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BASIC STEERING SYSTEM DESIGN INFORMATION

The following is basic design information as to how a steering gear is packaged into a vehicle chassis.

First some basic terminology.  Most U.S. passenger car chassis in the last twenty years have been designed with front wheel drive (FWD).  Sport cars and most high performance chassis are usually designed as rear wheel drive (RWD).  Production Corvettes have always been RWD.   

All C2 and C3 Corvettes from 1963 thru 1982 have a recirculating ball steering gear (RBG) and a steering linkage that is located behind the front wheel spindles.  This steering system design is characterized by the steering gear being mounted close to the front of dash.  The steering column is usually close coupled to the steering gear.  This design requires that the steering arms are located behind the front spindles and this type steering is called REAR STEER.  

The C4 and C5 Vettes have a rack and pinion (R&P) steering gear mounted in front of the engine and forward of the front spindles.  Therefore, the steering arms are also forward of the front spindles and this type steering is called FRONT STEER.  You will note that the R&P steering gear is mounted far forward in the car.  Therefore, it needs to be connected to the steering column by means of a long intermediate steering shaft.  This design steering shaft usually requires some type of angular joint at each end.

One basic difference between front steer and rear steer is the following.  When you rotate the steering wheel clockwise (right turn) in a front steer vehicle, you must move the steering linkage (or the rack in a R&P gear) to the right so that the road wheels will turn to the right.  However, if your vehicle is rear steer, when you rotate the steering wheel in that same clockwise direction, you must now move the linkage or rack to the left to move the road wheels in that same right pointing direction (because the steer arms are located behind the front spindles.)

Because the C3 Corvette has the steering arms and linkage behind the front spindles, if you were to somehow mount a C4-5 R&P in a C3 and attach it to the rear steer steering arms, you would find that when you turned the steering wheel to the right, the car would turn left!  (In order to mount the C4-5 R&P in front of the engine you would need to convert your C3 to have steering arms in front of the wheel spindles.)

This results in two basic differences in steering gear design depending upon front steer or rear steer requirements:

For steering systems using a RBG, the differences are inside the gear.  It is the lead of the worm (either right hand or left hand lead) that determines which way the pitman shaft rotates relative to input shaft rotation.  So it is impossible to tell just by looking at the outside of a RBG which way the shafts are going to rotate with respect to each other.  

It’s a bit easier with a R&P steering gear.  A basic rear steer R&P gear has the pinion engaging the rack from ABOVE.  For front steer vehicles (like the C4 and C5) the pinion engages the rack from BELOW.  You can basically eyeball a R&P gear and tell by the intersection of the pinion with the rack which way the rack is going to move.  Here is one other distinguishing R&P feature that will help you.  All R&P gears have a spring loaded devise (ADJUSTER) that pushes on the rack and keeps it in contact with the pinion.  This devise is loaded into the gear by means of a threaded port on the opposite side from the pinion.  For example,  when you look down at the R&P gear in a C4 or a C5 Corvette you will see this adjuster devise looking up at you because the pinion on this front steer Vette is below the rack.

There have been successful rack and pinion steering gear designs used in chassis layouts that have RWD as well as FWD.   The design of the basic rack and pinion does not depend on a vehicle being FWD or RWD. 

All basic R&P steering gears are not only long in length but are fairly large in diameter. This design characteristic requires that you have a straight shot across the car to mount the rack. The tie rods can either connect to the ends of the rack (known as end takeoff racks - ETO) or they have very long tie rods that connect in the center of the rack (known as center takeoff racks - CTO.) 

A conventional FWD vehicle with a transverse mounted engine can package a rack quite easily right behind the engine and most of them have a rear steer type chassis. With a RWD layout the location right behind the engine is taken up by the transmission sending power to the rear axle.  Now, you can get away with rear steer in a C3 Corvette because a recirculating ball gear can have a relay rod that is fairly small in diameter and it can be bent and twisted to pass around obstructions like engines, transmissions, etc. So with a RWD powertrain you need to mount a R&P gear either very low under the transmission or high over it. 

Otherwise, you need a front steer chassis and then mount the R&P in front of the engine (like the C4 and C5 chassis.)  This means that the tie rods have to connect to steer arms that are in front of the wheel spindles.

What some people have done is adapt a Saab 9000 or a 1986 through 1998 Pontiac Grand Am, Chevrolet Corsica, Oldsmobile Calais, etc type center take-off R&P to a C3.  This gear is rear steer and they have mounted it low in the car.  Since Corvettes are not known for their road clearance, this may not be a big deal.  However, from the photos I have seen, it does appear that the lowest part of the chassis is the R&P steering gear (not a particularly good feature.) 

One other problem with a low mounted, rear steer, CTO, R&P is getting the steering column connected to it. For the most part, the column does not point at the gear and you have to come up with universal joint(s) that have to operate at high angles to mate the two together.

The Saab R&P gears are dimensionally identical to all of the center takeoff racks used in the U.S. built General Motors J/N/L cars.  Note, the long tie rods are not the same, just the basic gear housing.  All of these center take-off rack and pinion gears were made by Delphi Saginaw Steering.  So the Saab R&P is not the only one that can be used.  Some of the later U.S. produced vehicles with handling packages had very quick steering (2.5 turns lock to lock.)

One final bit of trivia.  The Dodge Intrepid/Chrysler New Yorker FWD chassis has a CTO R&P gear mounted high on the front of dash.  However, the tie rods stretch forward and attach to steering arms that are forward of the front wheel spindles.  So, although at first impression, you might think that this is a rear steer chassis, it is really front steer!
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