“Rocker arms are huge,” .ccaimes

Kerry Movak of Crower Carns, 5an Diego, California. "The rmarket
is growing every day." Novak laughed when we countered that
a classic racing VB could only use 16 of them &t a time.

What's driving the sales growth is advancing technology, and a
plethora of new products arrayed against the daunting demands
of higher lifts, higher spring pressures, and higher rpm.

“The latest trend is toward shaft-mounted systems," MNovak
continued. "And in the top classes—oval track or drag racing—
we're selling more billet. It's because of the rprm, the spring pres-
sure, the camshaft design—everyone wants the fastest-action
camshaft they can get. S0 we've had o provide billet rocker
arms to rmaintain stability in the valvetrain.”

“There is only 0 much a stud-mounted rocker can take,"

&

agreed Eric Bolander of Howards Cams, Oshlkosh, Wisconsin.
“And with some of the newer heads—the valve lifts they reguire
and the spring pressures they need to keep it safe—shaft mounts
are the way to go.”

Bill McGloghlen of PRW Industries, Inc. in Perris, California,
added, "Reducing weight while maintaining rigidity is always a
concern when designing rocker arms for racing condtions. That's
why we design our rocker bodies using Finite Elerment Analysis
(FEA), and manufacture them from the best alloys available.”

Mot surprisingly, the very same forces are driving innovation
invalve springs. "The main trend continues o be lower mass
and higher frequency,” noted Billy Godbold of COMP Cames,
Memphis, Tennesses. "This is definitely the case with our own
new conical valve springs, but it is true of other new designs as

Ranking among the most influential

components in the valvetrain, these products

are maintaining their stability even in the face
- __ of today’s wildest camshafts.
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Gonsidered among the mast i mfluential components in the
valvetrain, rocker arms representa constantly evalving cate-
gory. And driving sales growth is advancing technalogy, along
with a variety of new products designed to meet the demands
of higher lifts, higher spring pressures, and higher mm.

well. And with today's manufacturing processes and CNC equipment, we are able to
manufacture higherquality springs than ever before—eaven as the designs become
maore difficult to produce.”

"Higher spring rates are still the trend as engine speeds continue torise,” added Jeff
Villernure of PSI, Mew Hudson, Michigan. "Engine builders are consistently designing
camshafts with higher |ift as well, which drives up installed heights. This is generally
the trend in all forms of racing. When selecting a spring, or designing a new ong, we
try to keep the outside diameter (OD) of the spring as small as possible. This allows
the: rate to increase with a minimal increase in mass.”

At COMP Cams, said Godbold, "Often we are asked, "How much spring do | need
with that carm? People misunderstand spring load as the primary factor in valvetrain
contral. That would be the case in astatic system, but a valetrain is extremely dynamic,
with components operating closer to their resonant frequency than in any other part
of the engine.” Crankshafts and connecting rods, for example, might operate around
one ten-thousandth (i.e. 0001x) their resonant frequency. "But we just can't do that
with wire valve springs—and pushrods and rockers operate closer o resonance than
most other components, too."

S0 it is best to think of the valvetrain as a systemn, Godbold added, "where the cam
profile inputs certain dominant frequencies, and the valve springs must be able to
control those frequencies without going into resonance. The trends toward smaller
diarmeters and higher rates are both working toward higherfrequency springs, which
allow [for] more aggressive camshafts and higher rpm limits. "

We'll further explore rocker arms and valve springs, both separately and as a
systern, in the following pages.
Rocker Innovations
Rocker arrms rank amang the most influential components in the valvetrain,

50 let's begin with some specific new products, followed by a few notes on how

these components are evolving.

Lavender Engine Development of Corinth, Mississippi, has developed a kit to
convert traditional small block Chevy heads to LS-style pedestal rockers. "We
created the systemn as a more stable alternative to stud-mount rockers for custom-
ers whose rules or budget does not allow a shaft-rmount setup,” explained John
Lavender. "Cine customer reported a 12-horsepower gain on an engine dyna. Cur
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VALVE SPRINGS

ROCKER ARMS

product costs less than guide plates or
girdles, provides a 1.7:1 rocker ratio, and
iz legal in most classes that specify stock
rocker arms.” The kit does not include
L5-style rocker arms, but it comes with
all of the necessary stands, bolts, and
shims "for simple installation in heads that
are already machined for screw-in studs.”
The LS Rocker Conversion System is avail-
able exclusively through Howards Cams.

CHE Precision of NMewbury Park,
California, continues to offer a billet
rocker stand . 100-inch taller than a stock
L51 stand. "This enables the customer to
use a longer valve-and-spring combina-
tion," explained Ed Doyle, "which in turn
helps when they choose a higherlift cam.”
Ancther continuing success for CHE has
been its LS rocker arm retro-fit, where the
factory needle bearings are removed and
replaced with a bronze bushing and trun-
nicn. "Thess work particularky well in off-
road applications,” Doyle added, "where

Modern manufacturing processes and refined
CNC equipment now produce higher-quality
springs, say our sources, who cited such current
trends as lower mass and higher frequency, and
purer material used in the springs themselves.
Phato courtesy of lsky Racing Gams.

dirt and debris can be a problerm.”
Atthe 2015 SEMA Show, PRW released
"several stud-rmount rocker kits manufac-
tured from 2024 extruded alurminum for a
wide variety of applications.” said Bryce
Kirk, "aswell as a completely new, clean-
sheet design made of 17-4 ph 535 stain-
less, and capable of withstanding higher
spring pressures, while providing the con-

sistent and stable vake events at high rpm
that are critical to durability under racing
conditions.” Both new kits are part of
FPRW's Performance Quotient, or POx line.

Titan Spead Enginearing of Ojai,
Califernia, "recently changed the stesl
alloy we use to make our roller tips,”
reported Bob Sanders. "Heat-treating can
always throw you some curves—and we
ahlvays watch the feed stock, and where it
cormes from, like a hawk—but we are mone
than pleased with the new aloy and heat-
treat combination.

“Also, we now have oil holes down
through all of our adjusters,” added
Sanders. Titan makes bal-type adjusters
inthree lengths, and the cup type in one
length, all using the 3/8-inch fine thread
and 516 ball size.

Titan is working with Arias Industries
to supply rockers for 4 new raised-cam
varsion of Arias’ Hemi Chevy where the
camshaft is raised one inch.
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Billet Rules

Experimentation, particularly at the
high end of the markat, is ongoing. And
it continues to demaonstrate that the total
weight of a rocker arm is almost irrelevant,
whereas the weaight "over the nose"—that
is, on top of the valve stem—acould not be
more critical.

When trying to control deflection in a
rocker arm, noted Allan Bechtloff of Crane
Cams, Daytona Beach, Florida, "you're
moving inte an area where the cost of
the parts gets elevated. An aluminum
rocker arm has mass and density, and
that absorbs some energy, and at low
rpm that's plenty good. But now you put
in a heat-treated steel rocker arm, and it
isn't bending or deflecting, and the maotion
designed into the camshaft is actually hap-
pening at the valve.

“It gets complex,” Bechtloff mused.
“Four grams can save you, of four grams
can destroy you. We were trying to hit

a bogey of 10,400 rpm for a Bonneville
car And we could get to 10,000, but then
everything went crazy. And then we light-
ened the rockers by just four grams on
the nose, and it wasn't crazy anymeore.”

“Increasing rigidity is always a concern,”
Sanders noted. "A very flexible rocker
arm not only gives up some of the lobe
lift, but can start a rescnance that can
add to valve float and lifter harmmering.
To address rigidity, we always stick with
what works: Titan's arch and the sheer
wall design.”

Design is not only critical, agreed Rob
Rernesi of Jesel in Lakewood, MNew Jersey
but is dictated by the material. "We've
seen an increase in demand for stesel
rocker arms due to their added rigidity
compared to aluminum. Unfortunately,
we cannot always supply a stesl eqguiv-
alent to an aluminum-body rocker—and
in most instances, you wouldn't want us
to. If you were to take, say, an aluminum

intake rocker for a spread-port, big block
Chevrolet head, and make that same
rocker cut of steel, the weight of it would
destroy the valvetrain harmonics .

Instead, the entire rocker-arm assem-
bly must be re-engineered according to
the weight and stiffness of the new mate-
rial. "This is exactly what we did with the
stesl rocker kits that we've supplied for 410
sprint car engines,” Remesi continued,
“and with great success. We replaced
an alurninum recker body that was 1.600
inches wide with a steel rocker only 825
inch wide, greatly increasing strength
while reducing the moment of inertia. Of
course, that also meant taking the offset
out of the intake rocker body, and instead
rotating the individual rocker shaft to align
the rocker with the intake valve and the
offset pushrod.”

Movak at Crower also reported tre-
mendous success with steel billet. "We
designed our billet rocker arms with the
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help of some of the big engine builders "
he =zaid, "and then we took them to top
teams, who tested them in their Spintrons
to refing the weight over the nose, for
optirmum control of the valvetrain. 115 taken
us years to get to where we are now, but
now we have such stability built into our
billet rocker arms that the teams abso-
lutely adore them, especially the dirt late
rmizdel teams, who tell us that their valve-
train even stays adjusted longer, and that
our billet rocker arms take the heat better,

“And now in some drag racing classes,
especially in turbocharged applications,
where they've been having problems with
their exhaust rockers, they are starting to
use our billet rockers on the exhaust side,”
added Movak.

Crower's billet rockers are forged in-
house from 4340 chromoly; and they come
with standard, needle-bearing, or bushed
tips. The company also offers aluminurm
and cast stainless rockers, in shaft and

stud-mount styles, for enging builders
who prefer them.

Godbold suggested that enging builders
should "take the time to measure system
stiffness when changing rocker arms.” and
watch a few videos on using three-wire
rotational pendulums to measure moment
of inertia. Just understanding that you are
now optimizing systems—and not just
selecting good compongnts—uwill put you
way ahead of even where some NASCAR
teams were a dozen years agoe.”

Godbold also confirmed that the market
iz changing, and that engine builders
are "responding to favor stiffness, rather
than looking at only ratio and mass. hMost
racers no longer use rockers with adjust-
ers,” as they realize that adjusters add
nat only mass but a potential failure point,
while requiring the back of the rocker to
be flattened cut in a way that compro-
mises stiffness. "Even the street market is
turning away from them. The best shapes

arg arches or triangles with the tallest
point high above the trunnion. Mounting
systems and bearings are improving, 100,
all resulting in increased system stiffness.
We now have customers who regularly
change components and then measure
the change in system deflection.”

Still, Booth Platt of Proform in Warren,
Michigan, reminded us of a more eco-
normical alternative. "Valetrain rigidity is
essential in a high-compression engine,”
he agreed, "because without it, energy
iz lost to flex, and susceptibility to faiure
is increased. To combat this there are
two good solutions: a shaft-mount rocker
systermn, or more affordable stud girdles,
which interconnect all of the studs with
rigid plates. The latter are easy to install,
using the existing studs and not reguiring
any fancy machining. If you have room for
roller rockers, you have room for a stud
girdle. The most commaoen lirmitation is
having a tall encugh vake cover.”
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The valvetrain should be thought of as a system,
explained one industry expert, “where the cam
profile inputs certain dominant frequencies., and
the valve springs must be able to control those
frequencies without going into resonance.” In

turn, he continued, higher-frequency springs
“allow [for] more aggressive camshafts and
higher rpm limits.”

Lube & Roller Issues
While FPhil R. Elliott of T&D Machine
Froducts in Carson City, Nevada, stressed
the importance of rigidity in these compo-
nents, “it is not aways the highest prior-

ity in every application. When it is the top
pricrity, a steel rocker is the way to go.
Howewver, TED continues to place more
emphasis on all of the factors involved, to
tailor our rockers for each specific applica-
tion." Among those factors is lubrication;
Ellictt noted that TED has always used
pressurized internal oiling for its rocker
tips and bearings.

PRW rockers, said McGloghlon, "are
designed with oiling passages optimized
for specific applications. Oil volume and
pressure are taken into account when
designing the lubrication system of each
rocker armkit.”

With needle bearings, said Remesi,
splash lubrication is sufficient. "Drilling
through the centar of a rocker arm to
provide pressurized oil to the needle bear-
ings does nothing but weaken the rocker
arm. All of the rocker arms we manufacturne
for endurance racing, whether NASCAR
or SCCA, rely on splash lubrication to the

neadles. We do believe in adding spring
oilers to cool the valve springs, either
threugh machining intoe the rocker stand,
or by adding internal oilers.”

"One of the biggest advantages of
neadle bearings,” Bechtloff agreed. "is
that they'll run on mist.”

On the other hand, roller tips without
needles do require some positive ofl pres-
sure. "Enging builders are trying to get as
much oil as they can out of the enging,”
Movak commented. "Then they call us
and say, ‘Hey, I'm knocking the tips off of
the rocker arms."” And we'll say, "Are you
restricting oilto the tip of the rocker arrm?
And they answer, Yeah.' "Well, that's why
you're having those issues.™

Godbold added a few words in favor of
roller tips. "W know that at low speed and
high lift, rellertips can reduce side lading
on the valve. With high lift and high spring
load, this results in less side deflection of
the vale tip, espacially in valves with very
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smiall sterns. With a 130-gram valve and a
1500-pound open load, you probably need
aroller As mass decreases and lubrica-
tion and surface finish improve, however,
we do sese more customears looking toward
sliding-tip systems instead of rollers. They
can be a good option when developed as
part of a system solution where the valve
mass and spring loads are strongly con-
sidered,” he said.

Steve Slavik of Lunati in Olive Branch,
Mississippi, cbserved that "the higger
the roller tip, the more contact area you
have. But the main advantage of a fulk
roller rocker is the roller trunnicn. The tip
iz secondary, and changing the tip can
get pretty complicated.” Lunati offers stesl
rockers with or without roller tips; "Woodoo”
roller rockers manufactured from ext uded
aluminum; and LE-style cast steel ockers
retro-fitted with roller trunnions. "We've
made so many improvements over the
past fewyears,” he added, "that its getting

harder and harder to find additional refine-
ments that would still be cost-effective.”
Spring Collection

As a significant improvement to valve
springs themselves, at least two manufac-
turers menticned purar material.

"Walve spring wire continues to get
cleaner,” observed Molan M. Jamora of

to its Tool Room Super Rad valve spring
lines, as well as a new Max-Life supar-
endurance series using a brand-new alloy
steel, said Jamora, enhanced through
"precision nitride heat-treating, and a
rmulti-stage, micre-polished surface finish.
Marmy hundreds of hours of Spintron testing
has proven that these processes greatly

“Since steel wears better than titanium, we’re
seeing an increased interest in steel retainers.”

Isky Racing Cams, Gardena, California.
"Microscopic inclusions have become
smaller and more homogeneously dis-
persed. This allows for higher maximum
torsional stress, in turn allowing opera-
tionin higher stress ranges—that is, more
rprn; and higherwelocity carm profiles with
bigger rocker ratios producing a high rate
of jerk along with more lift per degrae”
Isky has just released new additions

enhance longevity in the most aggrassive
endurance racing applications.”
shaftech of Fostoria, Ohio, offers super-
finishing of valve springs—while Mick
Boes readily admits that the word "super-
finishing" covers a lot of territory. "But
our Omicron process is a non-chemi-
cal pelishing method that produces an
extremely fing surface on various mate-
rials. Specifically on valve springs, we
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can reduce the friction between the inner
and outer springs, while improving the
spring’s ability to shed oil. Sothe spring
operates at a lower temperature, increas-
ing fatigue life.”

Mearmwhile, PSI, Villermure added, "con-
tinues to advance our processing to main-
tain consistency from batch to batch.
Custorners need to have confidence that
each set of springs they purchase will
perform as well as the last set”

Bechtloff cited surface finish and lubri-
cation as two of the greatest advances in
recent years. "We're getting away with a lot
of things we couldn't do before, because
we arefiguring out waystormake the parts
supersmooth, and apply the lubricant only
where it needs to be. You find a passage.
You EDM a hole: You putin a sguirter. You
put the oil where it neads to be. We used
to flood things with il before we realized
how much horsepower was lost driving
that big oil pump.”

Spring Fling

Beyond that, Bolander of Howards
Cams commented, the springs haven't
changed as much as "what we are asking
therm to do. As airflow improves in cylinder
heads, more valve lift, longer valves, and
taller installed heights become a necessity
And if the vahee it is 900 or 1.00inch, the
valvetrain must be sized accordingly. But
that increased vale travel also increases
the intensity of the vale spring harmonics.
Avalve spring does not travel on a rail,
nor on a perfectly level foundation. As it
cycles, even the best spring will bow side
to side in the middle, sending harmonic
waves through the whole spring. Those
harmaonic waves create heat, which can
eventualy lead to spring failure. So until
we find a way to mount the valve springs
on rails, and to prevent cylinder heads
from expanding and contracting with term-
perature, the best we can dois to keep
spring rates as high as practical, in order

to reduce harmonics.”

Increasing wire diameter to increase
the spring rate "was certainly the favorite
option, back in the day.” Bolander con-
tinued. "Bigger wires equated to more
pressure and a better harmonic absorp-
tion. But as the runner sizes in cylinder
heads have increased, 5o has the need
for smaller-diameter vahe springs. And as
the diameter of valve springs decreases,
=0 does the distance between ‘running
great!" and ‘catastrophic failure.” S0 materi-
als, geometry and setup all become more
critical. Without overstating the obwvicus, as
spring rates, spring pressures and rpm's
go up, 5o does the need for stronger and
better-fitting valvetrain parts. Make sure
wour retainers fit the springs tightly, that
your locks seat well in the retainer, etc.
Close enough is no longer good enough.”

“Installed heights are trending higher,”
Godbold confirmed, "o keep the O0 and
resulting coil mass down. Smaller-00
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springs are lightar, but you cannot achigve
high lift with therm without allowing room
for the spring wire to move. It can only
Qo up or out. We are seeing this not only
in MNHRA Fro Stock, but also in the new
Voodoo head for the 5 2-liter Ford (with
approximately 0.200 inch more installed
height than in a base Coyote); and we saw
it when GM increased the installed height
by 0100 inch in the LS7, LT1, and LT4, rel-
ative to the older LS1 and LE3. Chrysler
took the same direction when they devel-
oped the Apache head from the earlier
Hemi. Regardless of whether it's on the
track or on the street, adding installed
height provides more room for the spring
wire without increasing OD and lowering
the frequency.

"o we are also starting to see atrend
toward rethinking older designs using a
smaller OD to obtain the same or lower
spring rate. If you can get the spring mass
down, you can reduce higher frequencies

without going o higher rates,” he said.

Jamora added that higher spring rates
can be achigved either through increas-
ing the cross-section of the wire or by
decreasing the overall diameter of the
spring. "Each route has advantages,”
he said. "The former reduces stress and
increases longevity. The latter reduces
mass; however peak stresses increase,
and with them the tendency toward stress-
induced failune.”

In general, Movak sees the market
moving increasingly toward custom-
enginesred, application-specific springs.
"Everyone is different. We're constantly
purchasing new vale springs to fit new
applications,” he added.

Supertech Performance of San Jose,
Califernia, "concentrates on the sport
compact market,” said Willy Tagliavini,
“where especially in drag racing the guest
for more power is neverending.” One
popular practice to gain more power is

toinstall a radical camshaft, increasing
both vahe lift and duration—and therefore
requiring valve springs that can provide
both a longer travel and higher pressure.
“This iz achieved mostly through highear-
grade rmaterials, heat-treatments, surface
treatrments, and larger-diarmeter wire—and
if poesible, increased installed height.”

Turbecharging is also popular, and
“more boost pressure requires more
spring pressure, especially seat pres-
sure,” Tagliavini explained. "Usually in
these cases lift is not very high, but the
required pressures can still be difficult to
achieve within the physical constraints of
the cylinder head.

“Our titanium retainers can withstand
fairly high spring pressures, but in some
cases we need to increase the contact
area between the retainer and lock, to
prevent the retainer from pulling through
the lock—although this only happens in
very aggressive drag race applications.

L'INE

eI T I M =

NEW LINE2ZLINE Abradable Skirt Coating
Now Available Factory Direct

What is Abradable Goating?

® Unlike liquid coatings that are applied with a thin layer,
abradable coatings are applied to the thickness of the skirl clearance.

® The engine is assembled with little or no side clearance. As the
piston breaks in, the coating will hone itself to the cylinder to
maintain a favorable geometry to the cylinder. This keeps the rings
sguare to the bore to maximize ring seal.

® Load surface is expanded across the skirt face - controlling piston rock.
The resull is quieter operation and better scuff resistance.

LINE2LINE Abradable Skirt Coating is done in-house at our factory
with licensed equipment and materials from LINE2ZLINE for fast shipping

UNiTeD [-NGm_E & MAacHiINe Co.

Yy o

v il
AR S

World Headguarters

Performance Racing Industry | May 2076



Rt

When it comes to rocker arms, deslqn is aften
dictated by the material, rmted one of aur con-
tacts. “We've seen an Incrmse in demand for
steel rocker arms due to their added rigidity
compared to aluminum,” he said, but added that
it isn'talways feasible to produce a steel equiva-
lent to an aluminum-body rocker.

Still, since stesl wears better than titaniurm,
we're seeing anincreased interest in stesl
retainers,” he concluded.
Keeping Up the Pressure
Mo matter how strong a spring may
be when it's new, metal fatigue eventu-
ally rebs it of both spring rate and other

characteristics. "Spring fatigue can lead
to reduced performance,” Platt noted,
"and the very best way to test for this is
with a valve spring tester.” Proform offers
"a wide variety of valve spring testers for
just about every budget, ranging from
‘mini testers’ that are used in a regular
shop vise, up to thousand-pound digital
bench-top testers offering one-pound res-
olution. We even have units you can use
right at the track.” Proformn provides spring
Compressons as well, 1o free valve springs
from their keepers and remove them from
the cylinder head. He asked, "Have you
checked your valve springs lately?"

And while you're checking, Bolander
offered some specific numbers. "The
minimum safe spring pressures for a solid
roller camshaft are 100 pounds per 100-
inch lift; that is, a .700-inch lift needs a
minirmurn of 700 pounds open pressure.
And, within reason, more pressure is
always better.” Within reason means that

you do not "need a 1300-pound-open-
pressure triple spring for your 800-1ft cir
cle-track application. You want a spring
that is heavy enocugh to not let the lifter oft
off of the nose of the cam, and to close the
vake with authority; but not so heavy that it
will generate excessive amournts of heat.”

Jarmnora recommended running a spring
darnper whenaver possible. "A properly
designed damperspring will give you afull
speactrurm of rprmwith control of resonant
vibration—especially irmportant in today's
endurance racing.” He also pointed out
yet ancther reason to use a racing oil
containing "a generous percentage (i.e.
15501600 ppm) of the zinc-based anti-
wear additive ZDOF.

Kirk cited yet another issue, this one
resulting from "consumers not realizing
that when you change your rocker arms,
or mill your head, you need to change the
length of your pushrods aswell 1o main-
tain proper valvetrain geometry.” «LI»
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THESE HEADS/ARE THEATED TD HIP PROCESSING™
FOR SUPERIORICASTING DENSITY & DURABILITY

Dur Victor Series manitolds and cylinder heads are maiched to provide superior airfuel flow performance providing
power when you need it Edelbrock engineers work withleading racers to produce the ultimate components for racing.
The end result is a combination that features race winning technology and American Made quality.
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