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INTRODUCTION

This manual has been compiled to provide guidance to those responsible for the

maintenance and overhaul of the Amphicar.

This manual is divided into the 12 main groups, each of them being consecutively

numbered so that supplementory sheets may be inserted, from time to time.

All instructions for the maintenance and overhoul are based on methods which have

been proved with the aid of our Amphicar special tools.

Modifications and changes which may at any time be introduced, will be issued to all

authorized dealers.

This manual, or parts thereof, may not be reproduced without written permission of the,

AMPHICAR CORPORATION OF AMERICA
New York 23 N.Y. 1840 Broadway
Phone: LT 1-6969

Copyright by Amphicar Corporation.

‘

AMPHICAR CORPORATION OF AMERICA

Postcard

Attention:

Please return the attached postcord to
us immediately offixed with your exact
address (possibly firm stamp)}. This
only guarantees that you will get all
supplements and chdnges of. this
catalogue automatically at no extra
cost,
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Steering

Description

The steering box, type Amphicar — ZF “"Gemmer''-steering (model
7316 975130) consists of the following main parts: the steering roller
shaft with the inserted steering roller and the steering worm with ball
races and ball cages.

The steering box is attached to the steering gear bracket, at the left
front side of the longitudinal chassis member, and secured with three
mounting bolts (Fig. 1).

The steering assembly consists of two steering arms, two adjustable
track rods, one lower control arm and two steering knuckles.

A waterproof rubber seal is mounted between the steering box and
the lower steering arm and is secured with a flange and a clip to the
bilge.

A universal joint is mounted between the steering column and the
steering box, serving as an equalizer. This universal joint is protected
by a rubber jacket.

Turning circle — 36 ft. 5 in.

Lubrication

Proper lubrication is the most important factor to insure troublefree
functioning and long life.

The recommended lubrication for the steering gear-box is SAE 90
transmission oil.

These specifications are met by all high-grade brand-name oils. The
oil level in the steering box must be checked at the pre-delivery inspec-
tion and thereafter every 6,000 miles. If necessary, add oil.

The steering column bushing require no special maintenance.

Dismantling the steering gear
Disconnect the positive cable of the battery {at the ground connection).

Dismantle the complete horn button as follows:
Place a screwdriver into the notch provided under the button and push
out the latter completely (Fig. 2). Disconnect cable.

In the passenger compartment, unscrew the six mounting screws on
the rubber universal joint jacket and remove retaining flange (Fig. 3).
Pull up rubber seal so that the universal joint becomes visible (Fig. 4).
Turn steering wheel to most favorable position, dismantle the locking
plate and clamping bolt. Mark position of steering column in relation
to the universal joint by a center punch mark.

Loosen securing screws of the steering column bracket under the instru-
ment panel until it is possible to pull the complete steering column
out of the universal joint splines without damaging the sheathing.
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If the complete steering column is also to be dismantled, remove the
steering wheel with the aid of the special tool AC 21 (steering wheel
extractor) and dismantle the steering column bracket.

Remove spare wheel cover and spare wheel from trunk.

Pull the horn-cable out of the steering column.

Jack up front of vehicle or move it onto an inspection pit.

Remove track rod housing cover plate.

Mark position of steering stop on axle tube. Dismantle steering stop.
Take split pin out of castle nut of lower control arm. In the trunk, dis-
mantle the three securing bolts of the steering box and the clip of the
rubber seal.

Lower control arm and the steering roller shaft of the steering box are
punch-marked. Before removing the lower control arm, check if the
mark is clearly visible or, if necessary, punch-mark again.

Turn steering box to most favorable position for putting on special
extractor tool AC 23.

Remove lower control arm. Under no circumstances may the lower
control arm be removed by hammer blows or by driving o wedge
between the housing collar and the lower control arm, as this may
cause serious damage to the steering box.

In the trunk, turn the steeering box so that the universal joint becomes
loose at the tank and the steering box may be removed without
damaging the rubber seal.

Mark the position of the universal joint (Fig. 1) and dismantle.

Disassembly of the steering gear

Loosen oil seal cap and drain old oil. ‘
Loosen mounting screws of the housing cover, dismantle lock nut of
the adjustment screw and turn the adjustment screw into the cover
(Fig. 2).

Remove cover.

Take out steering roller shaft (Fig. 3).

Open retfainer ring and remove adjustment screw with guide washer
from steering roller shaft bore.

Loosen screws of the adjusting flange and take off the adjusting flange
and the spacer washers (Fig. 4).

Pull the steering worm with the lower ball race out of the housing
(Fig. 5).

The circlip, located in the base of the worm gear and the centering
ring should only be removed if the circlip packing washer is damaged
or if leakage or corrosion is observed on the oil gauge tube.

Checking of the parts of the steering

The bearing supports of the steering roller shaft must not show exces-
sive wear.

7/5
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The steering roller rests on a needle bearing in the head of the steering
roller shaft. The precision of the parts is of particular importance for
correct steering operation.

The steering roller must not have any play whatsoever (Fig. 1).

The steering roller is constructed in the form of a double-toothed roller,
pivoted on a single needle bearing. The needle bearing absorbs the
radial forces. The steering roller pin is secured at both ends by a spe-
cial method at the time of manufacture and must not be dismantled
under any circumstances.

Sideplay is absorbed by honed plates, between which the steering
roller is accurately fitted.

To ensure smocth movement free from play, the assembly of these
parts required a maximum of care and of precision.

For reasons stated above, damaged parts of the steering roller shaft
must not be replaced. If main parts of the steering become defective,
it must be replaced in its entirety, in order to assure smooth and
reliable operation.

When checking the steering roller shaft, the spiral of the worm must be
inspected for wear, nicks or other damage.

The ball races of the steering worm must not show any pitting. The
balls, cages and the outer ball races must be checked for indentations
and pitting.

Carefully check all parts of the steering for wear or damage.

Fig. 2 shows the disassembled steering box.

Re-assembly of the steering gear

The dismantled shaft seal rings must be replaced by new ones.

Place first shaft seal into housing collar with the seal lip facing inside.
Install second shaft seal with the seal lip pointing outward and fill the
space between the seal with grease.

Press ball race into housing.

Place a ball cage on the upper track of the steering worm and insert
into housing together with worm. Use assembly sleeve (or heavy oiled
paper) to protect the shaft sealer ring (Fig. 3).

Insert the second ball cage with ball race into the housing.

Put on adjusting flange and oil gauge tube as well as the spacer
washers. For this operation the guide pin (Fig. 4) must be inserted into
the oil gauge tube to avoid damage to the seal and support ring, also
to prevent pushing these out of position.

Tighten diagonally opposite screws.

When in position, check that the worm gear is free from play. For this
purpose a torque measuring gauge is placed on the spiral worm gear
which is then turned one full revolution in both directions and adjusted
to a torque of 7.2—18.0 ft./Ibs.

If this is not the case, a correction must be made by means of suitable
spacer washers.
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The spacers are available in thicknesses of 0.004” — 0.005” — 0.006” —
0.02” so that with a correct choice of washers the prescribed torque can
be achieved. :

After taking this measurement, the remaining two securing screws, with
spring washer and locking plate, respectively, are screwed in and
tightened. (Two screws are secured with locking plates and two with
spring washers.)

Insert adjustment screw and guide washer into the bore of the roller
shaft and insert circlip (Fig. 1). Measure the end play of the adjustment
screw. The play must not exceed 0.002”. If in excess, use a thicker guide
washer.

Carefully insert the steering roller shaft into the housing, avoiding
damage to the shaft seal (Fig. 2). It is recommended to use an assembly
sleeve or heavy oiled paper to protect the shaft seal.

Place spacer shim on the plain surface of the housing and fit housing
cover.

Insert adjustment screw counter-clockwise into the taphole of the hous-
ing cover. Tighten until the cover lies on the sealing surface of the
housing (Fig. 3). Insert the mounting screws, with spring washers, and
tighten.

Adjustment of the pressure point must be made with the wheels in the
straight ahead position.

Place torque measuring gauge on the spiral worm gear.
Turn adjustment screw clockwise until a slight resistance is felt.

Tighten adjustment screw in this position with lock nut.

Move steering worm, from the central position, one full turn in both
directions.

In the central position adjust to a torque of 72 to 115 ft. lbs.

This may be corrected by turning the adjustment screw clockwise or
anti clockwise.

Fill steering box with SAE 90 transmission oil.
Replace filler plug.

Place universal joint onto the gearing of the steering worm (paying
attention to alignment marks!) and secure (Fig. 4).

Installation of the steering box
Before installing the steering check the rubber seal in the trunk floor.
A defective or porous rubber seal must be replaced.

The installation of the steering box is done in reverse order from the
dismantling.

Special Note:

The steering is fastened by means of the housing collar which has the
form of a flange; it has three through-bores and its fastening plane lies
parallel to the bearing neck. The counterpart of the three eyelets of the
housing collar must be placed level and must lie level in the same
plane to avoid spanning.

7[9
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A universal joint is mounted between the steering column and the
steering box. The prescribed angle of 29° must not be exceeded when
assembling.

The lower control arm is linked with the steering shaft by means of a
conical spline. It is tightened and held by the castle nut.

When tightening, note the position of the lower control arm in relation
to the steering shaft.

It is marked by a groove on the control arm and on the front end of the
steering shaft (Fig. 1).

The spline and the thread of the steering shaft must be oiled with
engine oil before inserting the control arm. Only thus can the lower
control arm be placed in its correct position on the conical spline and
fit properly.

The castle nut is screwed on and must be tightened to have a torque of

79.2ft. Ibs. The torque mentioned applies to the oiled spline and thread.
The castle nut must then be secured with a split pin.

Check the left and right end stops by turning the steering wheel. Under
no circumstances should the steering gear be hit or forced when
positioning.

The securing nut of the steering wheel is tightened to a torque of 36—
43—2 ft. lbs., but only after the thread and the taper have been lightly
oiled.

The measuring of the front axle is described in group 5, pages 1210 17.

Regulating and readjusting of the installed steering gear

If there is play between the steering worm and the steering roller and
the worm bearing, this can quickly and easily be adjusted in the ve-
hicle. However, before any adjustment of the steering box is made,
find out the exact position of the play. Adjustment by frial and error
may result in damage and high repair costs. Wobbling of the front
wheels is never caused by the steering. Attempts to correct it by tight
adjustment of the steering are successful for only a very short time and
are damaging to the steering box. Quite often, the cause of the com-
plaint can be found in the excessively wide play of the ball pivot of the
axle journal bearing or similar.

Non balanced wheels are quite often the cause of wheel patter which
can result in either excessive tire wear and/or stress on the steering
gear, even if it cannot be felt at the steering wheel. Therefore, ensure
that all wheels, including the spare, are correctly balanced both dy-
namically and statically.

7/
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All adjustments of the steering must be made with the front axle jacked
up.

Experience has shown that wear and tear occurs primarily in the range
of the straight-ahead position. The pitch diameter of the worm is, there-
fore, slightly larger than the turning circle of the steering roller. Thus it
is possible to keep the middle range free from play at all times, without
evoking any wedging in the end positions. The play present outside the
middle position is normal and can be disregarded. When driving, the
front wheels always strive to return to the straight-ahead position. So,
here too, the steering roller always rests firmly on the inner flank of the
worm, assuring trouble-free steering.

The adjustment of the play between the worm and the steering roller
shaft, respectively, must always be made in the straight-ahead position.
Prior to adjusting this play, if any, check if the worm bearing is free
from play, correctly as necessary. To regulate or adjust the worm
bearing, the steering wheel must be turned to the right, about one
revolution, from the straight-ahead position. In this position, the worm
cannot be pressed sideways by the steering roller shaft into its bearing,
which would simulate freedom of play.

The first inspection or adjustment, respectively, of the play in the
steering should be carried out after the first 350 miles at the earliest,
but not later than after 1,000 miles. It is recommended that further in-

spections and adjustments, if required, be carried out at intervals of
about 6,000 miles.

Adjustment of the play in the worm bearing

Any play present can be noticed with the fingers at the steering column
stump, where it leaves the steering box, when the lower control arm is
being pushed to and fro.

The adjustment is done by selecting the proper spacer washers at the
adjusting flange which in fastened at the front end of the steering box.

Making the adjustment

1. Remove the securing screws of the adjusting flange (Fig. 1).

2. Pull back adjusting flange, catching the outflowing oil (Fig. 2).

3. Disconnect horn button cable and pull out.

4. Add or remove shims as required (Fig. 3).

5. Re-insert adjusting flange with guide tool in the oil gauge tube. (See
page 7/6 Fig. 4) and remove guide tool from universal joint.

6. Tighten securing screws.

7. Refill oil (Fig. 4). Transmission oil SAE 90.

Make sure that the adjusting flange is always tightly fastened to the
shim plate (with the screws), to assure proper functioning and water
tightness of the steering gear. Tighten the securing screws evenly and
carefully, checking that the steering worm remains free to rotate at all
times. The bearing must never be set too tight, as this would cause
damage. If required, insert a shim plate of suitable thickness.

When the worm bearing is properly adjusted, a torque of 7.2 to 18.0 ft.
Ibs. should be measured at the steering column. When this measure-
ment is taken, the steering roller must not be engaged with the worm.
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Adjusting the play between the steering worm and the steering roller
shaft

The adjustment is carried out as follows:
1. Place steering in straight- ahead position.
2. Loosen lock nut of the adjustment screw (Fig. 1).

3. Turn adjustment screw clockwise until there is no more play. Check
by pushing lower control arm to and fro.

4. Tighten lock nut, holding adjustment screw with an open wrench.

5. Turn steering wheel a full revolution in both directions. A slight
resistance in the middle range should be felt only when the steering
wheel is turned with one finger. If possible, check with torque-
measuring instrument.

The adjustment has been done correctly, when, in the central position,
a torque of 72 to 115.2 ft. lbs. is measured at the steering column.

A tighter adjustment will not improve steering conditions, but it will
considerably offect the efficiency and the longevity of the steering,
since it prevents the formation of an oil film between the engaged
parts.

Track rods

The two track rods connect the lower control arm with the steering
arms. Each track rod consists of a threaded tube and a threaded ball
joint yoke.

The tube is secured in position at each end by a nut, a lock washer and
a lock nut (Fig.2 a).

The ball joint yokes are protected against dirt and water damage by a
rubber cup, this being secured by a wire clamp (Fig. 2 b).

If excessive play is found in one of the ball joint yokes, or if a damaged
ball pin is detected, the complete ball joint yoke must be replaced.

For adjusting, bend back the lock washer tabs on the track rods, loosen
the lock nuts and adjust the track by turning the tubein or out (left hand
and right hand thread).

When dismantling the track rods use special tool AC 24 to extract the
exterior links. If difficulties arise when dismantling the inner links, loo-
sen the steering box (as described under "Dismantling of the Steering
Box") and exiract the lower control arm with the special tool AC 23.

When work on the steering assembly is completed, measure the front
axle as described in 5/15.

The initial measurements of the track rods are:

Rigth hand 49-" & 34"
Left hand 13-34" & 3/g”

The nuts of the ball joints yokes must be ’rrngh’rened to a torque of
32.4 ft. Ibs. and secured with a split pin.

The steering arms are pivoted in the axle journal with a Woodruff
Key. The castle nut must be tightened to a torque of 50.4 ft. lbs. and
secured with a split pin.

The steering stop, consisting of the top cover with the stop screws and
clamping brackets, is fastened to the front crossconnecting bar (axle
receiver).
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When the steering is in the straight-chead position, the lower control
arm points backward. (Fig.1a).

When mounting the steering stop make sure that the center of the
lower control arm coincides exactly with the center between the
steering stops.

The stop screws (Fig. 1b) must be adjusted so that the wheels will move
freely at a distance of 34” from the body, upon reaching the left or
right-hand stop.

Replacing the steering column rubber seal in the trunk floor

If the seal is found to be defective, dismantle the steering (as described
on page 7/3). Dismantle nuts and flange for rubber seal and remove.

Reassembly must be effected with very great care to assure perfect
tightness against water leakage.

Wheels — tires

Disc Wheel 45ix 13
Tires 6.40—13

To assure comfortable driving and good road-holding of the Amphi-
car, it is necessary to check the disc wheels and tires regularly.

If the wheels are out of balance, the reason may be as follows:

Side play of the disc wheels
(caused by bumps against obstacles);

Vertical play of the wheels
(caused by irregularities of the disc wheels or of the tires);

Static imbalance
(uneven distribution of weight).

While the side and vertical play of the tires and disc wheels can be
found with the aid of a surface gauge, the imbalance of the wheels
can only be found with the aid of a wheel balancing machine.

Tire pressures
Front — 14 p.s.i.
Rear — 30 p.s.i.

Correct tire pressures must be maintained constantly, as too high a
pressure results in very hard driving and in excessive fread wear. The
case of the fire is destroyed prematurely if the tire pressure is foo low.
Wheels must be rotated every 6,000 miles (Fig. 2).
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