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Engine performance is like a complicated formula in which each individual part plays a role in
the final answer. Some parts of the formula affect the final outcome more than others. The
valvetrain geometry portion of the engine formula is one of those parts of the equation that can
make a significant difference in power and durability. Here, we will try to fully explain how the
components should work together and also how it can all go terribly wrong.

Geometry in itself is a fairly complicated subject to master. Many of us took classes in high
school and/or college that dealt with this subject, but, as with many of our studies, we forgot the
lessons as soon as the test was passed in. Who needs to know what will never be used in real life,
right? For me, my early career involved heavy geometric calculations on a daily basis for over 20
years. So | will try to utilize that knowledge to explain, in an easy-to-understand way, what
valvetrain geometry is all about.

A lot of work goes into designing cam profiles for specific applications. The differences between
cams in a particular type of racing are small and almost indistinguishable. But the composition of
the cam has a precisely defined purpose, and all that it is supposed to do for the valve is
translated through the valvetrain components. The cam design is directly affected by the
valvetrain geometry (VTG).

The industry is constantly searching for ways to design cam lobes, lifters, rockers, valve springs,
and valves in a combination that will achieve better results for the intended uses. We, the racers,
can take the best of the available parts and, through assembly errors, defeat all that has taken
years to accomplish. Let's see how that is possible.

The concept of correct valvetrain geometry has been around for a long time. This is not just
something that has arisen in the past few years, handed down from Nextel Cup, Indy Car, or
Formula One racing. When | read Smokey Yunick's Power Secrets book years ago, he made a
reference to how to achieve the correct geometry, having learned the importance of that much
earlier than the first copyright date of the book. Smokey didn't invent the method for correct
VTG, he just explained it. We'll show you how this method still rings true today.

Each and every major manufacturer of valvetrain kits and rocker arms has its own design
parameters and design goals. The approach and the dimensioning of components will necessarily
differ with each manufacturer, even when the results are nearly the same. But, geometry, being a
finite resultant, necessitates that all systems hold to certain tolerances when it comes to correct
VTG.

One gentleman even went so far as to patent a precise geometric design called the Mid-Lift(r)
system in 1982. Jim Miller saw the importance, as have others before and since, in maintaining
correct valvetrain geometric angles. We have spoken to Jim as well as some of the top



manufacturers' technical leaders, and all of them are focused on their own geometric designs
with specific goals.

The unstated goals, as each company maintains secrecy in this area of performance, differ from
company to company. If any one of the many manufacturers out there is missing something
major along these lines, 1 would be very surprised. That's not to say something couldn't be
learned by all of us from a detailed presentation of how the geometry works.

As stated, each company has its own specific dimensioning of parts, matched components in
valvetrain sets, and so on. We are not here to tell anyone how to design components of the
valvetrain. We are also not here to critique any designs of VTG parts or combinations of those
parts. Lots of thought and testing goes into each and every company's designs, and the beauty of
racing is that we are free to deviate from the norm at times to find hidden power and/or
endurance.

The problems we will address here arise when a builder assembles those parts incorrectly or
assembles various part numbers that have not been designed to work together. This can happen
very easily in the complicated process of fitting and assembling a race motor.

There are so many critical dimensioning, balancing, fitting, and finessing processes involved in
building a competitive racing motor, that it is not out of the question that something could be
overlooked, such as ensuring correct VTG. To achieve the optimum VTG, we must know how it
works and why.

We will use common logic and an understanding of early design goals used by Smokey and
others as our starting point. We are going to provide data showing the results of different
geometry layouts that affect the amount of valve lift. It is not only the cam that regulates valve
lift. The VTG has an effect, too.

What has been alluded to in the past as well as the present is a view of the sweep of the rocker tip
across the end of the valve stem that conforms closely to maintaining the correct VTG. This only
takes into consideration half of the rocker arm geometry to the valve side, and we'll cover the
other side later. Here is what has been offered.

It has been said that with a roller tip rocker, the contact point with the valve stem should, at the
beginning of the valve opening cycle, move toward the exhaust side of the head, reach an apex at
approximately mid-cycle, and then move back toward the intake side of the head to about the
same position as when the cycle started as the valve becomes fully opened. If this occurs, then
the geometry is necessarily a certain configuration and cannot be any other way.

In geometry, when this occurs, the angle formed by a line through the rocker shaft axis and the
roller axis is at or very near 90 degrees to the valve stem when the valve is at the mid point in its
travel toward full open position. Miller stated as the patented goal of his Mid-Lift(r) system that
the angle at mid-lift would be exactly 90 degrees. Opinions vary on that point, but few would
disagree that deviating too far from this concept is not advantageous.



By positioning the rocker arm height in a certain way, the contact sweep path may or may not be
centered on the valve stem. In a perfect world, this would be the case. But there are variations in
the machining of the blocks, placement of the rocker studs, rotational length of different rocker
arms, and lengths of the valves that will alter slightly the position of the rocker tip sweep path on
the end of the valve stem. The critical element is not the positioning of the sweep path on the
valve tip; it is the geometric angles of the rocker pivots to the valve stem.

Of course, we don't want to see the roller rocker contact point move any closer than 0.020 inch to
the edge of the valve stem, as Smokey has stated, but being off-centered has little negative effect
on components such as valve guides and valvetrain harmonics and no effect on performance. It is
not a performance enhancement to have the sweep path centered on the valve stem, nor does it
necessarily mean that we have the correct VTG if it is centered.

The ideal geometric configuration must be repeated on the pushrod side of the rocker, too. With
a little effort on the part of the builder and a correctly designed rocker arm, we can choose the
right length of pushrod so that our geometry is correct. The key is to find a position of the
pushrod cup that will mimic the geometry we have achieved on the other side of the rocker shaft
and then choose a pushrod length that will match that location.

If we treat the center of rotation of the tip of the pushrod the same as we did the center of the
roller tip shaft when we were finding angular measurements, then as the valve is being lifted at
mid-cycle, the angle from a line drawn through the rocker shaft axis and the pushrod tip axis to
the pushrod should be very close to 90 degrees. The fact that we have an adjustment for valve
lash means that we can use pushrods of different lengths to achieve better VTG.

Again, every company has different design goals, and being exactly 90 degrees at mid-cycle is
not the precise goal of all designers. Wrong is not necessarily defined as being a few degrees
deviant from 90.

In the quest for proper VTG on the pushrod side, we shouldn't back out the adjuster so far as to
weaken the structure by not having sufficient threads in place to resist the forces the rocker will
experience. In some cases a compromise may be necessary, but only to a point. Being way off on
the VTG may indicate that you have the wrong parts for the types of heads, or the rockers you
have aren't meant to be used with the length of valves you have installed.

For example, if I need to turn out my adjuster for proper VTG to the point at which there are not
sufficient threads to contain the valvetrain forces, | can use a longer valve, move my rocker up
while maintaining proper VTG on the valve side, and then screw in the adjuster further to use
more threads when | am adjusting valve lash on solid lifters or preload on hydraulic lifters. Be
sure to watch where the roller rocker is sweeping the valve end and make sure it is not coming
too close to the edge.

Tip: If you are concerned with the location of the roller rocker sweep path and are convinced that
it should be centered, there are steps you can take to improve the situation. From a side view, the
valve stem, the rocker mounting shaft, and the pushrod are all at different angles. The valve stem



and the pushrod converge if their alignment is extended upward, while the rocker shaft angle lies
somewhere between those two.

As we raise and lower the rocker arm on its shaft, we are also moving the roller rocker back and
forth across the valve stem tip. Raising the rocker moves the roller toward the exhaust side of the
valve stem, and lowering the rocker moves the roller toward the intake side of the valve stem.

This adjustment can only go so far, and a serious mismatch in the rocker to valve stem tip
alignment can only be corrected by going to a different design in which the distance from the
rocker arm's shaft axis to the roller shaft axis is different in the direction needed. The key is to
maintain correct VTG at all times.

Suppose we purchase a quality set of rocker arms that are to be used on heads where the valves
are already installed and we have a good set of heavy-duty pushrods. We might have broken a
rocker or otherwise decided to make a change. We bolt on the rockers, set the solid lifter lash or
hydraulic preload, and go racing. Have we done the right thing? We may mess up an otherwise
good motor if we don't make sure that our VTG is correct.

Worse yet, we decide that the roller rocker sweep path really needs to be centered on the valve
tip. Let's say it is 0.100 inch off-center toward the exhaust side of the valve center. If we lower
the rocker arm mount to bring the roller tip near centerline, we need to move the rocker down
0.325 inch. Our roller tip sweep path increases in width from a correct geometry width of 0.027
inch to 0.108 inch. That is an increase of 0.081 inch, which almost takes us back to where we
started.

Those aren't the only changes. Our valve lift goes from 0.290 inch with correct geometry to
0.280 inch in the first half of the cycle for a total loss of 0.010 inch. That is a 1.7 percent loss in
total lift. So altering our geometry in an attempt to center our roller rocker on the valve stem will
have detrimental consequences.

The same geometry problems can arise on the pushrod side of the rocker arm. If we don't select
the proper pushrod length, then the angles of the rocker to the pushrod will be affected. To show
just how critical pushrod length is, just 0.100 inch of difference in pushrod length amounts to 6.3
degrees of angular difference in the rocker arm. Our half travel of the pushrod tip is only 0.170
inch, so if we put in a pushrod that is 0.170 inch too long, then we have created an angular error
of 10.75 degrees.

Our cam lift is affected by being 0.0058 inch less, and valve lift is less by 0.0102 inch. If we had
our valve stem centering error on the other side to add to this, then we would be losing a total of
0.0202 inch of lift. That is almost a 311/42 percent loss of our intended valve lift dimension. It is
just like putting a lower lift cam in our engine.

Whatever your rocker arm manufacturer wants for geometric angles will be greatly affected if
the parts are not installed correctly. The variations translate themselves through the valvetrain to
the valve, affecting the amount of lift, the valve opening speeds, and possibly the valve timing
between the intake and exhaust valves both per cylinder and from cylinder to cylinder.



Many top manufacturers of valvetrain components provide strict instructions for installing rocker
arms and pushrods. Some provide tools used to check for proper geometry and some dictate
exactly where the lash adjustment screw is to be positioned after the valve side has been
corrected. Then the builder can order pushrods to fit that location.

In the search for ideal VTG, we need to remember to check the clearances in the motion of all of
the components. In reality, when we have better VTG, the clearances will probably be better than
if we had an off-angle design. Regardless, we always need to be cognizant of the motions of
components and the clearances between adjacent components and the heads.

Consult with your valvetrain parts manufacturer about how to install your components. Make
sure you understand how these parts are supposed to fit together; the result will be a much more
powerful engine that runs smoother and has more balance between cylinders. Component life
will increase as well, possibly saving you money down the road. It's all in the geometry.
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