low 12 Second Bracket
108 to 115 MPH — About 112 HP

4-5/8" Stroker Kit

9:1 to 10:1 CR — Pump gas
Performance Camshaft

S&S Super E or Super G
Carburetor

¢  Blueprinted Transmission

* Performance Exhaust System

¢  Performance Ignition Module

= Chrome-moly Adjustable Pushrods
¢ High Output Coil and Plug Wires
¢ Professionally Ported Heads

*  Performance Clutch

SRS
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This graph represents the aporoximate horsepower and forgue
of & "streetable” Stage IV engine when measured at the rear
wheal, Horsepowsr and forgue will be higher when measured
at the enging sprocket,
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Straker Mywhesls and pistons are the easiest way fo getfo s
Stage IV 88 cubic inch engine. Add 3-5:8" big bare cylinders
and you have a Slage V' 95 cubic inch enging. Shown i3 the
S&S Hot Set Up 86 ki, Remember that large displacerment
angines meed free breathing induction and exhaust systems fo
react maximim potential. Photo courtesy of S&S Cyela,

This performance level requires complete remaoval
of the engine from the frame. Stroker flywheels
with a 3/8" longer stroke are installed along with
stroker pistons. For pump gas, the mechanical
compression ratio should be kept between 9:1 and
10:1, With race gas, 10.5:1 to 12.5:1 gives better
performance. S&S or Truett & Oshorn can supply
the flvwheels, while Axtell and S5&S have pistons.

This iz the time to rebuild the connecting rods
orinstall a set of heavy duty S&S rods. The engine
should be balanced and blueprinted to correet
specifications and the erankcase oil breather sys-
tem should be modified and timed to open and close
for maximum oil scavenging.

This engine can use more cam than the stage
T version. An Andrews EVa or EV57, Carl's Speed
Shop CMB5; Crane 1-1001 or 1-1002; Head Quanr-
ters HQ-26; Leineweber E-31 or E-55; Hed Shift
575; Sereamin’ Eagle 400; Sifton 141-EV or 146-
EV; or S&S 561 is the group to choose from.
Remember to match the valve springs, spring
spacing and lifters to the particular cam.

The S&S Super E 1= a good carb for this size
engine, although the Super G may help top end
perfurmance. The rest of the modifications listed
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ahove are eszentially the zame as those descrbed
forthe Stage ITl engine, including drivetrain modi-
fications,

This engine is capable of producing 110 to 115
horsepower between 6000 and 6700 rpm and 100
to 105 pound feet of torque between 4500 and 5200
rprm, With a good chagssis and drivetrain setup and
a capable rider, guarter mile times of mid 11z to
low 12s in the area of 108 to 115 mph can be
expected.

Siage V Evolution

96 or 98 Cu. In. Big Bore Stroker Engine
Low to Mid 11 Second Bracket

114 to 120 MPH — About 120 to 125 HP

v 4-5/8” or 4-3/4” Stroke,

3-5/8" Bore Kit

(A stock stroke and 3-13/16" bore kit
gives 97 cu. in.)

9:1t0 10:1 CR — Pump gas

10.5:1 to 13:1 CR — HRace gas

SE&S 2-1/16" Super G Carb — Street
S&S 2-1/4" Super D Carb — Drag
Performance Camshaft

Adjustable or One-Piece
Chrome-moly Pushrods

Roller Rocker Arms

Performance Single Fire Ignition
1-3/4" or 27 Exhaust System
Professionally Ported Heads

*  High Output Coil and Plug Wires
*  Performance Clutch

* N8RS NN N A

A Stage V engine uses either the same 4-5/8"
stroke flywheels as the Stage TV engine for 96
cubicinches or longer 4-3/4" stroke flywheels for
98 cubic inches. In either caze, Axtell or S&S 5-
5/8” bore evlinders are added for a total of either
96 or 98 cubic inches. Az an alternative to a long
stroke, the stock 4-1/4" stroke can be combined
with Axtell 3-13/16" bore eylinders for a 97 cu. in.
engine. Wote that the crankease spigot holes
need ta be bored out for the larger cylinders. New
big bore pistons are connected to either S&S or
Carrillo heavy duty rods. Compression ratio
recommendations are the same as for the Stage
IV engine.

For a cam that complements this engine,
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This graph represents the approximate horsapowerand forgue
of 4 “streefabie” Stage V engine when measured at the rear
whesl SBofh valves will be figher when measured at the
enging sprockel.
congider an Andrews EVT or EVTO; Carl’s Bpeed
Shop CMG; Crane 1-1003; Head Quarters HQ)-
26; Lemeweber E-3 or BE-5; Red Shift 625; Sifton
142-EV; or 3&5 562 Again, remember to mateh
Lhe valve springs and lifters to the cam. Also, to
reduce valvetrain weight, one-piece non-adjust-
able pushrods should be considerad.

This engine can handle more carburetion, so
an S&S 2-1/16" Buper (5 for the street or a 2-1/47
Super D for the street or drag strip gets the job
done. Some engine builders prefer to use a bored
nut 3&S Super B carb on the street.

You can incregse displacernent fo 97 cublec fnches while
rataining the stock stroke by instailing 3- 13767 bore cplinders.
Shown iz Axtell's big bore Shortblock Kit. Photo courtesy of
Axtell Salgs,
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On the race track try experimenting with 27
0.D, headers Lo determine if they help perfor-
manece with your engine combination. Also, if
vou can afford the cost, this iz the time Lo add
roller rocker arms from either Baisley, Crane or
Rivera along with a Dynaor M.C. [gnition single-
fire ignition system,

Like the Stage 1V combinalion, this engine
should be balanced and blueprinted to specifica-
tions, including the crankease oil breather sys-
tem. For [requent. hard launches, a Bandit Ma.
chine SuperClutch will solve any potential cluteh
prablems.

A Btage V engine is capable of about 120
horsepower between G000 and 6500 rpm and
approximately 118 pound feet of torque between
4500 and 3200 rpm. Assuming the chassis can
get the power Lo the ground, this engine should
put a 770 pound FX through the quarter mile in
the very low to mid 11 second bracket at 114 to
122 mph.

Stage VI Evolution

103 or 114 Cu. In. Big Bore Stroker Engine
High 10s to Low 11 Second Bracket

120 to 125 MPH — 125 to 145 HP

v 5" Stroke x 3-5/8” Bore or
5" Stroke x 3-13/16" Bore
v 9:1 to 10:1 Compression-Pump gas
10.5:1 to 13:1 Compression-Race gas
Performance Camshaft
2" 0., Exhaust System
S&S 2-1/16" Super G or
2-1/4” Super D Carburetor
Performance Single Fire [gnition
Roller Rocker Arms
» Professionally Ported Heads
= Adjustable or One Piece
Chrome-moly Pushrods
* High Output Coil and Plug Wires
* Performance Clutch

i
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Although these engines are frequently run on
the strect, they are more of a drag engine than
anything else. Without a doubt, the 114 cubic
inch combination is harder on components than
the 103 cubic inch version. Nevertheless, somoe
racers have gone through an entire vear of drag
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racing {about 200 to 250 runs) with this engine
without dizassembling the bottom end. When
compared to a Stage V engine, this level of
engine requires a greater degree of maintenance
and a more watchful eye Lo ensure everyvthing is
in proper working order,

To achieve 103 cubic inches, the stroke i
increased 1/4” beyond a Stage V engine for a full
a-inches. The bore remaing the same at 3-5/8"
Forthe 114 cubicinch engine, again the stroke is
H-inches, but larger 3-13/167 eylinders are now
used,

Cam selection for this engine is similar to the
Stage Vengine, with the addition of the Andrews
EVY; Carl's Speed Shop CM48; Head Quarters
HQ-27; Leineweber E-7; Red Shift 710; Sifton
147-EV; and 5&5 563 or 631 as possible choices,

Engines over 100 cubic inches can benefit
from the additional high rpm scavenging offered
by 27 ().D. headers. The remaining components
are the same as for the Stage V engine.

These engine modifications have the poten-
tial to produce 125 to 140 horsepower hetween
5800 and 6300 rpm and about 115 pound feet of
torque near 53000 rpm. High 10z tolow 11s at 120
to 125 mph are possible with a properly setup
street chassis and drivetrain,

STAGE VI EVOLUTION ENGINE
HOREEPOWER — TORQUE . - --oo..

—IE__
| - I NI

G0

55 | =l _ _
50 |- T == . "o
45 | { 1

| !

35 | S
a0 — |

@ onod o0 SADD Gued 4S0M G0o0 SS0B e00m Guod

EMNGI =]
MNE RFM 4

his graph reprasants the aporoximata horsepowe! and forgue
of & “streefable” Slage VT engine whan measired at the rear
witeal. Both values will be higher whon measured at the
enging sprocket.
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SHOVELHEAD COMBINATIONS
Modifications [or the Shovelhead engine fall into
iwo categories: the early model 74 cubie inch
engine and the later B0 cubic inch engine. Al-
though there are many similarities between the
two engines, the most practical upgrade path for
cach sometimes differs.

Upgrading

74 cubie Inch Shovelheads

When starting with a small 74 cubicinch engine,
the most practical displacement upgrades are
the Bd, 88, 93, 95, 103 and 114 cubic inch sizes.
For highlights of the 103 and 114 cubic inch
Shovelhead combinations, refer to the equiva-
lent engine size described under “Ewvolution
Combinations” bhecause the dimensions and
characteristics of the engines are identical.

The 84 cubic inch engine (4-1/2" stroke x
3-7/16" bore) includes a stock bore and longer
stroke and iz a practical option only when up-
arading from 74 cubic inches, Over the vears it
has been one of the most popular combinations
for anvone interested in more power while keep-
ing stroke length relatively short. This combina-
tion is also an excellent choice if it is found
during an engine rebuild that the flvwheels need
replacement due to worn shaft tapers.

When anly increasing stroke, the 88 cubic
inch engine (4-3/4" stroke x 3-7/167 bore) offers
the most power and reliability for the buck, It
also provides an excellent stepping stone for
adding large hore eylinders later.

The 93 cubic inch engine (4-1/27 stroke x
3-5/8" hores) is a short stroke combination that
keeps wear-and-tear to a minimum. It's a good
choice for general street and touring bikes or
when it iz desired to keep piston speed down. In
the quartermile, this engine runs shightly quicker
than the 88 cubie ineh version,

The 98 cubic inch (4-3/4" stroke x 3-5/8" hore )

engine offers the hest overall combination of

performance and reliability for the buck. This
engine has good rod-to-stroke and bore-to-stroke
ratios thal work very well with the Big Twin
engine, This engine should put a light weight FX
street bike into the low to mid 11s at about 116
to 123 mph in the quarter mile.
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Upgrading

80 Cubic Inch Shovelheads

When adding displacement to an 80 cubic inch
engine, the 91,93, 98, 103 and 114 combinations
are the logical upgrades, Reler Lo “Upgrading 74
Cubie Inch Shovelheads” for characteristics of
the 93 and 98 cubic inch engines since they are
identical. Befer to “Evolution Combinations™ for
highlights of the 103 and 114 cubic inch engines
since they have the same dimensiong and char-
acteriztics as the Shovelhead versions.

The 91 cubic inch engine (4-3/47 stroke x 3-1/27
hore) 1s similar Lo the 88 cubic inch engine and
gives the most power and reliability for the
dollar when only the stroke is increased.

SHOVELHEAD MOTOR RECIPES

An average 74 or 80 cubic inch Shovelhead
engine produces abhout 50 to 55 horsepower near
S000 rpm and a little more than 65 pound leel of
torque at about 3500 rpm, Like the Evalution,
thiz engine also suffers from poor intake and
exhaust breathing, but in a different way. In
ceneral, 1ts ports are too large and they suffer
from low air velocity and high turbulence, One
additional major problem ig that its combustion
chamber design is very inefficient due to low
turbulence and large volume.

Although the Shovelhead’s airflow capahil-
ity iz gimilar to an Evolution's, less of its airfuel
nmixture is burned in the combustion chamber,
This results in a higher percentage of unburned
mixture being pushed out Lhe exhaust. To make
power with the Shovelhead engine, combustion
chamber turbulence must be increased and flame
travel must be shortened and kepl unshrouded.
The effectiveness of the chamber’s squish area
and the installation of dual plugs both play a
erucial role towards this end,

A 575 pound Shovelhead FX with street
tires, a 170 pound rider and a load of gas will
welghin at about 770 pounds, This setup should
turn approximately mid to high 14s at 90 to 92
mph in the quarter mile. However, remember
that as horsepower and torque increase, chassis,
tire, clutch and transmission modifications are
required made so the power can be transmitted
to Lhe ground.

The Big Twin High-Performance Guide
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For stock or near stock displacement en-
gines, it is generally easier and less costly to
increase horsepower to a given level when modi-
fying an Evolution engine than a Shovelhead.
But for engines 28 cubic inches and larger, the
plaving field is leveled due to cylinder airflow
capabilily, Consequently, there is little perfor-
mance advantage for either engine when dis-

placement is large. From a long term point of

view, however, the Evolution holds one trump
card over the Shovelhead in that most research
and development is being concentrated on it and
over time this should provide the Evolution with
an advantage. Nevertheless, if you currently
own a Shovelhead and cannot afford to move to
an Evolution, don’t worry because the Shovelhead
can be made to perform just as well — you just
need to know what to do.

Many Shovelhead modilications use compo-
nents similar Lo an equivalent Stage Evolution
engine. In these cases, reference will be made to
the Evolution engine,

The following conventions are usged when
listing paris for each stage of modification: A
check mark next to a performance part indicates
that the part iz installed at this stage of modili-
cation. Parts without a check mark were previ-
ously installed.

Stage 1 Shovelhead

74 & 80 Cu. In. Engine

Mid 13s Second Bracket

95 to 98 MPH — About 65 HP

Either a 40mm Mikun or 1-7/8" S&5 Super
E carburetor is suitable for this engine and
either one will help the engine breathe better.

For the ignition, a high voltage eoil from
Accel, Andrews or Dyna and performance spark
plug wires will provide a good, hot spark for more
complete combustion. For 1979 and earlier maod-
els, make sure the mechanical advanece unit
works smoothly. For 1978 and carlier engines
with points stvleignition, consider replacing the
stock breaker points backing plate with an Accel
Super Plate. On 19801 and later engines with an
electronicignition, make sure the Vacuum Oper-
ated Electriec Switeh (V.0.E. 8.} is working prop-
erlv or consider replacing the entire ignition
svstem with either a points style unit or a single-
fire Dyna or M.C, lgnition electronic unit.

This engine will produce about 65 horse-
power at 5300 rpm and should be able to turn
mid 13s at 95 to 98 mph.

Stage II Shovelhead

74 & 80 Cu. In. Engine

Low 13 Second Bracket

100 to 103 MPH — About 75 HP

¢ Performance Camshaft

v Aluminum Pushrods and Solid
Lifters

v Performance Clutch

*  Performance Exhaust System

*  Mikuni HS540 or S&S Super E
Carburetor

= Performance Coil & Plug Wires

v Performance Exhaust System
v Mikuni HS40 or S&S Super E
Carburetor

v Performance Coil & Plug Wires

A set of free flowing staggered duals and a pair
of 1-3/47 0.D. header pipes or a 2-into-1 system
will work well for an exhaust. The larger the
mufiler volume, the better the exhaust should
seavenge. For the drag strip, 407 by 1-3/4" O.I).
straight pipes are a good place to start, Change
the pipe’s length in 27 increments to fine tune
them to your engine. Remember to enrich the
carhuretor jetting when installing a free flowing
exhaust system.
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The nextstep towardenhancing the Shovelhead’s
breathing capabilities requires a maore
performant cam along with solid lifters and
lighter pushrods. Consider the following cams
for this engine level: Andrews A and B; Crane
2888 and 308B; Head Quarters HQ-11/12 or
HQ-13/14; Leineweher L1 and L25; Sifton 107
and 112: and S&S 514. Be aware that some of
these cams are bolt-in, while others require
performance valve springs and proper spring
spacing, If vou do not want to go through the
work of pulling the heads now, be sure to select
a bolt-in cam. Alzo, remember it 1s better to
under cam than overcam. When in doubt, choose
the next smaller cam.
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Sinee the Shovelhead’s hydraulic lifters do
not handle high rpm as well as the Evolution’s,
the stock lifters should be replaced with solids.
Although solid lifters require periodic adjust-
ment, they are the best performance option for
the Bhovelhead unless a set of Velva-Touch hy-
draulic lifters is installed. Remember to mateh
the lifter design i=20lid or hydraulic) to the cam.

To keep up with the added power, the stock
clutch should now be upgraded with a Barnett
performance Kit,

Thig engine combination should be near 75
horsepower at 5500 to 6000 rpm and should be
able to do low 13z at 100 to 103 mph in the
gquarter,

Stage 111 Shovelhead

74 & 80 Cu. In. Engine

Low To Mid 12 Second Bracket
105 to 108 MPH — About 95 HP

Professionally Ported Heads

Compression Ratio 8.5 -1 to 9-1

Dual Spark Plugs

Single-Fire Ignition

Performance Camshaft

Aluminum Pushrods and Solid

Lifters

e Performance Clutch

e Performance Exhaust System

*  Mikuni HS40 or S&S Super E
Carburetor

*  Performance Coil & Plug Wires

"% KRN

At this point the engine has reached the limit of

its breathing capability. Now professionally
ported heads with performance valves, springs
and collars are in order. Modifying a head ta flow
big numbersis hoth a science and an art, Profes-
sional head porters have usually scrapped many
heads in the process of learning how to do it
right, Therefore, it is recommended Lo let the
professionals do the job. Before sending yvour
heads [or modification be sure to provide your
head porter with the following information: ob-
jeetives of bike, riding style, engine displace-
ment, cam, compression ratio, gearing, bike
weight and rpm range. A top notch performance
head job includes not only porting, but also
oversize valves and =seals, blending the seat to
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the port and chamber, and reworked combustion
chambers.

Professionally ported heads will increase
performance about 25 percent. If yvou don’t have
the money for a professional set, vou ean make
slight modifications yourself and get up to an 8
ar 10 percent improvement. In general,
Shovelhead ports are already oo large so don't
make them any larger. Instead, first radius the
short-side turn (located on the [loar of the port}
then blend the bottom of the valve seat to the
port bowl and remove the rough casting marks
on the port walls. Next, finish the intake ports
with a 680-grit paper roll and polish the exhaust
poris. Install new valves, guides and springs and
rermember to space the springs to the cam’s
specilications, If a head needs replacement,
5. T.D. Development makes an excellent perfor-
manee head.

The stock Shovelhead compression ratio
ranges hetween 7.4:1 and 8.0:1, depending on
the yvear and model of the bike. Higher compres-
sion helps low and midrange power by replacing
eylinder pressure lust due Lo longer cam dura-
tion. When running on pump gas, the engine
usually can tolerate between 8.5:1 and 9.5:1
compression hefore reaching detonation levels
ag long as the heads are dual plugged and there
15 some amount of sguish area. It's hard Lo make
reasonable power unless the compression is at
least to this level, so make every effort to prop-
erly setup the combustion chamber to handle
increased compression. Rivera and 5&S can
supply pistons that will get the compression into
this range.

Remember, it's difficult to get much squish
area with a Shovelhead combustion chamber
and stock bore unless the chamberis welded into
a bathtub or hemitub shape. The squish area
generates turbulence that is eritical to making
power with this engine. To achieve squish area
without welding, the radiused bottom edge of the
combustion chamber must be machined at an
angle equivalent to the piston dome’s, Then the
cylinder length can be adjusted so the piston
comes within 040 to 060-inch of the newly
machined chamber area(squish band area). Refer
to the chapter “Compression Ratio” for more
information,

Just about any Shovelhead will run better
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with two plugs per eylinder and Lo run higher
compression  without detonation most
Shovelheads need two plugs. Dual plugs not only
shorten the flame travel in the chamber, but also
unshroud its path, Although, many shops are
capable of installing dual plugs, make sure the
second plug is installed about at the same height
in the chamber as the original plug. Also, i the
second plug has a short 3/8-inch reach, use a
heli-eoil thread inserl in the plug hole.

Ignition timing for engines with lower com-
pression and single plug head will usually range
between 35 and 40 degrees BTDC, however,
some engines may need as much as 45 degrees.
High compression engines may only need 30
degrees advance. Also, itsimportant to retarded
the timing between 5 and 10 degrees from these
values when using dual plugs.

Dual plugs require two coils instead of one.
S0 if vou haven't already done so, thiz is a good
time to upgrade to a performance single-fire
ignition like a Dyna or M.C. Ignition Power Are
unit.

This engine should be in the area of 95
horsepower between 5800 and 6300 rpm and 1s
capable of getting a 770 pound bike into the low
Lo mid 12s at about 105 to 108 mph range.

Stage IV Shovelhead

&4, B8 or 91 Cu. In. Engine

High 11s To Low 12 Second Bracket
108 to 112 MPH — About 100 to 110 HP

v 4-1/27 or 4-3/4” Stroker Kit

v Performance Camshaft

v Blueprinted Transmission

*  Professionally Ported Heads

¢ (Compression Ratio 8.5:1 to 9:1
L ]

Dual Spark Plugs

*  Single-Fire Ignition

*  Aluminum Pushrods and Solid
Lifters

¢ Performance Clutch

= Performance Exhaust System

= Mikuni HS40 or 5&5S Super E
Carburetor

* Performance Coil & Plug Wires

For simplicity the 4-1/27 and 4-3/4" stroker kils
are described together. The 4-1/2" stroker kit
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only makes sense when rebuilding a 74 cubic
inch engine or where the flywheels ol an 80 cubic
inch engine need replacement. Depending on the
hare size, the 4-1/2" stroke provides either 84 or
86 cubic inches while the 4-3/4” stroke gives
either 88 or 91 cubic inches.

This performance level requires removal of
the engine from the frame. New, long stroke
flywheels are installed along with stroker pis-
tong, S&S or Truett & Osborn can supply the
flywheels, while Axtell and S&S have pistons.

With pump gas and single plug heads, me-
chanical compression should be kept hetween
8.5:1 and 9:5:1. Sorme engines may handle up to
10:1 compression with dual plugs. With race gas,
vou can run bebween 10.5:1 and 12.5:1 compres-
gion. Maximum effort engines are setup with
about 14:1 ecompression. It's imperative to attain
as much airfuel turbulence as possible with
squigh area and good chamber design. Keep the
piston dome as low as possible, while striving to
achieve the desired compression ratio. Hefer to
the “Stage ITT Shovelhead™ description for fur-
ther information regarding the squish area.

At this time, rebuild the connecting rods or
install a set of heavy dutv 5&S rods, The engine
should be balanced and blueprinted to proper
gpecifications, and the erankecase o1l breather
gystem should be modified and timed to open
and close for maximum oil seavenging,

This engine can use more cam than the stage
II1. An Andrews 6 and M; Crane 310B or 304E;
Head Quarters HQ-15/16; Leineweher L-3 or J-4;
and Sifton 105 or 107 are the cams to choose from.
Remember to match the valve springs, spring
spacing and lifters to the specific cam,

To eliminate missed shifls and chipped gears,
the transmission needs to be disassembled and
blueprinted to proper specifications. Also, it helps
to magnaflux and backeut the gears and install
close ratio first and third gear sets.

In general, the Mikuni HS40 or 8&S Super E
are good carbs for these engines, although the 88
and 91 cubic inch engines might benefit from the
larger S&S 2-1/16" Super (.

Finally, the stock rear tire can be replaced with
sticker Avon, Dunlop, Metzeler or Michelin rub-
ber. The remaining modifications listed above are
esgentially the same as those deseribed under
Stage 111 engine modifications.

Depending on digplacement, a Stage [V engine




should produce between 100 and 110 horsepower
at about 5800 rpm and 1s capable of high 115 to low
125 at 108 to 112 mph in the quarter mile.

Stage V Shovelhead

93 or 98 Cu. In. Engine

Low To High 11 Second Bracket

112 to 120 MPH — About 114 to 125 HP

4-1/2" Btroke x 3-5/8” Bore Kit or
4-3/4” Stroke x 3-5/8" Bore Kit
Performance Camshaft

S&S Super G or D Carb - 98” engine
S&S Super E or G Carb - 93" engine
Roller Rocker Arms

Chrome-moly Pushrods and Solid
Lifters

1-3/4 or 2" 0.D. Exhaust System
Blueprinted Transmission

* Professionally Ported Heads

9:1 Compression-Pump gas

9.5:1 to 14:1 Compression-Race gas
* Dual Spark Plugs

e Single-Fire Ignition

* Performance Clutch

* Performance Coil & Plug Wires

* % K% NN

Stage Vengines use either 4-1/2" or 4-3/4" stroke
flywheels along with either Axtell or 5&S 3-5/87
bore eyvlinders for a total of 93 or 98 cubic inches,
The crankcase spigot holes must be bored [or Lthe
larger eylinders and new big bore pistons are
connected to either S&S or Carrillo heavy duly
rods.

When running on pump gas keep the me-
chanical compression ratio to 9:1 to 9.5:1 with
single plug heads; however, the engine may
handleup to 10:1 with dual plugs, With race gas,
run as much compression as you can without
shrouding the flame front or airfllow. Maximum
effort drag engines are running 14:1 or higher
mechanical compression. It's imperative to at-
tain ag much airfuel turbulence as possible with
squish area and good chamber design. Keep the
pistan dome as low as possible, while striving to
achieve the desired compression ratio. Refer to
the “Stage 111 Shovelhead” description for fur-
ther information regarding squish area.

For a cam that complements these engines,
choose either an Andrews 8, C, M or &, Crane
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3108, 304B or 320B; Leineweber J-4, L-5 or L-
51; Red Shift 550; Sifton 117, 118 or 108; ar an
885495, Remember to match the correct springs
and lifters to the cam. Also, extra rigid chrome-
maoly pushrods are now recommended and if you
can afford the cost, this is the time to add roller
rocker arms {rom either Baisley, Crane or Rivera.

Try an S&S Super E or G carburetor with the
93 cubic inch engine. The 98 cubic inch engine
works well with the Super G and in some situa-
tions the 2-1/47 Super D.

Like the Stage IV combination, this engine
should be balanead and blueprinted to specifica-
tiong, including the erankease o1l breather sys-
tem. For frequent hard launches, a Bandit Ma-
chine SuperCluteh will salve any potential clutch
problems.

With a 88 cubicinch engine it's worth experi-
menting at the race track with 27 0.0, headers,
Fordrag pipes on the race track, start with about
307 lengths for the 1-3/4" diameter pipes and
about 40” for the 2" Q.. pipes.

A Stage V engine is capable of between 112
and 120 horsepower at 5800 to 8000 rpm. As-
suming the chasgsis can get the power to the
ground these engines should put a 770 pound FX
through the quarter in the very low to high 11
gecond bracket at 112 to 120 mph,

Stage VI Shovelhead

103 or 114 Cu. In. Engine

High 10s to Low 11 Second Bracket
120 to 125 MPH — About 125 to 145 HP

v 5" Stroke x 3-5/8" Bore or
5" Stroke x 3-13/16" Bore
¢ Performance Camshaft
v S&S 2-1/16" Super G or
2-1/4” Super D Carburetor
v 270D, Exhaust Svstem
*  Holler Rocker Arms
*  Chrome-moly Pushrods & Solid
Lifters
¢ Blueprinted Transmission
¢ Profezzionally Ported Heads
*  9:1 Compression-Pump gas
9.5:1 to 14:1 Compression-Race gas
¢ Dual Spark Plugs
* Single-Fire Ignition
* High Output Coil and Plug Wires
* Performance Clutch
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Shovelheads are still running strong on the racetracks. If vou build a Shoveihead night, it can v with the bast of them. Rober! Smifh
an his 174 of Shovelthead Fro Stock. Nole the external ol drain lines from the heads, Photo courlesy of Lary Smith/Handerafted

Armerican Racing Motoreyoles.

Although these engines are frequently run on
the street, they are more like a serious drag
engine than anything else. Without a doubt, the
114 eubic inch combination is harder on compo-
nents than the 103 inch version. However, with
this engine some racers have gone through an
entire year of drag racing, about 200 to 250 runs,
without disassembling the hottom end. When
compared to a Stage V engine, these engines
require a greater degree of maintenance and a
more watchful eve to ensure everything is in
proper working order,

To achieve 103 cubic inches, the stroke 13
increased 1/4” bevond Stage V for a full b-inches,
while the bore remains at 3-5/87. For the 114
cubic inch engine, the stroke again is 5-inches,
but larger 3-13/16" evlinders are now used,
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For cam selection, choose either an Andrews
, 9or 10; Crane 3208 or 330B: Leineweber L-5,
L-61 or L-6; Red Shift 550, 625 or 665; or a Silion
108,118 or 111. Remember, match the appropri-
ate springs and lifters Lo the cam.

Carburetion is provided by either an S&S
Super G or Super D. Additionally, these engine
can benelil from the additional high rpm scav-
enging provided by 2" 0.D. headers. The remain-
ing components are the same as for the Stage V
ENZINE,

These engines have the potential Lo produce
between 125 and 145 horsepower near 6000 rpm
with maximum torque at about 5000 rpm. High
10z tolow 11sat 120 to 125 mph are possible with
a properly setup streel chassis and drivetrain, <




Chapter 4

Induction
System

he engine's induction system
includes everything from the
air cleaner or velocity stack to
the intake port.

This chapter covers the carburetor, intake mani-
fold and the air cleaner assembly.

After installing a ree-tlowing exhaust sys-
tem and possibly a performance ignition system,
the induction system becomes the next bottle-
neck for the Big Twin. In stock form, the Big
Twin Evolution engine puts out about .80 horse-
power per cubic inch when measured at the
engine sprocket (this figure is reduced by 15 Lo
18 percent when measured at the rear wheel),
The Shovelhead has a slightly lower horsepower
to cubic inch ratio than the Evolution. Today,

51

many state-of-the-art naturally aspirated en-
gines are producing two or more horsepower per
cubicinch on gasoline, With the proper combina-
tion of parts and assembly techniques, the Evo-
lution and Shovelhead can casily pump out on
gasoline between 1-1/4 to 1-1/2 horsepower per
cubie inch at the rear wheel.

The major reasons for the Big Twin's low
horsepower to cubic inch ratio are due primarily
Lo three factors: poor intake tract breathing,
poor turbulence and incomplete combustion, and
poor exhaust scavenging.

The main bottleneck of the Big Twin's induc-
tion tract is the carburetor and the intake mani-
fold. Owver the vears the Big Twin has come
equipped with many carburetors such as the
Linkert, Tillotzon, Bendix and finally the Keihin,
Mozt of these carburetors have a venturi diam-
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eter of between 34 and 38mm or about 1-5/16 (o
1-1/2 inches. The latest carburetor, the Keihin
CV that was introduced in 1990, has a ventun
diameter of 40mm or 1.575-inches.

The ratio of carburetor venturi to eylinder
displacementisrather low on a stock engine, For
example, the stock 40mm diameter venturi is
equal to 1.948 square inches of area. Since the
Big Twin's carb feeds each eylinder separately, it
essentially feeds 4035 cubic inches. This trans-
lates into 20,71 cubie inches for each sguare inch
of venturiarea. When compared to the Sportster,
XR-750 racing engine or state-of-the-art racing
engines, this carburetor is relatively small and
low in airflow capacity for a 40.35 cubic inch
cylinder. The situation is worse for 1989 and
earlier Evolution engines beecause they have a
38mm carburetor. And it's worse yvel for Califor-
nia engines equipped with 34mm carburelors,

The Y-shaped intake manilold also restricts
airflow in the intake tract. The stock Shovelhead
manifold includes sharp edges instead of gentle
radius hends. These edges make it difficult for
the airflow to bend around the corners. Conse-
quently, flow ig restricted. The early model Em-'ﬂ—
Tution manifold (1954 to 1989} not only has
restrictions similar tothe Shovelhead. butit also
has a mounting system prone to leaks. The late
model Evolution manifold (1990 and lateri has a
decent short-side radius and is free of sharp
edges, but its long-side (backside) radius is too
straight for optimum airflow,

Because of these restrictions, the carburetor
and intake manifold must be replaced with a
high flowing design to make any substantial
horsepower with a Big Twin engine. Sinee the
carb and manifold are externally located, they
are relatively easy to replace without having to
open up the engine. The only other major compo-
nent that may need removal is the gas tank.

U a stock displacement engine with a free
flowing exhaust and an unrestricted ignition, a
performance carb will generally improve power
aboul 15 to 20 percent. Az engine displacement
increases, the percentage of horsepower gain
also increases, However, with a stock or near
stock displacement engine, no one carburetor iz
going Lo provide cnormous gains over another,
Major power pains will normally be realized
starting at 3500 or 4000 rpm because below this
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point most carbg and manifolds can satisfy the
engine’s airflow requirements.

Any engine with inercasced displacement
should always include a high flowing carburetor,
Significantly increasing engine displacement
without alzoinereasing the intake tract's breath-
ing capability (read: “performance carburetor
and head work™) causes the engine’s torgue to
peak at a very low rpm and then it drops off ike
alead balloon. This is because the engine’s large
dizplacement runs out of breathing ability (volu-
metric efficiency) rather quickly. Since torque
multiplied by rpm equals horsepower, it is easy
to see why power drops off. Actually this phe-
nomenon is also happening with a stock engine,
but to a lezser degree.

CARBURETOR OPERATION

Before discussing specific high-performance car-
buretors, it should be helpful to understand the
basic principles of carburetor operation. This
will help not anly when vou're selecting a carbu-
retor, but also when yvou're tuning it for maxi-
mum performance,

The principal function of a carburetor is to
regulate the flow of gasoline or other wvolatile
liquid into the engine and help atomize the
liquid fuel with a fast moving airstream for
optimum combustion. The challenge the carbu-
retor facesistomix the fuel and air properly aver
the engine’s entire operating range. It just ao
happens that some carburetors perform this
function better than olthers.
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A verturi flows maore air than a basic orffice because it reduces
furbulence by gradually slawing the airstrearm down and then
gifowing air pressive to nse smoothly through a confrolled
faperad section. Tha mare faminar low magrlies the lov and
high pressure areas and increases the flow area of the veniur,

Abasic carburetor has about {ive major com-
ponents: venturi, fuel bowl, spray tube, jel and
throttle valve. Of these components, the funda-
mental element 15 the venturi.

The verturi is located in the carburetor’s
body and forms an air restriction by sharply
narrowing and then gradually inereasing in size
toaslarge as or larger than the original opening.
As air passes through the restriction, it speeds
up the same as when it moves over an airplane
wing. The fast moving air creates a drop in
pressure (vacuum) that causes fuel to be drawn.

The fuel is stored in the fuel bow! and is kept
at a predetermined and relatively constant level
by a float mechanism. The [uel bowl is vented to
atmospherie pressure (14.7 psi al seca level)
through a vent tube. Fuel is forced or drawn [rom
the fuel bowl's high pressure area to the venturi's
low pressure area and then mixed with the [ast
moving airstream. The higher the fuel level in
the float bowl the easieritis for the venturt’s low
pressure area to draw fuel and the richer the air/
fuel ratio becomes. As the fuel level drops, it
becomes more difficult for the venturi’s low pres-
sure to draw [uel and this results in a leaner the
air/fuel ratio. Therefore, it 1s important for the
fuel system to sustain a constant fuel level in the
bowl to maintain a consistently correct airfluel
ratiao.

The spray tube is sometimes referred to as an
emulsion tube, discharge tube or needle jet. It
connects to the fuel bowl and is designed to help
mix fuel with air before supplying the mixture to
the low pressure area at the venturi. The outlet
endofthe spray tube iz located at the venturi and
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ig positioned higher than the fuel in the float
bowl, Fuel flows up the spray tube because the
venturi end of the tube is under a lower pressure
than the vented fuel bowl. The decreased pres-
sure al the venturi is called the signal. The
strengih of the signal is extremely important for
zood carburetion. The stronger the signal is, the
better performance will be at low speed, given all
things are equal. Although the highest signal
strength would be expected at the venturi’s small-
est diameter, it actually occurs about .030-inch
beyond this point due to fluid frietion. This is
why the spray tube is requently placed off cen-
ter in the venturi.
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Alrflows fhrough a basic onfice loses kinelic energy due o

furbulence on the exit side. The turbulence essentially re-
duces the flow area of the orfice. The vena cantracta is the
area of lowes! pressure and is located dovar sfream fram the
orfice's smaltiast odlamaler

Ideally, fuel should be delivered by the spray
tube in small, dense, cone-shaped droplets that
spread out over a large area. This is important
for good fuel atomization and vaporization be-
cause fuel droplets tend to attract each other, If
they emerge in unevenly distributed, tightly
bunched patterns, they are more likely to com-
bine and separate from the air. This results in
fuel puddling, which reduces throttle response
and power because a lower percentage of fuel is
burned in the combustion chamber, The amount
of unburned fuelizssignificant and it gets dumped
out the exhaust and is wasted.

The jet is a small threaded restriction that
hasz a small hole to limit the amount of fuel that
can pasg. The size of the hole controls the overall
airffuel ratio of the mixture supplied by the
spray lube,

The throttle valve is designed to regulate the
amount of air/fuel mixture that is drawn into the
combustion chamber, Most carburetors use ei-
ther a butterfly, slide or cylindrical valve design.
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The ideal carburetor is one that would sat-
1sfy the engine's airflow requirements at high
rpm, wide-open-throttle {(WOT) conditions, It
would also supply an air/fuel mixture that haz a
nearly constant ratio regardless of the engine's
rpm or load conditions. A basic carburetor can
meter fuel almost proportional to airflow be-

duces a signal at the spray tube that almost
doubles as airflow doubles.

However, the laws of physics that govern the
flow of both liguid and gascous fluids from re-
stricted apertures stipulate that as the low pres-
sure in the venturi increases, the amount of fuel
llowing from the jet and spray tube will also
increase, but at a quicker rate than the increase
in airflow through the venturi. As a result, the
hasie carburetor dezeribed here will provide a
constantly richer airffuel mixture as the engine's
rpm increases, This is a key point to understand
when tuning a butterfly style carb on the Big
Twin. Also, sudden variations in the engine's
rpm rate will affect the air/fuel ratio and its
hamogenization. Consequently, additional jet-
ting circuits and devices are needed to address
these conditions,

CARBURETOR CONSIDERATIONS

Air speed through a carburetor is determined by
the venturi’s diameter, position of the butterfly
or slide, engine displacement and rpm. Inereas-
ing the size of the venturi decreases the air
velocity through the carb for a given rpm and
engine displacement, and reduces the signal at
the spray tube. The reduced signal delays start-
ing the fuel flow until a higher rpm 1s reached.
When the signal falls below a threshold level the

fuel becomes less atomized and drops out of

suspension from the air supply. This results in
poor throttle response and reduced torque due to
poar combustion. It alse inereases the potential
for detonation and reduces fuel mileage at that
rpm,

When the rpm level increases, air velocity
through the carb will also increase. The higher
velocity increases the signal at the spray tube,
which increases fuel draw, improves atomiza-
tion and eliminates undesirable performance
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characteristics, Additionally, greater fuel at-
omization also increases the possibility of more
complete combustion that leads to ineresased
power potential. At high rpm, a large venturi
works well because air velocity is high. The high
velocity produces a strong signal strength, which
generates high mixture draw and good atomiza-
tion. Although a large carb is great for large
displacement engines or high rpm power, it can
reduce power on small engines or at low rpm
operation. Conversely, too small a carb will give
vreat low and midrange performance, but top-
end power will be reduced.

When comparing two different carburetors
with similar airflow capabilities, performance
differences can exist, For example, one carb may
meter fuel more precisely over a broader rpm
range or one may introduce less turbulence into
the airstream,

About hall of the carbs available for the Big
Twin regulate airflow through a fixed size ven-
turi with a throttle plate. A throttle plate is
commonly referred to as a butterily, Other carbs
use either a flat or round slide to vary the size of
the venturi and regulate the airflow. Constant
veloeity (CV)earbs such as the SU and the stock
1990 and later Keihin uge a butterfly as well as
a vacuum operated slide (round piston) to con-
trol airflow.

Butterfly carbs have a fixed venturi size and
a round throttle plate (butterfly) which 1s
mounted on a shaft located a short distance
behind the venturi. Asthe high speed air hits the
shaft and butterfly, turbulence iz generated.
The turbulence causes the air to tumble as it
moves through the manifold and port. Turbu-
lence in the intake tract reduces power because
cylinder filling 1s generally reduced.

Some butterfly style carbs are designed with
a very large entry diameter preceding the ven-
turi and a large exit diameter following the
venturi. The large entry and exit compensate for
the turbulence and restriction caused by the
butterflv and shaft. This allows the carburetorto
flow about five to ten percent more air than
another carb that has an identical size venluri,
but smaller entry and exit paths.
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A flat glide carb has no butterflly and shaft
and 1s relatively smooth through its bore. This
keeps turbulence to a minimum and allows the
air to travel more smoothly down the manifold
and port. Tts flat slide creates a variable size
venturi when raised by a throttle cable. The
venturi 1s gmall when air demand is low and
increases in size as air demand inereases, This
keeps the air velocity high, which creates a high
pressure drop that gencrates a strong signal for
guick fuel delivery and good atomization, The
strong signal provides excellent throttle response
and tractability at low rpm while providing out-
standing peak power.

Al low rpm levels, the opening required to
flow a given amount of air with the slide carbu-
retor is about 40 percent the size of a butterfly
carb’s opening. The smaller opening generates
an air velocity about four times that of a typieal
butterfly carb. Consequently, the signal at the
spray tube is stronger, so betier atomization and
fuel draw is achieved.

Another carburetor design is the variable
venturi, constant velocity (CV) type. This style of
carbis original equipment on 1990 and later Big
Twins, The venerable SU carburetor also uses
thisdesign. A constant veloeity carb has a vacuum
operated round piston that vegulates the size of
the venturi along with a butterfly and shaft that
regulates the airflow. The engine’s demand for
air regulates the up-and-down moverment of the
piston, which in turn regulates the size of the
venturi. At low speed. the venturi is small and
air velocity ig kept high for maximum booster
signal and throttle response. Conversely, at high
speed the piston raizes and creates a large ven-
turi to salisfy the engine's greater demand, This
design provides the henefits of both small and
large fixed venturi carburetors. The downside is
that its butterfly shall gencrates high turbu-
lence in the airflow.

JET CIRCUITS

Venturiz of currently available performance car-
buretors range in size from about 40mm {1,575-
inch) to 49.53mm (1.950-inch) and soon larger
sizes will be available, The major difference
between these carbs is not only the size of their
venturi and flow capacity, but also how well they
meter [uel throughout the rpm range. Since an
engine’s air/fuel requirements vary according to
its rpm, load level, and other factors, there must
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Here is an example of a 1865 wintage Linker! bullerlly slyle
carburator modified for racing. The honzontal buftermiy has
beern thinned down and can be seen located foward the rear
of the carby's thrical. The vertical soray fubea is protruding from
the hottom of the throat, The vantun s bored out to 7-8776"
which leaves the carb’s body paper thin, It aiso leaves fhe
ventLr with very little taper, The minimal venturd cregtes iltle
pressurs driop, 50 & large engine displacement is needed for
qood throttle respanse al low speed. Notice the fual ickler on
fop of the float bow! and Ihe large fuel iniet on the bottem,
During the 19605, this siyle carb was successiully used for gas
and fuel drag racing. In the mid 19605, Leo Payne stcoessiully
Used a fuel versian fo lay down mid B second runs with fus 74-
inch Spartster fualer, Thaintroduction of the S&5 carbin 1968
ended the Linkert’s racing caraar

be a way for the carb to adjust for the dilferent
conditions, These adjustments are normally
handled by dilferent jelling cireuits, In the pre-
vioug example of the basic carburetor, one jet
circuit was represented, [t is equivalent to what
iz called the main jet circuil.
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Most butterfly type carbs incorporate three
jetting circuits: the idle mixture, low speed (pilot
jet) and high speed (main jet). The low speed jet
controls Lthe mixture at idle and glightly higher
rpm. A series of small holes is generally located
in the top of the throttle bore, These holes are
ugually referred to as either transition, idle or
bypass holes. As the butterfly disk starts to open
from a closed or idle position, the holes are
uncovered one by one, These holes supply the
fuel mixture up to aboul ane quarter throttle
opening. At this point, the air velocity should be
high enough Lo create sufficient vacuum (low
pressure) in the venturi area to allow fuel to
startl flowing out of the spray tube, which is part
of the main jet circuit. As the throttle disk moves
past the series of transition holes, the llow of
mixture through the holes starts to slow and
then stops. At thig peint, the flow of mixture
from the main jet circuit should start supplyving
the fuel, This point is referred Lo as the transi-
tion period and it's a period where large bore
butterfly carburetors sometimes have a diffienlt
time properly controlling the air/fuel mixture,
Thisg is the point where flat spots and hesitation
are frequently experienced.

Sometirnes these problems can be reduced or
eliminated by adding more transition holes, in-
creasing the holes’ diameter or changing their
pattern. The shape of the venturi, height and
design of the spray tube, the level of fuel in the
floatl bow] and other factors play a part in how
pood throttle response 15 during the transition
period. Because of the butterfly carb’s inherent
design (low number of metering cirenits), it is
important to select a venturi size that 1s not too
large for a street driven engine, otherwise throttle
response will suffer,

A slide style carburetor essentially has a
variable size venturi, ingtead of a [ixed ventur
as with the butterfly style carbs. With the vari-
able venturi, air velocity 1s kept relatively high
at the spray tube at all throttle openings. This
provides a quick, foreeful draw on the uel mix-
ture and good atomization. Instead of tran-
sition holes, this style carb uses a moving needle
and needle jet along with a low speed pilot jet
civcuil and a high speed main jet to provide the
correct air/fuel mixture at practically any
throttle opening.
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FUEL DELIVERY

The float bow] supplics fuel to Lhe venturi area
for metering to the engine. The fuel level in the
howl is regulated by a float mechanism con-
nected to an on/off valve called a necdle and seat
assembly. The float, needle and seal are located
inzide the float bowl. As the float rises from the
incoming fuel, the needle contacts the zeat and
shuts off the fuel supply. Conversely, the level
stops rizging as (el is drawn out of the bowl. Now
the float starts to lower, which drops the needle
away [rom the seat and a new supply of fuel
enters the bowl. The needle and seat are inter-
mittently opening and closing the flow of fuel to
the howl,

If the engine draws fuel from the bowl (aster
than it can be replaced, the fuel level in the bowl
drops and the air/fuel mixture becomes inereas-
ingly leaner and leaner, This condition 1s most
likely to oceur during hard acceleration at WOT
because fuel requirements are greatest at this
time, The longer the engine is at WOT, the
greater the chance the fuel level will drop enough
for Lthe air/fuel ratio to go lean before the end of
the quarter mile ar straight-away.

A performance oriented carburetor must have
anecdle and seat with suflicient flow capacity to
supply enough fuel to the engine under high
acceleration conditions. A large fuel bowl capac-
ity can aid the needle and seat by reducing the
rate at which the fuel level drops in the bowl
under high demand conditions.

CARBURETOR SELECTION

The ideal high-performance carburetor has high
[low capacity, maintains high air velocity and
generates a minimum amount of turbulence. It
also includes enough adjustments [or precise
fuel metering over the entire rpm range and
allows for easy jetting changes.

Seleeting a carburetor for a street driven
engine can be more difficull than a drag engine
because the street engine encounters a broader
rpm range, For a street bike application, good
airffuel metering {rom 2000 rpm to redline
(usually 8000 to 6500 rpm) is needed to elimi-
nate flat spots and to provide good gas mileage.
A carb that maintains high air velocity is desir-
able for quick throttle response, especially
al low rpm.,
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When selecting a carburetar, eonsider one

that will deliver the highest signal strength for

your engine's displacement and the rpm range it
will be operating at. High airflow capacity needs
to be balanced against good fuel metering and
throttle response. Sometimes it is better to select
a carb not because it ows more air, but beeause
it delivers a better fuel curve for the application,
Keep in mind Lthal the moest important factor Tor
acceleration is engine torgque, not horsepower,
and too large of a carb kills torque in the low and
midranges and can even kill torgue at high rpm.

Other considerations for street driven en-
mines include adequate gas tank and leg space
clearance. A large five gallon gas tank generally
provides less space for the carb than a smaller
tank and therefore carb selection may be lim-
ited. Rubber mounted engines shake violently in
the frame so more clearance is generally re-
guired between the carb and tank than with a
golid mounted engine. Also, carburelors and
manilolds thal protrude a greal amount [rom
the engine can create a very cramped riding
position for yvour leg and this can become very
uncomfortable, particularly on long rides. A
manifold that changes the carh's position hy as
little as one half inch can create interference
problems hetween some carbs and large five
gallom tanks. Finally, ease of inzgtallation should
be comsidered. Carb kits that include the proper
intake manifold and throttle cables eliminate
many frustrations and hassles,

With a drag application, carburetor eonsid-
erations are slightly different. High airflow is a
greater priority than with a streel carb and gas
mileage iz not a consideration. Depending on
factors such as the borefstroke combination,
gearing, ete., a drag only engine 1s revved be-
tween 4500 and 5000 rpm on the low end, and
6500 and 7800 rpm on the high end. As a result,
high air velocity (read: “good fuel metering and
throttle response”) 15 a major consideration only
above 4500 or 5000 rpm because the engine will
normally not drop below this level during race
conditions. Consequently, the rpm range the
carb meters fuel is narrowed and good throttle
response can be achieved with a larger carb lor
a given engine displacement.

Just remember thal [or a given engine dis-
placement, a larger carburetor requires a higher
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rpm level to bring the high speed jetting cireuit
into operation, Convergely, a smaller carb, due
Lo 1ts higher air veloeity, brings the high speed
circuil in al a lower rpm. A high rpm engine can
handle a larger carburetor because at high rpm
alr velocily 1s kept high for good fuel metering.
Remember, the poinl at which the high speed
circuit starts delivering fuel plays a major role in
throttle response and driveability.

Alarge carb can inerease top-end power, but
may hurt low-end throttle response and tracta-
hility. A carburetor too small for a particular
engine displacement will provide good fuel at-
omization, throttles response and gas mileage,
hut will reduce top-end power,

Still, there are other more subtle factors that
can play a part in carburetor selection — factors
such as cvlinder head airflow capacity, For
ecxample, an engine with high lowing heads, in
general, can handle more carburetion than an
egual displacement engine with lower lowing
heads, As a resull, il 1= somelimes difficult to
identify the optimum size carb for a particular
application.

Unfortunately, motorevele carburetors are
not flow rated as are automotive carbs. This fact
and differences in carb design mean that you are
frequently comparing apples to oranges when
selecting a performance carb for vour engine,
Additionally, there iz a myvriad of carbs available
for the Big Twin, which confuses the selection
process even more, In fact, an entire book could
be dedicated to only carburetors. Therefore, this
chapter is limited to specifically discussing two
proven perlbrmance carburetors, besides the
stock Kethin (1990 and later).

Une carburetor has a slide design while the
other uses a throttle butterfly. Most perfor-
mance carbs for the Big Twin use one of these
designs. As such, many of the concepts and
technigues described below can be applied to
anather carburetor with a similar design.

Since its introduction in 1968, the S&S car-
buretor has powered more Big Twin race win-
ners than any other carburetor. This carb is a
true legend and its performance records are well
documented. IL offers performance, simplieity,
good looks and 1s readily available in kit form.

The Mikuni H540 is a high [lowing 40mm
carburetor that provides excellent low and
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midrange power and throttle response. Addi-
tionally, it offers a wide tolerance in setup, is
easy to dial in and is available in kit form.

Although the S&S and Mikuni HS40 are not
the only carburetors that olfer better perfor-
mance for the Big Twin, they are proven per-
formers, easy to install, readily available and do
not interfere with the rider's leg position,

Two carburetors not discusszed here are the
venerable 2-inch ST and the 44mm round zlide
Mikuni. However, these carburctors make
excellent power and are used in many successful
performance applications.

Tohelp the carburetor selection process, Table
4.1 lists possible choices based on engine dis-
placement. The Table iz valid for both Evolution
and Shovelhead engines and although the dis-
placement calegories are arbitrary, they make
sense from a logical view point.

CARBURETION SELECTION GUIDE
| BE-93 Cu. In, 96 Cu. In. & Up
Wikuni HS ad SES Super G°

S&5 Super D

[ 7a-sE Cu.In,
Rk 1S 40
S&5 Super B
S&5 SuperE

545 Buper B
B&S Buper B

S&3 Super G

I
* For thase engine displacements, the S48 Super G can be hored out
up b2 A00-inch Refer 1o Appendix E for additional information.
Tahle 4.1

CARBURETOR SETUP

Unless extremely lucky, few racers are winning
races with a carburetor that was dumped out of
a box and bolted on their engine, A hox-stock
carburetor may not be far offin performance, but
it won't have that extra performance advantage.

Today, carburetors are mass produced within
a specified toleranee range to help keep them
affordable. As a result, due to the wide toler-
ances, some carbs perform better than others.
Rough shipping and handling can change a
carburctor’s pre-set factory tolerances and this
can resultina performance reduction at the very
least, or a poor running engine at Lthe worst.
Furthermore, instances have ocearred where a
new earburetor, straight out-of-the-box, had an
O-ring missing and leaked as a sieve when the
fuel valve was first turned on.

Therefore, if you want the maximum perfor-
mance from your carburetor or want to save
vourself some inconveniences, vou should con-
sider gpending the necessary time to check the
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carburetor belore installing it. If you're not fa-
miliar with your carburetor or this is the first
Lime yvou are installing a carb, you can learn
about it by earefully and patiently checking it
over, Thisisan excellent way to get familiar with
it and the knowledge you gain will help you not
only during installation, but also during tuning.

Checking a carburetor is divided into two
categories ol procedures: basic blueprinting and
advanced blueprinting. Basie blueprinting in-
cludes procedures such as: examining movable
parts for proper functioning; verifyving installed
jet sizes; checking tolerances and settings of
adjustable components; and ensuring that all
parts, gaskets and seals are properly installed
and seating. On the other hand, advanced
blueprinting includes: machining procedures that
change the shape or size of the venturi or throttle
bore; modifications to the butter{ly shaft or CV
piston; modifications to the fuel and air circuits;
or evening up the airflow and fuel signal of
multinle carbs. Both categories of modifications
are ineluded helow.

MIKL NI HS40 DESCRIPTION

The Mikuni 11540 is a 40mm smoothbore carb
manufactured by Mikun American specifically
for installation on Harley-Davidson engines, It
firstentered the market place in late 1988 and is
avallable in kit form for Ewvolution and
Shovelhead models. The 11540 should not be
confused with the Mikuni 40mm round slide
(R3] carburetor.

Due to the elean airflow through its smooth
bore, the HS40's venturi flows as if it were about
42mm. This carb is very versatile and olTers
excellent low and midrange throttle response
because air velocity is kept high and airflow
moves smoothly through 1tz variable size smooth
bore venturi, Its quick throttle response 12 partly
due tothe strong vacuum signal across its tuning
eireuits, which is a divect result of its narrow
radial flat slide. Additionally, its fuel level is
kept relatively high in the float bowl, which
places the fuel ¢loser to the mouth of the needle
jet. Az a result, fuel is drawn to the signal area
guickly. The 1S40 also offers good top-end per-
lormanee for smaller displacementl engines,
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The Mikuniis noted far its excellent fuel cunve over g broad rom
range. The carburaior provides excellant roille response
and comeas ina ki, which inciudes a tigh lowing K&N alr filter,
exira jets and mounting hardware,

The HS540 has six fuel metering circuils to
handle the entire range of throttle operation, A
replaceable pilot air jet and pilot fuel jet along
with an adjustable pilot fuel screw are used for
controlling idle and low speed operation. An
adjustable/replaceable needle and needle jet
primarily control midrange operation and a re-
movable main jet controls high speed operation
above 3/4 throttle position, An adjustable accel-
erator pump is built into the carburetor and
helps throttle rezponse at any rpm.

Cold weather starting is handled by a mix-
ture enrichment circuit instead of a choke but-
terfly and shaft. This circuit provides a clean
path for the airflow through the carb’s bore,
unlike a choke butter{ly setup.

Each HS40 carburetor kit includes a high
flowing K&N air [iller, throttle cables, mounting
hardware and extra jets. A velocity stack is
optionally available. If desired, the factory Evo-
lution air eleaner cover can be reused for a stock
looking appearance.

The Mikuni mounts to 1989 and earlier Evo-
lution intake manifolds with a rubber flange,
however, it requires an aluminum manifold
adapter ring for mounting to 1990 and later
manifolds. For optimum performance, the stock
intake manifold should be replaced with either a
Bartels', Branch, Ram Jett or S&8 aftermarket
manifold,
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Atonetime, White Brothers in Garden Grove,
California offered a kit that allowed retention of
the stocl cruise control for late model (FLHTCTT)
“dresser” models, The kit may still be available,
Eebuild kits are available for the H340 carbure-
tor.

MIKUNI HS40 SETUP

The Mikuni HS40 carburetor can be separated
into about three major component areas: the fuel
float bowl, float, needle and seat assembly; jet-
ting circuits; and accelerator pump. However,
before any madifications ar changes are made to
any of these areas, a baseline check of all jel sizes
should be performed and the results recorded for
future reference. Also, the settings of adjustable
items such as the {loat level, accelerator pump,
jet needle and pilot screw should be verified and
recorded.

Unlesz the Mikuni is used on a large dis-
placement engine, install it with Lthe factory jets
and run the engine before making any jet changes.
For tuning purposes, be aware that H540 main
jets are rated by size, while the pilot jets are flow
ratled.

The throttle return spring has three preload
positions. The HS40) iz shipped with the spring
in the stiffest position, bul this position can be
[atiguing on the wrist. Moving the throttle
preload to the middle position is usually pre-
ferred because it redaces fatigue. However, for
safety reasons, ease of tuning and to achieve
maximum airflow, vou need to ensure that the
radial slide opens [ully and always returns com-
pletely to the idle position.

Float Bowl Components

If thiz carb has a shortcoming, it 12 its limited
ability to {low a sufficient volume of fuel during
high acceleration conditions, From a performance
view point, anything modifications that increasze
fuel flow into the HS40 carb should help high
rpm performance,

When you view the carb’s fuel inlet swivel
fitting that the fuel line connects to, vou will
notice that it makes a 90 degree hend into the
carb body and the fuel passage makes an addi-
tional 90 degree bend at the needle and seat
area. Any improvement to fuel flow in this area,
such az radiusing the internal 90 degree bends
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with a Dremel tool, is beneficial, The needle and
seat assembly can be removed and the top of the
seat can be slightly shortened in a lathe for
improved ow, The end of the fuel passage also
can be radiused. Be careful not to damage the
surface of the needle’s seat.

An aluminum stop-pin protrudes fraom the
bottom of the float bowl. The pin stops the float
from dropping below the pin's end. The pin
should be ground down to one hall 1ts normal
height so the float can drop down lower, This will
allow the fuel needle to move farther away from
its seat and allow fuel to refill the bowl guicker.

The Viton tip needle and seat assembly acts
as a valve and allows fuel to enter the loat bowl,
When the bowl 15 full, the needle must provide a
good seal against the seat to shut off the fuel flow
completely so the bowl does not overflow. The
needle and seat assembly also includes an O-
ring for sealing the seat against the earb body.
With a new carb, leave the O-ring alone because
it can easily get damaged when the needle and
seal assembly is removed from the carb body.
Evenifthe needle seals properly apainst its seat,
a damaged O-ring can still allow the fuel bowl to
overflow. If the O-ring needs replacement, the
needle and seat aggembly first must be removed.

The fuel level ifloat level) in the bowl is
important for proper carburetion. The Noat level
is set at the factory, bul it can change during
shipping or rough handling, The fuel level can
have an affect on how rich or lean of mixture the
carburetor delivers. The higher the fuel level in
the float bowl, the easier il s for the vacuum at
the venturi to draw fuel. Conversely, the lower
the fuel level, the harder it is for the venturi's
vacuum to draw fuel, In general, the carburctor
tends to provide a richer air/fuel mixture with a
high fuel level and a leaner mixture with a lower
fuel level. This 1s the reason it is important to
have the Tuel level set properly

To check the float level, turn the carb upside
down and tilt it at about a 15 degree angle with
the needle and seat positioned on the high side.
The highest point of the float, when measured
opposite the needle and seat assembly, should be
18mm (about 3/4-inch) ahove the surface of Lhe
carb body. The float level is adjusted by gently
bending the actuator tab that contacts the needle.
Make sure the O-ring is properly positioned
when replacing the fuel bowl.
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TUNING CIRCUITS-HS40

There are 21X jet circuits on the HS40. Five are
replaceable with different size jets and one i pilot
serew) iz adjustable. The six jet circuits can be
categorized into three tuning circuits: the idle
loww speed, intermediote and the main.

The idle/low speed circuit controls the mix-
ture up to about 1/4 throttle open and includes
the following tunable parts; pilot fuel jet, pilot
air jet and the pilot screw. The intermediate
tuning circuil controls the fuel mixture between
1/16 and 3/4 throttle position and includes the
needle jet and jet needle. The main tuning circuit
starts supplying fuel at about 3/ open throttle
and includes the main jel.

Most late mode]l Mikuni HS40 carbs are
shipped {rom the factory with the following jel
combinations: #17.5 pilot fuel jet, #1.1 pilot air
jet, #1685 main jet, #90D.JY4-96 jet needle, #Y-6
needle jet and the pilot screw set about three
turns out from fully bottomed, Early model H340
carbs were shipped with a 9DJY-1 jet needle.

IDLELOW SPEED TUNING CTRCUIT-HS40
The idledow speed circuil influences the air/fuel
mixture up to about 1/4 throttle opening. This
circuil must be fine tuned hefore the other cir-
Cuits.

Pilot Serew

The adjustable pilof screw (externally located on
the lower backside of the carb) must be adjusted
belore other jets can be tuned. Start by warming
the engine and hold the engine rpm between
1400 and 1500. Then adjust the serew either half
way between its too-lean and too-rich positions
ortoa slightly over-rich position. Turn the screw
out (counterclockwisel to enrich the mixture.
The acceptable range for the screw is between 1/4
turn and 3-1/2 turns out. If the engine runs best
with the screw beyvond 3-1/2 Lurns out, either the
pilot fuel jet is too small or the pilot air jet is too
large. Il'the engine runs best with the screw less
than 1/4 turn oul, either the pilot fuel jet is too
large or the pilot air jel 1s Loo small.

When the pilot screw 1s beyond about 2-1/2
Lurns out, it may vibrate loose, You can cither
stretech the spring or apply a small amount of
RTYV silicome sealer to hold the serew in position.
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Pilot Fuel Jet

The pilot fuel jet (located inside the float bowl
area) controls the maximum amount of fuel that
flows through theidledow speed cireuit and works
in conjunetion with the pilot air jet. Available
sizes are #15 to #30 in increments of 2.5 and #35
to #60 in increments of five. These jets are [low
rated so the jet’s number directly can be used to
caleulate flow changes during tuning.

Pilot Air Jet

The pilot air jet (externally located at the battom
right-hand side of the carb’s air intake) controls
the amount of fuel that flows through the pilat
fuel jet by regulating the amount of air through
the pilot system. For a given gize of pilot fuel jet,
increasing the zize of the pilot air jet leans the
pilot circuit. Decreasing the pilot airjet enriches
the pilot circuit, Available pilot air jet’s are #1.1
through #2.0in increments of (1.1. These jets are
flow rated like the pilotl fuel jet,

The pilotairjetis normally selected by riding
between 15 and 30 mph. The engine will tend to
surge or possibly detonate ifthe pilot airjetiz too
lean. In this case, select a smaller size (lower
number). Ifthe engine misfires or fuel mixture iz
detected burning in the exhaust system, the air
jet is too small (rich) and a larger size (larger
numhber) should be selected. Also, an engine with
too small of pilot air jet (mixture too rich) will
have good acceleration through the low and mid
rpm ranges up Lo about 80 or 90 mph. Beyvond
this point, the engine will stop pulling hard and
will stop aceelerating, On the other hand, if the
pilot fuel jet iz too small, the engine may tend to
“cough”™ and “pop” through the carb at idle. Also,
the engine will be slow to drop from about 2000
rpm toidle taboul 1000 rpm), Changing to a one-
size smaller pilot air jet has approximately the
same effect as installing a one-size larger pilot
fuel jet.

Befer to Table 4.2 [or sugpested starting
points. Keepin mind that due to different engine
combinations and ambient almoespherie condi-
tions, yvour best jetting requirements may change.

Although the idleflow speed cirenit prima-
rily affects operation uptoabout 14 open throttle,
be aware that it can inflluence the air/fuel mix-
ture of the intermediate tuning cireuit,
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INTERMEDIATE TUNING CIRCUIT-HS40
The intermediate tuning cireuit controls engine
operation between /4 and 3/4 throttle opera-
tion. This circuit includes the needle jet and jef
needle,

Needle Jet

The need{e jet 1s a long tube that screws into the
carburetor body. When you look through the
carl’s throat, the tip of the needle jet is seen
slightly protruding from the bottom of the ven-
turi. It can be removed with a 5/16-inch deep-
well socket after removing the fuel bowl drain
plug.

The function of the needle jet iz to work in
conjunction with a tapered jet needle to control
the air/fuel mixture mostly between 1/16 and 1/4
throttle opening. Beyvond 174 throttle opening,
the tapered portion of the jet needle begins to
emerge from the mouth of the needle jet and
takes control of most of the air/luel mixture up to
about 374 throtile, Beyvond 3/4 throttle, the jet
needle’s Laper has no influence on the mixture.

Dhae to the low pressure area at the venturi,
fuel 18 drawn from the fuel bowl through the
needle jet to the venturi. The HS40 needle jet is
a non-hleed design, which means it does not
include airholes(emulsion tube design jintended
to help the fuel mix and atomize with the incoms-
ing airflow. Instead, the pilot air and fuel jets
handle this task. As air velocity increases, a non
bleed design increases fuel flow at a higher rate
than an emulsion tube design,

The standard needle jet is a number Y-6. A
number Y-8 ig richer while a Y-4 is leaner. In
most applications. the standard Y-6 needle jet is
adequate; however, a richer Y-8 needle jel may
be required for large displacement engines or in
situations where a large pilob air jet 1= used.

Jet Needle
The tapered jet needle is attached to the alumi-
num radial slide by a metal E-ring. The needle
consists of a straight section and a tapered
section. The needle extends down vertically from
the slide and passes through the center of the
needle jet, As the throttle opens (slide raises),
the needle raises with it.

From 1/16 to 3/4 throtile opening the amount
of air/fuel foam or froth drawn into the
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carburetor’s venturi is governed by the diameter
of that part of the needle in the mouth of the
needle jet and the inside diameter of the neadle
jet. As the tapered section of the needle 1s raised
[arther out of the needle jet, the orifice formed by
bath parts inereases in size and allows more fuel
mixture to flow through. From the point where
the tapered section of the needle leaves the
mouth of the needle jet (about 1/4 throttle open-
ingl, it hag a significant affect on the air/fuel
mixture. The needle’s greatest influence is be-
tween 1/2 and 3/4 throttle apening because in
this range il controls most of the fuel How,

Keep in mind that the tapered section of the
needle has no effeet until the throttle is about 1/4
open. If the airfluel mixture is too lean or too rich
when the straight section of the needle is in the
mouth of the needle jet (1716 ta 144 throttle open-
ing ), the needle jet inot the jet needle) is incorrect
and must be changed. Raising or lowering the
needle to rectify a mixture problem in the 1/16 to
1/4 throttle opening will have either no effect, ar
il the change does cure a problem a rich or lean
condition will result between the 14 and 3/4 throttle
posilion,

The jet needle’s adjustability provides the
H540 with excellent fuel metering hetween the
idle/low speed and high speed tuning circuits.
This resulis in excellent throttle response al
lower speeds and elimination of flat spots.

Early model {1989 and earlier) HS40s were
shipped with a number 9DJY01 needle while
late models (1990 and later) include a 9D.JY04-
96 needle. The only difference between the twois
their part number. Two additional needles, the
Y02 and Y03 (hoth are richer than the standard
needle) are also available,

The jet needle can be accessed by removing
the carb’s top cover. The needle includes five
grooves at its top end. An E-clip in one of the
erooves holds the needle in the slide. Be careful
not to loge the plastic washer located under the
clip. The standard position (factory selling) for
the clip ig the middle (third) groove, The needle
can be manually adjusted either richer or leaner
by moving the position of the clip. Moving the
clip to a higher groove lowers the needle and
leans the mixture. On the other hand, moving
the clip to a lower groove raises the needle and
enriches the mixture.
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To tune the jet needle, the throltle must be
positioned between 1/2 and 3/4 open. The
throtlle’s position can be determined by mark-
ing the handlebar throttle grip at full closed and
full open position with a small dot of paint. Be
sure all the slack is out of the cable before
marking. Next, mark the 1/4, 172 and 3/4 posi-
tions.

To tune the jet needle, the engine needs Lo be
accelerated quickly from 1/2 to 5/ throttle posi-
tion in high gear starting at about 50 mph,
Adjust the needle for the strongest acceleration,
A soft or slow response indicates a lean mixture.
Another symptom of oo lean a needle setting is
that the engine runs better when the throttle is
quickly shut from 3/4 Lo 1/2 throttle position. A
symptom of too rich is that the engine will tend
to load up with fuel and hesilate and stagger
when the throttle is suddenly elosed from 374 to
1/2 position. Strive for fast, crisp acceleration
without any symptoms of the engine loading up
during sudden throttle close. Remember that
either enriching or leaning the jet needle not
only will affect the air/fuel mixture duaring
midrange, but also at the low and high speed
ranges.

Long periods of storage can cause the radial
slide or throttle hinkage to stick, so periodically
apply WD-40 or a similar lubricant to ensure
free movement.

MAIN JET CIRCUIT-HS40

The main jet circuit includes the main jet, which
controls the airffuel mixture from about 3/4 to
[ull throttle opening. Below this throttle range,
the main jet has no influence. In fact, it even
could be removed from the carb without affect-
ing carburetion. This 15 because at about 3/4
throttle opening, the orifice created by the ta-
pered necdle and needle jet becomes larger than
the main jel’s orifice, resulting in the main jet
size as the imiting factor to fuel flow.

The mainjelis always the last jet to fine tune
and it is reached by first removing the float bowl
drain plug and then removing the needle jet with
a 5/16-inch deep-well socket. The main jet screws
into the hottom of the needle jet. Now the main
jet can be exchanged and the needle jet assembly
replaced in the carburetor. The HS40 is nor-
mally setup at the factory with a #165 main jet.
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Main jets are availahle from #5350 to #200 in
increments of 2.5, Take note that HS40 round
style main jets are size rated. This means its
number represents the diameler of 1t orifice in
millimeters,

Determining the optimum main jet is best
done at the race track because the highest mile
per hourin a given distance is the best indicator
of maximum horsepower and optimum main jet
size, For stock displacement engines, start with
a #155 main jet. Refer to Table 4.2 [or recom-
mended starting points. Keep in mind that alti-
tude, air temperature and even humidity will
have a significant affect on the correct jetting.

First, warm the engine and then make a run
down the track noting the [inal mph, but disre-
garding the run’s elapsed time (E.T.). Increase
the jet size by five, make another run and again
note the mph. Be as conzistent as possible with
the runs, Continue making runs until the mph
drops. Al this point, decrease the jetl size (lean)
by 2.5 and record the results. By including air
temperature, humidity and altitude informa-
tion you can establish a usahle haseline for
future reference,

Foranyone limited to street riding, check the
main jet by quickly elosing the throttle from wide
open to 7/8 position when the engine’s rpm s
4500 or greater, Ifthe engine accelerates slightly,
the main jet iz too small (too lean). If the engine
hesitates or misses slightly, the main jet is too
large (too rich). 1f the engine just slows a slight
amount, the main jet 12 close to the correct size.

Another test is lo accelerate rapidly through
the gears at full thrattle. If the engine backfires
through the carburetor, misses, intermittently
culs out or quits running, the main jetis too lean
and its size should be increased by five, On the
other hand, if the engine has sluggish aceelera-
tion, will not accept throttle or has a tlat sound-
ing exhaust, the main jet is too rich and its size
ghould be reduced by five.

Take note how easily and quickly the engine
reaches the gear shift rpm level. The engine
ghould accelerate smoothly and quickly through
the gears. A rich condition will tend to make the
engine’s acceleration labored and sluggish.

Induction System 63

MUK HS340 JETTING GUIDE

Pz T
Engire | Pllot dr Jel Pl Fual Jel Main Jeo et Hepcie Waeda ol
55160 -3 B
1P A 155100 =1 ot
a E-R TS
i} 160 g

ACCELERATOR PUMP-HS40

The Mikuni HS40 includes an accelerator pump
for enhanced throttle response when quickly
opening the throttle at low rpim. When the throttle
is gquickly opened, air velocity through Lthe carb
drops and Lthe airfuel mixture leans out. The
accelerator pump injects a squirt of fuel directly
into the carly's throat as the throttle is opened to
help maintain a more correct air/fuel mixture.
Be careful not to flood the enpine aceidentally by
unnecessarily opening and cloging the throttle,

The total volume of fuel injected is controlled
by the beginning and ending of the accelerator
pump’s flow. Both points can be adjusted with
two serews externally mounted near the top
right side of the throttle shaft.

Best engine performance is usually achieved
when the pump’s push rod hegins its stroke
immediately ag the throttle is moved from the
idle position and ends ite stroke at 374 throttle
position. Attempt to achieve the best throttle
response with the minimum amount of pump
travel. Mark the throttle grip as described above
to help determine the throitle’s exact position
when adjusting the pump.

The pump injects fuel into the carb's throat
from a thin brass spray nozzle that protrudes
ahout 1/d-inch from the bottom of the throat. For
both evlinders Lo receive an even distribution of
fucl, the nozzle must be positioned so the fuel
stream strikes the needle jet. The nozzle 13 held
in position by friction from a rubber O-ring seal
and it can be easily rotated by gently gripping it
with needle nose pliers. The nozzle’s pogition can
be biased Lo favor either evlinder, but it's better
to direct the fuel stream at the needle.

The accelerator pump has an aluminum
plunger and a return spring located on the right
side of the float bowl. The plunger pumps fuel
out of the nozzle. If the bike is stored for long
periods of time or dirt or foreign particles get
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lodged between the plunger and its eylinder, the
plunger can seize in a lowered position and stop
working. Bometimes a small squirt of WD-40 on
the pump rod, throttle shaft linkage and return
springis all thatis needed to free the plunger. In
severe cases, the plunger may need to be disas-
sembled and lightly sanded with line, 600 grit
emery cloth.

INTAKE MANIFOLD-HS40

As deseribed earlicr, the Mikani H340 mounts
to an 1989 and earlier Evolution manifold with
a rubber flange. One end of the flange slips over
the male end ol Lhe carburetor, while the ather
end bolts Lo the stock manifold. For 199{) and
later manifolds, an aluminum adapter ring is
required for mounting. H540 Shovelhead kits
include a new manifold.

Regardless of the engine's vear, for maxi-
mum performance the stock intake manifold
should bereplaced with eithera Bartels’, Branch,
Ram Jett or S&S manifold, S5&5 offers various
length manifolds for cylinders longer or shorter
than stock. These manifolds have better radiuses
and a larger plenum than stock manifolds, They
also reduce turbulence by directing the airflow
at a much better angle to the port than the 1990
and later manifold.

Some allermarket manifolds come perfor-
mance finished on the inside. For best perfor-
mance, make sure the manifold ranners are free
from machine and casting marks, have gently

This Branch Evelution manifoid comes raworked, flows a lof
mote air than the stock unit and is an excellant mateh for the
Mikuni HS40 carbuwretor, S&5 Cycle and Ram Jelt Retainer
also offer high-parformance manitaids,
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curving radiuses and are finished with about a
60-grit cartridge roll. Also, never make the
manifold's inside diameter larger than the in-
take port.

Always use new O-ringz or rubberbands dur-
inginstallation and remember that the manifold
mounting flanges for the 1990 and later IEvolu-
tions are different for the front and rear cvlin-
ders and cannot he interchanged. For
Shovelheads that use a steel band clamp to
fasten the manifold to the cylinder head, con-
gider replacing the [limsy stock items with stain-
less steel airerafi-style clamps. These are avail-
able from S&35 and other suppliers.

AlR CLEANER-HS40

Each Mikunit HS40 kit includes a high flow K&N
air cleaner and chrome cover. K&N filters do an
excellent job of filtering the air and have always
been noted for their high airflow rating, Take
note of the radiused airflow entryway located
inside the cleaner where it mounts to the mouth
if the carb. The radius entry increascs airflow
and reduces turbulence by directing and smooth-
ing the air into the carb’s throat. This technigue
was first used with modificd Linkert carbs dur-
ing the 1960s.

Be sure to clean the [ilter element periodi-
cally according to instructions (409 househald
cleaner works excellently) and reapply the nec-
eszary oil dressing using the correct oil. To re-
tain a stock looking engine, the Evolution’s fac-
tory chrome air cleaner cover can be installed
over the K&N air cleaner. For a street engine, it
ig important to filter dirt and debris from the air
cntering the engine. Howewver, for racing the air
cleaner can be replaced with a radiused velocity
stack for improved airflow into the carburetor,

SUPPORT BRACKET-HS40
Most Big Twin carburetors have a support
bracket that prevents the carb from shifting,
which could result in an intake manifold leak.
For the Bvolution, the support mechanism is
integrated into Lhe backside of the air cleaner
element and bolts directly to the cylinder head.
Far the shovelhead, two separate steel brackets
are included that bolt to the air cleaner and
crankease. In either case, make zure a carb
support is always used and tightly fastened.



VACUUM FITTING-HS40

The Evolution factory ignition system includes a
Vacuum Operated Electric Switch (V.OE.5)
that helps reduce detonation during high load
conditions. Some aftermarket high-performance
ignition systems include provisions for the op-
tional use of this switch, The V.OES. is con-
nected to the intake manifold by a thin rubher
hose and works off manifold vacuwun,

The Mikuni HS40 includes an external
vacuum fitting on its lower right side toward the
hack of its body. If you are not using a V.O.E.S|
make sure the vacuum fitting is plugged closed.

S5&S CARBURETOR DESCRIPTIONS

S&S Super E and G

These two S&S carburetors became available in

late 1990 and are the latest evolution of the S&S

gas carburetor sinee ils introduction in 1967,
The Super E and G model carbs are butterfly

slyle carbs and are identical in design except for
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the size of their venturi and throat. The Super E
hasa 1-9/16 inch (39.6mm i diameter venturi and
a 1-7/8 inch diameter throat when measured at
the butterfly valve. The Super (7s venturi mea-
sures 1-3/4 inch (44 dmm ) diameter andits throat
2-1/16 inch diameter. Each carb 15 identified by
gither an “E” or “G" cast into the throttle linkage
side of the carb’s hody.

Both carburetors are designed with two fuel
metering circuits: a replaceable midrange (in-
termediate) jet and a replaceable high speed
(main) jet, It also has an adjustable idle mixture
SCIeW,

Optionally, a Thunderdet can be installed to
add a third fuel circuit that provides a more
balanced fuel curve between the intermediate
and main jeteircuits, Also, the internally located
(Hloat bowl area) main air bleed can be modified
Lo accepl an externally located replaceable jet.
The replaceable air bleed significantly helps in
tuning the fuel circuits.

The Super E is the \ales! evolution of the 5&S carburetor, It has a shorter body than previous maodels and includes an scoelerator
purmp. ASuper G modelis also avallable, butwith a fargerventun, When selup propenly, the 5&.5 Supergives excellent performance

and is the cholce of racers. Phaolo courtesy of B&5 Cyole.
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Both carbs inelude an adjustable accelerator
pump for better throttle response. This feature
was not available on any previous model 5&S
carburetor.

Cold weather starting ig handled by a vari-
able mixture enrichment/fastidle circuit instead
of a choke butterfly and shaft. This cireuit pro-
vides a clean path for the airflow through the
carb’z bore, unlike a choke butterfly setup and
offers improved engine starting and warm-ups.

The major differences between the Super “E”
and “G"” model carbs and the previous “B” model
(other than the larger venturi of the “G” model
are Lthat the new model carbs are about 1-7/16
inch shorter for improved rider leg room, include
an accelerator pump for improved throttle re-
sponsc and have a redesigned higher flowing air
cleaner. The reduced length has led to the nick-
name “Shorty” carb.

Each carburetor kit includes a teardrop air
filter assembly, intake manifald, throtile cables,
mounting hardware and extra jets. Two lengths
of velocity stacks are optionally available and
rebuild kits are available for both models.

Regardless of the vear and model of Big
Twin, the stock intake manifold is always re-
placed with a new S&S unit, Due to its larger
plenum area and internal design, the S&S mani-
[old flows about seven percent more air than the
stock early Evolution manilold,

S&S Super B

The Super B carb was first introduced in 1976
and iz still in production. Itis distinguished from
earlier S&S gas carb designs by the round fuel
bow]l mounted under its body and by its enrich-
ment device instead of a choke butterfly, The
Super B i1s also available in a nitromethane
VETRION.

The Super B superseded the almost identical
Super A model carb. The Super A was produced
only during 1975, Between 1967 and 1974, S&S
gas carbs were available in L or G series models
that included a side mounted fuel bowl and a
choke butterfly.

The Super B madel carb is a butterfly styvle
carb that has a 1-916 inch (39.6mm; diameter
venturi and a 1-7/8 inch diameter throat when
measured at Lhe butterfly valve. It 1z 1dentical in
size to the Super E model and is similar in that
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it has two fuel metering circuits plus an adjust-
able idle mixture serew and an enrichment de-
vice for cold weather starting. A ThunderJet fuel
metering circuit ean be added as a third meter-
ing circuit and the externally located main air
bleed can be modified to accept a replaceable jet
for greater tuning control. The Super B 15 avail-
able as a kit with eomponents similar to the
Super E. A velocity stack is optional,

The Super B differs from the Super E inthat
it does not include an aceelerator pump and it is
almost 1-1/2 inches longer. Although it flows the
same amount of air as the Super E, some racers
preferthe Super B because itz longer body length
provides differentintake tract tuning character-
istics and because of the shape of its throat.

S&S Super D

The S&S Super D gas racing carburetor was
introduced in 1983 and excepl for its size is
similar in design to the Super B. It uses ¢
butterfly Lo control airflow, has a round float
bowl mounted under its body and an enrichment
starting syslem instead of a conventional choke,
Fither gasoline, aleohol or nitromethane ver-
gions are available.

The Super D has a 1.950-inch {49.53mm)
diameter venturi and a 2-1/4 inch (57.15mm)
diameter throat when measured at the butterfly
valve,

Jugt like the other Super model carburetors,
the Super DD is designed with twa fuel metering
circuits: a replaceable midrange (intermediate)

jet and a replaceable high speed (main) jet. It

also has an adjustable idle mixiure screw.

As with other 5&S carbs, 2 Thunderdet can
he installed as a third fuel dreuit for a more
balanced fuel curve between the inlermediate
and main jets. Also, the externally located main
airbleed ean be modified on early model Super D
carbs to accept a replaceable jet. Late versions
include a replaceable (.040-inch) air bleed jet.

Each Super D carburetor kit includes a veloc-
ity stack, intake manifold, 1-inch spacer block,
mounting hardware and agsortment of jets. An
air cleaner assembly is optionally available.

Super D carbs built before mid 1985 (“A"
howldesigniinclude a flat tipped needle and seat
assembly while those produced afier this time
i“B” bowl design) include a pointed tip needle
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Tha 5&5 Super O was gesigned from the baginning as a racing carburefar. It has a 2-14 inch throat and works Dast on 88 cutkc
inch and larger engines. Aithough inlended primanly for drag racing, some are used on large dispiacemen! streel engines, Pholo

courtesy of S&5 Cyole,

and seat assembly. Again, rebuild kils are avail-
able.

When compared to the Super B or E model
carbs, the Super D offers a performance increase
of approximately 210 second E.T. in the quarter
mile when used on 96 cubic inch and larger
ENgINESs,

S8&S Early Models

Since the S&S carburetor has been around for
over 25 vears, there are many older models still
in use. Most of Lthese carbg are identiflied with a
gerial number and model designator, S&S usu-
ally can help if yvou need to verify o carburetor
model or need replacement parts.

5&S CARBURETOR SETUP
The following information deseribes the setup of
S&S Super E, G, B and D) carburetors. Differ-
ences between the models are pointed out.

S&S Super carburetors are separated into
two major component areas, The first area is the
fuel delivery system, which includes the fuel

floatl bowl, float, and the needle and seat assem-
bly. The second area consists of the jetting cir-
cuils. The Super B and G also inelude a third
major area — the accelerator pump.

Before making modifications or changes, a
haseline check of the intermediale and main jet
size should be performed and the results re-
corded for future reference. Also, the settings of
adjustable components such as the float level,
accelerator pump and idle mixture serew should
be verified and recorded.

For all carbs, make sure the throttle butter-
fly shaft works smoothly and doez not hind. Also,
toeliminate air leaks, the throttle shaft must be
tight fitting in ite body. 5&5 rebuild kits include
throttle shalt bushings that correct a loosge fit-
ting shaft. Also, for maximum airflow, make
sure that when the butterlly is completely open
it is positioned exactly horizontal within the
carh's throat. Additionally, make sure the but-
terfly closes completely when it is shut, After
verifying the butterfly completelv closes against
the carlb’s throat, slightly open it by turning the
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Make swre the throftie inkage warks smoothily and the butterfiy
closes all the way, The shaft can be thinned down gnd smallar
sorews usad to hald the butterly o the shaft. This will reduce
lwrbulence and increase air flow, Use Loctife an the scraws
and then stake lock tham. Dovble check that they are secLira
and will not come joase

idle speed screw a half-turn clockwise after it
contaects the throttle cable spaol.

Small jet orifices are very susceptible to
clogging [rom dirt and debris. When handling a
carburetor, be sure that all passapes arc kept
microscopically clean, It is easgier to install the
appropriate baseline jets hefore installing the
carb on the engine. Refer to the Jetting Tables
for recommendations, Starting about 1984, all
S&S jets are rated by size. This means the jet’s
number corresponds Lo ils orifice diameter in
thousands of an inch.

Float Bowl Components

S&S Super gas carbs include a doughnut shaped
Nitrophy! float (early models used brass) and a
Viton tipped needle and seat assembly (some
needles are solid brass) that is generally large
enough for sufficient fuel flow, The standard fuel
inlet measures . 235-1inch 1,13, but alarger racing
only needle and seat assembly 1s available [rom
2&S. Four different designg of needle and seat
assemblies have been used since the first Super
carb, So if vou need to order replacement parts,
pay close attention to the model number. Some
needles are shaped with a flat tip, while others
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are pointed. Also, some have a needle and fork
design, while others have a needle, wire and tab
design.

The fuel level in the bowl 1s governed by the
float setiing and it 1s important for proper carbu-
retion. The fuel level 1s set at the factory; but it
can change during shipping or rough handling,
The level will have an affect on how rich or lean
ol mixture the carburetor delivers. The higher
the fuel level in the float bowl, the easier it is for
the vacuum at the venturi to draw fuel. Con-
versely, the lower the fuel level, the harder it is
for the venturi’s vacuum to draw fuel. [n general,
a carburctor tends to provide a richer air/fuel
mixture with a high f[uel level and a leaner
mixlure with a lower fuel level. For this reason,
it is important to verify that the fuel level is set
properly,

The foal level can change during shipment and should be
chacked before installation. The float showid be 148 to 3774
inch below the gasket suface whan the needle s seated and
the spring fully comprassed.

Tao check the float level, first make sure the
float and needle work frecly and the float does
not contact the bowl gasket, For all Super mod-
els, remove the float howl] from the carburetor
body and while holding the bowl level, gently
raize the float until the needle is fully seated and
the spring on the needle if fully compressed.
With the I and G models, the highest part of the
float should measure between 1/8 and 3/16-inch
below the bow!’s gasket surface. For the Super B
and D models, the correct distance 15 1/5-inch
helow the surlace.
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If the carburetor floods over there may be
dirt in the needle and seat assembly, the float
assembly mav be contacting the bowl] gasket, the
seating surface of the needle and seat iz dam-
aged or the float level setting may be incorreet.,
If lightly tapping the carburetor with a soft
object doesn’t help, remove the float bowl assem-
bly and check all float bowl components, If' the
needle and seat still do not geal properly, lapping
them with toothpaste or houschold Comet cleaner
(only on a solid brass needle and seat) 15 some-
times helpful.

Many shops carry guick change float howl
serews that reduce the time required for jet
changes and maintenance on the B and D) model
carba.

TUNING CIRCUITS-S&S

The S&S Super carburetor is relativelv easy to
tune if vou understand its characteristics. Its
two standard tuning circuits, the intermediate
and main, control the fuel mixture across the
entire rpm range. Depending onengine dizplace-
ment and throttle butterfly position, the inter-
mediale jel primarily controls the fuel mixture
to about 3500 rpm. Starting between 3000 and
4700 rpm, the high speed main jel starts to
activate and mostly controls the fuel mixture up
to maximum rpm. There is an overlap or transi-
tion period between the two cirenits that results
in hoth circuits being active at the same time.
This is discussed later. An adjustable idle mix-
ture screw controls the fusl mixture at engine
idle. The Buper's two standard tuning cireuits
are defined as follows:

Intermediate Jet Off idle response

and low to midrange,

Main Jet Midrange and top-end.

For correct results, the tuning cirenits should
always be adjusted in the order listed helow.

A Buper carburetor can he ordered with a
complement of intermediate and main jets that
are haselined for a particular engine displace-
ment. These jets should only be uzed as a start-
ing point because they mayv not be the best
combination for yvour engine,

When tuning any jetting cireuitl, the engine
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should be thoroughly warmed to normal operat-
ing temperature and the carb’s enrichment de-
viece must be fully disengaged for accurate re-
sults,

Idle Mixture Screw

The idle mixture screw regulates the airffuel
mixlure at idle speeds, 1L s externally located
cither on the Lop lell of the carb’s body (Super B
and (3) or the top center (Super B and D). Be
careful never to force this brass screw against its
seat because this can distort the screw’s tapered
end and the aluminum seat in the carburetor.
This will make it difficult to obtain the proper
idle mixture. The idle mixture screw must be
adjusted before any other jet cireuits.

Initially turn the idle mixture screw clack-
wige until it gently seats and then turn it out
icounterclockwise) 1-1/2 turns. This iz a good
starting position and should be relatively close
to itg final position. If this is the first time the
engine 15 started with the Super carb, have a
serew driver handy [or quick idle mixture ad-
Jqusiment in case the ecngine refuses Lo keep
running. Onee the engine is running, warmed up
and the enrichment device is fully disengaged,
set the idle speed screw so the engine idles
hetween 1000 and 1100 rpm.

Turn the idle mixture serew counterclock-
wise (out) to enrich the mixture and clockwise
{in} to lean it. First, turn the screw in until the
engine speed starts to drop and note its position.
Next turn the serew counterclockwise until the
engine spead starts to drop and again note its
pogition, Now set the serew in the middle of these
two points,

The 1dle mixture screw’s final position can
provide an indication whether the intermediate
jetis the proper size, Ifthe engine runs best with
the mixture serew turned out less than one turn,
the intermediate jet is too large. IF it is greater
than 1-3/ turns, the intermediate is probahly
ton small.

Intermediate Jet

The intermediate jet controls the fuel mixture
from immediately offidle to approximately 3000
to 3500 rpm. It iz located inzide the float bowl
area on all Super carbs. There are nine different
intermediate jels available ranging in size [rom
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02510 .040-inch. Note that early model interme-
diate jete are marked #1, #2, efc.

After adjusting the idle mixture serew, take
the bike for a ride and allow all engine parts Lo
normalize in temperature. Now vou're ready to
tune the intermediate jet. The eorrect interme-
diatejet will allow the bike to aceelerate smoathly
[rom a stop while slowly rolling the throttle on,
Alzo, slowly roll the throttle open [rom various
steady speeds between 30 and 60 mph, [f the
engine backfires or spits through the carb, the
intermediate jet 15 too lean (too smalll. If the
engine hesitates, iz sluggish, unresponsive or
backfires through the exhaust, the intermediate
Jjetis ton rich. Another symptom of richness is a
flat instead of sharp sounding exhaust note.

IBach time the intermediate jet is changed,
the idle mixture screw must be readjusted, A
slightly rich intermediate jet will normally give
the best acceleration while a slightly lean jet
gives the best gas mileage. Keep in mind that
most street riding is in the 2000 to 3500 rpm
range — exactly where the intermediate jet
controls the mixture. As a resalt, this jet has a
major aflect on gas mileage —either good or bad.

When tuning the intermediate jet, the accel-
erator pump should be turned off because 1t can
conceal a lean mixture condition in the interme-
diate cireuit. The pump can be reactivated when
the intermediate cireuit tuning is complete.

Main Jet

The main jet circuit includes the main jet, which
controls the [uel mixture starting hetween 3000
and 3700 rpm and continues all the way up Lo
maximurm rpn. The main jet 1s alwavs Lhe last
jet to tune.

The main jel screws into the bottom of the
main dizcharge tube, which is the brass tube
protruding from the bottom af the venturi area of’
the carbs throat. The jet can be easily reached by
removing the drain plug located at the bottom of
the float bowl. Main jets are available from 040
to .110-inch in increments of 002-inch. There
also iz a . 115 and . 120-inch jet. Remember thal
S&S jets are size rated.

Determining the optimum main jet is best
done at the drag sirip because the highest mile
per hour in a given distance is the best indicator
of maximum horsepower and optimum main jel
size, Hefer to the Jetting Guide Tables for a
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hemain jet forall 545 Supear carburetors s located in the fus!
bowd and screvs finfo the boftom of the dischargs fube fermul-
sion fufre). Do nat aver ighten the fe! becausa it colld gistor
Tha infermeadiate jat s seen protruding from the carb's body
about 1-1:2 inches to the lefl of tha main fet. Fhaole courtesy of
S&5 Cyole,

starting point. Keep in mind that altitude, air
temperature and even humidity will have a
significant affect on the correct jetting.

Warm the engine and make a drag run not-
ing the final mph. Disregard the E.T. Increase
the jet size (vicher) by 004-inch, make another
run and again note the mph, Be ag consistent
with the runs as possible. If you change to a
larger jet size and the mph stays the same, keep
going larger. Eventually this will force a change
in mph to take place. Continue increasing the
main jet size until the mph drops. At this point,
decrease the jet size (leaner) by .002-inch and
record the information. Also, by recording air
temperature, humidity and altitude informa-
tion you can cstablish a usable baseline for
future reference.

For those limited to street riding, you can
check the main jet by quickly closing the throttle
from wide open to the 7/8 position when the
engine isrevving at least 4500 rpm. If the engine
accelerates slightly, the main jet 1s too small (too
lean), If the engine hesitates or misses slightly,
the main jet is too large (too rich). If the engine
Just slows a slight amount, the main jet iz close
Lo being correct.

Another test reguires accelerating rapidly




through the gears at [ull throttle. If the engine
backfires through the carburctor, misses, cuts
oulintermittently or quits running, the main jet
is too lean so increase its size .004-inch. On the
other hand, if the engine is sluggizh to aceeler-
ate, will not aceept throttle, has a flat sounding
exhaust, or backfires through the exhaust, the
main jetis Loo rich and should be reduced 1n size
A04-inch,

Take note how casily and quickly the engine
reaches the gear shift rpm level. The engine
should accelerate smoothly and quickly through
the gears, A rich condition will tend to make the
engine's acceleration labored, strained and slug-
gish,

Experience has shown that a main jet .008-
inch smallerileaner)than the best size can make
the engine intermittently cut out or quit run-
ning. Conversely, a main jet 006-inch larger
iricher) than optimum will cause the engine to
miss and sound flat. With a Super Dearb, straight
pipes, appropriate cam and head work, a good
starting main jel size is about one thousandih of
an inch for each cubic inch of displacement. Faor
a Super B carb, use the same caleulation, then
subtract .010-inch from the total,

Accelerator Pump
The Super E and G carburetors include an ad-

Justable accelerator pump for improved throttle

response when quickly opening the throttle. The
pump injects a sguirt of fuel into the carb’s
throat, but only operates when the throttle is
turned quickly during the first 1/3 turn of the
throttle, The fuel volume delivered can be regu-
lated by a pump adjusting screw located on the
right end of the throttle shaft. By turning the
adjusting serew clockwise until it contacts the
pump’s arm, the pump can be completely turned
off.

Turn the adjustment serew three turns out
from its full seated position and then test ride
the bike from idle Lo 3500 rpm. Turn the serew
clockwise in 172 turn inerements until throttle
response is reduced, Strive [or the best throttle
response with the minimum pump travel.

The accelerator pump cap assermbly containg
two small O-rings and two check balls. If the
assembly leaks fuel, make sure the O-rings are
not damaged or missing and the check balls are
in place,
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REPLACEABLE AIR BLEED-S&S

In gome situations a low speed stumble or flat
spot may still exist after tuning a Super carbu-
retor. Stock engines place relatively small fuel
and airflow demands on the carburetor and the
demands are only present between idle and 5200
rpm. High rpm, large displacement engines sig-
nificantly increase the airflow demands against
the carb and can extend the operating range for
proper tuel metering to bevond 7000 rpm.

The two stack fuel circuits have a difficult
time correctly metering fucl over the entire rpm
range, particularly during the transition period
between the intermediate and main cireuits. As
mentioned earlier, the intermediate jet prima-
rily cantrols the fuel supply to about 3500 rpm.
Between 3000 and 3700 rpm the main jet starts
supplying fuel. To get good throttle response, the
intermediate eircuit must be jetted excessively
rich, Tuning problems exist during the transi-
tion period because neither circuit operates in-
dependently of the other. With both cireuits
supplying fuel during the transition period, the
air/fuel ratin becomes too rich and a flat spot
develops somewhere in the engine's power hand.,
If the main cireuit iz jetted for maximum top-end
power, the midrange will be too rich. If the main
jetisleaned down to eliminate the midrange flat
spot, top-end power goes down due to an exces-
sively lean condition. The Super's main air bleed
syatem can be modified to help eliminate a {lat
gpot during the transition period,

The main air bleed is an air passage that
supplies air to the carburetor’s main discharge
tube (femulsion tubel. Thiz is the brass tube that
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extends vertically rom the float bowl cavity to
the venturi in the carb’s throat. The main jet
serews into the bottom of the emulsion tube, The
emulsion tube includes a series of small holes
that help mix air [rom the air bleed passage with
fuel from the float bowl, This turns the mixture
into an air/fuel emulzion before it is drawn to the
venturi's low pressure area. The emulsified mix-
ture vaporizes much easier when discharged
into the high speed airstream {lowing through
the venturi. It also has a lighter viscosity than
liquid fuel and responds quicker to any changein
vacuum signal at the venturi. The emulsion’s
lighter viscosity allows it to start flowing quicker
than liquid fuel. The number, size and pattern of
the holes in the emulsion tube influence fuel
deliverv. A kev point to note is that some racers
have improved their drag strip 60 foot time by
soldering closed the standard S&S air bleed
hales and drilling o new set.

Az airflow inereases through the carb’s ven-
turi, fuel flow also increazes through the emul-
sion tube, but at a disproportionately greater
rate than the airflow, This enriches the mixture
as rpm riges because the air's density 12 reduced
as velocity increases, Additionally, because fuel
iz much heavier than air, the [uel tends to keep
spraving from the emulzion tube even after the
intake valve has closed, particularly at high
rpm. The series of small holes in the emulsion
tube, along with the total amount of air supplied
to the cavity surrounding the emulsion tube
provide air-correction and keep the mixture from
aover enriching.

The size of the main air bleed’s orifice (L040-
inch for the Super 17, 042-inch for all other
models) determines when the main jet circuit
begins supplying fuel to the engine. With the
standard size air bleed, fuel is supplied by the
main jet circuil starting at a relatively low 3000
Lo 3700 rpm, depending on engine digplacement
and throttle butterfly position. A flat spot fre-
quently occurs because the main jet circuit be-
gins supplying fuel too early. Increasing the size
of the air bleed raises the rpm level at which the
main jet cireuit begins supplying fuel and redue-
ing itg size lowers the point where the main jet
kicks in. This 1s because air 15 lighter than fuel
and the lighter air settles to the top of the
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emulsion tube’s chamber. With more air at the
top it takes longer for the fuel Lo start moving.

In essence, a larger air bleed creates more
separation between the intermediate and main
fuel circuits. This provides correction {or the
excessively rich transition period. Now the main

jet can be jetted as rich as is necessary lor

maximum Lop-cnd power without ereating a flat
spot during the transition period. This takes
place because the main jet begins working at a
higher rpm, which esgentially removes some
fuel from the intermediate circuit. Now the in-
termediate jet can supply fuel during midrange
rpm levels without the main jet supplementing
it as much.

The adjustable air bleed was first discovered
about 1970 by racers running an early model
5&S nitromethane carb. They found that in-
creasing the air bleed size corrected an engine
cutting out, problem raused by an excesgively
rich condition,

Withanadjustablemain airbleed, the Super’s
tuning circuits are now separated inlo three
categories:

Intermediate Jeb | O idle response and low
to midrange.

Main Air Bleed | Midrange fine tuning.

Main Jet. Midrange and top-end.

=

Tuning procedures for an S&S Super carburetor
with an adjustable air bleed are deseribed under
“Thunderdet Tuning.”

The main air bleed 15 made adjustable by
installing a replaceable jet in the location of the
air bleed’s original [ixed orifice. For smooth
power over a broad rpm band, thig modification
is recommended for all S&5 Super carburetors.
However, if vou don't achieve better results with
it, just install a .042-inch jet to set the bleed hole
back to stock size.

With the Super B and D carb, the main air
bleed is located on the throttle shaft return
spring side (left zide) of the carburetor’s body,
slightly below and to the left of the model num-
ber designator. Late model Super D carbs are
shipped from the [actory with an adjustable
air bleed.
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Installation of an adjustable air bleed re-
guires drilling the main bleed hole with a 1/4-
inch drill bit until the cross passage in the carb
body is reached. The hole's surface should be
spot faced with a 1/2-inch end mill then tapped
with a 5/16-24 start tup and followed by a bottom
tap. The air bleed is now setup Lo accept an S&S
mainjet. Ajet between 054 and .07 0-inch should
allow tuning the Super B or D carburetor for
maximum midrange throttle responge and maxi-
mum top-end power,

Om Super E and G carburetors, the main air
bleed is found on the underside of the carb bady
in the fuel bowl cavity area. Its exact location is
on the throttle cable spool side in the deep
recessed area. This hole must be blocked off s0
the air bleed can be relocated to an external
lncalion for casier access.

Start by boring the hole with a . 159-inch (#21)
drill bit until the cross passage in the carb body is
reached, Then thread the hole with a 10-32 tap
and plug it with a 10-32 Allen head screw.

Next, locate the external main aiv bleed pas-
gage plug that is positioned on the throttle cable
spool side of the carb body (above and to the left
of the S&S logo). Drill out the plug with a #19
drill bit and tap Lhe hole with a Smm by Smm
tap. Finally, install a Mikuni round main jet as
the replaceable air bleed jel, A jet between 130
and 170 (055 to 067-inch) should allow tuning
of the Super E or D carburetor for maximum
midrange throttle regponse and top-end power,

THUNDERJET
As pointed out earlier, an unmadified Super
carburetor includes two fuel circuits. Even when
an adjusgtable main air bleed is added. there still
remaing only two circuits, What the adjustable
air hleed provides is more flexibility in tuning
the existing two tuel eircuits. On the other hand,
installing a Thunderdet adds a fully adjustable,
gelf-correcting third jetting civeuit Lo the carb.
The Thunderdet works in conjunction with
the main jet by supplying fuel to the engine at
very high rpm. It senses acoustic wave pulses in
the intake tract and instantaneously responds
to the pulses by siphoning fuel from the fuel
bowl. Asthe pulses get stronger, the ThunderJet
supplics more {uel to the engine, The actual rpm
it starts supplving fuel is dependent on the
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A Thunderdet s inslailed in this 585 Super E carburetor, The
Thundeardet provides an addifional fuel circuit that improves
the fuel curve batween the intermediate and main jel luning
cirguits. A Thunderdaf can be insfalled on many butterfly siyle
carburataors. Pholo courtesy of Perfaction Cyola.

engine’s displacement and the carb’s throttle
butterfly position, but it usually starts about
4500 rpm. Because the ThunderJet supplements
the main jet in supplying fuel, the gize of the
main jet now can be reduced, This lessens the
potential for the main jet to enrich the interme-
diate cirewit to the point where a flat spot devel-
op: somewhere in the rpro band.

The Thunderdet consists of four major parts:
Thunderdet body, fuel jet, air correction spacer,
and fuel delivery tube. For installation, the car-
buretor body must be first drilled and tapped for
the fuel delivery tube. The tube protrudeg into
the carb’s throat and supplies the fuel. In the
case of the Super B, the delivery tube is normally
positioned horizontally through the carb’s lelt
side wall {throttle relurn spring side) at the nine
o’clock position. Due to differences in the Super
['s casting, Lhe tube’s position should be rotated
180 degrees to the three o'clock position. For
Super E and G carb’s, the delivery tube is in-
stalled at the one o'clock position.

The tube is positioned .750-inch from the air
cleaner mounting surface on the Super B and D
models and .950-inch on the Super E and G, The
next step is to modify the standard main air
bleed passage (as described under “Replaceable
Air Bleed™ to aceept an adjustable jet. Now a
amall fuel line fitting 1s installed into the bottom
of the float bow] to supply fuel to the ThunderJet
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circuit. Finally, the air correction spacer and
ThunderJet body are serewed onto the fuel deliv-
ery tube and Lthe thin fuel line is connected to the
float bowl fitting and the ThunderdJet body.

THUNDERJET TUNING

Installing an adjustable main air bleed does not
require the installation of a ThunderdJet; how-
ever, an adjustable air bleed is alwavs installed
in conjunction with a Thunderdet. With a
ThunderdJet installed, the S&S Super now has
four tuning circuits — three supply fuel and one
supplies air. The tuning circuits are now defined
as follows:

Intermediate Jet | OfF idle response and

low to midrange.

Main Air Bleed Midrange fine tuning.

Main Jel Midrange and top-end,

ThunderJet Taop-end.

Since the Thunderdel adds a third fuel tuning

circuit, the original tuning and jetting guide-

lines nolonger apply, Therefore, the ThunderJet

Jetting Guide (see Table 4.5) should be refer-

enced for initial jetting recommendations,
THUMDERJET JETTING GUIDE

Intemiediane et | Kain Jal

- in CHE

iur Thunde:Jet

CHETRE HIR IRV RTER i bl e b L | ety )

With four jets to tune besides the idle mix-
ture serew, more experimentation, time and
palience are required for precise carburetor ad-
justroent.

1.) Start tuning a ThunderdJet modified 5&S
carb by firstinstalling the recommended baseline
combination of jets, Turn off the accelerator
pump [if present) and thoroughly warm up the
engine. Make notes about the jet combinalions
you test, including information about perfor-
mance and the rpm range of any problems.
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2 1 Natice that the Thunderdet Jetting Guide
{Table 4.5 recommends a much richer interme-
diate jet than the Standard Jetting Guide. The
intermediate jet directly affects off idle and low
speed Lhrottle response. The Thunderdet allows
this circuit to be enriched for additional low
range power without introducing tuning prob-
lems in other areas of the rpm band. In general,
for the best throttle response, use as large an
intermediate jet as possible. However, keep in
mind thatl gas mileage will suffer.

3.0 With a large intermediate jet, the stan-
dard range of adjustment for the idle mixture
screw must be disregarded. This adjustment
normally needs to be leaned from the standard
zetting. The final setting may be as little as 1/2
turn oul from its seated position. Do not enrich
this adjustment to compensate for a too lean
intermediate civeuit and remember that the idle
mixture rmust be readjusted whenever any jet-
ting is changed.

4.} With a relatively large intermediate jet,
off idle throttle response should be improved,
However, a flat spot may develop due to an over
rich condition at the rpm level where the main
jet starts to become active. An excessively rich
condition during the transition from the inter-
mediate to main circuit can be eliminated by
increasing the air bleed size so the point where
the main jet startz delivering fuel is delayed. Il
yuu're not sure which way to adjust, start in-
creasing the air bleed size in small increments
until throttle response gets waorse.

&.) Once you have the intermediate and air
bieed circuils as good as vou can get them, start
tuning the main jet circuit for high midrange
and top-end power. Refer Lo the previously dis-
cussed “Main Jet” topic for the exact procedures.
Remember that there is a relationship between
the air bleed and the main jet.

6.) The Thunderdet circuit is tuned after the
main jet and it's done in the same manner. Tune for
highest mph in a given distance without encoun-
tering any backfiring, missingor intermittent run-
ning. Remember that at high rpm all three fuel
circuits are supplving fuel to the engine, Adding
fuel to one circuil enriches the mixture throughout
the rpm range and may require that fuel be re-
moved from another circuit.
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INTAKE MANIFOLD-S&S

S&S carburclor kils mnclude a new one piece
rigid manifold. All 5&5 manilolds have good
runner angles and the 2-1/16 and 2-1/4 inch
madels have a relatively large plenum area. This
manifold offers excellent performance and in
stock condition flows about seven percent more
than the factory Evolution manifold. Its rigid
design also eliminates the need for the trouble-
some compliance fittings used for sealing on the
1984 to 1989 Evolution Big Twin. Be sure to
prder the carburetor kit with the appropriate
manifold (Evelution, Shovelhead, O-ring or
rubberband tyvpe) for vour engine.

Cylinders longer or shorter than standard
generally require a non-standard manifold width.
S&S ollers a selection of manifolds that fit most
non-standard cvlinder lengths, Be sure to order
the correct width manifold,

Before installation, remove all machine and
vasting marks in the manifold’s interior and
finish with a 60-grit cartridge roll. All bends
should have smooth radiuses and the manifold’s
inside diameter, where 1t mates Lo the head,
should never he larger than the port.

A ome inch spacer block comes standard with
the Super I and is optionally available for the
other models. The block not only enlarges the
plenum area, but alsolengthensthe intake tract,
which changes the timing of the tract’s pulses.
This affectz the engine's power band and can
sometimes help control fuel “stand off.”

Alwaysuse new O-rings or rubberbandswhen
installing the manifold and take note that the
Evolution manifold’s two mounting flanges can-
not be interchanged. For Shovelheads, consider
replacing the Mimsy stock manifold clamps with
stainless steel awverali-sivle clamps thal are
available from S&35 and other supplicrs,

If your ignition does not use a Vacuum Oper-
ated Electric Switch and vour manifold includes
a vacuum fitting, block the fitting off.

For additional information, refer to “Intake
Manifolds.”

AIR CLEANER-S&S

The traditional S&S teardrop air cleaner in-
cludes a radinsed entryway on the backplate and
an air divectional cone on the cover's inside, This
design captures turbulent air, smoeothes it out
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Motice the radiused entriyway and aiv airectional cone an the
insice of the S&S air cleanar. This design increases alrflow by
caplunng &lv and smoothing it out while directing it into the
carb's throat,

and then directs it in a laminar manner into the
carb’'s throat for maxinmam flow.

In large digplacement engines where no air
cleaner element 1z used, airflow can sometimes
be improved by reducing the diameter of the air
cleaner’s backplate. This modification increases
the space between the backplate and [ront cover
where the air enters the filter area.

The standard filter element 13 made of syn-
thetic foam. For inereased flow, this unit can be
replaced with a washable and reusable K&N
filter element. This filter provides up to 45 per-
cent greater airflow than a foam unit, besides
offering excellent filtration. The K&N unit uses
four layers of pleated cotton gauze material
sandwiched between an aluminum wire grid.
This results in low restriction and the pleats
significantly increase the filtering area. K&N
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filters periodically need washing with a
household cleaner like Formula 409, After
washing, thoroughly dry the element and
reoil it with the correct filter oil to trap
airhorne debris.

When using the air cleaner backplate and
cover without a filter element or when using a
non-standard filter element, be sure the float
bowl vent located at the air cleaner end of the
carb (at either the three o'clock or nine o'clock
position) is not ohstructed. With Super E and
Super GG models, remove the bowl vent screw
located on the throtile cable spool side of the carb
body near where the air cleaner backplate mates
to the carb throat, Thiz will ensure that the
pressure in the fuel bowl cavity is equivalent to
the ambient atmospheric pressure, Keepinmind,
that less pressure in the bowl cavity makes the
[uel mixture lean: more pressure makes it rich.
Bowl vents can be too small, but they can’t
be too large,

VELOCITY STACK-5&S

For maximum airflow, the air cleancr assembly
can be replaced with a velocity stack. Depending
on many factorg, a velocity stack can improve
eylinder filling and control fuel “standofll” The
Super B and Super D stacks are 4-inches long
while 2-1/2 and 4-inch lengths are available for
the E and G models. In most cazes, the longer
length seems advantageous.

A velocity stack (s used during racoig 10 reduce furbulance,
imprave aifflow and change the infake fract's funed lengih.
Shown are 2-1/27 and 4" stacks. Photo courtesy of S&5
Cycla,
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A defiactor shigld is somelimes added fo a valocity slack 1
incragsa the infake tract’s air prassurg and reduce [urbulance
friam high velocity side winds, Photo cotesy of Carl's Speed
Shap.

Carl’s Speed Shop offers a custom designed hand
made velocity stack that includes a deflector
shield on its outer end. This design offers the
advantage of increasing intake air pressure by
scooping the air, It also helps when high veloeity
side winds and turbulent wind bufteting are
present.

Changing the length of the velocity stack
changes the length of the intake track, which
changes the timing of the acoustical wave energy
pulses traveling within the intake tract. This
pulse can have a significant affect on cylinder
filling at high rpm levels.

Keep in mind, that using a velocity stack
increases airflow, therefore jetting usually needs
to be enriched.

When using a velocity stack on a Super E or
(G ecarb, don’t forget to remove the float bow] vent
serew located on the throttle cable spool side of
the carb body near where the velocity stack
mates to the carb throat. This will ensure that
the pressure in the fuel bowl] cavity 15 equivalent
to the ambient almospheric pressure.

When using a dellector shield stack design,
consider venting the [loat bowl cavity to the
intake tract's high pressure instead of ambient
atmospheric pressure. This ensures the float
bowl pressure is matched to the high pressurein
the intake tract and will allow luel to flow freely
{rom the float baw] through the jets to the carb’s
venluri. This modification won't show any ben-




efits on a dyno, but it will help when the bike's
speed 15 greater than 100 mph, The standard air
bleed location also may need to be changed.

SUPPORT BRACKET-5&S

Enginevibration can eazily cause the carburetorto
shift, resulting in manifold leaks and carburetion
problems. The Evolution uses a carburetor support
that bolts the air cleaner backplate directly to the
evlinder head., The Shovelhead uses o support
brackel thal extends [rom the backplate Lo the
eviinder head, For either engine, alwavs use a
support bracket and keep it tightly fastened.

A different support bracket may be required
when switching from an air cleaner to a velocity
stack. Zippers Products sells a heavy duty bracket
for the Super D carh. This bracket provides out-
board support and does noet interfere with mount-
ing a velocity stack or air cleaner.

KEIHIN CV MODIFICATIONS

The stocl 1990 and later Keihin CV carburetor
flows more air and makes more power than
garlier Big Twin carburetors. If vou intend to
retain this carb, a few modifications will helpits
performance. But be aware that the cost of modi-
fying the Keihin can approach the cost of a high-
performance carburetor.

The Keihin works by the constant velocity
(CV) principle and uses a throttle butterfly to
regulate airllow and a vacuum operated zlide
pislon Lo create a variable size ventury, AL any
given time, Lhe size of the venturl 1s defermined
by the vacuum level in the intake tracl. The
variable venturi keeps air velocity high, which
results in good low speed throttle response,

Stock engines are too lean in the midrange
(slow jet) and slightly rich on the top-end {main
jet). Dynodet makes a jet recalibration kit that
includes all neceszary jets, neadles, drills and
springs to rejet the carb for better performance.

[fvou don't install this kit, vou can still make
maodifications to help performanees. First, the
CV's slow jet must be enlarged to help midrange
power. The standard non-California slow jet iz a
#da, Ite oriliee 15 .45 millimeter, which ecaleu-
lates to aboutl (0177-inches. Ile size should be
inereased to between (019 and 020-inch Lo help
midrange performance.

Induction System r

Improvements can be made to the stock 1920 and later Keihin
CV carburetar. The piston’s vacuurn hole can be drilled larger
far befter throttle response and ite bettom edge radivsed for
betier flow. The nesdle can ba raised slightly and the jelting

hanged fora betterfuel cunve. Dynodet makes a recalibration
kil thal includes the necessary parls and nstruclions.

Raising the needle in the slide also helps
midrange performance. Place a 025-inch washer
under it to help enrich the midrange, Addition-
ally, performance iz sometimes helped by remoyv-
ing 0005-inch {rom the diameter of the needle’s
tapered seclion,

There 15 & vacuum hole {faboul (100-inch in
diazmetertin the top of the slide next to the hole
the needle goes through, Use a #31 drill bit to
increase its size to 120-inch. This makes the
slide more responsive when quickly opening the
throttle. A lighter tension slide spring will also
increase the slide’s reaction.

Toincrease the CV's airflow, vou can gently
radius the front hottom edge of the slide. This
edge can be seen when looking through the
carburetor’s throat from its air cleaner mount-
ing end,

The idle mixture screw is located behind the
Noal bowl in the drop-doewn evlinder covered by
analuminum plug. Adjust the serew [or a smooth
idle when the engine 1s warm. If the engine
backfires through the carb during acceleration,
the idle mixture is too lean.

The intake manifold and air cleaner assem-
Lly must be replaced for greater airflow. A
Screamin’ Eagle performance manifold and air
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cleaner kit will improve flow. The manifold’s
interior provides a better angle to the ports and
the air cleaner has a radius inlel ring that helps
smooth air into the carb's throat, thereby reduc-
ing turbulence and increasing flow.

If the stoek air cleaner assembly is relained,
the internally located baffle plate can be re-
moved to help inerease airflow. This is the {lat
steel quarter-moon shaped plate located next to
the air cleaner element.

INTAKE MANIFOLDS

The Evolution and Shovelhead both use a single
stubby Y-style manifold to feed both cylinders.
The interior shape of the Y-manifold is as impor-
tant as the carburetor’s {low capacity for produe-
ing maximum power. None ol the Big Twin
manifolds are very efficient at getting air into
the eylinder.

The Shovelhead and early Evolution ( 1984—
1989 manifolds direct airflow al a relatively
decent 45 degree angle toward the ports, but the
interior corners are too sharp and cause turbu-
lence and airffuel separation. The early Evolu-
tion manifold 1s alzo plagued by troublesome
compliance fitlings that allow air leaks to de-
velop easily, The 1990 and later Evolution mani-
fold solved the compliance sealing problem and
has a smooth interior with gentle radiuses, but
its back wall is too straight, which forces the
airflow to turn at close 1o a 90 degree angle.
Additionally, with large carburetors, the volume
of all stock manifolds is too small for maximum
power. Regardless of the carburetor used, to
achieve maximum performance the intake mani-
fold must he replaced with one that has its
interior reworked for improved flow,

The Big Twin's inlake manifold is a big bottleneck to perfor-
mance., Nofice the differance betwean the sfock Evolufion
manifold (rght) and a revorked S&8. The 45 dagrea bend
should be proparly radiused and the manifeld must fit fo the
heads without 2 sfep,
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The intake manifold should be viewed as an
extension of the intake ports and maost of the Nlow
principles thal apply to the intake ports also
apply to the manifold, The manifold should al-
ways bhe included when reworking eylinder head
ports and both should be developed and flow
tested together.

Compared to an automotive V8 intake mani-
fold, the Big Twin manifold iz relatively simple,
It includes a common plenum area and two
intake runners. Flow luss is mainly attributed to
a change in air direction and a decrease in air
velocity due to expansions and bends. The major
concern ig getting the air to bend around the 45
degree corner between the carburetor and the
port, This corner needs a large gentle radius for
maximurmn air veloeity and flow. The center ridge
that splits the two manifold runners also can
cause turbulence and must be radiused and
smaothed, Additionally, the manifold’s plenum
volume may be inereased and its runners may be
shortened or lengthened.

Intake Pulses

Because of the V-Twin's design, one spark plug
iz often colored lighter than the other. Usually
the plug coloring indicates the front eylinder is
running leaner than the rear. Some racers at-
tempt to cure the situation by running a eolder
plug in the front cylinder, but this is only a
stopgap measure.

The Big Twin's 45 degree cylinder angle
dictates that the time between the intake pulses
for each cvlinder is different. The rear cylinder
fires 315 degrees after the (ront and the front
fires an additional 405 degrees after the rear,
completing the 720 degrees of crankshaft rota-
tion required for the four engine sirokes. The
front cylinder’s intake valve opens and closes
and is then [ollowed very closely by the opening
and closing of the rear cylinder’s intake valve.
The time interval between the front and rear
evlinders filling 1s legs than between the rear
and front cylinders [illing. Consequently, the
rear cylinder gains [rom the airfusl movement
that already has been initiated in the manifold
and port during the filling of the front cvlinder.

The longer time hefore the filling of the front
cylinder reduces the momentum of the air/fuel
stream and causes the heavier fuel to drop par-



tially out of suspension with the air. Since air is
lighter than fuel, it responds guicker than the
heavier fuel to the changing intake pulse initi-
ated by the opening intake valve. This resultz in

the front evlinder receiving a greater amount of

air and less fuel, which causes a lean condition.

Some racers address this problem by hiasing
the carburetor through angle-milling the
manifold’s face two to three degrees towards the
front cylinder. Other racersincrease the plenum
area to reduce Lhe strength of the intake tract’s
energy pulses,

Maost V-Twins that have a common intake
manifold experience some degree of uncven cyl-
inder filling. Factors such as camshafl specifica-
tions, rod ratio, engine displacement, rpm range
and head design are all linked to how pronouncerd
thecharacteristicis. Forexample, aShovelhead's
front evlinder head that is modified by porting,
but without any welding. usually will flow more
than the rear head. The dilferent flow ratio
between the heads seems Lo minimize the lean
condition and less manifold correction is re-
quired.

Plenum Area

The Big Twin's 45 degree evlinder angle 15 not
the only factor that atfects the induction tract.
Ageach evlinder draws from the plenum, the air/
fuel streams are constantly changing direction
due to intake pulses. The strength of the pulses
iz partially determined by cam timing, valve
overlap and whether the negative exhaust pulse
reaches the intake tract during the overlap pe-
riod.

When the engine is operating in the rpm
band [or which the exhaust svstem is tuned, the
negative pulse from the exhaust arrives during
the valve overlap period and starts the intake
flow early. Cutside this rpm band, the exhaust’s
positive wave arrives during overlap and it can
blow back through the intake tract and nega-
tively affect the carburetor’s ability to meter fuel
accurately. Since the carburetor allows gases Lo
move in either direction, air/fuel mixture from
the combustion chamber and exhaust gases are
blown into the intake tract past the carb’s ven-
turi. The mixture then reverses direcltion and
passes the venturi for a third time as the other
eylinder draws in a charge, This results in a
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diluted airffuel mixture that can cause flat spots
and reduced power. Thiz is evidenced by the fuel
fog or fuel “standoff” that i1s seen at the
carburetor's entryway,

Enlarging the manifolds plenum chamber
sometimes is a solution to power losses and poor
carburetion caused by intake tract pulsations
and distribution problems. A larger plenum
chamber increases the volume of mixture that
must be drawn when the intake valve opens.
This cushions the pulsations in the intake tract
s0 they are less harsh, which can provide more
accurate fuel metering and possibly an increase
in flow, The larger the plenum volume 12, the
greater the sollening effect that takes place.
However, keep in mind that throttle response
and low-end performance may be reduced, de-
pending on the engine combination and the size
of the plenum area. This takes place because as
the pulses are softened and the signal at the
venturl's spray nozzle is reduced. Also, the mix-
ture canlean, especially at low rpm levels. Richer
Jetting and more fuel volume [rom an accelerator
pump are typical characteristics for engines with
a larze plenum manifold,

Alarge plenum arca 1s generally associated
with large displacement engines and high rpm
operation, Also, cyvlinder heads with high veloe-
ity ports work well with a large plenum cham-
ber. Due to the elusive interrelationships of
engine displacement, cam specifications, carbu-
retor size, rpm range, head design and even rod
ratio, the best way to determine whether alarger
plenum is beneficial 15 to have different sizes of
plenum manifolds built. Then test cach one at
the track afler the rest of the engine’s tuning
systems arc dialed in.

There are a number of methods for inereas-
ing plenum volume. The simplest method iz to
add a one inch spacer block between the carb and
the manifold. This gometimes will reduce fuel
“standoff” and help improve overall carburetion.
Although the spacer block adds plenum area, it
also adds to runner length and affects the timing
of the intake tract’s energy pulses.

The S&S Super G and D manifolds have a
relatively large plenum area and they can be
modified to [it carbs with a smaller throat diam-
eter, For small carbs, this offers a relatively easy
method for installing a large plenum manifold.
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One method for mounting a small carb to a large
manifold is to use a spacer Lhat gradually tapers
from the smaller carburetor diameter to the
larger manifold. Trock Cyele makes a tapered
adapter.

Another method is to align the bottom of the
carb’s throat even with the bottom of Lhe
manifold’s throat, instead of centered. This mini-
mizes eddying airflow where the earb’s throat
abruptly drops off to the larger diameter mani-
fold, BEddying iz turbulence in the airstream that
reduces [low and the kinetie energy of the air/
fuel charge. It also causes fuel to separate from
the air and puddle on the manifold’s floor.

Some head porters build custom plenum
manifolds by applving aluminum weld to the
manifold’s exterior and recontouring its interior
passages. Johnstone Products offers a large ple-
num billet aluminum manifold that fits various
style carburetors.

Manifold Fitting

The intake manifold must be the proper width to
provide an air tight seal. Since the Big Twin's
cylinders are set at a 45 degree angle, increasing
or decreasing cylinder length as little as .050-
inch requires a change in the manifold’s width.
Stroker engines most likely require extra long
cylinders,

Long cylinders requirg a wida manifold. The correct manifold
widh can be delermined by either measuring cylinder lengih
or by measuring the distance between the intake porls on a
macked up enging. The picture shows the corect way to
measure manifold width. Photo courlesy of 8&5 Cyala,
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S&Smakes Bvolution and Shovelhead mani-
foldz extra wide for long cylinder lenglhs (in
cylinderincrements ol .050-inch ). Cvlinderlength
is measured from the cylinder’s base gasket
surface to head gaskel surface, Don't forget to
include the height of any stroker plates in Lhe
measurcrnent. Be aware that machining the
evlinder head on the head gasket surface re-
duces the eifective cvlinder length and requires
a narrower manifold for a given evlinder length,

Aftermarkel manifolds and 1990 and later
Evolution manifolds are designed for rigid mount-
ing, which climinates the leak prone rubber
compliance fittings on 1984 to 1989 Evolutions,
These manilolds include a front and rear mount-
ing flange that cannot be interchanged.
Shovelhead manifolds are available in either O-
ring tearly) or rubberband (late) design.

It's worth spending the necessary time to fit
the manifold properly to the head ports because
any gap between the manifold and evlinder head
port will create turbulence that reduces airflow
and separates the air/fuel mixture, During en-
rine assembly, the evlinder heads must be posi-
tioned to match the angle of the intake manifold.
The correct angle for a Shovelhead's intake ports
is 60 degrees, while for the Evolution it is 30
degrees, Before tightening down the head and/or
base bolts, vou should use either a 30 ar 60
degree triangle to verify the alignment of the
intake ports. Turn the heads and eylinders sothe
triangle touches each port in two places simulta-
neous, then tighten down evervthing,

The manifold must it squaraly against the infaxe pons. Usea
B0 degres frangle fo chaeck he angle before tiohtening he
heads down. Tum the heads so each port simultanecusly
touches the tiangle in two places. The correct angle s 30
dagrees for the Evolution and 60 degrees for the Shovelhead.
Photo courtesy of B&5 Cyole.
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Manifold Modifications

All stock intake manifolds can be improved by
reworking their interior. This is particularly
true for Shovelhead manifolds that have sharp
interior corners. Some high-performance
aftermarket manifolds include a finished inte-
rior while others require reworking to various
degrees. Manifolds with a “downswept” design
provide additional gas tank clearance; however,
they generally do not flow as well as a straight
manifold design.

If vou're having the hoads ported, gel the inlake manifoid
rewarkad gl the same lime, If you've installing a new carbure-
tor, finish fhe manifold's inferior with gentie radivses and
remove il maching and casting marks. Also, make surg there
iz o ridge where the manifold connacts o the cart and intake
rorts.

Sinee the manifold 1s an extension of the
intake ports, the manifold and ports should be
reworked and flowed together as a set, If you're
having the evlinder heads ported, send the mani-
fold with the heads to the head porter. High-
dollar pro stock performance heads frequently
require the head porter to fabricate a special
manifold to accommodate large diameter, raised
ports. In this case, check with your head porter
before investing any money or time modifving a
manifold.

Some manifolds only fit between the eylinder
heads one way, while others can be turned up-
side-down, Belore reworking the manifold or
sending it to the head porter, mark its top so it is
always installed in the same position.

The main objective for reworking the mani-
fold 1z to maximize airflow, reduce turbulence
and minimize airffuel separation. This requires
the elimination of sharp turng and gsevere changes
in cross-sectional area. If yvour ignition system
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does not have a vacuum retard but the manifold
has a vacuum fitting, remove the fitting and plug
itz hole.

The manifold’s two 45 degree short-side
radiuses are the major restrictions in the mani-
fold and should be reworked to help the air turn
the corner at high speed between the carb and
the port. Remember that air veloeity 18 a func-
tion of an intake runner’s cross-sectional area,
bt the velocity is not uniform across the entire
area. Velocity is usually slowest on a turn’s
short-side radius and highest on its long-side.
Smoothly blending thig turm to a large, gently
curving radius will help the airflow turn the
corner and produce a more uniform distribution
of flow pressure. This results in redueed airffuel
separation and increased net flow, If vou're re-
working a stock Shovelhead or early Evolution
manifold, there usually is notl enough material
at the corner to get a large radius and the results
may he limited.

The manifold’s backside radius splits the two
runners and it also should be shaped with alarge
gentle radins. Aftermarket performance mani-
[olds come with thiz radius fairly well defined.
However, early model Evolution and all
Shovelhead manifolds need work in this area.

The manifold’s interior should have no se-
vere changes in cross sectional area. It also
should have gently curving radiuses and all
casting marks removed, The point where the

Theinteriar shiape of the intake manifold /s jusi as important as
the carburetor's flow capability. For maximum performance,
have your manifold ported and make sure i fils properly. Also
remamber that the longer the cylinders, the wider the manifold
must be.
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manifold runners and the ports meet should be
matched for size. In no instance should the
manifold be larger than the port. Be sure you
spend the necessary time to mateh the manifold
to the ports. There usually is little excess mate-
rial on the manifold’s walls for inercasing Lthe
plenum area. Therefore, if you intend to run a
large plenum, you generally need to start with
gither an 3&5 G or D manifold or fabricate your
WL

To help fuel vaporization, the manifold’s in-
terior should not be polished. Instead, finish it
with a 60-grit {mavbe as coarse as a 4(-grit}
cartridge roll. Polished runners allow fuel to
puddle similar to how a drop of water puddles on
a flat plate of glass. The 60-grit finish creates a
thin layer of turbulence that helps redistribute
the fuel into the airstream. The flow loss attrib-
uted Lo the additional wall friction iz no more
than about one percent and it is more than offset
by the gains derived from better fuel atomiza-
tion.

Manifold Clamps

Shovelheads from 1966 to 1978 and some 1979
madels uze O-rings to seal the manifold to the
evlinder head. Some 1979 Shovelheads and all
1980 through 1985 Shovels use a rubberband [or
zealing, For good sealing, replace the flimsy
stock intake clamps with heavy duty stainless
steel aircraft-style elamps. Evolutions use a spe-
cial design O-ring and cast mounting flange for
sealing,

I"ar large heavily modified Shovelhead style
manifolds, automotive radiator hose of the cor-
recl size can be cut into sections for zealing
bands and uwsed with automotive clamps for
sealing the manifold Lo the heads.

Intake manifold leaks can cause havoe on
carburetion. Check for leaks (only in a well-
ventilated area) by spraying WD-40 on all three
adjoining surfaces while the engine is idling. An
air leak iz indicated by any change in engine
speed.

FUEL DELIVERY SYSTEM

The Big Twin's fuel delivery svstem encom-
passes everything from the gas tank to the car-
burctor fuel bowl, 1t includes the gas cap, fuel
valve, fuel line, lier, ttings, and the needle
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and zeat assembly. The system 1s gravily led and
iz responsible for maintaining a constanl [ael
level in the fuel bowl The fuel level has to be
maintained during normal street riding condi-
tiong or racing conditions, which may include
vialent launches, hard aceeleration, harsh brak-
ing and tight cornering.

Sufficient fuel flow is required to maintain
the correct air/fuel ratio and this requires proper
venting of the fuel tank. The tank is vented
through the gas cap and if the vent isn't large
enough, the tank can pressurize and make the
engine run Loo rich, It also can create a vacuum
in the tank and cause the engine to run lean. The
gas cap’s vent system can be modified for race
track use toensure the tank’s pressure1s equiva-
lent to atmospheric pressure. I your tank has
two gas caps, the right side eap (lecated on the
high side of the tank when the bike is resting on
itz kick stand} is always the vented cap.

1,

The fuel tank must be ventad properly for adegquate fuel flow.
MNoboe the additional vent fiole drilfed near the top undersids
of the cam style gas cap. This modification iz for race frack use
oy,

Before modifying the cap, first check its vent-
ing capability, Wipe the cap dry and blow into it
[rom its bottom zide to determine how much air
resistance the vent has. The FL gas capis acam
desipn, Late model FX stvle gas caps are a screw-
in design. The cam style cap is modified for race
track use by drilling a .125-inch hole into its
underside as shown in the photograph. On the
other hand, when modilyving the serew style cap,
notice that the plastic boss in the middle of its
underside includes four symmetrically located
cireles. This cap is modified for race track use by




drilling a .120-inch hole {4 total) into each of the
four gmall cireles. Don't drill very deep orthe cap
will be unusable. When finished, clean the cap
and again blow into it Lo compare the difference
from stock.

For race only bikes, a 90 degree 1/4-inch 1.10.
brass hose fitting can be installed into the top of
the cap. Then one end of a vent line can be
attached to the fitting and the other end secured
to the front fork.

The stock [uel peteock (shutoff valve) pro-
vides acceptable fuel delivery for near stock
engines, but it 18 marginal at best for modified
engines and is not recommended for any highly
modified engines, Although there are a number
of aftermarkel petcocks available, the Pingel
shutoffvalve 1s race proven, maximizes fuel {low
and provides a customized appearance. Be sure
to order the correct model and adapter nut.

Controlling the amount of debris that enters
the carburetor through the fuel is eritical to
performance. If dirt passes into the carb, the
chanee of clogging jets or obstructing the proper
operation of the needle and seat is high, [tis a
wise precaulion to filter fuel as it is poured into
the fuel tank, Use a fine stainless steel mesh

The earburator must recaive adequeate fuel low fo mainiain a
praper aicfuel ratio. A high-flow fuel shutelf valve is recom-
mended for any madified anhging, Shown is he race prover
Pingeal shutalf valve. Be sure to order the carrect modal valve
and adagpter nuf,
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Naobtice the fawr circles that surround the centered boss on 1his
screw style gas cap. Each circle area can be driled for
additional gas tank venting, This modification is for race track
LsE oy,

filter or a leather chamois, but do not use cloth
since lint from itz “clean side”™ can enter the
syslem,

Engines run only onthe race track can be run
without an in-line filter as long as the fuel is
stored in a clean container and 1t is filtered
through fine stainless steel mesh as it is poured
intothe fuel tank. Streetengines, however, should
run a large-capacity in-line filter. Pingel offers a
three inch long, 40 micron (25.4 microns equal
one thousandth of an inch) filter, which iz fine
enough for good filtering, yet large enough in
volume to hold a significant amount of debris
without clogging, This filler uses a cleanable
stainless steel mesh element that is about three
times as fine as the one included on Pingel's {uel
shuloff valve.

The fuel line should be routed so there are no
kinks or sharp bends, Smooth curves impose the
minimum restriction, Heated fuel is less dense
and changes the optimum carburetor jetting,
Keep the lines from touching the evlinders or
heads. The plastic loom that covers the stock fuel
line is a good insulator. Take note that a 5/16-
inch LD. line carries 57 percent more fuel vol-
ume than a 1/4-inch line and a 3/8-inch line
carries 125 percent more volume.

If 45 or 90 degree fitlings are needed for
connecting pieces of fuel lines, use bent tube
fittings instead of machined (drilled) fittings,
especially if the fuel system 1s under pressure.
Machined fittings have sharp corners and rough
edges that can cause fuel cavitation. Ninety
degree fittings are not recommended for use
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The sharp comer of a machined fithng causes eddving fow
and cavitation, which reduces flow. Use fube fittings instoad of
rmachineg fithings, especially if the fusl systam s undar pressure
and radius all inside edges. The same rules also apply to the
engine's ol sysiem,

anywhere in the fuel system. Also, any machin-
ing lips on the entry or exit of any fitting should
be radiused for maximum flow.

CARBURETOR MODIFICATION TIPS
Many riders use carburctors other than Mikuni or
5&8S. Therefore, depending an yvour carburetor’s
design (butterfly or slide typel, the following modi-
fications mayv be helpful for improved airflow and
fuel management.

*  Choke Mechanism

When a butterfly styvle choke assembly resides
in a2 carb’s throat, it creates turbulence and
reduces airflow. Removing the butterfly and
shaft and plugging the shaft’s two holes in the
carb’s body will enhance airflow. You may need
to add a fuel “lickler” or enrichment device for
eold weather starting, A tickleris a small hand
controlled plunger the mounts to a hole drilled
through the fuel bowl When depressed, it
contacts the float, which opens Lthe needle and
seat and allows fuel to enter the carb’s throat
through the emulsion tube.

* Venturi

some carburetors have enough metal =0 1ls
venburt can be bored larger or its entryway
tapered bored to a different angle for increased
airflow, If vou bore a butterfly style carb, it will
require a larger diameter throttle plate. All
things being equal, low increases with the
gguare of the diamoeter,
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Throat Area

For carburetors with a cast body, remove any
casting {lash in the venturi and throat area
using a Dremel tool or die grinder.

Radius Entrvway

The carb’s entry should be radiuzed to direct
the turbulent incoming air into the venturi in
a laminar fashion for increased airflow. A ve-
locity stack not only smoothes the ow into the
carb’s throat, but it also changes the intake
Lract’s tuned length.

Butterlly Shaft

To increaze airflow, the butterfly shalt can be
thinned down in the area of the carb’s throat
and the throttle plate’s mounting serews canbe
eround smaller and counter sunk. Be sure you
install the serews with Loctite and stake lock
them. The 1990 and later stock Keihin CVearb
offers a good example of a streamlined shaft.
Have patience because this modification takes
time to do correctly.

CV Piston

The vacuum operated piston of a CV carb can
be modified for inereased airflow by gently
radiusing the piston's front bottom edge.

Fuel Bowl Volume

The fuel bowl of some carburetors is too small
to meet fuel demands under high acceleration
conditions. Install either a larger fuel bowl ora
spacer to increase the bowl's capacity.

Needle and Seat

Install a larger diameter needle and seat as-
sembly to fill the fuel bowl quicker. This will
keep the bowl [rom running dry under hard
acceleration. Nole that Viton tipped needles
offer the hest sealing because they have a high
tolerance for dirt.

I'uel Level

Install a clear plastic fuel level sight pluginthe
zside of the fuel bowl for quick uel level verifi-
calion, A clear hose connected o Ottings
mounted on both the top and bottom of the fuel
bow! will accomplish the same thing,
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o AirFuel Orifices
The quantity, size and position of the idle holes
in the carb’s throat can be changed to help
improve throttle response. Likewise, the num-
ber, size and position of the emulsion tube's air
holes will change fuel metering. Increasing the
number of holes in the emulsion tube leans the
mixture, Holes placed at the top of the tube
afleet mixture at the lower rpm range, while
holes placed at the Lube’z bottom affect mixture
at high rpm. Additionally, an adjustable main
air bleed can be added for more flexible tuning.

*  Butterfly Air Hole

Rough idle problems and low speed {lat spots
sometimes can be helped by drilling a 0680 to
125-inch hole through the butterfly plate. Dirill
the hole down from the top of the butterfly a
distance equal to one quarter of its diameter.
The hole allows additional air and fuel to enter
the engine while allowing the thrattle butterfly
lo remain more nearly closed. Start with a
small hole and work your way up. The hole can
be soldered closed il not needed.

*  Spacer Black
Add a one or two inch spacer block between the
carburetor and manifold. This increases the
plenum area, besides increasing the intake
runner’s tuned length. In general, a longer
runner length increases low-rpm torque hy
moving the point of maximum torque to a lower
rpm, Conversely, a shorter runner increases
high rpm torque by moving the torque peak to
a higher rpm.

MNotice the thinned bulterly shalt and throltle plate screws on
this bored out Linkert race carb.

Induction System 85

TUNING CONSIDERATIONS

Preparation

Tuning a carburetor reguires patience, knowl-
edge of the carburetor’s tuning circuits and an
understanding of how the carb responds to ad-
justments, Up to this point, tuning procedures
for the Mikuni H540 and S&8 Super carburetors
were discussed, What Tollows iz a more global
approach to carburetor tuning.

Carburetionis only one of a number of major
components that need tuning for the engine to
achieve maximum performance, The airffuel ratio
must be adjusted before the ignition, gearing
and exhaust system can be tuned properly. This
iz beeauze the engine must he able to aceelerate
smoothly without missing or cutting out and to
ensure the mixture 1s nol exeeszively lean, which
could damage the engine. Also, some Luning
elements, such as ignition timing, need the car-
buretor correctly tuned hecanse different air/
fuel ratios burn at different speeds during com-
bustion. As a result, the optimum ignition ad-
vance for a slightly rich mixture is different than
theoptimum advance for a slightly lean mixture.

The precision of carburetion tuning is di-
rectly alfected by the mechanical condition of the
engine. This means the engine must be a good
sealing pump without leaking valves or rings. A
weak ignition system causes a rough idle and
will act as a governor, thereby limiting the
engine’s rpm. Check that the ignition timing is
set to a reasonable baseline position. A high
putput coil and top guality spark plug wires can
gignificantly help throttle response and high
UM QOwWer.

The ignition’s mechanical advance mecha-
nism, if vou're running ane, must work smoothly
and cannot have weak springs. One symptom of
a worn advance mechanism is that the engine
will not immediately drop back to a normal idle
rpm {about 1000 rpm}, Instead, it will linger
around 1600 to 2000 rpm and then suddenly
droptoidle whenthe mechanical advance mecha-
nigm falls from the advance position. Some car-
buretors do not work well with the Evolution’s
stock electronic ignition and flat spots may per-
gigt becanse of the advance curve.

When running hydraulic lifters, make sure
thev are adjusted properly. Solid lifters should
have the correct valve lash clearance. Also, cam
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timing that is too radical for the engine combina-
Lion can make carburetor tuning difficult,

Straight pipes are casily tuned lor the race
track because they only need to run al high rpm.
However, trying to tune them over a broad range,
such as 2000 to 6500 rpm, can be difficull. Alsa,
very large diameter exhaust headers can make
carburetor tuning difficult. Whenever a free Now-
ing exhaust system is installed, be sure Lo enrich
the jetting.

Adding a deflector shield to a velocity stack’s
entry can be helpful when high velocity side
winds and turbulent wind buffeting are present.
The deflector will increase the intake tract’s air
pressure when at high speed. The float howl
should be vented to the same pressure as the
intake tract. In this case, richer jetting is nor-
mally reguired,

Making a Run

Eegardless of whether you are tuning a carbure-
tor on a stock street engine or a highly modilied
big inch stroker, the tuning procedures are the
game. Start by making sure the carb’s jets,
adjustable zettings and float level are at a rea-
sonable baseline for the engine combination.
Also, check that there are no fuel leaks, the
throttle linkage works smoothly and the throttle
butterfly or slide fully open and close. The gas
tank must be properly vented and the fuel line
must be free flowing, Now the fine funing can
begin and 1t is up to you to get the most out of the
combination. Remember, the performance dif-
ference belween one engine and any similar
engine is all in the tuning,

Make sure the engine is thoroughly warmed
up. Tuning a carburelor always starts by first
adjusting the idle mixture, next the low speed or
pilot system and then progressing through cach
jetting circuit until the high speed circuil is
complete. A good methad for jetting 1s to deter-
mine the jet that causes distinct signs of rich-
ness, then lean down slightly. Review the proce-
dures outlined under the Mikuni HS40 and 5&5
Super carburetors for reference. These proce-
dures are good examples for tuning either a slide
or butterfly stvle carburetor.

Always pay allention to what the engine is
doing, The engine should accelerate smoothly,
yvel hard with a strong top-end. Think about
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where on the track or at what throlile position or
rpm a problem oceurs. Does the engine break up,
blubber, misfire, or stumble and where does it
take place? Does the exhaust sound erisp or
muffled? The exhaust should sound erisp, but
too crisp of exhaust note may indicate a lean
condition. A rich mixture usually sounds muftled
or blubbery and makes the engine accelerate
sluggish and lazy. Look for a good transition
from the low speed to the high speed circuits. An
ignition caused misfire will usually be steady,
however, a mislire caused by carburetion will
usually be sudden and intermittent and usually
affects unly part of the rpm range. For example,
a lean main jel will usually cause the engine to
pop or “break up” at the top of each gear.
Remember that the idle and low speed cir-
cuits respond to manifold vacuum and the high
speead circuits respond to airflow. Problems en-
countered in the low or midrange may require a
larger air bleed jet to move the effective range of
the high speed jetting cirenit, Pilot jets, interme-
diate jetz orthe jet needle’s position may reguire
a change, In general, an engine gives the guick-
est aceeleration when the low and midrange air/
fuel ratio is slightly rich. Don't forget the accel-
crator pump’s delivery may need to be increased
ordecreazed and it's sometimes best to tune with
the pump turned off. Installing a high flowing air
cleaner or a veloeity stack in place of an air
cleaner normally requires enriched jetting.

Key Indicators

MPH is one of the key indicators for achieving
maximum power and optimum high speed jet-
ting. After arun, check the condition of the spark
plugs. An aceurate spark plug check reguires
that the engine is cut off cleanly while at full
power, the throttle closed and the clutch pualled
in immediately. A spark plug’s eolor can be
misleading in a quarter mile test and the colorof
itz poreelain and electrodes can only provide a
seneral idea of the airffuel mixture. Signs of
melied cement, cracked porcelain, black specks
on the poreelain’s nose and melted electrodes are
indications of detonation or extreme heat due to
a lean air/fuel mixture or improper ignition

timing, The plug’s porcelain should not show

signs of glazing and the center electrode should

not be turning blue. These conditions, along with




a ground electrode turning green are signs of too
much heat. Black specs or small shiny black and
purple colored balls attached to the poreelain are
indications of detonation, If vour plugs show any
of these signs, add fuel or back off the timing. Be
sure to correct the problem before making any
additional runs,

Some racers look at the top of the piston
dome or check the inside of the exhaust port for
color, Usze a small inspection light to view the
piston dome through the spark plug hole, A
backup check f[or determining a rich or lean
condition 1% Lo check the underside of the pizton
domes when the engine is torn apart. The dome’s
underside will be light hrown when the airfuel
mixture 12 about right, If the dome shows no
color, its cylinder is running cold and too rich.
When dark brown, the eylinder is too lean and
you need to correct it

Unless the plugs indicate a rich mixture,
continue adding fuel to the high speed eircuit
until mph drops off. Then back down one jet size.
If vou enrich the high speed and nothing hap-
pens, keep enriching it repeatedly until the mph
drops. Sometimes one jet change will not reflect
any difference in mph.

MPH will also drop when the engine gets too
lean. However, power drops quicker when the
mixture becomes lean than when it becomes
rich, Thig is referred to as the aivifuel fishhook
curve, For Lhis reason and because of potential
engine damage, vou are better off slightly rich
than lean. Remember that a lean mixtlure is
more detonation prone than a rich mixture.
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The chermically correct airffuel ratio is about 151, However,
maximum power (s achisved belween 1201 and 13:1. Nofice
that power drops more quickly as the mixiure becomes lean.
Howawvar, an enging is never tuned for a specific ainfusl rafia,

only for maximum pawer. Initially fune the carburetion for

ohvious signs of richness, then slightly lean the mixture.
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Jet Considerations

Ajetmustbe accurately machined and its orifice
finigshed reamed for precise fuel flow. Also, the
radius leading to the jet's orifice must be con-
stant from jet Lo jet for accurate tuning. A jet
with a radiused orifice will flow up to 20 percent
greater than a jel with a straight through hole.
Thiz ig because the radius smoothes the flow,
which makes it easier for the fuel molecules to
move Lhrough the hole.
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A radiused arffice has up fo a 20 percent farger fiow area than
one with & sharp edge. You can be fooled during carburation
luning whean using fefs with different shapes of anfices.

Some jets are size rated while others are flow
rated. The number stamped on a size rated jet
indicates the diameter of its hole. Doubling the
hole size of a size rated jet quadruples its flow
volume, This is because flow volume is propor-
tional to the hole’s diameter squared. Thismeans
asmall increase in jet size gives a large increase
in fuel flow, I'or size rated jets, use a caleulator
or an orifice area conversion chart to determine
the amount of jet change (jet flow arca) required
for a given air density reading,

The number stamped an a flow rafed jel
usually indicates the jet’'s flow rate in cubic
centimeters per minute. This means the jet's
[low rate is proportional, on a percentage haszis,
to the number stamped on it Jet changes are
eazier Lo caleulate with flow rated jets.

If the engine docs not respond well to jetting
changes, chances are that some other tuning
variahle is radically out of bounds or something
is severely wrong with the engine combination.
Faetors heyond carburetion, such as poor com-
bustion chamber design or low compression may
limit the degree to which the engine’s carbure-
tion may be tuned.
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Fuel Considerations
When tuning, always use the same brand of fuel
and octane rating Lthat you normally use. Ifusing
racing fuel, choose an octane rating that sup-
presses detonation for vour compression ratio and
enginecombination. Az the octane ratinginereases,
Lhe fuel’s resistance to detonation will also in-
crease. But keep in mind that excess octane is not
helplul and remember that detonation is the major
cauge of piston, rod and bearing [lures. Also,
different racing fuels may require a different igni-
tion advance setting for optimum power because
different fuels often burn at different gpeeds.
Fuels vary in density and composition and the
variations can have a major affect on tuning. An
engine performs best at only one air/fuel ratio and
the ratio is based on the weight of the air and fuel.
sinee carburetors meter fuel by velume, a jet

change must be made when the specific gravity of

the fuel changes to keep the weight of the fuel being
mixed with airthe same. The denser the fuel is, the

amaller the jet you will need for a given set of

conditions.
Changing from one brand of [uel to another
may require jetting changes for maximum power.

Even two batches of the same brand and grade of

fuel can change in density and require jetting
changes. The specific pravity rating of racing fuels
usnally ranges between 66 and .74 while aviation
gasoline 15 normally .68 o 72, Specific gravity
indicates the weight of fuel on a percentage basis
when it ig compared to water. When changing
brands offuel, ask the manufacturer for their fuel's
rating so yvou can compare one fuel to another, As
ambient temperature increases, the specific grav-
ity of fuel decreases. All Tuels are rated at 60
deprees Fahrenheit. In close, heads-up racing,
measuring the specific gravity of fuel at the track
can be a big help.

Specific gravity test kits include a hydrometer
bulb and are available from Kinsler I'ucl Injection
and automotive performance shops. As a low cost
alternalive, a battery hydrometer or antifrecze
tester can be used to test fuel for specific gravity.

Weather Effects

Onee the engine's carburetion i1s dialed in for a
given altitude, temperature and humidity, jet
changes can be calculated for different altitudes
and ambient weather conditions against the origi-
nal baseline jetting. If possible, use an air density
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Use an air density gauge (o corrglate your Dasaline jetting i
g given atmosphenc conditon. The gauge simpifies fetting
changes required for different altitudes and temperalfures. Be
sure fo always use the same gauge, since there is no guarar.
feq eviary gauge is calibratad idantical,

gauge o determine high speed jetting changes
fram the baseline value and always use the same
gauge because different gauges may be calibrated
differently.

Feorevery 1000 foot increase in altitude, engine
power drops about three pereent due to thinner air.
Also, foreach 11 degree rise in temperature, power
drops one percent for the same reason. These
values translate into about a 1.0 percent change in
E.T. and mph for each 1000 foot change in altitude,
and a 0.3 percent change in E.T. and mph for each
10 degree change in temperature,

CARBURETOR TUNIMNG GUIDE

COMDITION EFFECT ON MIXTURE CHAMGE REQUIRED
VRIS AT Richier LEsansn
Cokdrr Adr Learar Hicher
Ty Al Learar [ Tigher
it Al Leangr Fisghar
Higghr Albiucs Richer Lixane
Tabile .5

When tuning, only make one change al a
time because multiple changes introduce too
many variables and confuse the tuning process.
Algo, record all tuning changes made, including
any change in performance and the current
whether conditions. This information can be
referenced during future tuning sessions and it
should be an invaluable time saver,

For every run down the track, have an objec-
tive to aceomplish and concentrate on that objec-
tive before, during and after the run.

INTAKE TRACT TUNING

Acylinder’s volumetric efficiency can be increased
by taking advantage of the acoustic energy pulses
within the intake tract. As the intake wvalve
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closes, a pulse is sent through the intake tract.
Asthe pulse hits the atmosphere at the open end
of the intake tract, the pulse bounces back to-
ward the intake valve. By adjusting the length of
theintake tract sothe return pulge arrives at the
valve when it opens, eylinder fill can be in-
creased.

The tract length is measured {rom the back-
side of a closed intake valve to the air inlet
entrance. This point is either where the air
cleaner bolts to the carb or the end of a radius
ring inside the air cleaner. It also can be the
radiused end of a velocity stack. On the drag
strip, a Big Twin engine is normally turning
between 4500 and 7000 rpm, However, depend-
ing on the engine combination and gearing, the
rpm may be as low as 4000 or as high as 8000,
The tuned intake length would normally he set
for the middle of the rpm band, For an engine
turning 4500 to 6500 rpm, this would he 5500
rpm.

The intake tract can be tuned to several
different pulses, but each time the pulse changes
direction it loses energyv. This means the stron-
geasl usable pulse is the second, bul it also re-
quires the longest tract length and this length
may be impractical to use, Also, the caleulated
tuned length should be considered only as a
starting point, Testing atl the race track will
determine the hest length.

Each of the three following formulas iz de-
signed to take advantage of a different intake
tract pulse Use the one that gives the most
practical intake length for vour bike. The con-
stants nsed in the formulas consider the speed of
sound, intake tract temperature and the amount
of tirne the intake valve 12 open.

Znd pulse:

1100 Yy intake cam duration:= . 98
- tpm

ard pulse:

_ 1100 x Y, Intake cam durationx.705

rpm
4th pulse:
1100 = Yy intake cam durationx 538
rom
Example:

Optimize an Evolution engine's intake tractlength
for 5500 rpm and 250 degrees intake valve dura-
tion. Use the third pulse for the caleulation,
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1100 = 125,705
- 5500
969375
5500

=17.625" tunad intake tract length

The intake tract length of a stock 1990 and
later Evolution engine is about 9.5-inches and
it’s about the same with an 5&S Super E or G
carb. Adding a 4-inch velocity stack increases
the tract’s length to about 13.5-inches. The S&3
B and D model carbs have a long body, which
increases the length about 1.5-inches. With a
Super B or I carb, a 4-inch velocity stack and a
1-inch spacer block, the intake length calculates
to 16-inches, This iz still 1.625-inch short of the
caleulated tuned intake length, Adding a second
l-inch spacer will help, Another option 1s to
caleulate length using the 40h pulse. This results
in a shorter 13.45-inch length, which is easier Lo
achieve. €

S&5 Super B carburetor on Chiis Barbarna’s beautifully
detailed FX. Natize the adiustable air bleed jet on the side of
the cart. Chris runs in an ECRA Eliminator class onan 11.530
E.T index, Photo caurtesy of Lary Smith/Handorafiod Amari-
can Racing Motorcoles.
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Johnny Vickers has lummeda 7.26 £.7. an the Pro Fusl, high gear only, fuglinjectad, Hawaya Hacing drag bike. This 140 Evalution
Big Twin includas & sophislicaled racing fusl injection system often used in place of carburelion on nitra burning enginas and 4-
cam crankcases. The 4-cam cases create a hybrid engine dasign that combines a Sportster style cam arrangemeant with 8ig Twin
cylinder heads, Four-cam crankcases are a current trend in high dollar motors because they offer superior valvetrain geometry and
cam degresing capabilily over the fraditional single cam Big Twin crankcase. Pholo countesy of Larry Smith/Handerafted Amarican
Racing Motorcycles.
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£-he camshaft critically influences
the amount of air and fuel the
engine breathes.
Infact,itis considered the brain and personality
of the four-cycle engine because it controls the
timing and duration of all major events. As a
result, the camshaft is the primary component
for tuning the engine’s torque and horsepower
curves, It also directly affects the engine's indue-
tion and exhaust systems, besides the optimum
compression ratio.

Due to emission requirements, the stock Big
Twin has less than optimum cam timing and this
severely restricts its breathing capahility in the
higher rpm ranges. Replacing the camshaft
should be one of the first four performance up-
grades for a Big Twin engine — the others being

91

the carburetor, exhaust and ignition. A perfor-
mance cam will add a few horsepower down low
in the rpm band and 10 or more horsepower in
the 6000 rpm range Lo a relatively stock non-
California Big Twin engine. It will add even
more power when the engine is highly modified.
However, it must be matched to the engine
combination for maximum power,

There 1s no magic involved in choosing the
hest cam for an engine combination, Although
there are numerous cam grinds that would make
a reasonably good match for any given engine,
the only way to know for sure which cam is best
iz to test each one, Since cam design is not a
precise science, it is impossible to guarantee
without prior testing that one cam is best for a
given engine combination because too many vari-
ables are involved.
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For maximum performance, the cam must be
matched not only to the engine's displacement
and rpm band, but also to its head’s airflow
characteristics, bore-to-gtroke relationship, in-
duction system, exhausl systemn and compres-
sion ratio. Even the engine's rod-to-stroke ratio
plays a part. Choosing a functional cam for a
given engine combination is not too dillicult;
however, identifying the optimum cam requires
some knowledge, Because Lthere are many vari-
ables involved, winning racers spend a great
amount of lime testing custom ground cam-
shafts todetermine what works and what doesn’t
with their engine combination.

Lift, duration and the timing of events are
the three major congiderations used in camshaft
desgign. The size, shape and position of the cam
lobes determine how high, how long and when
the valves open and clogse. Selecting the best
combination of lift, duration and timing amounts
to a compromise between low-speed torque and
high speed horsepower. Yet many Big Twin
owners buy a cam without understanding the
factors involved and this rezults in disappoint-
ing engine performance, Major factors and ele-
ments vou should understand when selecting
and installing a cam are covered below.

LIFT

Airflow through the cylinder head is directlly
cantrolled by the height of the valve's lift. Up to
a point, the higher the valve lifts, the greater the
flow. At low lift, when the valve is only slightly

LOBE LIFT

SASE CIRCLE

BASE CIAGLE FAIILIS

- -
= HEEL=—"

Cam lobe Wit is measured fram the base civcle radius to the
high point of the lobe. This measurament is equal (o liftar liff,
Aot valve lift. To calowlate valve Wt multioly labe it by the
racker arm ratio.
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ofl ite seat, airllow iz restricted between the
valve and its seal. When the valve 13 raised, the
alrsiream forms a cone-shaped path around the
circumference of the valve's head. If the shape of
the cone iz disturbed by any obstruction, such as
the shape of the combustion chamber, airflow
through the valve’s opening will drop.

The amount of flow ig controlled not only by
how high the valve is lifted, but also by how
gquickly it lifts. Ideally a valve would lifl instan-
taneously lo maximum Lft, but this is imposg-
gible. The quicker a valve iz lifted, the greater
amount of time it spends al higher lifts, In cam
terminology, this increases the area under the
valve lift curve and results in increased flow past
the valve. The negative effect of lifting the valve
quickly is that the valve requires higher valve
spring pressure to ensure the valve follows the
profile of the cam lobe, High spring pressures
increase the wear of the valve, seat and guide,
therefore a compromise 1s made between the
speed at which the valve lifts and the amount of
tolerable wear,

In general terms, higher valve lift helps
generate torgue and horsepower, but the speed
at which the valve is raised to {ull lift is also a
factor. Increasing lift is a good way to increase
power without gignificantly reducing low speed
performance, But keep in mind that some evlin-
der heads stop flowing more air as lift is continu-
ally increased. In thig situation, the heads re-
spond more to duration than lift. From a reliabil-
ity standpoint, there needs to be some relation-
ship between lift and duration since only in-
creasing lift withoul an accompanying increase
in duration can produce high valve acecleration
rates, which ean inerease valvetrain wear and
reduce reliability. Cams with very high it and
relatively mild duration are typically used to
maximize low and midrange power or used with
low compression engines.

The optimum valve lift is generally deter-
mined by the cylinder head design, This is one
reason a cam should be matched not only to the
displacement of the engine and its application,
but also to the cylinder head. When a valve lifts
25 percent of its diameter, the area of its orifice
iz equal to the area of itz diameter. For this
reason, the ideal valve lift is usually some ratio
of the valve's diameter, Stock engines usually
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have a maximum lift of about .25 of the intake
valve diameter while racing engines are usually
about .30 to .45 of valve diameter. Tp to about .15
of valve diameter, airflow is primarily controlled
by the valve and seat area, but at higher lifts it is
usually lmited by the capacity of the port and
sometimes by the shape of the valve ar combustion
chamber.

The stock Shovelhead valve lift is 390-inch,
whileforthe Evolution it is . 495-inch for 1985-1991
vear models (L-eam} and 472-inch for all other
years., For the Evolution, thig results in a lift
slightly greater than .25 of'its intake valve diam-
eter, On the other hand, the Shovelhead lift is only
about .20 of its intake valve diameter,

Valve lift is calculated by multiplying cam lift
hy the engine's rocker arm ratio. One method for
determining optimum valve Nift is to {low test the
port at different valve lifts. This will indicale at
what lift flow stops increasing or even starts de-
creasing, Some cams are designed to lift the valve
bevond the point of maximum flow and some lill
even greater than 35 of the valve's diameter,
Lifting the valve quicker places more area under
the cam’s lift curve. Bul lifting the valve quicker
sometimes requires that 10 s lifted beyvond the
point of maximum {low, This results in gaining
flow at high lift hecause the valve dwells longer at
maximum lift. Flow at lower lifls iz alzo gained
because the point for a given il iz reached earlier
in the valve's cycle.

Due Lo its cylinder head design, it i1s much
easier to install a high lift cam in an Evolution
enginethan a Shovelhead, As aresult, itiscommon
foran Evolution cam to have 060 to ., 100-inch more
lift than a eomparable Shovelhead cam. Where a
typical high lift Shovelhead cam raises the valve
between 475 and .575-inches, a comparable Kvo-
lution cam lifts between 530 and .640-inches with
some lifting higher than 750-nch. I'or a bolt-in
cam, maximum |ift iz imited to aboud 500-inch for
an Evolution engine and about .450-inch lift for a
Shovelhead, depending on the vear of the engine
and profile of the cam.

The term “lobe lift” sometimes is mentioned
when discussing cams, This term refers to the lift
of the cam’s lobe and in most cases it is different
then valve Lift. Valve Lift divided by the rocker arm
ratio equals lobe lift. For example, dividing the
Evolution's .472-inch valve lift by 1ts 1.6:1 rocker
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arm ratio results in a .2895-inch lobe lift. Take
note that the Shovelhead’s rocker arm ratio is
1.5:1. Also, the Knucklehead engine has a rocker
arm ratio of 1:1, g0 its valve Lift and lobe Lt are
1dentical.

DURATION

Duration ig the amount of time computed in erank-
shaflt degrees the cam holds the valve ofl'ils seat.
The greater the duration is. the longer the valve is
held open, Up to a point, the greater the cam's
duration, the greater the engine’sbreathing ability
will be, However, increased power is not guaran-
teed by additional duration unless the induction
and exhaunst systems can make use of the duration
and move more air/fuel miszture through the en-
gine. This requires fine tuning the induction and
exhaust systems to a particular cam for maximum
results.

LOBE LIFI

Bakk CIHCLE

The valve 15 closed whan the lifter s traveling along the cam’s
base circle suiface, The cam's ramps stad the valve's apening
and finish its closing. The ime from which the valve lavas its
saal lo the fime [t again is sealted resalls in the cam lobe's
duration. Duration is normally measired af a pointf wheare the
lifter is not posifioned an the lobe's ramp.

In general, duration is a function of engine dis-
placement and rpm. As engine displacement ig in-
creased, cam duration usually can be increased. Fora
givenengine displacement, increasingduration moves
peak power to a higher rpm range, resulting in de-
creased low-rpm power and torque. What 1s gained on
one end is lost an the other. This i because more
duration inereases cylinder filling at high rpm. Con-
versely, the longerthevalvesremain offtheirseats, the
less time there is Lo maintain cylinder pressure at low
rpm and low-cnd power is generally reduced. There-
fore, duration can be used to determine where in the
rpm band the engine will make peak power.
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Motica the difference in lobe profile between the stock Evolu-
fign L cam fright) and an Andrews EV3.

Depending on the vear of the engine and the
stateitis sold in, the Evolution’s intake duration
varies between 208 and 222 degrees and its
exhaunst duration between 202 and 236 degrees.
Engines sold in California have about 178 de-
crees duration (C-cam) on both the intake and
exhaust. Stock Shovelhead duration 1s 220 de-
grees lor the [ront cylinder intake, 232 degrees
for the rear evlinder intake and 244 degrees {or
bolh exhausts.

Asageneral rule, any Evolution cam with up
to about 240 degrees duration is considered
having a mild amount of duration, 241 to 265
degrees duration places the cam into the moder-
ate class and one with more than 265 degrees
duratiun fulls into the “maximum effort” cat-
egory. A Shovelhead engine has lower velocity
ports th'.'m an Evolution, go add about 10 degrees
duration Lo each cam eategorv for equivalent
values.

Cam duration for four-valve heads iz an excep-
tion to the above rules. Since four-valve heads
expose flow area quicker than two-valve designs,
less duration is reguired. This is because flow
through a valve's opening 15 a function of the
valve's circumference and two small valves have
greater circumference than one large one. Using a
cam designed for two-valve heads in a four-valve
head engine produces a narrow high rpm power
band with little power down low.

Long duration means the valves are off their
seats for a longer time, which can result in lower
eylinder pressure and reduced power atlow speeds.
This is especially true if' the cam has a large
amount of overlap. Raizing the engine’s mechani-
cal compression ratio in conjunction with increas-
ing duration will help maintain eylinder pressure
at low rpm and minimize potential power losses,
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The cwiinder hote diamater imils tha size of vahvas more in 2
two-valve head than a four-valve design. Since four-valve
heads axpose flow area quickear than tvo-valve designs, less
valve duralion is required. The two valves in a stock Evo head
arg aqual to 48,1 parcant of the stock bare ares; 27.7 percent
for the intake valve arga and 21,4 far exhaust, For unmadified
four-valve heads, the total valve ares s 568.2 percent; 35,3
pargent for the infake valve area and 22,9 for exhaust, Four-
valve heads genearally perform best in large bore, very high
O E2N0NTES.

The de facto measuring standard for Big Twin
cam duration is at .053-inch lifter lift (not valve lift)
off the cam’s base eircle. Thig means that duration
18 measured in crankshaft degrees (not cam de-
grees) from the point where the lifler rises .053-
inch to the point where it drops back down 1o .053-
inch lift. Some manufacturers measure duration
at 020-inch lifter lift. The reason .053-inch 1s used
as the measuring point is because it oflers more
aceurate and consistent readings than measuring
at a lower lift.

To reduce shock Lo the valvetrain, cam lobes
are ground with extremely gradual opening and
cloging clearance “ramps” that remove the play in
the valvetrain belore valve opening. This causes
the lifter to move very slowly when on the ramps
and makes it very difficult to measure aceurately
the exact point in crankshaft rotation where the
lifter moves. Although some opening and closing
ramps are longer than others, checking at .053-
inch moves the lifter past the slow moving ramp
and on to the faster moving flank of the cam for
more congistent and accurate readings.

Tom Sifton started the de facto Harley cam
measuring standard of .053-inch by adding .013-
inch lift, which was generated by the slow moving
ramp, to an arbitrary value of 040-inch (approxi-
mately one millimeter). As a comparison, the de
facto measuring standard for automotive cams is
L050-inch lifter lift.
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The durafion of mos! Harley cams is measured af \053-inch
lifter fift, Duration will always be greater when measured af a
lower ift sich as 020-inch. This is because It generated by
the labe's opening and closing ramps s included. When
comparing the duration of lwo different cams, be sure to use
figures caicuwlated at the sama ifter i

Readings taken at less than 053-inch lifter
lift will reflect a greater amount of duration and
an earler opening and a later closing point.
Therefore, for accuracy you must always com-
pare cam specifications measured at the same
lifter lift. The only accurate way to compare two
camz measured at different lifter lifts is to
remeasure one at the other's standard. How-
ever, if you want to compare the duration of a
cam measured at 083-inch to one measured af
.020-inch, add 40 degreecs duration to the one
measured at .053-inch, Thiz will give an approxi-
mate comparison,

Even measuring two different cams at the
same lifter lift does not tell everything about the
cams. For example, il i possible that both cams
open and close the valve at the same crankshaft
timing, however, one cam may have steeper
flanks and a breader nose, thereby lifting the
valve quicker and keeping it open al maximum
lift longer than the other. This means the open-
ing and closing rates are another eritical design
consideration for the cam manufacturer. There
is no way to determine the cam's opening and
closing rates by looking at the advertised speci-
fications, although in some cases the amount of
TDC lift may give a general indication of lift
rates. The anly sure way to know how two cams
compare 15 to graph their lobe profiles at 20
degree intervals and then compare the results.
This will show how much area cach cam has
under the lift curve. In general, more powerful
cams have more area under the lift curve.

AREA UNDER LIFT CURVE
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The oniy valid way ta compare two cam profiles is o measure
thaiy ift at different degrees of fywhee) rotation and plot the
results on & graph. These wo cams have the same duralion
god St ar 033" but ona has more area undar the cunee
because it [ifts quicker

Opening and closing rates are dictated not
only by the amount of tolerable valvetrain wear,
but also by the rod-to-stroke ratio. Engines with
a high rod-to-stroke ratio typically have a lazier
piston acceleration rate away from TDC than
those with a lower ratio. The speed at which the
piston moves away from TDC is an important
factor in determining the cam’s profile. In most
cases, Lhe intake valve should reach at least half
ol 1ts total 1ift by the time Lthe piston reaches its
maximum acceleration rate away from TDC
(about 74 to 76 degrees ATDC for the Big Twinl
Itis atthis point during the intake cvele that the
strongest signal is delivered to the intake port.

SINGLE AND DUAL-PATTERN

A single-pattern cam design has an identical
amount of duration and Lift for the inlake and
exhaust valves, Conversely, a dual-pattern cam
has a different amount of duration or lift for the

VALVE LIFTER ACCELERATION RATE

This llustration shows lifter rise relative to camshall rotation,
The angle of the curve illustrales how quickly the cam lifts the
valve, The sfeepar the angle, the fasler the Iift rate. Nolice that
the fastes! accelgration occurs duwing the middle of the it
CLIVE.
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intake and exhaust sides, Some companies favor
single-pattern cams while others favor dual-
pattern designs.

A dual-pattern cam is sometimes favored by
engine builders when there is unequal breathing
between the intake and exhaust ports. On Lthe
other hand, single-pattern proponents believe
that a poor flowing exhaust port can be ad-
equately scavenoed with a single-pattern design
because the exhaust is purged by positive piston
mation,

The flow differences between stack and ported
heads should be taken into account when choos-
ingacam, Some stock heads, like the Evolution’s
have a poor flow ratio between the intake and
exhaust ports. At .500-inch lift, its exhaust port
low s less than 80 percent of the intake, You will
[requently see dual-pattern Evolulion cams
having greater cxhaust duration than inlake
duration. With ported heads the cxhaust porl
normally flows between 80 and 90 percent ol the
intake and sometimes as high as 95 percent.
Then when the carb, intake manifold and ex-
haust header are installed, the induction and
exhaust sides should flow similar amounts.

SYMMETRICAL AND

ASYMMETRICAL PROFILES

A symmetrical cam has identical lobe profiles on
the opening and closing sides (flanksz). Con-
versely, an asymmetrical cam has a different
lobe profile on each side. Big Twin cams usually

ASYMMETRICAL CAM LOBE PROFILE
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An asymmatrical cam loba prafile has a differsnt shape forits
apening and closing sides. The opering fank stans accelsr-
ahing the lifter, The deceleration area slows the [iffer down 20
it stays in canfact with the lobe as it goes cver he nose, The
clasing flank must close the valve without bouncing it on the
seat,
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are asvmmetrical because they open the valve
gquickly for increased flow, but elose it slowly to
reduce noise and wear. This requires the lobe to
have one shape lor ils valve operning side and
another [or the closing side. An asymmetrical
lobe profile inereases cylinder filling and engine
torque, hesides allowing a higher operating rpm,

The more radical the lobe’s profile, the higher
Lhe valve spring pressure must be to keep the
lifter following the cam lobe. If the shape of the
lobe changes too quickly, inertia will cause the
lifter to separate from the lobe at high rpm,
causing inaccurale Liming, valve float and pos-
sible engine destruction.

Inereased valve spring pressure can lead to
rapid valvetrain wear, especially at low rpm.
High pressures gencrate grealer inlernal [rie-
tion, which leads Lo increased temperatures and
reduced horsepower. However, it is eritical to
run sufficient valve spring pressure, but not
excessive pressure. Different cams reguire dif-
ferent on-seat and maximum Ll spring pres-
sure. Check with vour cam manufacturer for his
recommendations. If vou are in doubt about how
much pressure to run, it is always better to run
too much pressure than too little,

OVERLAP
Owverlap iz the time measured in crankshaft
degrees that the intake and exhaust valves are
open simultanecusly. This is when the piston iz
near TDC and Lthe inlake valve is Just starling Lo
open and the exhaust valve is about to close, The
amount of overlap and where it accurs will have
a major impact on the engine’s ability to make
power, Some phenomena that oeeur during over-
lap are beneficial, while some are harmful,
Sinee valves cannot open and cloze instantly,
the overlap period provides the time to open or
close avalve gradually. lf matched properly with
the exhaust system, the overlap period can help
evacuate exhaust gpases when the piston is near
TDC. At high rpm, the inertia of moving gases
can be used to help draw fresh fuel mixture inta
the cylinder during overlap, which greatly in-
creases volumetric efficiency, However, at low
speeds the inertia effect is too low to be helpful
and exhaust reversion (exhaust backflow into
the combustion chamber)econtaminates the fresh
fuel charge and reduces power. Also, at low
speeds exhaust pressure pulses can travel
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through the combustion chamberinto the intake
tract and upset carburetion. The benefits of the
overlap period are very rpm-speciflic and are
maximized when combined with a tuned ex-
haust.

As duration increascs, overlap will also in-
crease, all other things being equal. When the
overlap period increases, the valves are off their
seats longer, which meang that a higher rpm is
required to establish sufficient cylinder pressure.
Thiz is why a cam with a long averlap period
performs better at higher rpm, but reduces power
in the lower rpm range. Tuned straight pipes can
benefit significantly from a long overlap period,

Besides increaszing duration, overlap alsgo
can be increased by moving the cam’s intake and
exhanstlobes closer together. On the other hand,
moving the lobes farther apart reduces the
amount of overlap. The relationship between the
intake and exhaust lobes for the same eylinderis
referred to as lobe separation angle and it will be
discuszed later.

As overlap 1s increased, the engine’s me-
chanical compression should alsaobe inereazed to
retain low rpm evlinder pressure and low-end
torque. In general, the shorter the overlap pe-
riod for a given engine, the lower the rpm at
which the engine will develop maximum torque.

The amount of overlap can be determined by
adding the intake valve opening timing (before
TDC) to the exhaust valve closing timing (aller
TDC). For example, lets assume a cam has an
intake opening of 31 degrees belore TDC and an
exhausi closing of 27 degrees alter TDC. I
overlap perind would be 58 degrees,

VALVE TIMING

Lift, duration and averlap are not the only eriti-
cal cam design factors that affect an engine's
power level. The timing of the valve cvents,
which are the points at which the intake and
exhaust valves open and close (in crankshaft
degrees) are also extremely critical in determin-
ing not only the engine’s power, but also its
power curve, The performance differences be-
tween two cams can only be proven by cut-and-
try testing on the track or dyno. However, the
cam’s opening and cloging points and its dura-
tion can offer clues about its performance
characteristics.
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The position of the inlake lobe i relation to the exhaust lobe
detarmines valve overap. Overlap is the time when the pistan
is near TOC and the exhaust valve s aboul (o close and the
intake valve is starting to oper. The perad when both valves
are off their seats is valve overlap,

The optimum camshaft for a given engine is
determined by a myriad of factors such as port
airflow, dizsplacement, stroke, rod length, rpm
and other factors. But the hottom line is how
miuch eyvlinder pressure the cam allows the en-
gine to make at a given rpm. Changing the
timing of the cam’s opening and closing events
cansignificantly change the power making char-
acteristics of the engine. However, there is al-
ways a tradeofl between high rpm horsepower
and low-speed Lorque.

Inereasing duration moves Lhe points at which
peak torque and horsepower occur to a higher
rpm level. As a result, low speed power suffers,
Extended duration causes the valves to open
earlier and close later, This inercases cylinder
filling on the intake side and helps scavenging of
combustion gases on the exhaust side. An early
opening intake valve ean help eyvlinder filling at
high rpm, but it also can waste fuel and reduce
power if much of the mixture is sucked out of the
combustion chamber and through the exhaust
port during valve overlap. Additionally, a late
closing exhaust valve can cause over scavenging
by dumping fresh fuel mixture out the exhaust
port.

Of the four opening and ¢losing valve events,
the intake closing 1s the most important followed
in importance by the exhaust opening. These
events are most critical because they determine
the time the cylinder is sealed (both valves
closed) and eylinder pressure can build on the
pIston.
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The intake valve closing starts the change
from the engine’s intake cyvcle to compression
cycle, At this point, the piston has passed BDC
and is moving upward in Lthe evlinder. Also, the
intake charge has developed a significant amount
of inertia. Holding the intake valve open as long
as possible al high rpm makes maximum use of
the charge’s inertia and increases cylinder fill
for additional cylinder pressure and more power.
The inertia that generates the additional eylin-
der filling is called “ram effect.” However, this
phenomenon musgt be halanced against the mo-
ment when the upward piston movement cre-
ates enough cvlinder pressure to push the fresh
fuel charge back into the intake port. This re-
ducescylinder filling at low rpm and hurts torque
and power

Although elosing the valve late takes advan-
tage of the intake charge's high velocity and built
up inertia, it only works well at high rpm. At low
speeds, the intake velocily iz too low for ram
effect. Therefore, the best time to close the in-
take valve varies according to engine rpm. The
later the intake valve closes, the higher the
engine must be revved to develop peak torque,
Ontheother hand, elosing the intake valve early
increases eylinder pressure and reduces the
amount of fuel charge forced back into the intake
port at low engine speeds, thereby increasing
low rpm torque.

Keep in mind that the later the intake valve
is closed, the more the engine’s mechanical com-
pression ratio must be increased to offset cylin-

two cams with similar specifications, take note
of the intake valve's closing point. All other
things being equal, the later it closes, the higher
in the rpm band peak torgue and horsepower
will be developed. Heavy touring bikes that are
frequently lugged at low speeds don’t respond
well 1o a late closing intake valve or long dura-
tion.

Opening Lthe intake valve early extends the
induction period, but il can cause some prob-
lems. Opening the intake too early allows ex-
haust pressure, which still exists in the cylinder
to push the fresh fuel charge back into the intake
port, thereby diluting the charge, This can upset
carburetion, slow the combustion process and
reduce combustion presgure. Opening it too late
can lean the eylinder and reduce power.
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The timing of the exhaust valve opening is
second in importance of the four timing events
because it determines the amount of blowdown
elfect on eylinder exhausting. Blowdown helps
clear the eylinder of exhaunst gases through com-
bustion pressure rather than depending on pis-
ton motion and pipe scavenging. The earlier the
exhaust valve opens, the greater the blowdown
elfeet is. The key 18 not to open the exhaust valve
too early, otherwigse power (combusgtion pres-
sure) 15 lost because usable pressure is tossed
out the exhaust due to excessive blowdown.

At high rpm, more power is generally gained
hy opening the exhaust valve carly because
blowdown will have a greater effect in purging
exhaust gazes. At low rpm, however, more ben-
efits are gained by delaying the exhaust valve
opening to retain combustion pressures longsr
than opening it earlier for additional exhaust-
ing. Generally speaking, the earlier the exhaust
valve opens, the higher up the rpm band peak
power oceurs, An early exhaust opening also
tends to produce a louder exhaust sound. The
later the exhaust valve opens, the stronger low-
end performanece will be.

Closing the exhaust valve Loo early will trap
some of the burned combustion gases in the
combustion chamber while closing it too late will
scavenge an excessive amount of fresh intake
charge out of the chamber and through the
exhaust system.

LOBE CENTERLINE

Cam lobe centerline 1z another factor in cam-
shaft design. The lobe centerlineis animaginary
line that simultancously passes through the
point of maximum lift on the lobe’s nose (tip) and
the camshaft's center of rotation {axis) The
point at where the actual centerline of the infake
lobe oceurs in relationship to TDC position of the
piston ig defined in degrees of crankshaft rota-
tion after top dead center (ATDC).

The intake lobe centerline is calculated by
dividing the intake duration by 2, then subtract-
ing the intake valve opening. For example, lets
assume a cam has 266 degrees intake duration
and the intake valve opens at 31 degreez BTDC
and closes at 55 degrees ABDC. This would
resultinanintake lobe centerline of 102 degrees:
266/2=133, 133-31=102.
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The exhaust Inbe centerline is caleulated by
dividing the exhaust duration by 2, then sub-
tracting the exhaust valve ¢losing, Letls assume
the cam’s exhaust lobe has 276 degrees duration
and the exhaustvalve opens at 64 degrees BEBDC
and closes at 32 degrees ATDC. The exhaust lobe
centerline calculation differs from the intake
calculation only in that the valve’s closing (in-
stead of opening) 1s subtracted in the calcula-
tion. In this example, the exhaust lobe’s center-
ling 15 106 degrees: 276/2=138, 138-32=106.
Sometimes the lobe centerline is identical for the
intake and exhaust lobes, while at other times it
is different. This will be discussed in more detail
later.

If the intake lobe’s centerline is increased
ifor example, from 102 to 104 degrees), the cam
isconsidered retarded. This meansall camevents
take place later in the engine’s evele because all
lobes are fixed on the camshaft. Retarding the
cam causes the intake valve to open and close
later, which reduces cylinder pressure at low
speeds, Consequently, low speed torque is re-
duced. However, cylinder pressure at high speeds
is normally inereased due Lo the valve’s later
closing and this increases top-end power, On Lthe
other hand, decreasing the intake lobe center-
line (for example from 102 Lo 100 degrees) ad-
vances the cam, which increases Lorgue lower in
the rpm range, bul reduces Lop-cnd power, Keep
in mind, however, that advancing or retarding
the cam advances or retards both the intake and
exhaust and both in the same amount. You
cannot alter only one event.

As you can see, retarding or advancing the
cam can rock the engine’s power curve either up
or down. This technique 15 used by knowledge-
able tuners to fine tune an engine combination,
Azsuming the cam is a relatively close match for
the engine combination, 4 degrees normally is
the maximum amount a cam is advaneced or
retarded. Ifadvancing or relarding the camupto
four degrees helps perlormance, it indicates that
the cam may nol be oplimum for the engine
combination. I adjusting cam timing more than
4 degrees shows a performance increase, the
cam is not properly matched to the engine com-
hination and one with different specifications
should be installed. Take note that advancing or
retarding the cam 4 degrees will usually move
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the engine’s power band 200 to 300 rpm in either
direction. Also, advancing the cam will give
more il near TDC so you necd Lo cheels valve-to-
piston clearance.

The stock Big Twin cam includes the cam-
shaft, o press Ot drive gear and a kevway to help
locate the gear on the shalt, The drive gear can
be repositioned on its shall to either advance or
retard the cam’s iming events. Do not attempt
to advance or retard a cam by installing it one
gear tooth from its normal alignment marks
hecause this will alter the cam timing events 17
degrees, which is too much advance or retard.
Instead, the drive gear must he removed from
the camshaft and reinstalled at a slightly differ-
ent position. Before attempting to remove the
gear, be sure to mark it where the keyway is cut
intothe shaft. Crane Cams offers a series of cams
that include three keywavs. The keyways allow
the cam to be installed either in its normal
position, advanced 4 degrees or retarded 4 de-
Ereas.

When building a maximum effort engine,
cam timing should be checked (“degree” the cam)
Lo ensure the valves open and close at the correct
Lime. Due to machining lolerances, 1t 18 some-
limes impossible to have all valve events cor-
reclly timed. Since intake closing 18 the most
important (iming event, the cam should be
“degreed” to this event, This may require reposi-
tioning the cam drive gear, When finished, some
engine builders TIG weld the drive gear to the
shaft to ensure the gear will not slip.

LOBE SEPARATION ANGLE (LSA)
A major specification that racers note when
selecting a camshaft 15 lobe separation angle
{L5A), Lobe separation angle (also known as
lobe displacement anglel is the distance mea-
sured in camshafl degrees between the center-
line of the intake lobe and the centerline of the
exhaust lobe for the same eylinder. Lobe separa-
tion angle is related to lobe centerline and hoth
may be Lhe same value, but they are not the same
because they reler Lo dilferent reference points,
Unlike lobe centerline, LsA s ground inlo & cam
and cannot be changed without regrinding the
cam.

LSA iz one of the few oceasions where cam
specifications are specified in cam degrees in-
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stead of ecrankshalt degrees. Cam deprees are
different from crankshaft degrees since the cam
turns at half the speed of the crank. This results
in twice as many crankshaft degrees for a given
number of cam degrees.

Lobe separation angle has a direct relation-
ship on overlap. Two camshafts having the same
duration and lift figures can he ground with
different lobe separation angles, which results
in different amounts of overlap. In past times,
valve overlap was a frequently used term. Al-
though it is still used, it now is often replaced by
the term lobe separation angle, LSA now ig used
because it gives a truer perspective of the lobe's
relationship when duration is changed.

For a given amount of duration, as the
lobe center angle is decreased (tighter), the
following takes place:

e the intake valve opens carlier

* the exhaust valve closes later

e gverlap increases

= the Lime Lhe intake and exhaust
valves are closed simullancously
INereases

s pylinder pressure increases

Conversely, as LA is increased ( wider), the
following takes place:

* the intake valve opens later

¢ the exhaust valve closes earlier

* gverlap decreases

* the time the intake and exhaust
valves are closed simultaneously
decreases

* cylinder pressure decreases

Also, for a given amount of duration, overlap
changes when LA changes; or you can say that
for a given LA, overlap changes when duration
changes.

Generally speaking, a given engine combina-
tion performs best when the cam i=s ground
within a narrow range of lobe separation. Within
this range, an engine will produce greater peak
power with one LSA value and a broader power
curve with another. Knowledgeable racers fine
tune the engine’s power curve by first determin-
ing the best lobe separation angle then tryving
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different amounts of duration and lift .

For example, lets assume we have two cams
Lhat have 252 degrees duration, identical intake
and exhaust lobe profiles and the same L. Cam
A is ground with a 102 degree lobe separation
angle and has opening and closing specifications
ol 28-44 for the intake and 52-20 for the exhaust.
Cam B is ground with a 108 degree lobe separa-
tion angle and has an intake opening and closing
of 22-50 and exhaust of 58-14. The tighter lobe
separation of cam A indicates it has greater
overlap and its intake valve opens and closes
carlier while its exhaust valve opens and closes
later than that of cam B. This means cam A is
likely tohave more low and midrange torque due
to its earlier closing intake valve, but a rougher
idle and lower intake manifold vacuum due toits
higher overlap. Cam B, however, will probably
make more top-end power and has smoosther idle
characteristics. The diflerence in the perlor-
mance characteristies is not due to lift or dura-
tion because these factors remain the same.
Instead, 1t 15 atiributed to the difference in the
timing of the opening and closing events.

All this theory may sound greal, but what
conclusions can we draw from it? The effect of
rhanging lohe separation angle varies depend-
ing on numerous factors, By narrowing the lobe
separation angle with no change in duration, the
intakeclosesearlier and the exhaust opens later.
This improves power al low and midrange he-
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Liobe separation angle (L5A) is measured from the cenfariine
of the cam's intake lobe to the centarine of the oxhaust lobe
fara given cylindsar, LEA is one of the few insiances wihere cam
specs arg given in cam degrees instead of crankshalt de-
grees, LA will determine the cam’s valve averan period for
& given duration.



cause evlinder pressgure is increased, but thereis
alimit. Narrowing lobe separation too much can
increase cylinder pressure Lo the point of caus-
ing low rpm detonation or significant degrada-
tion of top-end horsepower, Furthermore, the
narrowing of the LA also increases valve over-
lap and the longer the duration, the greater the
overlap will be for a given LSA. This results in a
rougheridle, whichisn't necessarily bad on a Big
Twin, but it will reduce intake manifold vacuum.
The low manifold vacuum may cause the stock
glectronic ignition to excessively retard the
engine’s spark advance. Removing the V.O.E.5
eliminates the problem.

With the exception of engines sold in Califor-
nia, stock Big Twin cams are ground with an
LSAofeither 108 or 112 degrees, Their wide LSA
is designed to reduce emissions and smooth the
engine’s idle. Narrowing the LSA increases
torque in the low to mid rpm range; however,
duration also plays a part. The longer the dura-
tion, the wider the lobe separation must be to
retain a reasonable idle. So there tends to be
some relationship between lobe separation angle
and duration. When you look at a wide range of
camg, you will gee that cams with more duration
generally have a wider LSA. This 1s done so
overlap does not become excessive.

Ahighly tuned Big Twin engine will typically
run best with a eam that has a tighter lobe
separation angle than stock, This is because as
an engine breathes better, a tighter LSA is
required to produce maximum power,

When comparing a group of cams that poten-
tially match vour engine combination, L3A can
give clues how each cam may differ in perfor-
mance. At least it gives a reference point, Re-
member, the only sure method tor determining a
cam's performance is to run the engine on the
track.

Foragiven duration, a tighter {(smaller value)
LSA generally resultz in higher low and midrange
torque, slightly less top-end power, a more peaked
torque curve and a rougher idle. Also, when a
tight lobe separation angle is combined with a
long duration, it produces a relatively high
amount of overlap, which results in a narrowed
power band. Conversely, a wider LSA usually
increases top-end power, sacrifices some
midrange power, has a flatter torque curve and
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provides a smoother idle, Overall, a wide LSA
tends to be more forgiving when other cam speci-
fications are not properly matched to a specific
engine combination.

For a given LSA, a short and long duration
cam will have a similar torque curve and peak
torgue rpm. Also, within certain limits, an en-
gine will have a broader power band with one
LSA and a more peaked band with another,
Additionally, as duration gets progressively
shorter, a smaller LSA {within limits) can be
tolerated without incurring excessive overlap,

Within limitg, changinglobe separation angle
a given number of degrees has ahout twice the
effect as advanecing or retarding the cam an
equivalent number of degrees.

CALCULATING LSA

Caleulating lobe separation angle first requires
the cam’s intake and exhaust lobe centerlines to
be caleulated. If the intake and exhaust
renterlines are identical, then the cam's lobe
geparation angle is identical to the lobe
centerlines. However, if the lobe centerlines are
different, one additional calealation must be
performed sinee LSA is half way between the
intake and exhanst lobe centerline values, There-
[ore, to determine lobe separation angle add the
cam’s intake and exhaust centerline values to-
gether and divide by two.

LOBE SEPARATION ANGLE

CHARACTERISTICS

NARROW WIDE
SEPARATION SEPARATION

CONDITION ANGLE ANGLE
Intake Event Starls & Ends Siarts & Ends

Earliar | ater

Exhaust Evenl Starts & Ends Siarts & Ends

Later Earlicr

Valves Closed
Simultanecusly

Increased Tima

Decreased Time

Cyl. Pressure

Overlap Increased Decreased
Low Speed Higher Lowwer
Cyl. Pressura

High Speed Lawer Higher

Dietonation

Highar Patential

Lower Potential

Manifold Vacuum

Lower

Highar

Tahle 5.1
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EVOLUTION CAMS 1
STOCK ENGINES
r Lobe ]
Walve Durahon | Durgtion | Valee Crsarlap Lobe Separaion TG Lilter Spring
Yaar Grind Tirning at 053 | at .n2a” Lift al 053" Center Angle Litt Typz Spacing
£4-95 rﬁzuck-lﬁ -15/03 168 425 -30 ag ag [ 1 Hwd Stock
0315 165 A23 94
B4.47 Stock-y | 0838 212 472 112 108 Fyel Sigck 1
25-03 20z | |- 72 | | 104 | |
8891 Stack-L | 01/37 ‘ 218 266 Aos | a 108 1.5 091 Hyd Stock
52/02 234 280 485 115 083
G2-485 Stock-m 02/30 20a 280 A7z -11 106 108 70 Hypdt Stock
31/-00 - - 472 | 1o | 098

Table 5.2 Valve Jift with 1.62:1 rocker arm ratio,

For example, suppose a cam has an intake
lobe centerline of 102 degrees and an exhaust
centerline of 106 degrees. The cam’s lobe separa-
tion angle is then 104 degrees: 102+106=208,
208/2=104, In the automotive world, this cam
would be conzidered ground two degrees ad-
vanced (the intake lobe reaches maximum lift
two degrees carlier than the cam’s LSA ) because
its intake lobe centerlineis two degrees lessthan
the cam’s lobe separation angle. It a cam has
identical lobe centerlines, the cam has “split
overlap” and iz ground neither advanced nor

=

High-performance Big Twin cams are gener-
ally ground with a lobe separation angle some-
where between 100 and 109 degrees, although
most fall between 100 and 104 degrees, The
cams ground with the widest lobe centers tvpi-
callv are long duration, maximuam effort cams.

CAM SELECTION

The camshaft is Lthe personality of any engine
because no other component affects the engine's
power characteristics as much as Lthe cam. Se-
lecting a camisnotonly aseience, but alsoan art.

retarded, Cam gelection based on an incomplete under-
EVOLUTION CAMS
BOLT-IN*
’_— Lobte
Walve Durahon Dl;rah;) Walva Cwveriap Lot Separation TG Llllei) Spring
Company Grind Timing a.053" | at.o20” Lift at 053" Canter Angle Lift Type Spacing
Andrews EV13 15631 225 | 270 J 485 o8 o8 102 1 181 Hyd Stock
| 45113 238 280 435 106 A48
Anrews EW3 21057 R EET 405 a8 93 109 | 1497 Hyrd 1 Stock
4315 235 280 495 104 159
Andrews EVAaG 25141 245 283 435 42 o8 102 207 Hyd Stock
4917 246 283 A95 106.5 197
Barlels’ BF40 21037 238 J AD 4 93 101 Hyd Slock
AB0 245 | 495 104 J
Carls CWADEF | 15047 28 495 as 104 ‘[ 105.5 Hyd Stock
Speed Shop 60116 246 495 107
Crane a1p | &0 | 238 A4S0 6 ’ 102 -.czI.;rsi Hyd J Stack
] 43019 247 | aso 102 185
[Crar-e H2E6 19143 242 O doo [ 43 102 108 178 Hyu’j Stock
4gin4 252 490 102 206
| Head HO-74 20/36 ] 238 r 500 3 a8 1022 174 Hydl Stock
Cuanars 5219 251 SO0 | 106.5 L 166 | |
Leineweber E35 44162 J 206 502 &0 | ] 103 216 | HydSid | Stock l
[ TO036 26 502 at _02g" 107 170
885 502 Zaial ‘ 248 ] 500 2 | 98 99,5 225 Hyd/Std | Stock
S04 254 A00 wmy | 224
Screamin’ | 406 1 ams_’ 244 262 ABD 35 106 106 Ll-lg,-d Stack
Eagle | =19 50 pas | gm0 | 106
‘imu 143-EY | 2ois ~ 235 s00 ] 34 97 101.5 e Hy Stock
4814 247 00 108 ABD
Sifton 145-EV | 28/4E r 250 r AB0 48 a7 101 200 Hydsid [ Stock
50020 280 ABD | 105 176
Eﬂﬂ 140-EV L 282 L AR 57 G 100 2 el Stack 1
| 7 262 450 104 A78
Table 5.3 *Pistons musl have valve reliets. Valve lift with 1,631 racker arm ratio,
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EVOLUTION CAMS
MODIFIED 80 CUBIC INCH ENGINES
Lok
Malve | Duraton | Duration | Wale | Owverlap Lobe | Separafion| TOOG Lifter Spring
Company Grind Timing at 053" | al o2t Lift at 053 Canar Angle Lift Type Spacing
Andrews EV3s 2137 238 280 85 41 948 102 Hyd Yas
E2/20 252 208 530 108
Andrews EVE1 28544 252 286 510 a0 48 102 Hyd Stock J
Bz 255 200 510 108
Carl's Ch5 19547 245 580 a5 104 105.5 Hyd Yosg
Spead Shop S0M16 246 Ret=10] 107 A76
[ Crane H296 24/48 252 A8 A% 102 104 200 Hyd Etock
BTG 262 500 106 206
Head H-25 16/38 236 | 550 az 100 102 GG e Yeg
Cuarers 42114 236 5500 104 50
Head H-23 1947 246 00 43 | 104 | 104 172 Hyd ez
Cuarars 5224 256 530 104 181
Lainewebar ESS ao0/s6 275 544 G55 B85 105 225 Hyd/Sld Yes
BO/2G 275 544 at .0aor 111.5 132
Rad Shill A75 2RS4 280 575 43 104.5 1085 225 Hyyed Yies |
g3/18 261 &TA 2.5 152
SRS 561 4T 257 GG 56 G985 101.5 240 Hyd/Sld Yes ’
REI2E 261 560 104.5 203
Sereamin’ 400 28 5505 257 304 500 28 102 102 Hyd Yoz |
Eagles 55,5315 267 314 _G00 102
Screamin’ 433 2347 250 285 530 47 J 102 104 Solid Yes ]
Eanle BEf24 260 299 530 106
Sifton 144-EY 27548 253 497 A% G5 | 103 | 218 Hyd Yag |
RE22 254 490 107 166
Sifton 141-EV 20741 250 480 55 a& L 101 232 Hyd!Sld Yes 1
5B.5/26 264 A0 106 84

Table 5.4 Mote that boli-in cams also can be congiderad for this application level. Malkee lift with 1.63:1 rocker arm ratio,

Refer ta Appendix A for additicnal cam tables,

standing of the factors involved usually leads Lo
lessthan optimum performance. There are many
elements interrelated to the cam such as dis-
placement, induction, exhaust, compression ra-
tio, rpm, gearing and more — and each element
leans on something else, As a result, there is an
enormous amount of mystery surrounding cam-
shafts and on the surface everything seems com-
plicated. By understanding what affect a cam
has on valve timing and engine dynamies, you
will have a better knowledge of the cam’s role
and you should be able Lo make an intelligent
cam decision.

Stock cams are extremely mild, especially
the California version. If you're only interested
in a bolt-in cam for a mild performance inercase,
the selection process is easier because there are
many functional cams that will give a 10 horse-
power boost to a relatively stock Big Twin en-
gine. However, if you're looking for that extra
one hundredth of a second on the race track, cam
selection gets more difficult and time con-
suming.

There is no cam that will deliver maximum

power from a 1000 rpm idle to maximum rpm. As
a result, every cam is a compromise, Howoever,
the cam can be used to tailor the engine’s valve
timing for optimum power in the bike’s operat-
ing range, To do thig, the cam must be matched
to the engine, transmission and chassis as a
complete combination, The major elements that
must be factored into the combination are: en-
gine displacement, rpm range, eyvlinder head
airflow, mechanical compression ratio, lifter type,
desired reliabilily, total bike weight, gear ratios,
fuel octane and other variables. No one person
can guarantee how a cam will perform until it is
run with a particular engine combination and
this takes a lot of cut-and-try testing. However,
there are some hasic guide lines vou can follow
that will help in the cam selection process. Mozt
major considerations were previously discussed,
but the following is a summary.

For a maximum effort engine, all major fac-
tors previously discussed should be considered
when selecting a cam. At the very least, engine
displacement, rpm range and compression ratio
must be considered. Then vou need to pick two to
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five different cams and perform eut-and-try track
testing for each one,

For an engine where the ultimate cam is not
required, start by matching the cam to the en-
ginedisplacement and desired rpm range, Street
engines most frequently are run between 2000
and 4000 rpm (read lower rpm} Depending on
the engine combination, drag engines generally
rev between 4500 rpm on the low-end and 65300
to 8000 rpm on the high-end. Bach gear shift will
probably drop the engine’s rpm about 2000 rpm.
A heavy bike, such as an 800 pound “dresser”
and bikes with very high gear ratios {low nu-
mericallv) eannot handle ag much cam as lighter
or lower gearcd hikes.

Consider whether you're willing to remove
the cylinder heads to replace the valve spring

package and check piston-lo-valve clearance. I

you don't want to go through this trouble, then
vou need a boli-in cam. Obviously, if you're
building & complete engine this 1s not an issue.

Determine whether vou want to run stock
hvdraulie lifters for low maintenance and mini-
mal noise or higher maintenance solid lifters.
For a street driven Ewvolution, hydraulics are
recommended. For the Shovelhead, solid lifters
are better for performance, although they re-
quire periodic adjustment.

Don't furpet that the stock electronic ignition
limits engine rpm to about 5250, =0 it doesn’t
make scnse to install a cam that starts making
power at 4500 rpm unless vou also install an
ignition that allows a higher rev limit. In [act, to
get the most out of even a mild performance cam,
the engine needs to rev beyond H250 rpm.

One major mistake requently made when
selecting a cam for street use 1s to install too
radical of cam, The result is a functional engine,
but one down in powerin the lower rpm range. In
general. a radieal cam drains more power from
the low-end than it adds to Lhe tap.

The following topics summarize factors to
consider when seleeting a cam for a given appli-
cation. Also listed in Tables 5.2 through 5.4 are
Evolution cams grouped together by engine ap-
plication. The tables should be used only as a
general reference because, depending on the
application, many cams are appropriate for other
engine combinations. Refer to Appendix A *Cam-
shaft Specifications” for cams suitable for other
engine digplacementsincluding the Shovelhead.
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Duration

The cam’s duration should be matched to the
engine displacement and rpm band. A given
amount of cam duration will always appear ta be
milder as engine displacement increases. If in
doubt, always favor a milder eam when making
a selection. Long duration generally reduces low
rpm eyvlinder pressure, thercby reducing low
rpm power. Bevond a given point, increased
duration and overlap helps high-end power, but
it hurts low-end performance. Engines run on
dirt tracks tvpically can handle more duration
Lhan the same engine combination run on hard
surfaces,

Duration, timing events, lobe separation
angle and overlap are all interrelated. Remem-
her that an early closing intake valve favors low
rpm performance while a late closing intake
helps Lop-end power. For two cams with similar
duration and lift values and all other things
being equal, the cam with the earlier closing
intake will generally have improved low-end
power. For a given duration, the earlier the
exhaust valve opens, the stronger top-end per-
formance will be, but low speed performance will
be reduced.

A combination of long duration and a narraw
lobe separation angle produces relatively high
overlap; consequently, the power band is nar-
rowed. The longer the duration, the higher the
required mechanical compression ratio must he
for a given level of low-end performance. An
excessively long duration cam thatisintended to
compensgate for a poor lowing port will generally
allow an engine to turn a high rpm, but accelera-
tionn will be poor.

Stock Evolution heads, due to their poor
exhaust to intake flow ratio, generally benefit
from more exhaust than intake duration (dual-
patternl. With ported Evolution heads where
the exhaust to intake flow ratio iz more Favor-
able, consider cams with more similar intake
and exhaust duration figures, Due Lo 1ts higher
velocity ports, an Evolution engine generally
needs about 10 degrees less intake and exhaust
duration than a comparable Shovelhead engine.

Compression
When selecting a cam, be sure to consider eylin-
der pressure at both low and high rpm. Large
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amounts of duration coupled with low compres-
gion kills low speed performance, Some engine
builders install a long duration cam that effec-
tively bleeds off cylinder pressure at low rpm.
The intent is to eliminate low speed detonation
encountered hy a street engine run on low octane
gaz and/or having inefficient combustion cham-
bers, This technigue works, but it kills low speed
power. A better technique 15 to rework the inef-
ficient combustion chambers for greater turbu-
lence and better ame travel, then install a cam
with the proper amount of duration for the
engine combination. Also, consider dual spark
plugs that shorten flame travel and combustion
time because Lthe potential for detonation will be
reduced.

For a stock displacement street engine with
a performance cam, raisc the mechanical com-
pression ratio at least one half point and create
az much combustion chamber turbulence as pos-
gible to offset low-end power losses,

A long duration cam with a narrow lobe
separation angle generates low eylinder pres-
sure at low rpm and is a poor match for a low
compression engine,

An engine with a low mechanical compres
glon ratio responds favorably to shorter dura-
tion, wide lobe separation angles, quick lift rates
and relatively high lift. These characteristics
allow for more area under the cam’s lift curve
while retaining excellent low rpm evlinder pres-
SUTE,

When cylinder pressure is reduced at low
rpm due to long duration and/or narrow lobe
separation angle, the engine will probably re-
spond favorably to a quicker ignition advance
curve,

Lift

Stock Evolution heads stop flowing al about
B500-inch 1L, s0 a bolt-in cam may be all that iz
needed for unmodified heads. Ported heads defi-
nitely can take advantage of lifts .550-inch or
greater.

Keep in mind that the cam’s lift rate will
have a direct hearing on performance. Bevond a
certain point, the faster the cam’s lift rate, the
higher the valvetrain wear will be. But perfor-
mance will be increased. Rapid lift rates require
higher spring pressures to maintain proper val-
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velrain control. The higher the total valve lifl,
the faster the valves and guides will wear. Roller
rocker arms and the correct rocker arm geom-
etry will minimize the rate of wear.

Cams with very high lift typically require
more work Lo imstall. Due to evlinder head and
port design, Evolution cams frequently have
050 to 100-inch more lift than comparable
Shovelhead cams,

A custom ground cam with a faster than
stock lift vate is sometimes installed when class
restrictions require stock duration and lift. The
faster 1ift rate puts more area under the “lift
curve” while still retaining stock duration and
lift specifications.

Lobe Separation Angle (LSA)

Remember that the optimum time for opening
and closing valve events changes with engine
speed, Forincreased low speed torque and power,
the intake events should take place carlier and
the exhaust events later in the cyele. On the
other hand, to enhance high speed performance,
the intake events need to take place later in the
evele and the exhaust events earlier.

For higher low and midrange power, con-
sider acam with shorter duration, higher lift and
a narrower LSA, Conversely, for greater top-end
power a longer duration and a wider LEA are
hest. For a given engine displacement, a wide
lobe separation angle will help top-end power as
long as thereis asufficient amount of duration to
support the wide lobe separation. A key point to
remember is that a wide LSA, when combined
with an insufficient amount of duration will
generally not reflect improved top-end power.

Mild Big Twin Evolution cams generally have
alobe separation angle ranging between 100 and
104 degrees while hotter cams typically fall into
the 103 to 110 degree range. Mild Shovelhead
cams normally have a 100 to 102 degree lobe
separation angle while hotter versions generally
end up in the 103 to 110 degree range.

VALVETRAIN

We know that moving as much air as possible
through the engine is a key lactor to making
large amounts of power, We also know that
selecting the correct cam for a given application
can maximize the amount of air flowing through
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the engine and can optimize the timing of the
air's movement. However, for theze things to
take place, the cam must accurately transmit its
lift, duration and timing to the valves,

Stroker engines are usually revved 6000 Lo
7000 rpm while stock stroke engines are often
turned 7000 to 8000 rpm, As a result, one of the
major causes if not the largest cause of engine
failure originates in the valvetrain., Assembling
all the valvelrain components in the correct
relationship to each other is eritical to engine
relinbilityv, Lighter, stiffer and stronger parts
arc typically the norm, However, stronger parts
somelimes can mean heavier parts and this can
ecneourage valve float. With the large selection of
camshafts, pushrods, valves and valve springs,
reliability problems sometimes stem from mis-
matched or weak components. Therefore, to
achieve maximum horsepower and engine reli-
ability, the proper selection and assembly of all
components located between the cam and the
valve is vital.

Rigidity is crucial if the valvetrain is to
transmit accurately the cam lobe's action to the
valve, At high rpm, pushrods can llex and bend
under extreme pressurces. This causes inaceu-
rate valve timing, uneven cylinder {iring and
reduced power. Sloppy or worn camshalft bear-
ings, poor fiting liflers, inadeguate pushrod
gtrength, worn rocker arm bushings and worn
valves and guides also contribute to inaccurate
valve control.

Many engine builders subseribe to the “hig-
ger 18 better theory” and concentrate most of
their time and money on the more glamorous
performance items. Yet understanding the fun-
damentals of the valvetrain and assembling it
correctly will pay big rewards to those willing to
take time to learn about the factors involved and
then apply this knowledge to part selection and
engine assemhly.

The valvetrain is the mechanism used to
convert the rotating motion of the camshaft into
the motion necessary toopen and elose the valves.
This process requires the motion to be redirected
about 180 degrees, which means there is a con-
tinual starting and stopping of the components
involved. As a result, extreme pressures and
forees are involved to ensure the valvetrain
follows the cam profile and closes the valve

The Big Twin High-Performance Guide

properly. Starting at the cam and working up-
ward, the valvetrain components include: lifter,
pushrod, rocker arm and rocker shaft, Addition-
ally, springs are mounted on the valves with
collars and retainers to apply pressure o elose
the valve.

LIFTERS

A lilter (zometimes referred to as a tappet) sits
directly above the cam and makes direct contact
with the cam’s lobe. As the lifter moves up and
down, it transfers its energy to the pushrod,
which activates the rocker arm and finally the
valve. Lifters are divided into two categories:
hydraulic and solid (mechanical). All Evolution
and Shovelhead engines are equipped from the
factory with hydraulic roller lifters,

HYDRAULIC LIFTERS

A hydraulic lifter uses engine oil pressure Lo
maintain zero clearance in the valvetrain. The
zero clearance leads to quieter operation, less
vibration and less maintenance. With some cams,
the lifters are not interchangeable from hyvdrau-
lies to zolids, The profile of the cam’s lobe deter-
mines whether a hydraulic or solid lifter is re-
quired. Some cams are compatible with either
lifter tvpe. A cam ground for a hydraulic lifter
has more aggressive ramps and typically needs
less duration than a comparable solid lifter cam.
Be sure to check for lifter compatibility when
selecling a cam because cxcessive valvebrain
noise ar serious engine damage can take place if
the wrong stvle lifter is matched to the cam.

A hydraulic lifter consists of a lifter body,
roller and hydraulic plunger. The plunger main-
taing zero clearance by riding on a small cham-
ber of pressurized engine oil, The pressurized
chamber works in conjunction with small hleed
holes to allow the plunger Lo move up and down
to maintain zero clearance. This design auto-
matically compensates for eylinder length ex-
pansion due ta engine heat.

The hydraulic lifter is fitted with a needle
bearing roller thatl contacts the cam lobe. The
roller allows a more aggressive cam lobe profile,
which puts more area under the cam’s lift curve.

Sinee hydraulic lifters depend on o1l pres-
sure to operate, the fit between the plunger and




lifter body, and the {it between the lifter body
and lifter block are important. A loose fit reduces
oil pressure to the lifter, which causes the lifter
to collapse slightly and then pump back up. The
mntermittent collapsing and pumping resultin a
rough running engine and lost power, The rough
running is due to the changes in valve timing
while the lost power is attributed to varied valve
timing and loss of lift. At high rpm a hydraulie
lifter can over-pump (pump-up} and cause valve
float, which results in reduced power and pos-
sible engine damage. Another characteristic of
hydraulie lifters is that when the engine is cold,
nil pressure iz high because the oil is thick, As
the engine warms, the oil thins and oil pressure
drops. This causes the valve timing and Lift Lo
fluctuate.

Shovelhead lifters do not have preeision
machine tolerances and are very susceptible to
lifter collapse and pump-up. Even a closely ma-
chined sct has difficulty handling much more
than a stock lift cam, As a result, to get reason-
able performance from a Shovelhead with a
performance cam, you need to run solid lifters.
However, the solid lifter has a difficult time
compensaling for the 030 to .050-inch growth of
the Shovelhead cylinders. One option to solid
liftersis a setl of precision Velva-Touch hydraulic
lifters. These lifters are machined to extremely
precise tolerances, which eliminates problems
cauged by solid or stock hydraulic lifters because
they maintain zero valvetrain clearance even
with high evlinder growth,

The Velva-Touch Lifter Kif eliminatas hydracic Wilar plmp up

and maintains zera valve lash fo aver 7000 ram, Machined to
close tolerances, these (ittars aliminate the alternate collans-
ing and pumping up of stock ifters and mainiain accurate
valve lash aven auding high cplinder grovih. Fhola courtesy of
V-Thunder.
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Shovelhead hydravlic liffers easily collapse due o loose
tolerances and low ol pressure, SA5 Shovelhead Solid Lifter
Comversion Kit with non adiusiabile pushvods s one remedy for
the problern. Photo courtesy of 5&5 Cyele.

The Evolution’s hydraulic lifter is far supe-
rior Lo the Shovelhead’s. Depending on the pre-
cision of its machined tolerances, it can handle
up to about 6300 rpm before pumping up and
causing valve float. As a result, most mild and
moderate aftermarket cams for the Evolution
use hvdranlic lifters. On the other hand, most
maximum effort Evolution cams require solid
lifters because they can handle more aggressive
lobe profiles and are lighter in weight.

In 18986 the stock Evolution lifter was im-
proved by increasing the diameter of its plunger.
The change allows the lifter to maintain more
consistent valveirain clearances by reducing the
potential for collapsing. The plunger for the 1984
and 1985 lLifters is about 042-inch smaller in
diameter than the later models. The factory now
offers an upgrade kit to bring the 1984 and 1985
model lifters to the latest standards, When a high
lift eam is combined with the early liflers, it some-
times results in the lifters making a ticking sound,
especially the front exhaust, Be sure to install the
lifter upgrade kit if you have an early model
FEvolution engine.

Hydraulic lifters can be converted to solids
by ingtalling cither a lifter conversion kit or by
replacing the entire hydraulic lifter with a solid
lifter. When converting lifters to solids, be sure
to plug the lifter block’s oil feed hole (located on
the bottom side of the block’s mounting base)
with an 8-32 Allen head set serew 3/16-inch long.
Thig will prevent excess oil from escaping be-
vond the lifter and filling the pushrod tube. Any
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The pencil points to the locaton of an ol hole it the ifter block
that neads to be blocked off when convering fram bydraulics
to solids, Shown is @ Shovelhaad lifter block,

excess oil increases drag, requires additional oil
scavenging and ean cause an oil leak at the
pushrod tube,

S&S Produets offers a Hydraulie Lifter Lim-
ited Travel Kit for the Evolution that is designed
to make the hydraulic lifter work like a solid
lifter at high rpm, yet like a hydraulie at lower
speeds. This eliminates lifter pump up for more
precise valve action without converting to a full
solid lifter. Also, never run solid lifters with a
stock cam and pushrods.

Rememberthat hvdraulic lifters require suf-
ficient oil pressure to work properly. Yel the Big
Twin's roller hearing crankpin requires Lhe en-
gine to run with relatively low vil pressure be-
cause high pressure causes the rod bearings to
skip over the crankpin, which creates flat spots.
This regultz in a paradox because the hydraulie
lifters work better with higher oil pressure, yet
the engine 1s designed for relatively low pres-
sure. Low o1l preggure or thinned oil on a hot day
can causc the lifters to collapse intermittently,
thereby creating a ticking sound and subsequent
loss of valve control and performance. And this
condition is more prevalent when a performance
cam is installed, especially with the [ront ex-
haust. A slightly higher tension oil pressure
relief spring can be installed in the pump to
increase oil pressure slightly while not interfer-
ing with the bearing’s lubrication requirements,
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SOLID LIFTERS

A zolid lifter uses a roller to lollow the cam lobe the
same as a hvdraulic lifter, However, a solid does
not incorporate an absorption svstem to maintain
operating clearance in the valvetrain. This re-
quires valve lash (clearance) to be adjusted at
engine assembly time and periodically there after.
Correct adjustment for a solid lifter is when the
pushrod is finger spin tight on a cold engine. This
should result in a clearance between zero and .002-
inch, Turning the lifter adjustment screw a dis-
tance equal toone flat changes clearance .006-inch,

Aftermarket solid lifters (Evolution and
Shovelhead) are lighter in weight than hydrau-
lic lifters. Also, some solids are available in a
shorter length, The short lifters are used in
conjunction with longer pughrods to help mini-
mize the severe angle on the pushrods (espe-
cially the frant exhaust), which hampers val-
vetrain geometry. Adapter kits are availahble
that convert Shovelhead hydraulic lifters to sol-
ids. This offers a low cost method for converting
to solids, but the converted lifters will not be as
light weight as true solids.

Before installation always check the location
of the lifter’s roller axle to determine if" it is
centered on the lifter body. If the roller’s axis is
nob centered, valve timing will be affected, The
axle’s position can be checked by laving the lifter
body on a [lat surface with the rollerin a vertical
position and extending off the edge of the sur-
face. Set a dial indicator on the roller for an
initial reading. Now turn the roller 180 degrees
and take another reading, For maximum perfor-
mance, use lifters thal have a roller axis differ-
ence of no more than .005-in¢ch.

Some high lift cams can raise the lifter high
enongh soit hits the pushrod tube’s lower oil geal
ithe seal located between the tube and lifter
block ), thereby eauging an ail leak. To eliminate
any contact, use a die grinder with a fine car-
iridge roll to chamfer the lifter's top edge. The
chamfer will also prevent the sharp top edge of
the lifter from cutting into the lifter hore.

For maximum effort engines, the lifters can
be lightened by grinding flat areas on each ofits
gides (90 degrees {rom Lhe thrust faces) and by
removing welght from its neck area where the
adjusting screw atlaches. The adjuster screw's
hex-head and lock-nut can also be ground to a
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smaller size and the lifter's roller can be nar-
rowed two-thirds by machining a 45 degree angle
on each edge. Years ago I ground flats on lifters
and narrowed the rollers and the result usually
was a cracked lifter body and excessive wear on
the cam lohes. Therefore, it’s usually best to
spend your time and efforts on other engine
modifications.

If you're concerned about using light weight
lifters, the aftermarket solids inot converted
from hydraulic} offer the lightest weight avail-
able.

LIFTER BLOCKS

The engine’s four lifters are held in place by two
lifter blocks — one lifter black for the two [ront
eylinder lifters and one for the rear cylinder’s.
The lifter blocks are bolted to the erankease and
require a 12-point socket Lo remove the hold-
down bolts,

Be sure to check the lifters for proper clear-
ance 1n the lifter blocks. A loose fit causes inac-
eurate valve timing and loss of duration and lift.
Worn and scored lifters or blocks can signifi-
cantly reduce power and make it impossible to
properly degree a cam. Never change lifter posi-
tions. Always replace each lifter in Lhe same bore
of the lifter block. To save the high cost of
replacing lifter blocks, .005 and .010-inch over-
size diameter lifters are available,

For maximum effort engines, the position of
the lifter bore centerline to the cam is extremely
important. Ideally, the axig of all lifter bores
should be perpendicular to the cam's axis, Bul
thiz dimension can be slightly off without signifi-
cant power loses. However, there are two other
dimensions that can ruin the proper timing of
cam events: the relationship of the camshaft
centerline to the crankshaft centerline and the
canishafl centerline to the lifter bore centerline.

First, the Big Twin’s camshaft centerline
should be offset toward the rear of the engine
A8%4-inch from the flywheel centerline, With
some crankeases it may be off. Also, if a vertical
line is drawn upward from the {lvwheel center-
line, the line should evenly divide the 45 degree
angle between the lifter block decks and cylinder
decks into two 22,5 degree angles. The decks
should be evenly spaced rom and parallel to the
flywheel centerline axis and exactly 45 degrees
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22,5 degrees included angle) to one another. In
some situations, the decks are slightly tilted off-
center and are not evenly divided. Machining the
erankease cylinder decks and the lifter block
decks ensures that all surfaces are at the proper
angle Lo one another.

Another eritical aspect of proper cam timing
18 the relationship of the lifter bore centerline to
the camshaft centerline. These Lwo centerlines
must intersect nne another, otherwise cam tim-
ing will be either carly (lifter axis based toward
the front of the engine) or late (lifter axis biased
toward the rear of the enginel. Also, maximum
valve lift will not be achieved. In many cases, it
is difficult to determine what part is ofl, Pogsible
solutions include repogitioning the lifter blocks,
machining the lifter bores for oversize lifters, or
sleeving the lifter bare to change the lifter axis.

These procedures are very time consuming
and costly and should only be considered for
maximum effort engines. For other engines, be
sure Lo use a lifter block alignment tool (listed in
the Crane Cams catalog) to align the blocks
during assembly.

PUSHRODS

The pushrod is a very simple parl that connects
the lifter Lo the rocker arm. However, the differ-
ence belween a good pushrod and a bad one is
straightness, strength, weight and length.
Shovelheads are equipped with solid aluminum
adjustable pushrods, The Evalution has hollow
steel one pilece non-adjustable pushrods. The
Fvolution’s pushrod notonly activates the rocker
arm assembly, but it algo passes oil to the Lop-
end through its hollow interior.
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Adiustable chroma-mody pushrods are needed o simplify
Eviolution carm instaliafion and keep valve liming accurate at
high rpm, Chrome-moly pushrods are heaviar than alumingm,
bt fles less at high mom. Formaximum effort angines, consider
lighter, non adiustable pushrods, Shown are Andrews adjust-
able chrome-moly pushrods for the Evolution.
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Different length pushrods are required for
each pushrod position because of the different
angles leading to the rocker arms. The front
exhaust pushrod 1s angled the greatest amount,

which results in its geometry being the worst of

all the valves. The more in-line the pushrod 1z in
relationship to the lifter axis, the better the
seometry. The Big Twin's poor valvetrain geom-
etry, which is caused by the extreme angularity
of its pushrods, is a major reason why some
racers have resorted to a four-cam crankcase
design like that of the Sportster.

The correct pushrod length must be used in
ecach valve position to help maintain correct
valvetrain geometry and adjustment. The long-
est pushrod goes to the front exhaust, the second
langest to the rear exhaust, the next longest to
the front intake and the shortest to Lthe rear
intake. Some manufacturers make the two in-
take pushrods the same length. Stock length
pushrods will work properly as long as the cam’s
base circle is the same diameter as the stock
cam’s and stock length cylinders are used. Long
pushrods are required when extra long eylinders
are installed. Be sure to use long pushrod cover
keepers with long pushrods.

STOCK EVOLUTION PUSHROD GUIDE
POSITION LENGTH COLOR

Rear Intake 11.045" Blug
Front Intake 11,0807 Yellow
Rear Exhaust 11.210° Purple
Front Exhaust 11.325" Green

Table 5.5

The stock Shovelhead pushrod is heavy and
the Evolution’s pushrod is impractical to use
with high lift cams. Stock pushrods should be
replaced with either aluminum or heat treated
4130 chrome-moly units. Aluminum pushrods
are lighter while chrome-maly units have more
rigidity, Aluminum flexes about three times as
much as chrome-maly when under high load.
When pushrod flex 1s combined with hydraulie
lifters, lifter pump-up often oceurs, resulting in
loss of valve control. Reducing valvelrain
weight is always a goal when building a perfor-
mance engine. However, when trading off less
weight for rigidity, take rigidity every time. Ac-
curate valve timing is much more important

The Big Twin High-Performance Guide

than reduced weight., Overall, vou're much bet-
ter off with chrome-moly pushrods, although
they are noisier than aluminum when used
with solid lifters.

The larger the pushrod’s eutside diameter
{0.D.), the thinner walled it can be for a given
amount of strength. Depending on the material
usged and the manufacturer, aftermarket
pushrods normally vary between 3/8 and 7/16-
inch O.D. and between 038 and .095-inch wall
thickness. The larger the pushrod’s diameter,
the greater the chanee it will rub against an-
other engine part, Long pushrods and high
valve spring pressure require a stronger push-
rod tube, Az tube strength goes up, its weight
also goes up. Consequently, higher spring pres-
surcs are required,

For a Shovelhead with solid lifters, the one
piece non-adjustable 4130 chrome-moly pushrods
are best for maximum performance, Aluminum
isokay for lesser applications, For the Evolution,
adjustable chrome-moly pushreds and hydrau-
lic lifters is the way to go unless you're building
a maximum effort engine. In this case, use
chrome-moly one-piece (non-adjustable)
pushrods and solid lifters with adjusting serews.
It will take some extra work to determine the
correct length for the non-adjustable pushrods,
butit’s worth the effort due to lighter weight and
climination of variables introduced by the ad-
justing mechanism. A speeial adjustable push-
rad can be used Lo determine the carrect length
for one-picce pushrods. The precision Velva-
Touch hvdrauliclifters and pushrods can handle
over 7000 rpm and are used in many perfor-
mance applicalions,

For maximum performance, pushrods must
he perfectly straight. If vou (ind a bent pushrod,
either the pushrod is too weak for the valve
spring pressure or there iz interference such as
eoil bind somewhere in the valvetrain. Check for
any shinny wear marks on the pushrod that
indicate interference. Any marks you find may
be due to a lack of elearance or possible flexing.
A pushrod can handle high loads along its axis,
but it will bend relatively easily if it is side
loaded, so remove any interference.

The best way to check a pushrod for
straightness is to roll it across a perfectly flat
surface such as a piece of glass. If it doesn’t jump
around, it should be okay. While vou're at it,




make sure the pushrod’s hardened steel inserts
are a tight press fit in the tubing.

ROCEER ARMS

The pushrod actuates the rocker arm, which
causes the arm Lo rotate at its fulerum or pivot
point and depresg the valve, The rocker arm
rotates on a shaft and uses replaceable bronze
bushings to maintain the correct running clear-
ances for the shaft. The rocker arm cantacts the
valve stem through a radiused pad. Aftermarket
rocker arms that usc a roller tip instead of a
radinsed pad are available and some even have
needle bearings in place of the bronze shaft
bushings,

The valve-to-rocker arm relationship is ex-
tremely critical for maximum performance and
reliability. To minimize valvetrain stress and
optimize valve lift and duration, the angles of
the pushrod-to-rocker arm and rocker arm-to-
valve stem should be 90 degrees when the valve
reaches 50 percent of its maximum lift. This
relationship applies to both radiused pad and
roller tipped rockers, The angle between Lthe axis
of the rocker arm {(when measured from the
center line of the rocker shaft to either the
radiused pad or roller tip axle centerline) and
the end of the valve stem should be less than 90
degrees when the valve is fully closed. At maxi-
mum lift the angle should be greater than 90
degrees. Sctting up the rocker arm geometry in
this manner minimizes valve side-loading and
optimizes valve timing since the rocker applies
pressure equally to the valve stem. 1L alzo lifts
the valve to its maximum potential,

There are a few things that can be done to
correct inaccurate rocker arm geometry. First,
the valve stem height can be adjusted. When the
valve is sunken into its seat, its stem sits higher
in relationship to the rocker arm. Also, when
large valves are installed, it is possible for the
valve stem to sit lower than its normal position.
Sometimes incorreet geometry can be corrected
by installing new valve seats. At other times,
valves with extra long stems are required. When
installing a high |ift eam, extra long valves are
sometimes required for correct spring spacing
between the collars.
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Valve stem lash caps, which are small caps
that fit aver the tip of the valve stem, are some-
times used to help adjust valvetrain geometry or
to protect the valve stem in severe usage appli-
cations. When installed, they essentially increase
valve stem height. The caps are typically preci-
sion machined from hard 8620 steel alloy and
heat treated to survive the high loads from the
rocker arm,

Nevertheless, it is eritical that all valve stem
heights are equal and set within the preseribed
limits for optimum valvetrain geometry. Un-
equal valve stermn heights result in unegual fill-
ing and scavenging between cylinders.

Rocker arm geometry can also affect where
the rocker arm’s radiused pad or roller tip con-
tacts the valve stem. The rocker arm’s point of
contact with the valve stem moves hack and
forth as the valve moves up and down. At zero
lift, the rocker arms contact point should be
slightly toward the rocker side of the valve stem.
This will allow the rocker to sweep back and
forth equally againgt the valve stem, reducing
gide loading and wear, The radius pad on solid
tipped rockers can be refinished (with the cor-
rect radius) to adjust the valve stem contact
point. Valvetrain geometry should be checked at
the same time the heads and valves are setup.
Alzo, some professional head porters offer spe-
cial services that go beyond the basic valvetrain
veametry checking.

A number of companies ofter roller tipped
rocker arms, The roller tip reduces valve stem
Lip wear, galling, friction and heat. 1t also pro-
vides greater valve stem Lip contact. Some roller

Roller rocker anms decrease Fiction and reguce valve and
guide weaar. They are suitable for street and race engines and
are especially heipfn! when used with very figh it cams.
Shown are Baisley Pro-street rofler rockers. Photo cotrtesy of
Great Lakes Cyale.
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tipped rockers include shaft needle bearings in
place of bronze bushings to further reduce fric-
tion. Racers running dry top-ends frequently
use needle bearings instead of bushings.

For maximum efforl Bvolution engines, the
rocker arm’s width can be shortened to help
improve valvetrain geometry. This allows the
top of the pushrod to be moved toward the left
(chateh side) as viewed when sitting on the bike,
Besides shortening the rocker arm width, this
modification requires machining the rocker cover
and running a dry top-end.

ROCEKER ARM RATIO

The rocker arm ratie is the difference between
the distance the valve moves and the distance
Lhe pushrod moves, The ratiois accomplished by
offsetting the rocker arm axis toward the push-
rod side of the arm. The Evalution has a racker
armratiool’1.6:1, while the Shovelhead s 1,451,
Changing the rocker arm ratio determines how
far and how fast the valves open and close.
Remember, the [aster the valve 1s hifted, the
more area under the 1ift curve.

The approximate gross valve lift is calcu-
lated by multiplving the camshalt lobe Lt by the
rocker arm ratio. For example, if the rocker arm
hasz a 1:43:1 ratio and the cam’s lobe lift 15 . 309-
inch, then the pross valve lift 1s .442-nch (1.43
¥ 300 = 4421 With a 1.6:1 rocker ratio and the
game lobe lift, the gross valve lift is about 495-
inch. However, with deflection in the valvetrain
caused hy pushrod flex and rocker arm hending,
the net valve lift is reduced.

A higher rocker arm ratio will 1ift the valve
faster and farther for a given camshaft profile. A
larger ratio will make a cam appear more radical
to the engine while a smaller ratic makes it
appear milder. Besides lift, the rocker arm ratio
alsoaflects cam duration, The greater the rocker
arm ratio, the longer the duration will be when
measured at the valve. For example, since a
1.6:1 rocker arm ratio lifts the valve faster, it will
reach (053-inch lift earlier (in less crankshaft
degreez) than a 1.43:1 ratio rocker arm will. It
will also cloge the valve later than a lower ratio.
As a result, increasing the rocker arm ratio
increases camshaft duration at the wvalve be-
cause the time (as measured in crankshaft de-
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grees) the valve 1s open beyvond (053-inch in-
Creases,

Keepinmind, however, Lhat high ratio rocker
arms are not alwavs the better setup, For ex-
ample, it iz possible to over scavenge a cvlinder,
thereby Lossing horsepower out the exhaust sys-
tem with the same resull as il you ran oo radical
of cam for the engine combination.

Currently, high ratio rocker arms are avail-
able on a custom hasis from some professional
head porters and soon should be available from
others as a standard item,

ROCKER ARM INSTALLATION

Besides proper valvetrain geomelry, there area
number of other factors that should be consid-
cred when installing rocker arms, Some racers
have spent a great amount of time and energy
lightening rocker arms and the result frequently
wag broken rockers, However, even if the rock-
ers don't break due to excessive lightening, they
can flex more than normal hecause of reduced
strength. The result is loss of valve timing and
horsepower. Consequently, an engine builder’s
time is usually better spent modifyving other
cngine components, Pelishing rocker arms {o
eliminate any stress risers 15 a good idea, but if
yvou feel compelled to lighten them, only remove
material [rom the gides of the arms and not from
the top and bottom. In this situation, vertical
mass is more important than horizontal mass.

With faw exceplions, cant insialialion in an Evolution enging
requires removal of the fop rocker covers and rocker arms.,
Mumerous methods have beea ifed to install an Evolution
cam and in the end if's easiest o just ramave the rockers.
Femoving the bolt near the pushrod side of the focker am
rees the rocker shaft



When installing a performance cam, valves,
valve springs and collars, be sure to check for
rocker arm interference. There are two major
areastocheck: between the top of the rocker arm
(valve side) and the rocker cover; between the
underside of the rocker arm (valve side) and the
outside edge of the top valve spring collar when
the valve iz in a closed position. Use clay or
machinists dye to check each area for clearance,
Make surc both of these arcas have a minimum
of 1/16-1nch clearance, otherwise valve lash can-
not be set properly and the potential for engine
damage 1 high.

sShovelhead engines use a shim to control the
rocker arm’s side-to-side clearance, The lactory
recommended elearance is 004 to 025-inch. The
valvetrain geometry remains more stable if the
side clearance iz set at (04-inch. Assemhle the
rocker arms without any lubricant, torque the
shaft nuts to factory specifications and check the
clearance with a feeler gauge. Install any neces-
sary shims on the rocker arm shaft before plac-
ing the rocker arm on the shaft. When finished,
make sure the rocker arm rotates freely on the
shaft,

With an Evolution engine, check the hole in
the rocker cover Lthat Lhe rocker shaft fits through.
Make sure the hole 1s round, not elongated and
nosignof cracking exists. Billet aluminum rocker
shaft supports, which mount on the rocker cover’s
pushrod side, are available to eliminate flexing,
cracking and wear of the stock cast rocker sup-
port,

il flowing to a Shovelhead’s top-end can be
regulated to minimize unneeded oil. The top-end
is supplied oil through a thin external oil line
tube that passes oil from the crankease to the
rear evlinder rocker cover. The ail line has fit-
tings at both ends that connect it to the crank-
case and rocker cover. The hole in ene of the
fittings can be soldered closed and drilled for a

040 to .050-inch hole to limit the oil gupply.

VALVE SPRINGS

Most performance cams lift the valves higher
and accelerate them quicker than a stock cam.
This requires higher valve spring pressure to
eliminate valve “float.” It also requires longer
spring travel to prevent spring coil bind. In-
creasing spring pressure increases stress, heat
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You can haln the Shovelhead's valvetrain geomelny by saffing
Wi the rocker arms vath . 004-inch and play. Use a feelar gauge
fo measure the clearance between the spacer an the valve
side of the arm and the rocker. Alter the clgarance by changing
the width of the spacer or adding shims to the pushrod side of
the rocker arm shaft, Note that the rocker arm pads also have
baen radiused for better valvetrain geamaty

and fatigue and can cause the spring to lose
tension quickly, Therefore, a quality spring with
sufficient pressure, along with strong light weight
collarsis the combination to look for when select-
ing spring scis.

Valve floal 1z the condition where the valve
loses contact with the valvetrain due to high
inertia and 1t stays open when il should be
cloging. Overweight valvetrain components, low
valve spring pressure and high rpm are the
major causes of valve float.

Valve spring pressure is normally checked
when the valve is seated and when it is at
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A performance engine needs positive valve scifan ta reach s
maximu pofential, Performance spnng kits prowvide increased
prassure for positive valve action, greater installed height for
high it cams and light componants to minimize valve float at
high rprn. Shown s the S&5 630" triple spring kit with drifled
chrame-moly coliars, The flat wire spring senses asa harmonic
?'\am,oener fo reduce valve floal. Photo courtesy of S&5
Aol

maximum lift, Although high spring pressure at
maximum valve lift catches everyvone's atten-
tion, keep in mind it i2 seal pressure that closes
the valve, A mild performance cam requires
ahout 140 to 160 pounds spring pressure with
the valve on the seat and 300 to 330 pounds when
it is at full lift. Moderate performance cams
generally need about 180 pounds on the seat and
350 to 400 pounds wide open, Maximum effort
cams usually have 200 pounds or more spring
seat pressure and 450 to 600 pounds or more at
maximum lift, For comparison, stock Evolution
spring pressure 1s abhout 125 pounds on the seat
and 280 to 320 pounds wide open. Shovelheads
have slightly less pressure.

Stock Evolution springs can handle up to
about 500-inch valve Lift. If you're frequently
going to rev a mild bolt-in Evelution cam bevond
G000 rpm, vou should consider a sel ol altermar-
ket performance springs and collars. You won't
need the extra pressure or spacing they offer, but
wvou can benefit from their ability to retain pres-
sure longer nnder hard use. If vou use stock
springs, take note that the 1990 and later Evolu-
tion springs seem to retain pressure longer than
earlier versions.

Stock Shovelhead springs are limited to about
A40-inch valve lift, Because the stock springs
have limited travel, performance springs are
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usually installed and bolt-in cams are lesg fre-
quently used in the Shovel than the Evolution.
Nevertheless, he sureto match the correct springs
to the cam.

The shape of the cam lobe, weight of the
valvetrain and the maximum engine rpm deter-
mine the reguired spring pressure. Eunning
EXCeSSIVE SPring pressure inereases [retion and
heat and reduces horsepower. However, from a
reliability standpoint, too little spring pressure
is worse than too much. Keepinmind that spring

walch il elosely on serious race engines. IVs not
unusual to loge 10 or 15 pounds of gpring pres-
sure after the initial run-in. This means that if
vou're shooting for 170 pounds seat pressure,
vou may need 185 pounds at installation time,

The only way to know [or sure what a spring’s
exact pressure is at a given installed height is to
check it with a valve spring tester. Any spring
more than five percent under specifications
should be replaced. Also, check each used spring
for proper free length by placing it on a flat
surface next to a new one. Any used spring that
measures 1/16-inch shorter than a new one is
probably fatigued and usually down in pressure.

Additionally, a spring musl sit perpendicu-
lar against the spring collar, otherwise excessive
wear and heat will be generated. Inspect hoth
ends of every spring with a machinist square for
COrrecl SOuarcrne:zs,

Some racers pre-condition new springs be-
fore installation. The procedure involves placing
a spring in a soft-jaw vise and gently compress-
ing it several times without coil binding it, But
be careful, vou can easily ruin a spring if you're
not careful.

Various valve spring kits are available that
satisfy required spring pressures and simplify
cam installation. Most of the kits use round wire
dual interference {it springs, although some in-
clude a third spring. The interference fit be-
tween the dual springs is designed to reduce
harmonies and control spring surge. The third
spring is made of either round or flat wire and it
will add a slight amount of pressure. It is made
from flat wire,itisdesigned primarily to dampen
natural spring frequencies. This can reduce
spring surge, which guickly fatigues a spring.
Better springs are frequently made from chrome
silicon wire.
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Top and bollom spring collars are available
in aluminum, chrome-moly and titanium. The
aluminum collars are the lightest, the chrome-
moly collars the strongest and the titaninom
collars offer the best combination of strength
and light weight. Some valve collars are ma-
chined for additional spring travel, which can
ease installation. Additionally, bottom collars
are designed to fit either “shoulder” or
“shoulderless” valve guides. Be sure to match
them properly to the valve guide,

Machined heat treated chrome-moly valve
keys cost more than plain steel stamped units,
but they're the safest way to hold together a high
revving engine and are recommended for use on
all engines,

Nieks and scratches on a spring cause stress
risers and can lead to spring [atlare, Spring life can
be improved by very carcfully using a die grinder
with a fine cartridge roll to deburr any irregular-
ties and to charnler sharp edges on the spring’s {lat
gurfaces. More expensive spring kits include
magnafluxed, bead hlasted and thermo-coated
springs. The thermo-coating reduces friction gen-
erated heat and increases heat dissipation.

VALVETRAIN SETUP TIPS

There aremany factors to consider when setting up
an engine’s valvetrain. Most factors have been
discussed, However, it probably would be helpful
to summarize them.

The rigidity of each component and the angu-
lar relationship of the components are critical to
achieving the ultimate performance from the
engine’s valvelrain,

The most important job the valvetrain has s to
transmit the action accurately from the cam lohe to
the valve. For this to take place, the valvetrain and
surrounding engine components must be as rigid
as possible. The engine’s cylinders and heads also
must be as rigid as possible for the valvetrain to
work to its potential. Chrome-maoly eyvlinder hase
studs help keep the Evolution’s top-end rigid and
heavy cylinder base flanges do the same for the
shovelhead. A heavy duty top motor mount also
helps,

Itighetter to have a heavv and rigid valvetrain
thanalightandflexibleone, Chrome-maoly pushrods
are much more rigid than aluminum, although
much heavier. Aluminum pushrods are fine for
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lower rprm use, but chrome-moly should be used for
SEFIOUS racing,

Although keeping weight to a minimum is
always important, it is more important to save
weight on the valve side of the rocker arm than the
pushrod side. This means light weight valves and
apring collars help maintain accurate valve timing
and inerease the usable rpm limit more than lght
weighl parts on the pushrod side of the rocker arm.
Remember that light weight parts are acceptable
as long ag they donot flex and ean stand up to high
load usage.

mits are avaiiable thar not only include a cam, but also alf
necessary valvetrain camponants for gasy cam installation.
The four small washers al the botlorn ends of the pushrods
convert Evolution hydraulic ffters fo sofid action when the
engine is at bigh rom. Shown s an S&S5 Evaivtion cam kil with
titanitm spring collars and Hydrawiic Liffer Limited Trave! kit
Phicta courlesy of S&S Cyola.

Don’t run more valve spring pressure than is
necessary for the engine combination and appli-
cation. However, it is better to have too much

spring life, keep the springs as cool as possible
and on arace engine check spring pressure often.
Reduce friction as much as possible because
friction eats up horsepower and increases heat.

Rocker geometry is critical for maximum
performance. Make sure all valve stem heights
are equal and set at the proper height. Also, the
rocker arm’s pad that contacts the valve stem
must have the correct radius for maximum valve
action and minimum side loading. Use the cor-
rect length pushrods. Long eylinders usually
require extra long pushrods.
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Be sure to check the valve-to-valve, valve-to-
piston, rocker arm-to-spring collar and rocker
arm-to-rocker cover elearances. Also make sure
nothing interferes with the pushrod to cause
side loading.

CAM INSTALLATION

The amount of work needed to install a Big Twin
cam depends on factors such as: whether the
engine is removed from the frame, year and
model of bike, and the camshaft. Refer to the
factory service manual and the camshaft’s in-
stallation instructions for step-bv-step proce-
dures. The following information covers factors
that should be considered for maximum perfor-
mance and ease of installation.

Cam installation ig easiest during an engine
rebuild or when the engine is out of the frame, In
thiz case, installation requires spring spacing,
piston-to-valve and valve-to-valve clearance
checking, besides checking gear clearances and
end-plays, For maximum effort engines, instal-
lation alzo should include degreeing the cam and
ensuring Lhe valvetrain geometry is correct, al-
though these procedures are beneficial to any
engine.

When the engine remains in the bike, addi-
tional issucs must be considered. A bolt-in cam
means just that — it installs without requiring
major modilications. However, some cams come
closer to this definition than others, Depending

A locse fitting cam drive gear has excessive backlash and
causes & ‘olicking” souna. A fight fiting gear whinas and can
resultin gear damage. The gear's size can be determined by
laying two ping on the gear and measuring the distance over
the pins. Diffarant size gears are availabla,
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on the application, some bolt-in cams require
piston-to-valve clearance checked. Clearance
must always be checked on late 1984 through
early 1986 Ivolution engines that do not have
notched pistons. Any cam that requires valve
spring spacing, different valve springs, piston
notching or crankease machining is not a true
bolt-in.

Shovelhead engines normally do not require
remaoval of the evlinder heads, rocker covers or
gas Lank unless spring spacing is required. On
the other hand, Evolution engines usually re-
guire disassembly of the top rocker covers to
remove and install the pushrods, This normally
requires removal of the gas tank and on some
models such as the FX, requires loosening the
top and frant motor mounts to allow the engine
to drop down for sufficient rocker cover-to-frame
clearance.

Numerous methods and various special tools
have been tried to avold lowering the engine to
install a camin an Evolution FX, However, most
installations end up requiring the engine low-
ered. So, vou might consider saving vourself
time and frustration by planning from the onset
to lower the engine. Additionally, the exhaust
system and anything else blocking aceess to the
cam gearcase cover must be removed, In most
cases, you'll spend more time removing the gas
tank and exhaust system along with lowering
the engine Lhan installing the cam.

Onee the old cam, lifters, lifter blocks and
pushrods are removed from the engine, it’s a
wise idea tostart the installation process by fivst
checking the condition of a few key areas. Firsi,
ingpect the area under the cam needle bearing in
the right half erankcage and the bronze bushing
in the cam cover Ior any sign of stress eracks,
Look closely at the area between the crankease
cam necedle bearing race and the pinion shaft
race for eracks. Make sure the camshaft’s fit in
the bronze bushing is correct. Slop here ruins
valvelrain geometry and timing. Check the needle
bearing for worn or missing needles, For a {ree-
running camshaft, it's a good idea to replace this
bearing when the engine is apart. If the bronze
bushingin the cam gearcase coveris replaced, be
sure to align-ream il to proper size for a free-
running camshaft.
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The camshaft includes a drive gear that is
driven by a pinion gear. The pinion gear is
mounted on the flywheel's pinion shaft, A poor it
between the two gears will cause either exces-
glve noise or excessive wear, Bxcessive clearance
(greater than .002-inch backlash) will cause a
clicking sound that may be annoying, but it
won't seriously damage anything. However, it
will pive unpredictable cam timing, On the other
hand, tight fitting gears will cause a noliceable
gear whine and can result in disintegration of
the gear teeth and camshafl bearings. This cir-
culates metal debris through the oil system and
leads to possible destruction of engine bearing
surlaces.

The factory makes several different sizes of
color-coded cam drive gears and pinion gears for
the correct fit in each engine. Also, performance
cam companies make different size drive and
pinion gears, Take note that the pinion gear
shafl nut has a left hand thread and the gear
requires a special puller for removal, The Ser-
vice Department Company can supply the puller.

Toretain the proper gear fit when a new cam
iz inslalled, the new drive gear should be the
same size as the original gear. The correct fit can
be accomplished in either of two ways. First, by
noting the color-coding on the original drive
gear, vou can order the new cam with the correct
gize gear. Second, the drive gear from the origi-
nal cam can be removed and installed on the new
cam. However, youmust make sure it is properly
positioned on the camshaft for correct timing.

The exact size of the cam and pinion gears can be
determined by laying either two (108 or 105-nch
diameter pins on the gearsteeth at a 180 degree angle
to one another and then measuring their outside
diameter with a micrometer, Use the . 108-inch diam-
aterpinsfor 1990and later engines. The 1990 and later
cams are identified by two groves on the drive gear’s
face. The measured diameter of the cam gear then ean
be matched to the color-coded part numbers in the
factoryservice manual. Take note that few engines are
shipped with larger size drive gears. Hiyou're atternpt-
ing to correct a whining (tight fit) or chickang (loose fit)
cam gear set, start by selecting a cam drive gear either
two sizes smaller or larger than the problem gear.
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Tha small pinion gear (kottom) mounts on the fywheals right
gide main shaft and drives the large cam drive gear, Varfous
siZe pinion gears are avaiiable fo help obtain the propar cam
gaar clearance. The cam drive gear drives the breather valve.
Make sure the fiming marks on all three gears align before
instaliing the cam cover. It iz easiest fo install the iifter
assemblias affer the cam and cover.

Another thing to check iz the clearance be-
tween the cam’s rear intake lobe and the crank-
case arca near Lhe {lvwheel’s pinion shaft. To
cheek this elearance, place the cam along with its
lock and thrust washersintothe erankease needle
bearing and make sure the cam can [reely rotate
all 360 degrees,

For 1969 and earlier Shovelhead engines,
install the camshall and ignition drive gear into
the crankease. Then rotate the flywheels and
check the clearance between the cam’s front
exhaust lobe (the lobe closest to the drive gear)
and the ignition’s drive gear. If there is less than
L60-inch elearance, the ignition drive pear must
be machined.

BIG TWIN CAM LOBE POSITIONS

- Cam Widih ——

Ceenfcovir
gide

FE‘!HE Fi HJ" Crmguue
side
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FE = Front Exhaust
RE = RHear Exhbausl
Fl = Fronl Inlake
Rl = Raar Intaka

Directicn of
Ratation

Tha cam rotates in the engine counfarciockwise when viewed
frar the right side or carburetor side of the engine. The rear
intake lobe iz posiioned next o the right crankcase Ralf,
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Camshaft side clearance also must be
checked. Place the cam along with its lock and
thrust washer into the erankcase needle bear-
ing, install a cover gasket and then torgque down
the gearcase cover to factory specifications. Check
the cam’s side-play with a feeler gauge through
the lifter block holes. Another method lor check-
ing the side clearance is to measure the width of
the new and old camshafts with a micrometer
and then compare any difference. Spacer wash-
ers with different thicknesses are available to
obtain the proper clearance. Set the cam’s end
clearance at .010 to .015-inch for an Evolution
engine and 005 to .010-inch for a Shovelhead.
The engine will be functional with greater clear-
ance, but for maximum performance you're bet-
ter off minimizing all clearances in the valvetrain.

Make sure each lifter fits properly in its lifter
block and that its roller turns free without bind-
ing. The rollers should not have excessive side
playv or very looge fitting needle bearings. Re-
placement rollers are available. Also, the sur-
faces of the lifter body and its bore in the lhifter
black sheuld not be scored. Remember, that a
sloppy fit will ruin valve timing and kill horge-
power.

The nil hole in an Evolution’s hydraulic lifter
body can face in either direction. However, for a
Shovelhead make sure the hole faces toward the

center of the lifter block.

Check the cam's side claarance by installing the cam and
bolting down the cam cover using an old compressed gaskel.
With the liftar assembiies removed, use a feslar gauge fo
check the cam’s end clearance. St the clgarance for the
Shovelhead enging at .005-inch and the Evalution at .010-
inch. Different size shims are availabls,
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Most high lift cams require valve spring
gpacing. Some require replacement springs. Be
sure ta follow the spring manufacturer's recom-
mendations for spring travel and installed spring
height. Depending on the cam, spring and appli-
cation, spring travel must be .030 to .060-inch
greater than the cam’s valve lift. This will pro-
teet against spring coil bind since there will be
some clearance between the spring’s coils when
the valve is at maximum lift,

The installed spring height determines the
amount of spring travel. Installed height is the
distance between the spring’s bottom and top
collars. Installed height can be calculated by
adding the compressed spring height to the
maximum lift of the cam and then adding the
recommended clearance. The sum of these three
values becomes the spring’s installed height.

Also, make sure there is sufficient clearance
between the underside of the top spring collar
and the valve guide or valve guide seal. This
dimension should be at least the sum of maxi-
mum valve lift plus .050-inch for clearance. The
valve guide may need to be shortened Lo obtain
the proper clearance. However, don't shorten the
guide any more than is necessary.

All Evolution engines have valve guide seals
and starting in late 1981 all Shovelheads were
shipped with guide seals. Oil in the combustion
chamber brings on detonation quickly, so for
maximum valve guide oil control use a top qual-
ity Teflon type seal. Be careful not to nick the
geal during valve installation. When performing
a valve job on early Shovelhead engines (early
1981 and earlier), you should retrofit Teflon oil
seals to the valve guides.

Valve-to-piston clearance must be checked
when installing certain cams. Place clay on the
piston’s valve relief areas, lightly coat the valve
heads with oil and torque the heads down to
proper specifications. Don’t forget to use the
correet head gasket. Make sure the pushrods are
correctly adjusted and then very gently turn the
engine over two revolutions, Do not foree the
engine because this could bend a valve. There
should be a minimum of .060-inch clearance
between the valve and piston, although 080-
inch is preferred (Consult with your cam
manufacturer for the recommended mini-
mum elearance),
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Whenever new valves, valve seats or a per-
formance cam is installed, valve-to-valve clear-
ance must be checked. Under some conditions
the intake and exhaust valves may eontact dur-
ing the valve overlap period. The clearance can
be checked in either of two wavs. The first
method requires checking the clearance between
the valves when the piston is located between §
degrees BTDC and 5 degrees ATDC. Insert a
thin .050-in¢ch diameter wire through the spark
plug hole and make sure it can pass between the
valves when the piston is located as described
above. View the wire cither through the plug
hole or one of the ports.

An easier method is Lo measure the distance
between the two valves when they are resting on
their seats. A general rule is to add 0580-inch to
the valve's lift al TDC for minimum valve-to-
valve distance. However, keep in mind that this
rule may not be valid for all cams. Since valve
timing and lift rates vary between cams, consult
with the cam manufacturer [or the proper clear-
ance, Valve modifications are necessary if the
clearance is insufficient. Sinking a valve deeper
into its seat may shroud airflow and reduce
power. Blending the combustion chamber in the
area of the valve seat may help, but compression
will be reduced.

CRANKCASE SCAVENGING
If you're doing a total engine rebuild and the
engine is completely apart, there are additional
modifications you can make to the cam timing
chest and gearcase cover, First, inspect the arca
near the cam needle bearing, which is located in
the right halfl crankease. Look closely between
the needle bearing race and the pinion shaft race
for cracks, Check the needle hearing for warn ar
missing needles, For a frec-running camshaft,
it's a gond idea to replace this bearing when the
engine 15 apart. Also, check the bronze bushing
in the cam gear cover for any sign of stress
cracks. Make sure the camshall turns smoothly
in the bushing and that it has the correct clear-
ance, Slop here ruins valvetrain geometry and
timing. When installing a new bushing, be sure
to align-ream it for a true axis.

Much horsepower is lost due to churning oil
so unneeded oil must be directed to the pump for
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Ta relieve crankcase pressurg and reduce the potential for
enging oiling, the breather cavily must be modified fo proper
spacifications, This is 8 Hme conswming operabion, but wall
worth fhe effiorl. Photo courlesy of 8&5 Cyola.

scavenging az quickly as possible. Polishing the
floor of the timing chest with a cartridge roll
helps speed the flow of oil to the pump for pick
up.

Oil purnp breather timing is another source of
potential horsepower gains. Horsepower loss due
to oil drag on the flywheels is high and quickly
seavenging the oll from the crankcase cavity is
important for minimizing drag.

Al the rear side of the cam timing chest there
ig a breather opening roughly cast into the crank-
case. Below the opening, a rotary breather valve
revolves inside the breather cavity. The opening
and cloging timing of the valve relative to the
flywheels’ position allows oil to be seavenged from
the erankeage and releases power robbing crank-
cage presswre at the optimum time.

Early model {(mid 19705 and earlier) crank-
cases have an elliptical shaped breather opening
while later models come with a rectangle shaped
opening. The rear edge of the opeming determines
when the breather opens and the front edge when
it closes, Its total area determines the volume of il
and amount of pressure it can relieve in a given
time period. For maximum performance, the size
of the opening and the position of its opening and
closing edges must be modified for maximum per-
formance.

The firstobjective when modifyving the breather
is to ensure the width of the opening in the crank-
caze cavityiscqualtotheoneinthe ratary breather.
The apening should measure 1.165-inchesinlength
(length runs parallel tothe camshaft). The breather
should be modified to open between 10 degrees
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CRAMKCASE BREATHER CAVITY
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Tomaximize crankease ol scavanging, the breathervalve can
be imed to opan and close at the oplimurm crankshaft posifion
The elipfical hols i the crankcasse must be modified fo
achieve oplimum fiming besides increased volume. Jilustra-
tion courtasy of S&5 Cyole.

BTDC and 10 degrees ATDC and close betweean 55
and 75 degrees ABDC al the fronf evlinder.

The breather timing procedure reguires in-
stallation of a degree wheel on the flywheel
sprocket shaft and identifving TDC for the front
eylinder’s piston. Use a .002-inch shim (feeler
rauge) in the breather opening to identify the

Degresing the breather valve requires mounting & degree
wheel on the flywheal's sprocket shafl, locating TOC for the
front piston and chacking when the breather valve cpens and
closes. Modily the breather cavity in amall increments and
double check your work. Fhoto courtesy of S£5 Cyele,
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exact opening and elosing point. Grind the open-
ing and closing edges of the breather opening so
the timing falls within preferred limits. Be care-
ful hecause excessive removal of material from
the opening may seriougly inhibit the breather’s
operation and cause loss of engine oil.

Custom Chrome makes replacement steel
breather valves that increase the total time the
breather is open without requiring grinding of
the crankease breather opening. The valves are
available in three different window screen sizes
and easily allow improvement in crankecase scav-
enging when an engine is not completely disas-
sernbled, For maximum efficiency, however, the
breather opening should also be enlarged for
increased flow area.

Startingin 1983, the breather valve material
was changed [rom steel to plastic, Plastic valves
are abrasive and can score the breather cavity
gealing surface. Also, the plastic is relatively
weak and bends out-of-round during operation.
Both conditions reduce the breather’s sealing
capability, which reduces crankease scavenging.
This can cause engine smoking and excessive oil
loss.

An additional procedure for maximizing
breather efficiency is to modify or remove the
sereen in the breather valve, However, keep in
mind the screen is designed to protect the engine
by stopping foreign material from passing
through the oil pump and lubrication system.
Consequently, this modification is done at your
own risk. As an alternalive, some racers remove
the elip that holds the breather screen (early
models only) and then spot weld the screen in
place. Additionally, all holes in the sereen can be
drilled larger for increased flow.

It'simportant not only to scavenge oil quickly
from the crankease, but also to limit the amount
of vilin the crankcase. After a hard drag run, the
crankease should only have aboutl four to six
ounces of oil in it. To check this, install a drain
plug on the bottom of the crankease so the oil can
be quickly drained. Any more than six ouncesin
the erankecase means vou should reduce the
volume flowing to the flywheel assembly and/or
top-end by installing an oil restrictor. Oil
restrictors can be placed in the end of the
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Most stock ofl pumps can be improved upon. Shown isan 5&5
oif pump kit including steel breather vatves. Steal valvas retain
their shape and increase crankoase scavanging. Note the
perorated screen n the breather valve. This kit increases
Gramkoase scavenging and improves the aperation of hydrau-
lic ifters. Pholo cowrfesy of 5&5 Cvale,

flywheel’'s pinion shaft and the external oil line
leading to a Shovelhead’s top-end. Also, the top-
end oil return lines can be rerouted to dump into
the cam gearcase area instead of the crankcasze.
For the race track, consider running a dry top-
end.

Tao relieve crankease pressure, the gearcase
must he properly vented to the atmosphere. Use
atleast a 1/2-inch 1D, hose line with an XR-750
breather separator mounted in-line or a K&N
vent filter mounted at the line’s open end.

VALVE ADJUSTMENT (SOLIDS)

Solid lifters require adjustment to ensure the
valves completely close and for maximum power.
They arcinitially adjusted during engine assem-
bly and then readjusted after engine break-in
and about every 2000 miles thereafter.

The clearance in the valvetrain is usually
referred to as valve lash. The clearance is mea-
sured when the engine is cold and the lifter is
resting on the backside or heel of the cam lobe.
Some valve lash is required in the valvetrain to
ensure that the valve can fullv cloge. The recom-
mended amount of valve lash is determined by
the cam, the expansion characteristics of the
valvetrain and other engine components — most
notably the eylinders and heads.

For normal operation, solid lifters are ad-
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justed so the valvetrain has the least possible
clearance when the engine is cold. As the engine
warms and parts expand, the clearance can
easily increase to .040-inch or more, Check with
yvour cam manufacturer for the recommended
clearance for vour cam and pushrod type (alumi-
num ar chrome-rmoly ),

The engine must be cold when valve lash is
get. Start by removing the spark plugs and the
pushrod cover keepers. Remember to make sure
the valve is fully closed because the clearance
must be set when the lifter is positioned on the
heel of the cam. The easiest way Lo ensure the
lifter iz properly positioned on the cam iz to turn
the engine forward until the same lifter for the
other eylinder is at its highest position. Use a
rubberband that has a paper clip on each end to
hold the pushrod cover in the raised position
when viewing the lifter. The intake valves are
closest to the carburetor, If the transmission
does not have a kick starter, turn the engine over
by placing the transmission in high gear, raise
the bike’s rear wheel off the ground and rotate
Lhe rear tive by hand.

If you're installing new pushrods, notice that
the pushrods are different lengths, Depending
on the manufacturer, there may be two, three or
tour different lengths. The longest ane always
goes to the front exhaust and the second longest
totherear exhaust. The shortest pushrod goes to
the rear intake.

Loosen the lifter adjusting serew lock nut
and then turn the adjusting serew until the
pushrod is finger spin free without any trace of
binding. Next, tighten the lock nut and again
check the pushrod {or ¢pin free motion. When
done, rotate the engine so the lifter that was just
adjusted is at its highest position. Now adjust
the same pushrod in the other exlinder. Follow
this procedure for all four pushrods. If any push-
rodis adjusted too tight, vou risk burning a valve
hecause the valve will not completely close. Turn-
ing the adjusting screw a distance of one flat
changes valve clearance about .006-inch.

The valve lash setting affects the lift and
timing characteristics of the cam. Therefore,
valve lash can be used as a tuning aid by chang-
ing the breathing charaeteristics of the engine.
Breathing will determine how the engine devel-
ops cylinder pressure and ultimately its power
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Lize a paper clip aftached to a rubberband or a clofhes pin to
hofd the pushrag cover oul of the way, Adiust the ifter whan
itiz rasting at lfs lowest point fon the cam's base circla). 4 ifter
iz at lis lowest position when the like lifter for the opposite
clindaris atits highest posifion. Take note of the 12-point tittar
blpck bolts, Lifter biocks have a tendency fo work loosa,
causing cansiderable engine damage. Use Loctite on the bolt
threads and perodically chack them far lighiness. Also, vse a
small armount of sealer undgr the boll's head to eiiminate ol
seaping owt of tha bolt hole,

output, Increasing or decreasing the valve lash
for the inlake valves, exhaust valves, or hoth,
can help maximize the performance of your cam-
shaft. It can also help vou determine whether the
engine could benefit from different valve timing.

Increasing valve lash causes the valve to
open later and close earlier. This reduces the
valve's duration and the valve's total lift by the
amountof additional clearance multiplied by the
rocker arm ratio. However, it does not change
the point at which maximum wvalve lift oceurs.
Reducing valve lash reverses the process. The
valve opens earlier, cloges later and total valve
lift iz increased by the amount the valve clear-
ance is reduced multiplied by the rocker arm
ratio,

These changes not only alter the amount of
cam duration and lift, but also valve overlap.
Together, these changes affect the way the en-
gine breathes, which affects eylinder pressure.
Consequently, the engine’s performance charac-
teristics are affected.

Altering valve lash settings has different
effects on the engine than advancing or retard-
ing the cam. When the eam is advanced, both the
intake and exhaust valves will open and close
earlier and the point of maximum lift will be
reached earlier. Remember, altering valve lash
keeps maximum valve lift at its normal point
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while only ehanging the opening and closing
points of the valve, Additionally, valve lash can
be changed only on the intake or the exhaust
valves. Advancing or retarding the cam always
changes the setting for both valves.

Valve lash adjustment can be used to help
maximize the engine's performance for a given
day and specific track conditions. It also can be
used to help determine whether the engine might
perform better with more or less cam. Since salid
lifter valve lash for the Big Twin is set to about
zero clearance when the engine is cold, vou can
not reduee it without risking a burned valve.
However, by inereasing it on both the intake and
exhaust valves, low rpm power will be increased
because valve duration and overlap are de-
ereased. This can be helpful for tracks having
high traction, short eight mile tracks, heavy
bikes or bikes running high gearing (low nu-
merically), Conversely, when valve lash is re-
duced, duration and overlap increase, which
regsults in improved high rpm breathing and
power, Fora given engine combination, reducing
valve lash can help on slick tracks, long tracks,
where the tire'straction is Loo low for the engine’s
horsepower and chassis setup, and transmis-
siong with too low (high numerically) of gearing,

Changing valve lash can also indicate
whether the engine will perform better with a
different cam. For example, if the engine always
performs best with inecreased valve lash, less
duration should be beneficial. Additionally, by
changing only the intake or exhaust valve clear-
ances, vou can determine whether the engine
benefits from a breathing change on only one
side. Start making adjustments by increasing
the valve lash in .006-inch increments up to
about (018-inch (3 adjusting screw flats) and
record the results for {uture reference.

Keep in mind that changing valve lash set-
tings for tuning purposes is not possible with
hydraulic lifters since they do not operate with
any valvetrain clearance. However, with solid
lifters valve lash changes can help dial in the
engine and chassis combination to the track
conditions and help determine the optimum cam.

VALVE ADJUSTMENT (HYDRAULICS)
For a completely stock Evolution valvetrain, the
adjustment of hydraulic lifters is very simple




— e

P ——

because there is really no adjustment required.
However, when a performance cam 1s installed
inan Evalution, the adjustment is more involved
than adjusting solids. In the case of'a Shovelhead
engine, the same principles apply.

Lets start by discussing the adjustment of
hvdrauliclifters for a home stock Evolution. When
the cam is removed from the engine, hydraulic
lifter adjustment amounts to installing the cam-
shaft, lilters and lifter blocks, dropping in the
one picee pushrods and bolting down the rocker
armg. Il we assume that all valve stem heights
are correct, the above procedures will result in
the correct amount of hydraulie preload and an
aceurately adjusted valvetrain. However, when
a performance cam is installed, its bage cirele is
frequently a different diameter than the stock
cam's and adjustable length pushrods are nor-
mally uzed. This changes the relationship of the
components, which requires new procedures for
accurate adjusiment.

Two terms are frequently mentioned when
working with hydrauliclifters: preload and bleed-
down, To adjust lifters correctly, both terms
musl be understood. With the Evolution, the
plunger in the hydraulic lifter has a maximum
travel of close to 1/-inch, A spring keeps the
plunger at its highest position. For the lifter to
work properly, the length of the pushrad must be
adjusted so that the plungeris partially depressed.
Then, when the engine is running, oil pressure to
the lifter will keep valvetrain clearance at zero.
The distance the pushrod extends into the lifter
and depreszes the lifter plunger is the amount of
preload. The question now becomes: What is the
correct amount of preload? If there is not enough
preload, the lifter will be noisv and make a ticking
gound. Additionally, maximum valve lift can be
reduced .050-inch or more. If there is too much
preload. the valve will be kept off its seat and this
will result in a burned valve and lost performance.

Bleed-down ig the time where oil trapped in-
side the lifter body bleeds out of the lifter and
allows the hydraulic plunger to rest at its normal-
ized poszition. Bleed-down can take one to two
minutes or more. Animportant point to remember
when adjusting hydraulic lifters is never to turn
the engine over when the lifter is bleeding-down
because vou could bend a valve,

When adjustable pushrods are used, at least
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three methods exist for adjusting hydraulie lifters.
These methods are very similar to those used to
adjust automotive hydraulic lifters, The frst
method is the least accurate, but it is the quickest
and easiest of the three methods.

For the first method, start by adjusting the
pushrods to their shortest length and then install
cach one into its proper valve position according to
its length. Remember, the longest pushrod goes to
the front exhaust, Adjust each pushrod until all
free playis removed, Next lengthen the pushrod by
turning the adjusting screw 4 to S-turns (24 to 30
flats) and tighten the lock nut. Wait a couple of
minutes to make sure the lifter has bled-down,
then repeat the procedure for the next pushrod.

From a performance standpoint, the second
method 1= more aceurate than the Arst. but it takes
longer Lo do. This methad requires remaoval of the
spark plugs and the engine turned forward as
described under “Valve Adjustment (Solids).” For
accuracy, the valve must be [ully closed and its
lilter positioned on the heel of the cam. Start by
rotating the engine forward until a pushrodisat its
highest position, then adjust the same pushrod for
the nther evlinder. The intake valves are closest to
the carburetor. Use the adjustmeni screw to
lengthen the pushrod until there is sufficient pres-
sure so the pushrod cannot be turned with the
thumb and index finger. Wait at least two minutes
for the lifter 1o bleed-down, then lengthen the
pushrod again until it will not turn, Again let the
lifter bleed-down. Keep repealing the tightening
and bleed-down procedure until the lifter will not
bleed-down anymore. The lifter s now hottomed
oul. Be careful never to turn over the engine with
a lifter bottomed out. Now shorten the pushrod by
reversing the adjustment zerew one half to one
turn and tighten the adjusting screw lock nut.
When finished, vou should be able to spin the
pushrod easily with your fingers, If it does not spin
free, the lifter has too much preload and vou must
repeat the adjustment steps again.

When done, rotate the engine so the lifter that
was just adjusted is at its highest position. Now

adjust its like lifter in the other eylinder. Follow
thig procedure for all four lifters. When all lifters
are adjusted, turn the engine a few additional
revolutions and check ecach lifter again. First,
make sure the lifteris on the heel of the cam and its
valve 1s fully closed, then check that the pushrod
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will spin free. Ifany lifter is adjusted too tight, you
risk burning a valve because the valve will not
completely close,

The third adjustment method is the most aceu-
rate, bul access to the valve spring top collar is
required. Therefore, this method is normally only
uged for the Evolution. Start by removing the
rocker covers and mount a dial indicator on the
valve spring collar ol a closed valve. Turn the
engine until the like valve for the other evlinder is
at its highest position. Adjust the pushrod until all
free play 1z removed. Next. lengthen the pushrod
by turning the adjusting screw 4 to 4-1/2 turns (24
to 27 flats) and tighten the lock nut. Wait a couple
ol minutes for the lifter to blecd-down, then turn
the engine forward and read the maximum hift
registered on the dial gauge. The lift should be

within .0 10-inch of the camshalt specifications, If

the reading iz within .010-inch, turn the engine
over until the valve 1s completely closed and check
that the pushrod spins free. Ifitspins free, the lifter
iscorrectly adjusted so goon to the like valve for the
other eylinder.

However, if the reading is more than .010-inch
less than maximum valve lift, fully close the valve
and re-adjust the dial indicator to zero. Lengthen
the pushrod a small amount and wait for the lifter
to bleed-down. The indicator will move off zero,
then return to zero after the lifter bleeds-down.
Turn the engine forward until maximum [ift is
achieved and read the dial gauge. Repeat these
procedures until the dial gauge reads within .010-
inch of the cam's specified maximum valve lift or
the lifter bottoms out.

When a lifter bottoms oub it cannot bleed-down
anyvmaore and the dial gange will not return to zero.
In this caze, shorten the pushrod by reversing the
lifter adjusting screw one half to one turn and
make sure the pushrod sping free when the valve
is fully closed. It doesn’t, keep reversing the lifter
adjusting screw in 172 turn inerements until the
lifter spins {ree with the valve closed. Be sure to
wait at least Lwo minutes between each adjust-
ment.

Pollow thege procedures for all four lifters, then
gently rotate the engine a few times and check each
pushrod one more time with its valve closed to
ensure the pushrod spins free.
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CAM DEGREEING

Difference in cam timing is a major reason why
stock production engines vary in horsepower out-
put. When a cam is installed there is no guarantes
the engine’s valve timing matches the cam’s speci-
fication sheet. Due tovarving machined tolerances
between the flywheels, camshafl and valvetrain, it
ig difficult to achieve accurate valve timing. How-
ever, desreeing a cam will verify the engine’s valve
timing. Then, ifthe timing is not accurate, changes
can be made. For maximum effort engines,
degreeing the cam is necessary to achieve maxi-
mum power. For mild performance engines
degreeing is not necessary, but it definitely doesn't
huart,

When cam timing difters from specifications,
the normal procedure is to remove the camshaft
drive gear using a small hydraulic press and re-
place the gear on the shaft at a slightly different
position. This assumes that the rest of the val-
vetrain geometry is not being altered. Even if yvou
have no intention of changing the eam’s timing,
degreeing the cam will at least tell you that yvour
engine combination performed at a given level
with a given cam timing, If vou're a serious racer,
this information can be valuable in the future when
selecting a different. cam or tuning the engine.

Sinee all four cam lobes are on one shaft, the
lobe center angle for a Big Twin cam cannot be
changed unless the cam is reground to different
specifications. This means you cannot uze LSA
when degreeing a cam. Since the most important
valve timing event is intake closing, this event
should be used when degreeing the cam,

Currently, all Big Twin cam specifications are
taken at either 020 or 053-inch of cam lift. Tt is
best to degree the cam at the .053-inch timing
specification unless it iz not supplied. Note that
cam timing specifications are given for cam hift, not
valve lift. This means you must measure the lift at
the cam lifter, not the valve. If vou want to take a
reading at the valve, you need to multiply either
020 or .0563-inch by the rocker arm ratio to arrive
al an equivalent valve lift. As an example, .053
multiplied by 1.6 gives 083-inch valve lift, Now,
readings can be taken at .085-inch valve lift in-
stead of .053-inch lifter lift. However, keep in mind
that valvetrain deflection will cause inaccurate
readings at the valve. One solution is to use low
tension valve springs during checking procedures,
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Cam Bming is ore major reason sinvilar engings differ in power,
There is no guarantee that when g cam is installed its timing
reflects the timing spacs. The only way fo know for sure i o
degree the cam and then make any necessary adiustmanis,
Thiz is a requirement for maximum effort engines and itis often
the gifference betwean winning and losing.

Special springs are made specifically for this
purpose.

Ta degree a cam, a few special tools are
needed hesides the tools required to remove and
install the cam. First, yvou need a large diameter
degree wheel and an adapter to mount it to the
flywheel sprocket shaft (located on the lefl side
of the engine), Crane Cams and S&8 Products
both make degree wheel kits. These kits are also
useful for checking erankease breather timing and
ignition timing. Additionally, vou need a pointer to
show the degree wheel's pusition and a TDC loca-
tor. There are a number of methods for locating
TDC, but a shaft that screws into the spark plug
hole eliminates the need to remove the eylinder
heads. Also needed iz a dial indieator with a total
travel of no less than eam lift or valve lift (depend-
ing on where you are checking) and a clamp set to
hold the dial gauge rigid.

Start by mounting the degree wheel on the
flywheel's sprocket ghaft. This requires removing
the primary chain, sprocket and clutch if the en-
gine is in the bike's frame. The pointer should be
mounted to the center erankease through bolt or
some other suitable location.

Next, locate TDC, It can be located in either of
two ways: by using a TDC locating tool ingerted
innto the spark plug hole {the positive piston stop
methad) or by mounting a dial gauge on the piston
dome. The best way to determine TDC with the
positive piston stop method is to define two fly-
wheel positions that are an equal distance from
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TN — one position is BTDC while the other 1s
ATDC. TDC will be centered between these two
positions. Start by rotating the flywheels forward
to bring the {ront evlinder piston about one half
inch from TDC. Serew the TDC locator into the
spark plug hole until it gently touches the piston
and set the degree wheel pointer to 20 degrees.
Next, gently rotate the engine almost a full turn
backwards until the piston touches the TDC loea-
tor and note the degree wheel's position. TDC 15
located halfway between the two degree wheel
positions,

For example, we know Lhat the degree wheel
registered 20 degrees when the piston stopped at
BTDC. Letg assume the degree wheel was posi-
tioned at 32 degrees for the ATDC reading. By
subtracting the smaller number from the larger
number (32-20=12) we get a remainder of 12 de-
greez. Now, if we divide 12 in hall (12/2=6) we get
6 degrees. Next, move the degree wheel 6 degrees
in the direction of the smaller number and repeat
the checking procedures, This time both degree
whecl readings should be 26 degrees, When both
readings are identical, the degree wheel iz cor-
rectly positioned on the {lywheel sprocket shalfl.

LOCATING TOP-DEAD-CENTER

BTDC ATDC

egree Wheal

The positive stco methad is one fechnigue for determining tap-
dead-center {TDC) After installing the TOC locating toal
{piston sfagl in the spark plug hale, slovdy rotate the fiywhesls
forward until the front oylindar piston s about 1:8-inch below
TOC, Aajust the piston slop Unbil it gently fauches the piston
and set the degree wheel poinlar to 20 degrees before-fop-
dead-centar (BTOC) Now slowly rotate the flvwheels back-
wards until the pistan again touches the pisfon sfop. in this
exampie we read 32 degrees affer-top-dead-canter fATOC)
Now sublract the smaller number from the larger number and
divide the remainder by 2 (32-20=122=6). Next, move the
dagrae whee! § degrees in the direction of the smaller number
and repeat the chacking procedures. Accurately locating TDC
is crucial to the accuracy of all subsequent cam Himing proce-
dures,
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CAMEHAFT TIMING
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A cam can be "dagreed in"and installed in either the advanced, straight up of retarded position. The cam s imtake centariing is fha
point af maximurn it of the intake lobe in relation to the piston pesition from TDC. Advancing the cam moves the intake lobe's poin!
of maximum it closer tothe piston’s TOC pasition. This example uses a cam vwith 266 degrees intake duration, 275 degqrees exhaus!
duralion, 110 degrees lobe separation angle and 5507 i, Figure A shows the cam's intake centerling installed at 106 degrees
ATOC, This means the cam (s installed 4 degrees advanced sinca the position of the infake centerfing is 4 degrees less than the
cam's 110 LSA. Figure B shows the same cam, but it is instalied 4 degrees mare advanced because the infake cenlerline is now
positioned only 102 degrees ATDC. Notice how all cam fiming events now fake place < degrees earlier. By advancing the intake
apening and clasing events, cylindar pressurg is ncreased at lov iom and boltom end power is improved, The exhaus! valve also
opens eariiar, whick aliows combiusiion blowdown fo have a greater effect in purging exhaust gases. If the exhaus! valve opens
too early, combustion pressure is wasted out the exhaust and engine efficiancy is reduced. For the Big Twin engine, if is
recommended to use the Infake valve closing liming whan degreeing the cam. The intake valve closing can be advanced or retarded
up ta 4 degrees. If the cam requires mars than a 4 degree change for accapiable performarice, a cam with different specifications
should be installed.
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Follow the same procedures when locating TDC
with a dial gauge.

The dial indicator now needs to be positioned
on the front eylinder intake lifter, Rotate the fly-
wheels forward until the lifter is on the heel of the
cam, which places it at its lowest position in the
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lifter block bore, Position the dial indicator ssas in
line with the lifter axiz and zero the indicator.
Remember, we want to check when the intake
valve closes. Slowly rotate the flywheels forward
until maximum lifter lift is reached, then keep
turning so the lifter startg descending. Always
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should repeat the procedures to verify the aceuracy
of the results.

For maximum effort engines, nothing short of

“spot-on” timing 15 acceptable. However, in the
case of a street engine the choice is yours, but plus
or minus two degrees from the cam’s specifications
iz generally acceptable, Some racers perform the
same checking procedures on the rear cylinder
intake valve and then compare the result to the
fromt cylinder timing. If the two values differ, the
difference can be split in hall' to even things out.
If you need to change the cam’s timing, the
drive gear must be pressed off the camshaft and
then replaced at a slightly different position.
Without a special jig, this may take repeated
altempts because the gear sometimes slips from
its starting position during the pressing process.
In some cages the valvetrain geometry or nmnk—

!
|
!
High rom, lght weight dragslers can make vse of a radical cam profle because they're usually revving belween 4500 and 7500 rpm.
Street dders need fo balance fogp-end power againstlow speed tarque, Shower is Tony Maftioli on his Pro Steck Evo Big Twdn. Photo
courtesy of Larry Smith/Handerafted American Racing Molorcyeles.
]
keep turning the engine forward and never backup case tolerances must be changed to obtain the
because gear lash will cause an incorrect reading. correct timing,
| Keep turning the flywheels slowly while watching
the dial indicator and immediately stop when the CAM TUNING
indicator registers .053-inch (or .020-inch, depend- If vou intend to experiment with different cam-
ing on the value you are checking at). Next, check ghalls or want an idea as to which direction to go
the reading on the degree wheel, The degree wheel (meaning more or less cam) with a different cam,
reading now indicates the timing (in erankshaft there are a number of factors to consider. However,
} degreest at which the intale valve closes. You before changing the cam, there are numerous

tuning procedures that need to be sorted out.

First, vou want to ensure you're getting the
most from the cam in the engine. Therefore, make
sure that the carburetion is closely dialed in and
the ignition advance is relatively optimized for the
engine combination, The transmission’s gearing
should allow the engine to rev to its maximum
power band. If vou know the engine should be
revyving 6500 rpm through the timing lights, but
it’s only pulling 5000 rpm, change the gearing
hefore changing the cam so the engine will rev high
enough for accurate testing.

The exhaust systemis highly dependent on the
cam’s timing, Once the cam or heads are changed,
the exhaustsystem must be retuned. So vou should
tune the exhaust syatem to the existing cam before
making a cam change. Ifthe carburetion, ignition,
gearing and exhaust are fairly well optimized for
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the engine combination, it's time to work with cam
timing.

Valve lash is the easiest cam tuning change
to make at the race track. Of course, the engine
must have zolid lifters. Remember, solid Lifter
valve lash is set at a snug spin free when the
engine is cold. You can hardly go any tighter
without rigking a burned valve — but you can go
looser. Each flat on the adjuster serew 1s about
A08-inch. Some racers increase valve lash three
ta six adjuster nut {lats (for short time periods)
to determine whether the engine responds Lo
reduced duration. This change should hurt the
top-end while helping the bottom-end. Ifit helps
both ends, vou're possibly running too much cam
for the engine. For a slick track with little trac-
tion, vou want Lo reduce bottom-end power while
maximizing the top-end, so keep valve lash to a
minimum, Remember, you can change only the
intake or exhaust valve lash.

You can advance the cam [or more low-end
power or retard it for more top-end, but this
change isn’t quickly done. It requires remaving
the cam from the engine and repositioning its
drive gear on the shaft, Some cams have key-
ways eut into the drive gear to simplifly this
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procedure. Remember, never advance or retard
a cam more than four degrees. If' a four degree
change doesn’t improve perlormance sufficiently,
gelect a different cam. Algo, don't forget that
valve-to-piston clearance changes when the cam
is advanced or retarded so be sure to check it.

Rocker arm ratios are an effective method for
tuning a cam to an engine or hike combination.
However, Evolution rocker arms can be changed
much eagier than the Shovelheads, You can
change only the intake or exhaustrocker arms to
seeifthe engine regponds to a change on only one
side, Remember, increasing the rocker arm ratio
increases the breathing characteristics of the
BIEFITIE.

Some racers have special cam grinds made for
their engine combination. Onee they identify acam
that works fairly well, they usually keep lift and
duration the same, but change the lobe center
angle to see il power increases.

Thesze tesis can tell vou a lot about what eam
profile your engine combinatlion needs for maxi-
murn performance, However, remember the Big
Twin engine is very sensitive to exhaust and cam
combinations. So once vou change the eam, you
need to go back and retune the exhaust system.




e e e e

e —— T e —— e

|
]
|
b
|

Chapter 6

Compression
atio

n engine's compression
ratio has a direct bearing on
the amount of power it
makes and the amount of
fuel it uses.

For a given engine combination, the higher ithe
compression ratio, the higher its evlinder pres-
sure will be. Brake mean effective pressure
(BMEP)isan engineering term that relers to the
amount of evlinder pressure an engine has and
it ig cylinder pressure that controls the power
output of a given engine displacement. BMEP
can be increased by high flowing eylinder heads
or an efficient carmnshaft, 1t alzo can he increased
by raizing the engine’s mechanical compression
ratio.

129

The role compression plays in producing
power 15 significant if eylinder pressures can he
controlled. The higher the engine's compression
ratio, the greater the airffuel mixture is com-
pressed, Compressing Lhe mixture raises its
temperature and increases pressure. Grealer
pressure increases the mixtures thermal effi-
ciency, which increases the horsepower gener-
ated from a given amount of fuel. Fuel economy
alzois improved hecause less fuel 1s required for
a given amount of power.

As an engine's compression increases, the
potential for detonation is increased. If eylinder
pressure 15 nol properly controlled during com-
bustion, detonation can develop and may lead to
serious engine failure, When running open
headers(straight pipes), detonationis frequently
not heard because the exhaust sound is too loud.
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Some racers build an engine with a higher com-
pression ratio than itis design to control. but the
only tell tail svmptom the rider notices when the
engine 1z detonating is roughness or vibration.
Az a result, engine problems are not detected
until it 1s too late. Consequently, numerous
stress related component [ailures are experi-
enced where a cause cannot beidentified. Cracked
heads, damaged pistons and rings, failed valves
and bearings, misfiring and unexplained power
losses frequently are the result of detonation. In

many cases, the cause is the result of too high of

compression for a given engine design.

Raising an engine's compression ratio will
build more horsepower at all rpm levels as long
as the efficiency of the combustion chamber is
not reduced, valve flow 15 not reduced and deto-
nation 1s not present. Keep in mind, however,
that as the compression ratio 15 increased, there
is less horsepower gain from each point of in-
crease. For example, raising the compression
ratio one point from 8.0:1 to 9.0:1 provides up to

a b percent power increase, while raising it from
12.0:1 to 13.0:1 increases power about 2-1/2
percent. However, the percentage of increase
will be greater for engines wilth an efficient
induction system, which provides high volumetric
efficiency. Long duration cams and tuned intake
and exhaust systems are two methods for in-
creasing an engine’s volumetrie efficiency (VE)
and thereby increasing these percentages.
Since there are numerous factors Lthat affect
an engine’s compression ratio, the ratio can be
expressed by no less than three different meth-
ods. Understanding the different methods will
provide a better understanding of compression
and the relationship of the factors invalved.

MECHANICAL COMPRESSION

The most commaon method for deseribing com-
pression is relerred to as mechanical compres-
sion ratio. The mechanical compression ratio is
considered Lthe industry standard method for
expressing compression and it 15 calculated by

Shaded Area
Is Chamber Volume

Shaded Area
Is Swept Volume

(Displacement}

Swept Volume {or Cylinder Displacement) + Chamber Volume

Compression Ratio =

Chamber Volume

Figure 6.1The engine's mechanical compression ratio /s a function of the combustion chamber's nef volume and cylinder
displacement ar swep! volume, Mustration cowrtasy of S&5 Cycle,
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inserting values for established volumes into
mathematical formulas.

The engine's cylinder displacement (swept
volume) 15 added to the net volume of the com-
bustion chamber (head gasket and piston dome
must be considered). The sum is then divided by
the net combustion chamber volume to produce
astalic or mechanical compression ratio such as
8.5 to 1 (expressed as 8.5:1) or 12:1, etc. The
mechanical ratio is based upon the assumption
that 100 percent evlinder fill {100 percent VE) at
sea-level conditions is achieved,

Although mechanical compression ratio has
only a small affect on an engine’s volumetrie
efficiency, it does promote high thermal effi-
ciency as long as detonation is not present.

DYNAMIC COMPRESSION

Dyvnamic or operational compression ratio is a
gecond way to view compression. It is the com-
pression ratio achieved during the actual opera-
tion of Lthe engine and it considers volumetric
efficiency. You might refer toit as the “real time”
compression ratio since the dynamic compres-
sion ratio of an engine increases or decreases as
theengine's volumetric efficiency (VE) increases
or decreases. Volumetric efficiency will inerease
as the engine’s induction and exhaust systems
are modified for improved breathing. Modilving
the intake port, cam, carburetor and exhaust
system are the most common methods for in-
creasing eylinder filling.

VI 1s highest at the engine’s torque peak
since ¢ylinder fill is highest at this rpm. How-
ever, eylinder fill 18 not constant, but instead
wanders around at different rpm levels based
upon throttle opening, engine load and other
factors. For example, eylinder fill is normally
reduced at rpm levels higher than the torgue
peak because induction system breathing is lim-
ited and there iz a shorter time to fill the cylin-
der.

An engine that fills a eyvlinder to its theoreti-
cal capacity is said Lo have 100 percent volumet-
ric efficiency. A stock Big Twin engine generally
has 75 to 85 percent VE at maximum horse-
power rpm and a slightly higher percentage at
maximum torgque rpm_ A racing engine has a VE
of 100 to 120 percent. In fact, some extremely
efficient maximum effort race engines with highly
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tuned intake and exhaust systems can achieve
over a narrow power band a VE up to 130
pereent.

Mechanieal compression ratio caleulations
are based on the assumption that the intake and
exhaust valves are closed from the time the
piston starts moving upward from BDC on the
compressgion stroke to TDC. In reality, the cam
keeps the intake valve open long after the piston
passes BDC. This results in the valve being open
while the piston is moving upward toward TDC,
At low rpm, this causes some intake mixture to
he pushed back out of the combustion chamber,
past the intake valve and back into the intake
port. This results in a theoretically smaller vol-
ume of airffiel mixture in each eylinder. Conse-
quently, as the piston moves upward on the
compression stroke it has less volume to squeeze,
which results in a lower dynamic than mechani-
cal compression ratio.

This is the reason a higher mechanical com-
pression ratio can be used in conjunction with a
long duration cam without incurring detona-
tion. It also 1z the reason an engine with a long
duration cam will be down in power at low rpm
unlessitalsoincludes an accompanying increase
in mechanical compression ratio. The higher
mechanical compression ratio compensates for
the dynamie losses inherent in a cam that has a
long intake duration.

An engine’s torque output starts to plummoet
when its volumetric efficiency drops. When volu-
metric efficiency and therefore torque decreases
faster than rpm rises, the point of maximum
horsepower is reached. As volumetrie efficiency
falls below 100 percent, the dynamic compres-
s1on starts to drop below the caleulated mechani-
cal compression. At high rpm, a long duration
intake cam can increase volumetric efficiency
since the air/fuel mixture has greater foree due
to its higher velocity. As a vesult, the mixture is
not pushed back out of the combustion chamber
as easily. Instead, it uses inertia to ram its way
past the intake valve, which packs a greater
amount of air/fuel mixture into the cylinder.
This increases VIS at high rpm and accounts for
a higher dynamic than mechanical compression
ratio, Camshall tuning is the primary method
for inereasing evlinder pressure or dynamic com-
pression at Adgh rpm. On the other hand, raising
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the mechanical compression ratio considerahly
improves dynamic compression at low rpm.

CORRECTED COMPRESSION
Athird method for caleulating compression ratio
iz referred to as “corrected compression ratio”
This method is used strictly for determining
approximately how much a cam’s intake dura-
tion will alfect compression. Although it doesn't
consider all factors, il does provide a general
idea what eflect a particular cam will have on
mechanical compression.

This method essentially uses the same for-

also takes into comsideration one additional
factor. As stated earlier, the mechanical com-
pression ratio formula assumes that all valves
are clogsed as the piston compresses the mixture.
Therelore, it uses the entire eylinder displace-
ment value withinits caleulation. Bul in reality,
the intake valve remains open after the piston
passes BDC. Consequently, the total or effective
cylinder displacement is reduced for actual
compression since compression doesn't start to
take place until the intake valve closes. Re-
member, at this poinl the piston iz already past
BDC and positioned part way up the evlinder.
When caleulating corrected compression ra-
tio, the position of the pistan relative to when the
intake valve closes must be determined. The
pistor’s position can be determined by using

CYLNCH
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Notice that as duration incraases, the piston is higher up in fhe
bare when the infake valve closes. At low rom, a lafe closing
intake allows some of the infake charge to be pushed back info
tha intake port, thereby reducing the mechanical compression
rafia. The higher the piston iz af intake valve closure, the
higher the mechanical comprassion ratio showd be fo main-
tain low speed torque. A late closing intake helps fop-end
power at the expense of fove-end lorgug.
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gither a computer software program or by mount-
ing a degree wheel on the flywheel's sprocket
shaft and following the cam manufacturer’s in-
take valve closing specification. The pogition of
the piston 1s noted at the time the intake valve
closes. Most Big Twin cam manufacturers specify
cam timing at 053-inch of lifter lift; however, a
few specify it at .020-inch. Regardless of where
timing specificationg are taken, this procedure
reveals how much stroke length remains before
the piston reaches TDC. This stroke length in-
stead of the engine’s full stroke length is now
used to calculate cylinder dizplacementi. The
smaller value for evlinder displacement is now
inserted into the corrected compression ratio
formula. Essentially, if the intake valve cloges
earlier than the stock cam’s intake, compression
will inerease, If it closes later, compression de-
creases.

To retain low rpm Lorque with a long dura-
Lion cam, we can now determine approximately
how much to raisc the mechanical compression
ratio to bring it back to at least the stock level.

HIGH COMPRESSION DRAWBACKS

High eompression does have a number of detri-
mental characteristics, which should be consid-
ered when building an engine. The most obvious
15 the requirement for higher octane fuels, Due
to increased heal, high compression engines are
prone to detonation unless high octane fuel s
uged. The higher the octane rating of the fuel,
the greater its ability to react in an orderly and
controlled manner under the following condi-
tions: compression is high, combustion cham-
bers are hotter than normal, air temperature 1s
extremely high, or the engine 15 under high load
conditions.

Today, service station pump gas is usually
limited to about 92-octane. When building an
engine for extensive street use, it is not only
inconvenient, but also costly Lo have to add
octane boosters or race gas to pump gas to
eliminate detonation. Unless the engine is bualt
only for racing or as a “Friday night special” type
engine (one that never ventures farther from
home than the range of its gas tank), it is pru-
dent to build it capable of running on 92-octane
pump gas without detonation. Careful eoordina-
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Alfough Pro Fuel racers have less concern than sireet ridars for high comprassion drawbacks, the engine bulder and runear must
stifl optimize the drag engine’s combustion chamber design, ignition Uming and airfuel mixture fo run big oumbers white eluding
dgetonation. Tom Bookhamer on his 123 of Pro Fusl dragster. Photo courtesy of Larny SmithiHandcrafted American Racing

Motoroycles.

tion between the combustion chamber design,
intake port size and shape, and camshaft will
allow the mechanical compression ratio to he as
high as possible, vet still allow the engine to run
on 92-octane pump gas without detonation.

High compression gencrates more heal and
puts a greater load on the engine’s rods, rod
bearings and crankpin. As a result, the engine’s
oil temperature is higher and parts wear out
quicker. Adding an o0il cooler will help keep oil
temperature below 220 degrees on a high output
gtreet engine. This not only will extend the oil's
useful life, but also will reduce engine wear and
the potential for detonation,

To make reasonable power, a Big Twin's
compression ralio must beraised above the stock
8.5:1. Approximately 9:1 to 9.5:1 1s the minimum
for making any reasonable power. However, by
raising the compression ratio two poeints, from
8.5:1to 100.5:1, crankshaft and rod longevity will
be reduced by up to 50 percent, On a race engine,
the reduced longevity has no consequence, How-
ever, on a street engine you should consider your
style of riding and your tolerance for engine
maintenance when deciding what compression
ratio to run,

ALTERING COMPRESSION RATIO

The mechanical compression ratio of a Big Twin
engine can be altered either up or down by
modilyving or replacing ane or more of a number
of parts,

The most common method lor changing an
engine’s compression ratio ig to increase the
piston’s dome mass. Another common method,
especially with the Evolution, is to reduce the
combustion chamber volume by either (or in
combination with) machining the head gasket
surface or by welding and reshaping the cham-
ber walls. Installing a different shape intake or
exhaust valve, orsetting the valves at a different
included angle in the head is still another method
for changing the compression ratio. Modifying
the length of the cylinder, or changing the thick-
ness of the head gasket or cylinder base gasket
will also alter the engine's compression ratio.
Finally, increasing the engine’s displacement
through boring and/or stroking for a given com-
bustion chamber volume is another method.

In fact, a large increase in displacement will
raige compression while the piston’s dome mass
is reduced in size, This makes it easy to increase
compression without introducing performance
drawbacks.
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COMBUSTION CHAMBER DESIGN
Combustion chamber design plays animportant
part when designing an efficient engine and it
plays an even more important part when raiging
the engine's compression ratio. Raising eom-
pression generates more heat from the airfuel
mixlure, thereby producing more pressure and
consequently more horsepower, However, greater
heat can be attained not only with higher com-
pression, but also through greater cylinder fill-
ing. Additionally, burning a higher percentage
of the air/fuel mixture also increases heat. So
hoth compression and mixture quantity are im-
portant.

During engine operation, combustion cham-
ber design not only plays a part in the actual
compression ratio, bul alzo in the percentage of
eylinder fill and the quality (condition) of the air/
fuel mixture at the point of ignition. When de-
signed properly, a combugtion chamber will gen-
erate the maximum amount of thermal energy Lo
drive the piston down instead of heating extra-
neous engine parts.

The rpm level at which an engine runs out of
air determines its torgque peak. If more air is
flowed through the engine, its torgue peals moves
to a higher level in the rpm band, The flow
characteristics of the intake and exhaust sys-
terns, the carburctor size and the cam determine
the torque peak. However, the shape of the
eombustion chamber and piston dome, the loca-
tiom of the spark plug and the temperature of all
areas of the chamber dictate the power potential
that can be achieved with a particular engine
eombination.

Good combustion chamber design will opti-
mize the combustion process and thermal effi-

ciencies. As a result, the optimum amount of

heat energy will be extracted from the air/fuel
mixture and will beused to drive the piston down
ingtead of heating the engine components.

To achieve maximum power, the design of
the entire combustion chamber is important.
The combustion chamber consists of a roof that
is defined by the eylinder head and a floor that is
defined by the top of the piston. The shape ol the
chamber's roof and floor, along with their rela-
tionship are critical for maximum cylinder fill-
ing, encouraging full atomization of the air/fuel
mixture and providing unobstructed flame travel.
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An efficient chamber design has the follow-
ing characteristics: it does not restrict the flow of
incoming or cutgoing gases: it generates a high
amaount of air/fuel turbulence when the piston is
near TDC: it confines the air/fuel mixture in the
smallest possible area near the spark plug; and
it provides a short, unobstructed path for flame
travel.

ADDING PISTON DOME
The most common method for increazsing com-
pression ratio is to add piston dome, However, if
piston dome mass is added indiscriminately,
eylinder filling and thermal efficiency can be
reduced.

If the piston has a high dome, which gives a
high mechanical compression ratio. the dome

INTAKE

Flat-dome piston at TDC
during valve overlap

A high doma piston can improve pover and iorque af low rpm,
but it also can hurt power on the tap-and it its doma irtarferes
with crossflow during the valve overlap period. Thisis a grealer
cancem with a Shovelhead engine because it neads a large
pisten dame to make high compression. Before indiscrirni-
nately adding piston dome, give thought to tha averall com-
fustion chamber design—including its roof and floor,
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High-dome piston at TDC
during valve overlap
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can interfere with the cross-flow stage (overlap
period) of the camshaft. This is where both
valves are opened at the same time — the intake
valve 1s just starting to open and the exhaust
valve is about to elose, At this point, the piston is
approximately at TDC and the airffuel mixtare
is entering the chamber from the intake port.
The mixture then moves across the chamber
(which includes the piston dome; and out the
exhaust port, If the piston dome significantly
interferes with the movemenl of the intake
charge, volumetric efficiency is dramatically re-
duced at fiigh rpm (4500 rpm and above) with a
regultant loss of torque and horsepower. How-
ever, during operation befow 4500 rpm the torque
outputof an engine with a very high dome piston
will be greater (in most cases) than one with a
low dome piston that does not interfere with
crosg-flow, This condition sacrifices horsepower
at high rpm in exchange for greater horsepower
down low. This is due to the intake port’s ability
to flow enough air at low rpm for satisfactory
cylinder filling.

In general, engines with high piston domes
that cause a high amount of eross-[low interfer-
ence require a greater amount ol cam overlap to
produce good horsepower. This creates a prob-
lem hecause long overlap reduces power and
throttle response at low rpm levels, besides
making the engine run rough.

Big Twin pistons come with various shaped domes to accom-
modata differant combustion chamberdasigns, stroke langthis
and compression rafios. The flattap piston on the laftis for use
in an Evolution while the ofher three are for the Shaovathead,
Phata courtesy of S&5 Cycle.
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The Axtal 30 degree angle top piston far the Evolution gives
about 1001 compression. f js dasigned far a single squish
band combustion chamber and requires & 30 degree angle ouf
info the stock chamber's squish ledge. Fholo courtesy of Axtell
Sales.

Very high dome pistons can also reduce tur-
bulence (highly desirable for good flame propa-
gation}, decrease flame speed, slow down burn-
ing and may require reduced ignition timing Lo
avoid detonation. A high dome piston also ex-
pases more dome ta the flame front during eom-
bustion, This not only increases the heating
process of the intake charge, which results in
less efficient eylinder fill throughout the cylin-
der filling process, but it also siphons heat away
from the combustion process, The result is less
combustion pressure pushing on the piston.

Axtell 30 degrec full dome Evelution piston gives about 1007
compression when used with a bathtub shvle combustion
charmber such as & STD ar Branch #4 head, Photo courtesy of
Axtall Sales.
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Shown are 548 Shovelhead 15:1 LR racing pistons. Nota the
targe dams required fo get high compression In the
Shovathead's large hamisphencal cantbustion chambar, The
dame can be machined lower ta mafch a custorn chamber
shape. Teflon buttons and spiralock cfips are included to give
a choice of piston @in keaper, Phofe caurtesy of S&5 Cycle.

In general, it is best to run as low a piston
dome as possible, consistent with the mechani-
cal compression ratio objectives for the engine.
The ideal piston design produces maximum
BEMEP bv balancing a high mechanical compres-
slon ratio against the potential loss of volumetric
efficiency. Remember, engine output primarily
is dependent on filling the cylinder with the
greatest, amount of aivfuel mixture and then
burning it properly. If less air/fuel mixture is
drawn into the cylinder and turbulence is re-
tarded because of poor piston design, the piston
with a high mechanical compresston ratio will
produce significantly less power in the high rpm
range than a piston that achieves maximum
effective compression.

Ahighdome piston that interferes with cross-
flow during overlap and obstructs the flame
front ean still produce high levels of low and
midrange torgue. However the engine will be
down in power at high rpm levels (above 4500
rpm). This ig because the high mechanieal com-
pression ratio allows acceptable volumetric effi-
ciency in the low to mid rpm range, but limits
volumetricefficieney in the high rpm range. This
results in reduced dynamic compression. Re-
member, dynamic compression is “real time”
compression. If the engine's objective is to pro-
duce maximum power above 4500 to 5000 rpm,
then it must have maximum high rpm breathing
capability even if it requires a sacrifice in the
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mechanical compression ratio (read: “less piston
dome interference”),

In reality, race track testing and dynamom-
eter engine pulls in the aceeleration mode are
the only valid measures of a piston's effective-
ness.

TURBULENCE

When modifying the combustion chamber or
when raising compression, ensure thal as much
air/fuel mixture turbulence as possible is gener-
ated. This will guarantee that the greatest per-
centage of airffuel mixture will be burned and
thermal efficieney will be maximized. To discuss
turbulence it is also necessary to elaborate on
piston dome shape, chambershape and chamber
volume.

The squish band technique is one of the most
common methods used to enhance air/fuel tur-
bulenee before combustion, Areas where parts of
the cylinder head and piston dome come close
together at TDC are referred to as squish bands
{the more technically correct Lerm is quench
band). As the piston nears TDC, mixture trapped
between the head squish area and piston is
forced out at high velocity. This increases turbu-
lence, which promotes better air/fuel atomiza-
tion and reduces the potential for detonation.

Most turbulence is generated during the in-
take stroke as the inlet flow 1s rushing through
the narrow valve opening and at Lthe end of the
compression stroke where the mixture flow is
forced into the combustion chamber from the
squish band area. Begides the sguish band, the
intake port can have a significant affect on the
amount of turbulence generated. The intake
port’s size, its shape within approximately one
inch of the valve seat and its bias to the valve's
position can all influence the amount of turbu-
lence that takes place in the eylinder,

EVOLUTION SQUISH

The D-shaped Evolution head includes a squizh
band located in the combustion chamber appa-
site the spark plug side. The squish band results
fram a 90 degrec ledge that is lowered over a flat
piston dome to create a thin horizontal squish
zone. IFor the Evolution engine, the ideal squish
hand has about 0.025 inch to 0.040 inch clear-
ance. Anything larger, diminishes the squish
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Ontirmizing the Evolution's squish band s crucial for making
big horsepawar. Get the squish band clearance lo betweer
030 and . 0d0-ingh far a slreet engine and down to 025-inal
for & race angne. Maching the cvlinders or changs gasket
thicknass o obiain the desired clearanca.

effect. However, 0.025-inch clearance on an en-
gine that is not disassembled [requently can
allow the piston dome ta contact the squish ledge
due to carbon build up. Therefore, it is better to
go with a minimum of 0.030-inch clearance un a
street engine,

Cylinder length, cylinder base gasket thick-
ness and cylinder head gasket thickness can be
varied to control squish clearance. The head
gasket surface of an Evolution cylinder head 13
[requently machined belween 0.050 and 0.070-
inch to increage the mechanical compression
ratio. Keep in mind, however, that squish band
clearance is not affected hy this machining.

The Ewvolution chamber design can be im-
proved by filling in the chamber sides through
welding and then recontouring its shape similar
toabathtub. This design adds a duplicate squish
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A flat top piston is usually teamed with a bathitub chamber,
Howevar, domed pistons that match the bathiub configuration
are starting fo appear in tha markeipiace.
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area to the opposite side of the chamber. The
bathtub shape improves turbulence, increases
torque and can reduce polential detonation, If
done properly, it can alse increase airflow by
reducing valve shrouding.

The bathtub chamber is sometimes reduced
in valume through the welding process or hy
machining 0,050 to 0.070-inch from the head
gasket surface, Either modification will increase
the engine’'s mechanical compression ratio. Bath-
tub chambers most frequently are used in con-
Junetion with flat top pistons and between 0.025
to(.040-1nch squish band clearance, Arias offers
a piston with a bathtub shaped dome that pro-
vides higher compression than a flat top piston.

These are ST bathiub chamber feads madified by Can’s
Speed Shap. Take note afthe twin squish lzdgas that increass
furbulence and keap the chamber small. A flat dame piston is
aflan used with bathtub chambers. For higher compressian,
domed mstons are available from Axtell Sales, Hivers Engi-
neering and ofhers. These heads are sefup for large bore
cyiinders. Photo courtasy of Carl's Spead Shop.

Axtell sells a forged, high silicone, 30 degree
angle top piston that increases compressian,
maintains gufficient squish and enhances eylin-
der breathing., This piston requires that the
combustion chamber’s 90 degree squizh ledge be
machined at a 30 degree angle to match the
piston’s angled dome. This results in a squish
band that generates turbulence about equal to a
stock Big Twin chamber, however, the 30 degree
angled dome and the angled squish band force
the air/ffuel mixture more directly toward the
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ANGLED PISTON DOME

CYLMDER

Axtel's 30 degree angled fop pisfon raises compression o
1001, provides a good squish Band for high turbulence and
retaing an unobstructed flamea path, This dome configuration
is designed for use with a modihed 80 degraes squish chamber,
A full 30 degree dome piston also (s available for use wath
bathtub stle chambers. The full 30 degree dome piston has
an angled squish band on both sides of the bathtub chamber
and provides abaut 10:7 camprassion.

spark plug. A stock displacement 30 degree
piston is rated at 10:1 compression ratio when
used with an 84 ec combustion chamber, Pistons
for other bore and stroke combinations are avail-
able,

In summary, whenever the combuslion
chamber’s shape is changed, regardless of the
reason, it 15 extremely important to pay close
attention to the squish area so turbulence will be
maximized. It s also important to ensure that
the valves are not shrouded by the chamber
walls or the piston dome so airflow is notl re-
stricted.

SHOVELHEAD SQUISH

The deep hemi-chambered Shovelhead (and the
iran Sportster head) creates very little air/fuel
turbulence because it has little or no squish
band. Unfortunately, this is one of the inherent
characteristics of a hemispherical chamber de-
sign, Although a properly reworked Shovel eyl-
inder head lows extremely well, its non-turbu-
lent, slow burn chamber typically passes a high
percentage of unburned fuel out the exhaust,
Consequently, mechanical efficiency and horse-
power are reduced.

Beeause of poor turbulence, whenever build-
ing a Shovelhead engine it is eritical to do what-
everis possible to create squish area, Large hore
cylinders make it easier to generate squish area
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on this engine. Also, the lower radius edge of the
combustion chamber can be machined at an
angle cqual to the piston dome’s angle to help
create a squish band. The cylinder length then
can bhe adjusted to provide 040 to .060-inch
clearance between the piston dome and the head's
newly machined squish band.

Another helpful modification is to minimize
any combustion chamber nooks and erannies
where aiv/duel mixture is excessively cooled and
goes unburned. The evlinder locating ring that
raises up into the Shovel's combustion chamber
can create such dead areas. Make sure there is
no gap between the locating ring and the cylin-
der head after the head is bolted down using the
eorrect head gasket,

Because of ils inherent degign (Volkswagen
style locating ring), a Shovel cylinder head is
generally nol milled to increase compression.
Instead, compression ig normally inereased by

Above iz a 3.5:1 CR Shovelhead piston and below s a 8.5:1
Evalution piston, Note the difference in dome height requirgd
fo achieve the same comorassion rafic, The Shovelhead
requires & high pistan dame that wastes combustion heatand
can interfarg with fiame fravel Photo courtasy of Wiseco
FPistan.
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raising the piston dome or by increasing the
engine’s displacement. With a stock or near
stock dizplacement Shovelhead engine, a piston
dome al least 3/4-inch high or higher 15 usually
needed to get a reasonable amount of compres-
gion due to the deep hemispherical chamber.
With large displacement engines il 1s easier to

make compression with a lower dome piston. If

the head’s gasket surface is machined to ensure
a flat surface, make sure a sufficient recess is
retained for the cylinder’s top spigot. Alsg, counter
gink each head bolt threaded ingert 006-inch for
a good head gasket seal.

Some engine builders and evlinder head por-
ters prefer to weld the Shovelhead’s chamber for
higher compression and better turbulence. The
reault is either a bathtub or hemitub shape. The
bathtub chamber resembles a welded and re-
worked Evolution bathtub chamber and it is
used in conjunclion with an Evolution flat top
piston. This style chamber greatly increaszes the
squish arca and gives reasonably high compres-
sion with a flat top piston. The hemitub chamber
is similar to a bathtub design. The major differ-
ence is the hemitub chamber uses a standard
crowned dome piston rather than a flat dome to
senerate higher compression. This results in an
angled instead of horizontal squish band.

It is possible to inadvertently shroud the
valves and reduce airflow when welding
Shovelhead chambers, The kev to making high
horsepower with a bathtub or hemitub
Shovelhead chamber is to ensure that intake
and exhaust airflow does not suffer at the benefit
of increased compreszion and squish.

FLAME PROPAGATION

Up to thiz point, much has been said about
maximizing c¢vlinder head airflow for increased
horsepower. However, high airflow does not guar-
antee high horsepower because the efficiency of
the combuztion chamber plays a major role in
the amount of horsepower made from a given
amount of air/fuel mixture. An efficient chamber
not only must have a high degree of turbulence
and good cross-flow {(scavenging) characteris-
tics, but it also must burn efficiently a high
percentage of the airffuel mixture, And this
requires good flame propagationin the chamber,
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Head Quarters modified this Shavelhead combustion cham-
bar by welding and machining it inlo 2 bathiuh shaps, This
moditicalion reduces combustion chamber size, shortens fame
travel and significantly improvas chamber turbulence for a
more cormolete burn. A piston with a 30 degres angled dome
s now used fo generate turbulence betwaan the fwin squish
bands. One kay poinl to this modification is ta keap part aicflow
high by not shrouding the valves with the chamber walls,
Fhoto courtesy of Head Quarters.

One of the best methods for determining an
engine’s combuslion efficiency is to note the
optimum point where full advance ignition tim-
ing is set. The closer ignition is to TDC (read:
“less ignition advance™), the more efficient the
combustion chamber is. Under Lypical combus-
tion conditions, peak cylinder pressure occurs
well after TDC. For efficient chambers it 1=
generally in the area of 12 to 17 degrees ATDC
and with inefficient chambers it can be much
later, If peak pressure Lakes place too late, the
piston’s downward movement reduces evlinder
pressure faster than the expanding gases create
it and power is lost.

Since the optimum ignition advance for a Big
Twin engine usually ranges between 27 and 40
degrees BTDC, a considerable amount of cylin-
der pressureis working against the pizton before
TDC. The upward movement of the piston is
oppozed by the downward pressure exerted on it
from the burning fuel charge. This is because the
combustion process is started while the air/fuel
mixture is still being compressed. The optimum
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ignition point is reached when less 1gnition ad-
vance moves the maximum eylinder pressure
point too far ATDC, and more advance creates
toomuch resistance on the piston. Therelore, the
better the combustion chamber design, the less
ignition advance it should need, all other things
being cqual.

To produce maximum power, combuslion
ideally should take place between TDC and the
point at which the exhaust valve opens (gener-
allv between 42 and 65 degrees BBDC for the Big
Twin). To be more exact, maximum cylinder
pressure should oceur at the point where the
piston exerts maximum leverage on the crank-
shaft. Very efficient engines (not the Big Twin)
produce 90 percent of maximum cylinder pres-
sure by the time the piston reaches 45 degrees
ATDC. Consequently, the combustion process
must be extremely rapid.

Assuming a high level of mixture turbulence
is already present, a few combustion chamber
modifications can be performed to gpeed up the
combustion process, These modifications are
designed o increase the area of the flame front,
increase the flame speed and increase the den-
sity of the intake charge. Each modification
resulls in centering the combustion evenl more
closely around TDC, which will allow the com-
bustion pressure to perform more efficient work
on the piston and thereby produce more horse-
power from a given amount of work.

When a flat top piston or a piston with a

FLAME FROMNT
HIGH DOME 2 FLAT DOME ./
F

. i
5 ‘%f

i

A large combustfion chamber e the Shovelhead's needs 4
high piston dome for high compression. The high dome can
interfere with flame propagation, slow combustion, require
more ignition advance and raise the engine's BSFC. Dot use
a higher piston dorme than is necessary for a given campres-
sion ratio and consider firg slotting the dome near the spark
plug locatian for batter flame propagation.
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small dome iz used, the flame front can grow
across the chamber easily without any obstrue-
tion from the piston dome, However, when com-
pression is increased by a high dome piston, the
chamber shape 15 modified and the deme can
interfere with the flame front, especially with
the deep hemispherical Shovelhead chamber,
This ean increase the required ignition advance
due to a slower combustion rate and increase
brake specific fuel consumption (BSI'C) due to
pockets of unburned fuel. The important point to
rememboer s that it 15 possible to lose horse-
power when increaging compression with a high
dome piston if you do not pay attention to com-
bustion efficiency.

Regardless of the piston dome shape, any
sharp corners on the dome should be smoothed
asmuch as possible zo the flame front can propa-
gate smoothly to the larthest corners of the
chamber. Also, Lhe piston dome should be shaped
a0 it does not shield Lthe main body of the airfuel
charge from the spark plug. Instead, it should
force theintake charge directly toward the spark
plug or flame front. Furthermore, a high piston
dome ean include a spark plug {lame slot to
enhance the flame front.

With the Evolution engine it is generally
betier to increase compression by machining the
head’s gasket surface than it is to add piston
dome height, However, he aware that machining
the head may change the engine’s rocker arm
geometry, which can reduce the effective valve
lift. Changing the pushrod length and reshaping
the rocker arm contact pad can bring the geom-
etry back to proper specifications.

DUAL SPARK PLUGS

Minimizing the distance between the spark plug
and the farthest part of the combustion is an-
other factor to pay close attention to. The ideal
spark plug location is one centrally located in the
combustion chamber, Thig would minimize the
distance the flame front needs to travel, thereby
reducing the required amount of 1gnition ad-
vance and the potential for detonation. How-
ever, centrally locating the spark plug in either
an Evolution or Shovelhead will cause valve size
to be restricted. As a result, a single spark plug
is located on the side of the chamber directly
opposite Lhe pushrod side.




Adding a second spark plug to the evlinder
head effectively reduces the distance the com-
bustion flame front needs to travel. This can
increase the amount of airfuel mixture burned
and reduce the time needed for combustion. This
results in less potential for detonation.

Detonation raises the engine’s temperature
dramatically. In some situations detonation is
inaudible, bul regardless of whether vou hearit,
in a worse case scenario it will destroy a piston
and in a best case situation it will stop vour
engine from reaching maximum power, Assum-
ing the combustion chamber shape 1s optimized
and there iz no oil contaminating the intake
charge, there are three major methods for elimi-
nating detonation: the fuel’s cctane can be in-
creased; evlinder pressure can be reduced through
installation ol a different cam or reduced me-
chanical compression ratio; or the heads can he
dual plugged. Raising the fuel's octane level
higher than pump gas is generally not practical
with a street driven engine and lowering cylin-
der pressure reduces horsepower. But adding a
second plug offers neither of these negatives.

By installing a second spark plug opposite
the original plug, the air/fuel mixture starts
combustion at two separate locations instead of
one, The gecond plug reduces the distance be-
tween a plug and the farthest part of the cham-
ber. As a result, the time required for combus-
tion decreazes and a more complete and uniform
burn of the air/fuel mixture is achieved, particu-
larly with a high dome piston. Furthermore, the
potential for detonation is greatly reduced and
maximum horsepower can be realized.

Since combustion time is reduced with two
spark plugs, the point of spark ignition can be
delayed so the timing ol maximum cylinder pres-
sure remains correctl. For example, normal 1gni-

tion timing lor Lhe Big Twin is approximately 35
degrees BTDC, With two plugs, the normal
amount of advance should be reduced (retarded)
by 5 to & degrees, which results in timing be-
tween 27 and 30 degrees BETDC. Since the crank-
case timing hole 15 about 10 degrees in width,
yvou can adjust the ignition advance by placing
the flywheel timing mark at the front edge of the
hole or just bevond the front edge instead of
centered to get the correct timing. Remember,
this is only an example. For your application,
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Dual plugs reduce flame Irgvel and mirimize the polantial for
detonation. This Shovelhead chamber is setupn with dual plugs
and bored for 3-58" bore cylinders. Second plug must be
locatad high enaugh in the chamber for good efficiency and
sufficient clearance Detweaan the piston and plug electrode. To
obtain some squish area, the chambar is machined af a 30
cegree angle fo malch the piston dome. This is aboul all the
squish area vou can get with a Shovelhead chambar without
walding. Note how the haad ball holes are counter sunk .008-
inch 50 the head gasket seals properly

subtract the § Lo 8 degrecs advance from the
oplimum single plug ignition setting for your
cngine, Be aware that failure to retard the igni-
tion timing will nullify any potential henefits of
dual plugs.

If you ever revert to using one spark plug,
don't forget to advance the timing back ta normal
specifications because a severely retarded 1gmi-
tiom will significantlvinerease engine heat, Also,
take note that dual spark plugs (4 plugs total)
require the use of two ignition coils (dual tower
each), and both must have the proper voltage
and ohm rating.

When determining the location for the sec-
ond plug, be sure to locate it high enough above
the head gasket surface. The proper location
icheck the level of the stock plug) will not only
alliw the piston to miss the spark plug, but also
will provide hetter flame front propagation
around and over the piston dome. Also, ensure
that the plug can bhe installed and removed
without having to remove or loosen the pushrod
tubes, This is not too difficult on the Shovelhead,
but it must be watched closely with the Evolu-
tion, For Evolution models, some racersinstall a
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12mm instead of l4mm plug for more head
strength and easier access,

Be sure never to install a short reach (3/8-
inch}spark plug directly into aluminum threads
because it can be blown out if the engine back-
fires. Instead, use a carbon steel thread insert
for a secure mounting. And make sure the plug
15 not inztalled oo deep into the head because
plug threads exposed in the chamber will cause
pre-ignition. Finally, gently blend the new plug
hole into the combustion chamber, but be sure
vou only remove the minimum amount of mate-
rial, Aftermarket performance cylinder heads
normally include two spark plugs per combus-
tioni chamber, so vou don't need to go through the
expense of installing a second plug.

The major benefits of dual spark plugs are
higher performance and a slightly smoother
running engine, For a given fuel octane rating,
dual plugs allow the use of a higher mechanical
compression ratio without incurring detonation;
or for a given mechanical eompression ratio,
dual plugs allow the use of a lower fuel octane
rating. The larger and more inefficient the com-
bustion chamber and the higher the piston dome,
the greater the benefit from dual spark plugs,

Just about every Shovelhead engine can ben-
efit from dual plugs. The only exception might be
extremely low compression (7.4:1) engines
manufactured from 1981 throngh 1984, On a
properly setup Shovelhead engine, the stock
mechanical compression ratio usually can be
raigsed between one and two points (for a 9:1 Lo
10:1 compression ratio) when using 92 octane
ras at sea level locations. IL can be even higher
at high altitude locations. However, keep in
mind that the eombustion chamber principles
previously discussed must be adhered Lo, This
means you must minimize chamber obstrue-
tions, create the maximum amount of squish
area and eliminate all oil contamination to the
fuel due to poor sealing piston rings or worn
valve guides and seals.

COMPRESSION RATIO
RECOMMENDATIONS
Over the last 20 or 25 years Big Twin engine’s
have steadily increased in performance. Some of
the increases are directly attributed to larger
digplacement engines, better breathing heads
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and chassis that hook up better. The ability to

run & higher compression ratio also can be ered-

ited for gome of the performance inerease. Today's

Big Twin engines can effectively use higher

compression ratios not only because they have a

more efficient combustion chamber, but also

because the gasoline is better quality and igni-
tion systems are much improved,

For maximum engine performance when
burning gasoline, the benefits derived from in-
creaged compression flatten out at approximately
14.5:1 — maybe 15:1. A stock Big Twin Evolu-
tion has an #.5:1 compression ratio, For a stock
Shovelhead, eompression 15 gither 7.4:1, 81 or
8.5:1, depending on the bike's year and model. As
you can see, Big Twin compression ratios span a
wide range. The guestion now becomes, “What
compression ratio should I run?” The answer is,
“It just depends.”

The are many factors that may influence
vour decision, but the major ones to consider are:
o  Will race gaz or 92 octane pump gas be used?
*  What is the objective for the bike and how

will it be used?

*  How competitive 1s vour racing class?

*  How much engine maintenance are yvou will-
ing to perform?

*  Are you able to afford other necessary per-
formanece components such as a high-perfor-
manee ignition system?

»  How high is the engine's volumetrie effi-
ciency?

e |5 the bike a heavy 500 pound “dresser,” a
600 pound cruiger or a 450 pound dragster?

Answers to these questions should provide the

correct answer.

It is difficult to give specific compression
ratio recommendations because of the variables
just mentioned; however, the following guide-
lines can be congidered.

Il your bike is intended mainly for street use,
the only practical solution for fuel is 92 petane
pump gas. Although vou canuse race gas, having
to depend on it for a sireet machine 1s nothing
but aggravation unless you have whatis referred
to as a “Friday night special” — a bike used
sparingly and seldom driven farther than the
distance one tank of fuel will take it.

If you limit your engine to pump gas, then




pump gaz, an Bvolution Big Twin can penerally
run between 311 and 10:1 compression without
incurring detonation. Of course, this depends on
the combustion chamber design, amount of tur-
bulence (read “effectiveness of squish hand”),
whether the chamber is single or dual plugged,
besides the cam specifications (duration, and
LSA)L

With a Shovelhead engine you're probahbly
limited to between 9:1 and 9.5:1 compression an
pump gas without encountering detonation, al-
though some astute engine builders are able to
sgueak out about 101, Again, the same depen-
dencies listed for the Evolution also apply to the
Shovelhead.

Any engine with about a 10:1 or higher me-
chanical compression ratio normally will re-
gquire race gasoline, For an Evo street engine
running on race gas, strive for an 11;1 to 12.5:1
compression ratio. For a maximuam effort Evo
engine you'll usually need to be in the 14:1 to
16:1 range to be competitive. For a maximum
effort Shovelhead engine set the compression
hetween 13:1 and 15:1. However, keep in mind
that parts break more frequently with extremely
high compression and the engine becomes much
harder to start, especially with a stroke length
greater than 4-5/8 inch.

A beefed up engine iz no fun if vou can't start
it, so don’t forget that the electric starter motor
must be able Lo turn over the engine. Carl's
Specd Shop and Tech Produets oller heavy duty
starter motors lor Evo Big Twins Lhal are just
the ticket [or a high compression engine, Also, a
high amp hattery can help a stock starter motor,

CHECKING COMPRESSION

A high mechanical compression ratio is
wasled 1l you cannol conlain the compression
and combuslion pressures within the cylinder
and the combustion chamber, Containing these
pressurces requires a good seal not only belween
the piston rings and evlinder wall, but also
hetween the intake and exhaust valves and their
seats. Either a compression pressure test or a
cyvlinder leakage test can be performed to verify
whether the engine’s rings and valves are prop-
erly retaining cylinder pressure.

The compression pressure test uses a com-
pression gauge screwed into the cylinder's spark
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plug hole to record the eylinder pressure in
pounds per square inch (psi) while the engine is
cranked over. To perform this test, the engine
should be warm and the carburetor throttle
must be held wide open when the engine is
cranked. The pressure of both eylinders and the
variance of pressure between the cyvlinders are
impartant to note,

With a compression gauge, the engine’s dy-
namic compression ratio at cranking speed can
be roughly determined. Thiscan be caleulated by
adding one atmosphere (147 psi for atmospheric
pressure) to the cranking pressure and then
dividing the sum by 14,7, Due to the dynamics of
evlinder filling, the calculated ratio will usually
be higher than the engine’'s mechanical com-
pression ralio, I we assume an engine’s crank-
ing pressure iz 170 psi the caleulation is as
follows:

170 +14.7
14,7

CRH=

This results in a dynamic compression ratio af
12.57:1 at cranking speed. The important factor
here is not the caleulated dynamic compression
ratin, but the 170 psi cranking pressure. For a
maoderate eompression engine (5.0 to 10.0:1), a
reduction in cranking pressure of two atmo-
spheres (about 30 psi), reduces power output by
about 10 percent and this power change can be
noticed by an average rider, A performance en-
gine 1s nol going Lo be competitive when its
cranking pressure is bwo almospheres (30 psi)
less than opltimum, Additionally, an average
streel driven engine will exhibit signs of lazy
acceleration at this point and should be rebuailt,

The engine's service manual normally speci-
fies the acceptable cylinder pressure value. De-
pending on the year, a stock Evalution Big Twin
engine will typically have a eranking compres-
gion of about 145 to 150 pzi. Remember, many
factors such as air temperature, air density,
mechanical compression ratic, carburetor size,
port size, camshaft and valve lash settings ean
alter the pressure reading, After an engine is
broken-in, it is a good idea to perlorm a compres-
sion test for a baseline value that can be refer-
eneed later,

Knowing the engine’s cranking compression
can also provide important insight about the
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engine’s starting characteristics, detonation po-
tential and performance expectations, Some cam
manufacturers provide cranking compression
information. You can compare your engine's
cranking compression to the manufacturer’s
guidelines. For example, comparing the infor-
mation can tell yvou if the engine’s mechanieal
compression 18 too low for the camshaft and
whether poor low speed performance can be
expected. It can also tell you il the compression
is very high and hard starting and detonation is
probable. A compression test 1s a quick and easy
method for deterrmining the condition of the
engine’s rings, bore and valves, but the next test
is more informative.

Acylinder leakuge test is sometimes referred
to as a leak-down test because 1t uses a special
gauge and a compressed air supply (usually 100
psil to measure the percentage of air that leaks

CYUNDER IEAE  DETECTOR

FERCENT - AL

C CORPORRNON  KEMSAHA

You need a good sealing pump fo maks high horsepoveer, Use

a leak down fester fo chack cvlinder sealing. Check your

engine after every race or when somefhing seems o be
wirong, This tes! can identify leakage past a valve or evlinder
tings. Stock engines usually have bawaen & and B percent
leakage. Strive for no more than 2 percent,
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from the eylinder. With this test, the piston for
the evlinder to be tested must be positioned at
TDC. Also, the transmission should be placed in
high gear and the rear brake applied to stop the
flywheels from rotating. The test gauge is con-
nected to the cyvlinder’s spark plug hole and to an
air supply of at least 100 psi. Next, the gauge is
opened to {ill the cylinder to 100 pzi. The gauge
will then refleet the percentage of air leaking
from the cylinder, This test not only specifies the
percentage of leakage, but it also allows you to
hear the leaking component such as rings or
valves.

A typical new engine will show a leak-down
rate of six to eight percent. As the engine wears,
this can inerease Lo twenty or more percentage,
An engine with twenty percent or greater leak-
down rate 1s due for a rebuild. Any engine with
more than a ten percent leak-down rate is going
Lo be significantly down in power, Quality built
engines and maximum effort engines will reflect
a leak-down rate of no greater than two pereent.

Of the two types of evlinder tests, the cylin-
derleak-down testis better becanse it accurately
defines the amount of cylinder leakage and al-
lows the location of the leakage to be deter-
mined.

HIGH COMPRESSION TIPS

* To make reagonable power with a Big Twin
engine, the mechanical compression ratio
should be at least 9:1.

¢ Due to the V-Twin's uneven firing pulses,
power sometimes can be increased by setting
the rear cylinder’s compression ratio to 1/2
point higher than the {ront cvlinder’s.

¢  There are no tuning procedures that will
recover lost power due to lost compression.

* [or a given engine combination, compres-
gion can be raised at higher altitudes due to
thinner air,

*» FEngines with low VE due to a resirictive
carburetor or limited cylinder head airflow
can benefit from higher compression (read:
“large displacement engine with stock heads
or carh”).

*  For high rpm power, il is better to sacrifice
compression than cylinder head breathing
ircad: “high piston dome interfering with
cylinder filling”).




In zome cazes, engines that donot respond to
tuning changes may be helped by anincrease
in COMpression.

As compression is lowered, throttle response
will decline.

Higher compression can effectively be used
when the combustion chamber(s) tempera-
ture can be evened up ta within 50 degrees F.
from the intake to the exhaust valve sides.
Aluminum cylinder heads can generally tol-
erate between 0.5:1 to 1.0:1 point higher
compression than iron heads, given all other
things are equal.

Heavy “dresser” model bikes will tend to
detonate easier when launched or when un-
der full throttle load than lighter models.
Detonation can easily become present when
the slightest amount of oil leaks into the
combustion chamber.

The potential for detonation increases dur-
ing sustained full-throttle operation; conse-
gquently, compression may need to be re-
duced for long race tracks or endurance type
racing.

Engine’s with a long duration, high overlap
cam or a carm with a late cloging intake valve
can tolerate higher compression ratios with-
oul incurring detonation.

Deliberately over caming an engine with a
long duration, high overlap cam will reduce
the potential [or detonation, but it will also
reduce power at low and mid rpm,

If a cam with a long intake duration and/or
late cloging intake valve is used, a higher
mechanical compression ratio can help to
compensate for the loss of dynamic compres-
gion at low rpm.

Advancing an engine’s cam {a maximurm of 4

torgue in the lower rpm ranges.

The mechanical compression ratio must be
matehed to the cam, induction svstem and
combustion chamber design,

Low eompression engines generally perform
better with a cam that has shorter duration,
higher lift and an early closing intake valve,
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Raising the compression ratio may require a
higher performance ignition system.

It generally is better to run maximum igni-
tion advance and sacrifice compression, than
to run retarded ignition advance and higher
COTNPrEessian.

Compression ratio and fuel octane require-
ments arc closely related. As the compres-
sion ratio goes up, so does the fuel octanc
requirement.

Higher compression generally improves fuel
BCOTLONY.

For a given combustion chamber design and
engine combination, as compression is in-
creased, fuel octane must alzo be increased.
Foragiven fuel octane rating, dual plugs will
allow the use of a higher mechanical com-
pression ratio without incurring detonation;
or for a given mechanical compression ratio,
dual plugs will allow the use of a lower fuel
netane raling,

Inereasing compression places additional
stresses on the connecting rod, rod hearings
and crank pin. It also increases piston and
FITE WEear.

Higher compression engines (greater than
10.5:1) may require an O-ring instead of a
head gaskel for a good seal between the
cylinder and head.

A high compression engine may require a
high torgue starter motor,

* Higher compression speeds up the intake These Axtall 3-13/76 inch bore Evo racing cyiinders are sefup
7 with an eight bolt haad pattern and O-ringad for maximum

charge’s burning rate, so slightly less igni- sealing between the cylinder and head. Photo courtesy of
tion advanece may be required. Axtall Sales.
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DETONATION TIPS

The potential for detonation increases under the

following conditions:

= Compression ig increascd

* Ignition advanee is increased (peak cylinder
pressure and temperature increase)

*  Combustion chamber turbulence is reducad

* Engine rpm is reduced (combustion time
inereases)

* Inlet pressure 1s increased

*  Inlet temperature 18 increased

* Engine temperalure increases

*  Fuel atomization ig reduced

*  Flame propagation is reduced

CALCULATING COMPRESSION RATIOS
Winners don't win by accident. They win hy
proper planning, preparation and execution.
Although the difference between winning and
losing is governed by many factors, one major
factor is precision engine assembly, Conse-
quently, building a gquality engine cannot in-
volve guess work.

Deciding what compression ratio is consis-
tent with the engine’s objectives and verifying
the ratio during final assembly is part of the
enging building process winners go through.
When racing in restricted clasges, checking the
engine's compression ratio and adjusting it ac-
cording to plan can be the difference between
being legal orillegal. It also can be the difference
between winning or lozing. With a street engine
running on 92 octane pump gas, it can be the
difference between experiencing no detonation
or a high amount of detonation.

When vou buy a set of pistonsz or a large
displacement kit, a mechanical compression ra-
tio is usually listed in the order catalog, How-
ever, when the parts are assembled, the actual
compression ratio can easily range three quar-
ters of a point or more on either side of the
advertised ratio — and there is no guarantee
that both cylinders have the same ratio. This is
because the advertised ratio is hased on an
assumed volume for the combustion chamber
and engine displacement. Yet there are many
reasons why actual values can differ from as-
sumed values.

For example, piston and combustion cham-
ber tolerances can vary from cylinder to cylin-
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der. The pigton’s valve reliefs may have been
maodified. Head gaskets and evlinder base gas-
kets can vary in thickness, Cylinder length and
cylinder bore can differ from assumed values.
Valves may be sunk decper into the head, the
shape of the valves can vary from stock or the
combustion chamber may have been enlarged
during previous head modifications. Addition-
ally, starting in 1974 the Big Twin connecting
rods are 7.440-inches in length, which is ,030-
inch shorter than 1973 and earlier rods. Some
high-performance rods are only made in the
short late model length. If a different rod length
is used without an accompanying adjustment in
evlinder length, the compression ratio will vary
from that advertised.

Any of these conditions will affect the me-
rhanical compression ratio. Determining vour
engine’s true compression ratio not only will
verify yvour legal for a particular race class, but
also will prove whether you've achieved the
compression ratio yvou want. Additionally, set-
ting the compression ratio equal for both eylin-
ders can potentially increase power by equaliz-
ing heat in the combustion chambers, besides
smoothing the engine’s operation.

In most eases, the compression for either
cylinder will vary slightly due to one or more of
the conditions listed above, When compreszsion
varies from cylinder to eylinder, combustion

tween cylinders, The eylinder with the higher
compression will tend to run hotter, given all
other things are egqual. The hotter running cvlin-
der will tend to reach the point of detonation
first. Knowledgeable tuners normally enrich the
fuel mixture and/or retard the ignition timing to
reduce the potential for detonation, However,
daing this will penalize the power output of the
cooler running evlinder. By checking the volume
of each combustion chamber and then equaliz-
ing them, the compression ratio of each evlinder
will be more balanced. Consequently, the engine
can be tuned for greater power and it also will
tend to run smoother,

To determine a evlinder’s compression ratio,
the combustion chamber volume and the cylin-
der displacement (or swept volume) must he
known. Onee these two values are determined, a
relatively easy mathematical formula is used to



calculate the mechanical compression ratio. The
hardest part involves determining the exact vol-
ume of the combustion chamber.

An approximate value for combustion cham-
ber volume can be mathematically calculated,
butitis much easier and more accurate to fill the
combustion chamber with a thin fluid to mea-
sure it precisely. This procedure is referred to as
“ce-ing” the head. The term refers to the cham-
bers being measzured in cubic centimeters orec's,
CC-ing ig easier and more accurate than math-
ematical calculations because the combustion
chamber containg many unusual shapes.

The following formula is used for determin-
ing compression ralbio:

evlinder displacement + net combustion )
|._ chamber volume _.|

ret combustion chamber volume

When lpguring the compression ratio, it is
hest to work in ce’s rather than cubic inches. Ta
convert cubicinches toee’s, multiply cubicinches
by 16.387.

Cylinder displacement is the displacement
of one eylinder specified in ec’s. Cylinder dis-
placement is equal to:

displacement = bore « bore = | 7854 = stroke

If you visualize a piston positioned at the top
of its stroke or TDC, the volume ahove it 15 nef
combustion chamber volume. (Refer to Figure
6.1) This volume ig governed by the size and
shape of the combustion chamber, the thickness
of the head gasket, the piston’s deck height and
the mass of the piston dome, if anv.

Adding cylinder displacement (swepl vol-
ume) and net ecombustion chamber volume to-
gether gives fotel volume, To visualize total
volume, picture the piston positioned at the
hottom of its stroke, or BDC, The entive volume
above the piston is total volume.

The ratic between total volume and net com-
bustion chamber volume is the compression ra-
tio.

COMPRESSION MEASURING
PROCEDURE

As stated previously, the most accurate method
for determining mechanical compression ratiois
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to cc the engine's combustion chamber volume
when the engine is assembled. For the Evolution
engine, it 1s possible to ce only the head’s gross
combustion chamber volume and then use math-
ematical calculations to determine the compres-
sion ratio. However, this method does not guar-
antee the same accuracy as cc-ing the net com-
bustion volume of an assembled engine.

In the case of the Shovelhead engine, due to
its unique combustion chamber areas, the only
practical method for aceurately determining com-
pression ratio ig to ce the assembled engine's
combustion chamber volume.

An engine cannot be ce-ed properly unless
the flywheels are completely assembled, the
pistons are fitted to the evlinders, eylinder head
work 1s complete (a light coating of grease on the
valve seats will ensure a good seall and proper
vilve-to-piston clearance has been established.
Also, it is extremely difficult, if not impossible to
accurately cc an engine while it is mounted in a
bike’s frame because the spark plug hole must be
positioned at the highest point of the combustion
chamber.

READING THE BURETTE

MEMNISCUS 8

F?E

Surface fstion in & burelte cavses the fuid fo craw! up the
sides and fonm & crescent shape called 2 menizcus. Faran
accurale measurement, always read the fluid javel at tha
lowast paint of the meniscus,

|] ]'I'l l I|II|

The cc-ing procedure requires the use of
either a plastic or glass buretie. A burette is a
graduated tube with a petcock located at its
bottom end for aceurately dispensing a mea-
sured amount of fluid. Most burettes are gradu-
ated in tenths of a cc, which is ideal for cylinder
head ce-ing. One cc is equal to one milliliter (ml)
in the metric system, Buretles come in a variety
of sizes, but it is best to get a 100 ce size because
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a burette smaller than the chamber size requires
refilling and this can introduce inaccuracies. How-
ever, if you're short on dollars a simple 60 o
surgical or veterinary syringe can be used.

For a measuring fluid, a thin colored liguid
such as solvent and automatic transmigsion fluid,
orsolvent and a few drops of machinist’s dye or food
coloring works well. If you're competing in a class
that may be inspected, it is best to use the same
[Tuid thatl the tech inspectors use.

Take note that the fluid’s surface tension in the
burctie causes the fluid to form a crescent shape
called a meniseus, When reading the fluid level,
remember Lo take each reading at the lowest point
or the boltom of the meniscus to ensure accuracy.,

CC-ING PROCEDURE—

ENGINE ASSEMBLED

¢  Assemble the front piston (including the com-
pression rings) Lo the connecting rod.

* Assemble the front cylinder using the same
base gasket that will be used during final
assembly.

*  Bring the piston to TDC using a dial indicator
or the positive-stop method. Modily a crank-
case timing hole plug so that when il 1& gently
serewed into the timing hole, il locks the fly-
wheels in position.

= Seal the piston to the evlinder wall by applying
erease to the creviee between the piston ring
land and evlinder wall.

* Install the front head gasket or O-ring and the
cvlinder head, Tighten the head using all head
bolts,

* Tilt the engine and shim it against a wall or
workhench =o the spark plug hale is positioned
at the highest point of the combustion chamber.

+  Fill a 100 ce burette with (luid and open the
petcock to prime the drain tube below the
peteock. Also, reduce the fluid level until the
bottom of the meniscus is at the 100 cc mark.

¢ Fill the combustion chamber with fluid to the
height of the second spark plug thread. Take
your time and be precise.

= Record the number of cubic centimeters it took
to fill the chamber, This value becomes the net
combustion chamber volume, When reading
the fluid level, remember to take each reading
at the lowest point or the bottom of the menis-
eus to ensure accuracy.
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= Determine the displacement of the evlinder in
cubic inches using the following formula:

displacement = bore = bore = | 7854 = stroke

*  Convert eylinder dizplacement to cubic centi-
meters by multiplying cubicinch displacement
by 16.387. Il you wish, you can eliminate this
step by changing the constant 7854 in the
previous displacement formula to 12.87 (L7854
x 16.387). Now the formula will give the result
in co's, instead of cubic inches,

* (Caleulate the eompression ratio for the front
cvlinder by adding cylinder displacement in
ce's to net combustion chamber volume in cc's
and then divide the sum by the net combustion
chamber volume.

CR="

cylinder displacement + nat combustion
chamber valume |

net combustion chamber volums

= Now calculate the compression ratio for the
rear cvlinder by repeating the same steps.

The most accurale way fo oo a Shovelhead combustion cham-
beris to assemble the engine, bring the piston o TODC and il
the chamber with fluid, Due fo the Evolution’s combustion
chamber design, you can gof about the same results without
assembling the enging. Photo courtesy of 5&5 Producis.
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Cmce the compression ratios for each eylin-
der are calculated, they can be compared. If the
ratio differs for each cylinder or is different from
the desired compression ratio, the combustion
chamber volume for one or both evlinders must
be altered. Any alteration that increases the
combustion chamber volume, deereases the com-
pression ratio, while decreasing chamber vol-
ume increases the compression ratio,

ADJUSTING COMPRESSION

Combustion chamber volume can be changed by
machining a cyvlinder shorter or shimming it
longer. Also, a different thickness of head or
cylinder baze gasket canbeused. Anothermethod
15 Lo machine material off the cylinder head’s
gasket surface. Some engine builders change
combustion chamber volume by sinking a valve
deeper into the head. However, this can reduce
airflow, change valvetrain geometry and conse-
quently hurt performance,

Ifadiscrepancy exists between each evlinder’s
combustion chamber volume, the digplacement
formula can be used to determine how much the
height of one cylinder must be lengthened or
shortened to even the volumes.

STOCK CYLINDER LENGTHS

Engine Year Cyl. Length
Shovelhead 1966 to 1984 5.330"
74" & sl
Evaolution 1984 to Present 5.550"
Big Twin
Table 6.1

Also, if a discrepancy exists between the caleu-
lated compression ratio and the desired compres-
sion ratio, the compression ratio formula can be
recaleulated using a different value for the net
combustion chamber volume. This will determine
how much the chamber volume must be altered
(either up or down) to arrive at the desired com-
pression ratio. Then the displacement formula can
beused to determine how much the evlinder lengih
must be changed to provide the necessary change
in combustion chamber volume.

When building a quality, high-performance
engine, the combustion chambers should always
be equalized. Always strive for an exact match,
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hawever, in no case should the volumes vary by
maore than 2 ce.

CYLINDER SHORTENING

For example, let’s assume that 5 ec’s must be
removed from the combustion chamber volume to
obtain the desired compressionratio. Todetermine
how much the eylinder must be shortened to ae-
commaodate the 5 ce reduction in volume:

e Birst, convert 5 co's to cubic inches, There s
06102 cubie inch for each cubic centimeter.

506102 = 0L305 cu. in.

*  Now insert the product (0305 into the displace-
ment formula,

0.3058 = bore = bore = . 7854

e Lets assume the engine’s bore is 3.498-1inches,
The formula now appears as follows:

0,305 =3.498 x 3. 498« 7854

0.305=2.610

0.305
9.610

=032 inch cylinder height

The cylinder must be shortened .032-inch toachieve
the required combustion chamber valume,

Most Evolution engine’s ship with (060-inch
thick head gaskets; however, some have shipped
with 0.040anch gaskets, Stock cylinder base gas-
kets crush down to about 0.015-nch. Bartels’ Per-
formance and Custom Chrome, Ine, offer head and
hase gaskets in various thicknesses,

Keep in mind, however, that a change in cylin-
der height may require a change in the length of
other parts such as the intake manifold, pushrods,
pushrod keepers and top engine mount. Also, pis-
ton-to-valve, piston-to-head and squish band elear-
ance must be rechecked and maintained. Further-
more, the piston's top ecompresgion ring must not
extend beyond the top of the cylinder bore and the
oil ring must not extend below the oil return hole
lacated near the botiom of the eylinder.
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Most stroker engines use longer than stack length cylindars.
Cwlinder length affects piston deck hedght, infake manifold
widih, pushrod length and frame clearance, Measure lhe
cylindear from head gaske! surfaca fo base gasket suface,
Don't forget to include the thickness of any cylinder base
plates. Pholo cowrtesy of 5&5 Produets.

HEAID MACHINING

One situation yvou might encounter is where you
know what vour mechanical compression ratio
is, but you want to increase it. Thiz can be
accomplished by machining some material off
thee head's gasket surface, The guesfion now
becomes, how much do you need to machine for
a specified inerease in compression? The equa-
tion to accomplish this is based on the compres-
sion ratio minus 1.0, The formula is as follows:

inewcr—1|—|oldor —1)

= - shroke
(newcr ~ 1) x(oldcr-1)

In this equation, “er” equals compression ratio.
Now, let's assume that the engine’s current
compression ratio is 8.5:1 and we want to in-
crease it Lo 10.5:1. The engine’s stroke is 4.25-
inches. The formula now looks as follows:

(10,0-1]-(8.5-1]
=+ - Swd
{(10.0 -1} = [B.5-1)

_80-7.5

=———— %25
9.0x7.5

1.5
67.5

* 4,25

=0.0222222 » 4.25

=084 inch ta machine
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In this example, .094-inch of material must be
machined from the head's gasket surface toraise
the compression ratio from 8.5:1 to 10.0:1. How-
ever, thig 15 too much material to take off the
head’s gaskel surface. Tt would be better to
machine a maximum of .060-inch off the head
and compensate for the remainder by reducing
the head gasket thickness or shortening the
eylinder.

CC-ING PROCEDURE—

ENGINE DISASSEMBLED

If the engine is digsassembled, its compression
ratio can be calculated by individually determin-
ing the following volumes: gross combustion
chamber, piston dome, piston deck height, pis-
ton valve reliefs and head gasket. These values
can then be used to caleulate the mechanical
compression ratio.

COMBUSTION CHAMBER VOLUME—
GROSS

(fross combustion chamber volume must be
known when determining the compression ratio
for a disassembled engine. However, there are
other times when its value can be helptul. For
example, a valve job may have been performed
on your heads, or you may have bought a set of
used heads that were previously milled. In ei-
ther situation, the combustion chamber volume
will vary from stock (stock is about 78 cc for an
Evolution Big Twin, excluding the head gasket,
piston deck and valve relief volumes). Knowing
how much the chamber volume varies from pre-
viously established values suggests the expected
compression ratio change,

For the Evo, measuring the gross combus-
tion chamber volume does not require the heads
installed on the engine. Instead, a Plexiglas
plate is used during the cc-ing process Lo deter-
mine the gross volume of the combustion cham-
ber. For example, to ce the head’s gross combus-
tion chamber volume, a burette and a perlectly
flat, 6-inch x 6-inch x 1/4-inch thick piece of
Plexiglas will be needed. Additionally, a burette
stand and clamp are handy to have, but optional,

The Plexiglas plate is used to seal the com-
bustion chamber. It must be large enough to
cover the entire combustion chamber with at
least one inch overlap for sealing. A 1/4-inch hole
is drilled into the Plexiglas plate about one inch
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from its edge. Counter sinking the hole on one
side will help facilitate the filling process.

The ecylinder head must have the valves and
valve springs installed. During assembly, apply
a light coating of grease to the valve seats for a
good seal, Install the exact spark plug vourunin
the engine because plugs with a different heat
range or manufacturer will varv the chamber
displacement.

Position the head with the chamber facing up
and one end of the head slightly raised. Spread
a light coating of grease on the head’s gasket
surface and then press the Plexiglas plate on the
oasket surface. Be sure to position the drilled
hole (recess facing up) at the edge of the combus-
tion chamber and locate it at the head's highest
raised point. The grease will provide a seal
between the head and the plate. Be careful
because using too much grease will cause it to
flow outinto the chamber and affect the accuracy
of the measurement.

To measure the chamber, follow the same
procedure for the burette as described under
“CC-ing Procedure.” Using a clamp and stand to
hold the burette can make the process easier.
Check for leaks at the spark plug area, in both
ports and between the gasket surface and plate.
Eliminate any air bubbleg in the chamber by
tapping on the Plexiglas plate. Stop filling the
chamber when the fluid level reaches the bottom
of the hole in the plate. Remember to read the
fluid level in the burette at the bottom of the
THENISCUS.

PISTON DOME VOLUME
Knowing the volume of the piston dome iz help-
fulin many circumstances, especially il you have
radiused the dome or modified the valve reliefs.

The easiest method for measuring dome val-
ume is with the piston in the eyvlinder bore. With
both compression rings on the piston, install the
piston on the connecting rod and slip the eylin-
der over the piston. Move the piston toward the
bottom of the bore and apply a coating of greage
to the cylinder wall approximately 1-1/2 to 2-
inches below the top of the cylinder, Next, mea-
sure the height of the dome.

For example, if the dome height measures
.500-inch, slowly move the piston up the bore so
the piston deck’s {lat surface 12 .750-inch below
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Ta oo a combustion chamber, place the head on a shight angle
and caver the chamber with 2 Plexiglas plate. Use grease fo
zaal the plate to the head and place the plate's oil hale at tha
head's highest point, Use the same spark plugs you will run,
Uge a 100 ce buratte to il the chamber with thin fiuid and lake
a reading &t the bottarr of the maniscus.

the top of the eylinder. The distance the piston is
pozitioned below the top of the cyvlinder 1s arbi-
trarv as long as it is greater than the dome
height. Use a depth micrometer or dial indicator
to measure the \750-inch. Check that the piston
iz gquare in the bore and then carefully remove
any excess grease off the piston dome and cylin-
der wall, Now seal the Plexiglas plate to the
evlinder’s gasket surlace using prease. Position
the hole in the Plexiglag at the highest point of
the evlinder, Next, fill the space above the pizton’s
dome with {luid, following the same procedure
used when ce-ing the combustion chamber and
record the amount of fluid used.

To determine the dome’s volume, you must
[irst ealeulate the volume of the evlinderin cubic
inches using the diameter of the cylinder bore
and a height of ,750-inch (only for this example),
which is the distance the piston is positioned
below the top of the eylinder. For example, if we
assume the bore's diameter is 3.498-inches, the
formula appears as follows:
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= 3. 408 x 3,498 « T8R4 = 750
=7.21cu in.

Convert this value from cubic inches to cubic
centimeters,

=7.21x16.387
=118.15¢cc

Next, subtract the volume of fluid needed to fill
the eylinder from 118,15 cc. The difference is the
actual piston dome volume,

VALVE RELIEF VOLUME

The volume of the piston’s valve reliels has an
affect on Lhe compression ratio. The volume of
both valve reliefs for a stock, flat dome Evolution
piston is about 1 ce. If the reliefs are machined
larger for added valve-to-piston clearance, the
following procedure can be used to determine
their volume. This procedure requires the use of
modeling clay or something equivalent and only
works if the piston dome is perfectly flat like a
stock Evolution Big Twin piston.

Start by pressing a piece of modeling clay
into the valve relielis), making sure the relief i1z
completely filled. Next remove excess clay by
scraping the top of the piston with a metal
straight edge. The clay should now be level with
the top of the piston. Finally, remove the clay
{using a sharpinstrument) {rom each relief with-
out compressing or expanding it.

Measuring the valve reliel’s volume requires
filling a burette with fluid Lo a suitable level,
such ag 256 ce. Next, drop the clay impressionis}
into the burette and obhserve how far the fluid
rises, Remember, always take a measurcment at
the bottomn of the meniscus. For example, if the
fluid increased from the 25 ce level Lo Lhe 28 ce
level, the volume of the valve reliefiz) 1z 3 cc.

HEAD GASKET VOLUME
For the Evolution engine, head gasket volume is
required to determine net combustion chamber
volume.

Assume the engine’s bore is 3.4498-inches and
the compressed head gasket thickness is .040-
inch. For the following formula, the constant
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12.87 is derived from multiplying 07854 by
16.387. This will provide an answer in cubic
centimeters rather than eubic inches. The lor-
mula will now look ag follows:

= bore = Bore « 12,87 x compressed gaskat
thickness

Example:
= 3498 x 34898 x12.87 = 0,040
=6.2891cc, or 8.3 cc

PISTON DECK HEIGHT VOLUME

Piston deck height is the distance the piston is
positioned above or below the eylinder’s head
gasket surlace when the piston is located at
TDC. A piston that is flush with the cylinder's
gasket surface has a zero deck height, Most
Evolution engines ship from the faetory with
about a zero deck height.

If the piston is below the top of the evlinder,
use a depth miecrometer or a feeler gauge to
measure its position. If it is above, use a dial
indicator or a feeler gauge for measuring. To
measure, make sure the cvlinder iz clamped
daown securely, clean all carbon from the piston's
dome and bring the piston to TDC. Ensure the
piston is level in the bore and measure the
piston’s height at its ouler eircumference and in
line with the piston pin.

The following formula is useful for determin-
ing the volume in ¢c’s of an Bvolution engines
piston deck height,

= borex bore = 12.87 = pislon deck height

If we assume the cylinder bore is 3.498-inches
and the piston deck height is 010-inch above the
cylinder’s head gasket surface, the formula ap-
pears as [ollows:

=3 498« 3,498« 12.87 =< 0.010
=15747 cc or 1.G6eo

COMBUSTION CHAMBER VOLUME—NET
The eaziest and most accurate way to determine
nel combustion chamber volume is to ce the
combustion chamber of an assembled engine.



However, it can also be determined mathemati-
cally if the volumes of the following areas are
known: grozz combustion chamber, piston dome,
piston deck height, head gasket and valve re-
liefs. The formula appears as follows:

= gross cambustion chamber valurme — dome
volume - piston deck haight volurme 4 head
gaskeal volume + valve reliel volume

Far the next cxample, assume the following;
gross combustion chamber volume is 78 co; a flal
dome piston is used, so dome volume is zero;

piston deck height is .010-inch above the top of

the evlinder for a 1.6 ce volume; head gasket
volume is 6.3 co; and valve relief volume is 1.0 ce.
Thiz results in the following formula:

=7B-0000-16+68.3+10
= 83.7 cc net combustion chamber volume

Hemember that gross combustion chamber vol-
umeis the ineasured volume ol only the chamber
and does nol consider the piston dome, pston
deck height, head gaskel or valve reliels,

The stock gross combustion chamber volume
for an Evolution Big Twin 1= approximately 78
ce's (this does not include head gasket, piston
deck height orvalve relief volumes ). For an exact
value, use a chemistry hurette and fluid to mea-
sure your head'’s chamber volume.

The previous example uses a piston with a
flat dome, so dome volume is zero. With a raised
dome piston, subiract the dome’s volume. With a
reverse (dished) dome, add its volume to the
chamber volume,

When computing net combusiion chamber
volume, Lhe pizton is assumed Lo be positioned al
Top Dead Center (TDC) In the previous ex-
ample, the piston’s deek height is.010-inch above
Lhe gasket surlace when positioned atl TDC. This
requires the piston’s volume above the gasket
surface to he subiracted from the chamber vol-
ume. If the piston is positioned below the
cylinder’s gasket surface, its volume helow the
gasket surface is added to the combustion cham-
ber volume. A piston thatis even with the gasket
surface has a zero deck height. In general, for
each .010-inch a stock bore (3.498-inches) Evolu-
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tion piston is above or below the gaskel surface,
cither subiract or add 1.6 ce volume from the
combustion chamber volume,

Valve relief volume 15 added to the combus-
tion chamber volume when a [lat top piston 1s
used. For a [lat top Evolution piston, each valve
reliclis usually between 0.5 and 1.0 ecin volume,

Fara Shovelhead, the easiest and most acou-
rate method to determine net combustion cham-
ber volume 15 to measure the chamber’s volume
with a burette filled with {luid while the head is
mounted to the cvlinder and the piston is at
TDC.

COMPRESSION RATTO
Onee the net combustion chamber volume is
determined, its value can be placed in the follow-
ing formula to determine the mechanical com-
pression ratio:

i cylinder displacement + net combustion

!. chamber volume |

net combustion chamber volume

Let’s azsume the engine’s single eylinder dis-
placement is 40.85 cubic inches or 66894 cc’s and
its net combustion chamber volume 1s 83,7 cc.
The formula now looks like this:

6694+ 83.7

- 837
7531
83.7

= 8.1 mechanical compression ratio

EVOLUTION CAPACITIES

e (B4 ce = Cylinder displacement of stock
21.7 cubic inch engine (3,498 hore by 4. 250"
slrokel.

s TE.0ce = Stock Evolution Big Twin eombus-
tion chamber (this does not include head

gasket, piston deck height or valve relief
vilumes).

e 045 co = 0607 compressed head paskel.
e 530 ce = (M0 compressed head gasket.

o D36 oo =
gasket.

015" compressed eylinder base
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8.57:1 CR = Stock chamber volume, .060-inch

e 1.00 ce = Two stock valve reliefs. .
head gasket. two valve reliefs and zero piston
e 1.6 cc = The approximate volume for each deck height (88.45 ce total ).
0.010-inch the piston’s deck height is above
or below the top ol the evlinder. Most engine’s s 8851 CR =stock chamber volume, .040-inch

are shipped from the [actory with a zero deck
height.

1.50 ¢c = The approximate volume for each
(.010-inch material machined from the head
gasket surface of a stock Evolution Big Twin
cyvlinder head.

é‘ i

head gasket, two valve reliefs and zero piston
deck height (85.3 ce total), %

3 _ﬁ'ﬂ!ﬂ" TRl e S T i 2 Y
Papee. i

Huck Cameran on his 108 ci Pro Gas Evolution has run a 5.76 E.T. at 116.75 mph in the 1/8 mile. Phota courlesy of Larry Smith?
Handerafted American Racing Motorcyeles,
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Chapter 7

Fxhaust
System

t's been said that the engine
is nothing more than an
airpump.

We already know that more power can be made
by improving the pump’s breathing capability
through induction svstem madifications, How-
ever, the pump also can be improved by the
efficient extraction of exhaust gases. Conse-
guently, a free llowing exhaust system plays a
vital role in moving air through the engine and
it ig eritical for increasing horsepower.,

The stock Big Twin engine suffers signifi-
cant horsepower losses due to a very restrictive
exhaust system because the factory has to com-
promise performance for the sake of quiet opera-
tion. Street riders wanting a high-performance

165

exhaust system are faced with other compro-
mises. They want a great looking pipe that isn't
too loud. vet one that performs in the low and
midrange where they do most riding. Racers,
however, are not concerned with noize. Instead
they want the broadest power curve possible
through the upper rpm range where their engine
spends most of its time,

Street riders and racers both want maxi-
mum power from their exhaust system, but at a
different rpm. Nevertheless, the same exhaust
[actors control their engines’ power output:
backpressure, gas velocity and energy pulse tim-
ing. Not only do these factors determine how
much power the engines make, buat also where in
Lhe rpm band the power oceurs.

Black and white answers defining the per-
fect exhaust system are hard to come by. For
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gxample, an exhaust system that produces high
power with one engine, can be down in power
with another engine. For a “happy” engine, the
kev requirement is to match the exhaust system
to the engine combination and rpm band., With
complex principles involved and many factors
entering into the equation, it is impossible to
determine the perfect exhaust system without
some cut-and-try testing.

The exhaust svstem is an integral part of the
components that regulate airflow through the
engine — the others being the carburetor, intake
manifold, intake and exhaust ports, and cam-
shaft, For maximum performance, each of these
components must be tuned together as a system
to a gpecific rpm band. Whenever anyv one com-
ponent 1s changed or altered, the entire group
muslt be retuned as a svatem for maximum
performance.

EXHAUST FUNDAMENTALS

Before covering exhaust systems and their ap-
plications, a fundamental understanding of the
elements involved and their relationships should
be helpful. The elements include: backpreszure,
blowdown, mixture dilution, valve overlap, scav-
enging, volumetricefficiency, reversionand mean
flow velocity,

Backpressure iz the flow resistance created
within the exhaust svstem that reduces net
ecxhaust flow somewhere within the engine’s
rpm band. The diameter of the header pipe
alfects backpressure as does obstructions in the
gystem such as muffler baffles. Although the
intent of a performance exhaust system is Lo
reduce backpressure, all engine combinations
require some level ol backpressure Lo give maxi-
mumm performance. Different carburetorand eam
combinations reguire wvarious levels of
backpressure for smooth tuning over a broad
IpIin range,

Blowdown pertains to how efficiently com-
bustion residue iz expelled from the eylinder by
expanding gases and it is controlled in part by
when the exhaust valve is timed to open. Ini-
tially the high pressure of the hot expanding
combustion gases near the cnd of the power
stroke cause evacuation (hlowdown) of exhaust,
Blowdown causes most gases Lo exit the cylinder
before the piston reaches BDC. Then the upward
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maovernent ol the piston displaces any remaining
rases during the final stages of the exhaust
slroke.

Formaximum performance, the exhaust sys-
tem must elficiently evacuate combustion
byproducts from the eylinder during high rpm
operation. Any combustion gases remaining in
the cvlinder after the exhaust eyele will contami-
nate the subsequent air/fuel mixture drawn into
the cvlinder. This will result in reduced power
and fuel economy. Blowdown and backpressure
woark hand-in-hand in that higher backpressure
can prevent the efficient evacuation of exhaust
gases by blowdown., However, reducing
backpressure increases blowdown efficiency.
Also, the mean flow velocity of the exiting ex-
haust gases playvs an important part in clearing
the cyvlinder of combustion gases. For the most
part, the exhaust header’s ingide diameter gov-
erns the mean flow velocity. Low exhaust gas
velority causes rough low speed running, re-
duces low-end power and causes the engine to
come on the cam abruptly.

Mixture dilufion reduces the net amount of

combusgtion pressure on the piston because
unburnable exhaust gases occupy combustion

chamber space. Consequently, a given amount of

burnable air/fuel mixture is displaced. Mixture

dilution is eaused by incomplete exhausting of

the cvlinder during the exhaust eyele. The higher
the backpressure or the lower the blowdown
effect, the greater the mixture dilution will be in
the combustion chamber at the time of combus-
tion, Also, the timing of the cam’s overlap period
and reversion are also factors at certain engine
gpeads.

The valve overlap period becomes involvedin
the exhaust process because it is at this time the
intake and exhaust tracts come in direct contact
with one another, Owverlap is the period near
TDC when the intake valve is opening and the
exhaust valve is cloging. During this period, the
intake tract and exhaust tract have direct access
to each other so exhaust system pressures and
pulses directly affect the carburetor and intake
tract. An improperly tuned exhaust system can
inhibit Lthe incoming air/fuel mixture flow into
the evlinder, while an excessively cfficient sys-
tem can over-scavenge the cvlinder and draw
fresh, unburned air/fuel mixture out of the cylin-

L e —
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der and through the exhaust.

Seavenging ig the process where a column of
fast moving exhaust gases (inertia scavenging)
or supersonic energy pulses (wave scavenging)
helps extracl combustion gases [rom the cylin-
der and assists fresh airfuel mixture into the
cvlinder.

Violumetric efficiency (VE ) refers to how com-
pletely or efficiently the engine’s cylinders are
being filled. VE is normally expressed as a per-
centage with 100 percent being the maximum
fill for a normally azpirated engine without the
help of tuned intake or exhaust systems.
Unmaodified engines usually range between 70
and 85 percent cylinder [ill, while highly tuned
engines can reach up to 115 and even 130 per-
cent fill. The design of a given exhaust system
will affect the eylinder’'s VE, An exhaust svstem
with pood scavenging capabilities for a given
engine combination will increase a eyvlinder’s
VE.

Reversion describes the backward flow of
exhaust gases into the eylinder and intake port
due Lo low exhaust velocity in the header. Rever-
sion normally occurs at low rpm when using a
long overlapcam. Wave scavenging energy pulses
that are out of synechronization with the cam’s
overlap period are another cause of reversion.
Signg of carbon build up in the intake port are
indications of reversion, Reversion can be mini-
mized by high veloecity exhaust ports, anti-rever-
sionary header designs, exhaust system tuning
and induction tract tuning,

Mean [low velocity 15 the speed at which
exhaust gascs exit the exhaust system. The
velocity of the exhaust gases alfects eylinder
scavenging and 1s associated with the rpm at
which the engine produces peak torque. Engine
displacement, rpm and exhaust header cross-
sectional area (diameter) determine mean flow
velocity through the exhaust svstem. Low veloe-
ity not only hurts high-end power, but also low-
speed driveability.

Now that terminology has been covered, the
next step is Lo tie evervthing together to under-
stand how the elements relate to total engine
performance.

MEAN FLOW VELOCITY
As the engine increases in rpm, the mean flow
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velocity of the exhanst gases will increase in a
nearly linear fashion to and beyond the rpm
point at which peak torque is produced. For a
given engine dizgplacement and rpm, mean flow
veloeity is a function of the exhaust header’s
ingide diameter, The smaller the headear's diam-
eter, the sooner a given flow velocity will be
reached. Conversely, the larger the header's
diameter, the higher the rpm reguired to reach
a given flow velocity.

Optimum exhaust svstem efficiency is usu-
ally achieved when mean flow veloaty 1s be-
tween 280 and 300 feel per second. Ifthe header's
inside diameter is too small, gas velocily will
inerease to the point where friction between the
gas and header wall will increase and thereby
cause excessive backpressure, On the other hand,
too large a header diameter reduces mean flow
velocity below acceptable levels. This can reduce
maximum power and cause poor low-speed
throttle response and carburetion tuning prob-
lemas, This is why large 2-inch diameter straight
pipes frequently cause low-speed tuning prob-
lems with small displacement engines. A large
header diameter merely means that a higher
rpm will be needed to achicve optimum exhaust
efficiency,

As a general rule, the following formula can
be used to calculate mean flow velocily through
i glven port:

- i =
piston speed B
B0 a®

WV

Where:
WV = gas velocity in ft./sec.
B = cylinder bore diameter
d = header ingide diameter
piston speed = ft./minute

Tocalculate piston speed, double the engine’s
stroke and divide by 12, then multiply by rpm.
Now divide this ft./minule value by 60 to get {1./
second.

Usze this formula to calculate mean exhanst
velocity at the middle or your rpm band. For
example, if yvour engine’s shift point iz 6500 rpm
and the rpm drops down to 4500 after an up shift,
then 5500 rpm is the middle of the power band,
You now would caleulate mean flow veloeity at
500 rpm. As a general guide, any value much
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Wean flow velooily changes with pipe diamater and rpem. The
larger the pipe dlameter, the higher the rpm needed to reach
a given flow velooily, Thisis why large diamater pipas have low
flaw velocity and scavenging capability al slow speeds, which

leads to poor throitle response, Match headar diameler o your

engine combination and riding style.

less than 300 feet per second indicates the
header’sinside diameteris too large, and a value
much greater indicates it is too small, Remem-
ber that 1-3/4 inch 0.D. headers have a 1-6/8
inch inside diameter, while 2-inch O.D. headers
have a 1-7/8 inch inside diameter,

INERTIA SCAVENGING
Inertia scavenging invalves the actual physical
movement of exhaust and intake gases, The [ast
moving column of exhaust gases possesses con-
siderable inertia due to its speed. When the
exhaust valve closes, the exiting exhaust gases
do not stop. Instead, they keep moving due Lo
inertia. The column’s movement creates a
vacuum (low pressure) behind it and under the
exhaust valve. When the exhaust valve again
opens, the vacuum helps extract the combustion
gases from the cvlinder. As engine speed in-
creases, mean exhaust gas velocity also increases,
therefore the sravenging effect increases.
[nertia scavenging is controlled primarily by
header pipe diameter. For optimum scavenging,
the header cross-sectional size must be small
enough to keep the mean gas velocity as high as
possible, vet large enough to keep backpressure
at a minimum when running at high rpm. A
large header diameter moves the engine’s torque
band to a higher rpm, while a smaller diameter
moves it lower in the rpm range. If correctly
matched to the engine combination and rpm

range, open headers can make significant use of’

inertia (momentum) scavenging,
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INERTIA SCAVEMNGING
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Whan the exhaust valve seats, I closes off ane end of the
header. The expanding exhaus! gases conlinue flowing dovn
the headerio the atmosphere and feave behind a low pressure
area that extends from the valve lo the end of the header,
Wian the exhaust valve again opens, the combustion gases
exit info A low pressure arga. This wmproves scavenging by
punging mare combestion residue from the chamber and
gasisls the newintake charge in ftling the cyvlinder during vaive
avaran,

WAVE SCAVENGING

Header length also plays a major part in exhaust
system scavenging. As the exhaust valve opens,
hotl expanding exhaust gases rush past the ex-
haust valve and into the header at 200 Lo 300 feet
per second. This creates a positive prossure
energy wave that moves toward the pipe’s open
end. When the positive wave reaches the open
atmosphere, it expands and sends a negative
wave back toward the combustion chamber.
While the engine 1s running, alternating posi-
tive and negative waves continue to resonate
through the exhaust system.

To maximize torque al a given rpm, the
lengih of the header pipe can be adjusted so the
negative wave arrives back at the combustion
chamber during the valve overlap period ire-
member this is the period when both valves are
slightly open). The negative wave 1s surrounded




by a low pressure area that helps scavenge
residual exhaust gases out of the combustion
chamber and helps the fresh air/fuel mixture
flowr past the intake valve into the eylinder, This
prineiple is commonly referred to as wave scav-
enging. If the energy wave is timed properly,
exhaust scavenging is improved and the
cvlinder’s volumetric efficiency is increased.

Although exhaust gases flow at 200 to 300
feet per second through the header, the positive
and negative energy waves move at about the
gpeed of zound, which is near 1700 feet per
second at the temperatures and pressures present
in the header, At this speed, it takes less than
two thousandths of a second to travel the length
of a 36-inch long header pipe, This discussion
uses 1700 feet per second as an approximate
speed for the energy waves, However, depending
on the temperature of the exhaust gases, the
wave's actual speed can range between 1700 and
210M) feet per second,

For example, let's say the negative energy
wave was timed to arrive at the combustion
chamber during valve overlap when the engine
was turning 5500 rpm. However, al slower en-
gine speeds, each revolution of the Nywheels
takes longer, but the energy wave still moves at
about 1700 feet per second. This resulis in the
negative wave arriving before the overlap period
starts and this wastes the potential benefit of
improved scavenging and inereased VE.

At some low engine speed, the positive wave
arrives back at the combustion chamber during
overlap. This forces the exiting exhaust gases
back into the combustion chamber, which di-
lutes the fresh airffuel charge, The wave then

WAVE SCAVENGING
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Wave scavenging uses energy pulses thal reverberate through
the exhaust sysfem to fmprove extiaust scavenging and
cylindar filfing. By tuning the header's langth, negative energy
puises can be imed fo reach the combustion chambar during
the valve overlap period, thereby improving volumelric
efficiency.
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continues pushing the diluted charge back into
the intake port, manifold and finally through the
carburetor venturi. As the diluted charge moves
backward through the carb, it picks up fuel
because the carburetor flows fuel regardless of
which direction gases move through it. When the
next intake stroke begins, the diluted maixture
again moves through the carb’s venturi picking
up more fuel. Now the excessively rich fuel
charge is drawn into the cylinder, resulting in
poor throttle response and lost torque.

When engine speed is reduced even more, it
takes so long for each flywheel revolution that a
second negative wave reaches the combustion
chamber at the optimum time — during valve
overlap. This penerates a secondary torgue peak
atabout one-hall'to two-thirdz of the peak torque
rpm. This torque peak i3 especially noticeable
when longoverlapeams are combined with highly
tuned exhaust svstems.

Headers can be tuned for optimized wave
scavenging by changing their length, since the
energy wave's speed remains relatively constant
for a given temperature {aboul 1700 feet per
gecond). To maximize power at high rpm, header
length is normally shortened because there is
less time between cach cylinder firing. Con-
versely, to optimize power in the lower rpm
ranges, header length is inereased because there
is more time between each cylinder firing. The
range over which the headers are tuned only
gpans a maximum of 1500 to 2000 rpm, so if you
lune for top-end power, bottom-end power 1s
hurt. The opposite helds true if you tune for
bottom-end power, Header length is normally
tuned for the middle of the engine’s rpm band.

COLLECTORS

Some exhaust systems are designed with a col-
lector tube that both primary header pipes ter-
minate into. A collector provides a common ple-
num for the two primary headers and works on
the principle of inertia scavenging instead of
wave scavenging, With a collector, as the ex-
haust valve opens, exhaust gases speed down
the exhaust pipe at about 300 feet per second.
This leaves behind an area of low pressure that
expands as the exhaust gases escape. By the
time all the exhaust gases reach the collector,
the entire header pipe for that eylinder is filled
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A twro-into-one callectar usas the low prassure area craalod Dy
the exiting axhawst gases fiom one cylinder fa help seavenge
the other cylinder. Shawn iz the Thunderheader from Rich
Products.

with a low pressure area, When this low pres-
sure area reaches the collector area, it spills over
into the primary header pipe for the other eylin-
der. This reduces the pressure the exhaust gases
encounter when exiting the pipe.

Ordinarily this pressure would be equiva-
lent Lo ambient atmospheric pressure (roughly
15 psih. Normally aspirated engines have about
a 15 psiadvantage on the induction sideanda 15
disadvantage on the exhaust side. If the collector
cuts the 15 psi disadvantage in half, the lower
pressure will enhance the exhaust scavenging
effect, This will help draw [resh airfuel mixture
from the intake port into the evlinder, which
results in improved volumetric efficiency.

1t is more difficult to get collectors to work
with a V-Twin engine design than with a V8 or
in-line four because of the uneven 315 and 405
degree fiving pulses. As a result, some collector-
style exhausts uge uneven primary pipe lengths
to help compensate for the V-Twin’s unequal
firing pattern. Collectors are tunable, hoth in
length and diameter and primarily affeet the
amount of torgue an engine produces below its

torque peak. To a point, the larger the volume of

the collector, the more the torque range is spread
out and the more low-end torque the engine will
produce.
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ANTI-REVERSION

TUBES & CHAMBERS

The flow of exhaust pases back inta the eylinder,
past the intake valve and into the intake tract
during valve overlap is the phenomenon known
aareversion. Reversion is caused by slow moving
exhaust gases on the short-side radius or bottom
side of the port. These slow moving gases can
more easilv backflow into the chamber than the
faster moving gases on the port’s long-side ra-
dius, espeecially when the piston is near TDC and
the engine’s rpm is low. The back{low dilutes the
intake charge and disrupts carburetion. Large,
low veloeity ports encourage reversion, Rever-
sion is the cause of the fog or fuel “standoll” that
frequently 1s seen at the carburetor’s inlet.

An anti-reversion fube can be nsed to reduce
reversion by making it more difficult for exhaust
gases to backllow into the combustion chamber.
The tube acts az a one way valve and is located
inside the primary header pipe where the pipe
maunts to the evlinder head, The tube generally
varies in length from one io four inches. The
header pipe normally 1s enlarged about 1/4 to 3/8-
inch in diameter where the anti-reversion tube is
located.

Ananti-reversion chamber works onthesame
principle as the tube, except it 1s welded in-line
to the header pipe. The chamber creates a bulge
in the header and can be positioned anywhere
throughout the header's length, although 1t 13

IMIARE YALYE SXHALST WaLYF
QIPEh-HG GLEOSING

When the pisidn is near TDC and moving veny siowly, slow
moving exhaust gases on the port's foor can backilow into the
combustion chamber and imlake port. This dilutes the infake
charge and disrupis carburetion. High mean flow velocity
mininvizes raversion. Reducing pressure at X1 minimizes
reversion mia the infake port and maximizes VE.



- g

ey

ANTI-REVERSION TUBE

el
@ *opoa cha 0

An anti-revarsion tube js designed fo imif the backfiow of
exhaus! gases infa the cylindar by acting as a ong way valve
it consists of & short tube placed in the headar near the
exhaust port and can have a significan alfect an low speed
p{'.'.'fnrm:mf:{:.

generally placed close to the eylinder head. With
anti-reversion tubes, it 15 sometimes necessary
to use an adapter plate to mount the header to
the evlinder head because the pipe’slarger diam-
eter at the eyvlinder head end intrudes into the
area required for the mounting bolts, An anti-
reversion chamber eliminates this problem sinee
it can be located away from the header mounting
flange.

Anti-reversion tubes and chambers permit
unrestricted gas [low out of the exhaust system.
However, they provide considerable restriction
to unwanted reverse {low of combustion gases
into the intake tract, which can oceur when gas
velocity is low and inertia scavenging has insuf-
ficient energy to help cvlinder flling during
valve overlap. Reversion usually occurs at low
engine speeds, especially when a large diameter
header pipe 18 used in conjunction with a long
pverlap cam.

ANTI-REVERSION CHAMEER
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An anfi-reversion chamberworks on lha same princioal as the
anti-reversion tube. instead of being located naar the cylinder
head, the chamber can be located anywheara in the haader,
This makas for easier mounting of the header to the cylinder
head.
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Small header diameters maintain high mean
oas velocity, which inereases inertia scavenging
for good low and midrange performance. How-
ever, small diameters also generate signilicant
backpressure at high-rpm. On the other hand,
headers with a large cross-sectional area reduce
backpressure and improve high-rpm power, but
low-rpm scavenging is reduced due to low mean
gas velocity., Conzequently, low-rpm torque,
throttle response and gas mileage are reduced,

For the most part, a header with an anti-
reversion tube or chamber is less sensitive to
large pipe diameters. 1t iz sometimes found that
an anti-reversion header allows the use of a
larger diameter header pipe for strong top-end
performance without a resultant loss in low-
speed power.

Another method for combating reversion is
to use a header pipe slightlv larger in diameter
than the exhaunst port. This will create a one way
step where the port and header join, which will
reduce the backflow of exhaust gases,

STEPPED HEADERS

Through the placement of small 1/8-inch varia-
tions (steps) in the header pipe, exhaust gas
speed (inertia scavenging) and energy wave
pulses (wave scavenging) can be slightly altered
to optimize scavenging. Stepped pipes are fre-
guently based on a three-seetion design with the
pipe’s outer diameter usually inereasing in size
starting from the cylinder head,

As explained under wave scavenging, the
cvlinder’s volumetric efficiency can be increased
by timing the header's negative energy wave to
arrive at the combustion chamber during valve
overlap. The negative pressure generated by the
negative energy wave can be prolonged by addi-
tional negative energy waves created by the
stepsinthe pipe. Each change in the pipe’s cross-
gectional area creates a pulse, This increases
scavenging and improves VE. However, the nega-
tive cnergy wave created by each step is of
smaller amplitude than the one generated by the
header’s open end because each pulse absorbs
some energy, but not all of it. As the negative
waves generated by the step travel toward the
combustion chamber, they are followed clozely
behind by the wave generated at the pipe’s open
end. The multiple waves prolong the negative
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Stepped headers create maore enargy pulses and can imorove
cyiinder filling. These straigh! pipes are wrapped with braidad
ceramic insulation for greater heat refention and fighar gas
virlocity, If yvou look closely, you can see the pipes have fhrge
steps under the wrap, Frank Havburn an the Meidengard’s
Cyela Center 80 of Evo holds the AHDRA E Sireef 1/8 mila
record at 6.67 E.T. and 105,10 mph. Phato courtesy of Larry
SmithiHanderafted Amencan Racing Maforcycies,

elfectinthe pipe, which increases evlinder filling
and may even allow a longer overlap period
without any ill effects,

Stepped headers are most often divided into
three sections, however, more or less sections
can be used. Bach successive section is usually
1/8-inch larger in diameter than the previous
one. The smallest diameter section is located at
the cylinder head mounting flange. As a starting
point for length, the section clogest to the cylin-
der head should be about 25 percent of the total
header pipe length, the middle section 32 per-
cent and the last section 43 percent.

A multiple section design allows tuning the
header’s length for optimum wave scavenging
while reducing backpressure through each suc-
cessively larger step. While header diameter
sets the location of the engine’s torque band,
steps in the header augment the band. For ex-
ample, if' a 1-3/4 inch O.D. header pipe sets the
engine's power band between 5000 and 6500
rpm, then a three-step header using 1-3/4, 1-7/8
and 2-inch 0.D. steps would extend the torque
band about 400 rpm on the top-end. The result-
ant band would now range from 5000 to 6900
rpm.
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HEAT RETENTION

Inertia scavenging works by using the momen-
tum of high velocity exhaust gases toereate alow
pressure area in the pipe. The energy contained
in the exhaust gazes is derived from combustion
heat, The more heat that can be retained in the
gas until it is discharged into the atmospherce,
the more efficiently the header system will
function.

Exhaust gases exit an Evolution’s combus-
tion chamber at approximately 1350 to 1450
degrees F. The Shovelhead's exhaust gas tem-
perature is even holier because its chamber is
less efficient than the Evolution’s. Az the gases
leave the combustion chamber, heat from the
gases radiates from the exhaust pipe’s surface.
Heat radiated away from the engine results in
lost power. This is because as the gases cool they
loge velocity. As velocity is lost, the efficiency of
inertia scavenging is reduced. Since heat gener-
ates velocity, retaining as much heat in the
header pipe will keep flow velocity high, lower
backpressure and inerease the efficiency of iner-
tia scavenging. Keeping the velocity high may
allow slightly less exhaust cam timing and re-
duced overlap, This may help eylinder filling
while increaging the cylinder's working pres-
sure,

Exhaustinsulating wrapis availablein rolls,
tubes and sheets to cover header pipes. The wrap
is usually woven or braided from either ceramic
orfiberglass material and has proven effective in
retaining heat in header pipes, This improves
seavenging and can allow the use of a less ag-
gressive exhaust cam profile with less averlap
for a stronger low and midrange without a reduc-
tiom in high-end power.

EXHAUST SYSTEM DESIGNS

Exhaust svstems for the Big Twin can be divided
into two major categories: 2-into-2 and 2-into-1
designs, The 2-into-2 means that the two indi-
vidual header pipes do not merge. Instead, each
remains separate and has its own outlet. Stock
staggered duals and standard straight pipes are
examples of 2-into-2 gystems. Systems that con-
nect the header pipes from both cylinders into
one common collector are referred to as 2-into-1
svstems. Superlrapp and others manufacture
2-into-1 syslems.




Both categories of systems can include mud-
flers, Some systems uge a one piece design in
that the header pipe and muffler cannot be
separated, while others use slip-on mufflers for
casy removal.

One key factor for making high horsepower
with muftlers in the upper rpm range (hevond
4000 or 4500 rpm) is io have sufficient muftler
volume, Most performance modifications for the
Big Twin engineinvolve increasing its breathing
ability, either through more efficient induction,
larger displacement or a combination of both.
This results in a large volume of exhaust gases
that has Lo be expelled from the eylinders, Small
capacity mufflers, regardless of their design,
cannot meet the flow demands of even an 80
cubic inch engine without introducing consider-
able power robbing backpressure. As a result,
small volume, good looking mufflers or baffles
ingerted into gmall diameter straight pipes se-
verely restrict flow, increase backpressure and
limit top-end horsepower. So remember that
there is a given tradeoff between high-perfor-
manee and the ideal custom look,

Large “dresser” model Big Twins ship [rom
the factory with relatively large valume mulllers
that include a crossover pipe. These mulllers
flow better than the mufflers on smaller Big
Twin models. In fact, when comparing each Big
Twin'’s factoryspectlications, the “dressers” have
betweena one and 2-1/2 foot pound engine torque
advantage (depending on year) over other mod-
els. The torque advantage can be direetly attrib-
uted to large volume mufflers.

Stock mufflers substantially restriet exhaust
flow, which increases backpressure and reduces
scavenging, To minimize restriction, Big Twins
are equipped with a crossover pipe that connects
the headers of both eylinders, This egualizes
exhaust pressure, inereases the effective muf-
fler volume for each evlinder and adds torque
thronghout the engine’s rpm range. When run-
ning small volurmne mufflers, itis helpful to retain
the crogsover pipe.

Straight pipes use a 2-into-2 design thatl
helps seavenge exhaust gases from the cylinder
and assists the induction system with cylinder
filling, For optimum performance, straight pipes
are tuned by changing their length and diam-
eter. Years of racing have proved that straight
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pipes provide maximum performance for the V-
Twin engine, but not necessarily over the entire
rpm range. Straight pipes are effective prima-
rily above 4000 rpm and frequently cause low
and midrange carburetion (uning problems on
stock and small displacement engines. Two inch
diametler straight pipes are great looking on
many bikes; however, from a performance stand-
point (with few exceptions), they should be lim-
ited to about 98 cubic inch and larger engines
and very high rpm small displacement engines,

SYSTEMS with MUFFLERS

Mufflers reduce noise by restricting, absorbing
and reflecting or by a combination of these tech-
niques. The restriction method works by forcing
the exhaust gases through a baffle that is perfo-
rated with small-diameter holes or a louvered
core. The absorption technique uses a fiberglass
type of packing material that converts the sound
entering the muffler into heat as it interacts
with the packing material. This technigue gen-

tion, but also produces less sound suppression.
The reflector method reduces sound by reflecting
sound waves back toward the inlet end of the
muftler,

Big Twin muftlers frequently combine mul-
tiple technigues to reduce sound while minimiz-
ing backpressure. When choosing an exhaust
syslem, notonly congider increased performance,
but also the system’s sound guality, styling
and fit.

.I_l:_%t_é

Staggered duals refain the classic Harley look ahd ara prover
performers. These pipes from Carl's Spesd Shop can be
tuned for low naise an the straet or maximum pedformance on
the race frack. Fholo courfesy of Carl's Speed Shop.
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These slip-on mutflars from SuperTrapp are tunabila by adding
ar removing diffuser disis, Randy Diamaond's stock siroke 87
oi Evoretains the header crossover pipe and uses SuperTrapz
opan end caps for more power and sound. Photo courfesy af
Great Lakes Cyela.

Various companies offer exhaust systems
with mufflers for the Big Twin. BUB Enter-
prises, Carl's Speed Shop and Cycle Shack are a
few that offer staggered dual systems with ei-
ther slash-cul or tapered ends. For FX models,
Harley-Davidson offers a 2-into-2 Sport Exhaust
System with tapered ends thatiz made by Kerker.
Harley also offers slip-on off-road mufflers for
FX models and slip-on performance touring
mufllers for “dresser” models. Kerker, who 1s
now affiliated with SuperTrapp, offers a 2-into-
2 system with tapered ends. SuperTrapp offers
2-into-2 and Z-into-1 gystems. They also offer
geparate slip-on mufflers for stock header pipes.
Rich Products has a 2-into-1 anti-reversion svs-
tem. These systems offer relatively high-perfor-
mance with a reasonable sound level. The 2-
into-1 systems with their collector design gener-
ally increase torque in the lower rpm range
while the 2-into-2 systems provide greater mul-
fler volume and perform well on the top-end.

The Carl's Speed Shop pipes have one inter-
nal tapered baffle. The smallest part of the
baffle’s tapered end haz about a 3/8-inch LD, For
increased flow, this end can be shortened in 1/8-
inchinerements to amaximum of about 2-inches.

Cycle Shack mufllers have omeremovable baffle
secured by a single bolt. Flow can be increased by
shortening the baffle about 4-inches at its front
end. The baffle and pipe then must be drilled for
a new hole to accept the mounting holt.

Kerker systems usually have three internal
baffles wrapped in fiberglass. The inner most
baffle, referred to as the “C” baffle is extremely
restrictive and can be eliminated by removing
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the entire baftle set and then drilling out the pop
rivets that attach the solid *C” baffle to the
perforated “A-B” baffle set. This modification
canincreasc airflow through the system from 60
cfim to about 200 ofm.

The SuperTrapp exhausts use 3-inch inter-
nal diffuser disks stacked in the muiller’s tip
and fiberglass packing for silencing. Adding or
removing disks allow control over the amount of
backpressure and the noise level. Adding mare
dizsks reduces backpressure but increases noise.
Reducing the number of disks reduces noise, but
increases backpressure. Twelve to 21 disks are
normally used, but as many as 24 have been
used with good results. Fifteen to 18 disks often
give good results on the street without too much
noise. Biphteen to 21 disks [requently give maxi-
mum power. For increased power and noise on
the race track, open end caps can be used.

The Harley-Davidsan slip-on off raad muf-
flers work well with stock header pipes and
provide a good low-dollar performance exhaust
syatemn,

Harley-Davidson’s slip-on Touring Mufflers
imade by Kerker) include the same “A-B-C”
baffle design as described above along with a
choice of end cap design. These mufflers fit
“dresser” models and have a large volume. They
sound good and can be modified as described
above to flow very well. SuperTrapp makes a
turn-out muffler that ig similar in size and
shape to the Touring Mufflers, but it incorpo-
rates diffuser disks instead of baffles for noise
contral. Both muffler sets improve performance.

These slip-an touring muffiers are large i volume and offar
different end cap designs. The large volume improves exhaus!
flow while keaping noise down. it alsa s the reason the touring
bikes have more torgue than the modeis with smaller mufilers.
The HarleywKerker touring muffiers use the A-B-C baffle set for
silencing. The SuperTrapp version uses diffusar disks.
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Shown are the "C" baffles used in the Kerkar touring muffiers.
Forraoing, vou can increase axhaost low over 300 perceant by
dritiing out the pop rivets and remaving these baffles. Dant
forgat fo envich he carburetor jaiting.

The “dresser” models have a very short rear
evlinder header pipe that results in extremely
unequal pipe lengths between the front and rear
evlinders, Tokeep pressure equalized, it helps to
retain the crossover pipe connecting the two
header pipes.

When installing slip-on mufflers to stock
header pipes, consider retaining the crossover
pipe lorinitial tuning, After arriving at a bazeline
tune, remove the erossover and plug the holes in
the headers. This will allow any tuning differ-
ences to be determined.

When installing a performance exhaunst svs-
tern, carburetor jetting needs to be checked and
generally enriched. For the stock Keihin CV
carburetor (1990 and later), the slow speed jet
(49-state verzion) usually must be enlarged (en-
riched) between .0015 and .002-inch.

STRAIGHT PIPES

For racing, straight pipes (headers) offer maxi-
mum performance because they provide the op-
timum scavenging with the least backpressure.
Performance gains are normally realized on the
top-end — from about 4000 rpm and up. Due to
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high scavenging, straight pipes increase the
engine’s sensitivity to tuning. In general, the
larger the engine’s displacement, the easier it is
to tune for good low speed throttle response with
straighl pipes.

The oplimum header diameter and length
are dependent upon engine displacement, cam
specifications, valve and porl size, rpm and bike
weight., However, subtle factors can enter the
picture and influence pipe specifications. For
example, an engine with a high velocity carbure-
tor will usually perform better with a higher
seavenging header design than a similar engine
with a lower velocity carburetor. Also, an engine
with a slide type carbusually can handle a higher
scavenging header than an engine with a butter-
fly style carb. The carb’s slide seems to minimize
the negative effects of high secavenging.

For 98 cubic inch and smaller engines, start
with 1-3/4 inch O.D. pipes. For larger displace-
ment engines, 1-7/8 or 2-inch 0.D. is a good
starting place. Engines with 117 or more cubie
inches can benelit from 2-1/8 or 2-1/4 inch 0.1,
Remember, large diameters increase power al
high rpm, but hurt power down low because gas
veloeity 1s too slow for much inertia scavenging Lo
take place, Large diameter pipes usually work
hest when combined with large exhaust valves or
engines consistently run at high rpm,

Optimum pipe length typically varies be-
tween 258 and 50-inches, although 36 to 42-inches
often work well. Remember, short pipes work
efficiently at high rpm, while long pipes help
performance at lower rpm. It iz best to cut the
pipes off square; however, if you run slash-cut
ends, the measurement is always taken at the
short-side of the cut (where exhaust gases first
exit into the atmosphere). Also, there should be
no more than a 1/4-inch difference in cach pipe's
length because equal length headers scavenge
equally. The measurement should be taken
through the center of the pipe, but this can be
impractical to do. As long as the diameter re-
mains constant, filling each pipe with a given
amount of water sometimes can help measure
length,

Straight pipes with stepped sections and anti-
reversion tubes or chambers are the optimum
pipe for performance, but only are available on a
custom made basis. Start with three sections (25,
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Straight pipes improve powsar above 4000 rom, but hurl i dowr fove. They come in many diameters, lengths and shapes, and most
racers have thelirovan idea aboul what works bast. Remember, the exhaust systentis highly dependant on the cam, heads, induction
system and rpm. What works best on one enginge combination may not work well on another. The engine combination and bike's
application are the key factors. The anly sure way fo know what exhaust works best is through cut-and-try lesting. Start funing aur
exhaust system only afler the cam, heads ang induchon system are set. And make sure the anging is capable of rewvving wilhiin the
intended rom band, otherwise change the gearing. Joe Campali and fis 114 of Evolution compete in ECRA Competiion Eliminator
clase, Fhoto courtesy of Larry Smith/Handerafied American Racing Motorcycles,

32 and 43 percent of the total pipe length) and
place the smallest diameter section closest to the
eylinder head, Avoid “kinked” bends and keep all
bends as gentle as possible, especially close to
theeylinder head. A pipe diameter slightly larger
than the port will help reduce reversion. If you're
making your own pipes, use a piece of 1/4-inch
brake line tubing with urethane molded over it
as a template. The urethane should be the same
0.D, as the pipe. To stop mounting nuts from
vibrating looge on the Shovelhead, use Stage “8”
locking fastencrs Lo fasten the pipe to the cylin-
der head.

If vour bike has aerodynamic panels, try to
exit the pipes in a low pressure zone created by
the panels. Since atmospheric pressure is about
15 psi, dumping the exhaust into a low pressure
area improves scavenging. Adding baffling

The Big Twin High-Performance Guide

around the low pressure area to exaggerate the
pressure drop also may help, The improved scav-
enging may allow reduced cam timing and over-
lap for optimum performance.

EXHAUST TUNING

The exhaust system is only one part of the
engine's total breathing system. The other ele-
ments include: the induction system, camshaft,
cylinder head ports and valves, besides the
engine’s total displacement. The cam is the cen-
tral focal point or “brain” of the engine’s breath-
ing capability. For the most part, the camshaft
determines at what rpm the engine will produce
peak torgue and horsepower. Radieal eams tend
to push the point of peak torque and horsepower
higher up the rpm scale, while milder cams keep
it lower. Header diameter and length should




e

complement the camshaft and induction system,.
There 1z no “caned” method for determining
the best header length and diameter for a given

engine combination because every component of

the engine’s breathing system leans on another.
Change just one component, such ag the cam,
and the whole system has to be retuned to
guarantee optimum performance. It takes a lot
of cut-and-try track testing or a considerable
amount of dyno testing to prove which exhaust
combination gives the best perfurmance.
Seat-of-the-pants testing does not guarantee
accurate results because it takes almost a 10
percent difference in power for the rider to feel a
difference. Engine torque curves can change and
give the illusion of a power gain. An example is

when the engine comes on the cam, only to fall off

on the top-end. In this situation, the rider tends
to believe erroneously the bike is faster because
he can easily feel the inerease in torque when the
engine comes on the cam. Bul overall the engine
15 down in horsepower. As an aside, take note
that some engines produce two separate torgue
peaks because the intake tract is tuned for one
rpm level while the exhaust system 1z tuned for
a differcnt level.

Formulas are available Lo caleulate a baseline
header length and diameter. However, many
factors such as pulsing, velocity, rpm, cam specifi-
cations, valve size, gearing and the bike's weight
areinvolved zoitis difficult for any formula to give
the perfect answer. Some formulas give contradic-
tory answers because each one 15 designed to take
advantage of a different energy pulse,

In the end, if you don’t have access to a dyno
and most of us don't, the best approach to header
designis to start with a thorough understanding
of the principles discussed above and then com-

bine this knowledge with cut-and-try testing. If

you don’t have a good understanding of the
prineiples involved, vou can never consgistently
beat your competition.

Even if you're not racing, knowing what
affect changing pipe diameter or length has on
the engine’s power band may save vou from
buying the wrong exhaust svstem. For example,
how many times have you read a magazine
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editorial about a guy who installed a set of large
diameter straight pipes and then asks, *“Why
can't the carburetion be tuned for good throttle
response?” The answer is relatively simple once
the principles of velocity, scavenging and rever-
sion are understood,

To determine a starting point for header
design, you should establish the engine’s dis-
placement, cylinder head airflow, valve sizes,
gearing, total bike weight and rpm range. From
this information a cam can be selected.

At this point, a starting pipe diameter and
length can be roughly calculated. The three-step
header degign with an anti-reversion tube has
proven to be a strong performer, although many
racers go fast using a standard straight pipe
design. If you're not sure where to start, follow
the previous recommendations.

Large diameter pipes usually perform better
with oversize exhaust valves. When a large pipe
diameter is used with a small engine digplace-
ment, the result is generally a narrow torque
band placed at a high rpm. And thisis acceptable
for certain maximum effort engines. However,
for street engines, keep pipe diameter small to
baoost low-speed torque. Use the mean gas veloce-
ity formula to check that you're in the 300 feet
per second range when at the middie of the rpm
band —not the top-end of the band. Caleulate for
the middle because vou want to achieve the
highest average horsepower over the entire rpm
hand,

For street engines the rpm band is easy to
determine — you're probably doing most of your
riding between 2000 and 4000 rpm, go 3000 is the
midpoint. In some gituations, the midpoint eould
be as high as 3500 rpm. To verify your rpm band for
drag or road racing, yvou need to consider not anly
the engine’s bore, stroke, airflow and cam, but alzo
the gear ratios, For example, lets assume you up
shift at 6500 rpm with your engine combination.
After each up shift, the engine's rpm drops down to
a level that is a function of the percentage of gear
change. You need to calculate the rpm reduetion
for each gear change and then average them out.
Youcan assign a weighted priority to a specific gear
if’ vou want.
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Let'sassumethe transmizsion’s internal first
gear ratio is 3.25 and the ratio for second gear 15
2.20. Use the following formula to caleulate the
percentage of rpm change when up shifting he-
tween the two gears:

[ from gear ratio —fo gear ratio|
from gear ratio

percent =

Example:
(3.25-2.20)
3.25
105
3.25

.32 rpm reduction

The gear ratio used in the caleculation can he
either the internal transmission ratio or the
overall ratio, but both cannot be mixed within
the formula. This example results in a 32 per-
cent rpm reduction after the up shift. The smaller
the rpm drop and the closer the drop is to the
maximum torque rpm, the better the bike's ac-
celeration should be. The following formula can
now be used to caleulate the rpm after the up

shift:

after rpm = shift rpm = (1.0 - percent of gear change)
Example;
G500 = (1.0-.32]
6500 x 0.68

4420 rpm after up shift

This works out to 4420 rpm after the up shift,
The midpoint between 6500 and 4420 rpm is
5460, Now base all vour exhaust ealeulations on
5460 rpm. Bemember that the percentages of
change between each gear arc not always the
same, so caleulate each gear separately and
average them out.
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THE OPTIMUM SHIFT RPM

The optimum shift point for maxi-
mum accelerationis generallyarpm
10 to 15 percent greater than the
engine’smaximum horsepower rpm.
The transmission’s internal ratios
and the engine's torque curve will
affect the percentage. With astock 5-
speed transmission, a rpm 10 to 13
percent above maximum horse-
power rpm is about optimum.

For example, a mildly hopped up
Evolution Big T'win (80-inch engine)
with a performance cam, carb, ex-
haust and ignition system will real-
ize maximum power at ahout 5750
rpm. Thisresultsin an optimum shift
point of about 6300 to 6500 rpm. Add
performance heads to this combina-
tion and maximum horsepower is
achieved closer to 6200 rpm. Now
the optimum shift point moves up to
hetween 6800 and 7000 rpm. Fur-
thermore, with a high dollar, maxi-
mum effort 80-inch engine, maxi-
mum horsepower is between 6800
and 7000 rpm and the optimum shift
point is between 7500 and 7800 rpm.
Although an engine’s optimum shift
rpm is about 10 percent higher than
its maximum horsepower rpm, the
bike should pass through the speed
traps at a rpm about equal to maxi-
mum horsepower.

With a Shovelhead engine, the
above wvalues are about 500 rpm
lower. Remember, the stock Evolu-
tion valvetrain can be safely revved
to about 6300 rpm. Any greater rpm
requires valvetrain modifications.
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Maximum affort dragsters run high rpm and vse close ratio gears for minimal rpm drop betwean shitts, This allows fuming the
headers for maximum power over & narmow figh mm band with (il concern for pawer down low. Large diameter headers
provide excellent high rom scavenging for large displacemeant engines. Pierre Frenetle on his Evalution Fro Slock dragster,
Phote courtesy of Larny Smith/Handerafted Amenican Racing Motorcyoles

CALCULATING HEADER LENGTH

Any formula that caleulates header length must
congider, at the very minimum, exhaust pas
temperature, speed of the energy wave, exhaust
duration and rpm, However, every {ormula in-
cludes certain assumptions. Some formulas cal-
culate a long pipe length because they are based
on a different energy wave than other formulas.
Rememnber, energy waves resonate within the
pipe. Retarded ignition timing and other condi-
tions increase the exhaust gas temperature,
which causes the energy wave to travel faster.
This requires using a different constant in the
formula for the energy wave's speed. As a result,
the following formulas make certain assump-
tions that may not be valid for every engine
combination,

Exhaust Header Length
Formula A:

_ 1380xex
e

L

Formula A results in a very long header
length that some racers do not like to use be-

cause they believe 1t doesnt look aesthetically
pleasing. However, it works extremely well with
large diameter stepped headers.

Exhaust Header Length
Farmula B:

Jeines
m

L

Farmula B results in a shorter header length
because il 1s factored against a different energy
wave pulse.

Where:
L. =header length in inches.
ex = 180 plus cam’s exhaust valve
opening BEDC
rpm  =rpmin the middle of the power band

Use formula B and assume that 5460 iz the
engine’s rpm midpoint and the cam’s exhaust
timing is 56/24, The variable “ex” 18 determined
by adding 180 to 58 for a sum of 236, This
formula calculates a header length of 41.06
inches.
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_ 950%236
5480
224200
5460
41,06 inch header length

Header length should be measured through
the middle of the pipe starting from the backside
of the exhaust valve to the open end of the pipe.

Remember that shorter pipesrequire a higher
rpm to reach the point of optimum scavenging,
while longer pipes are optimized for the lower
rpm ranges, I yvou're not sure where to begin,
start with a pipe length between 36 and 42
inches. Refer to the guidelines listed under
“Straight Pipes” for more information.

MAKING A RUN

If we assume that you're at the track and ready
Lo tune the exhaust system, there are a number
of points to consider. First yvour bike must have
a chassis and drivetrain setup that allows vou to
make congistent runs. A bike that cannot launch
properly or run at full power through the entire
track’s length without encountering large
wheelies or other handling problems will give
inaccurate resultz, If you're having handling
problems with the bike, get them corrected be-
fore conducting any tuning tests.

Exhaust system teste should be conducted
after the cam. carb, intake manifold and head
combination is determined. Also, the exhaust
systern can be accurately tuned only after the
carburetion, ignition and gearing are tuned. The
carburetion should be done first because the
optimum ignition advance will vary based on the
air/fuel mixture. Remember that open headers
require a richer air/fuel mixture than mufflers.

The bike doesn’t have to be perfectly geared
to conduet exhaust tuning, but it should be close
enough so the engine accelerates to redline in
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each of the lower gears and close to redline in
high gear. For example, if the engine iz up
shifted at 6300 rpm, exhaust tests would be
invalid if the engine only turned 4000 rpm
through the track’s mph timing lights. In this
case, the gearing is too high (low numerically ) for
the engine and bike combination, and should be
lowered to get the rpm up to at least 6000
through the timers. Remember that factors such
as the total weight of the bike and rider, cam
specifications and wind direction will have an
effect on the optimum gearing.

If'vou're running a solid lifter cam, vou might
try increasing the valve lash setting (from one to
three flats on the adjuster nut! to sce if the
engine performs better with less cam duration.
Increasing the pushrod clearance reduces dura-
tion.

With this said, one of the easiest methods [or
tuning the exhaust for a given diameter is to
start with long pipes and then start shortening
their length in two inch inerements. Strive for
the lowest elapsed time on the drag strip. Once
vou have determined the optimum length, vou
might considerincreasing the diameter and again
conducting tests for optimum length. Now you
will have a comparison between different pipe
diametlers,

Carburetion, timing and gearing may need
to be refined during the exhaust tests. If the
camshatt or anything else is changed, all prior
testing must be redone to verify the combina-
tion. Remember, each element in the tuning
chain leans on something else.

Onee the best combination of header diam-
cter and length is identified, you ean try reduc-
ing the cam’s overlap. With effective exhaust
scavenging, the engine may not need as much
overlap. Also, vou might try opening the exhaust
valve a little later since the engine may not need
as much blowdown effect for scavenging. This
will dump less power out the exhaust. 4
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Ignition System and

Spark Timing

ost racers concentrate
their performance efforts on
improving airflow through
an engine.

However, burning the highest percentage of the
air/fuel mixture is just as important for in-
creased horsepower as high airllow, Although
the ignition system is one of the least visible and
glamorous parts of an engine combination, it is
responsible for the initiation of efficient combus-
tion.

The ignition system performs a relatively
simple task: it supplies a spark at a given mo-
ment that initiates combustion in the cylinder.
Its ultimate goal 1s complete combustion of the
air fuel/mixture in the cylinder, Realistically

this is impossible, so the goal then is to burn as
much of the intake charge as possible. The key to
an effective ignition system is the quality of the
spark and the time at which the spark is gener-
ated. A quality spark in conjunction with steady
timing will ensure that the greatest amount of
air/fuel mixture will be ignited over the widest
range of conditions so the engine reaches ils
maximum power potential.

The spark that ignites the air/fuel mixture in
the combustion chamber is produced hy a dis-
charge of high voltage electrical energy devel-
oped by the ignition eoil's eircuits and delivered
to the spark plugs through the plug wires. The
spark is generated because the high wvoltage
energy is traveling through the ignition’s wiring
gearching for a ground. The ground happens to
be the plug's side clectrode, which is positioned
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just beyond an air gap that separates it from the
plug’s center electrode. When the electrical en-
ergy bridges the gap, a spark oecurs, which
haopefully ignites the compressed air/fuel mix-
ture.

With a stock ignition, the duration of the
spark is short and not very powerful. If the air/
fuel ratio and vther conditions in the combustion
chamber are just right, the mixture will ignite.
However, in some cases the air and fuel may not
be evenly mixed or the mixture may be lean.
Lither of these conditions ean allow chamber
turbulence or high compression to extinguish
the spark and cause misfires.

All stock Big Twins use an inductive-dis-
charge ignition (1D) system that eombines a coil,
a switching device and some Lype of advancing
mechanism to fire the spark plugs.

The 1980 and later ignition ig an electronic
systemn Lhat uses a microprocessor based module

{hlack box) to switch the ignition coil on and oft

electronically and control the ignmition’s timing
far greater reliability and longevity than breaker
points. It has anignition advance curve designed
for emissions regulated engines and a built in
rev limiter that limits the engine to about 525()
rpm tominimize wear. Police bikes are limited to
5800 rpm. The stock system essentially is a
reliably weak systermn. A modified, free-breath-
ing Big Twin engine not only can benefit from a
quicker advance curve, but also from a higher
rev limil and a fatter spark to increase the
amount of mixture burned.

Engines before 1980 are equipped with a
mechanical advance mechanism and either an
electronic sensor (1978 and 1979) or breaker
points, These setups have a better advance curve
than the electronieignition module and no built-
in rev limiter, but they can be improved for
better performance.

Additionally, all stock Big Twin ignitions,
regardless of the vear or model, fire the plugs in
both eyvlinders (dual-fire] at the same time. This
results in a cost effective ignition, but causes
engine roughness at lower rpm. Some perfor-
manee ignitions are designed to fire only one
plugat atime(single-lire mode) for better power,
easier starting and smoother aperation.

To receive the maximum power from a per-
formance carburetor, cam or exhaust svstem,
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the ignition system must maximize combustion
of the intake charge while keeping spark timing
accurately advanced, It also must allow the
engine to rev beyond 5250 rpm, Understanding
the fundamentals of ignition system operation
will help you evaluate different systems and
optimize vour system for maximum perlormance.

IGNITION TYPES

There are several basic types of ignition sys-
tems. Mozt use a battery and coil to operate,
although some generate their own current. The
major dilference between the systems is how
they cause current to buildup in the coil to
generate a spark. The current buildup deter-
mines the quality of the spark and its duration.
Ideally, the stronger the spark and the longer its
duration the better performance should be.

All stock Big Twin ignition systems and most
aftermarket ignitions use a battery and coil
design. They also usge either a mechanical ar
clectronic device Lo turn the coil on and off and
control the spark advance curve. The exception
to this is a magneto sinee it does not require a
battery for a power supply because 1t generales
its own power.

Battery and eoil ignitions for the Big Twin
generally use either the inductlive-discharge (1D)
or the capacitive-discharge (CD) method for gen-
erating a spark.

INDUCTIVE-DISCHARGE (II))
All stock Big Twin ignition systems use the
inductive-discharge method for generating a
spark, This system requires a battery and coil Lo
operate, It algo requires a method for turning the
eoil on and off and a technique for regulating the
amount of ignition advance. Engines made be-
fore 1980 use breaker points for switching the
coil on and off and a centrifugal mechanism for
ignition advance. The 1978 and 1979 models use
an electronie sensor in place of breaker points.
Starting in 1980, all models use an electronic
sensor {or switching the coil and an electronic
module (black box) for advancing the ignition.
Also, most aftermarket performance igmition
systems use the ID method for generating an
ignition spark.,

With the ID ignition, the coil acts ag a trans-
former to increase or decrease voltage levels.
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Every coil actually congists of two separate coils
or windings of wirc. One winding is the primary
and it often has 100 to 150 turns of heavy copper
wire wound around an iron core. The other
winding is the secondary and it is normally
wound around the primary. The secondary wind-
ing consists of about 20,000 turns of fine copper
wire and the ratio of turns between the primary
and zecondary windings partially helps gener-
ale the high voltage energy needed Lo bridge the
spark plug gap. The ratio of the secondary
winding's 20,000 turns to the primary winding's
100 turns 15 200 to ane, 50 vou only gel about
2400 volte (200 x 12 fram a 12 volt coil. However,
sinee most high-performance coils generate be-
tween 30,000 and 40,000 volts (stock coils arc
about 24,000 volts) another element, a magnetic
field, enters into the act.

As voltage from the battery enters the pri-
mary winding, it generates a magnetic field that
passes through both coil windings and the core.
Eleetrical current can be generated by changing
the magnetic field in the windings. It takes
about 10 to 15 milliseconds (thousandths of a
second) for the magnetic field to build up to
maximum strength at which time the coil is
considered saturated. Switching off the flow of
current to the primary winding, which takes less
than one thousandth of a second, causes the
magnetic field to collapse. Early model Big Twins
{1977 and earlicr) use breaker points to swilch
the enil while late models use an electronic
sensor. The sudden collapse of the magnetic field
increases the primary winding's voltage from 12
volts to between 150 and 200 volts, The actual
voltage is proportional to the speed at which the
magnetic field builds and collapses. Now the
secondary winding, with its 200 to one turn
ratin, increases the coil’s voltage to about 40,000
volts (200 x 200},

COIL SATURATION

The coil's secondary voltage is determined not
only by how fast its magnetic field collapses, but
also by how strong the field is at the time it is
collapsed. One way to increase the strength of
the magnetic field as it reaches full saturation is
through improved coil design. High powered
aftermarket coils have a higher secondary to
primary turn ratio, which inereases the second-

ary output voltage. A performance coil is re-
gquired for highly modified engines and is recom-
mended even for a relatively stock engine if the
engine is to perform up to its maximum poten-
tial,

CAPACITIVE-DISCHARGE (CD)

As previously discussed, inductive-discharge
ignition systems are relatively simple in that
they only require a coil and either a mechanieal
or electroniec activated switch for the eoil. How-
ever, they also have an inherent disadvantage
because time ig required to build a strong mag-
netic field and at high rpm the time between
cylinder firings is reduced.

A capacitive-discharge system works oppo-
gite of an ID system. Instead of building and
collapsing a magnetic field in the cail, it uses
capacitors inside a control module that are
charged with high voltage. A breaker point or
electronic switch is then used to trigger the
capacitors in the control madule to release their
high voltage to the coil's primary winding. The
high voltage in the primary winding creates a
powerful magnetie field that generates the sec-
ondary winding’s high voltage. The intent of a
CD system is to generate a higher secondary
current for a hotter spark. Instead of being
limited by how fast the coil reaches saturation,
the CD system is limited by the speed at which
the capacitors can be recharged.

The benefit of a CD system is its ability to
generate high secondary energy during a short
recharge time interval that allows it Lo [ire wide-
gapped plugs at high rpm. Its short recharge
time provides less time for energy to leak off.
Although a CD svstem works well in a high rpm
environment, its spark is relatively short in
duration, In many instances the spark is many
times shorter than that of aninductive-discharge
system. This results in a tradeoffbetween a high
energy spark with short duration (CD svstem)or
a longer duration spark with lower energy due to
little time for coil saturation at high rpm (ID
system). An ID system distributes itz energy
over a long period with relatively little energy at
the spark’s beginning. The CD svstem, however,
expends most of its energy up front, but has little
remaining to maintain a long duration spark.
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MAGNETOS

Although a magneto was never included as stan-
dard equipment, many Big Twins have been up-
dated with anaflermarket magbecause the engine
builder wanted betler performance or a custom
look. Most magnetos for the Big Twin are similar
in design to the I"airbanks-Morse mag that was
used on early model Sportsiers,

The magneto has been around since the begin-
ning of motoreyeles and has proved itself because
it is amall, light weight, has few moving parts,
doesn’t need a battery or power supply and provides
an excellent spark at high rpm. The disadvantages
Lo uging a mag are that at low rpm the mag has a
dilficult time generating enough power to fire the
spark plug. It also can require more engine
horsepower Lo operate than other ignition systerns
and it periodically needs to be rebuilt to operate at
peak performance, Most, but not all magnetos
work inamannersimilar toaninductive-discharge
ignition system with the exception that the mag
includes its own power generating source to ener-
gize the primary coil.

A magneto consists of a rotating shaft with
attached magnets besides o stalor, coil, breaker
points and condenser. A magneto generates cur-
rent by rotating the magnets inside the stator.

The Fairbanks-Morse magnato was wsad an eany mode!
Sportsters and is often custom fitted to Big Twins. Since it
includes a self-confained energy source, i1is nol dependent on
an alectrical source and heavy battery, If has a cusfom look,
but lacks the perfarmance fegiuras of electronic ignition
Bvslems.
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This simple COV magneto from Carl's Speed Shop produces
& high energy spark and requires e engine power to tunn i,
ituses & maintenance freg Mall Effect magnetic trigger sensar
instead of points and does nal rec,[uire a battery or charging
sysferm. Pholo courtesy of Carl's Speed Shap.

The stator includes a laminated steel core thatis
wound with copper wire, As the magnets pass by
the stator’s copper wires, a current is developed
in the statoror primary coil. When the points are
swilched off, the primary coil's magnetic field
collapses and its voltage is passed to a secondary
coil, The secondary coil increases the voltage and
then passes the current to the spark plug, jump-
ing the gap and generating a spark.

An interesting point is that the current gen-
erated by the magneto’s magnets and stator is
the same as an alternating current (AC) genera-
tor. Alsn, as the speed at which the magnet
rotates within the stator increases, the rate at
which current is built-up in the coil increases
proportionally — doubling the speed doubles the
rate at which current is built-up. This phenom-
enon allows a magneto to generale a constant
spark voltage as engine rpm increases even
though the time between sparks is reduced. This
is directly opposite of an induction-discharge
ignition that inherently reduces spark voltage
with increased rpm. Also, the mag's high voltage
spark has a long duration, which means the
spark is spread over more degrees of flywheel
rotation. With these inherent characteriztics, a
magneto does an excellent job of igniting the
intake charge at high rpm.

One negative factor of a magneto is that it
requires more engine power to operate, This is
because no power is ever self-penerating — it can
only be converted. Therefore, a mag requires
some engine horsepower to spin the shaft and
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magnets that generate eurrent. The amount of
horsepower it requires depends on engine rpm
and other factors, but it can range between one
and three horsepower for a Big Twin engine.
Since amagnetostruggles to generate current at
low rpm (500 rpm or lower), kick start bikes mawv
be difficult to start and the possibility of flooding
Lthe engine or fouling the spark plugs is increased
during starting. A heavy duty condenser that
doubles the stock eondenser's 2.5 microfarads
capacity usually helps hard starting.

The magneto’sbreaker points, condenser and
bearings require some maintenance and the
magnets should be remagnetized periodically
{vearly for a race engine) for maximum spark
energy, For Fairbanks-Morse magnetos, set the
breaker point gap between 014 and .015-inch
and the spark plug gap between .019 and
020-inch.

Carl’s Speed Shop sells a state-of-the-art CD
magneto that produces a high energy spark,
uses little engine power and is small in size.
Instead of using out dated points and condenser,
it uses a maintenance free Hall Effect magnetic
trigger sensor and requires no battery or charg-
ing system.

BREAKER POINTS

Early model Big Twin ignitions and most mag-
netos use breaker points Lo switeh the coil onand
off. Even some high-performance ignitions use
breaker points as a switching device.

Although archaic, breaker points, if setup
properly, can offer a low cost, efficient alterna-
tive to cutting-edge electronic ignitions. Their
main disadvantage is that they require pe-
riodic maintenance to keep adjusted and

Joe Smith was the first Harley drag racer info the 8 second
bracket ard during the 1860s, and 70s he won Top Fuel titles
with both single and double engine bikes, Jog's exiremely
clean laoking single engine maching was well-known as
meticilous prepared and refiably fast. Nofice the magneto
ignition, Panhead crankcases mated to Shovelheads, S48
fuel carl and rocker cavar cut-out for easy valve claarahce
checking. On this June day in 1970, Joe rana 8.07 E.T. at 164
mott on his 102 of Top Fueler.

working efficiently.

Ag breaker pointg open up and turn off cur-
rent to the coil’s primary winding, an electrical
arc develops across the contacts. The arc allows
current to continue to flow to the primary wind-
ing, which slows the eollapse of the magnetic
field and lowers secondary voltage. By conneet-
ing a condenser [capacitor) across the points,
arcing is almost eliminated and secondary volt-
age 1s increased because the magnetic field is
collapsed much quicker.

Ideally, points should have a rapid opening,
slow closing and no bounee at full open or close.
This requires the use of a quality ignition cam
lobe and points with sufficient spring pressure.
Blue Streak pointg (for the Chevy in-line gix) fit
without modifications and not only have stron-

IGNITION COMPARISON GUIDE

SPARK SPARK SPARK RISE SPARK POWER TO
DURATION EMERGY CURRENT TIME GAP SIZE OPERATE
[Microseconds) iMilliouls) (Milliamp) iMicroseconds) | (Thousands Inch) | (Horsepawer)

WDUCTWE -

DISCHARGE MEDILIM AE DM LW MEDIUM MEDILM LOW

(Foints)

IKDUCTIVE- MEDILIM MEDILK MEDILIM

DISCHARGE o to MEDILIM MEDILM to Low

{Electronic) LOMG HIGH LARGE

CAPACITIVE - SHORT LW HIGH SHORT LARGE LOW

DISCHARGE

MAGHETO LONG HiGH MEDILIM LONG SMALL HIGH

Table 8.1
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ger spring tension than stock units, butl also
include several other benefits.

The benefits start with vented contacts that
have a small hole drilled through their centers.
The hole reduces operating temperature and
allows gases formed by electrical arcing, such as
pzone to escape. A felt lnbrication cam wiper is
also included to help minimize rubbing block
wear, which is usually the area of highest wear.
The Blue Streaks are also copper plated for
better electrical ground contact, increased heat
conduction andimproved couling. The thin bladed
tension spring, which doubles as a ground con-
nection, is also permanently fastened to the
points’ body [or a positive ground. The spring
also has higher tension than a stock unit, For the
race track, a second tension spring can be placed
next to (on the inside) the main spring for in-
creased tension, However, remember thal in-
creased spring pressure wears the poinl's rub-
bing block quicker.

Points generally have a thin protective film
on their contacts, which should be removed with
fine emery cloth. A heavy duty points backing
plate can be installed to help eliminate plate
distortion for more accurate timing,

CONDENSERS
A condenser ig required for ignitions that use
breaker points. The condenser reduces excessive
point arcing and speeds the collapse of the coil’s
magnetic field, but it must be properly matched
to the breaker point set and ignition systern.
Condensers have various amounts of capac-
ity and the capacity affects the pitting of the
points’ contact surfaces, The capacity is rated in
microfarads, If material collects on the points’
negative contact, the econdenser has too high a
capacity. On the other hand, if material collects
on the positive contact, itg capacity is too low.
Use the highest capacity condenser possible
to minimize contact areing so the coil’'s magnetic
field collapses quickly. Also, don't forget to lightly
lube the fell cam wiper with point cam lubrica-
tiomn.

ELECTRONIC IGNITIONS

Asdiscussed earlier, an electronicignition offers
an alternative method to breaker points for
switching an ignition coil on and off. Modern
electronic ignitions use a combination of micro-
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processors and sensors to perform various igni-
tion functiong, The microprocessors provide for
programmable advance curves and other cut-
ting-edge features. The sensors, which are ci-
ther magnetically or optically controlled, elimi-
nate the need for breaker points. When com-
pared to breaker point ignitions, the combina-
tion of microprocessors and sensors offer the
potential for steadier ignition timing, besides
reduced maintenance requirements.

Some electronie ignitions use sensors to
switeh the eoil on and off while others do much
more, Exact capabilitics vary from system to
gystem, but can include features such as a pro-
srammahle advance curve, adjustable rev-lim-
iter, single-fire operation, multi-spark capabil-
ity, corrected tachometer output and retention
ol the stock vacuum operated electric switch
(V.O.E.S.). The V.OE.S, retards ignition ad-
vance under high load conditions.

Accel, Crane, Dyna, Harley-Davidson
Screamin’ Eagle, MC Power Arcand othersmake
clectronic ignitions for the Big Twin. Some of
these ignitions include all the previously men-
tioned features, while others include a {ew, For
example, the stock factory Evolution ignition
includes a magnetic sensor {or switching the coil
on and off, non-adjustable electronic advance
curve, non-adjustable rev limiter and (V.O.E.S.)
capability.

The M.C. Fower Arc single-fire electronic ignition has an
agiustable athvance curve and uses a maintenance free opli-
cal sensor a5 a frigger. Adiustabla screws and ping allow you
to setthe advance curva and built-in rev imitar fo yaur enging's
naeds. [talso can fire a secand spark lo the same cyfindarand
has V.OLEE. capability for street engines. Use with a high-
parformance coil for maximum pedormance, Shown iz the
Power Arz cantrod modiule mounted an an FLAT frame. Notice
the LED lights used for saffing the igrition advance curve.
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Although electronic ignitions contain siate-

of-the-art electronies to perform various fune-
tions, keep in mind that they must be combined
with high voltage coils to produce a high energy
spark for maximum power potential.
Having a basic understanding of the features
and capabilities of different ignitions will help
vou choose the best system for your engine com-
bination.

ELECTRONIC SWITCHING

The electronic sensor for turning the coil on and
off includes a trigger rotor and sensor assembly,
that are located in the engine’s cam gearcase
cover on the engine's right side. The Big Twin's
stock sensor operates magnetically using a Hall
Eflect magnet; however some performance igni-
Lione uge an optical sensor. An electronic sensor
maintains adjustment much longer than breaker
points and can provide more accurate timing,

ELECTRONIC ADVANCE CURVE

Every electronic ignition requires a mechanism
for ignition advance so the intake charge is
ignited before TDC. This ensures cylinder pres-
sure is maximized at the optimum time. Some
electronic ignitions, such as the Power Are, cre-
ate the advance curve within the electronic mod-
ule {black box) while others nse a conventional
mechanical advanee unit. Alzo, some electronic
modules are programmable in the sense that
either DIP switches (Accel) or adjustable serews

(M.C. Power Are) are used to provide a choice of

different advance curves that can be matehed to
a particular engine combination and riding stvle.

SINGLE-FIRE

All stock Harley ignitions, hoth Evolution and
pre-Evolution, fire the spark plug in both cylin-
ders at the same time. This is nothing more than
a low cost method for building an ignition, since
it does nothing to enhance performance. In fact,
it can actually hurt it. With this setup, the rear
eylinder receives a spark when its intake valveis
open at the beginning of its intake stroke. This
robs some of the coil’s energy {rom the plugin the
eylinder that is about to fire, which can reduce
the spark’s intensity. Additionally, the incoming
charge in the rear cylinder can be ignited at the
wrong time, causing a hackfire through the car-

The M.C. Power Are optical ngger repiaces the sfock iriggar
mechanism. The sensor plate includes adustmen! slols and
a red LED {fop cenlar) lo simplify static iming,

The Dyna "57 singla-fire electronis ignition uses a Hall Effect
magnalic trigger and a mechanical advance unit far the
advance cunve, [t should be combined with a high-perfor-
mance coif far maximum performance. Shown is the Dyna
single-fire magnelic inggar madule.

buretor and sometimes harder starting. These
characteristics are more noticeable when using
a long duration cam with an early opening in-
take valve.

~ Ontheother hand, a single-fire ignition fires
the front and rear cylinders independently of
each nther, g0 there i3 no wasted spark to drain
some of the eoil’s energy. This allows for casier
starting, smoather running and less vibration at
most rpm levels. Additionally, erisper throttle
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response and higher performance may he expe-
rienced,

Another important point is that single-lire
ignitions require two coilg, instead of one. This
requires finding an acceptable location [or mount-
ing the second coil, besides obtaining a bracket
that holds both coils, CCI and Rivera Engineer-
ing offer lightweight billet aluminum brackets
that hold two eoils and fit most Big Twin models.
On FLT models, a second coil can be mounted
under the gas tank where the original coil 1s
mounted. However, be aware that this is a tight
fit and requires fabrication of a special U-shaped
mounting bracket. Another mounting location is
under the sealt.

For single spark plug heads, ecach coil can
have a single plug wire tower. When dual plug
heads are used, coils with dual wire towers are
required. However, dual tower coils can he used
with single plug heads as long as their second
tower is grounded.

A single-fire ignition only sends one half the
gignals to the tachometer as a dual-fire system
does. As a result, the ignition’s signals must be
corrected for an accurate tachometer reading.
Some electronicignitions, such as the MC Power
Are, include a built in tachometer correction,
while other svstems need a separate adapter.

All ignition systems require a compatible coil
for proper nperation, and single-fire systems are
na exception. Therefore, be sure to select coils
with the proper ohms and voltage rating for your
ignition.

MULTI-SPARK

One of the major goals of an ignition svstem 1s to
provide total combustion of the intake charge.
Realistically this is impossible because of ineffi-
cient combustion chamber design. Some
unburned fuel will he pushed out the exhaust.
The only question is how much,

To burn the intake charge more completely,
some electronic ignitions generate either a sec-
ond spark or several sparks to the same cvlinder
during the ignition process. For example, in-
stead of producing a single spark for ignition, the
MC Power Arc ignition can be setup to deliver a
second spark at five degrees BTDC. (Be careful
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not to confuse this multi-spark capability with
the stock ignition system that inefficiently fires
bath cylinders at the same time.) The second
spark attempts to ignite unburned fuel remain-
ing in the combustion echamber as the evlinder's
power stroke iz about to begin. MSD’s motor-
cyele ignition generates up to six sparks when
the engine is at low rpm and the time between
each power cycle is the longest, As engine rpm
increases, the number of sparks 1s reduced to
approximately two at high rpm.

Horsepower inereages from multi-spark ig-
nitions depend on the combustion chamber's
efficieney, Efficient, small volume chambers with
a short {lame travel and high turbulence gener-
ally benefit less than non-efficient chambers, On
the other hand, chambers that have a long flame
travel, low turbulence or shroud the lame [ront
generally benefit more, Other benefits from multi-
spark operation include reduced plug fouling,
smoother idle and improved gas mileage.

RPM LIMITERS

A rpm limiter is recommended for all engines to
prevent damage to the valvetrain, pistons and
other components in the event a missed shift or
powertrain failure occurs. A built-in program-
mable rpm limiter is available with some elec-
tronic ignitions. Eleetronic modules that do not
include a rpm limiter can have a separate, {ree-
standing rpm limiter added at an additional
cost,

The stock Big Twin electronie ignition in-
cludes a rev limiter, however, it is non-adjust-
able and limits the engine to only 5250 rpm., This
is a major drawback for using the stock ignition
svstem on a free breathing engine,

KV Products manufactures the freestanding
Dvna two stage rev limiter for improved drag
strip launching, Thig limiter allows a controlled
rev limit during launch while providing a high
rpm limit after launch. Its benefits include easier
staging of the bike and more consistent launches.
Bath rev limit stages are controlled by a switch
on the clutch lever, Also, the limiter 1s designed
to operate with all inductive-discharge electronic
ignition systems on two cylinder engines.
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VACUUM OPERATED
ELECTRIC SWITCH (V.0.E.5.)

The stock Evolutionignition module includes
a vacuum operated electrie switch (V.O.E.S.)
that retards the ignition advance when the en-
gine iz under high load (low intake manifald
vacuum) detonation prone conditions, The
V.0 .5, ig primarily helpful on street engines
where low octane pump gas, stock eylinder heads
and heavy bikes are more the rule than the
exception. Some electronic ignitions retain this
feature,

Be aware that the V.O.E.S. is a “stopgap”
measure that retards the ignition timing to re-
duce detonation caused by poor quality gas and/
or low combustion chamber turbulence. Elimi-

nating the switch and grounding the wire (if

your ignition supports a V.0 E.S,) connecting it
tothe ignition module can help performance, but
may allow unacceptable levels of detonation. An
engine will have snappier throttle response and
stronger acceleration (assuming no detonation
is present) when the V.O.E.S. is deactivated. If
climinating the switch allows too much detona-
tion on a heavy FLT, install a V.O.E.S. from a
lightweight FXR instead. This switch will still
retard, but not as easily as the switch [rom the
FLT.

Another option is to connect a ground switch
to your bike's handlebars and to the ignition
module’s V.OES. wire. Thiz will allow the
V.0.E.S. to be turned off selectively, Under high
load detonation conditions, flipping the ground
switeh off (ungrounded) will temporarily acti-
vate the vacuum retard and reduce the potential
for detonation.

The V.0O.E.5. is usually located near the top
engine mount and includes two wires besides a
vacuum hose. One wire 15 grounded and the
other connects to the ignition module, The
V.0.B.S. is deactivated when grounded, which
means a simple on off ground switch can be
connected to the ignition madule wire to deacti-
vate it. The vacuum hose connects the V.O.E.S.
to a fitting located either on the carburetor or
intake manifold.

The internal contacts of the V.O.E.S. can
stick and cause an uncxplained drop in perfor-
mance. If vour engine’s performance drops and
you have checked for all possible causes without

locating the problem, try grounding the ignition
module’s V.0O.E.S. wire to see if performance
returns, I il does, the switch is the problem,

HIGH-VOLTAGE COILS

Much of the development devoted to stock elec-
tronic ignition systems 1s the result of more
stringent EPA emissions testing. Although elec-
tronie ignitions have improved reliability and
eliminated the need for high maintenance
hreaker points, in general, stock ignitions pro-
duce a relatively weak spark. This not only
limits the engine’s power potential, but it also
can cause part throttle missing and surging.

Adding a high-voltage coil and performance
spark plug wires to a stock ignition provides a
definite improvement in starting and idling,
oives crisper throttle response and allows the
engine to perform to its potential. It's also the
lowest cost method for improving the perfor-
mance of the stock ignition, although 1t does not
provide all the features and benefits of a high-
performance system.

All high-performance ignitions, with the ex-
ception of some magnetos, require a high-valt-
age coil(s) to produce a high energy, long dura-
tion spark. So be sure to match high powered
coils to performance ignitions.

Cuails are rated by several factors. The most
noted factor is its output voltage to the spark
plug (20,000 to 40,000 volts). Two other impor-
tant faclors are the ¢oil’s operating power (6 or
12 valts) and its output resistance (for example,

Dyna single fower pedformance coils arg on the feft wehile the
stock Big Twin cofl s on the right, Be sure fo mateh the coil's
ohirms and volfage ratings to the igniion syslam. Use either
single ar dual tewer coilfs dapending on whether the heads are
single or dual plug and whether the ignition /s single ar
duai-fira,
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1.5 or 3.0 ohms). The output voltage to the spark
plug plays a part in determining the spark’s
energy and duration while the coill’'s operating
power and output resistance must be correctly
matched to the ignition for proper operation.

Most high-performance coils are referenced
based on their output or secondary voltage such
as 30,000 or 40,000 volts, Voltage is the electri-
cal standard of pressure. Powerful high-perfor-
mance coilg, by their inherent design, store
greater encrgy, which results in a more power-
ful, longer duration spark. However, the coil’s
secondary voltage is only one factor to consider
when installing a new ignition system., Although
it’s true that the coil must provide enough output
voltage at the spark plug (o cause a spark to
jump the gap, itreally is current {famperage ) and
spark duration that do the actual work to ignite
the fuel mixture. So, increased vollage alone
does not necessarily lead to more efficient com-
bustion.

Ta start a well-developed flame front which
moves rapidly across the combustion chamber,
more “fire” or electrical energy must be placed
across the plug gap. The higher energy reduces
smolder time, which is the time between the
firing of the spark and the development of the
flame front, By igniting the intake eharge with a
big fat spark, smolder time iz reduced and the
time interval between ignition and maximum
cylinder pressure is reduced, This allows the
engine’s spark lead to be slightly retarded while
still allowing maximum pressure Lo be reached
at the desired time. Now the piston spends less
time fighting against initial combustion pres-
sure on its compression stroke, which allows
more usable horsepower to be made. Combining
an eleetronie ignition with a high powered coil
will maximize benefits because spark duration
and spark energy can be inereased bevond that
derived only from a high powered coil.

High powered eoils have a higher secondary
to primary turn ratio for greater secondary out-
put voltage. Although secondary voltage is only
one factor to consider, remember that perfor-
mance coils put out at least 25 percent more
secondary voltage than a stock coil and are
needed for a performance engine or even a rela-
tively stock engine to perform at its maximum
potential. An engine with a performance coil
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uznally has improved starting, a smoother idle,
crisper throttle response and better top-end per-
formance.

Note that a eoil must be properly matched to
an ignition system by operating voltage (6 or 12
voltg) and resistance (chms). The resistance in-
dicates the amount of current the coil draws
from the primary circuit. If necessary, the pri-
mary resistance can be checked with an ohmme-
ter. Using a eoil with the wrong resistance can
damage an ipnition.

Some coils have no polarity and are identi-
fied by two unmarked terminals, In this case,
gither terminal can be connected to the ignition
switch or ignition system. On the other hand,
coils with polarity are identified by two termi-
nals marked positive and negative. These coils
have two secondary windings that are supplied
current by one primary winding and must be
vonnected according to the ignition man-
ufacturer’s instructions.

Also, coils are available in either single or
dual-tower configurations for supplying energy
to either one or two spark plug wires. The re-
gquired number of coil towers is determined by
whether the ignition system is gingle or dual-fire
and whether the eylinder heads are single or
dual plugged. Dual plugged heads are normally
setup with two dual-tower coils wired in series,
although a single four-tower coil can be used.

Performance enils are available from Accel,
Andrews, Dyna, H-D Scereamin’ Eagle, MC Igni-
tion and others.

SPARK PLUG WIRES
Moving the high-voltage from the eoil to the
spark plug is difficult to do with standard igni-
tion wire. The standard wires are unable to hold
the high-voltage, leading to “erosslire” between
the wires, engine misfires and reduced power.
“Croszsfire” iz the phenomenon where one spark
plug wire induces a voltage into another plug
wire, thereby reducing spark energy and poszi-
bly causing damage to the a eylinder. Aceel, H-D
Screamin’ Eagle, MSD and Taylor offer 8mm,
gilicone insulated, high temperature cable that
will contain the high voltage to the spark plug.
Some manufacturers, such as Tavlor, offer
silicone insulated spiral-wound metal core cable
that can be used with almost any type ignition.
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Silicone insulated solid metal core wire is
frequently used on the race track with magnetos
and breaker point ignitions because it does an
excellent job of containing high-voltage. Butitis
not compatible with all electronic ignitions and
doesn’t offer RF zuppression. The RI7 interfer-
ence can cause problems with onboard data
recorders and computers.

Some racers use heat resistant, glass fiber

f cloth tubing to sleeve the spark plug wires [or
additional heat and voltage insulation. Don’t
allow plug wires touch any metal surfaces and

' keep them separated al least one half'inch from

: - . _ cach other to eliminate misfire and “erossfire”

' ;;Eg;;c:ﬁﬂz 'aﬂ'::2;”E‘:é"r:;:I;?}ﬂ?f;’ffiﬂifj{:;gﬁggfq‘;j;’ajg;f problems. Check with your ignitia n's manufae-

Silicone insulated, spiral-wound, metal core cable does an turer for compatible plug wires and spark plugs.
?:lxt:r.'u':"frz!:-'o b of J: E" r?_:.-_--_' ..F gfwg'? L’_GJ'J'..-: gr 'ﬁrfd. iu&orefsfsﬁ.;n.?ﬁﬁ:g
fatone. Snown are Tayioy spirarwound plug wiee. . IGNITION BOOSTERS
An ignition booster is an electronic control de-
Spiral-wound cable usually is the best choice for signed for use with breaker point ignitions, The
- electronic ignitions and is highly recommended booster increases the energy signal to the coil
} for most systems since it does a signilicantly and reduces point arcing. Maintenance is re-

superior job of maximizing voltage energy and
suppressing radio frequency (REF) interference

when compared to the stock carbon-impregnated
wire. IL also iz compatible with onboard data
recorders and computers. The spiral winding
uses an inductive instead ol a regigtance method
for suppressing RF interference. As a result,
there is only a slight resistance to current flow.
Good guality spiral-wound wire includes a di-
electric insulator and silicone insulation for
maximum protection against voltage leaks.

duced because plugs and pointe tend to last
longer and condensers are eliminated. Dyna
offers a hooster for single and dual point 1gni-
Lions.

IGNITION ADVANCE FUNDAMENTALS

An established fact is that the eylinder’s airifuel
mixlure does not explode all at onee. If it does
explode instantaneously, the pressure wave from
the violent explosion can cause engine desiruc-
tion. To obtain maximum torgue, combustion

IGHITION FEATURES GUIDE

1 Manu- | Magnetic | Optical | Mechanical | Electronic | Adjustable AF Separate | Wulti- | High AFM| VOES
| facturer Single-Fire| Duazl-Fire| Sensor | Sensor | Advance hdvanee | Advance | Limiter | Cyl Timing | Spark | Retard | Switch
l Accel [ Yes Yes Yes Yos - Yes |
| Carl's CDI Yes Yes Yes .
1 Magneto |
| Crane Hl-4 Yes Yes Yes Yes Yes Adjust Yoo [ Yas l
able
r Dyna-5 Yes Yes Yes Yeas : Yos l
| l Dyna 2000 Yes | Yes J Yes §| Yes Yas Adiusr| Yes |
| ahble
| MG Power Yes i 1 Yes , Yes | Yas Adjust Yes Yas Yes Yos l
{ Arc able
| Screamin’ Yo Yes Yes l *Fixed | 1 ves |
Earle at 8000
| 1200cc XL Yes Yes Yes ' Fixed at Yes |
| Module G250
Stock Yes Yes Yes ‘ Fixed at l Yes ‘
Electranic 5250

Table 8.2 *Extemal RPM Limiter Can Be Addad. Refer to Appendix E for additional ignition infarmation.

| The Big Twin High-Performance Guide




182  Chapter Eight

HIGH TR
FElan Risng Falon Lawanang
® pox
Py
i A
g it
T e
b b
w !
o ¢ i
= ) \
o r %
| i / 1
o f 5
o i
v
& ; ;
| & i L]
= L]
3 ! .
| &= ! - :
L) lgrdion o

1] |. -
Gopyrs B X 1

1207 100" 80” g0 40% 20° oo 20” 40® e0” 20 100™ 120°
BiDC  CBANKSHAFT ROTATIOM IM DEGREES aTDC

Abhigh rpen, Figeition occues 1ate, the piston will b axiremely
low in the cylinder when combustion pressure peaks. This
results i lhe piston being foo low in the cylindar to receive
maxinum pressuve, figntion lakes place oo early. excessive
combustion pressure will push against the piston maving up
the bove, When ignition 15 exfremely sarly, dzfonation will
accurn Eqch engine rom requires a different ignifion advance.
Howeavar, compushion chamber design. lemperature, fus!
actane, alrfuel rativ and engine load also datermine the
oplimum advance,

pressure must be developed smoothly and timed
correctly o the maximum amount of energy is
expended forcing the piston downward.

The optimum point for maximum cylinder
pressure is very narrow, 1f maximum cylinder
pressure is developed just a few crank degrees
too early or too late from optimum, power drops
off substantially. If ignition is too late, power
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With an efficient chamber, average peak combusiion pressure
vsually oceurs between 12 and 17 dagrees after TDC and 80
parcent of the tofal pressure is achicved by 45 degrees afler
TDC. Motice how same pressure works against the pisfon
before TOC and that the exhaust valve opening causes aloss
af prassiune.
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drops off and engine heat increases because
more cylinder wall surface is expoged to burning
gases. If ipnition occurs slightly early, power is
reduced because excessive pressure is pushing
againsl the piston as it is moving up the bare
towards TDC, However, if ignition takes place
extremely early, combustion chamber pressure
increases dramatically and detonation occurs,

Detonation is the uncontrolled combustion of
the intake charge taking place simultaneously
at several places in the combustion chamber.
Thizs resulls in extremely high cyvlinder pres-
sureg, which can cause engine damage, Detona-
tion generates a pinging noise that results from
the actual collision of the multiple flame fronts
in the combustion chamber,

To achieve the most power, maximum cylin-
der pressure must oceur somewhere between
TDC and the point at which the exhaust valve
opens (generally between 42 and 65 deprees
BBDC for the Big Twin), For this to happen, the
ignition svstem must take into aceount the time
interval that is required for the air/ffuel mixture
to burn. This requires ignition to take place
before the piston reaches TDC,

since ignition oeccurs before TDC, the piston
ig still rising in the evlinder. When the air/fuel
mixture ignites, pressure increases due to the
heat of combustion and starts to push the piston
down the cylinder. This is what happens when
the engine kicks back during the starting pro-
cess, Theinerease in eylinder pressure due tothe
engine’s mechanical compression is at its high-
estlevel when the pistonisalt TDC. However, the
pressure increase attributed to combustion is
still on the rise so maximum cylinder pressure
occurs after TDC.

Formaximum power, it has been determined
that maximum cylinder pressure should occur
approximately 12 to 17 degrees ATDC for an
efficient combustion chamber and mavhe as late
as 30 degrees ATDC for one with an inefficient
design. After this point, the downward move-
ment of the piston reduces pressure guicker
than the expanding gases can increase it. So, Lo
obtain maximum cylinder pressure shortly alter
TDC, ignition must take place before the piston
reaches TDC (usually between 5 and 50 degrees
before TDHC )
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Ifignition iz get Lo oceur at 15 degrees BTDC
at 1000 rpm, there is a given time interval (about
L0025 second) between ignition and TDC. When
engine rpm is increased to 2000, the time inter-
val is reduced to half the original time interval
and halved again when it is increaged to 4000
rpm. As rpm increases, less time is available for
combustion. This requires moreignition advance
to achieve maximum cylinder pressure near the
beginning of the power stroke. However, beyvond
approximately 3000 rpm. the amount ol ignition
advanece remains almost steady becausge Lhe re-
duced time available for combustion is ollzel by
a gquicker burn rate, which is attributed to in-
croeased combustion chamber turbulence,

TIME AVAILABLE FOR COMBUSTION

TIME FOR | TIME FOR FUEL BURM
__RFM COMPRESSION STROKE (35 "BTODC TO 110~ ATDC)
mae | 020 seconds [ 0742 S
2000 j 015 seconds i T M1 se
3000 0190 secocods | T I0ET secords
EEE 0075 seconis ; i 0060 seconds
[ so0g 00E0 seconds f 00A& secands |
(o0t | 0050 seconds 0040 seconds |
oo I 0043 seconds | Q033 secons
R | I0ET seconds | OUED sEconas
Table 8.3

COMBUSTION ELEMENTS

Engine speed iz only one element that governs
proper ignition advance. The rate at which the
air/fuel charge burns is another and it is a
function of charge density, flame speed and the
arca ol Lhe Name front.

Combustion time is lengthened by the [ollowing
conditions:

*  Leaner mixture

*  Less turbulence

* Lower temperature

*  Lower pressure

*» Lower air density

* Residual combustion gases

Combustion time is shortened by the following
conditions:

* Richer Mixture

* More turbulence

*  Higher temperature

* Higher pressure

¢ Higher air density

The most chemically correct air/fuel mixture
is referred to as stoichiomelrie. The exact ratio
varies based upon temperature, hurmdity and
air density, but it is normally just under 15:1.
Maximum power, however, is achieved at a ratio
cloger to 12:1. Mixtures that are richer or leaner
than stoichiometric burn slower. However, if you
measure the burn rate for a lean mixture, then
enrich the mixture and measure the rate again,
vou will find the burn rate will increase up to the
point of stoichiometric and then it will decrease,
The key paint is that a richer mixture burns
faster than a leaner mixture up to the point of
stoichiometric. Rich mixtures enhanece the speed
at which oxygen burns and promote a more
complete burn up to the point of stoichiometrie,
then the excessive amount of fuel molecules
ingsulates one set from another. This reduces
heat transfer along with the burn rate.

Turbulence has the greatest influence on the
speed at which an air/fuel charge burns. High
turbulence causes greater fuel atomization,
which results in smaller fuel droplets that oxi-
dize (burn) more quickly, IHigh turbulence also
fans the lame front into many ragged or bushy
edges, which increases the area the flame pre-
sents to the airffuel charge. This causes small
portions of the flame front to break away from
the main kernel and hurl forward, 1t also signifi-

cantly increases the burn rate over a non-turbu-
lent fuel charge and allows for reduced ignition
advance.
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High turbulence fans the flame front into many bushy edges,
which improves lame propagation and speeds combuslion.
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A dual plug, bathiuh combustion chamber provides 3 compact
space with shorl lame travel and the twin squish shelves

rovide RHigh furbulance. With a 29 degrae included valve
angla, the chamber rocd resmaing shaliow and allows relatively
high comprassion with a flat fop piston. Togelhar, these
charactenstics shorten the burm fimea and reduce the required
ignition advance, which lovears the potential for engine dam-
aging defonation. Shown is an ST head setup for 4-inch bore
cwlinders giving 174 ol FPholo courtesy of Greal Lakes
Cyele.

Higher compression and higher tempera-
ture ereate higher pressure. Higher pressure
compacts the air/fuel charge more, which allows
the flame front to travel rom one zet of mol-
ecules to another szet more quickly. This in-
creases the speed of combustion and requires
less 1pnilion advance,

The density of the air/fuel charge affects the
speed at which the mixture burns. Low ambient
temperatures and low altitudes increase the
density of air, Also, a wide open throttle position,
which decreases manifold vacuum increases the
density of the air/fuel charge. The higher the air/
fuel density, the more mass there is to compress,
thereby ereating higher combustion pressures.
This reduces the burn time, which reduces the
required amount of ignition advance, Conversely,
high ambient temperatures and high altitudes
reduce air density. Alzo, nearly closed throttle
positions create high manifold vacuum, which
reduces mixture density. Low air/fuel density
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lengthens the burn time, thereby increasing the
required 1gnition advance.

Inefficient exhaust systems allow combus-
tion residue to remain in the cylinder and con-
taminale the incoming fuel charge. The exhaust
gases separate the fresh fuel molecules and
absorb some of their heat. This slows the burn
rate, which increases the ignition advance re-
guirements.

Combustion chamber design can also affect
the burn rate and total burn time lor the intake
charge. A large, deep combustion chamber re-
guires the flame front to travel a long distance,
which increases the total time required for com-
bustion. A single spark plug located on the side
of a large chamber contributes to long flame
travel. For high compression, a large chamber
requires a high dome piston. The high dome
frequently ohstructs the [lame front and in-
creases Lhe total burn time. Also, a hemispheri-
cal chamber such as the Shovelhead’s has low
turbulence, which deereases the flame front and
slows down the burn rate. All ofthese conditions
increase the required amount of ignition ad-
vANCE.

ADVANCE CURVE

Ignition timing can be used as an engine’s power
lever, It can be used to make more power, less
powerortoprotect an engine from damage, More
advance doesn’t automatically produce more
power because every engine has a specific re-
quirement at a given rpm. For example, a streel
engine needs to make power from about 2000 ta
6000 rpm. To make more power over such a wide
range without detonation, the ignition’s timing
must change with different rpm levels,

The tirme interval between ignition and when
the piston reaches TDC is expressed in degrecs
of flywheel (crankshall) rotation. The greater
the number of degrees before TDC 1s, the more
advanced the timing. Heducing the number of
degrees is referred to as retarding the timing.

At startup and idle speeds a Big Twin engine
15 usually setup with between zero and 15 de-
grees advance BTDC. As engine speed increases,
the advance increases to approximately 27 Lo 42
degrees BTDC to allow maximum cylinder pres-
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gure to occur at the optimum point ATDC. Total
advance 15 usually all in by 1800 to 2500 rpm. At
approximately 3000 rpm, greater turbulence
generated by the higher rpm increases the burn
rate, which offsets the reduced time available for
combustion. As a result, the need for more igni-
tion advance levels off and becomes nearly con-
stant up Lo the maximum engine rpm.

Each engine design has its own ideal ad-
vance curve and amount of ignition advance. A
typical Evolution engine requires about 35 de-
grees advance to make maximum power in its
higher rpm ranges. An Evolution Sportster needs
about 40 degrees advance and iron Sportsters
typically run best with 38 Lo 45 degrees advance,

Determining the best ignition advance curve
for an engine 1s time consuming and is best done
at the race track. However, it is most easily
accomplished on an engine dyno. Although few
of us can afford access to a dyno, understanding
the concepts and principles involved will help
you tune vour engine’s ignhition for maximum
performance,

The dyno process is called Besi Torgue, Mini-
mum Advance. This process is based on the fact
the internal combustion engine produces its best
performance when ignition timing 1s adjusted
for maximum torque at wide open throttle (WOT),
Maximum power usually occurs when the tim-
ing 15 just short of detonation.

Several factors determine the detonation
limit of any engine and some of the major ones
include: eombustion chamber size and design,
amount of turbulence, piston dome shape, spark
plug location, bore size, compression ratio, cam
specifications, air/fuel ratio, fuel inlet tempera-
Lure, and airffuel density, Additionally, humid-
ity, engine load and rpm enter into the picture.

During dyno lesting, an engine is run at
WOT under load. The ignition timing is ad-
vanced until there is a one percent loss in torque;
then the ignition is retarded until there 15 a one
percent loss in torque. Half way between the
advance and retard points normally results in
the best ignition advance. The testing 1s done at
varioug rpm levels to generate an engine’s ad-
vance curve requirement. This iz because the
ideal spark advance at 3000 rpm is not necessar-
ily the same as that at 5000 or 7000 rpm or any
other rpm for that matter,
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This is one example of & parformance advance curve. The
factory advance curve is sat for emissions control and com-
bustion chambers with low lurbulence. Same electranic fgri-
fans aliow an adiustable advance curve for lots of fexibiliny,
Centrifugal advance mechanisms can be modified with differ-
ant springs, weights and pins far better pedlarmance.

The essence of thig is that ignition Liming
requirements vary. At cranking speeds, the plugs
should fire relatively close to TDIC, But onee past
idle,ignition timing should advance fairly quickly
to its highest point.

Stock early maodel electronice ignitions pro-
vide a long, slow advance curve to satisfy emis-
siong requirements. The late model electronie
ignition includes aslightly more aggressive curve.
An example of a performance advance curve
would be five degrees advance BTDC at initial
startup, increasing to 15 degrees at 500 rpm, 25
degrees at 1500 rpm, and finally full advance
(approximately 35 to 40 degrees) at 2000 rpm.
Magneto ignitions usually run a lixed advance
where the entive advance s in effect from startup
to maximum rpm. This can result in harder
starting, especially if the engine has high com-
pressionorlarge displacement and is kick started,

DETONATION
Normal combustion is not a violent explosion.
Instead it iz a process where the air/fuel mixture
burns in a emooth, steady motion with the flame
front expanding from the spark plug until the
entire mixture is burned. If unburned air/fuel
mixture is excessively elevated in pressure or
temperature, it will explode in several zpots
without waiting for the flame [ront to ignite it.
This results in a violent collizion of flame fronts
after the spark plug has fired. In this situation,
the pressure rise is quick and violent and can
result in engine damage.

No engine can reach maximum power with
detonation present and even mild detonation
can increase physical and thermal stresses to

The Big Twin High-Performance Guide



186  Chapter Eight

the point of damaging pistons, eracking eylinder
heads, destroving rods and bearing, and shatter-
ing spark plug insulators, The noize resulting

from detonation is caused by the collision of

multiple flame fronts in the combustion cham-
ber and iz frequently inaudible because it can be
drowned out by exhaust sounds.

Excessive ignition advance, high compres-

sian and low actane fuel are common causes of

detonation. Too much ignition advance adds
pressure to the eylinder pressure generated by
the engine’s dynamic compression. In effect, it's
asilthe mechanieal compression ratio was raised.
Reducing ignition advance or the mechanical
compression ratio reduces peak cylinder pres-
sure, which reduces the possibility of detona-
tion. Raising the [uel’s octane level inereases the
fuel's ability Lo react in a controlled and orderly
manner under high cvlinder pressures and tem-
peratures. Oil contamination of the intake charge
due to worn piston rings, valve guides or oil seals
will severely reduce the [uel’s octane level and
increase the potential for delonation,

Time also plays a part in detonation. The
slower combustion takes place, the longer un-
burned airv/fuel mixture is held at high pressure
and temperature, and the more inclined detona-
tion is to oceur. A lean airffuel mixture is more
sensitive to detonation because it burns slower
and hotter than a rich mixture. Lugging an
engine al low rpm and large throttle openings
creates a high load condition and poor fuel at-
omization, This increases heat and pressure
while the time for combustion 1s lengthened. Tt
also encourages detonation. The Big Twin 1s
fitted with a V.OE.S., which retards ignition
timing at high load conditions to counteract this
condition,

Assuming ignition timing and fuel octane is
satizfactory, increasing the speed of combustion
is the best protection against detonation. High
turbulence atomizes fuel pariicles into smaller
droplets for quicker combustion. [t also creates a
bushier flame front thal consumes the airfuel
mixture more guickly. Additionally, a small,
compact combustion chamber reduces the dis-
tance the flame [ront needs to travel and leads to
reduced combustion time. Dual spark plugs also
reduce combustion time as evidenced by the
reduced ignition advance required when using
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two plugs, Low dome pistons that do not shroud
or ohstruct [lame travel ikewise help Lo reduce
burn time.

Black specks or small shiny black and purple
colored balls attached to the plug’s poreelain are
indications of detonation. Heducing the time
required for combustion allows the use of a
higher compression ratio for a given [uel octane
without incurring detonation. Whenever deto-
nationissuspected, immediately retard the igni-
tion, enrich the fuel mixture or do both.

PRE-IGNITION

Pre-ignition is frequently confused with detona-
tion. Where detonaltion oceurs affer ignition of
theintake charge, pre-ignition ignites the charge
hefore the spark plug firing. Pre-ignition iz caused
by a hot spot, which results from a red glowing
body in the combustion chamber. Causes of hot
spots include an overhanging gasket, sharp or
thin piston dome areas, valve surfaces, combus-
tion deposits, or an overheating spark plug. The
glowing body retaing encugh heat to ignite the
fresh mixture prematurely.

A commaon cause of pre-ignition is too hot of
aspark plug heat range, This can easily resullin
the plug's thin ground electrode or positive cen-
ter electrode to run hot enough to glow and
prematurely ignite the charge. Thisis one of the
reasons spark plugs are available in different
heal ranges. Signs of too much heat include
glazing of the plugs porcelain, bluing of the
center electrode or the ground electrode turning
green. Melted center or ground electrodes are
gigns of pre-ignition.

Pre-ignition will always oceur before ignition
takes place while detonation always occurs after
ignition starts. Pre-ignition iz similar to operat-
ing under excessively advanced ignition timing,
As a result. pre-ignition can lead to detonation,
but detonation will not lead to pre-ignition, Pre-
ignition is caused by hot spots and destroys
engines by heat. On Lthe other hand, detonation
iz caused by high pressures, low [uel octane or
airffuel separation and destroys engines by me-
chanical shock. Pre-ignition conditions will usu-
allv melt away the spark plug electrodes while
detonation generally leaves the plug’s electrode
intact, vet shatters the ceramie insulator.
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DUAL SPARK PLUGS

Adding a second spark plug to the cylinder head
effectively reduces the distance the combustion’s
flame front needs to travel, By installing a sce-
ond spark plug opposite the original plug, the
air/fuel mixture starts combustion at two sepa-
rate locations, instead of one. This essentially
reduces the distance between the plug and the
farthest part of the chamber, The time required
for combustion deereases and a more complete
and uniform burn of the airffuel mixture is
achieved, particularly with a high dome piston.
Furthermore, the potential for detonation is
greatly reduced and maximum horsepower can
be realized.

mince Lwo spark plugs reduce combustion
time, the point of spark ignition can be delayed
s0 the timing of maximum cylinder pressure
remains correct. Normal timing for the Big Twin
is approximately 35 degrees BTDC. This should
be reduced (retarded) by 5 to 8 degrees, which
results in timing between 27 and 30 degrees
BTDC. Since the crankease timing hole is about
10 degrees in width, vou can adjust the ignition
advance by setting Lthe flywheel iming mark at
the front edge of the hole or just beyond the front
edge instead of centered. This will provide the 5
to 8 degrees retard. Remember, this is only an
example. For vour application, subtract 5 to 8
degrees from the optimum ignition advance for
vour engine when running a single plug. Be
aware that failure to retard the ignition timing
will nullify any potential benefits of dual plugs.
Alzo take note that dual spark plugs (4 plugs
total) require the use of two ignition coils (dual
Lower each ), and both eoils must have the proper
voltage and ohm rating,

The major benefits of dual spark plugs are
higher performance and a slightly smoother run-
ning engine. For a given fuel oclane rating, dual
plugs allow the use of a higher mechanical com-
pression ratio without incurring detonation. Also,
for a given mechanical compression ratio, dual
plugs will allow the use of a lower fuel octane
rating. The larger and more inefficient the com-
bustion chamber and the higher the piston dome,
the greater the benefitg from dual spark plugs.

ADVANCE MECHANISMS

The function of an ignition advance mechanism
is to increase the gpark advance up to a maxi-
mum amount as rpm inereases. Ignition ad-
vance for the Big Twin engine is controlled by
gither a mechanical advance or electronic ad-
vance mechanism.

All engines through 1979 came equipped
with a mechanical advance unit, which uses
centrifugal force to move spring loaded weights
toadvance orretard the ignition based on engine
rpm. Starting in 1980, ignition advance 1s con-
trolled by an electronic system having two ad-
VANCE Curves one for part throttle and the
other for full throttle operation. Also, starting
about 1984, a vacuum operated electric switch
(V.0.E.S.) was added (to some models) to retard
the ignition from full advance under high engine
load (low intake manifold vacuum) conditions.

Although the Big Twin was never equipped
by the factory with a magneto, take note that
magnetos generally use a fixed ignition advance
setup where the timing is get to full advance and
does not vary with engine rpm.

Bome electronieignitions include a program-
makle advance curve, which is adjustable through
gither swilches or screws. This allows the curve
to be optimized for the level of engine modifica-
tions, weight and gearing of the bike, guality of
fuel and siyle of riding.

MECHANICAL ADVANCE

A mechanical advance mechanism uses cen-
trifugal force, weights and springs to increase
the amount ol advance. The centrifugal advanee
unit is located inside the cam’s gearcase cover
and is attached to the camshaft. As engine rpm
increases, the advance mechanism spins quicker
and centlrifugal force increases. The increazed
foree causes the weights to overcome spring
tengion and rotate, thereby increasing the
amount. of advance BTDC. Stock weights and
springs are designed to give total advance at
about 2000 rpm. Lighter tension springs ar
heavier weights will speed up the advanee curve.
Changing spring tension gives a more dramatic
change to the advance curve than changing the
weight of the weights, You can also use one
heavy and one light tension spring. Removing
two grams at a time from the weights will slow
the advance curve,
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Tao function properly, the entire mechanical
advance unit must work freely and smoothly
with no jerking or dragging, Severely used ad-
vance units sometimes start sticking or operat-
ing erratically. Any problems can be detected by
firstremoving the timing access cover and grasp-
ing the points or electronic sensor cam. Next,
turn the cam as far as it will turn and then
releage it. [t should return guickly and smoothly
Lo its original position.

For an engine that is running, take note of
how quick the engine drops down to idle after
vou rev it up. 11t idles around 1300 to 1500 rpm
for a while before dropping down to idle rpm, the
mechanism is probably sticking. In either case,
asticking advanee unit indicates it is worn, dirty
orhoth. With use, the advance weights wear and
the springs lose tension, Also, many mecha-
nisms are low in quality and quickly wear out.
This allows the unit to either stick orthe weightls
Lo bounce, which resultz in inaccurate and ir-
regular timing, The weight pivol pins can also
deflect a [ew degrees during high rpm operation,
causing erratic timing,

When inspecting a mechanical advance unit,
look for worn pivots and pivot holes, weak springs
and gloppy clearances. Also, check how smooth
the weights pivol an their post.

Clean the entire azssemhbly and make sure the
holes in the weights and their pivots are per-
feetly clean. Carefully aszemble the unit without
stretching the springs and lightly lube the pivots
and weights with molybdenum disulfide lubri-
cant.

The pencil points to one of the mechatical advance refard
ping, A pin is prassed info each weight. The larger the pin
diameter, the lass the centrifugal advance will be, Refer o the
text for determining optimum pin size,
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When assembling the advance mechanismto
the camshaft, make sure it sits squarely against
the cam and that its roll pin is located in the
cam’s noteh. Also, be careful when serewing the
long retainer bolt into the cam and only tighten
it according Lo [actory specificalions.

Rivera Engineering sells a stainless steel
mechanical advance mechanism that has heat
treated polymer coated weights, high guality
cadmium coated springs, besides stainless steel
pivol pins and backing plate. This unit offers
smooth operation and durability. D&S Perfor-
mance gells American-made springs made [rom
premium-grade spring steel that are designed to
give full advance near 1800 rpm.

When settingup acentrifugal advance mecha-
nism there are a few points vou should consider.
A stock mechanical advance unit gives about 30
degrees of centrifugal advance. When vou add 5
degrees of inilial advance, you gel a total of 35
degrees advance. Let's say vour heads are dual
plugged and you want to run 30 degrees total
advance, If vou set the engine’s total advance to
30 degrees with a timing light, you will now have
zero initial advance and 30 degrees centrifugal
advance. This will cause poor idling and “cough-
ing” and hesitation when the throttle is guickly
opened because there is too little advance (actu-
ally zero degreesiatidle. To correct the problem,
yvou must reduce the centrifugal advance to 25
degrees. This can be done by inereasing the
diameter of the mechanical advance's retard
pinsg. Stock pins are aboul (187-inch diameter.
You may have to use pins up to .250-inch in
diameter. You can make new pins or press brass
ferrules over the existing pins to inereasze the
diameter.

Before you can determine pin size, vou need
to determine two things: the total ignition ad-
vanee the engine runs best at and the advance it
1dles best at. Total advance is determined by
performance testing on the race track. The best
idle advance is determined by changing the
timing while the engine isidling. Use the setting
that gives the best starting and idling. A dial-
back-to-zero timing light can be used to verify
the amount of initial advanee after vou have it
set. Each engine is different, but many engines
like 10 to 15 degrees initial advance,

For the [ollowing example lets assume 10
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degrees initial advance and 30 degrees total
advance is hest. If we subtract the 10 degrees
initial advance from the 30 degrees total ad-
vance, there is a remainder of 20 degrees. This
means that 20 degrees centrifugal advance is
needed. However, the stock mechanical advance
mechanism gives 30 degrees. By increasing the
diameter of the retard pins, the centrifugal ad-
vance can be reduced to 20 degrees.

You can inerease the retard pin's diameterin
{025-nch increments 2o the engine’s centrifugal
advance ig reduced to 20 degrees. This will give
a total advance of 30 degrees while keeping the
initial advance at 10 degrees.

SETTING IGNITION TIMING
Procedures for adjusting the Big Twin's ignition
timing vary with different ignition systems,
However, there are several techniques and con-
giderations that are common to all ignitions.
All ignitions are adjusted based on a speci-
[ied number of crankshaft degrees BTDC. One or
more timing marks are placed on the side of the
left flywheel. These marks can be viewed through
the timing inspection hole located on the left
crankease just below the bottom of the eylinders,
Some {lywheels have one front eylinder advance
mark while others also have a TDC and rear
c¥linder advance mark. The advance mark for
the front cvlinder and rear cylinder (if it exists)

are the most important. Due to variances of

engine machining tolerances, the flywheel marks
may be slightly inaccurate, So, if vou're building
an engine from the bottom up, vou should verify
the accuracy of all timing marks because key
measurements are based on Lhem,

Verification reguires mounting a degree
wheel on the engine sprocket shafl, locating
TDC and then checking the advance mark for
each cylinder. In some situations, a mark can be
oneor two degrees off. [fthe engine is assembled,
vou can verify each mark’s position as long as a
degree wheel can be mounted on the sprocket
shaft. In this case, you need to use a TDC
locating tool, which screws into the spark plug
hale to determine TDC. Crane Cams and others
sell this tool,

lgnition timing is normally set according to
the front evlinder’s timing mark. Some ignition
syvetems allow setting the front and rear eylinder

The crankcase timing hole is about 10 degrees in width.
Timirg the engine with the timing mark at the front edge of
the hole retards the timing about 5 degrees from the mark’s
standard valve. Conversely, placing the mark at the haola's
rear edge advances iming & degrees. The posilion of all
fhywheel timing marks should be verified since machining
folerances can cause Maccuracias.

timing separately. For stable timing, the me-
chanical advance unit (f present) must work
smoothly and not have excessive clearances.
Also, the cam’s end play should be set correctly,
although this is not as important as it is for the
sportster engine.

For accuracy the timing must be zet when
the engine is al [ull advance. Thiz means the
engine must be running fast enough for full
advance to take effect, which 1z usually at least
2000 rpm. The timing procedure regquires the
use of a timing light. A timing Light is a strobe
light that freszes motion with a short flash of
light. Timing a running engine is most easily
done with two people, With the engine running,
one person can aim the timing light at the
inspection hole while the other person adjusts
the ignition backing plate in the cam gearcasze
Cover,

Normally the ignition is adjusted so the ap-
propriate flywheel timing mark registers in the
middle of the inspection hole. Since the inspec-
tion hole 1s about 10 degrees in width, adjusting
the ignition with the mark positioned at the
hole’s back edge advances the timing five de-
grees. Conversely, positioning the mark at the
hole’s front side retards the timing five degrees,
Use a good guality inductive timing light and
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hold & rag over the timing inspection hole to
control the oil spray until it is time to flash the
light. And when vou're all done, buy the guy who
is holding the timing light a drink because he
will probably end up with a face full of wil.

Tech Products makes the EZ-Tyme degree
plate that mountsinside the primary chain hous-
ing. The plate simplifies timing by eliminating
the need for removing the timing inspection hole
plug when the engine is running. It can also save
you from getting a face full of oil.

The engine can be timed when it is stopped
(static timing), but this method 13 not as accu-
rate as when it is running. Some electronic
ignitions, such ag the Power Are, include an LED
light to simplify static timing. To time an engine
statically, both spark plugs must be removed
and the front cylinder must be positioned on its
compression stroke with its timing mark posi-
tioned in the muddle of the timing hole. The
[ollowing procedures assume the timing mark is
positioned in the middle of the hole. However, be
sure lo position it wherever is best for your
engine,

You can verify the engine’s compression
stroke by removing the front e¢vlinder’s intake
valve pushrod cover (the one clogest to the carbu-
retor) and then turning the engine lorward until
the pushrod starts moving downward. Always
turn the engine forward — never backward.
Then, very slowly turn the engine with the kick
starter lever until the correct timing mark ap-
pears in the center of the hole.

I the engine only has an electric starter,
place the transmission in high gear and raise the
rear wheel off the ground. Turn the rear wheel
by hand and follow the above procedures for
centering the timing mark in the inspection
hole. Sumeone may need to apply the rear brake
to hold the Oywheels from moving.

For breaker points, the Acu-Time tool is
available from CClto help hold the points camin
the fully advanced position. This tool allows the
engine to be timed in the full advanced position
rather than the retarded position.

When the timing mark is correctly posi-
tioned, connect a test light or chmmeter to the
points to determine when the points start to
open. Rotate the points backing plate until the
light goes out or the chmmeter indicates resis-
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tance, Then lock the plate down.

Forstock electronicignitions, connect aspark
plug to the front cylinder spark plug wire and
ground the plug. Turn the ignition on and slowly
turn the engine forward until the plug fires. You
will hear it snap. The flywheel timing mark
should be centered in the inspection hole when
the plug fires, If the mark 1s not centered, adjust
the ignition sensor's backing plate as necessary
and then repeat the procedure.

IGNITION SUMMARY

Up to this poinl a great deal has been said about
ignition systems, but what conclusions can be
drawn and how can the information be applied
towards increasing performance?

Keepinmind that the ignition systerm should
be one of the first four components replaced for
greater performance — the others being the
exhaust system, carburetor and camshaft. The
main reason for replacing the stock electronie
ignition 1% to remove its bulli-in rpm limiter,
Another purpose is to allow {or a more aggres-
give advance curve. When the stock ignition 15
replaced, the stock eoil should also be replaced
with a high-vollage coil for a higher energy,
longer duration spark. No aftermarket perfor-
mance ignition can work near its potential with-
out & high-voltage cotliz),

If you don't have the money to replace the
complete ignition system, you can replace only
the stock ceil and spark plug wires with high-
performance items at a relatively low cost. This
will provide a much stronger spark for fewer
misfires, smoother idle, better throttle response
and stronger acceleration.

Most winning racers are running an elec-
tronic, single-fire ignition system with high-
voltage coils and top quality spark plug wires.
These gyvstems usge cither a mechanical or elee-
tronic advance mechanism. Some systems are
loeked up with a fixed amount of advance. Some
ignition svstems include a built in rpm limiter
while otherz require the additional cost of a
separate limiter. Regardless of the ignition you
use, be sure to protect your engine from over
revving and missed shifts with a rpm limiter.

Evolution hydraulic valve lifters pumpup at
about 6300 rpm (depending on machined toler-
ances), so consider this when setting a rev limit.
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When the lilters pump up, valve control is lost,
This reduces power and can cause engine dam-
age. RPM should be limited to 6200 for a non-
serious performance engine. 58&S Products makes
an easily installed Evolution lifter kit that al-
lows the lifter to work as a hydraulic at low rpm

and as a solid at high rpm. This kit solves the-

lifter pump up problem. Some cams require full
solids, so lifter pump up is not a consideration.

[gnition svatems with a programmable ad-
vance capahbility offer a lot of flexibility, espe-
cially for the street rider and the multi-spark
capability haz proved to increase horsepower on
many engines,

For race engines, eliminating the advance
mechanism and locking up the ignition so ad-
vanceis allin at startup can resultin more stable
timing. Il cranking the engine with the electric
starter motor is a problem, consider wiring the
ignition to a switch separate from the starter
maotor cirenit. Then, after the engine 1s turning,
the ignition can be turned on.

Take note thatlarge displacement, high com-
pression engines may need a modified starter
maotor tocrank the engine. Carl’s Speed Shop has
a high torque starter motor for 1990 and laler
Big Twin engines.

TUNING IGNITION ADVANCE

There are several factors that determine the
optimum ignition advance for an engine combi-
nation, Some of the factors are internal to the
engine while others are external. The internal
factors include: combustion chamber design,
chamber turbulence, piston dome shape, me-
chanical compression ratio, cam specifications,
number of spark plugs per head, bore diameter,
rod/stroke relationship, air/fuel ratios, fuel qual-
ity and engine speed. External factors include:
total hike weight, gear ratios, air temperature,
altitude and humidity.

Stock ignition advance for an Evolution or
Shovelhead engine is 35 degrees BTDC. For a
slightly modified Evolution engine, two to five
degrees on either side of this setting is probably
cloge Lo optimum. The Shovelhead generally
needs between 35 and 45 degrees advance he-
cause of'its large inefficient hemizpherical com-
bustion chamber. A small highly turbulent com-
bustion chamber requires lesz advance than a

large, non-turbulent design.

Large stroker engines usually work well with
slightly less advance than stock stroke engines.
Also, the higher the compression ratio, the faster
the mixture’s burn rate will be. Consequently, less
timing iz required. For a large displacement high
compresgion stroker engine, start with about 30
degrees advance and work up from there. Some
100 plus cubic inch stroker engines with 14:1
mechanical compression and single plugs are run-
ning as low as 28 degrees advance. In general, the
higher the compression ratio, the less ignition
advance that 1s required for a given engine combi-
nation.

When running dual plugged heads, be sure to
reduce the timing five to eight degrees from the
above values, otherwise the potential benefits will
not be realized. Also, i’ you revert to single plugs,
don't forget to bump the timing back up because
the retarded timing will cause excessive engine
heat and possible engine damage.

Remember, these values are a general guide
and should not to be construed as gospel, Bat
they're a good place to start and should be helpful.

Before fine tuning the engine's ignition ad-
vanece, the carburetor must be adjusted for the
correct airfuel ratio. This 1s because different air/
fuel ratiog burn at different rates. When tuning the
engine, [irst tune the earburetor, then the ignition
advance, gearing and exhaust svstem. If vou don't
have a baseline tune for vour engine combination,
start with cold plugs, rich air/fuel mixture and an
1gmition advance that vou consider slightly leas
than optimum, After the carburetion is tuned,
increase the ignition advance in two degree incre-
ments until the engine slows down or signs of
detonation become present. Then back off the
timing two degrees,

The following tuning tips are associated with
ignition timing:

* For a given engine combination, the opti-
mum ignition timing will remain the same
until the combustion chamber design, piston
dome shape or any variables affecting igni-
tion Liming are changed.

* Higher compresgsion ratios require less igni-
tion advance because the mixture burns
guicker under higher pressure,
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Low gears can handle more advance than
high gears.

Anengine with little or noload can tuke more
advance than one with high load.

A light bike with a low gear ratio (high
numerically) can accept more ignition ad-
vance than a heavy bike with a high gear
ratio {low numerically ).

An excessively advanced ignition will allow
the engine Lo run strongly in low gears and
turn high rpm, but the engine will not pull
hard in high gear.

Ketarded timing reduces throttle response
at low speeds, causes shuggish operation and
waon't allow the engine to furn high rpm.

Retarding the timing a couple of degrees
when in high gear can sometimes help top-
end power because the engine is more heated
than when it left the starting line.

If vou add more advance and the bike's 60
foot time improves but overall E.T. is hurt,
the engine needs some advance taken out on
the top-end, An ignition with a top-end re-
tard can sometimes help in this situation.

Severely retarded ignition timing exposes
more eylinder wall surface to the combustion
process. Therefore, engine heat is inereased
and the exhaust system’s energy waves speed
up. This condition overheats the engine, re-
duces power and changes the optimum Ltuned
length for the exhaust svstem.

Generally speaking, as vou go up in altitude,
timing can be advanced a couple of degrecs
over the aptimum timing at sea-level.

Since higher air density increases the burn
rate, less advanece mayimprove performance.

Rich mixturcs burn cooler than lean mix-
tures, so the engine can tolerate more igni-
tion advance.
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Since different blends of fuel burn at differ-
ent speeds, ignition advance must be rees-
tablished when changing fuel blends.

The detonation level is not fixed, but can
move either up or down depending on air
Lemperature, ignition advance, fuel octane,
engine load, ete.

A long duration cam usually requires a
guicker advanee curve,

Use a projected-core spark plug whenever
possible,

If necessary, use a different spark plug heat
range in each eylinder.

A gpark plug with worn or rounded elec-
trodes requires more voltage to fire than one
with sharp square edged electrodes.

Any component Lthat increases resislance,
such as leaking spark plug wires, will limit
the size of the plug gap that can be used.

In general, any reduction in ignition voltage
or increase in evlinder pressure will require
a smaller spark plug gap.

Whenever vou switch to an ignition system
that produces an exceptionally high amount
of energy, vou need to run through your
tuning procedure toreestablish the optimum
fuel mixture and ignition advance,

Minimize all clearances that can affeet igni-
tion timing. This includes bushing clear-
ances and tolerances in the cam’s drivetrain
andignition advance mechanism. Loose clear-
ances in these components will increase the
ignition’s hvsteresis or lag time variables
and affect ignition timing,.

Timing based on the front evlinder flywheel
timing mark offers no guarantee that the
rear cylinder is timed correctly, Therefore, if
your ignition can time each cylinder sepa-
rately, be sure Lo use it.
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Building a large displacement engine today is easior than in tha past. Buf tuning dinvalvas a combinalion of art and scignce. Tuning
is offen the difference befween vanning and losing and reading spark plugs plays an impantant part in determining the fune. Joe
Tud an fis 115 of Eve Pro Gas dragster, Photo cowrdtasy of Larny Smith/Handeraifted Amearican Rscing Motoreyoles.

*  Amagneclo’s breaker cam lobe may need tobe
modified (indexed) for aceurate rear evlinder
timing. If the rear evlinder does not fire at
the same time BTDC az the front evlinder,
the magneta’s rear cylinder cam lobe can be
polished with a fine stone until both eylin-
ders fire accurately.

*  When using o 12 voll lotal loss ignition sys-
tem, coll saturation s somelimes enhaneed
by eonnecting three 6 voll batleries in series
and uging a ballast resistor to keep the voli-
age down to about 12 volts.

+  Besuretouseagood ground from the battery
to the engine and battery ta the ignition
svslern,

SPARK PLUG READING

Spark plugs play animportant partintheengine’s
ability to make power and they are an important
toal the racer can use in determining the opti-

mum airffuel ratio and ignition timing, Plugs
also tell a compelling story about the ability of
the pistons and valves to control oil. Further-
mare, plugs help the tuner determine the fuel
distribution to each cylinder and the eylinder's
cooling. Reading a spark plug iz one of three
methods for determining the state of an engine's
tune. The other two methods are cheeking the
piston dome for color and the color ol the exhaust
header just past the port,

Reading spark plugs is actually a combina-
tion of art and science, It takes knowledge and
some practice to read plugs accurately. Astute
plug readers tend to be reluctant to share their
plug reading knowledge because tuning is fre-
gquently the difference between winning or los-
ing. Almost anyone can build or have built for
them a large displacement engine with cutting-
edge parts. However, not everyone can tune it to
perform up to its maximum potential. The fol-
lowing information won't make you an expert at
plug reading, but it will start you in the right
direction.
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I v want o win, vou nead fo know how to tune your engine.
Spark plugs play an impartant part in luning because they arg
sensitive fo gicfuel ratios and can provide clues abaut ignition
dming, oif control and cylingar faal. A spark plug fashlight with
magnification will help vou read the plug where the ceramic
alfaches fo the body. Alzo shown s & plug gapoing focl that
reens the eleclrodas parallel 1o each other,

If voure working with a slightly modified
engine, your starting spark plug may be close to
a stock heat range and type. If you're working
with a new engine combination, vou need to
determine a starting heat range and plug type.
Plugs transfer heat by passing it from the ce-
ramic insulalor to the steel hody. The longer the
ceramic insulator, the farther the heat has to
travel and the hotter the plug runs. Most of the
plug’s heat is transferred in this manner. A plug
works best at about 800 degrees 1" and if it is
much colder than this, misfires will inerease or
the plug will foul. When the plug runs much
hotter than 1200 degrees F| it overheats and pre-
ignition and detonation can set in.

For the most part, plug type is determined by
the design of its ground and center electrode, the
distance the ceramicinsulator protrudes bevond
the end of the plug’s body and whether it con-
tains a suppresser for radio [requency (REF) in-
terference. A projected-core plug provides a long
protrusion into the combustion chamber. This
results in the plug running hotter and staying
cleaner at low speeds while being better cooled
by the fresh air/fuel mixture at high speeds. For
these reasons, use a projected core plug when-
ever possible. Alsgo, most electronic ignitions
require the use of a rezistor type plug to mini-
mize RF interference, One exception is with the
Dyna ignition, where some racers have experi-
enced better performance with non-resistor plugs.
If you're not sure where to start with plug heat
range or type, consult with your engine builder
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or call one of the major spark plug companies.

A plug must receive some coloring from the
engine’s combustion process for it to indicate the
engine’s state of tune. Today’s plugs are harder
to read because they have a wider heat range
than vears ago. Also, unleaded gaz colors a plug
differently than leaded gas and different brands
of race gas vary in plug coloring characteristics,
Spark plugs come plated with different alloys,
but zine alloy plugs seem easier to read than
other allovs,

Togeta proper plugreading at the drag strip,
vou should adhere to the following procedures:
Make a lull throttle run through all the gears
and cutoflthe ignition after passing through the
timing lights. Pull in the cluteh and cloge the
throttle simultaneous to cutting the ignition and
coast to a stop. Shutling the engine off cleanly is
crucial for an accurate plug reading, Use a new
zet of plugs because a short run cannot erase the
color markings of the previous run. Also, load the
engine as much as possible,

Ta read a plug correctly vou need a spark
plug lazh light and magnifier. However, even
without one vou can gtill pick up elues about the
cylinder's air/fuel mixture and temperature. The
major things to check for are: temperature, signs
of detonation or pre-ignition, rich or lean condi-
tiong, ignition advance and presence of oil. The
parts of the plug that are inspected include the
center and ground electrodes, upper and lower
part of the ceramic insulator and the threads.
The color and condition of these areas will tell a
story.

Normal Condition

A plug from a correctly tuned engine will result
in the nose (tip} of the ceramie insulator being
natural white or having a slight trace of coloring
along with a light coloration of the center and
ground clectrodes, The center electrode should
have sharp straight edges,

Overheated

Check the center electrode for early signs of
overheating and pre-ignition. The electrode
should not show any signs of erosgion, such as
rounded corners or have a pink or purple color.
A slightly overheated plug will have the entire
insulator bone white in color while the center
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electrode has no deposits, but shows signs of

turning pink or purple, Alsgo, the ground wire
typically starts turning green. A severely over-
heated plug will include melted electrodes and
glazed or blistered insulator.

Pre-ignition

[Karly signs of pre-ignition may look similar to an
averheated plug, but advanced symptoms in-
clude extreme melting of the electrodes and
blistering or possible destruction of the ceramic
insulator,

Detonation

Initial signs of detonation include black or purple
specks or shinny black balls on the insulator
nose. Severe signs are identified by a vertically
fractured ceramic insulator along with rounded
electrodes,

Insulator Color

The plug’s eeramie insulator can indicate a rich
or lean condition. The tip of the insulator and
most olit down toalmost where it joins the plug’s
outer shell should be natural white or very
slightly gray in eolor. When looking down into
the plug, there should be only a hint of alight tan
fuel ringatthe insulator's base where it connects
tothe plug shell, Ifthe insulator is entirely white
{no ring), the air/fuel mixture is too lean. If the
ring is dark brown or the insulator 18 completely
eolored, the mixture is too rich, The closer the
fuel ring is located to the bottom of the insulator,
the leaner the mixture is. Conversely, the closer
it 18 to the insulator’s nose, the richer the mix-
lure is,

Fouled

Worn rings and evlinder bores, excessive valve
guide clearances, worn valve stem seals and poor
crankease scavenging can cause plug oil fouling,
The presence of oil in the chamber adds color to the
plug and makes it difficult to read accurately. Also,
even a slight amount of oil in the combustion
chamber can significantly reduce fuel octane and
bring on detonation.

01l fouling shows up as shiny, black residue
and in extreme situations it can be tar-like. Oil
buildup on only one side of the plug usually indi-
cates a valve guide seeping oil instead of the rings.

Excessively rich mixtures, too cold a plug
heat range or a weak ignition can cause carbon
fouling. Soft sooty debris on the plug shell, ce-
ramie insulator or electrode indicates carbon
fouling.

Thread Heat Rings
The spark plug threads can indicate the amount
of heat saturation the plag is experiencing. The
plating on the threads will turn to ash and
discolor based on the amount of eyvlinder heat
absorbed. The greater the number of threads
blackened, the hotter the cylinder is running,.
Three to five threads darkened on a long
reach plug indicates a normal amount of cylin-
der heat for a Big Twin engine. Comparing the
number of thread heat rings between each eylin-
der will indicate how similar the e¢vlinders are
generating heat. Remember, enriching the air/
fuel mixture or retarding the ignition timing
reduces heat. Also, an inerease in humidity de-
creases the number of thread heat rings showing
on a plug,

Ignition Timing
The plug's negative ground electrode can indi-
cate, on a relative basis, the amount of 1gnition
advance that is being run. New plugs have a
nickel or zine plating that will discolor at differ-
eni points on the ground electrode based on the
amount of ignition advance. The location where
the dark and ashy gray portions of the electrode
meel is referred to as the “ignition line” and
indicates a relative amount of ignition advance.

As a general rule, the “ignition line” should
be positioned approximately at the 90 degree
bend on the electrode. An “ignition line” closer to
the plug’s shell (where the electrode is welded to
the shell) indicates a greater amount of ignition
advance, On the other hand, when the “ignition
line” is closer Lo the open end of the electrode,
there is less advance.

Excessive amounts of ignition advance fre-
guently cause the ground electrode to deterio-
rate before the center electrode.

SPARK PLUG INSTALLATION

Correct installation is critical for proper opera-
tion and normal plug life. The plug reach (length
of threads) must be matched to the cylinder
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head. Plugs with a long 3/4-inch reach or short
3/8-inch reach are common. Make sure the plug
does nol extend too far into the combustion
chamber because this will allow exposed threads.
Exposed threads will easily overheat and cause
pre-ignition. If necessary, an extra thick gasket
can be used.

Make sure the plug clears the piston dome,
especially if high dome pistons are uscd. If neces-
sary, the piston can be flame slotted to provide
maore clearance forthe plug and better flame propa-
gation.

Plugs must be tightened correctly for normal
heat transfer between the plug and eylinder head,
Under-tightening will reduce heat transfer and
may allow eombustion heat to destroy the threads
while over tightening disturbs the sealing harricrs
and interferes with proper heal transfer.

Use a torque wrench and tighten to the recom-
mended b, ft. If vou don’t have a torque wreneh,
tighten plugs thal use a gasket L'4-turn beyond
finger tight. Also, use a very small amount of anti-
seize and keep it only on the threads,

SPARK PLUG INDEXING

Indexing is the process of externally marking the
plug insulator with a black felt pen at the point
where the pround electrode atlaches to the plug
shell. Then, when the plug is torqued down in the
head, the position of the ground electrode can be
noted. This is frequently done for cither of two
reasong. First, some engines may have insufficient
clearance hetween the plug’s ground electrode and
the piston dome. In this caze, the plug should be

e
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Indexing means installing the plug with the ground electrode
posittoned al & specific location. Indexing may be required for
piston clearance and sometimes can improve combustion.
The ground electrode’'s pesition is markead with a felt tippad
penbefore installation. Different thicknasses af indexing wasn-
ars are available from varipus Jfgnilion sysfem suppliers.
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Airfual mixtura is being rapialy squegzed from the squish
hand area toward spark plug by the angle top piston. The
indexing mark wmdicates that the airfuel mixture is not being
shrouded from the spark by the back side of the electrode,

positioned so the ground clectrode is near the top
of the chamber, Second, for non-supercharged en-
gines it is sometimes advantageous to position the
ground electrode g0 it does not shroud the spark
{rom the fuel squirting from the squish area,

By marking the plug and experimenting with
different thicknesses of indexing washers, the final
position of the ground electrode can be adjusted.

SPARK PLUG ELECTRODE GAPS
The electrode gap size can vary widely based on
the ignition system. In general, it is best to run
as large of gap as possible as long as it s consis-
tent with the energy capabilities of the ignition
system. But remember, the wider the gap is, the
higher the required voltage to jump it will be.
Increased voltage requirements stress the
ignition system and the spark plug wires. Spark
plug wire “croszsfire” can ecasily develop when
using wide gaps and low quality wires. Consider
using silicone insulated spiral-core cable lor
trouble free operation. All things being equal, a
wider gap can provide a superior spark for more
complete combustion, but there are limits.
Magnetos require a small plug gap. For ex-
ample, plugs should be gapped at .020-inch when
used with the Fairbanks-Morse magneto. For
breaker point ignitions, try a (028 to .030-inch
plug gap. Gaps for Inductive-Discharge elec-
tronie ignitions can vary widely between differ-
ent manufacturers, bul 030 to 032-inch 1= a
gond place to start. More than likely, the opii-
mum plug gap for an electronic ignition will
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range between 030 and .040-inch. Keep in mind
that the stock eleetronic ignition is setup with a
large 038 (o .043-inch gap due to emissions
testing at low speed operation, Try 035 to 040-
inch with the stock electronic system and less for
ahigh compression engine. Capacitive-dizcharge
svstems, except CI) magnetos, generally use
.040-inch and larger gapz. As a gencral rule,
tighten the gap when the compression goes up.
For dual plug heads, the plug’s gap size may
need to be reduced about .005-inch from the
listed sizes.

Ifvou intend to experiment with various gap
sizes, change the size in .005-inch inerements to
determine whether there is any performance
difference. In some situations, it will be difficult
to detect a change, With slightly modified en-
gines, performance differences attributed to gap
changes may be verv small or even nonexistent.
However, with highly modified, high compres-
sion engines, a change in plhug gap size can make
a notable difference.

When gapping the plug, make sure the ground
electrode is perfectly parallel to the center elec-
trode. Some racers like using side-gapped plugs

hecause the ground electrode ghrouds less of the
spark from the combustion chamber. You can
modify a plug for side-gapping by shortening the
ground electrode with an abrasive wheel or wire
cutters so that it only extends to the 90 degree
edge of the center electrode. Keep in mind that
worn plugs with rounded electrodes caninerease
the plug veltage requirement by 25 percent.

SPARK PLUG TUNING TIPS

Enrich the air/ffuel mixture if the plug’s insula-
tion shows signs of glazing or there is no brown
fuel ring at the bottom of the insulator. The
shape and color of the ceramic insulator should
remain as new and there should be no glazing or
fusing. The center electrode should not be turn-
ing blue and the ground electrode should have
little or nosigns of turning green. The electrodes
should look like new with sharp corners, no
erosion and no build up of debris on the center
electrode. Signs of aluminum pieces on the plug
indicate the piston dome is overheating, These
conditions indicate too much heat and require
enriching the mixture or retarding the ignition
timing.
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Many racing classes, such s ECRA's Sreet Eliminalor, aliow you to enjoy racing without building an all oul dragster. Remave ihe
wheelie bars, quiel the exhaust, mayhe add shocks and you have a stresiable bike. However, prepaning for race day, luning the
engine for power and tha chassie for traction are just as important in a street class as they are in a high dollar dragster class. Phato
courtesy of Lary SmithvHand-crafted American Racing Molorcycles,

Gel the airffuel mixture and the ignition
timing correct before changing spark plug heat
range, When the fuel mixture is cloge to opti-
mum, concentrate on reading the fuel ring at the
bottom of the insulator. If you dont have a
tuning baseline for the engine, vou should start
with a rich mixture, retarded ignition and cold
plugs. If you have a relatively close baseline,
enrich the mixture until the engine slows down
and then go down one jet size. Gasoline has a
narrow power range of about five percent for
maximum power, However, power drops off much
guicker going lean than it does going rich.

For ignition advance on an engine you're
unfamiliar with, reduce it in increments of two
degrees until the engine slows then add two
degrees back in it. The opposite method is to
increase the advance until the engine slows.,
shows signs of too much heat or detonation
becomes present — but you need to be careful.
Check the spark plug’s ground electrode for the
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location of the “ignition line.”

At this point, vou can concentrate on select-
ing the correct spark plug heat range. It is
usually best to run a plug as hot as possible
without any signs of excessive heal, Heat is the
major problem. Changing heat range won’t make
the engine go any faster, but it can help keep the
engine together and make it easier to tune.
Hemember that a plug too hot can bring on pre-
ignition and detonation, while one too cold may
cause fouling or intermittent missing under ex-
cessively rich or lean conditions. You may need
to run a different plug heat range in each cylin-
der, Sometimes the front cylinder needs a eolder
plug due to the uneven firing pulses of the V-
Twin engine. Remember that ambient atmo-
spheric conditions also play a part in tuning.

Up to a point, the larger the plug gap the
better, But keep in mind that a large gap re-
guires a strong ignition system and can stress
the system and the plug wires. <
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Camshaft
pecifications

T

Z_his appendix lists camshafts by engine
_ displacement. The tables should be used only
' as a general reference because, depending on
. the application, many cams are appropriate
' for other engine displacements.

EVOLUTION CAMS I
f STOCK ENGIMNES
[ Lobe
4 Valve | Duraticn | Duration | Vale | Owerap Lobe | Separation| TDC Lifter Spring
Year Grind Tirming al 053" [ al 020" Lidt at 053" Center Angle Lift Type Spacing
| 54-85 Stock-C | -15/03 168 A23 30 o0 ag J Hyd Stock I
i 03/-15 168 423 LLs
| a54-57 Stock-W -0BS5E 212 A7e -8 112 108 Hyed Stock
[ 25,04 08 A72 104 |
| 88-a1 Stock-L 01/37 218 266 485 3 108 111.5 05 Hycl Slock
f 52/02 234 280 495 115 083
9295 Stock-M 0250 208 250 ATE -1 106 [ 108 ] 070 Hyd Slock
! 31009 202 242 A72 110 4%
I 95-86 Stock-C W22 202 A72 -10 g9 107.5 Hyd Stock l
48/-10 218 ATE 116

Table A1 Valve [ift with 1.63:1 racker arm ratic,

The Big Twin High-Perfarmance Guide
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EVOLUTION CAMS
1 ~ BOLT-IN* _
Libae
Walve Duration | Duration Walve Dwerlap Lok Separation TG Lifter Spring
Company Grind Tirming at 053" | =i.020" Lift ai 003" Center Angls Liti Typea Spacing
L Andraws EV13 16/31 226 270 | 85 28 53 0z | 81 Hiyel Stock
4513 gag | a0 LAa5 105 A48
| andrews EVaT G 236 ] E?f‘ ‘ 495 36 oa 101 182 o Slock
44416 240 485 104 166
Andraws EVa 21/37 238 zua J 495 36 | 98 101 197 Hyd Stock
4315 238 280 485 104 153
| Andrews EY 46 2541 | 248 283 485 ] 43 aa 207 Hud Stock
4917 248 2R3 495 106.5 197
Bartals' BP20 ( 18/36 234 490 r a1 ! 98 r 102 Hyd Stock
4513 238 485 106 i
Bartels' BF40 21557 238 4495 a1 48 1 Hyd Stock
4820 2a 4495 104
| Carl's ChASRF 19047 245 445 35 104 105.5 Hyd Stock
Spesd Shop | 5016 245 485 107
Crane l 310 1 G40 238 430 35 02 0z 164 Iy Stock
4313 242 480 gz | ABS
Crane | H286 19/43 | 242 480 ‘ 43 102 102 79 Fiyd Stock
4ai24 252 490 102 208 JL
Edelbrock 1740 19/43 24 400 43 L 107 102 *.?ﬁr Hyd Stock \
48/24 252 440 1oz 204 .
l Haac HO-24 20436 235 500 39 g 1022 174 Hyd Stock J
r'::euarters 52419 SR | Bt 500 106.5 186
Leinewaber E-2 4562 285 ATD &0 905 102.4 205 Hyd!/5ld Stock
G7.5/37 ! 285 470 al o2t 1052 182
Leinewsebar E3S A4/852 286 | 502 80 99 103 215 Hyd'Sid | Stock
70/38 285 502 | at.o2of 107 A70
| Fowerhouse | BOOF 16/42 278 &00 | az 103 103.5 174 iyl Stack
416 240 500 104 179
RevTach 05 | 1632 228 465 a3 38 100 | Hyd Stock
4117 238 475 102
lﬂev'lech 10 21057 238 A75 39 G 102 Hyd Stock |
50018 Pdg 480 106
[ Rivera V100 | 27143 250 | 467 51 98 102.7 Hyd Stack
| Engineering BO/ag 263 J 467 J 107.5
S&5 502 il | 24 500 52 95 EES 225 HydSld | Stock
50,24 254 i) 103 | 221
Screamin’ 406 16/458 244 28z ABD 35 106 108 Hyd Stock
Eagle 51418 250 2B 480 106
Siftan 143-EY | 20055 235 500 as | e7 0.5 | 184 iyl Stock ]
L 28/14 2400 G 106 160
Sitton 145-EV ZE/42 250 ABD 48 57 101 200 Hyd'Sid | Stock
| R0/20 250 460 105 A7E
Siflon ]\-;a-a.p_r G042 052 45 57 95 100 222 Hyed Stock ‘
5527 262 b 1004 ATE
[V-Thunfje-r ( 3010 ] 15/39 234 L 500 a0 102 l 102 ABE Hyd Stock -
3915 234 500 102 156
W.Thunder 3020 18/42 240 ] 500 a8 l 102 102 173 Hyel Stock
42115 240 B0 102 AT3

Table A.2 ‘Pistons must have valve reliefs, Valve Nt with 1.83:1 rocker arm ratic.

CAMSHAFT SELECTION

An engine’s personality is directly influenced by
the profile of its camshaft, For this reason, praoper
selection of a cam and its related valvetrain
components is erucial il an engine is to perform
up to expectations. The following are some [ac-
tors vou should consider when selecting a cam,
But take note that there is no one cookbook
formula for selecting a cam because too many
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variables are involved. For additional informa-
tion, refer to the chapter Cam and Valvetrain,

APPLICATION AND OBJECTIVES

Too radieal of cam can limit a race engine's
power or kill low end power on a street engine, As
aresult, the cam vou select ghould correspond to
the engine’s power range most. important to you.
When selecting a cam, start out by determining
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f EVOLUTION CAMS
| MODIFIED 80 CUBIC INCH ENGINES
¢ Lobe | [
Walve Duration | Duration | Valwe Cverlap Lobe Separation TDC Lifter Spring
CompaEny GErine Tirming at 053" [ at.020" Lift at 083" | Center Angle Lift Type Spacing
Andrews EV35 29137 238 280 495 41 98 102 197 Hyd Yes
52/20 252 205 500 108 e
Andrews Ev51 28044 252 ' 285 B0 50 98 162 2335 My Stock
54122 256 2010 510 108 185
Andrews EV5a 2848 256 280 EE0 52 100 l 103 236 Hyd Yes
RG24 2B0 294 580 106 208
Eartals’ BF&l 2BM42 248 A5 44 94 102 ‘ Hyed Stack
55/23 258 au5 108
Carl's CME 19047 246 1 A80 35 104 | 105.5 85 Hyd Yas
Spead Shop 50/16 246 580 107 176
Crang H250 ‘ 1743 240 581 an | 103 [ 102 168 Hiyo Yes
523 248 5481 11 195
; Crane Hz56 24/48 252 490 44 102 104 200 Higed Stock
37125 262 G0 106 206
Edelbiock 1741 20046 246 600 47 103 104 87 Hhytd a5
saien 254 GO0 108 | 180
. Head HQ-25 18/38 236 ES0 3z 100 102 166 Hyd Yos
i Quarlars 4214 235 BB 104 &0
'. [ Feacd HO-Po | 2036 1 =B 39 EE 102 A3 Hyl Y
| Quariers 51415 : 500 106 B2
| Hezad HQ-23 19/47 246 500 43 104 104 A7z Hydl Yes
! Quaners 52/24 256 530 104 REt
| I Leinewebar Ess 3958 I 275 | 544 65 GE.5 105 225 Hyd/Sld Yeg
b E9/28 275 544 at .ozn” 111.5 32
[ Fowerhouse 530G 18i44 | 242 530 34 103 105 184 HydiSid Yes |
S0/16 245 530 107 184
| Powerhouse|  SEOY 1850 580 36 1 106 107 180 Hyd'Sid | Yos
54118 | | 560 | 108 180
Red Shift b 12742 [ 535 16 105 0.7 J 138 Hyd Yas
| 574 560 116.5 a8
| Hed Shift SED | idd ] 2z | 103 I 1o 180 Hyd Yes |
, 554 560 17 100
| Red Shift 575 2554 I 575 I'_ 43 104.5 108.5 225 Hyd Yag
5318 576 112.5 62
RevTech 20 22746 ABID 41 102 ’ 108 Hyel Stock
59115 480 110
RevTech 30 J 21437 495 41 98 102 Hyd Yes
5220 530 106
. S&5 561 32740 560 5& ET g 252 ’ HydSid Yas
H S35 580 102 210
Sereamin’ 400 28.5/50.5 a04 00 55 l 102 102 Hyd &5
| Eagle 55.531.5 314 S00 102
. I Screamin’ | 433 BT 235 530 47 102 | 04 Solid | Yes
I Eagle SEi24 209 530 108 .
| Siftan 144-EW 2745 440 49 0o.5 103 216 Hycl Yes
t BE22 490 107 1EG
' | Siftan 141.EV | 2aid 480 55 96 107 737 | Hyd/Sio es |
58.5/28 AE0 108 154
W-Thunder 2030 1644 B30 3z 104 104 BT Hydl |7Yes
A 4416 530 104 61
| V-Thunder 3044 17145 10 39 104 104 64 Hyd Tes
i aOi22 Rl 104 81
[ \ W-Thunder B050 22/50 E10 a4 104 104 191 Hyd Yes I
| S22 510 104 191
| Table A3 Mote that bolt-in cams also can be considered for this application level. Valve lift with 1.63:1 rocker arm ratio
| your objectives for the engine. Ask wvourself to developits power. For example, is power more
. whether you want a race only engine, a combina- important to you between 2000 and 4000 rpm or
tion street and race engine or just a mild perfor- 4000 and 6500+ rpm? Street engines spend most
i MANce INerease. of their time in the 2000 to 4000 rpm range,
i Next determine where vou want the engine while race engines usually stay above 4500 or

f The Big Twin High-Performance Guide
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EVOLUTION CAMS
§9-93 CUBIC INCH ENGINES
Lobe
| Valvr:z‘] Curation | Duration | Valve Crvarlap Labe Separation TOO Littar Spring
Company Giringd Tirning at 053" | =i .020° Lift | at.ps3" Cenies Angle Lift Type Spacing
Andrews EVEY 2848 | 256 200 560 52 100 103 236 Hyd L Yos
S 260 204 58D 105 208
Andrews Ewal 3260 272 e B10 G2 104 108 262 Hyd Yes |
| 6530 276 10 E10 108 244
Carl's M5 19447 246 580 35 104 105.5 185 Hyd Yas
Speed Shop 50/16 246 BB 107 176
Carl's ChE GEED 276 I [ 102 106 244 Hyd | Yos
| Speed Shog G524 ET6 E12 110 228
liranc | H304 24450 2h4 GO0 43 13 104 208 Hyd Yes |
B&/25 260 LBO0 105 208
Crang " Haos r 25/54 262 500 51 103 08 224 Heyd Yes !
EO/2S 272 510 113 195
I\Head HQ-23 18047 246 00 43 104 104 A7z Hyd i
Quarters 52124 256 530 104 191
Head H-28 A00RA 254 | B0 47 107 106.2 182 Hyd Yes
Ouarters By22 255 530 105.5 144
l Leinewebar E-55 38/56 BTG B44 65 98.5 105 225 Hyd/Sid Yes
GEE 275 544 at 020" 111.5 J32
Leineweher E-51 A9/E0 | 274 540 72 100.5 103.5 225 HyrdSidd Yes
8633 274 40 at .0zo" 1065 AGE
Powarhouse 560V 18/50 248 560 36 106 107 80 Hyd/Sid Yos
54/18 262 580 108 18D | S
Powerbouse [ S85VF 24754 258 ABR 44 105 107 200 Hiyel!Slel s |
BEP0 254 565 1018 200
| Fed Shift 575 2554 259 575 43 104.5 108.5 225 Hyd Yas
63118 261 575 125 A6G2
Fad Shift B25 3358 271 L2256 1 102.5 105.2 280 Hyd I Yas
/20 272 525 1014 216
RevTech 40 31/55 266 560 58 102 104 Hyd Yag
59/27 266 SB0 106
S&S l 561 S240 253 JBED 55 a4 94 ER2 Hyd/SId | Yas
H0/28 258 GED 102 210
Sereamin’ 400 26.5/50.5 257 04 LS00 58 [I:IEJ 102 Hyd Yas
Eagle 55.5/31.5 267 314 500 102
Sifton 141-EY 29541 28D 480 55 25 1 .232 Hyd!Sld Yes
58.5/26 264 B 106.2 184
Sifton 146-EV 30445 255 EOD | 54 a7 101.5 feicie) Solid Yasg
G 260 500 106 .200
V-Thunder 3060 2456 260 5a3 53 106 106 | 210 J Hyd Yes
61/20 270 B85 106 228

Table A.4 Valve lift with 1.63:1 rocker arm ratic,

5000 rpm. Within limits, the higher up in the
rpm band yvou want power, the more duration
vou will need for a given engine displacement.
Decide if you have to run at the front of the
pack or just along with the pack? If vou're racing
in a specific c¢lass, determine how competitive
the elass is. Check if vour class runs a “dial in”
E.T. or “heads up™? Depending on vour engine
combination, running at the front of the pack
may require a cam with up to 30 degrees more
duration and .100-inch more lift than one that
gives amild performance increase. Butinereased
duration normally requires a tradeoff of low rpm
torque for high rpm horsepower, Forexample. if
yvou install a long duration cam that is designed
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for a large displacement engine in a small dis-
placement engine, you will need torevthesmaller
engine between 500 and 1500 rpm higher than
normal to realize the potential power benefits of
the increased duration. And to minimize the
inherentlogz of eylinder pressure (torgue) at low
rpm, the mechanical eompression ratio of the
smaller engine will need to be increased some-
where between one and four ratios. Regardless,
if you want to win in a highly competitive class
or any class where racing is conducted “heads
up,” you will generally need a cam that performs
best in the higher rpm ranges.

The total weight of the bike, rider and pas-
sengeris another factor to consider. Heavy bikes
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EVOLUTION CAMS ‘
93-98 CUBIC INCH ENGINES
Lobie
Valve Dwuration | Duration | WYale Owerlap Lobe Separgtion| TDC Lifter Spring
_Campany Grind Timing at 053" | at 020" Lift at 053" Centar Angla Lift Type Spacing
l Andrews ’ Ev72 30454 264 286 560 58 102 104 245 Hyd Yes
G0/2E 268 apz 560 106 230
Ardrews EV7Y a1/55 2B6 a7 560 53 102 104 245 Hyed Yas
HAA2 276 214 550 105 2R
’ Andrews Evaq R 27z 06 &10 a2 I 104 106 2g2 Hyd Yoz
G6/30 276 310 &10 108 244
Andrews EVva AZ/E4 276 10 B840 B2 106 108 269 Hyd Yas
70430 280 4 EAD 10 245
Carl's CME 276 &1z &4 102 106 244 Hyd Yas
Speed Shop 276 &18 110 fetets]
l Crane Hao4 254 D0 49 103 104 2008 Hyed Yes
260 00 105 206
Crang H310 268 l 550 51 10 110 228 Hyd yes
GAIZE 276 50 10 229
l Hezad HO-26 20454 254 B0 42 107 1082 182 Hydl Yas
Quaners FAEe 2ER 530 105.5 181
Head HO-23 23/63 2B JB00 4T 110 107 194 Hyd s
Quarters 52124 256 630 104 185
Leinewetiar E-E 45.5/70 2895 540 | 88.5 1025 104.5 J 273 HyodhSid Yoz
TAM1 295 540 al 020 105.5 215
| Leinewsber E-4 49/74 303 550 | 88 102.5 1055 207 Hyd/sid Yos
7639 J 295 545 & .c}zﬁ"] 1085 195
Porersrholse SasE l caia0 264 595 44 108 | 110 215 Myl Sl Yies
G420 254 535 12 181 |
Powerhouze| 620E | 32/64 276 G20 =5 106 110 262 Salic Yes
7224 276 520 114 215
| Rad Shif 653 21/R2 253 T a7 105.5 1082 80 Hyd Y
5816 a4 B53 111 162
Red Shift 654 21/59 260 ‘ B854 38 109 108.5 Ag2 . Hyt Yes l
5717 254 554 110 J A6z
Red Shifi BIR AWEE 27 ) 61 102 5 105.2 250 Hyd Yas l
G4/PE a7 525 _ | 1os 216
FevTech 40 31/55 286 B0 58 l 102 104 Hyd Vs
saa7 266 5E0 106
SES 552 34/55 269 I SE0 63 100.5 103 e Hyc'Sid Yo
BO/ED 255 ] 105.5 220
Siftan 142-EV 3z/sz 254 i) 62 100 1025 255 Solid Yag
BOV30 270 540 105 206
V- Thunder 3060 24/56 EL 535 R 106 I 108 210 Hyd Yo
£1/29 270 &5 106 226

Table A5 Valve lift with 1.63:1 rocker arm ratic.

perform better at low rpm with a cam that has
less duration and overlap. Lighter bikes can
handle more duration and overlap while still
retaining good low speed performance.

ENGINE MODIFICATIONS

Decide if you want a bolt-in cam or whether
yvou're willing to spend the necessary time and
expense to remove the eyvlinder heads and install
stiffer springs with longer travel. Remember
that most high lift, long duration cams are de-
signed to work in conjunection with other high-
performance components such as: high-flowing
carburetor, free-flowing exhaust system, cylin-
der head porting, increased compression, stron-

ger valvetrain components, increased engine
size or a combination of these modifications.

A stiff valvetrain is imperative for achieving
maximum performance from any cam. The
valvetrain must remain rigid if it is to follow the
cam’s lobe profile accurately, Keep in mind that
valvetrain rigidity is more important than light
welght, although unnecessary weight is
detrimental. Stiffer valve springs with longer
travel are generally needed for any non-bolt-in
cam. And the more radical Lhe cam or the higher
the engine’s rpm, the higher the valve spring
pressure generally needs to be, Also note that
most bolt-in cams can beneflit from stronger,
high-performance springs. Valve springs must

The Big Twin High-Performance Guide




204  Appendix A

|

EVOLUTION CAMS
103+ CUBIC INCH ENGINES

] §| Lobe
L Valve Duration | Duration | Yahee Cheariap Lobe ‘i&na ratan r TG Lifter Spnng
Company Grind Tirnin at 053" | a1 .020" Lif1 at .05y Canter Angle Lif1 [ype Spacing
Bmdrews EVa 36760 e 550 88 102 104 Hyd/Sid | Yes ]
g4/32 278 550 108
Andrews Evag 34/T0 284 18 BED B 108 110 2R [ Hye s _l
76/32 285 as? BAD 1z 284
I_{:Em's CME 365D 276 812 B4 102 108 244 Hyd Yoo
Speed Shop 68/28 76 812 | o0 | 228
Carl's CM7E0F | 3a70 284 774 G 106 1 10 291 Solid ¥e5
Speed Shop 74130 264 b’m JL 1z 267 J
Crane H314 2654 260 L [ &00 a7 104 108 219 Hyd Yag
fi5/21 266 500 112 84
Crans HEVODdr | 2758 l T D 50 | 0 111l 226 Hyd ‘ Yes
7123 274 | 578 114 | 164
Fanﬁ HEVDOD34 | 37/58 ( 278 550 l 72 101 102 281 Hydl Vas
51/35 278 560 | 103 253
Crane EVROODG | 3862 280 3z 751 l 73| 102 108 277 Salid Yes
TE{E 280 332 T4 110 238
Head HO-28 | 2363 266 &g | 47 110 107 | 198 Hyd Yas
Cuarters 5@i24 256 | 530 104 86
Head HG-27 2B 266 ) 50 107 110 22 Hyd Yag
Quarters 70,24 T4 575 113 155
Leinawebar E-& fw.-?ﬁ [ 303 580 &6 104.5 108.5 285 Solid Yes
g4/39 303 | 560 | ato2er | 1125 | 106
Fﬂinewe'ﬂar E-7 435755 287 .5a0 835 ‘ 105 106.5 275 Solid Yes
77140 297 580 | &t 020 108.5 297
Powerhouse |  620E 32/64 276 520 56 106 110 282 Solid Yas
Toizd 276 620 114 215
l Powerbouse | G200 S6GE a2 G20 BE 105 109 20D Solici Yes
FE30 286 &20 113 200
| Red Shift B55 21/85 268 .55 37 112 1145 A97 Hyd Yes
70016 266 555 117 A2
Fied Shift 625 33/58 a7 25 &1 1025 105.2 250 Hyel Yes
B4/28 272 625 108 216
l Red Shift 710 2B/58 266 705 48 105 108.5 23z Salid Yeos
85/21 286 | 705 11z 180
Red Shift 785 3561 274 ] 785 BS 1015 o7 315 Solid Yes
L EEIEY 279 TEE 132; Q 245
SES 562 34/55 269 | 56D Ba 100.5 103 260 | Hyd/Sld | Yes
B0/22 269 | 560 | 1055 220 |
’s—as ET 32/64 276 A g4 | 106 108 250 | Hyd'Sid e
B4/32 276 5] 106 220 |
548 B3 34/61 75 530 63 1035 106 281 Solid Yes
BE/29 276 630 109 221
| Siftan 142:EV | 3eiEz 264 540 G52 100 102.5 235 Solid Yag 1
l BO/A0 270 540 105 226
[ Sifton 147-EV | 24/84 266 640 54 10 108.5 208 Solid Y&j
66/28 275 | 640 109 L 240
! V-Thuner 3070 2561 270 BO3 ) 108 T 106 234 Hyd Yes ’
B33 274 | G0 106 242

Table A.6 Valve [t with 1.83:1 rocker arm ratio.

be matched to the cam profile and the engine’s
rpm range. Too little spring pressure is gener-
ally worse than too much, but exeessively high
Pressure canses unnecessary power robbing fric-
tion, heat and wear. Consult with your cam
manufacturer for recommendations,

Stock Evolution hydraulic lifters usually can
be safely revved to about 6300 rpm. A low cost
S&S Limited lifter kit makes an Evolution hy-
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drauliclifter operate similarly to asolid unit and
is highly recommended. Velva-Touch hydraulic
lifters can be revved to about 8000 rpm and are
highly recommended for serious racing or when
lifter asgemblies need replacement. Jim's Ma-
chine offers performance hydraulic and solid
lifters and lifter blocks designed for high rpm
operation. Shovelhead hydraulic lifters should
be replaced with either solid, Velva-Touch or
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SHOVELHEAD CAMS
74-80 CUEIC INCH ENGINES |
- | Lobe -
Walve Duration | Dwration | Valve Overlap Lobe Separation TOC Lifter Spring
Company Grire Timing al 053" | ar 020" Lift al 053" Center Angle Lift Type Spacing
Stock H
Front Gyl -G46 220 256 .340 12 116 109 Hyd Stock
44420 244 282 390 102
Rear Cyl 14138 232 274 380 34 102 102
e 244 282 380 102
Andrews A 21/43 244 206 450 42 101 101 156 Solid Stoc
4321 244 296 450 |10 A58 |
Andrews B 28/50 256 298 ABS 52 102 102 182 Solid r Yes ,
gl Sl 256 298 485 102 482
Crane T AEER 2342 244 ABD 44 100 100 79 Hyd Stock '
qaize | uaa 450 100 183
Crane SUBET PE/S0 256 “l 450 A2 B2 102 Aad Solid Yes J
50026 256 | A90 l 182 ABd
FHead Ho ‘ 2054 F54 4] 465 41 I 07 104 161 Hyd Yes l
Quanars 221422 A3 244 Ad0) 101 160 |
Leinewebear L-1 ag/es 283 Az0 72 103.5 105.5 474 l Hyeh/Sled Stock
B3/34 | 283 420 | _at.oeg! (075 168 gl
Lainawsber L-25 4264 285 450 1 75 10 105.56 200 H'y'cl-'EIc"‘ Stock l
it 2a6 4503 at .oE0 110 160
Red Shift 510 25/54 258 51 U 42 104.5 108.5 A5 Hyd Yes
6318 261 510 1125 142
Rivera RERS-10| 2448 2R3 440 ] 1025 103.7 i Sl Yas
Engineering | S4/25 260 506 | 105 L
S&S 514 2343 | 248 f 514 100 100 A78 r Solid Yes
43/23 245 514 100 vlits7g
Sifton 107 2554 263 440 54 1025 03 143 Hiyl Yos
L 53/26 253 440 104 164
I Sifton J 112 28/45 253 440 53 9p.5 101.5 200 Hydd/Sld Yas
J 53025 258 440 104 179
(‘J—Thl,ndc—'ﬁ'i"-ﬁﬂﬂf'l 1442 236 A4BD 24 104 104 133 Hyd | Slock
4214 6 450 104 | 133 J
V-Thunder | 401049 14742 255 485 28 104 104 133 Hyd Yog
42114 236 ABS 104 133
W-Thunder | 4020021 17745 242 4ms | 34 100 104 147 Hyd \f:-:HJ
asi17 | 242 ABS 104 L J 147
‘Ehunder PD4DF41 1 47745 242 [ A4BE 30 104 104 I 47 Hyd | Yes
sofee 752 .485 o | N 04 A |

Table A.7 Valve lift with 1.43:7 rocker arm ratic,

Jim’s Machine lifters,

Chrome-moly pushrods are generally heavier
than aluminum, but more ridged at high rpm,
When used with solid lifters, chrome-moly
pushrods are generally noisier than aluminum
pushrods, but their extra rigidity 1s beneficial.
Adjustable pushrods are recommended for most
Evolution engines so hydraulic lifter pre-load
can be set accurately. Maximum effort engines
sometimes can benefit from lighter, one piece
pushrods.

Accurate rocker arm geometry iz crucial for
maximum performance, When reworking your
heads, be sure to have a competent head porter
or engine builder properly setup the rocker arm
geometry. Roller rocker arms reduce friction and
valvetrain wear especially with a cam that has

more than .550-inch Lift. They also can improve
valve control at high rpm. For accurate valve
timing, the camshaft, cam bearings and rocker
arm bushings must fit properly. Also, each tap-
pet must fit correctly in its tappet block and the
tappet raller must not be loose. Sloppy valvetrain
components cause inaccurate valve timing.
Accurate valve timing is also dependent on
accurate cam timing. All camshafts are ground
to ecertain valve timing specifications. A Big
Twin cam has a combination drive and timing
gear pressed onto its shaft. The gear must be
correctly positioned for accurale opening and
closing valve timing, In many instances, the
gear is positioned incorrectly during production.
To help ensure accurate valve timing, have a
capable motor shop degree the gear to the cam-
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SHOVELHEAD CAMS
84-91 CUBIC INCH ENGINES
Lote
Walve Duration | Duration Walve Crwarlap Liahe Separation TG Littar Spring
Campany Grinel Timing al .0ed' | at 020" Lift at el Center Angla Lity Type Spacing |
Andrews i 32/56 258 325 510 G4 102 102 180 Solid Yas
A5/32 280 a25 510 102 180
Anclrews | I 2B/56 264 09 BG40 L 104 1004 210 Solid Yas
ey 264 08 580 104 210
Andrews 382 JEE0 272 305 540 62 104 108 237 Hyd Yes
G630 276 310 580 105 220
Crane 0B 31/55 266 525 B2 102 102 217 Saolid Yas
Eeen | 266 525 1002 222
| Crang 3048 32/56 268 485 64 102 102 217 Salid Yes
b6/32 268 485 102 217
Head B 205A 254 AB5 41 L 107 104 161 Hyrd Yo
Cluartars 2E1R2 4021 244 A0 101 80
Leinaweber L-3 42/65 200 ABS 78 103 106 215 Solid as I
T35 280 A85 at .020" 108 A74
| Leinswebar J-2 A4 303 G503 B2 107.5 07T 228 Solid Yas
74/38 292 485 al 20" 108 182
Red Shift 510 25/54 254 A10 42 104.5 10B.5 A85 Hyd Yes |
G318 261 510 112.5 142
I Fed Shifl 580 2351 254 JGED a8 104 108 g0 Hycl/Sld Y
59115 254 580 ne | 155
Sifton 107 24954 283 440 54 102.5 103 85 Hyd ‘r‘esJ
5325 258 A40 104 64
Siftan 105 Z5/E0 25 475 48 107.5 108 180 Solid Yag |
) 266 475 | 11¢ A75 =
V-Thunder | 403031 228l 252 485 o 104 104 71 Hyd Yes |
5022 252 485 104 A7

Table A8 Valve lift with 1.43:1 rocker arm ratio.

shaft beforeitisinstalled in the engine. But note
that this procedure does not replace degreeing
the camshaft to the engine after the cam is in-
stalled. Far maximum performance, degreeing the
cam to the engine also must be done,

COMPRESSION RATIO

There is a definite relationship between a given
cam profile and the minimum compression ratio
required for acceptable low rpm performance. A
higher compression ratio can help regain low
end power lost due to increased valve duration,
However, if yvou're running 52 oclane pump gas,
too much compression will lead to power robbing
detonation that will be particularly detectable
on hot days.

As a general guideline, Evolution single-
plug motors can run about 9.3:1 Lo 9.5:1 com-
pression without encountering detonation. With
dual plug heads you can get between 10:1 and
10.8:1 compression. Yel 1n certain cases, yvou
sometimes can run still higher compression on
pump gas, but it depends on the engine combina-
tion and atmospheric conditions along with the
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combustion chamber’s design and setup. The
maximum compression [or a Shovelhead engine
running 92 octane pump gas usually 1s about 10:1
with dual plugs and 9:1 to 9.5:1 with single plugs.

INTAKE TIMING

The intake valve's closing point is a key timing
specification. A later closing intake valve 1m-
proves high rpm performance, but also reduces
law end power because the engine’s operational
compression at low speeds is reduced. Conversely,
an early closing intake valve improves low rpm
performance, but alzo reduces high rpm power
since air flow ig decreased at high rpm.

EXHAUST TIMING

Alater opening exhaust valve improves low and
midrange performance because cylinder pres-
sure is retained longer. Conversely, an early
opening exhaugt helps high rpm performance
beeause cylinder seavenging is improved, Heavy
bikes and low rpm engines do better with a later
opening exhaust valve, while lighter bikes and
high rpm engines can benelit from an carlier




Camshaft Specifications

207

[ SHOVELHEAD CAMS
93-98 CUBIC INCH ENGINES
1 t ] Lobs
Walve Curgtion | Duration [ Valve Cwverlap Lobe | Separation TDC Liftexr Spring
Company Grird Tirning al 053" [ at 020 Lift at 053" | Centar Angle Lif1 Type Spacing
Andrews G J2/56 268 325 510 &4 102 102 180 Solid Yas _’
5632 268 325 510 102 180
Andraws b 2858 264 309 580 56 104 104 210 Solid Yasg
G20 264 09 | seo 104 210
Andrews C 37581 278 318 ' 525 74 102 102 234 Solid Yes
51/37 o8 | =18 525 102 | 234
Andrews l_ g 32084 275 [ 20 | B30 84 106 108 222 Solid Yes
| G432 278 320 530 108 222
Andrews I Sz 32960 272 308 540} B2 104 106 23T Hyd Yas
G630 276 310 590 108 CAEEeRD
Andrews S84 s264 278 280 Ban [ 106 108 241 Hyel Yes
Y030 =80 284 B30 | 110 L AAG
Crane 3108 I 31765 286 £25 52 102 J 102 AT Salid Yis [
55/31 266 525 102 222
Crane 304B 32/5R l 28R ABS &4 102 102 217 r Salid Yag
SESE2 268 485 102 217 [
Crane 320B 380 276 | 550 ] 102 104 246 Solid | Yes
54/32 276 5800 106 229
Lainoweber J-4 44/79 303 A3 g2 107.5 107.7 224 Solid Yes
7458 292 485 at nzn” 108 182
Leinswsbar L-51 4468 292 S520 a0 102 106 240 Salid Yes
L 76/38 292 520 L at 024" 110 180
l Leineweher L-& 4171 2a2 2D ] an 105 106 205 Solid Yes J
73038 292 | 520 | at 020" 107 710 |
Red Shift 825 268/58 264 BR2G 48 106 108 198 Hyd'Sid Yes
Gef2d 264 825 | 11D L A70
l Fexd Shifl 550 33/58 271 550 a1 | 1025 10652 220 Hyul Yes
JL G428 273 L [a0) J 108 200 J
| S&S 495 50/62 274 | 495 &0 107 107 220 Solid Yes
B2430 274 4495 107 198 |
Siflon 17 J2/ER | 270 485 G2 103 103 A3 Sotid Yas
5630 268 A0S - 103 204
| Sifton e 35/54 269 575 57 99.5 102 233 Solid Yes
62432 274 B8 105 ) 258
Sifton 108 34565 270 AER &Y 10585 108 214 Solid Yas
] 280 435 106 240
W-Thundar 4080151 2456 260 550 B3 106 106 183 Hyd Yes
81/29 270 Ha0 106 207

Table A.9 Valve lift with 1.43:1 rockar arm ratio,

opening exhaust.

LOBE SEPARATION ANGLE

Two separate cams that have identieal duration
and lift values, but differentlobe separation angles
[LSA)will have dilTerent performance characteris-
tics. For a given duration, a narrow or smaller LSA
generally improves low rpm power, while a wider
L5A increases performance at high rpm. Increas-
ing the engine’s mechanical compression ratio can
help restore lost low rpm power due to a narrow
LSA or a large amount of valve overlap. Remem-
ber, raising an engine’s compregsion ratio in con-
junction with a performance cam inatallation will
help maximize the cam's potential and minimize
low rpm power loss,

LIFT

With stock valve springs, valve 1ift is limited to
about .500-inch for an Ewvolution engine and
about .450-inch lift for a Shovelhead. Ideally, a
cam’s lift should be matched to the cylinder
head’s airflow characteristics, engine displace-
ment and rpm band. Most reworked heads ben-
efit from higher valve lifts. With the introduc-
tion of the Evolution head and the availability of
better performanee parts, the trend for valve lift
15 moving higher,

Very high 1t cams are easier to install in
Evolution motors than Shavelheads, Note that
higher lift cams generally require more work to
install because valve spring spacing, valve-ta-
valve interference, cam lobe-to-crankceage clear-
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SHOVELHEAD CAMS
103+ CUBIC INCH ENGINES
Lobe
Walve Curation | Curation Valve Overlag Lt Separation TDG Lifter Spring
Company Grind Timing al 053" | a1 00" Litt al .OR3" | Center Angle Lill Type Spacing
Andrews G 57061 274 516 525 74 102 102 294 { Salid Yes
61/37 278 318 525 102 234
| Andrews g ‘— 3264 276 20 530 Fid 1065 | 108 azz Salid | Yes
gamE | 275 20 530 106 2p2
Andrews 10 3470 284 344 580 [ta] 108 108 230 Solid Yas
70/34 284 G344 .580 108 230
[ Andrews 588 ( 3470 2E4 318 B30 Fii 104 10 254 Hyd Yeg
FHAS 258 322 BED 112 235
| Crane 3208 3660 278 550 &8 102 104 245 Salid YoE
64/32 276 550 106 et J
Crana 3308 41/85 2058 5TE l 102 1006 275 Selict Yean |
7EAS 285 575 110 A5
| Leinaweher L5 41771 242 520 an 108 l 106 285 Solid Yas
73434 292 520 at 020" 107 210
Leineweber L-51 A4BE an7 BED 7o 109.5 {102 339 Sold Yos |
7735 262 520 atl oen” 11 84
Leinawebar L-& 48/79 a07 550 B 105.5 108.2 2R | Solid Yes
7339 202 520 at 020" 107 .210
Rad Shift 5RO A3/68 271 JAa0 g1 1025 105.2 220 iy | Yes
G428 g 550 105 | zag J
Red Shift 825 26/53 26 525 48 108 106 198 Hyd/Sld Yes
G220 264 625 110 170
| Red Shift e GG 279 GAR A5 1014 107 aTe Salid | s
ToieT 274 GHE 112.5 213
Sifton 118 35/E4 268 | 575 a7 0o 5 102 233 Solid Yes
I g2/az2 274 575 105 et
Siflon 10 l 34/55 2749 | A85 a7 105.5 106 14 Saolid Vg
BEas | 280 \BE 106 ‘ 240
Sifton 11 4066 285 ETE 79 103 103 271 Solid Yes
66/3% 285 575 103.5 274 J
Y-Thunder | 4050051 2456 280 G50 E5 | 106 105 ABS Hyd Yas
G120 270 550 106 207

Table A.10 Valve lift with 1.43:7 rocker arm ratio

ance and other factors must be considered for
proper installation.

TUNING

A eamshaft’s performance is clogely related to an
engine's intake tract, exhaust system, compres-
sion ratio and other factors. For maximum per-
formance, the engine’s exhaust and intake sys-
tems can be tuned to the cam. Through trial and
error testing, the exhaust system’s length, pipe
diameter and backpressure can be optimized Lo
a specific cam. Also, the intake tract’s length and
volume along with the carburetor's size and
design can be tailored to the cam. Furthermore,
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the engine’s mechanical compression ratio should
be optimized to the cam as well as the 1gnition
timing and spark plug heat range.

In summary, [or optimum performance, trac-
tability and reliability, choose a cam and related
valvetrain components that mateh your performance
objectives, rpm band and engine combination. Some of
the engine components and factors that should be
eonsidered in your decision making process include
cubic inch displacement, cylinder head airflow
characteristics, compression ratio, carburetor size, exhaust
systemn, number of transmission gears, gear ratios and
lotal weight of the bike. <




Appendix Z
Additions
Updates

his appendix includes
new performance products,
updates and late breaking
information.

ADDITIONS and UPDATES
CHAPTER 4
INDUCTION SYSTEM

MIKUNI HSR42 CARBURETOR

The Mikuni HSR42 is a second gencration high-
performance flat slide carburetor that was first
introduced in early 1994, It has been on Lhe
drawing board for the last four years and retains
the bestinherent features of the older H540 such
as the flat slide and smoothbore design, while

227

incorporating new leatures for improved perfor-
mance.

The improvements start with a new body
design and 42mm smoothbore venturi that Nows
15 to 20 percent more air than its 40mm prede-
cessor. These changes require a physically larger
overall body size than the HS40, but one that is
about 8Bmm shorter when measured from front to
back. The shorter dimension plays a part in the
airfllow improvement and should allow it to tuck
under large gas tanks easier.

To support its increased airflow potential
and eliminate a design shortfall of the HS40, the
new HSR42 includes a larger fuel bowl capacity
that helps keep the fuel level from dropping
below the pilot fuel jet during hard acccleration.,
This condition typically causes an engine to
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The Mikuni HSR42 15 a second generalion fat 2iide carburalor
thal ralainsg the bast fealures of the older HE40 while INcorpo-
rating new improved feafures. Its 4d2mm smoothiare ventud
flows more air and s needle and seal has a greater fugl
dedivary rafe than the HE40. Iz jefting cireuils and accalarator
pump are almosl identical fo the HS40.

“breakup” and loge power. Additionally, a larger
needle valve assembly provides a greater fuel
delivery rate to the bow] during high demand
situations and a new float design with greater
leverage gives more positive fuel control during
high vibration conditions.

The older HS40 required a stiff throttle re-
turn spring to ensure its flat slide returned to a
closed position during high intake manifold
vacuum conditions. The H3R42 slide uses eight
stainless steel roller bearings that provide
smoother operation and reduce stiction caused
by high manifold vacuum. The roller bearings
also allow the use of a lower pressure throttle
return spring for less throttle effort,

Fuel metering is improved on the HSR42 by
incorporating a stainless steel gasketintoits flat
slide housing. The gasket helps seal the slide
against the carb body, which results in more
precise fuel metering at all throttle settings and
good low speed throttle response.

For large displacement engines, 45mm and
48mm HSR series carbs should be available
during late 1994 or 1895,
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A high flowing intake manifold is necessary for achieving an
afficient intake tract. This Bam Jet! Retainer intake manifold
aliminatas early moedel Evo compliance fithings and is mada fo
fit the HSE42 and alher carburaiors. Be sure fo ramove all
machining and casting marks on its intenior and finish with a
BO-grit emery wheel. Remember that milled heads may re-
guire a narrower manifold while ionger cylinders usually need
& one wider, To keap intake tract turbulence al a minimurm, it's
important that the manifold males to the heads and cart in
perfect alignment. Pholo cowrtesy of Ham Jeft Retainer.

MIKUNI HSR42 SETUP

The HSR42 is available in kit form for Evo and
Shovelhead Big Twins. Early Evo kits require a
1990 or later factory manifold; however, future
kits will include a high-performance manifold.
Ram Jett Retainer currently offers a high-per-
formance manifold for the HSR42 and other
companies are sure to follow,

Far an air cleaner assembly on the HSR42
vou can use the factory 1990 and later aircleaner
unit. But for higher performance, a high-flowing
Sereamin’ Eagle kit works better. Bventually
HSR42 Ewvo kits will include a high-flow K&N
filter assembly while all Shovelhead kits ini-
tially include the K&N [ilter.

Custom length throttle cables can be ordered
by your local parts dealer from Barnett Engi-
neering, but note that early kits need the origi-
nal factory choke cable from a 1990 and later
Keihin OV carb or H840 choke cable for the
IHSE42's starler system.

TUNING CIRCUITS-HSR42

The same principles and concepts used for tun-
ing the HS540 Mikuni are also applicable to the
HSR42. The HSR42 has five jet circuits, which is




one less than the HS40 since the replaceable
pilot air jet has been eliminated. Three of the jet
cireuits have replaceable jets, oneisfixed ineedle
jet) and one is adjustable (pilot air gerew). Refer
to Chapter 4 for a comprehensive deseription of
the tuning circuits. This discussion will only
cover differences beltween the tuning circuits of
the new HSR42 and the older HS40.

Early models of HSR42 carbs are shipped
from the factory with the [ollowing jet combina-
tions: #30 pilot fuel jet, #160 main jet, #5DDYO 1-
96 jet needle, a fixed size needle jet and the pilot
air serew set two turns out from fully bottomed.

Pilot Air serew

The adjustable pilot air screw 1s externally lo-
cated on the left side of the HSR42 body (toward
the rear of the bike as vou face the carb’s inlet
gide), The HSR42's pilof air serew works exactly
opposite of the pilot serew on the older HS40.
With the older HS40, the pilot screw supplicd
supplemental fuef to the idle/low speed circuit.
With the HSR42, however, the pilot air screw
supplies air Lo the idleflow speed circuit.

The pilat air serew essentially does the same
job as the HS40's pilof air jet, which has heen
eliminated from the HSR42, Turning the pilot
air serew in (clockwise) enriches the airffuel
mixture while turning it out leans the mixture.
The acceptable range for the screw is between 1/4
and three turns out from fully bottomed.

Pilot Fuel Jet

The pilot fuel jel is located inside the float bowl
area and controls the maximum amount of fuel
that flows through the idle/low speed circuit.
The pilot fuel jet of the HSR42 and HS40 are
identical and therefore can be interchanged.

Needle Jet

The HSR42's need{e jet 1s a long tube that screws
into the hottom of the carburetor’s body, It can be
removed with a 5/16-inch deep-well socket after
remaving the fuel bowl drain plug. The needle jet
works in conjunction with the tapered jet needle
Lo control the airfuel mixture mostly between 1716
and 1/4 throttle opening. Unlike the older H340,
the HSR42's needle jet is available in only one
size, 80 tuning is accomplished by changing
either the position or size of the jet needle,
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MIKUNI HSR42 JET NEEDLES

#BDDYO01-94 RICH
#8DDYO1-95

#23D0DYO1-96 Standard
#8DDYO1-97

#80D0Y01-98 LEAN
Table E.1

Jet Needle

The tapered jet needle extends down vertically
from the flat slide and passes through the center of
the needle jet. Itis attached to the slide by a metal
E-ring that fits into one of ive grooves. IMive differ-
ent needles are available lor the HSR42, Two
richer and two leaner needles than the standard
#EODYO1-96 needle are available,

The five grooves at the needle’s top-end are [or
tuning adjugtment. Raising the needle (placing I2-
ring in lower groove) enriches the mixture while
lowering it (placing E-ring in higher groove) leans
the mixture. The needle is preset at the factory in
its middle position (third groove).

ACCELERATOR PUMP NOZZEL ADJUSTMENT
Intake Manitold

; E Adjustment Range

Meedle Jet -

Pump Nozzel -

Carburetor
Bare

Air Cleaner

Figure E.1 For maximum throftfe response, ba surs fo adjust
the Mikuni HERA2 accelerator pump nozzle so lis soray is
within the indicated range, The HS40's acoalerator purmp is
alse aofjusted the same way.
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The Wikuni HSR42's fue! lovel s sef by adiushng the foaf
assembly. When the carburetor s held upside-down, fthe
Battom of tha foal should measurg about 18min above the fuel
bowl's O-ring surface. To eliminate potenial problems, he
floal fevel! shoold always be checked before insialling a nev
carb,

Main Jet

The nrain jef serews into the hottom of the needle
jet and controls the air/fuel mixture from about
344 to [ull throttle opening. The HSR42 1s nor-
mally shipped with a #160 main jet. The HSR42
and HS40 main jets are identical and therefore
can he interchanged.

Accelerator Pump

The HSRA2 Mikuni includes an accelerator pump
thatl iz adjusted identically to the one on the
older H540 model. Be sure to position the pump
nozzle correctly so its gpray is within the range
llustrated by Figure E.1. Use a smooth jaw
needle noge pliers to gently turn the brass nozzle
loeated in the throttle bore.

Float Level Adjustment

Tocheck the HSR42 float level, remove the float
bowl and turn the carb upside down. The float
azsembly’s actuator tab should just begin con-
tact with the needle valve assembly when the
bottom of the float (its top side as you now view
ith1s 18mm (+ 2mm ) above the floal bowl O-ring
surface. A smaller measured distance above the
O-ring surface results in a higher {loat level
while a larger distance gives a lower level.
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QWIK SILVER II CARBURETOR

The Qwik Silver Il is a smooth bore, self-compen-
sating, {lat glide carburetor that became avail-
able in early 1993, Designed by Bill “Red”
Edmonsten, who alse created the Lake Injector,
Lectron Carburetor and Posa Fuel System, the
Gwik Silver IT has an aluminum and zine die
cast body that incorporates a unigue flat slide
design, which uses only one fuel circuit Lo control
the fuel supply, This means there is no need for
jets, air bleeds or an aceelerator pump that
tvpically have overlapping areag of operation,
which can resultl in less than optimum air/fuel
mixtures. Instead, the Qwik Silver IT relies on a
single needle and accurate senging of pressure
dilferences between the float bowl and venturi
areas to meter fuel to the engine. The carburetor
automatically compensates for changes in en-
gine rpm, altitude and atmospherie conditions
and 1s smog emissions certified by the California
Air Resource Board. It's also all American-made
and comes chromed plated.

The Qwik Silver II is available in 38mm,
40mm and 42mm versions for the Harley-
Davidson and optionally can be ordered with
components that retain use of the factory eruise
control on FLH model bikes. With its high-
flowing, smaoth bore design and single [uel cir-
cuit, the Qwik Silver II provides excellent horse-
power gains, increased throttle response and is
easy to tune,

QWIK SILVER 11 SETUP

The Qwik Silver 11 is available in complete kit
form or carb only versions. The kits include a
high-performance intake manifold along with
all necessary hardware forinstallation, The Qwik
Silver Il can be used with the factory 1990 and
later Evo air cleaner assembly, the high-perfor-
mance Screamin’ Bagle unit, Rivera Engineering’s
“Smoothie”air cleaner, KirvAkyn's Hypercharger
and others.

During installation, make sure the three
cireuit vent holes located on the carb’s air intake
side (air cleaner side) are not blocked by an air
cleaner azsembly, velocity stack or any other
component, These holes allow atmospheric pres-
sure to enter the fuel bowl area and starter
enrichment eircuit and must be unobstructed for
correct carburetor operation, It should be noted
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The Qwak Silver s a high flovang fat slide carburetor that uses one fuel cirowl! for metering fuel in all rom ranges. The entire circo
is controfied by one taperad nesdle, whioh is svalalile in various sizas. This carburefor iz available in 3840/42mm sizes for Big
Mwing, High floving design, simolicity, easy adiusiments, and chrome plated die cast body are only some of its benefits. Carburetor
kit inciudes manilfold, air cleangr and necessany hardware. Phalo courtesy of Qwik Silver 11, Inc,

thatl a lean airffuel mixture condition may de-
velop at higher road speeds due to certain air
cleaner backing plate designs even when the
three holes are unobstrueted. Thelean condition
is usually caused by a backing plate that creates
a low pressure area around the holes even though
the holes are not actually blocked. This condition
requires modification of the plate.

The Qwik Silver IT's foat level is set at the
[actory. To check the level, first remove the
carb’s fuel bowl, Notice that the fuel line con-
nects directly to the fuel bowl and not to the carb
body. This design allows checking the float level
by holding the fuel howl in your hand and then
opening the fuel shutoff valve, The float is set
correctly when the fuel level is between the
center point and the top of the needle and seat.
Bend the tab on the (loat either in or out to adjust
the level.

QWIK SILVER II TUNING CIRCUIT

The Qwik Silver II has only one fuel ecireunit
besides an idle speed adjustment. The fuel
cireuit’s airffuel mixture is controlled by either
raising or lowering the needle or by replacing the

needle with a thicker (leaner ar thinner (richer)
version. Most carbs equipped for Harley-David-
son Big Twins are shipped with a #16 ncedle
installed and include two extra necdles — one

QWIK SILVER I

Circuit Vent Holes

Air Cleaner Side of Carburetor

The three ciroull vent holes allow almospheric pressure o
grter tha fuel bow! area and stader ennchment circuit,. To
avoid a fean condition, especially at high road speeds, be sure
the aircleanar or velocity stack does nol block any of the hales.
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QWIK SILVER Il

JET NEEDLE GUIDE
#3
Lean
Rich

#20

The Clwik Silver | neadie controls the ainfusl mixture thraugh-
out the engine's entive rom range. Sizes dre avallabie frioim #3
{lean) through #20 (rich} besides & few spacial =17 ang 2"
needles for certain enging combinalions.

richer (#17) and one leaner (#15). Needles are
available in sizes: #3 (lean) through #20 (rich}.
Special needles with either a*-17 or *-2" added to
their part number are optionally available. These
needles are designed to enrich the lower throttle
range and are helpful for tuning out “flat spots™
with certain engine combinalions.

To tune the @wik Silver 1I's fuel circuit, first
determine whether you want to alter the air/fuel
mixture between idle and mid-throttle or mid-
throttle and full throttle position. For idle to
mid-throttle tuning, the carb’s needle can be
either raised or lowered. Black exhaust smoke,
rough idle and lazy acceleration indicate a rich
condition. For mid-throttle to full throtile tun-
ing, replace the needle with either a richer or
leaner version. For street riding, mid-to-full
throttle tuning can be checked by quickly elosing

CARBURETION SELECTION GUIDE
74-86 Cu. In. 85-03Cu.In. | 96Cu.In.&Up
[ Wik PS40 WMk HSR Az | Mikum HSA 42
Mikuni H3R 42 ik Silver 11 40 Gk Silver |1 42
Cowile Silver 11 38 S&S Super B 545 Super G°
S&5 Super B S&S Super E 545 SuperD

545 Super E SRS Super G

-
|

Table E.2 * For tnese engine displacements, the S&S Super G
can be bored out up te 1 00-inch.
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ihe throttle from wide open to 7/8 position when
the engine’s rpm ig high. If the engine acceler-
ates slightly, the needle is too lean. If the engine
hesitates or misses slightly, the needle iz too
rich. Ifthe engine just slows a slight amount, the
needle is close to the correct size, Refer to Chap-
ter 4 for additional carburetion tuning consider-
ations.

To adjust the needle either up or down, first
remove the 1/8-pipe plug located un top of the
carburetor, Now use a small, flat screwdriver to
turp the needle adjuster located in the exposed
hole. The adjuster hag about 30 clicks of adjust-
ment from full rvich to full lean, Turning the
adjuster left {counterclockwise) leans the mix-
ture, while turning it right (clockwise) enriches
it. The adjuster is set from the factory at 14 clicks
{counterclockwise) from [ully bottomed.

To replace the needle, [irst remove the flat
slide and then turn the needle’s adjusting screw
clockwise and count the clicks until it stops.
Align the adjuster's outer and inner slots and
remove the adjuster. Ingtall the new needle into
the slide along with the needle’s spring, adjuster
actuator pin and adjuster. Reset the new needle’s
pogition (number of clicks) to the same location
as the replaced needle.

ADDITIONS and UPDATES
CHAPTER 8
IGNITION SYSTEM

DYNA 2000 IGNITION SYSTEM

The Dyna 2000 is a microprocessor based, pro-
srammable ignition system. [tincludes a control
module that works in conjunction with either a
Dyna S magnetic trigger or a stock Harley Hall
Effeet electronic trigger, The Dyna 2000 wiring
harness is compatible with stock factory connec-
taors and ineludes a wire [or the Harley Vacuum
Operated Electric Switch (V.OLE.S.).

The Dyna 2000 has four built-in ignition
advance curves that are user selectable through
switches loeated on the backside of the ignition’s
control module. This allows the user to tailor the
advance curve to engines with various levels of
modification, from stock to highly modified. Also
included is a built-in programmable rpm limiter,
which can be adjusted with switches from 6000
to 7500 rpm in 500 rpm increments.
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This is the backside af the Oyna 2000 electronic igniftion
contral module, Notice the panel with six swifches located al
the log rght comer and the diagrostic LED at s right side,
Ong switch is used foidentify the type of ingger assembly, fwa
switches designate the spark advance curnve, two gdditional
switches specify the enging's rom Fimit and the fast switch
selects either single or dual-fire mode. Pholo cowrtesy of
Matorcycia Speciallies.

The Dyna 2000 can be uzed in either single-
fire mode {two ignition coils) or dual-fire mode
(one ignition coil). A built-in tachometer correc-
tion feature is included for aceurate single-fire
Ltachometer operation along with a diagnostic
LED indicator to assist in static ignition timing
and Lrouble shooting.

DYNA 2000 SETUP

Since electronie ignitions are sensitive to radio
frequency interference {RFT), carbon core, sup-
pression spark plug wires with a resistance of atl
least 3000 ohms per foot must be used to mini-
mize RFL Be sure not. to kink carbon core wires
and shield them as much as possible from all
other wires. Use high-performance 8mm sili-
cone wires and periodically test them with an
ohmmeter to ensure they haven’t lost rezistance
due to usage or damage.

It’s important to use ignition coils with the
correct primary resistance. Use coils with 2.5 to
3.0 chms primary registance for either single or
dual-fire operation.

DYNA 4000 Pro IGNITION SYSTEM

The Dyna 4000 pro is a high-performance igni-
tion system designed specifically for the serious
racer. By using specially designed ignition coils
and a microprocessor based control module, the

Tha Oyna 4000 Pro glecironic ignition s microprocessor
based, offers single or dual-fire operation and includes a built-
in two stage vev imifer forlaunch and over rev engine cortral,
I dliviers a powerful spark and smoath rom contral, its high
erergy inductive ignificn design is infended for use on the race
track by the serious racer, The launch imiter switch {lefi} can
be sef from 3500 to 7000 rpm and the over rev switeh [right)
from 6500 to 10,000 rom. Photo cowrtesy of Maorocco Racing
Froducts,

Dyna 4000 Pro outputs aboul twice the spark
energy of the Dyna 5 ignition. It can be selup for
either single or dual-fire operation and has a
built-in two stage rev limiter. The Dyna 4000
Pro does not include a built-in ignition advance
curve, so it must be used in conjunction with a
mechanical advance mechanism.

The two stage rev limiter includes a launch
limiter that helps a rider make consistent

Thea Dvna 2000 and 4000 Pro gritions both must be used with
carbon carg suppression plug wires and can vse the Dyna 5
pickuo as a iigger assembly. The 4000 Fro system also
requires & special dual magnet rofor attached 2 the camshafl.
Be sure fo pericdically test the resislance of the carbon core
wire with an ohmmeter. Fholo courtesy of Maraceo Racing
Proaducts,
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IGHNITION FEATURES GUIDE

hanu- _l» 1 Magnetic | Optical | Mechanical | Electronic | Adjustable RFM Separate | Multi- | High BFM| WOES
facturar Single-Fire| Duwal-Fire | Sensor | Sensor | Advance Advance | Advance Limiter | Cyl Timing | Spark Retard | Switch
accel Yes Yes ‘ Yes | Yes ; Yes
[ Carl's COJ Yos Yes Yes ‘ | L | | l
Magneto
Compur Yes | Yes Yes Yes Yes Adjust L ‘t‘es}
Fire | ahla
Crane Hl-4 Yes Yes Yes Yes Yes Adjust Yes Yes |
able |
[ Dyna-S Yes Yes | Yes Yes | = Yes | ,
Dyna 2000 Yes Yes Yes Yes Yes Adjust Yes
able
Dyna 4000 Yes Yes Yes Yes *Adjust J yog | I
Pro -ahble
MC Power Yes Yes Yeos ] Yes Adjust Yas Yos l Yes \'951
arg ] | abla
Sareamin’ Yes Yes Yas ‘Fixad Yes
Eagle o at 8000
Pznncc XL Yes Yes Yes Fixed at Yes
Module J 6250
, Stock Yes Yes L Yes Fized at ’ Yes l
Electronic 3230 |

Table E.3 *°Exlernal RPRM Limiter Can Be Addad.

launches from the starting line by accurately
holding the engine at a preset rpm just before
launch., The launch hmiter is activated by a
clutch switeh and the launch rpm limit is ze-
lected by adjusting a rotary switch located on
the control module. The switch can be set from
3500 to 7000 rpm in 250 rpm increments. The
rev limiter’s second stage is an over rev limiter,
which is adjustable by setting a second rotary
switch. The over rev limiter is adjustable [rom
G500 to 10,000 rpm in 250 rpm increments.

The Dyna 4000 Pro uses the Dyna 8 as a
trigger mechanizm and a special dual magnet
rotor, The 4000 Pro automatically shuts off when
the engine is nol running and includes a diag-
nogtic LED indicator to assist in statie ignition
timing and trouble shooling,

A Dyna Programmable Retard Module can
be purchased separately and connected to the
Dyna 4000 Pro system. The retard module has a
single phase function that can retard the engine’s
ignition advance at any time during a run. The
amount of retard can be selt to any wvaluc
between 2 degrees and 20 degrees in 2 de-
gree increments,

Retarding ignition advance a fow degrees at
the end of a run can sometimes improve top-end
performance because the engine is more heated
than when it left the starting line, By alightly
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HTwo-slage BPM Limiter,

“*Reguires separate Retard Module

backing off the advance under such high heat,
high load conditions, potential detonation may
be eliminated, which ean allow the engine to
develop more power, Furthermore, 60 footl times
also may be helped because the engine now may
tolerate more total advance.

DYNA 4000 Pro SETUP

The Dyna 4000 Proignition must be used with
Dynatek 0.7 ohm blue ignition coils, Dyna 3
ignition trigger, special Dyna 5 dual magnet
rotor and Smm ecarbon core suppression spark
plug wires. Because of the low ohm ignition coils,
this svstem is intended only for the race track
where usage 1s limited to short time periods.

For maximum performance with single-fire
operation and dual plug heads, the Dyna 4000
Pro should be setup to use four ignition coils with
one coil driving each spark plug. Using one coil
per spark plug allows true single-fire operation
and delivers two eoils worth of energy when
generating each spark. Keep in mind that the
game rules lor carhon core suppression spark
plug wire as discussed with the Dyna 2000
1gnition system also apply here, During installa-
tion, be sure that the magnets loeated on the
rator and pickup assembly are in alignment. If
necessary, shim the rotor so the magnets are
aligned. 4




About The Author

D. William Denish grew up in the Midwest and as a teenager was
introduced to Harley-Davidson dirt track racing by his uncle. The roar of
the engines and the excitement of racing turned his cursory interest in
motoreyeling into a deep passion for owning a Harley. In 1958 as a 14 vear
old, he reluctantly bought his first motoreyele—a 10 horsepower Mustang.
Reluctantly he says, because the Mustang was not exactly a Harley. But at
that time a 14 year old was restricted to a five horsepower engine. One had
to be 16 to own the real thing—a Harley. Well, a 10 horsepower scooter
disguised as a five horsepower model had to do for now. Before the summer
ended the Mustang had a big Amal carb, high compression head and racing
CATI,

Asg it turned out, D. William never got a Harlev at 16. Instead, it took
until 1964, at age 2.[ to realize the dream. Officially the Harley was called
an XLCH Sportster. The “C” stood for competition. U nUic,mll},._ it was
called the Corvelte of the motorevele world—rugged, super fast and all 55
cubic inches bulging with torque and delivering 55 horsepower at 6300
rpm—good for a 14.75 E.T. and 92 MPH in the quarter mile.

Although the Sportster’s engine idle alone discouraged challengers, the
only way to fly was with a stroker motor. So, during the winter of 1964, out
went the stock engine parts and in went long stroke KH flywheels, “Doc”
Dytch tworing stroker pistons, Sifton “minus-plus” eams, big valves, bored-
out Linkert carb with velocity stack, gutted mufflers and close-ratio
lransmission gears. The reworked 635 inch engine pushed guarter mile
performance to 12.10 E.T. at 110 MPH.

The winter of 1967 saw the addition of Dytch big bore cylinders, Sifton
“minus minus” cams, stronger S&S flywheels and beefed up crankcases.
Now with 74 cubicinches, performance improved to 11.40 E.T. at 117 MPH.
One of the first new 5&S carburetors was installed in 1968, Eventually the
engine was bumped up to 86 cubic inches with Trock ¢ylinders and Branch
heads. The increased displacement, stronger transmission parts, more
radical cams and better tlowing heads improved performance to 11.10 E.T.
at 121 MPH with a narrow rear tire and no wheelie bar.

Anolher project was a bored and stroked 98 cubicinch Shovelhead that
included an S&3 Sidewinder kit, Baisley heads, Red Shift cam and S&S
carb. The bike turns low 11s at about 118 MPH in street trim. For long
distance touring, an Evolution “dresser” sits waiting to hit the open roads.
An Andrews cam, Mikuni carb, MC Power Arc ignition and high flowing
heads make it easy to pass an eighteen wheeler ndmg two up.

D. William’s motoreycle experience spans more than 37 years of which
thelast 31 have been devoted to building, riding and racing Harleys. He has
been published in various motorcycle magazines and also has written a
companion book entitled The V-Twin Tuner’s Handbook. His enthusiasm
and dedicationin authoring The Big Twin High-Performance Guide affirms
hisinterestin sharing his knowledge with Harley enthusiasts searching for
more performance. ¥
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Dedication

’ZS all of the pioneers

inventors and designers
engineers and machinists
engine builders and fabricators
tuners and racers

| who have shown the way




