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 The chassis in fig. 25 (which has been built to
run manual steering on pavement) uses a relatively
long intermediate shaft to minimize the angle of in-
tersection and to transmit steering torque as efficiently
as possible. If power assist were added to this car, the
shaft would no longer need to transmit as much torque.
However, this shaft layout will get the best possible
performance from a power steering system because
of the linearity of its motion transmission.

In gauging the efficiency of a steering shaft, it
is helpful to visualize it in a manual steering applica-
tion—that is, if it has too many zigzags to be steered
manually without a lot of muscle, it will cause un-
even output from power steering. On the other hand,
if it looks lik e this example, no problem.

The basic mechanism and components of the Woodward servo are standardized, so the service information which follows may be taken as
applying to any Woodward servo used in any system, including the proprietary configurations we build for other manufacturers. Although written mainly
for oval track cars, the material on system setup, function and troubleshooting  will likewise apply generally to any type of race car with a power steering
system. An overall plumbing schematic for power steering appears on page 122.

Power S teering Setup and Service

1. Mounting a rack and pinion with an integral servo:
There are no special mounting requirements for the type H rack and pinion, other than to take the normal precautions against bolting the

magnesium housing down against an obstruction or a bent bracket, and making sure that the mounting bolts are threaded  into the housing a full inch to
avoid stripping them out in a wreck. An MR rack uses 5/16 or 8 mm bolts through clamp blocks, and, as described earlier, care must be taken to correct
any bind resulting from bolting it down. In either case the ser vo is rigidly aligned and securely bolted to the rack and pinion, and does not need a brace
or other attachments. It can also be reoriented for hose/header/pedal clearance if necessary. On a type H, just loosen the hoses, the coupler set screw, and
the jam nut, rotate the servo to where you want it and retighten in reverse order (cover the set screw access slot with electrical tape to keep dirt out of
it). On a type MR, the servo flange must be unbolted from the rack housing and the servo in tur n unbolted from the inside, rotated to an alternate
position, and reinstalled. The servo will function in any position including upside down. Refer also to the Rack and Pinion Tech section.

2. Mounting a rack and pinion with a remote servo:
Bolt the rack in place. The servo can be mounted anywhere in the steering column, as long as there is no mechanical play in its connection with

the pinion. In cases of awkward or multi-piece angled shafts, the most secure method is to bolt it down to a suitable mounting pad on the chassis using
the steel adapter bracket (FB25) with a universal joint at each end. If the shaft section is relatively straight, the ser vo can be rigidly coupled into it,
making it and the shaft effectively one piece. This works best with fairly short shafts where the servo is at one end. The servo’s operation  is completely
independent of the position of its housing and it does not have to be restrained from rotating.

In no case should a servo be mounted in the cockpit. It is possible for a crash to momentarily overpressurize the steering system enough to blow
a hose end off, especially with old hoses that have become weak from overheating. At one time this was a popular installation, but is now prohibited by
the rules in many places. The best location is probably just forward of the firewall or footbox, with sufficient room to reach the u-joint set screws (since
the u-joints will have to be pulled off the unit if you want to change out the torsion bar). Ne xt best, and most common on stock cars, is next to the engine
about a foot up from the rack. The main thing is to ensure, where possible, that you have room to turn an Allen wrench without getting bur ned.

Because its input and output shafts are carried in pairs of ball bearings, the servo will deliver 100% control efficiency at any distance from the rack
and pinion, even when used as the anchor point for a change in direction of the steering shaft and subjected to considerable side loading. An excessive
individual u-joint operating angle can be reduced by angling the servo slightly so as to split the angle between two joints. If it is rigidly coupled inline it
is effectively part of the shaft and will have no side load.

3. Universal joint operating angles:
Shaft and u-joint angularity is critically important in acheiving precise steering. While the ser vo, the rack, and the u-joints will all handle the

mechanical stress of poor shaft layout, that is not really the issue. The driver’s turning of the steering wheel, no matter how smooth, is translated by the
u-joint operating angle into a twice-per -revolution acceleration and deceleration cycle. The greater the operating angle, the worse the variation in
rotational velocity, until at some extreme angle a perfectly unifor m rotation of the wheel will merely cause a start-and-stop rotation at the far end of the
shaft. It will, incidentally , be virtually impossible to tur n during part of its rotation, which is how the problem shows up on a manual steering race car.
Power steering does nothing whatsoever to ameliorate this condition except make the wheel easier to turn. It will not cure the nonlinear steering input
described above.

Evidence of nonlinear input, in a pavement car equipped with power steering, shows up frequently as a push which suddenly becomes a spin with
less warning that you would expect, and leads you to blame the tires. You can partly compensate for this problem at the race track by jacking the car up
and determining at what points the steering motion accelerates. Unfasten the shaft at the rack and rotate it so as to retime these points with respect to
the arc of movement of your steering wheel. This won’t cure the problem, but will certainly identify it. If you nor mally tur n the wheel through less than
180 degrees you may be able to retime the sticking points mostly out of your way.

Fig. 25

(Photo courtesy Steve Leavitt)
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An experiment which will nicely demonstrate the phenomenon of nonlinearity is to tighten a head bolt to 60 ft.-lbs. using a straight socket on the
torque wrench. Add an ordinary tool u-joint and break the bolt loose at increasing u-joint angles. Note the progressively higher torque required at the
wrench (and how its efficiency varies with the clock position of the u-joint crosspin) until at near 90 degrees it is no longer even possible to turn the bolt!
A bigger wrench is obviously not the solution. Straightening up the operating angle of the u-joint, of course, is the solution.

Note: Since the pinion comes out of the rack at 20 degrees and the shaft winds up pointing straight back to the driver (or nearly so), it is
theoretically impossible to reduce the sum of the u-joint angles much below 20 degrees. In actual practice, though, a setup with two joints each at 10
degrees will rotate noticeably more smoothly than with a single joint at 20.

4. Universal joint phasing or “clocking”:
The cross bores of the u-joint yokes on the ends of any one section of steering shaft should be reasonably parallel. They don’t have to be aligned

as accurately as those on the ends of a 9000 RPM driveshaft—within 15 or 20 degrees is close enough. At around 45 degrees out of phase, however, the
shaft will react to applied torque with a wobble, with the condition being most pronounced at 90 degrees. A badly out-of-phase setup makes excessive u-
joint angles act even worse, and cannot be improved by retiming the steering wheel (phasing is also shown in the Steering Column Tech section).

5a. Hose connections at the servo (refer to the plumbing diagram on p age 122):
The integral servo on a type H rack and pinion is already plumbed to the cylinder; the only connections necessary are to the port marked “P” from

the output (-6) side of the pump, and from the port marked “T” to the retur n inlet on the tank. On a remote servo, there are four adapter fittings installed
on the unit when shipped (two straights and two elbows), which will accommodate the two most common hose layouts (figure 26, pump on front of
engine and figure 27, pump on back of engine). The elbows can be replaced by straight adapters, if necessary. To remove the elbows you must first
remove the adjacent straight fittings. Note: elbows can only be installed in the end ports.

WARNING! The -6 pressure hose used on power steering must be rated for a working pressure of 1500 PSI, and the -10 suction hose supplying
the pump intak e must be rated for 28 inches of vacuum. STAINLESS-BRAID NEOPRENE LINE (WITH RED AND BLUE ENDS) DOES NOT MEET
EITHER OF THESE REQUIREMENTS. The aluminum ends can blow off at 300 PSI, and that pressure is easily reached with one quick movement of the
steering wheel. Fuel and oil line is also ver y soft, especially when warm, and it has no internal reinforcement against collapse from pump suction. IT
WILL FAIL if used on power steering (see section 5e).

5b. Hose connection between servo and pump:
Servo port “P” is supplied  by the output side of your pump, using a -6 hose with steel ends and a  working pressure rating of 1500 PSI, routed as

shown above according to pump location. Install a capped -6 tee at a convenient spot in the “P” line and you will be able to use a pressure gauge to
troubleshoot your system.

5c. Hose connection between servo and t ank:
Port “ T” constantly retur ns exhausted fluid to your tank. Since this part of the circuit is only at ver y low pressure, it is theoretically possible to get

by without a 1500 PSI hose; road cars use an ordinary soft hose on the return side—however, there are risks. In a crash, 1500 PSI hose is much less likely
to be yanked off and cause a fire, and we therefore recommend it be used everywhere in the system.

5d. Hose connections between servo and cylinder:
The Woodward G150B is a double-acting hydraulic cylinder which exerts force to the right or left as directed by the servo. When steering to the

right, port “R” supplies the right tur n side of the cylinder while port “L” exhausts the left tur n side. When steering to the left, port “L” supplies the left
tur n side of the cylinder while port “R” exhausts the right tur n side. In lef t-hand-drive front-steer applications (for example, Woodward type G and K
racks in USA, Canada, or Mexico) connect the hose from the “R” port to the end of the cylinder tube, and the hose from the “L ” port to the cylinder head
casting.

It is important to get the directional hoses right the first time. If these connections are backward, then upon initial startup the steering wheel
will immediately snap to full lock one way , and may do so with sufficient force to cause personal injury and/or damage to the steering. A foolproof way
to tell left and right supply ports apart is to simply force compressed air into one of the cylinder ports and see which way it moves the steering. Caution:
remove BOTH fitting caps or plugs first, because the exhausting side may have its cap blown off like a bullet.

Fig. 27Fig. 26
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5e. Hose connection from t ank to pump:
IMPORTANT: One of the most common forms of power steering hose failure on race cars is that of the suction hose which supplies the pump from

the tank. This hose should be -10 size and carry a vacuum rating of 28 inches of mercury. THE STAINLESS-BRAID NEOPRENE RUBBER HOSE USED ON
ENGINE SYSTEMS DOES NOT QUALIFY FOR USE ON POWER STEERING! Only an internally braided hose with a vacuum rating as above, will hold up
to the suction of a power steering pump and not collapse as soon as it gets warm. Not all hydraulic pressure hose is necessarily rated for high vacuum;
some hose even has a separate liner which can be sucked shut within the hose where you can’t see it. Any such constriction will star ve the pump and
cause hard or “lumpy” steering. If the hose gets sucked completely shut there will be an instantaneous loss of power steering and the pump will cavitate.
Cavitation will build tremendous heat and will destroy the pump rotor within a few seconds. Many people will replace pumps all season long and go
through gallons of trick fluid without ever discovering the real culprit. If you are losing power assist after a few laps and/or burning up your fluid, your
suction hose is probably collapsing.

6. Reservoirs:
First and foremost, any hydraulic reservoir must be vented to atmosphere to allow entrained air to escape.  A completely airtight reservoir will

keep air bubbles dispersed throughout the fluid like in a bottle of soda pop. Air is compressible; liquids are not. Air in the fluid greatly reduces the
effectiveness of your power steering; the more air, the harder it will steer . Aerated fluid will stay that way without a vented cap, and will just k eep getting
hotter. If fluid boils explosively from the tank when you remove the cap, the tank is non-vented. It is essentially a pressure cooker, with the pump
providing a steady source of heat. This builds back pressure. Back pressure is not available to perform work because it originates downstream of the
work. Some time ago another manufacturer attempted to boost power steering performance by pressurizing the reservoir with air , in the apparent belief
that it would force-feed the pump and increase its output—overlooking the fact that pressure in a closed container is applied uniformly in all directions;
a tank under pressure simply resists the return of fluid, and exactly cancels out the pressure on the intake side of the pump.

Secondly, the reservoir must avoid mixing air with the fluid in the first place.  A common defect is a return stream splashing onto the fluid from
above and pulling air under the surface. Equally bad is a return whose stream is directed squarely against an obstruction within the tank, causing it to
spatter. Tanks containing filters tend to be constructed in this way. Although there’s certainly nothing wrong with tr ying to filter your fluid, the presence
of the filter can create enough back pressure to noticeably interfere with a high-velocity system. Removing the filter on some of these tanks increases the
spatter effect and makes things worse. In plain tanks, a  return stream entering just below the surface will create enough turbulence to draw a great deal
of air into the fluid. A retur n located at the bottom will simply dump its air bubbles directly back into the pump intak e. The best tank for race car use
appears in this catalog. It has a tangent return stream whose centrifuging action rapidly extracts any air from the fluid, and an inter nal flow-straighten-
ing baffle which lets the pump draw from an area of low turbulence. Its use eliminates all problems associated with the reservoir.

7. Coolers:
Coolers are rarely needed on dirt cars because of their open bodywork and interior airflow, but are often needed on road race and pavement oval

track cars because of their enclosed bodywork and better streamlining, both of which tend to prevent the turbulent circulation of air under the hood. The
best place to mount a cooler is in the duct in front of the radiator. Otherwise, effective cooling can be had by directing outside air against a Woodward
reservoir (which, being very thin walled, is an effective radiator) or to the servo (especially if it tends to pick up header heat). Note: For any ducting
inserted into the engine compartment there must be a corresponding exit path for the air downstream of the item being cooled; otherwise the ducting
will be ineffective.

8. Fluid:
We specifically recommend either Woodward P/S fluid or Ford non-synthetic ATF (red “Type F”), although just about any brand of P/S fluid will

work fine provided it’s petroleum based. Be skeptical of “anti-foaming” claims, as this often means simply that the viscosity has been increased—in
which case the fluid may be too heavy to flow efficiently in a high-velocity steering system. Some foam visible on the surface means it is getting rid of
entrained air, which is fine. Viscisity-enhanced fluids tend to retain air, which is not fine. DO NOT USE SILICONE SYNTHETIC FLUID, or any fluid
containing a “resealing” additive. Materials such as silicones, brake fluids, water-or glycol-based hydrostatic fluids, and phosphate ester-based aviation
hydraulic fluids lik e Skydrol are, to varying degrees, incompatible with the seals in the servo and cylinder. In addition to attacking the seals and causing
them to swell, shrink, crack, or even dissolve, some of these fluids may react under pressure with the assembly petrolatum and spontaneously form a
hard mass of sludge. No matter how expensive or pretty-colored it is, if the label doesn’t say “Contents: Petroleum Oil” don’t use it.  A power steering
system that works properly will not require trick “high-temperature” fluid. It will work with the cheap stuff you can buy at Safeway . If it gets hot
enough to boil ordinar y oil, you must find out why and correct the problem. Don ’t just replace the fluid.

Fig. 28
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Another cause of hard or “lumpy” power steering is air bubbles in the fluid.
Aeration originates either from a vacuum leak or from turbulence within the tank. Vacuum
leaks are notoriously hard to detect, since nothing will actually leak out while the engine
is running, and you can’t actually see the air leaking in. Usually the culprit is an alumi-
num male flare fitting that has been wor n out and will no longer seal (see fig. 29). If it is
a nonremovable design, weld a threaded boss to the tank rather than just welding on
another fitting. That way you can always replace it.

Fluid aeration from turbulence is a more serious problem, and results from bad
reservoir design. Most aftermarket reservoirs are designed as simple containers, with no
thought given to their inter nal dynamics—which, with a high-velocity power rack, can
be critically important.

Collapse of a soft hose can almost be guaranteed if the tank is not vented.  For
every demand the driver makes on the pump by turning the steering wheel, a corre-
sponding demand is made on the fluid supply. If the tank is sealed, it can be easier for
these vacuum impulses to suck the hose shut than to draw fluid. As the race wears on
and the hose gets warmer and softer, the steering gets progressively harder. The use of
a vented cap (shown in fig. 28) along with an internally reinforced suction hose will
prevent this classic problem.

Fig. 29
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Another issue that has cropped up with some aftermarket silicone fluid is an apparent nonlinear change in viscosity with temperature. It may be
that the insulating qualities of silicone impede the ther mal diffusion necessary to equalize the viscosity throughout the system. A conventional power
steering box is one large fluid-filled unit and ther mal diffusion is inherent in its operation. In many short track race cars, however, the various parts of the
steering system are widely separated and exposed to a range of local temperatures. Some parts, like the servo, may be near the headers and others, like
the cylinder and hoses, may be in a cooling airstream. While there is a constant circulation of fluid through the in and out ports of the servo, there is only
a reciprocating movement of fluid in and out of the cylinder. Consequently, a temperature threshhold can exist in the cylinder hoses, particularly if they
are very long (as is usually the case with a servo mounted up in the steering shaft). Fluids of significantly differing viscosities passing in and out of the
cylinder will mak e the steering feel noticeably rough. It has been demonstrated on several occasions that changing from the trickest silicone fluid to the
cheapest oil-based power steering fluid available at Safeway will solve this problem; therefore we recommend against using silicone.

9. Initial checkout in the car:
With the front wheels off the ground, fire the engine and r un the steering lock to lock once or twice. This will purge the air from the cylinder (if

your system uses a long floating add-on type cylinder, you may have to uncouple it from the steering in order to let it travel its full strok e and displace all
the air). It is not necessary to force the steering at the limits of the stroke or to rev the engine beyond idle. Flick the steering wheel back and forth to
determine whether it tur ns more easily one way than the other. If the steering exhibits a directional bias, the next step is to center it (do this with the
engine off). Since October 2000, all Woodward servos are set to zero bias when shipped. In this condition the steering will not drift with the wheels up.

10a. Centering the steering (adjusting the directional bias to zero):
The input end of the servo has two set screws at 90 degrees on the exposed part of the shaft (see fig. 30 below). If the steering drifts to the left,

break the right set screw loose and tighten the left one. If it drifts to the right, loosen the left and tighten the right. It doesn ’t tak e much. Start the engine
and see how you did. If the directional bias is gone, put the car on the ground and drive it around to get a feel for the power assist. An oval-track car will
normally pull to the left because of caster split, in which case you can adjust that out with the set screws to any degree desired.

10b. Adjusting the directional bias against (or with) the pull of caster split:
Different levels of cornering feedback are available

from your front end by adjusting the directional bias. The
easier it is to steer left, the harder it is to steer right, and
vice versa. In any car with split or staggered caster, most
of the driver’s physical effort is used in countersteering to
the right. By adjusting the servo bias slightly rightward
(loosen the right screw, take up the left) this effort differ -
ential can be reduced to the most comfortable level. It is
best to approach this in small increments. One twelfth of
a turn on the screws (the distance between numbers on a
clock face) will make a noticeable difference. Most drivers
(especially on pavement) will prefer to leave at least some
leftward lead in the steering. However, on dirt cars whose
front wheels must sometimes be whipped 45 degrees to
the right, the extra effort required to countersteer that far
can make it advantageous to adjust the servo for easier
steering to the right than to the left.

Although this adjustment will feel to the driver
exactly lik e someone has reset the caster, the actual caster
angles and their effect on the dynamic loading of the chas-
sis will remain unchanged.

Another way to learn about the bias adustment is
to experiment: just set it all the way in one direction and
feel the steering. Then set it all the way in the other direc-
tion and feel the steering. Then adjust it back to a cen-
tered position until it will no longer drift with the wheels
off the ground. The process takes about five minutes. Once
you’ve done it, you’re an expert.

Fig. 30

11a. Changing the feel of the power assist (system pressure):
The system has two elements which together create the “feel” of the steering. The first is the baseline pressure, which is the minimum pressure

in the system when the engine is running. This pressure results from the circulation of fluid from the pump through the ser vo valve before it is returned
to the reservoir. A small resistance is built into the control side of the servo valve, which is enough to pressurize both sides of the cylinder to a level which
will provide instantaneous response to a right or left steering demand. The level of baseline pressure required to accomplish this varies with the type of
race car (a street vehicle uses almost none, while a dirt car often needs 100PSI or more). The baseline pressure is a joint product of the valve core in the
servo and the volume output of the pump, either one of which can be changed. The simplest of these to change is the output fitting on the KRC pump.
This changes the pump output in steps of about 1/4 gallon per minute, which will in tur n raise or lower the baseline pressure by 5 to10 PSI. Caution: If
you choke the pump delivery too far, it will not supply enough fluid to power a quick steering movement. To lower the baseline pressure beyond that point
you must change out the main servo valve core to one with more relief (ex. #855 to #850) and then you will be able to restore the original pump output.
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With a remote servo it is only necessary to disconnect
the u-joints or couplers from the servo to allow access to the
ends. Screw a 1/4-28 x 2” bolt into the end of the bar you are
going to install; this will ser ve as a handle. Make sure the bar
has both o-rings intact, and that the end with the single flat—
the anchor end—will wind up under the single set screw. Re-
move the plug screws and thread another “handle” bolt into the
exposed end of the torsion bar in the servo.

Next, using a 5/32 Allen wrench, remove the set screws
so that you can see the flats on the torsion bar. The single an-
chor set screw will be seated very fir mly, so be sure the end of
the Allen wrench is in good condition. Keep the anchor set screw
separate from the other two.

Extract the bar using a gentle push-and-pull motion as
the o-rings pass the holes, and insert the new bar the same way.
Watch the single (anchor) set screw hole until you see the flat
appear directly under it. Reinstall the set screw and tighten it.
The anchor set screw is modified with a machined flat face
and will hold ver y securely; If you apply Loctite, use nothing stronger than the blue #262.  If this screw has previously run while loose, its seating
surface will no longer be flat, and it should be replaced at this time. Next, reinstall the two screws used for setting the directional bias and evenly snug
them up. At the factory these screws are installed using Permatex Aviation Form-A-Gasket, a dark brown, sticky compound that prevents leaks and is also
highly effective against loosening from vibration. It is ver y persistent and the screws can usually be reused without recoating. It is soluble in alcohol.
Loctite blue #262 is an acceptable substitute.

Note: The bias adjustment screws are ordinary 5/16-24 x 5/16 set screws with smooth cup points. Since the torsion bar is quite hard, these screws
can develop wear flats from repeated adjustment, in which case their cam action against the torsion bar will be inconsistent and the full range of servo
adjustment may not be available. Replace them if they are worn out. Finally, reinstall the plug screws and plug o-rings. After installation, start the engine
and recenter the steering (or reset the bias) making sure that all the set screws are vibration tight.

12b. Integral servo; H, DH racks:
First, remove the rack and pinion from the car. Take care to blow or wipe off the dirt from around the hose ends and from the six socket head screws

which bolt the servo to the adapter flange. Next, disconnect the two hoses at the L and R ports of the servo. Remove the tape or band covering
the access slot in the top of the servo adapter, and
break loose the coupler set screw using a 1/8 Allen
wrench. Remove the six socket head cap screws from
the adapter and pull the servo straight out. At this
time the anchor set screw for the torsion bar is ex-
posed, and the torsion bar can be changed out as de-
scribed above. Before removing the splined coupler,
note the alignment of its set screws as in figure 32 at
right.

When assembled at the factory, the set screws
which retain the coupler on the output shaft are aligned
with the bias adjustment screws on the input shaft.
Reinstalling the coupler in this way will mak e the bias
adjusting screws accessible from directly above with
the wheels pointed straight ahead.

If it is easier to reach these screws from under-
neath the car, reinstall the coupler rotated 180 de-
grees from the position shown. Keep in mind that right
and left are easily confused when adjusting the direc-
tional bias from underneath.

11. Changing the feel of the power assist (response curve):
The second element is the response curve, which is, essentially, the ease with which pressure can build in the assist cylinder to overcome

resistance as you turn the steering wheel. A low response rate means the wheel becomes progressively harder to turn as you steer. A significant rising
effort is often engineered into street vehicles to keep the ordinary driver operating within his capabilities and attention span. The response curve
appropriate for a race car will usually involve a good deal less of this rising effort. The rate, or curve, is determined by the torsion bar in the servo valve—
a small diameter bar allows easier valve opening on demand (a powerful response) and a larger diameter bar resists valve opening (a weak response). If
the response when you turn the wheel feels too strong or too weak, you may want to change the torsion bar. To increase the response, install a smaller
bar; to decrease it, install a larger bar.

12a. Remote servo; G , K, MRC racks:

Fig. 31

Fig. 32
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The pinion on the type H rack has a flat to allow the
servo and coupler to be slid on without removing the set
screw which locks it to the pinion. The pinion itself is nor -
mally installed in the rack so that this flat faces up with the
rack approximately centered. In this position the set screw
can be tightened through the slot in the adapter tube (if nec-
essary, it is also removable through this slot).

In figure 33 the adapter tube is removed to show the
pinion. It is not necessary to unbolt or loosen the adapter
when removing or installing the servo; the flat on the pinion
is visible through the slot.

Fig. 33

Align the set screw on the coupler with the flat on the
pinion and slide the servo straight on. Important: Apply a
generous amount of anti-seize or grease to these splines. Even
though the coupler is plated, a few washings of the car will
rust these parts together if they are assembled dry.

In figure 34  the adapter tube is again removed to show
the alignment of the set screws and the assembly sequence.

Fig. 34

If the servo or if the pinion is changed it may be nec-
essary to adjust the adapter slightly for length as in figure
35.

Break the jam nut loose and screw the flange inward
until the ser vo shaft will butt all the way against the end of
the pinion. Then back the flange out until the shafts no longer
touch, plus an extra half tur n. After installing the six cap
screws and the hoses, tighten the jam nut. Last, tighten the
set screw through the slot.

Fig. 35

12c. Integral servo; MR rack:
The torsion bar anchor screw is accessible through a

plastic snap-in plug which normally will be located on the
upper surface of the servo mounting flange. An example is
shown at right in figure 36. Breaking loose the screw is suf-
ficient to release the torsion bar for removal. Remove the
two bias adjusting screws, and the plug screw and o-ring.
Pull the bar out and replace it as described above.

Note: MR bars fit into a blind hole. If the bar should
resist insertion or pop back out, loosen the anchor screw just
enough to allow the trapped air or oil to escape. Take care
not to lose the anchor screw. If it drops into the interior space
you will have to pull off the ser vo to retrieve it. To remove
the servo, undo the six flange bolts. To reinstall the servo,
insert the end of the pinion into the bearing on the opposite
side of the rack housing, and lightly bolt down the servo
flange. After making sure the unit is positioned correctly, in-
sert the eccentric bushing to lock the flange in position.
Tighten all screws evenly.

Length adjustment

Fig. 36
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13. How power steering works (general):
Power steering is a demand-based system which uses a spring-loaded servo valve to sense the application of torque to a steering shaft (from either

end—by the driver or by the front wheels, which are identical in effect) and to proportionally direct hydraulic pressure against a piston so as to overcome
or neutralize any forces opposing the driver. The entire system is full of fluid—both sides of the piston, all the hoses, and all the passages within the
servo. With the pump r unning, fluid flows constantly from the tank, through the ser vo, and back to the tank. As long as the car is not being steered, the
fluid simply flows directly from the “P ” port of the servo to the “ T” port. The “L” and “R” passages, their hoses, and the cylinder are all full of fluid, but
the only pressure developed within them at this point is relatively low. Torque applied with the steering wheel forces the servo valve to spring open,
which diverts incoming fluid to the appropriate “tur ning” side of the piston and, at the same time, allows fluid to escape from the opposite side. Pressure
rises within the “tur ning” side of the system until it per forms the necessary power assist, up to the maximum available from the pump. Pressure declines
as the load on the steering declines, until the pump goes back to simply recirculating the fluid. Turning the steering wheel in the opposite direction
reverses the process—the “in” hose to the cylinder instantly becomes the “out” hose, and vice versa. Given a constant fluid supply, the “ feel” that
characterizes a particular power steering system is largely a matter of how readily its pressure will rise to overcome a load. The feel can be altered by
making the spring-loading of the servo valve stronger or weaker. In OEM-based valves this mechanism is a permanent, centered assembly; in a Wood-
ward system it is field-interchangeable and its centering is adjustable.

14a. How the servo works:
The servo consists of (1) an outer housing with a set of hose ports, (2) a rotating spool inside the housing which distributes fluid to the hose ports,

and (3) a metering shaft or “core”. The spool is locked to an output shaft, and the metering core is the input shaft. These input and output shafts are
connected internally by a small torsion bar. With the output end restrained, the input end can be twisted a few degrees to the right or left, and the torsion
bar will cause it to spring back to a centered position when released. The process is illustrated schematically in figure 37. The output shaft is restrained
by virtue of being connected (by the rack and pinion) to the steering resistance of the front wheels; The input shaft is “twisted” by the effort applied to
the steering wheel. When sprung to the right or left (relative to the spool) the metering core deter mines the direction and rate of flow of the fluid. Both
spool and core rotate with the steering wheel during the distribution of fluid. The outer housing can either rotate or remain stationar y; it does not matter.
The greater the difference between the effort and the resistance, the greater the degree of “twist” which will momentarily e xist between the input
and output shafts as they rotate.

Fig. 37

During rotation of the steering wheel, the servo valve opens in direct proportion to the degree of twist applied: if twist exists to the left, for
example, fluid (provided by the pump) will flow so as to assist a left turn. The more twist, the greater the valve opening, and the higher the rate of fluid
flow, until sufficient pressure has built up (against the piston in the cylinder) to overcome the resistance. If the twist is released (or if the resistance is
overcome, which amounts to the same thing) the valve springs back to its centered position in which all fluid is permitted to exhaust. In actual operation,
pressure builds up and overcomes resistance within milliseconds. The “twisting” of the input shaf t and the subsequent “catching up” of the output
shaft and the release of tension occur, for all practical purposes, simultaneously and continuously.

The Woodward power steering system, as mentioned previously, uses interchangeable torsion bars. Changing to a stiffer torsion bar reduces the
degree of twist resulting from a given torque at the steering wheel and, consequently, reduces the valve opening. This, in turn, reduces the rate of flow
and, therefore, the rate at which pressure can build up to overcome resistance. The result is weaker response to the driver’s demand. Changing to a more
limber bar allows a more rapid pressure rise, which results in a more powerful response to the driver’s demand. Remember that whether the demand
originates with the driver (in the for m of a hard pull on the wheel) or with the front end (in the for m of contact with a rut), the effect on the power steering
is the same—it will react in proportion to the demand, regardless of the source.

 Much of the demand placed on the system in a race car takes the form of impulsive loads, as opposed to the relatively steady loads of street
driving. These loads are due partly to the broader range of rapid motion employed by the race driver, which can twist a stock servo valve open to its limit
stops in the course of overcoming the weight-jacking burden of positive caster.

Power Steering System T ech

Left “twist” Centered (“twist” released) Right “twist”
(Flow is directed to assist a left turn,
proportional to the torque existing in
the steering shaft.)

(Flow is directed to assist a right turn,
proportional to the torque existing in the
steering shaft.)

(The valve springs back to neutral
whenever the torque ceases)

Pressure
rising
LEFT

Pressure
dropping
RIGHT

Pressure
dropping
RIGHT

Pressure
rising
LEFT

Pressure
dropping

LEFT

Pressure
rising

RIGHT

Pressure
rising

RIGHT

Pressure
dropping

LEFT

Steering
LEFT(to tank)

OUT

(from pump)
IN

(from pump)
IN

(from pump)
IN

(from pump)
IN

(from pump)
IN

(from pump)
IN

(to tank)
OUT

(to tank)
OUT

(to tank)
OUT

Steering
RIGHT

Minimum
pressure
RIGHT

Minimum
pressure

LEFT

Steering
AHEAD

Minimum
pressure

LEFT

Minimum
pressure
RIGHT



87

Orders: 1-888-steer-us • Tech support: 1-307-472-0550 • Fax: 1-307-235-1551 • e-mail: tech@woodwardsteering.com

Fig. 38
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14c. System pressure:
It is useful to bear in mind that a pump does not produce pressurized fluid; it produces fluid flow.  The servo is a valve, and does not control

pressure either; it controls direction and rate of flow. Pressure builds up only where there is resistance to flow.

Maximum  system pressure will build up with the steering at full lock (or against an obstruction) and is limited by a relief valve within the pump,
preset to open at a point that will prevent component damage. If the mechanical parts of your steering are particularly light or of marginal impact
resistance, you can reset the pump relief valve to a lower pressure so as to protect them. However, keep in mind that this maximum system pressure has
little or nothing to do with the response level or “ feel” of the power steering. The steering operates at minimum  pressure until the servo valve begins to
spring open. In general, this minimum, or baseline system pressure (also referred to as “idle,” “no -load,” or “hands- off ” pressure) must be sufficient to
(1) keep the seals energized and (2) provide a rapid response from a neutral or centered steering position.

14b. Torsion bar selection:
Positive caster increases the turning resistance of the front wheels, and does so progressively. With zero caster there is practically no difference in

tur ning effort between a straight-ahead position and full lock, whereas with, for example, six degrees positive caster there is a very noticeable increase,
or surge, in muscular effort as the wheel is turned. This resistance is further multiplied by quicker steering gear ratios. The stiffer-than-stock bars
commonly installed in OEM-based servos do not attenuate this rapid rise in steering effort very far beyond an initial movement of the steering wheel. It
is the ability to reduce this muscular surge to a comfortable level over an exaggerated range of movement of the driver’s arms that distinguishes power
steering designed for race cars from that designed for street automobiles. Some rules of thumb for bar choice are:

(1) If the bar is too stiff  for the amount of caster in the front end,
it will become hard to tur n the wheel near the end of the steering
stroke. This will make it difficult to k eep from spinning out under loose
conditions, because precise control will not be available near full lock.
Controlling the car’s normal rotation into a slide under tight conditions
may be possible, but tiring.

(2) If the bar is too soft for the amount of caster in the front end,
it will overcome too much of the steering resistance and the driver will
not have enough feedback to gauge how far the wheels are being turned
(in this case, the driver gets nervous rather than tired).

Feedback is the useful input from the car which enables the
driver to sense the limit of adhesion. Its sources are the varying weight
loads on the tire contact patches as the wheels are steered, the friction
between the contact patches and the track surface, and the compliance
between the treads and sidewalls of the tires.

Sensitivity  is the property of the power steering system that
permits the transmission of feedback from the tire contact patch to the
rim of the steering wheel. Road-vehicle systems (and, of course, race
car systems based on them) incorporate considerable hydraulic damp-
ing to reduce sensitivity, as it is generally considered unpleasant for
highway driving.

Steering effort  originating from mechanical binding, preload in
the gears, or lack of mechanical advantage is often confused with feed-
back. Steering effort, by itself, is not useful. It can create the illusion of
feedback while actually masking it.

While road-vehicle technology takes the feedback out of the steer-
ing effort, tr ue race-car technology takes the effort out of the feedback.
The overwhelming success enjoyed by users of dirt-car steering ratios
beyond four inches per turn has been due to removing virtually all the
steering effort while retaining the feedback. The sensitivity required to
accomplish this (whether on dirt or pavement) is provided by the pro-
file of the metering core and the inter nal porting of the servo spool,
which are all proprietary designs for specific end uses. Arriving at the
right effort level usually involves nothing more than picking the tor -
sion bar.

When full advantage is taken of the sensitive properties of the
servo, the results are sometimes difficult to accept for those familiar
only with OEM-derived power steering. For example, a dirt late model
with a 4.45 rack can typically be turned lock to lock with the car sta-
tionary and the steering wheel removed. In order for this setup to be
effective, it is absolutely essential that there be no parasitic drag such
as tight ball joints, rod ends, or rack preload, as the effort needed to
deal with these issues directly replaces useful feedback.
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Depending on their seal types, piston area, and driving characteristics, road-car power steering systems use baseline pressures from as low as 30
PSI to as high as 200 PSI. The lower end of the range is typical of the “conventional” steering box with its 3-inch piston; the upper end is used with racks
to resist torque steer in heavier vehicles with driven front wheels. Woodward race car systems are generally used with 45 PSI through 125 PSI. The lower
end of this range is typical of road race cars using electric pumps and low-velocity racks; the upper end is typical of heavy cars on pavement with steel
wheels and high tire adhesion.

The minimum or “baseline” system pressure can be considered the starting point of the power assist. The torsion bar tak es over from there.
Remember, it’s the torsion bar that allows pressure to rise beyond the baseline to whatever level is needed to overcome a steering load. You can measure
system pressure with a gauge installed in the “P” line between the pump and the servo. Not only does it help to know what kind of pressure exists in your
system under no load, but watching the pressure rise while you turn the wheel makes it easy to visualize how your system works (or, alternatively, why
it isn’t working). For example, a typical dirt car might show 100 PSI just sitting there, but as you turn the wheel it will rise to 300, 600, 900—in other
words, whatever it takes to turn the front wheels at a given instant. Let go of the wheel and it will subside to 100, whether the car is moving or stationar y.
You should be able to feel some resistance when moving the wheel off center, as well as progressively increasing resistance as you continue to turn the
wheel. If there is no detectable increase in resistance while turning, the baseline pressure, or starting point, is too high. Changing the torsion bar may
help, but will not correct an overpressure condition.

14d. Valve profile:
Baseline pressure is simply the product of the flow across the profile of the metering core in the valve. You can, for example, raise the system

pressure by increasing the flow (that is, forcing more fluid through a given valve). You can, alternatively, leave the flow alone and use a different valve
core to raise the baseline pressure. Woodward valve cores are made in several profiles, arbitrarily numbered 845,850,855, and 860. The correct valve for
a particular application will produce a user-friendly baseline pressure from the pump volume appropriate for that particular form of racing, and will allow
a useful range of tuning with torsion bars. These valves have been refined over years of field experience and are highly predictable. For reference, the 845
profile is used for light open-wheel applications such as Silver Crown cars. The 850 is used for dirt and pavement stock cars and GT road racing; heavier
pavement applications generally need the 855, as do dirt cars with low-leverage short steering arms. The 860 profile is used only for multi-ton 4x4 off-
road vehicles. While you can change out the valve core to raise or lower the baseline pressure, it is usually much simpler to change the pump output, as
long as the fluid delivery requirements are met.

15a. Automotive power steering pump s:
The maximum pressure in a power steering system is limited by a relief valve  in the pump—which in a car usually opens at 1000-1200 PSI while

emitting the familiar whine or buzz—other wise, at full lock the pressure would rise until a line burst. Pumps are sometimes marketed as though the relief
setting controlled the response of the steering. It does not. The relief valve should play no part while actually steering. If the pump should go into relief
in the course of turning the front wheels, the setting is too low and the steering will chatter . This often occurs with short steering arms, which have so
little mechanical leverage that considerably higher pressure must be applied to the piston. While a relief setting of 1080 PSI might work fine with 5-3/4
inch steering arms, 4-1/2 inch arms will probably not tur n smoothly unless the relief setting is raised to 1450.

The various applications—short track, superspeedway, dirt, asphalt, road racing, off-road, etc.—differ in fluid volume requirements because of the
different velocities at which their respective steering systems operate. A Cup car at Talledega, for example, might get away with a 1.5 GPM flow from the
pump at speed, while a dirt late model with a four-inch rack ratio might need twice that. Whatever the system, adequate volume must be available where
the greatest demand occurs. The demand comes from steering wheel movement. The quicker you turn the wheel, the more rapidly the pump must fill the
cylinder. Note that when backing it in on a short clay track this demand can occur, under braking, at a very low engine RPM—or even, under rear brake
lockup, at a momentary stall. If the available flow is insufficient to power a quick countersteering strok e, a sudden kickback of the steering wheel (called
“pump catch”) results from the pressure drop as the steering outruns the pump.

Since power steering is a demand-based system, the flow rate of the pump comes into play on demand rather than constantly. Its deliver y capacity
is actually being held in reserve most of the time. The choice of pump should therefore be based on the highest momentary demand likely to be placed
on it. A typical example of dirt-track demand is the practically instantaneous rise in system pressure from, say, an 85 PSI hands-off minimum to a 600 PSI
spike during the backing-it-in move described above. With a 3.92 rack and pinion (very quick steering) a pump delivery of 2.6 gallons per minute will
build 600 PSI instantly and will, ordinarily , steer the car with no problem. A flow of only 2.1 GPM will still build the 600 PSI, but will tak e too long to do
it and the wheel will kick back.  On the other hand, on pavement with a 2.36 rack, 2.1 gallons per minute will easily power the quickest steering stroke
that you can make. Whether you will experience pump catch with a given setup depends on the driving conditions, your physical quickness of movement,
and the length of the steering arms (longer steering arms use more fluid displacement for a given turning angle than do shorter ones).

15b. Non-automotive pump s:
Regardless of the ultimate GPM rating of the pump, its output of fluid should remain as constant as possible over the entire RPM range so that a

constant baseline pressure will be maintained. An automotive power steering pump is considerably more complex than an ordinary hydraulic pump. Its
defining characteristic is flow control, which means that its output remains virtually constant from engine idle to full throttle.

By contrast, the output of an ordinary hydraulic pump increases with RPM. For power steering use, this characteristic is functionally backward—
after all, a car’s greatest steering resistance occurs at low speed, and its lowest steering resistance at high speed. As engine speed increases, a non-
automotive pump will unavoidably build pressure in the steering system, quickly producing the 600 psi in the above example even with no hands on the
steering wheel—in other words, a baseline pressure of 600 PSI! Needless to say, there’s no feedback from the tire patch.

This lack of flow control is typical of the non-automotive-based sprint car pumps used in stackable assemblies and, of course, is exactly the
opposite of what you need to steer a car. If tur ning fast enough to provide reasonable power assist at low engine RPM, this type of pump will start to
remove all feel from the steering as soon as the driver gets into the throttle. In a sprint car, lack of feel can be tolerated because the front wheels are
visible. Difficulty arises when they are not, as in a late model, where the driver must depend entirely on feel. Users of sprint-car pumps typically try to
create some steering resistance at high speed by using an insensitive servo valve. Unfortunately, this means insensitive steering as well as low power
assist at low RPM, while still wasting pump output at high RPM—along with wasting the engine power used to produce the excess pressure! If the
baseline system pressure rises and falls with RPM, there will not be enough power assist at low speeds (in the corners, where you need it) and there
will be too much at high speeds (down the chutes, where you don’t need it).  If you drive anything other than a sprint car, a pump of this kind is the worst
possible choice, as the chart in figure 39 will reveal.
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15c. Pump selection:
Figure 39 is a performance chart of popular power steering pumps, showing their respective output curves under no steering load. The baseline

pressure in the system at any given RPM will be directly proportional  to the pump’s flow rate at that RPM. Obviously, the more constant the flow rate, the
more consistent the steering feel. It is also fairly easy to tell from this chart exactly what pump drive ratio you need if you know your engine idle speed.
For best performance (not to mention convenience in driving the car in the pits) the output curve should have already reached a plateau at engine idle.

Engine speeds are shown in this chart because to the driver and mechanic they are more easily recognized points of reference than are pump
speeds. The drive ratio used for testing was the common 5:6 v-belt pulley combination, which typically underdrives the pump at 83-85%. Drive ratios
different from that used for these tests will not change the shape of any pump’s output profile, but will move it across the chart. Faster drive ratios will
move it to the left and slower ones to the right. This is important when using a dr y-sump drive, which may get down to half engine speed. This data was
obtained with the subject pump powering a Woodward system complete with servo and all hoses, as opposed to the common practice of testing a pump
by itself, recirculating fluid at a constant RPM. Single-speed flow rating doesn’t reveal the curve of a pump; as can be seen from the chart, some pumps
take awhile to reach controlled flow, and some obviously never do. A pump that doesn’t reach a plateau until 3000 RPM may work well on a superspeedway,
but—since it will have been been modified specifically to reduce engine power consumption by destroying its pumping capacity at low and medium
speeds, on a short track or road course it will exhibit highly er ratic assist from flow and pressure fluctuation. Note also that the non-flow-controlled sprint
car pump goes literally  off the chart! At speed, it creates enough pressure in the system to obliterate all feedback from the steering. The only way to
prevent this loss of feel at high speed is to slow the pump down, which would move its curve to the right. However, its curve is so nearly vertical that it
obviously cannot be moved very far. Underdriven at 50% under there will be insufficient power steering at low speeds, which is a common problem with
this type of pump. Short track and road racing cars use a broad RPM range and need power steering for all of it. For a pump of any given capacity, the
broadest and most useful range of power assist will be obtained from the flattest output profile .

Although it may incidentally do so, the data in figure 39 is not intended to either bolster or contradict the advertising claims of any pump
manufacturer or seller.

15d. “Pump catch” with quick steering:
If you have a KRC pump and experience pump catch, you can simply install the next size larger output fitting until the problem goes away ,

provided you have enough rotor displacement for your application. The ratio list in section 12 shows the recommended basic pump capacities for use with
different racks (5.9cc/rev, 7.2cc/rev [standard], 8.5cc/rev, and 9.6cc/rev), plus the recommended range of output fittings.

Fig. 39
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15e. Horsepower consumption of power steering:
Much controversy exists regarding the horsepower consumed by power steering. Where an automotive pump is concerned, the plain fact is that,

apart from the ir reducible amount consumed in accelerating a belt, pulleys, and pump to a given speed, and keeping them turning, the real load comes
from the actual steering demand and the pressure rise required to meet it. The data in figure 40 is from tests made to determine the parasitic drag
exerted by various automotive power steering pumps. This research demonstrated rather conclusively that the role of practically any pump under no load
conditions is negligible. It is only when a steering demand is made on the system and pressure rises, as in figure 40, that any significant power is
consumed, and it turns out (predictably enough) that this power draw is proportional to the demand. In other words, horsepower is used to turn the front
wheels, and the harder that task is, the more horsepower is used. Increasing the positive caster incrreases the load on the steering and requires more
horsepower. Horsepower is rarely cheap. However, considering the current predominance of power steering, and the virtual disappearance from all but
a few entry-level classes of manual steering, the advantage gained by taxing engine power in this way seems to have been clearly established.

The “smaller” pump, because it provides a lower volume of fluid flow under all pressure conditions, naturally uses less power overall, whereas the
“larger” pumps provide a greater availablity of fluid flow in retur n for a small no-load penalty averaging half a horsepower. Note that the power
consumption is fairly low in all cases until the steering load is applied. The most efficient pump of these would be the one providing just enough volume
to handle the effort of steering the car and/or to keep ahead of its steering ratio, which is of course the threshold below which the car will lack power
steering. The above table shows that Pump No. 3 would save power on a restrictor-plate superspeedway, but to r un a bull ring you would need No. 1 or
No. 2.

It is possible to reduce the power consumption somewhat if the car can be made mechanically easier to steer through the use of lower-friction ball
joints and rod ends. This will reduce the steering loads on the engine. In general, easy- or slow-steering cars need less assist than do hard- or quick-
steering cars, which, considered together with the fact that quick-steering cars need bigger pumps, suggests that the shorter the race track, the more the
engine will be taxed to provide power steering. However, this isn’t the case. On short tracks, especially on dirt, the power steering gets a huge free ride
twice per lap. The most demanding steering movement, such as the backing-it-in, pressure-spike example on p.88, takes place on corner entry, with the
engine decelerating, and the power steering pump driven by engine inertia  rather than by engine power.

Fig. 40

Fig. 41

Pump Flow Press
RPM (GPM) (PSIG) HP

774 2.0 65 1.84
1034 2.1 80 1.77
1293 2.1 80 1.77
1552 2.2 80 1.77
1810 2.2 85 1.29
2069 2.3 85 1.09
2327 2.3 90 1.09
2586 2.3 90 1.09
2845 2.3 90 1.16
3103 2.4 90 1.16
3362 2.4 95 1.29
3620 2.4 95 1.36
3879 2.4 95 1.57
4138 2.5 100 1.77
4396 2.5 100 1.91
4655 2.5 100 2.18
4913 2.5 100 2.59

Ex. 1: Delphi GM “crate motor” pump
(.862 pulley ratio, fluid temp 130F)

761 1.6 45 1.77
1014 2.2 80 1.77
1268 2.6 105 1.77
1521 2.6 105 1.77
1775 2.6 100 1.29
2028 2.6 100 1.16
2282 2.6 100 1.09
2535 2.6 100 1.09
2789 2.6 100 1.09
3042 2.6 100 1.16
3296 2.6 100 1.23
3549 2.6 100 1.29
3803 2.6 100 1.36
4056 2.6 100 1.50
4310 2.6 100 1.70
4563 2.6 100 1.91
4817 2.6 100 2.12
5070 2.6 100 2.45

Ex. 2: KRC 9.6 pump, #12 (“E”) fitting
(.845 pulley ratio, fluid temp 130F)

Pump Flow Press
RPM (GPM) (PSIG) HP

761 1.0 20 1.77
1014 1.4 30 1.77
1268 1.8 40 1.77
1521 1.9 45 1.77
1775 1.9 45 1.23
2028 1.9 45 .89
2282 1.9 45 .89
2535 1.9 45 .89
2789 1.9 45 .89
3042 1.9 45 .89
3296 1.9 45 .89
3549 1.9 45 .89
3803 1.9 45 .95
4056 1.9 45 .95
4310 1.9 45 1.02
4563 1.9 45 1.16
4817 1.9 45 1.23
5070 1.9 45 1.29
5324 1.9 45 1.43
5577 1.9 45 1.64
5831 1.9 45 1.98

Ex. 3: KRC 5.9 pump, #8 (st d) fitting
(.845 pulley ratio, fluid temp 110F)

Pump Flow Press
RPM (GPM) (PSIG) HP

overdriven. The loss of efficiency is rarely encountered in a race car, where even though the pump is typically underdriven, the engine idle speed is high
enough that the pump will never see the lower end of the above scales (if it does, the drive ratio may have to be changed).

Figure 41 demonstrates the direct relationship of system pressure to horsepower as the pumps are subjected to increasing steering loads:

An interesting phenomenon observed in all tests was the drop in power draw as the speed
was picked up from idle through mid-range. Vane-type pumps lose efficiency at low speeds; in
fact, some will not work at all below 500 RPM, which is why on street vehicles they are usually
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HP @300 PSI HP @600 PSI HP @900PSI
1.98 2.32 2.87
1.91 2.32 2.93
1.64 2.59 3.69

1.91 2.12 2.45
1.91 2.18 2.53
1.43 2.25 3.07

1.84 1.98 2.12
1.84 1.98 2.12
1.23 1.64 2.12

RPM
774

1552
2327

761
1521
2282

761
1521
2282

Ex. 1: Delphi GM “crate motor” pump

Ex. 2: KRC 9.6 pump, #12 (“E”) fitting

Ex. 3: KRC 5.9 pump, #8 (st d) fitting
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Anchor screw

Drive bolt
Slot

Drive bolt passes
through ring gap

(bearings removed for clarity)

Fig. 43

3/8” knockout rod

Locked into input shaft
with set screw

16a. Servo disassembly and rep air:
The o-rings on the shafts, torsion bar, and plugs are easily replaceable without a complete teardown. Replacement of the main spool seal rings is

normally not necessary unless the servo has been exposed to disabling heat levels, such as an engine fire. However, if a pump disintegrates it will almost
certainly fill the system with abrasive debris, in which case the servo and hoses should be disassembled, thoroughly washed out with WD-40, and blown
dry. If the servo is otherwise functioning without problem, debris can be blown out with compressed air after removal of the valve core without further
disassembly.

Fig. 42

Next, remove the snap ring and push the spool out in the same direction. Use extreme care not to gouge the bore or raise a burr when removing
the snap ring. The area between the snap rings is an important sealing surface—if a scratch crosses one of the spool seals, the servo will leak inter nally
and run hot. Any bur rs where the bearings press into the housing must be scraped off to avoid misalignment of the valve at reassembly. Finally, any burr
raised at the snap ring groove will prevent reinstallation of the spool (or will cut the spool seals, which will then leak).

If the hardcoated surface of the housing bore is scored or worn through, the housing should be replaced.

Galled or pitted areas on the surface of the input shaft can be cleaned up with a fine flat oilstone. Avoid polishing it with sandpaper—that will tend
to round off the edges of the metering steps, which will reduce its efficiency and may make it run hot.

Galling inside the spool can be touched up with a light honing job in a Sunnen machine. Caution: this part contains internal cavities. A dual-stone
“keyway” mandrel, made for honing inter rupted bores, is required for this operation, and should be run at very low cutting pressure. The spool should be
held in a releasing type fixture to prevent gouging the honed surface in case of seizure.

Over an extended period, it is also possible for the spool drive bolt to wear clearance into the spool slot. The fit of the drive bolt in the slot should
be snug enough to require some effort to disengage. If it’s loose, the spool can simply be turned 180 degrees and the spare slot used. If the drive bolt itself
has worn, it is easily replaceable with either a standard or oversize part, or the slot can even be peened if done carefully. Although this bolt seats very
fir mly in a taper (and none has, to our knowledge, ever come loose) the use of a threadlocking adhesive is not a bad idea. Most stock servo valves use a
pin in a round hole to drive the spool and are prone to wear in this area; the resulting play in the power steering is usually either ignored or blamed on
something else. While the amount of lost motion developed in this case is very small, its effect is precisely that of a loose torsion bar, and is consequently
a somewhat more important detail on a race car at 150 MPH than would be the case on a road vehicle. Since provision has been made in the design of the
servo to take care of this, it’s worth checking if you have the servo apart.

16b. Spool seal replacement:
The spool seals are a two-piece composite design with four bright yellow rectangular seal rings (fig. 45-46) installed over rubber o-rings. The

yellow rings are made of a semi-rigid TFE (Teflon) and glass fiber material of high heat resistance and very low friction. They are very delicate and require
careful handling during installation. They must have smooth, unmarred surfaces in order to seal against the inside of their grooves as well as

The bearings are a light press fit into the servo housing. This requires the
input and output shaft assemblies to be driven out. The parts are removed in the
following order: (1) torsion bar, (2) input shaf t  or “valve core” assembly,  (3) output
shaft assembly, and (4) spool. After removing the torsion bar, machine or grind a
small flat on one end of a piece of 3/8” rod so that it can be inserted through the servo
from the back. Retain it with one of the set screws in the input shaft as in figure 42.
Remove all six screws from the end cap and carefully tap the valve core and bearing
assembly out of the housing. If you are disassembling an MR or similar servo with a
blind output shaft, lock a small slide hammer or dent puller into the input shaft and
pull the valve core from the front. Note that the input shaft assembly does not need to
be oriented in any particular direction for removal.

The output shaf t  assembly can driven out the same way, but must be oriented
so the protruding head of the drive bolt can pass through the gap in the snap ring.
These snap rings are always installed with their gaps at twelve o’clock straight up.
Since the torsion bar anchor screw is parallel with the drive bolt, you can simply
rotate the output shaft until the anchor screw (visible outside the housing) points
straight up. The inter nal parts will then be aligned as in figure 43 and can be driven
out. Check periodically to make sure the drive bolt is coming out through the gap and
has not caught on the snap ring.

Power Steering System T ech



92

Orders: 1-888-steer-us • Tech support: 1-307-472-0550 • Fax: 1-307-235-1551 • e-mail: tech@woodwardsteering.com

against the bore of the servo housing. Cuts or scratches from using a sharp instrument on either the rings or the bore will allow inter nal leakage. Fluid
forced through a tiny leak rapidly generates heat and can eventually cause power steering failure. Burrs and dents on the spool can cause the rings to
stick in their grooves, which will also prevent them from sealing, with the same result. Note: The spool seals were redesigned in 2002 to incorporate
deeper grooves and backup o-rings. This configuration provides greatly improved sealing at low differential pressures, because the seal rings are
mechanically energized at all times. The installation procedure is the same as before, except that the o-rings must be loaded into the grooves before
installing the seal rings. Older servos returned to the factory for reconditioning are automatically updated.

16c. Inserting the assembled spool into the inst allation sleeve:
Coat the spool assembly as well as the inside of the installation sleeve with petrolatum (or Vaseline), and carefully insert the spool into the flared

end of the sleeve (see fig. 46). Don’t let any part of a ring become trapped outside its groove. Note the direction of installation: the end of the spool without
the drive slots goes in first. Finally, push the first spool land out the end of the sleeve so it can start in the servo housing. At this point, you can let the
spool assembly remain compressed in the sleeve for a few minutes. This will allow the rings to conform to the required roundness and to slide into the
servo housing bore more readily.

16d. Transferring the spool to the housing:
Make sure a snap ring is installed in the input end of the housing (that is, the

end adjacent to the “T” port). You will be installing the spool from the opposite, or
output end.

One concern here is that the seal rings must pass over the empty snap ring
groove without catching. Examine the housing bore and remove any burrs from the
edges of this groove which may have resulted from previous removals. Coat the hous-
ing bore with petrolatum (or Vaseline) and pack the groove full. This will help keep the
spool seals from getting caught in it.

Using a piece of PVC pipe or similar non-marring tool (see fig. 46), push the
spool assembly all the way into the housing with one smooth, positive effort until it
stops against the input end snap ring.  Next, install the output end snap ring. Align its
gap as shown in figure 48 so that the drive bolt will pass through it and engage the
slot in the spool (note that this is the reverse of the disassembly procedure in figure
43).

Fig. 46 Fig. 47

The seal ring installation tool is designed
to expand the rings evenly so they will pass
over the lands of the spool. Install one ring at a
time, pushing it over the mandrel as smoothly
and rapidly as possible (see figs. 44 and 45).

The ring will expand enough to permit
installation, but is not sufficiently elastic to snap
completely into the spool groove. It will also
tend to take a set if allowed to remain stretched
for any length of time. After installation the
rings should be squeezed with the fingers
briefly to ensure they will remain in the grooves
while inserting the assembly into the installa-
tion sleeve.

Fig. 44 Fig. 45

Fig. 48
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Bias adjusting screws

Anchor screw
(bearing end is
machined flat)

Plug screws

16e. Reinst alling the shaf t assemblies:
The shafts can be pressed into the housing with a light arbor press. If

a press is used, install the input shaf t  first so that it will support the spool
while the drive bolt is forced into the spool slot during the pressing in of the
output shaf t.  Observe the relative position of the set screws to be certain
that (1) the drive bolt is aligned with the ring gap  as in figure 48, and (2) the
input and output shaf ts have their set screws on the same side.

Lacking a press, the shaft assemblies can be drawn into place using a
length of 3/8 threaded rod. Align the parts with each other as described
above. Proceed carefully, stopping frequently to verify the passage of the
drive bolt through the ring gap, as well as its engagement with the slot in
the spool. Be sure to stop when the bearings have reached the snap ring.

Note: Should the input and output sides be accidentally installed 180
degrees apart, it will be impossible to adjust or lock the torsion bar. To cor-
rect this situation, it is not necessary to disengage the output shaft from the
spool. Just remove the input shaft (as in figure 42) and give it half a turn.

17. End cap seals:
The end caps do not use gaskets. The best sealant is Permatex Aviation Form-A-Gasket, applied

very thinly with a br ush (the excess wipes off easily with alcohol). If no sealant of this type is available, the
caps can be simply bolted up to the housing with nothing but a film of oil or petrolatum. They will still
achieve a seal provided their mating surfaces are clean and undamaged. Do not use silicone, as it tends to
fill bolt holes and may cause cracking when the bolts are tightened.

The servo end caps use plain o-rings (see figure 50). The larger inner o-ring seals the input and
output shafts against fluid leakage. The smaller outer o-ring controls weeping from the inner o -ring and
excludes dirt. To help them stay lubricated and to create as little drag as possible, these o-rings are only
lightly compressed. Since the ends of the servo are relieved (through various internal connections) to the
exhaust side of the hydraulic circuit, these seals are not under any significant pressure. Minor leakage
here is not an emergency, and will not affect the per formance of the steering.

18. Torsion bar seals:
The o-rings on the torsion bar, since they must pass by the set screw holes, are often skinned or cut during insertion of the torsion bar. The o-rings

used under the heads of the plug screws effectively seal any resulting leaks while keeping dirt out of the threaded holes used for extracting the bar. Before
inserting a torsion bar, examine the o-rings and replace any that are chipped. The plug screws need be tightened only just enough to expand their o-rings.

19. Torsion bar screws:
The single set screw in the output shaft (at

left in figure 51) is used to anchor the torsion bar
against rotation. The end of this screw is machined
slightly concave for ver y positive seating against
the torsion bar. Proper tightening of this screw is
indicated by a loud snap when breaking it loose.
Threadlocking adhesive is not required for reten-
tion; however, blue No. 262 Loctite may be used
as a sealant. Be careful not to interchange this
screw with the bias adjustment screws.

The two  set screws in the input shaft (at
right in figure 51) have standard smooth cup points
and are used to adjust the power steering bias to
the left or right by camming against the two flats
on the bar. Use nothing stronger than blue No. 262
Loctite. Again, Permatex Aviation Form-A-Gasket
works very well here, sealing the threads while
providing considerable vibration resistance. Note:
as the points of the bias screws become worn, their
cam action will be impaired. They can be easily
replaced in the field one at a time without disturb-
ing the adjustment.

You are most welcome to call the tech line
for assistance. If you don’t have time to do the work
yourself, servo repair is available from the factory
at reasonable cost.

Fig. 49

Fig. 50

Fig. 51
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Fig. 52

Fig. 53

20a. Mounting a hydraulic cylinder (st andard rack shaf t, G264 rod bracket):
The procedure for attaching and a;ligning the G150B cylinder is basically the same for all racks, except for the use of various rod brackets. The

cylinder is held on with four bolts (see the exploded view at the end of the catalog). After installing the appropriate rod bracket as described below, bolt
the cylinder to the housing. Insert the piston rod through the rod bracket, installing the flat washers in the order shown in figure 53. Be sure the piston
rod will pass freely through the hole in the bracket. If the snubber is loose, the rack shaft can rock and allow the bracket to bind against the rod. If so,
adjust the snubber as in figure 20. After tightening the rod locknut, break loose the four cylinder bolts and retighten them while operating the rack back
and forth to work out any misalignment, then loosen and retighten the rod locknut a final time, making certain it doesn’t “ walk”. This joint should be
about as tight as a spark plug. If you can still turn the nut with a 9/16 wrench, that is OK provided there’s no actual play in the rod. Play in the rod will
allow it to jackhammer against the brack et during operation.  Finally, stretch the end of the boot over the fender washer with a smooth pair of pliers.

In 2003 a removable dowel was added to the housing/cylinder mounting surface to positively key these two components together and absorb the
increased thrust needed with the ultra-quick 4.19 and 4.45 ratios. The dowel bolts into the housing and can be removed to permit assembly where either
of the components lacks the dowel provision. Older housings can be machined at the factory for installation of the thr ust dowel.

For an installation using the “standard” rack shaft the G360 rack boots MAY have to be shortened by one pleat for stroke clearance. In any case a
small breather hole (1/16”) must be cut somewhere on the lower side of the right-side boot. This boot will be moved onto the round part of the rack shaft
and must be prevented from making an airtight seal. If run without a breather hole it will alter nately inflate and collapse as the rack moves, and will be
destroyed. Install this boot so as expose the rod bracket bolt hole, and install the rod bracket, p/n G264.

The G264 rod bracket bolts to the rack shaft using the 1/2-20 grade 9 hex bolt and hi-collar split ring lock washer supplied. This combination of
parts is specific to the application and should not be modified or replaced with something lighter, no matter how tempting it may be to do so. Note: older
rack shafts had a 7/16” hole, which must be reamed to size to use the current bracket. The spotfaced area for the original 7/16” bolt head will still accept
the hi-collar lock washer used under the 1/2” bolt.

Fig. 54
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Stretch the boot
over the washer

20b. Mounting a hydraulic cylinder (clevis rack shaf t, F264 rod bracket):
Note: Clevis type racks 19-3/4 long use the G264 rod bracket above. The boots used with this installation are G360 on the right and F360L on the

left.

Note: Type K racks use a shorter rod bracket, p/n K264; since many K
racks are custom built, a type K rack shaft may not have a bolt hole.

Clevis racks shorter than 19-3/4  use the clamp-on rod bracket,
p/n F264, to preserve effective rack stroke. The cylinder bolts on as
described above, except for the F264 rod bracket, which clamps around
the right-side rack clevis. This rod bracket also has a lip for attaching
the F360R rack boot. This boot is an essential part of this installation.
Caution: If you put a standard G360 boot directly on the rack shaft, as
you would with a G264 bracket, it will be in the way and will seriously
inter fere with rack movement.

As above, do not tighten the piston rod locknut until the bracket
is fully tightened in place. Make sure the bracket is positioned so that
the piston rod will pass freely through the hole. If the piston rod binds
against the hole, loosen the bracket and realign it. If the rack shaft
rocks and lets the bracket wave around, adjust the pinion snubber as in
figure 20. Install the washers in the same order as above.

Link the cable ties
to keep the boot from
sliding on the shaft
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20c. Mounting a hydraulic cylinder (monoball rack shaf t, M264 rod bracket):
The cylinder bolts on as above except for the M264 rod bracket, which clamps around the swivel nut and protrudes through the boot. Monoball

boots will already have breather holes. Cut a slot about 7/8” long x 1/4” wide in the second or third pleat from the outer end.

Power Steering System T ech

Coat the inside of the boot liberally with grease and insert the bracket through the boot as in step 1. Then start the ball stud through the end of
the boot and push the bracket onto the swivel nut as in step 2.  Next, align the bracket so the piston rod will pass through its approximate center, and
tighten the bracket on the rack. Note: the bracket exerts a significant compression force on the swivel nut. If the ball stud gets tight when the rod bracket
is fully clamped, loosen up the monoball adjustment (as described elsewhere, the performance advantage of monoballs lies in free movement). Verify that
the bracket hole is aligned with the piston rod. Install the washers and tighten the rod nut. Now you can pull the boot over the big end of the bracket with
pliers and push the small end of the boot into the retention groove in the ball stud as in step 3. Use cable ties on the big ends of the boots; the small ends
will retain themselves and do not need cable ties. Finally, loosen the rod nut and cylinder bolts, work the rack back and forth to get rid of any misalign-
ment, and retighten as above.

21. Cylinder rep air (refer to the illustrated p arts breakdown):
Wheel shots and crashes, if they bend the rod bracket, will also bend the small end of the piston rod, which is designed to be sacrificed so as not

to bend the rest of the rod and ruin the cylinder. The G264 rod bracket and G170 piston rod are the two easiest and most inexpensive parts to replace on
the rack. Other forms of cylinder damage are rock dents in the tube, which can cause binding (like a dent in a shock), and/or rock scars on the rod which
will eventually wear out the wiper and seal. Over time, metal debris from the occasional pump death, or just plain dirt in the cylinder can wear through
the hard interior coating and cut the piston seal. The power assist will then weaken or develop dead zones. Changing the power steering fluid won’t
prevent this unless the cylinder is dismounted and thoroughly purged whenever debris is detected.

The piston itself is nonmetallic and practically immune to abrasion, but can be damaged by objects which wind up trapped inside, such as pieces
of hose liner. This is more common than you might think, and is a sign of hose deterioration from excessive heat exposure, or from using unsuitable hose.
Sometimes hose is accidentally cut during end installation, and pieces will be stripped off by the oil. Either way, should the piston bottom out against an
object, it may break out one of the ring lands, after which the seal will only work in one direction. This condition is, however, extremely rare.

Inspection is easy. If the unit is clean enough, unscrew the plug and look inside with a flashlight (or just unscrew the whole tube, whichever is
easier). To avoid marring the tube, you can use a strap wrench, commonly used on chrome plumbing fixtures. It will grip the anodized tube very well
provided it’s not covered with oil. Before applying a strap wrench, blow off the tube with a dr ying solvent like Brakleen.

A bent or scarred-up rod should be removed by removing the piston and pulling the rod out the front. Never pull the damaged end back through
the seals. When installing a piston on the rod, use care when snugging the locknut against the piston; tighten it just enough so that the piston can’t
rotate. Too much torque will expand the piston and may cause it to jam in the cylinder tube. The piston rod, piston, and seal are available as an assembly,
p/n G170A.

If you install a seal kit in the cylinder, the rod seal is inserted so that its lip faces in (to keep the fluid  in) and the rod wiper so that its lip faces
out (to keep the dirt out). The bushing is pressed into a blind hole but can be extracted by threading a 5/8-11 tap into it and then driving the tap out. The
tap will bring the bushing with it. If the bushing is replaced it must be reamed to fit the rod before installing a new seal and wiper .

22. System troubleshooting:
Field experience accumulated over the past several years in varied forms of auto racing has dictated the expansion (and continual revision) of this

section. Although the service of automotive power steering is no longer the uncommon skill among auto mechanics that it once was, only some of that
experience is transferable to your race car steering. For example, many OEM service criteria are specific to a make, model, and year of automobile and
cannot be applied generally. One test for a particular OEM rack and pinion specifies that it needs replacement if its no-load system pressure exceeds 150
PSI. While that test no doubt has relevance for, say, that unit’s predicted inter nal leakage path after 50,000 miles, it would not mean the same thing on
a race car, and in fact might not mean anything at all (In a Woodward system the no-load pressure depends on the choice of parts, and internal leakage
would lower the pressure rather than raise it).

Troubleshooting standard automotive systems is somewhat simplified by the fact that they’re generally isolated from the driver through r ubber
mounts, rag joints, and the like. Because of this isolation, many instances of objectionable or defective operation pass unnoticed, and may in fact be
tolerable from a design standpoint (A minivan has 99 turns lock to lock, and no one objects if it shimmies in a powerslide; it’s just not an issue). Race car
steering is solidly mounted and purposely has as little compliance as possible. While this rigid and direct connection transmits accurate tire feel to the
driver, it also transmits–faithfully–any mechanical or hydraulic defects. Fortunately, that also tends to make these readily identifiable. If you have any of
the problems discussed in the troubleshooting chart, they can and should be fixed. The idea that a race car should somehow be harder to drive than a
street car is one of the more absurd myths invented by those who just couldn’t make it work any better. A properly functioning race car steering combines
comfort and response to a degree not approached by anything on the road, and if you own a complete Woodward power steering, you do not have to accept
anything less than that. Just keep in mind that a versatile system is necessarily more complex than a road-vehicle system, and it

Fig. 55
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consequently has a more comprehensive set of diagnostic procedures.

Under each problem heading, the causes and remedies are listed in order of probability based on experience. Where there is no established
probable cause, they are listed in order of convenience for checking. Some troubles will tend to be more prevalent in certain forms of racing (especially
those related to heat; see specific notes) but the causes and remedies shown should still be methodically investigated. Successful troubleshooting is
nothing more than the systematic elimination of possibilities until only one is lef t. SKIPPING STEPS WILL ABORT THE PROCESS.

1. HIGH-FREQUENCY VIBRATION FELT AT STEERING WHEEL WITH CAR AT SPEED:

1A. Loose nut on piston rod: Play has developed between the piston rod and the rod bracket on the rack shaft, causing the cylinder to react out
of phase. Tighten the locknut. If it has been hammering for some time the washers may be dished and should be replaced (or at least turned over).

1B. Bent rod bracket and/or bolt:  The rod bracket bolt is bent from a crash and/or the bracket is mushroomed and is no longer seated squarely
and solidly against the rack shaft. Check both for squareness and for movement relative to the rack shaft. Looseness or flexing of the rod bracket may not
always be detectable by hand, so you should observe it under power. Always replace both parts, not just the bolt.

1C. Bent monopin: A lower ball joint stud is bent, is loose in the spindle, and/or has misaligned the front end.

1D. Loose tie rod end: A tie rod end is loose, or its bolt is bent and/or the bolt hole in the steering arm is elongated.

1E. Play in steering shaft: Play has developed between the servo and the pinion from loose couplers or universal joints. Hand-check all set
screws for tightness, especially if there are fine-pitch splines anywhere in the steering shaft or if the car has been in a wreck.

1F. Loose snubber: The snubber is loose against the rack and the inner tie rod ends are rocking fore-and-aft, allowing the toe to oscillate.
Tighten the snubber screw just until the rocking stops; do not overtighten it or tr y to preload the pinion, as this will only make it hard to tur n.

Note: Vibration from purely  mechanical looseness (such as the snubber or a tie rod) tends to show up first at the inside wheel with the front end unloaded
or in transition, such as during corner entry or exit. Most of the time there will be enough load on the steering link age to dampen vibration in the middle
of the tur ns. Vibration due to a loose hydraulic cylinder connection, on the other hand, will be relatively constant. The system is designed to react strongly
to high-frequency inputs, whether they come from the steering wheel or the front tires. If out of phase on a rough track, a loose piston rod connection
feels like a jackhammer, which distinguishes the condition from a loose tie rod.

2. HARD OR “CHATTERING” STEERING WITH CAR STATIONARY:

2A. Suction hose collapse: Improper hose (Stainless-braid neoprene rubber, or Push-lock) is being sucked shut by the vacuum impulses of the
pump. The vacuum may exist in the first place because of a non-vented reservoir. Replace the hose with an internally-reinforced, vacuum-rated hose, and
use a vented cap. If the reservoir is a sealed design with no time to replace it, unscrew the cap as far as you can and duct-tape it in place.

2B. Pump relief set too low: The internal relief valve in the pump may be set to open at less than the maximum pressure required to turn the
wheels. If it should take 1400 PSI to reach full lock (not unusual if the car has short steering arms and lacks mechanical leverage) and the pump goes into
relief at 1080, it will not sustain a smooth steering movement. When approaching its relief point, it will chatter . As above, you can easily identify this
condition with a test gauge. This is, of course, a pump issue, and changes to the servo will not cor rect it. In most cases, you can reset the pump relief
valve, which is located within the bore just behind the output fitting. R emove the output fitting and the spring-loaded flow-control spool will pop out. On
the inner end of the spool is a small hex, usually with shims under it. That is the relief valve assembly, whose opening point is established by the preload
on a small spring and check ball. On most pumps, removing shims increases the preload and the relief pressure. Verify your results with a test gauge, as
it may be possible to exceed the maximum safe working pressure of the pump. If your system should reach 1500 PSI during steering, consider making the
car’s steering arms longer. The increased mechanical leverage will reduce the pressure requirement.

2C. Loss of system pressure from low fluid delivery: The pump is not providing sufficient flow to pressurize the system high enough to
overcome low-load feedback. The flow rate can be increased by installing a larger output fitting, but if the pump is already operating at capacity, then a
higher-displacement pump must be used. On a typical dirt car the pump must supply a constant 2.5 gallons per minute in order to positively pressurize
the mechanical movements of the steering; at 1.5 GPM it cannot keep it pressurized through very much movement, and the steering wheel cannot be
tur ned smoothly. The interrupted motion is sometimes described by a driver as “vibrating.” A test gauge will reveal a pressure fluctuation while turning
the wheel. This condition originates with the pump and cannot be cured by putting a lighter torsion bar in the servo. Another form of this problem is seen
with electric pumps, whose volume decreases with rising pressure—the wheel can be turned quickly once, but not again until the fluid deliver y has
caught up to the driver.

2D. Insufficient system pressure from wrong ser vo valve:  The car may have short steering arms and lack mechanical leverage, or a heavy
front end, or a very quick ratio, or all three. Whatever baseline pressure exists in the system is simply not enough to unstick the tires. Changing to a
lighter torsion bar will not help this condition. The ser vo valve itself must be changed. This situation is typical of a car with a quick rack and short
steering arms. For example, a car which with 5-3/4” steering ar ms may steer easily and smoothly while sitting still, using an 850 servo valve and a
starting pressure of, say, 60 PSI. The same car with 4-1/2” arms will chatter . It may need a 120 PSI “starting point,” which means it needs an 855 servo.
These numbers can easily be established by connecting a gauge to the main pressure line from the pump. The gauge will also show whether the
maximum pressure available from the pump is adequate.

3. VIBRATION WITH CAR STATIONARY, HANDS OFF WHEEL, AND ENGINE RUNNING AT IDLE:

3A. Loose rod nut, bracket, or bolt: See 1A and 1B above.

3B. System pulsating due to a soft suction hose: See 2A above.

3C. Air in the fluid:  With car on stands and the tank open, slowly tur n it lock to lock with the engine off , and listen for air squirting into the
retur n. Keep cycling the steering until the air is gone. Then cycle it with the engine running. The fluid should clear within a few minutes. In the course
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of the de-aeration process, some foam may form on the surface but will dissipate. Some trick fluids are too  thick to allow bubbles to escape; be sure you
are using straight petroleum-based power steering oil. Note also that if the return is near the bottom of the tank, any bubbles in the return stream will
tend to be sucked directly to the outlet port and back through the pump whenever the engine is running. Unfortunately, the only cure for that is to modify
or replace the tank. Also make sure your cap is vented as in 2A above.

3D. Inadequate fluid deliver y: As in 2D above, pump delivery at engine idle is too low and may be incompatible with a light torsion bar
installed in the servovalve. This condition is aggravated by wide, sticky tires. If you can stop the vibration by revving up the engine, the pump drive is too
slow. That condition can be easily fixed but can also be safely ignored, provided it doesn’t exist above a stationary idle or is not inconvenient. If raising the
RPM does not cure the problem, the flow rate must be increased by installing a larger output fitting or a higher-capacity pump.

4. STEERING WHEEL “KICKS BACK” OR STOPS WHEN COUNTERSTEERING HARD TO THE RIGHT ON DIRT:

4A. Inadequate fluid deliver y: Essentially the same problem as in 2C and 3C above, but occurs while “backing it in.” The flow rate is
inadequate for a long, quick cylinder stroke at low RPM. Either the output fitting on the pump is too small or the pump displacement per revolution is too
low for the near-stall RPM conditions. This situation generally needs a high-output pump. If experienced with an OEM-based servo and a rack quicker
than about 3.40, a bigger pump usually won’t cure it—the flow is being chok ed by the servo’s small internal passages.

5. WHEEL “STICKS” WHEN COMING BACK TO THE LEFT AFTER COUNTERSTEERING HARD TO THE RIGHT:

5A. Inadequate fluid deliver y: The pump flow is adequate for one one long, quick cylinder stroke, but cannot recover in time for a return
stroke. The output fitting is too small or the pump capacity is too low. It is the same problem as in 4A above, just not quite as bad. It may not even show
up on longer race tracks. This situation requires at least a larger output fitting, and possibly a larger pump.

6. GRADUAL LOSS OF POWER ASSIST DURING A RACE:

6A. Suction hose collapse: A non-vacuum-rated hose is being used. If this not a problem when cold, the hose is softening from heat. The pump
vacuum gradually sucks the hose shut as in 2A.  The condition is very common, and is greatly aggravated by using a a non-vented reservoir. If severe
enough to cause the pump to cavitate, the fluid will boil.

6B. Aerated fluid:  Turbulence or splashing inside the reservoir is mixing air with the fluid. If the reser voir is not vented, back pressure will
build and keep the air bubbles trapped in the fluid. Unlike oil, air is compressible and it will not apply enough power to steer the car. If checked
immediately, the fluid will appear opaque, like engine oil after a blown head gasket.

6C. Pump flow control valve stuck open (rear -mounted pumps): The flow-control spool in the pump is becoming jammed progressively
farther open every time a momentary demand is made on the system by turning the steering wheel. Although this can be caused by debris or dirt in the
relief valve bore, field experience indicates that the more likely cause is distortion or crushing of the pump housing caused by unequal torquing (or just
plain overtorquing) when bolting it to a dr y sump pump adapter.

To test for a stuck flow-control spool, remove the output fitting from the pump. If the spring-loaded spool does not freely pop out behind it, it is stuck in
the open or relieved position. Loosen the pump mounting bolts and see whether it frees up. If not, the pump must be disassembled. Try to determine
whether debris or burrs have jammed the spool in the bore. If the bore appears smooth and debris does not appear to be the cause, you can check the bore
for ovality and straightness. If it shows out of round, the pump housing has been permanently distorted and is probably unsalvageable. If there is no
obvious tight spot and the spool will slide freely in the bore, the pump can be reassembled and tried. Leave the fitting out so you can check for binding
of the spool while you are tightening the mounting bolts. If all seems well, you can check it again after it’s hot, just to be on the safe side.

It is worth noting that this particular problem never occurs with belt-driven pumps. The obvious reason is that a belt-driven pump is mounted using its
intended mounting surface, which is machined flat and is fairly thick, whereas the surface utilized for connecting to a dry-sump pump is neither. When
bolting the pump to a dry-sump adapter, therefore, one must tighten the bolts carefully and as evenly as possible to avoid putting the housing in a bind.
Using split-ring or shakeproof lock washers under the bolt heads and Loctite on the threads will eliminate any need for excessive torque.

It is worth mentioning that, although they are generally considered too “low tech” for use in late models, the much greater strength and stiffness of cast
iron pumps makes them practically immune to distortion. They are also available in very large displacements.

In the event the jam has been caused by debris, then you must clean out the system. This means the servo, rack cylinder, tank, and all the hoses must be
thoroughly rinsed and blown out. Otherwise, any replacement pump will likely meet the same fate. Since in this case no pressure is being developed in
the system, the fluid will usually not over heat.

6D. Drive belt slippage from fan inertia (front-mounted pumps): This problem usually recurs at the same point on the race track: power assist
is lost when picking up the throttle in the tur n and is reacquired at the end of the chute. Eventually the power steering goes away completely as the belt
gets soft and stretches. In many cases, power steering will return after the engine has been shut down for a while and the belt and pulleys have cooled.
This failure pattern is most often caused by routing the power steering belt over a water pump pulley. The inertia of a heavy fan makes the water pump
pulley slip, and this acts as a brake on the power steering belt. Although it might seem as though one driven pulley would simply act as an idler for the
other, this is tr ue only under no-load conditions. The power steering pump imposes a substantial load on the belt whenever a demand is placed on the
steering, regardless of engine RPM, and therefore its pulley cannot be considered free-running. Likewise, a steel fan (in addition to consuming up to 20HP
at sustained high speed) is difficult to accelerate and decelerate rapidly. It lags when you nail the throttle and over runs when you lift. This inter mittent
and alternating loading of the two pulleys on the same belt makes the belt slip. Once the belt has lost its grip, it cannot easily “catch up,” especially on
a race engine. The solution is to separate the drives, or change from a v-belt to a toothed belt. Since the pump is not turning full speed, nor producing its
full output, this condition is not usually accompanied by fluid overheating. However, the engine will overheat.

6E. Drive belt slippage from poor contact (front-mounted pumps):  There is an insufficient degree of wrap around the crank pulley, or a pulley
is worn out and the belt is bottoming out in the v-groove—either on the pump (rare) or the crank (very common), or the included angle of groove in the
crank pulley is too wide to grip the belt (very common, and due to improper sheave design. The included angle should be narrower on smaller diameters).
Check the belt cross-section; it must clear the root of the pulley groove and touch only the walls. If the pulley is worn shiny at the root of the groove, the
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drive  is no better than a flat belt. Badly misaligned pulleys can also distort the belt profile until it no longer fits the groove. Poor contact is made worse
by spreading the drive over additional pulleys as above.

With serpentine drives there are two main failure modes. The main one is insufficient wrap around the pulleys; serpentine belts generally use smaller
pulleys than v-belts, and require idlers to achieve the necessary wrap. Without idlers they will almost always slip. The other failure mode is the
inconsistency of aftermarket pulley groove profiles. Some allow contact at the tops and bottoms of the grooves, which removes the wedging action and
tur ns the drive into the equivalent of a flat belt. Since the pump is not turning full speed, nor producing its full output, drive slippage is not usually
accompanied by fluid overheating. However, the engine will overheat.

6F. Pump relief valve stuck partially open:  The pilot of the pump relief valve has been triggered and is staying cracked open from a leaking
inter nal check ball (caused by rebuilding the pump using salvage parts) or from a speck of debris. The continuous high-velocity flow through the small
opening will rapidly heat up the oil in addition to bleeding away the power assist pressure. This is more common with older iron pumps (some of which
may have seen 100,000 road miles before being remanufactured and sold for racing purposes). Accompanied by boiling and/or burned fluid. The heat
developed by a cracked relief valve can be enough to char a hydraulic hose and blow a crimped end off —and spray the engine compartment with burning
oil.

6G. Absorption of external heat:   Engine-compartment heat is saturating the servo and tank. These components are considerably lighter and
thinner than other brands, and they are excellent heat exchangers. If exposed to some outside air, they will cool the power steering fluid ver y efficiently.
However, the exchange of heat can take place in either direction. If they are only exposed to the dead air inside streamlined bodywork, they will become
sinks for the nearest heat source (usually the headers) and will transfer that heat into the hydraulic fluid. Eventually the seals lose their resilience and will
no longer hold pressure, so the power assist fades away. This problem is typical of pavement stock cars and road racing cars; these tend to have maximum
aerodynamic shrouding and enclosed bodywork, with little or no extraction of air.

Various methods can be employed to successfully lower steering temperature. One effective solution is to simply point some brake duct at the reservoir
or the servo. In cases where the ambient temperature is already quite high (Las Vegas, Phoenix, Bakersfield, Guyana, etc.) it may be necessary to add a
small cooler in the return line, but in most cases a shot of outside air is all that is necessary. If you run a cooler, the best place for it, especially with a left-
head-mounted pump, is in the radiator intake duct. While dirt cars usually don’t have this problem because of their more open bodywork, it can still occur
given sustained high speed and a boundary layer of air acting as an insulating barrier. Note that adding “high temperature” fluid is not a substitute for
lowering the operating temperature.

6H. Fluid column effects:  Pumps driven off the rear axle on pavement cars must push the entire contents of the hose horizontally forward over
the entire length of the car, against the inertia of acceleration. Sometimes the extra load causes the drive belt to slip (it’s already exposed to exhaust heat,
rubber particles, and blowing oil, so it doesn’t tak e much). Racers sometimes install a larger hose in an effort to eliminate pressure drop; the resulting
heavier fluid column has even higher inertia, and cancels out the presumed gain. Assuming the unsprung weight of an axle-mounted pump is acceptable
to begin with (!) a toothed belt or other positive drive will give more consistent per formance here than a v-belt.

6K. Pump intake uncovered: A low fluid level (or a flat, shallow reservoir) is allowing the outlet port to become uncovered during braking or
cornering, or the level is low enough that a vortex is forming over the outlet.  Air is drawn into the fluid with results as in 6B. Fluid temperature is
elevated.

7. SUDDEN AND COMPLETE LOSS OF POWER STEERING:

7A. Pump drive failure:  Broken or thrown belt, stripped splined drive spud or splined pump shaft, or broken 3/8 hex drive shaft. In the case of
belt failure, check for operating conditions as described in 6D and -E above. Stripped spline teeth usually result from fretting corrosion, a form of
accelerated rust that occurs under heat and rubbing contact. The drive spud is exposed to heat high enough to dissipate ordinary grease or oil, and should
be repacked with anti-sieze lubricant about once a month. Hex drives will break periodically due to their small cross section. To test, observe the return
stream, or, if it cannot be seen, disconnect the return line and run it into a container.

7B. Suction hose collapse: A non-vacuum-rated hose is being used which is too soft and has been sucked shut, shutting off the supply of fluid
to the pump (If it should continue for more than a few seconds, the resulting cavitation can cause the pump rotor to spall or chip. When the flow is
restored, these chips of metal in the pump will be spread through the system. Clean before reuse). Will not show any loss of fluid from the tank.

7C. Broken rod bracket and/or piston rod: The rod bracket bolt is snapped off (the power steering is probably still working, but has become
mechanically disconnected from the rack). No loss of fluid.

7D. End blown off pressure hose: The wrong type hose is being used (such as stainless-braid neoprene fuel line), or the wrong type ferrule was
installed on an otherwise correct hose. If it occurs during a race, this condition may be accompanied by a fire.

Make absolutely certain that your power steering hose is rated for a working pressure of 1500 PSI, and that your hose ends are those intended for use
with that hose. The reusable ends for Woodward power steering hose consist of a nipple (the internal part) and ferrule (the external part). Their
dimensions are specific to this hose. Do not substitute another part of unknown type for either of these components, no matter how outwardly similar its
appearance. The dimensions of these parts are extremely critical in achieving the 6000 PSI burst pressure rating of the assembled hose. The same applies
to any other brand of hydraulic hose when assembled with reusable ends. Crimp-type ferrules are widely interchangeable. They have a loose fit over the
hose because they are intended to be deformed around the hose at assembly. All too frequently, inexperienced counter help at a hose store will assume
reusable-type ferrules to be equally interchangeable—which they most definitely are not.  Finally, even though it appears elsewhere in this book, this
warning cannot be repeated enough: NEVER USE STAINLESS-BRAID NEOPRENE HOSE (THE KIND WITH THE RED AND BLUE ENDS) ON POWER
STEERING.

8. WANDERING AND GREATLY OVERPOWERED STEERING:

8A. Loose torsion bar (free play) in servo: Free play is the same as having an infinitely soft torsion bar—the power steering will take off in the
direction the valve is tipped, even if that is just a few thousandths of an inch. The play will be evident at the steering wheel with the car stationar y and
the engine off. Note that this refers to actual mechanical play and not the springiness of the wheel which is normal when parked. First, check the anchor
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set screw. Tighten it while wiggling the steering wheel to mak e sure the screw is seating against the flat on the bar. If it is loose, the steering wheel play
will disappear as you tighten it. Replace the screw at the earliest opportunity.

Alter natively, the two adjusting screws may have worked loose, especially  if a lot of adjusting has been done and their ends are worn. When retightening
these, be sure to start the engine and check the directional bias of the steering, as that is controlled by the adjusting screws. For more power to the left
and less to the right, back off the left screw and take up on the right screw (“right” and “left” are as viewed from the driver’s seat with the screws facing
up)and vice versa. Alternatively, raise the car and adjust the screws until the steering does not drift by itself in either direction with the engine at
2000RPM. At that point, the power sterering is directionally neutral. W ith the car back on its wheels, the steering will be subject to the leftward pull of
your caster split, which you can reduce or remove by adjusting the bias. Whatever position you put the screws in, they must both be drawn up tight.

Note: If you are troubleshooting an OEM-based servo which exhibits the above symptoms, you cannot fix it by tightening set screws. The torsion bar is
centered and held by dowel pins whose holes have probably stretched. It cannot be field repaired; the builder will have to install, align, drill, and pin a
new torsion bar in place while the valve is under pressure.

9. STEERING DRIFTS ONE WAY:

9A. Servo adjusted off center: Reset the bias adjusting screws to pull the steering right or left and remove the drift (see Centering the steering
on page 20). A pull to the left due to caster split can be adjusted out or left in according to the driver’s preference.

9B. Damaged or misaligned front end: Although it’s not suggested as a long-term solution, you can compensate for the toe-out caused by a
bent steering arm, ball joint monopin, or tie rod, for at least long enough to run the consy by adjusting the servo to counteract the pull. The adjusting
screws (unless they are worn out) have enough range to divert virtually the entire pump capacity in either direction; however, if the condition is bad
enough that the pump relief point is reached (as if the steering were turned to full lock and held there) the system will overheat.

Note: If you are troubleshooting an OEM-based servo which has developed a drift, you cannot fix it by adjusting set screws. Either the dowel pin holes
have stretched and the torsion bar is firmly off center, or the bar itself has been permanently twisted from a wreck. As above, this is not field repairable;
the builder will have to replace the bar.

10. HARD STEERING AFTER A WRECK:

10A. Bent crossmember and/or rack mounting plate: The rack has been driven back in the chassis and the end of the lower control arm bolt
is rubbing the rack shaft, or is catching the head of the rod bracket bolt.

10B. Bent rod bracket and piston rod: The rod is out of parallel with the rack shaft and is binding at the ends of its movement.

10C. Fitting jammed against piston rod: Someone has replaced the orientable 90 degree hose adapter at the head end of the cylinder and it is
screwed in too far, acting as a set screw against the piston rod. Installed correctly, the o-ring and captive flat washer will remain within the recessed
section of the threads on the fitting while allowing one full tur n of adjustment.

10D. Misaligned safety steering column bearing:  The front frame has moved slightly and pried the column to one side, causing a bind. Loosen
the flange bolts and allow the sleeve bearing to realign itself on the column tube, then retighten. Test for free rotation by disconnecting the u-joint and
spinning the wheel.

10E. Bent servo adapter: The servo on an integral-servo rack has been struck by the engine and the splined coupler is in a bind within the
adapter tube. This may not be noticed until after the wrecked car has been rebuilt and the same rack reinstalled. After any heavy crash where the engine
may have shifted, make sure the rack input shaft will still tur n.

11. STEERING SLAMS ONE WAY AND CAN’T BE RESISTED WITH THE STEERING WHEEL (ON INITIAL STARTUP):

11A. Backward installation:  The L and R hoses are reversed, or the servo is installed backward. The “L” and “R” mean left or right turn input,
not the lef t or right side of the car . Either mistake can be corrected by reversing these hoses.

12. STEERING IS EASY ONE WAY AND HARD THE OTHER WAY (ON INITIAL STARTUP):

12A. Air is not completely pur ged from system: With car on stands and the tank open, slowly turn it lock to lock with the engine off , and listen
for air squirting into the retur n. Keep cycling the steering until the air is gone, then cycle some more while running the engine (as in 3C above).

12B. Directional bias is offset too far one way: At some point, the bias adjusting screws have been backed off and retightened at random
(usually by someone helpfully checking for loose fasteners) and this has set the directional bias way off center. Look closely at the set screws. One will be
visibly deeper than the other. Reset the screws to approximately the same depth and restart the engine. Check the steering and proceed as in 8A above.
Remember that, whatever position you put the screws in, they must both be drawn up tight.

12C. Directional bias is loose (loose torsion bar; free play in servo): One of the adjusting screws has been backed off without being retight-
ened, freeing the torsion bar and creating play within the servo valve (see 8A above). Remove the play and adjust the set screws.

13. STEERING IS RANDOMLY HARD, DARTY, OR JERKY WITH NO IDENTIFIABLE PATTERN:

13A. Superspeedway pump used on short track car: Such a pump will have been modified to work only at the sustained high speeds and slow
steering conditions of large race tracks. These modifications involve porting and effectively disable the flow control—which, under the  rapid steering
demands of a short track car, is oscillating. This causes the pump output to occur in waves instead of a constant flow. You can try driving at a constant
RPM and turning the steering wheel very, very slowly, or you can get rid of the pump. We recommend the latter.

13B. Broken or weak flow control valve spring: Relatively rare, but not unknown. The effect is the same as in 13A.
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