CHAPTER 5

CAMSHAFT

CHOICES

AND TUNING

Vawe TimnG Basics

Your Honda’s camshaft determines
the engine’s power curve. By opening
and closing the valves with precise tim-
ing, in relation to the position of the pis-
tons and crankshafr, the cam determines
where in the RPM range an engine
I'ﬂﬂl{ﬁﬂ t]'ll‘ maost P{}Wer alld tl::quuc,

Of course, the cam’s ability 1o pro-
duce power depends on the intake and
exhaust tract design efficiency, i.e., how
well these channels flow throughout the
RPPM range of the engine, as well as the
pressure curve in the eylinder dictated
by the motion of the piston. (See the
short rod, lang rod section.) The cam
can't flow any more than these tracts al-
low. What it can do i1s optimize the
physics of the air that is moving
through these tracts within an RPM
window, to best fill the eylinder with air
and fuel. VTEC technology atfords an
advantage here by staging two cam pro-
files that optimize performance within
two RPM ranges. The trick, that Honda
engineers did so well (besides designing
a system that works), 15 blending the
profiles and engine management elec-
tronics of the VIEC to give the engine
a wide and drivable power band.

The intake and exhaust tracts are
accelerating columns of air and the iner-
ua of those columns is used to increase
the volumetric efficiency of the cylin-

der. As the piston recedes to bottom
dead center (BDC), it creates a low-
pressure area that is filled by atmos-
pheric pressure (in a normally aspirated
engine), pulling air through the intake
manifold into the cylinder. What the
manifold does 1s form the air mnto
columns. When you get a column of air
moving, it doesn’t want to stop, so more
of it packs into the cylinder. By timing
the intake and exhaust valve opening
and closings (let’s call these “events”
from now on), vou can catch a linde
more air and fuel on the intake stroke to
provide a ]:rcl-wﬁrfu], power stroke.

The amount of air you can stuff into
a cylinder per intake stroke 15 a measure
of the engine’s volumetric efficiency. If it
can capture its full cubic capacity, it’s
said to have 100-percent volumetric effi-
ciency (VE). By tuning the intake di-
mensions, head port configuration, and
cam profile and timing, you can, within
a certain RPM window, get more than
100-percent volumetric efficiency, de-
pending on the efficiency of the intake
and exhaust systems.

Generally, the torque peak oceurs at
peak VE. It should be obvious that VE
of the cylinder is a primary factor in de-
termining power output of an engine.
Turbos, superchargers, and nitrous all
work because they leverage the VE of
your engine. These techniques literally
squeeze more air and fuel into the cylin-

der per cycle. Technically this isn’tan in-
crease i VE, because you can have a sit-
uation where the VE is 80% but the
density of the charge is doubled and the

engine will flow more air than a natural- &

ly aspirated engine at 108-percent VE.
The VE is a measure of volume and

£ =

doesn’t measure mass or weight depend- &

ing on what units you're using. (Mass i

Density equals Mass divided by the vol-
ume; Weight Density equals the weight
divided by the volume.)

Volumetric efficiency falls oft as en- .

gine RI’'M ingreases because there is less

time to fill the cylinders. That’s why a §

cam is designed to work with specific in-
take and exhaust system flow character-
istics within an RPM window. Cams
that are designed to work best ac high

RPM have a long duration, meamng &
they hold the valve open longer. Hold- &

ing the valves open longer gives the 8
cylinder more time to fill, and the pow-
er band moves up the RPM range. In ad-
dition, high- RPM cams have a lot of
what is called overlap. Much of the work:
of designing and tuning a cam concerns
how the intake charge and exhaust
charge interact in the “overlap zone,”

THE OvVERLAP ZONE
Overlap i1s when both the intake

and the exhaust valves are open. This
oceurs when the piston is near TDC on
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Figure 5-1. On the power stroke, most of
the work is done in the first 90 degrees
of erank rotation. As the piston gets near
bottom dead center, it's not putting as
much pressure on the crank to spin it.
The gases are still hot and expanding,
but for the most part their job is done.

Figure 5-4. The dynamic compression ra-
tio of an engine changes through the
RPM range. A cam that closes the intake
early and has little overlap makes good
bottom-end power and idles smoothly.
it also has a dynamic compression ratio
closer to that of the static compression
ratio. Closing the intake late lowers the
dynamic compression, but you can gain
high-RPM power.

the exhaust stroke. Figures 5-1 through
5-5 walk you through the valve events
of the four-stroke engine cycle and
some of the reasoning behind the tim-
Jll'l.g Uf "l'ﬂ]‘l'C cvents.

We mentioned that it’s important to
zet an uncontaminated charge into the
cylinder, which means the eylinder must
expel the charge that was burned in the
power stroke. That’s what the exhaust
stroke does. Tt forces the hot and ex-
panding gases out the exhaust tract
However, the real exhaust cyvcle begins a
:l'-ﬂ‘l‘-' dcgl'f'l'_‘-.": I:IHC]{ 01 tl'l.E PDWEI' strnke

nefore the piston reached BDC. Because

Figure 5-2. Why waste the heat of the
expanding gas? Why not use its energy
to help evacuate the cylinder? That's
what engine tuners are up to when they
get the cam to open the exhaust valve
while the piston is still on the power
stroke. MNear BDC, the exhaust valve
peops open and the expanding gases
punch into the low pressure of the ex-
haust system.

Figure 5-5. The point at which the intake
valve closes influences how much intake
charge the eylinder captures as well as
the dynamic compression ratio of the en-
gine. Closing the intake valve too late
causes a loss of some intake charge be-
cause it's forced back into the intake
manifold. For high-RPM power, you must
have a cam that closes the intake later in
the cycle because you need the duration.

the exhaust mass is a gas, it's compressi-
ble, so it behaves sort of like a spring.
During the power stroke, the gas is ex-
panding and forcing the piston down the
bore, generating power. It’s under high
pressure. One of the things engine
tuners have discovered 15 that if vou
open the exhaust valve near the bottom
I:Jf t].'.l.li: PU‘WEI’ Stfﬁkﬁ', }-'T.I'li CaAn Us¢ sOme
of that energy to push the exhaust gases
out of the cylinder. (Opening the ex-

Figure 5-3. Just as the exhaust valve
opens on the power stroke, so does the
intake open on the exhaust stroke. At
high RPM, a certain amount of overlap
helps improve the quality of the intake
charge by using the exiting exhaust
pulse’s low pressure to draw intake air
through the combustion chamber. At
low RPM, too much overlap results in
low intake pressure and intake charge
contamination because the high-pres-
sure exhaust gases bleed into the low-
pressure intake. This results in a lopey
idle and loss of low-end power.

haust valve while the gases are sull burn-
ing gives internal combustion engines
their characteristic exhaust sound.)
Then, the piston comes up the bore and
forces most of the rest of the spent gas
from the cylinder.

The exhaust stroke by itself can’t get
all the spent gas out of the cylinder be-
cause the piston doesn't completely fill
the combustion chamber at the top.
Ashes don't burn and that’s basically
what's left after the power stroke. Re-
moving them so the next charge 1s as un-
contaminated as possible helps make
power. Engine tuners use the same strat-
egy on at this end of the four-stroke cy-
cle as they do on the exhaust cycle. That
is, they open the intake valve before the
piston reaches TIC and before the ex-
haust valve closes.

Engine tuners also discovered that
they could use the inertia of the escaping
exhaust gases to pull in a little extra fresh
charge air and use that to push out the
residual exhaust gas—a process called
“scavenging” the combustion chamber
of spent gases. It's a pretty cool trick
that is totally dependent on proper tim-
ing of the opening of the intake valve
and the closing of the exhaust valve.
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Overlap is a critical area of four-
stroke engine tuning. The intake valve
is opening and the exhaust valve is clos-
ing as the piston is rushing toward it, so
you have to be aware of the potential
for valve-to-piston conflict. Of utmost
importance though, is how the phasing
of the valve events at overlap influence
the performance of vour engine—
mainly in shifting peak power to a dif-
terent RI'M range.

If the intake is opened too soon,
vou get too much exhaust gas pulsing
into the intake wact. This is called intake
reversion. Let's face 1t, the intake mani-
fold has much lower pressure than the
cylinder at this point. You always get
some exhaust gas if you have averlap,
but too much hurts engine performance.
If too much exhaust gas gets into the in-
take, it contaminates the intake charge.
Yet, because of the scavenging effect,
most of the contaminated intake air is
drawn through the cylinder and our the
exhanst, as it should be. If you have too
much scavenging, though, a lot of the in-
take charge-air will rush through the
cylinder and out the exhaust, leaving
you with a lean eylinder. With a turbo
and its backpressure, you have to mini-
mize the potential for exhaust gas rever-
sion. With too much overlap on a
turbocharged engine, the exhaust can
flood the intake system. Too much over-
lap on a supercharger and you can waste
lots of fuel by blowing it straight
through your engine. Alas, tuning is al-
ways a balancing act.

The efficiency of the scavenging ef-
fect rises with engine RPM, which is rea-
sonable. The gases have a higher velocity,
and therefore, less pressure and more in-
ertial energy to do the work of pulling
the intake air through the cylinder. It’s
also influenced by the efficiency of the
exhaust port and related manifolding,
such as headers, exhaust tube diameter,
and muffler, If the exhaust system 1s high-
Iy efficient, you don't need to open the
exhaust valve as soon as you would if the
exhaust was slightly restricted.

It's interesting to note that intake
contamination isn’t usually a problem at
high RP'M because the tendency for ex-
haust gas to pulse back into the intake 15
most pronounced at low RPM. This 15

why long duration cams with lots of
overlap idle so poorly. The exhaust
stroke 15, in addition to recycling spent
mixture, pumping pressure into the
manifold, so it messes up the vacuum
signal to the carburetor, if so equipped,
and sends a confusing manifold absolute
pressure (MAP) reading to the comput-
er. It's not until you speed up the charge
air velocity at higher RPM that the en-
gine starts to make good smooth power.

VaLvETraN DynaMICs

For the cam to produce power, the
valvetrain must follow the lobe “signal™
of the cam. The more precisely the valves
do so, the more power you can make and
the more reliable your engine will be.

To set a standard for judging f cur-
rent valvetrain technology, imagine what
characteristics the ideal wvalvetrain
should have. If it were possible, the ide-
al valvetrain would instantly open and
close the valve at precisely the right mo-
ment. Further, these valve-timing events
could be varied during engine operation
1o optimize power throughout the entire
RPM range. In addition, there would be
no valve head to inhibit charge flow
through the port into the cylinder.
WMoreover, all this would occur without
any friction whatsoever.

Unfortunately, the current state of
valverrain technology cannot achieve
such performance. (VIEC gets us closer,
WVTEC closer still) What we're stuck
with is a mechanical compromise built
from materials that have mass, which is
accelerated, and therefore has ineruia that
must be managed. (For a valve system to
instantly open and close and not self-de-
struct, 1t would have to be composed of
material without mass. That jus’ amn’t
conna happen in this dimension.)

The valvetrain is a mechanical lever-
age system that converts the rotating ec-
centric of the cam lobe into a straight-line
reciprocating motion at the valve, Be-
tween these components on the Honda
engine, there is space, called lash, which is
needed to compensate for the expansion
of the metals of the valvetrain compo-
nents and the engine as it heats up.

The jab of the camshaft, in addition
to its lift and duration duties, is twofold.

First, it must open the valve as quickly
as possible (accelerate), but not so fast as
to cause the valvetrain components to
lose contact with the cam (valve floart)
afrer full lifr is reached. Second, it must
close the valve as quickly as possible,
again with out valve float or slamming
the valves on the seat so hard that they
break. This is a delicate balancing act,
and these requirements are wha, literal-
ly, shapes the lobes of the cam.
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Figure 5-6. Looking at this map of the
cam lobe sections, compare the theorat-
ical ideal cam profile with a profile that
would work in the real world. Notice the
difference in ramp angles in relation to
crankshaft degrees of rotation. The
steeper angles accelerate and deceler-
ate the valves more quickly. Theoretical-
ly, a square wave would represent the
ideal instant response, but in the real
world, that kind of cam profile would
quickly turn the valve and the cam into
heat and a few chemical by-products.

Figure 5-6 shows a map of the cam
lobe sections, Compare the cam profiles
ol these theoretical cams and notice the
difference in ramp angles in relation to
crankshaft degrees of rotation. The
steeper angles accelerate and decelerate
the valves more quickly. A square wave
represents the ideal instant response.

These angles, or rates of lift, are de-
termined by several interdependent lim-
iting factors: First is the desired valve lift
and duration. Te achieve maximum
head-port flow rates, the cam must
move the valve head away from the seat
Duration 1s related to life, in that more
and quicker lift means more duration,
since it takes time to lift the valve high-
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Camshaft Choices and Tuning

er. Doing so means the port is flowing at
max volume and velocity for a longer
period, and therefore, fills the cylinder
in less time. Time limits become critical
as engine RPM increases and it is a Lim-
iting factor in power ourput,

To move the valve off the sear to
max hft and set 1t back down, the valve-
train must be accelerated and decelerat-
ed. That means the cam designer has to
deal with inertia. The quicker the valve
is aceelerated, the more ertia it has. In-
ertia is that quality of mass that, accord-
ing to Newton's second law of motion,
tends to stay in motion or at rest unless
ECIEEI. o1l b}' an (]"I.JtSi'I’.{C fl'.'.ll'CC.

The cam profile, then, must over-
come the valvetrain's resistance to be-
ing accelerated, its resistance to slowing
down and changing directions at the
t(}J:'.I (_'.I{: EI.'IE ]Clbl'_‘ and to ﬂ.CCC[ﬁTﬂﬂﬂH ]Jﬂ{:k
down toward the seat and o finally
coming to rest upon the seat, In addi-
tion, taking up the lash, or the space be-
tween the valvetrain components, has
to be accomplished without destroying
t]'IE E-DI'.I'.IPI'.IJ.'I.'E[IT:S.

Referring to figure 5-6, you can see
how this is accomplished. Notice that
the entrance to the acceleration ramp of
the cam has a shallow slope, which pro-
duzces a slow acceleration rate. This
slowly takes up the lash and cushions
the valvetrain before it is accelerated to
the top of the lobe. If this area of the
cam weren't shaped as it is, the cam
would slam the valvetrain as if it were a
sledzehammer. The shock of such an ac-
celeration profile would soon destroy
some component of the valverrain.

Once the lash is taken up, the flank
of the cam is designed to achieve maxi-
mum acceleration for a given RPM lim-
it. The limit to the rate of acceleration,
or ramp angle, is defined by the re-
silience of the valvetrain components
while withstanding the forces of acceler-
ation and the tension, or the pressure of
the spring. As engine RPM increases, the
valve is opened more quickly and conse-
quently more force is generated.

The next limit 1s the inertia of the
valvetrain as i reaches maximum accel-
eration rates. Notice in figure 5-6 that
he curves near the top of the cam once
wain become shallow. This accomplish-

es two things. First, it extends the
amount of time at maximum lift, which
E}ftE‘ﬂdS ‘III'I'I'_l amount D'I'- ti]T.IB tl'l-':'l.t t].'lU
open valve allows the cylinder to be
filled. Second, it slows the valve, reduc-
ing the magnitude of inertia until the
spring tension won't allow it ro “shi-
jump” off the top of the cam lobe, which
15 ccﬁmmnn]}' known as valve float, Valve
float 1s what destroys vour valvetrain.
(See figure 5-7 for a description of the
function of the shape of the cam lobe.)

Actually, the wvalvetrain doesn't
jump off the top of the cam. Instead, the
\’ﬂ]"l’ﬁ iﬁ acuclemtud o S'I.IEI'I an ¢xtent That
the valve spring can’t resist its motion.
The valve goes slightly farther than the
rocker arm (on SOHC engines), or the
cam (on DOHC engines), pushes it
This once again opens space between the
components {lash}, but instead of a slow
take-up of the slack, the compaonents
slam back together with explosive force,
and this is when parts break,

A related observation to the cause of
valve float: The weight of the valve and
keepers tends to be the most influential
factor in determining

into play. The spring pressure, which is
rated in in-lbs, that exists with either the
"l"':'l]."p’C U'FII'_TI or EI(‘.ISCLI, ]'.IL"!PS dutcrminc
how quickly the top of the cam lobe can
decelerate the valvetrain. Valve springs
have been a weak link in the valvetrain
chain because they are subject wo fatigue.
The higher the valve lifr, the more fa-
tigue becomes a problem. As the spring
compresses, friction causes the springs
fn] ]'.Il'_"ﬂt and thE ITl'EtE.]. C}IHHEES and IHSCS
some of s resilience, or spring rate.
When the spring rate is reduced, the cam
].L-.IIJE' I:lff_'i'.lﬂlcﬁ (Xald] ﬂggl’ﬁﬁ.‘ii‘-’ﬂ, L'.-UIU'.IFI-E.!'UL]
to the spring rate, and the valves will
float at a lower RPM. That's why all rac-
ers who use exotic cam lifts are con-
stantly changing wvalve springs. Cam
manufacturers have been diligently re-
searching this problem, and several are
offering springs made from new alloys
that have a longer service life.

Spring pressures, in addition to cam
lobe profile, affect the design of the
]'o-:l-:-::r AlIE. S(} {EI.J.', no one :i.."!n running i
cam profile that requires a redesign of
the Honda rocker arm for streer use.

the acceleration rate at
. v

which a walve floats. A
The lighter the valves v
and spring retainers, the L Gonter
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At this point, the
spring pressure comes

Figure 5-7. The lobe is ground to achieve specific rates and
magnitudes of valve lift. The limits of these rates are im-
posed by the inertia of the valvetrain components,
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However, the concept 1s useful. When a
higher spring pressure is used, more
force iz required to open the valve
These components must be strong
enough to physically overcome the
spring pressure and not break. At the
same time, they have to be as light as
possible to reduce inertia. In reality, the
components between the cam and the
valve flex. The higher the spring pres-
surc and the more rapid the accelera-
tion curves, the more pronounced the
flexing tends to be. In fact, if the spring
pressures are high enough, the cam ac-
wally bends slightly, enough to cause a
loss of lift and duration at the valve.
When the rocker arm, or even the roclk-
er mount, bends slightly, the valve
doesn’t follow the cam lobe profile.

It’s amazing how much some wval-
vetrain designs flex at high RPM. Be-
cause of this flex, some of the lift and
duration of the cam iz lost. Obviously,
the betrer cngineered and matched the
valvetrain components are, the closer
they will follow the lobe profile, which
CANSES tl.'l'E E"I'.Ig'i.ﬂf o P!'{]'d'l.'li_'l'_‘ morc
power. This subtle but eritically im-
portant point is why you should al-
ways use the combinations that the

cam manufacturers recommend. Un-
less vou really know what you're do-
ing and have EXpETIENCe to prove it,
mixing components can rob vou of
power and reliability.

Valves usually bounce when they
set back on the valve seats. The amount
of bounce iz directly associated with
the lobe profile and how it ramps back
on the base circle. This deceleration
curve 15 designed diffu:ru:nthr for intale
and exhaust valves, The intake can hit
the seat harder than the exhaust valve,
because it 15 cooler. The hot exhaust
valve is softer and must be decelerated
more before it is allowed to hit the
valve seat.

While we have barely exposed the
subtle complexity of valvetrain dynam-
ics, the main point of this discussion is
that the valvetrain is a system. All the
parts must work in relation to the oth-
ers to balance the forces required to op-
erate the valves. Because it 15 a system,
your component choice is critical. We
all know that to finish firse, first vou
must finish. If you make the correct
choices with your valvetrain, you’ll im-
prove your chances of finishing and
finishing first.

——————=
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Figure 5-8. Retarding the exhaust cam opens the exhaust valve later in the power
stroke, closes it later in the intake stroke, and increases overlap, all else being the
same. Advancing it does the opposite. Retarding the epening of the exhaust valve
increases the length of the power stroke and, provided the piston is still moving, can

enhance torgue.

How Cam TivinGg EVENTS
INFLUENCE PERFORMANCE

Timing Exhaust Valve Opening

The exhaust valve opens somewhere
near BDC on the power stroke to use the
pressure inside the cylinder to help evac-
uate it. Again, we talked about this in the
Cam Basies section. The tricky partis at
what point during the crank rotation and
power stroke to open 1. Open it 100
soon, and vou lose cylinder pressure and
possibly horsepower; too late, and you
run out of time to remove the used gases
from the cylinder and that'll cost you
horsepower. It's a balancing act.

John Concialdi of Advanced En-
gine Management told us that most of
the work of the cylinder is done in the
first 90 degrees of crank rotation, so
timing the exhaust valve-opening event
after 90-degrees of crank rotation is a
sound tuning tactic. For a low-RDPM,

long-stroke torque motor, open it later |

1o keep the pressure on the piston
longer. For a short-stroke, high-RPM
horsepower combo, open it sooner to
give you as much time as possible to
evacuate the cylinder.

Retarding the exhaust cam opens
the exhaust valve later in the power
stroke, closes it later in the intake soroke,
and increases overlap, all else being the
same. Advancing it does the opposite.
(See figure 5-8.)

If your exhaust system isn't very ef-

ficient, it’s sometimes helpful o advance

the exhaust timing for high inial cylin-

der pressure, which will force the ex-
haust pulse out of the exhaust system

and give extra tme for the exhaust gases
to make their way out of the cylinder.
This 1s not the case with Honda exhause

systems, which are efficient right from

the factory and even more so when you

install headers. In fact, if you install 2
header and a free-flowing exhaust sys- |

rem, I'I: may pay Loy *.u:l‘.fanu; th-.’: L.Xh"l.'LJS'l.

little, depending on the amount of over-

lap the cam has,

Intake Valve Opening

Advancing intake cam timing opens

the intake wvalve sooner befare TDC,
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thus increasing overlap. Increasing over-
lap usually improves high-RPM power
because 1t uses the inertia of the exhause
pulse to pull intake air into the cylinder.
At low RPM, advanced intake timing
has 2 tendency to contaminate the intake
charge air with burned gases and gener-
ate reversion terbulence from the ex-
haust  pulse bleeding into the
low-pressure intake system. This also
pumps pressure into the intake, slowing
the charge down and messing with the
map sensor, On a carbureted combina-
tion, this turbulent pulsing intake vacu-
um signal really hurts the carbureror's
ability to meter fuel accurately. This is
especially true for multi-carb units with
individual runners for each cylinder and
carb. Retarding intake cam timing opens
the intake valve later, decreasing the
amount of overlap. This improves low-
RPM torque becavse it limits or pre-
vents intake charge contamination and
TEVErSI0 turhulmu in the intake mani-
fold. Less-charge contamination and re-
version turbulence also gives yvou more
intake vacuum and smoother idle quali-
ty. (See figure 5-9.)

Exhaust Valve Closing

Retarding exhaust cam timing de-
lays closing the exhaust valve, which in-
creases overlap because it narrows the
lobe phasing on DOHC engines and the
lobe separation angle on SOHC engines.
Closing the valve later in the cyele in-
creases overlap and increases the scav-
enging effect at high RPM by taking
advantage of the inertia of high-velocity
intake and exhaust pulses. However, if
you hold the exhaust valve open too
long, you'll move much of your air/fuel
mix through the cylinder and right out
the exhaust, causing a lean condition in
the combustion chamber and possibly a
detonation problem. The scavenging ef-
fect isn’t rr:ul]}' a factor at low RPM (See
figures 5-9, 5-8 and 5-10.)

Intake Valve Closing

Timing the close of the intake valve
influences several important factors that
create horsepower. Foremost is leaving it
apen long enough past BDC, so that

We talked about the effects of
rod ratio in the bottom end section.
If you look at the accompanying fig-
ure, you'll see that those effects ex-
tend to timing valve events. Almost
every system in an engine influ-
ences all the others. A seemingly
sirnple thing like the length of a rod
has a ripple affect throughout the
engine combination.

Alonger rod lets the piston dwell
at TDC for more degrees of crank-
shaft rotation, and a sawwy super
tuner will adjust the timing of the
valve events around TDC to take full
advantage of the pressure curves of
each combination. For example, a
longer rod gives you mare time at
overlap before the piston starts down
the bore than a short roed combina-
tion. Conversely, if you have a shorter
rod ratio, a high-speed cam with
slightly less overlap may be better.

The Influence of Rod Ratio
on Valve Timing Events

&3

Notice the steeper curves that
appear as the piston approaches
and leaves TDC. We've already
talked about a short rod combina-
tion having higher piston velocity
and how it can outspeed the flame
front. There's more to it. The accel-
eration curve of the piston toward
and away from BDC influences the
optimum timing of the opening of
the exhaust valve, as well as the
closing of the intake on the com-
pression stroke. The short rod
combination waits a lot lenger be-
fore shooting the piston up the
bore. The peint at which you close
the intake affects the dynamic
compression ratio of the engine, so
delaying closure of the intake valve
on the short rod combo doesn't re-
sult in as much of a loss of dynam-
ic compression ratio.
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Figure 3-%. Retarding the intake cam increases overlap and can cause the intake
charge to become contaminated with the exhaust. Opening the intake too early in
the exhaust cycle means the pressure differential may push the intake charge back

out the intake. This is called reversion.
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Cam Tuning Math

1. Ta find overlap duration:
{Lobe Phase or Lobe Separation
Angle * 2) — Duration = Overlap
Duration

2. To find lobe center:

Duration/2 = labe center

while the piston dwells at the bottom, it
gives the cylinder time to fill. Remember,
the intake charge has mertia now that it is
moving, and it continues to fill the cylin-
der even though the piston is starting up
the bore on the compression stroke. Of
course, you can’t leave it open too long or
the piston forces the charge back into the
intale. This scenario is much like open-
ing it too soon during the exhaust stroke,
with the same consequences.

The number of crankshaft degrees
vou can retard the closing of the intake
valve depends on the RPM of the engine.
As RPM rises, so does the velocity and
inertia of the charge. At high RPM, you

3. To find Split Overlap Dura- can leave it open longer. The inertia of
tion Lobe Center Timing: the moving air column packs more
charge into the cylinder before it is
A. Divide cam duration by 2 to forced out the intake by the piston rush-
find lobe center value ing up the bore, The reverse is also true.
B. Divide Overlap duration by At low RPM, yvou have to close it soon-
to find each cam's portion of er or you'll get reversion.
overlap duration Timing the close of the intake valve
C. Subtract B from A to find also affects the dynamic compression ra-
“split overlap duration” lobe tio of the engine. If you close it sooner in
center timing the compression stroke, yvou begin the ac-
tual compression stroke sooner, and
g
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Figure 5-10. Valve timing events are keyed to the direction of crankshaft rotation. Ad.
vanced timing means the valve event occurs soener in crankshaft degrees relative to
its direction of rotation. For example: advance the exhaust cam and retard the intake

cam and you reduce the overlap and change the valve timing relative to the cylinder

pressura cycles.

therefore, you'll see higher pressure at
TDC on the compression stroke. Close it
later, and the actual compression stroke
begins later to form less pressure at TDC,

Basically, you increase high-RPM
horsepower by delaying the closing of
the intake valve; vo mcrease low-RPM
torque by closing it sooner.

THE EFFecTs oF Cam DURATION

We already talked about duration in
the cam basics section, bur a quick re-
view won't hurt, Cam duration 1s simply
how long, in crankshaft degrees, the cam
keeps the valve open. Duration influ-
ences the other valve tming events. Ob-
viously, if you keep the valve open
longer, the closing point is delayed and
vice versa. It also influences the critical
overlap zone—if the valve stays open
longer, the valve usually has to open
sooner, which leads to more overlap.
Ovwerlap is the combined effect of dura-
tion and the lobe center separation on
single cam engines and the effect of cam
phasing on dual-cam motors. Longer-
duration cams are good at producing
high- RPM power because they hold the
ve open longer (as well as lifung it
higher), allowing more time at high
RPM to fill the cylinder. Since long du-
ration usually increases overlap, at low
RPM the intake charge tends to get con-
taminated with “used” mixture and raise
the pressure of the intake. These two
conditions are not conducive to making
low-end power. Fortunately, these ef-
fects go away at high RPM operation to
let the engine scream—if the combina-
tion’s right. (See the cam basics section
for more info.)

Wil

Loee PHasinG/LoBE
SEPARATION AMNGLE

Lobe phasing, or lobe separation,
describes the tming differential of the
intake and the exhaust cam lobes, It is
measured in degrees between the lobe
centerlines of the intake and exhaust
cam lobes. A wider lobe phase reduces
overlap for a given cam duration, and
therefore tends to produce low-RPM
torque. A closer lobe phase increases
overlap, and so increases high-RPM
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Lobe Center Separation angle

Lobe centarline angle is measured

when the intake cam lobe gives maximum
Nt to the imtake valwe. The reference

i5 taken from the crankshaft degree
wheel. Using the lobe centerline angle

of the del 561 1.6 ¥TEG low rpl.m

cam wa 588 max valva lift at 107.5

crankshaft degrees after TDHC.
|
gy
;
Lobe Centerline
e Degree wheel indicates /7
" ot el S T Yt
on the c'ranlcgnaﬂewu miisk miaximum lift
sure that TDG cordsponde lo

n thi ang

More overlap
with less lobe
separation angle

Less overlap
with more lobe
separation angle

8 mrxlly happaning

e jﬁHTiming reference mark
a

an engine Hock.
When INTOCG lines up
with this mark the
the piston In the number
on cylinder is at top
dead cenler on the

\H, compression stroke,

~ \
e ) Y

!

TDC

Figure 5-11. Lobe phasing, or for the SOHC crowd, lobe sepa-
ration, describes the timing differential of the intake and the
exhaust cam lobes. It is measured in degrees between the lobe
centerlines of the intake and exhaust cam lobes. A wider lobe
phase reduces overlap for a given cam duration, and therefore

tends to produce low-RPM torque. A closer lobe phase increas-
es overlap, and so increases high-RPM harsepower.

horsepower. On twin cam engines, if
vou retard the exhaust lobe uming or
advance the intake labe timing, you're
decreasing lobe phasing and inereasing
averlap. Single cam engines are depend-
ent on the cam grind for lobe phasing,
On single cams, this is known as lobe
separation, or lobe center spread. (See
figure 5-11.)

Loee CENTERLINE

Lobe centerline 15 a reference point.
Essentially, it describes, in crankshalt
degrees, the difference between the
point of maximum lift of the intake
valve and the TDC on the compression
stroke. You don’t want maximum valve
litt ar TDC, not only because of poten-
tial piston-to-valve conflict, but also be-
cause the wvacuum signal from the
cylinder isn’t its strongest at this point.
You don’t have to worry about that,

though. The cam manufacturer grinds
the cams with a spr_*:,:i’r'ic amount of lobe
centerline angle buwlt in. When you in-
stall the cam ar the manufacturer’ lobe
centerline spec, vou're said to have in-
stalled it “straight up.” Reduce the cen-
terline angle, and you retard the cam
timing; mnerease it, and you advance cam
riming. (See figures 5-11 and 5-12.) Lobe
centerline angle is a conventional num-
ber maost engine tuners are familiar with
and it is a convenient starting point
when you install a cam. When installing
a cam, you must “degree the cam.”

How To BASELINE ADJUSTABLE
Cam GEARS

You want to "degree” your camis)
so you know where the valve timing
events occur relative to the position of
the piston and crankshaft. This is of
great importance, as we'll see later

Figure 5-12, Using a degree wheel and a dial indicator is the
only why to be really sure of your cam timing. You determine
the lobe centers of each cam by reading maximum valve lift
on the dial indicator and reading the degrees indicated on the
degree wheael attached to the crankshaft.

when fine-tuning the cam tming. To do
so you'll need a degree wheel, a piston
stop, and a dial indicator, as well as
some means to suspend the dial indica-
tor over the cam so you can accurately
measure valve lift.

The fise step is installing the cam and
adjustable timing gears correctly. Follow
the instructions in the factory manual or
those that came with the cam gears, Next,
attach the degree wheel to the crankshate
and rig up a pointer. You can use welding
rod or a wire coat hanger for this pur-
pose. Rotate the engine so the number
one piston is at TDC on the compression
stroke. Both valves should be closed. By
referencing the timing marks on the
crank pulley, vou should be able to get
very close. Verify by carcfully inserting a
probe stick through the sparkplug hole to
gauge piston position or just look into
the chamber. Adjust the pointer and the
timing wheel to zero or TDC.
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MNext, rotate the crankshaft about
20 degrees opposite its normal direction
of rotation. Install the piston stop so 1t
just touches the piston. Continue to
spin the engine (opposite the engine ro-
tation} until the piston hits the piston
stop. Mark that position on the degree
wheel opposite the peointer. Spin the
crankshaft in the opposite direction
{normal engine rotation} until the pis-
ton hits the stop. Mark this position on
the degree wheel as well. Remaove the
piston stop. Rotate the zero point or
TDC of the degree wheel (do not ro-
tate the crankshaft) to the degree ex-
actly between the two marks you just
made with the piston stop installed.
This 1s TDC.

The next step is to ser the cams
“straight up,” that is, cam timing is nei-
ther advanced nor retarded. When you
buy an aftermarket cam, the manufactur-
er has tested it and has ground the cam
lobes to be timed in a certain way. Typi-
cally, they use the intake lobe centerline
as the reference point. So, for SOHC en-
gines you just need to align the intake
lobe centerline with the number one
cylinder at the degree specilied on the
cam card, For DOHC engines you need
to do the same for the exhaust—align the
cam so max valve life occurs as specitied
on the cam card. On VI'EC cams, you
should use the low-lift cam lobes. How-
ever, if you really want to know what
your engine is doing you should “de-
gree” the high-lift lobes as well.

To do this, attach the dial indicator
head so that is in the same line as the
valve, If there 15 a slight angle between
the dial indicator’s measuring rod and
the valve stem centerline, your lift read-
ings will be inaccurate. With overhead
cam engines, max valve lift occurs when
the valve stem is farthest away from the
instrument. Therefore, you need to po-
sition the dial indicator so that it retains
enough travel to register max lift.

To verify that the cam is adjusted
“straight up” you need to rotate the en-
gine until the dial indicator changes di-
rection. This is max lift and you should
set the dial indicator face to zero. Re-
verse the rotation of the engine until the
dial indicator reads .100-inch. Now spin
the engine in the normal direction unul

the indicator reads .050-inch. Record the
degree wheel value. Rotate the engine in
the normal direction until the dial indi-
cator reads .050-inch on the closing side
of the cam lobe. Record the degree value
from the degree wheel. Add the num-
bers together and divide the sum by two.
That will be the location in crankshaft
degrees of maximum valve lifts

You want the zero degree mark on
your adjustable cam gears w place the
cam lobe centerlines at the degree speci-
fied by the manufacturer. You may have
to adjust the cam to achieve this but do-
ing so will pay off big when you're tun-
ing on the dyno or need to make changes
at the dragstrip. In fact, it is a very good
idea to verify the accuracy of all the tim-
ing marks using the procedure detailed
above. If they are off shightly you can
take notes or make your own markings,

How To Fino Oemimaum Cam TIMING

I think suspension tuning and cam
choice and tuning are the most difficule
areas of high performance to under-
stand. Cam tuning is weird encugh but
if vou have a custom combination, such
as a stroked motor with an altered rod
ratio, even an experienced tuner gets
lost. The secret to cam tuning is to un-
derstand the four strokes of your engine
and how the cam, by opening and clos-
ing the intake and exhaust valves in rela-
tion to these cycles, can be tuned to your
combination. If you worked with a cam
manufacturer while designing your
combination, they should be able o
help with the timing. If not, here’s an
easy way to begin the tuning process,
courtesy of Rob Smith of RPS Perfor-
mance Products.

There are several approaches to cam
tuning, but the one that Rob prefers to
start with is the exhaust valve timing.
The reason to start here is because open-
ing the exhaust valve ends the power
stroke. Where you choose to end the
power stroke, in crankshaft degrees, has
ereat influence on where the intake valve
opens, which actually begins the intake
stroke. Each of these wvalve timing
event’s optimum timing may be slighty
different than what 1s practical because
of the uming of the preceding event.

However, in deciding where to compro-
mise you should give priority to the
power stroke, The power stroke should
be as long as possible, so wait o open
the exhaust valve as late as possible.

The smartest way to begin the cam
tuning process is to sphit the overlap be-
twreen TDC,

You have to know the duration of
the cams so you can calculate the over-
lap. This is usually on the cam card. If
not, or you bought used, you can verify
the duration with the same setup you
just used to degree the cam. The only dif-
ference is as you rotate the engine, you
mark the degree wheel at the point the
dial indictor reads .050-inch, and keep
rotating the crank in the same direction
until the dial indicator reads .050-inch
again and mark the degree wheel. The to-
tal degree traveled 1s the duranon. (.050-
inch valve lift 1s the American industry
standard for measuring duration. Adver-
tised duration is the theoretical total du-
ration beginning when the valve leaves
the seat and ends when it returns.)

Next, vou have to decide on the lobe
phasing for DOHC. (For SOHC the
lobe center separation angle is built into
the cam and can’t be changed.} This is
fairly easy because the range of what
works for four-stroke engines 1s well
known: The following are the ranges that
EXperience las shown works, but check
with the cam manufacturer to be sure.

Maturally aspirated Street combeos: 106 - 110
Maturally aspirated Race combos: 98 - 1035
Turbacharged and Supercharged: 108 - 114

These are the typical degree ranges
for the lobe separation angles and lobe
phasing. The concept of lobe center sep-
aration angle is more suited to SOHC
since it has a single cam and the lobe
centers are ground by the cam manufac-
turer and can’t be changed. FYTI: 110-de-
eree lobe separation angle 1s equal to 220
E]'ﬂ.l.'l]:i.'ihﬂf[ dUgl"..‘L:S.

On DOHC engines, the term lobe
phasing is more apt. The lobes are
phased to achieve equivalent timing as
the lobe center separation angle, but
since the cams are separate, each one
must be timed separately. So you need to
think in terms of lobe center timing for
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both intake and exhaust cams. See fig-
ures 5-13a and b.

To illustrate this concepr let’s time
a set of Crower cams part number
62402, The cam specs are 23E—dcgrcc
duration on the inake and exhaust
measured at 1 mm. This means that the
cam holds the valve at lease 1 mm above
the seat for 230 crankshaft degrees. The
valve lift reference point is a conven-
ience because it is very difficult to de-
termine exactly when the valve is lifred
off the seat. This cam grind is for a
street turbo, so we'll tune to the larger
lobe phasing value of 114 degrees.

To find the duration of overlap,
multiply the lobe phasing value by 2 and
subtract it from the duration. For exam-
ple 114 x 2 = 228, 230 duration - 228 =2
degrees overlap. That's not a lot of over-

lap but then a wrbocharged moror does-
n't necessarily require a lot of overlap.
If vou wanted to move the power
band to a higher RPM range, decrease the
lebe phasing_ We can go with the follow-
ing numbers to tune to the high RPM
range of turbo combos: 108-degree lobe
phasing. 108 x 2 = 216 degrees. 230 - 216
= 14 degrees overlap. More overlap im-
proves l1igh RPM mass flow. But be care-
ful—this much overlap on a turbo motor
will run poorly at low RPM, a super-
charged engine will probably just pass a
lot of unburned fuel through the engine.
Either way vou need o split the
overlap value between TDC ro deter-
mine the lobe center t[ming for cach of
the cams. Assume cach cam has half the
overlap, so in the example above with 14
degrees of overlap, the intake and the ex-

haust cam each have 7 degrees. Since the
lobe center is found at mid-point of the
cam’s duration, we can find it by divid-
ing the duration value by two. There-
fore, 230/2 = 115 degrees. Subtracting
the overlap duration from the lobe cen-
ter value will give us the “split overlap”
lobe center timing: 115 -7 = 108. There-
fore, the 5p]it {}‘-’C]'lﬂp timing should be
lobe centerline at 108 degrees ATDC for
the intake; and 108 degrees BTDC for
the exhaust. It would be the easiest, at
these timing values, if you put vour ad-
justable cam gears at zero. But if they
don’t line up that way just mark them so
you know where to go back to if vou
make changes the engine doesn't like.
So where to go from here? Chances
are the engine will run reasonably well
at this cam timing. Nevertheless, the
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Figure 5-13a (left) and 5-13b {right): On DOHC engine “labe phase” is the term that deseribes the timing of the intake and ex-
haust cams. Its meaning is the same as "lobe separation angle” for SOHC or OHV cam engines. Because DOHC engines have
separate exhaust and intake cams, the lobe separation angle is dependent on installation and adjustment. The valves inter-
act between the exhaust and intake stroke, beginning with the exhaust stroke opening ending the power stroke. Most tuners

use the lobe centerline at the crankshaft angle to time and adjust DOHC cam timing. The reference to lobe separation angle
is useful since it is easier to visualize than lobe phase.
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Working with overhead cam engines means the max lift occurs when the valve trav-
els farthest away from the dial indicator.
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Figure 5-14: The tuning trick is timing the exhaust valve opening so that exhaust pres-
sure helps evacuate the cylinder (blow down). This gives you the longest power
stroke and the longest evacuation time in crankshaft degrees. This will change with
a long or short rod combination. Short rod combos have a lot of piston travel be-
tween 4 and 6 o’clock; long rod combos don’t move the piston as much in this range.
Long rods let you open the exhaust valve earlier in the stroke without as much neg-
ative tradeoff, i.e. not using pressure and piston movement to push on the crank.

performance enthusiast’s question always
is, is there more power avatlable? Can we
increase the combustion pressure of the
power stroke by changing the cam tim-
ing? There may well be, but you won't
know for sure unless you tune it. And in-
stead of just twisting the cams randomly,
vou can determine what cam timing val-
ue to adjust if you know where the piston
i5 in relation to cam timing,

While you have the degree wheel and
the dial indicator on your engine, you can
also map out the piston position curve in
relation to crankshaft degrees. All you
need is to rig up a measuring rod of suffi-
cient length not to fall inte the cylinder
when the piston is at BDC. Use the rod
to measure the piston travel per crank-
shaft degree. If you put it in a matrix and
draw a trace, you'll see a curve. This map
helps you decide on cam timing events.

When deciding when to open the
exhaust valve you want to choose the
timing where the piston begins to slow,
ie. travels less distance per degree of
crankshaft rotation. The exact timing
will change according to camshaft de-
sign, rod ratio, and even fuel combina-
tion. However, if you know the piston
travel curve relative to crank degrees
you can make informed tuning choices.
Figure 5-14 shows how a concept of
how the piston travel curves will look
for a |nn§; rod and short rod combina-
tion. We're assuming the stroke remains
the same, so the rod to stroke ratio is
larger with the long rod combination.

In the graphic, you can see that
valve timing events oceur in relation to
the travel of the piston. The idea is to
time the valve opening and closing
events to optimize mass flow through
the engine while providing the longest
power stroke. When you open the
valves 15 where the real magic happens.
In general, most of the work of the pow-
er stroke ocours, to use a clock face anal-
opy, from 1 tw 5 o'clock. Afrer that
crank angle, combustion pressure 1s
dropping rapidly and the angle of lever-
age is not advantageous, so why not
open the exhaust valve?

Ome other important factor in decid-
ing on timing the exhaust valve open
event is the fuel and any power adders.
Nitrous burns quickly; once the piston’s
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half way down the bore most of the force
is dissipated so you can open the exhaust
valve early. In addition, nitrous generates
more exhaust volume (20- to 40-percent
more mass), so opening the valve early
makes sense and usually more power.
Methanol is a slow burning fuel that
senerates a longer power stroke, so you
won't want to open the exhaust as soon
as you would with nitrous. Methanol is
tricky since, in addition to the slow burn,
it generates a lot of mass. Therefore, you
need to open the exhaust as late as vou
can, but when you do, apei it fast and
big to get as much duration as you can.
When the aftermarket responds with
roller cams for the Hondas, we'll be able
to exploit the performance, the radical With adjustable timing gears on a DOHC engine, you get an almost endless range
valve opening rates, and increased dura-  of tuning options. You can change the lobe center relationship and the timing of
tion that technology provides. either intake or exhaust valve-timing events in relation to the crankshaft angle and
The next most critical area is when  piston travel. You can also make wrong choices and lose pewer or move the tim-
the exhaust stroke blends with the in-  ing so far that the valves hit the pistons or you cause the valves to hit each other.
take stroke, This is a tuning area you need to approach with caution and good judgment. How-
Timing of the intake/exhaust over-  ever, the pay off is worth the effort.

lap events is sensitive to RPM. You want
to close the back door so you don
waste fuel during scavenging; bur lare
enough to clean the combustion cham-
ber of residual end gas. Engine speed has
a lot of influence on how this happens.
Low engine speed provides lots of tme
for the air/fuel to get into the engine. At
high RPM the valves are open such a
short time, the volumetric efficiency of
the engine falls to the floor along with
power output. The upshot is that for a
high RIPM combination you want to in-
crease the overlap, to increase the time
that the cylinder can be scavenged and
filled. Of course, this sacrifices low
RPM power because of the effects of ex-
haust reversion into the intake tract. To
avoid that, run less overlap timing.
We'll end the chapter with a recom-
mendation for naturally aspirated engine
combinations: For most naturally aspi-
rated engines, the magic number from
Dale Armstrong, Austin Coil, or Russ
Collins seems to be 2 degrees advanced
intake timing with split overlap. That
usually works out to put the exhaust
Use a degree wheel and a dial indicator to determine max lift of intake valve at pre-  lobe center at 108 degrees and the intake
cise crankshaft degree. Use the stock lobe centerline angle of the del Sol 1.6 VTEC  at 106 dugrccs. Wirh thar bit of info, you
low-RPM cam with max valve lift at 107.5 crankshaft degrees ATDC. With the heads should probably try that setting on your
milled, max lift occurred at 110 degrees, or 3 degrees retarded. next trip to the dyno or the racetrack.
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