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INTRODUCTION

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

maintenance and overhaul of the Amphicar.

This manual is divided into tha 12 mein groups, eack of them being consecutively

numbcred so that supplemcntary shects may be inserted, from time to time.

All instiuctions for the maintenance and overhoul are based on methods which have
been preved with the aid of our Amphicer special tools.

Modifications and changes which may ot any time be irtroduced, will be issued to oll

outhorized dealers.

This marual, 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
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Attention:

Please return the ottached postcard to
us immediately offixed withyour exact
address (possibly firm stemp)}. This
only guarartees that you will get all
supplements and changes of. this
catalogue automatically at rno extro
cost.

PAGE 1/2 is BLANK
"Amphicar Resource Provided by IAOC" - www.amphicar.

1840 BROADWAY
New York 23 N. Y.
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Operations Description Specified torque Min. yeilc Remarks
range (Ib.Ft.) torgue (1b.ft.)

Cylinder head 3/8'" UNF nut 42-46 50 Tighten all cyl.head
nuts affer engine fest

Cylinder head 3/8" x 4.28" stud 10

Cluteh attachment 5/16" UNF x 5/8" setscrew 18-20 20

Connecting red balts belt 42-46 50

Chain wheel attachment 5/16"" UNF setscrew 24-26 30

Dynemo bracket to block 5/16" UNF x 3/4" belt 16-18 20

Dynamo to engine plate S5/768 1 x 27/8" bolt 16-18 20

Dynamo to mounting 5/16" x 1 bolt 16-18 20

Bracket

Flywheel ottachment 3/8" bolt 42-46 50

Front engine slate

& camshaft 571" " x 3/4" setscrew 18-20 20

Locating plate to block 5/16" " x 7/8" bolt 18-20 20

Fan to pulley /41 » bolt 6-8 10

Front engine bracket to

front engine plate 5/16" " bolt 18-20 20

Gearbox and rear engine plate L7 [ 8 PR L stud 12-14 16

Attachment 7 =x 3/4" schscrew 14-14 20

Manifold-exhaust outiet 5/16" " x 1,31" stud 12-14 16

mani‘old attachment 3/ v x 134 stud 24-26 30

3/8" " x ],84”

Main bearing caps 7/16" UNF x 3" bolt 55-60 65

Qil Gallery setscrews 5/16" " x 0,44 sefscrew 18-20 20 Copper washer

il pump to block /4" " x 2 1/2" bolt 6-8 10

Petre| pump 5/16" " x 11/16"  swud 12-1< 16

Rear oil seal attachment 5/16" " x 11/8" bolt 16-18 20 Aluminium seal

Rocker cover nuts 5/16" UNF x 4.13" stud 11,2 16

Rocker pedestal Y <l x 3.09" slud 24-26 30

Sump att to sealing klock 5/16" " x 5/8" s=m s/screw 10-12

Sump att to oil retaining cover 5/16" " x 5/8" sem s/screw Should maintain @ mini-
mum of & |b.ft. torque
after a setting period

Sump attachment 57160 & W bolt 16-13 20

Sump attachment 5/16" ! x 5/8" setscrew 16-13 20

Starter motor attachment 3/ " x 13/ bolt 26-23 30

Timing cover attachment 5/16" " x 3/8" slotted setscrews 16

Timing cover & front engine plate

to block 5/16" " bolr 14-16 20

Water pump to combustion 5/16" " bolt 18-20 20

Water elbow to water pump 5/16" " x 1" setsrew 16-18 20

"Amphicar Resource Provided by IAOC" - www.amphicar.com

1/11



1/12

"Amphicar Resource Provided by IAOC" - www.amphicar.com



GROUP 1. ENGINE

DESCRIPTION

The engine of the "AMPHICAR'" is o water cooled, four stroke, four
cylinder, Otto engine mountzd at the rear of vehicle.
The following advantages are gained through being @ rear mounted

engine:

1. Equal distribution of weight on the axles, especially when leaving

the waler ut difficult angles.

2. Great advantage between total and pay load, giving a very high

criving comfort,

3. Mo long drive shaft, which means no vibmtion and less repairs.

The cylinder block and cylinder head are made from a special grey cast

iron.

The counterbalanced cranksaaft is running in three main journal bearings

with bores for oil lubrication.

The valves ore actuated by means of push rods and rocker arms, the com-
shaft being situated in the engine block und being driven by the crank-

shaft through a singlz-roller chain and chain sprockets.

The down-draught carburettor has ¢ modified cold starting system, and
the fuel is fed to the carburettor by a mechanical diaphragn fuel pump,

beirg actuated from a cam mounted on the camshaft,

The vehicle has a 12 volt battery ignition, and siarting cf the ergine

lakes pluce from an electric starter motor.

EEMOVING ENGINE

10,

11.

12,

13.

14.

Disconnect plus cable on battery.

Remove eng ne hood, by removing the bolts on both hinges (fig. 1),

and disconnect electrical cables.
Drain cooling system, figure 2.

Remove radiator ruober hoses, both oil cooler hoses, figure 3,

radiator fastaning bolts, and finally remove radiator from vekicle.
Remove air filter together with fresh air hose.

Remove exhaust pipe end piece, and disconnect exhaust silencer and

remove.

. Unscrew and remove heater hose fastening brackets from engine

block and racker cover.
Disconnect the carburettor controls and pipe on the fuel pump.

Disconnect the temperature transmitter cable, starter motor cable,
oil pressure valve cable, both cables on distributor, and finally both
cables connzcted to the dynamo.

Remove both bolts with spring washers from the front engine mounting

rubbers, figure 4.
Remove rear seat complete cnd seat base.

Unscrew the four fastening nuts with spring wathers connecting
engine to gearbox, figure 3,

Raise the engine out of the vehicle, with the aid of a pulley block
tackle ottached to the mounted litting eye brackets, one situated on

the dynamo, the other on the cylinder head, figure 6.

After removal clean the engine before finclly placing on the work-

ing bench.
1/13
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DECARBONISING AND S

ERV
AND  ASS

ICING OF THE CYLINDER HEAD
OCIATED PARTS

The cylinder head should be removed for decarbonisirg and velve grind-
ing after approximately the first 5.0C0 miles (8.000 km) . This is to give
attention to the valves and seats whicn may have become distorted during
the initial stabilizing of the metal. Subsequent attention should not be
necessary until o further considerable mileage has been covered, usually
about 15.000 miles (24.000 km). Even then, if all compressions are
normal and the engine’s performance is satisfactory, it is wzll to delay

decarbonising until necessary,

REMOVING THE CYLINDER HEAD WITH THE ENGINE INSTALLED IN
VEHICLE. -

To carry out this work, proceed as follows:
1. Disconnect battery and drain cocling system.
2. Disconnect the top ond bottom radiator hoses.

3. Remove the radiator {unscrew the four holding screws). Also dis-
connect the oil tubes connected to the oil cooler, tigure 1.

4. Remove the air cleaner and intake hose.

5. Disconnect the fastening bracket of the heater hose from the cylin-

der head and unscrew the nut of the rocker cover, figure 2, "a'.

6. Disconnact the carburettor controls, fuel feed pipe and distrikutor

vacuum control sipe. Remove the return spring for throttle cable.

7. Remove exhaust:
Unscrew and remove the three nuts on exhaust pipe flance.
Remove the exhoust silencer,

Unscrew and rerove the front and rear mounting brackets,

8. Detach the temperature transmitter cable from thermostar.

9. Slacken the generator mountings, disconnect the adjusting link from

the water pump, swing the generator inwards and remove the fon

belt.

12. Remove the cover from engine partition, figure 2, "b'".

11. Detoch the rocker shaft assembly complete and withdraw the eight
push rods.

12. By reversing the nut tightening sequence, shown on figure 3, starting
from the highest number, progressively slacken the cylinder head
nuts, Remove the cylinder head, complete with monifold and car-
burettor, by lifting it verticclly from the securing studs, followed by'
the cylinder head gasket.

I3. Place the cylinder head on the bench and remove the munifold,

carburettor assemblies and gaskets.

REMOVING THE VALVES

Ensure that befere removing the valves, they are suitably marked 1-8
(from front to rear) so that the valves are re-fittad fo their original seats
during re-assembly.

ENGINE

To facil'tate removal of the valve springs, place the cylinder hzad over
a rigid plate with blocks 1o support the heuds of the valves whilst the
springs are being compressed. Sufficient force con then be exerted with
the fingzrs, or a tube wrench, to compress the springe and remove the
‘etainers (137) springs | 136) and the locating collars (135) . By turning
the cylinder head over, the va ves may be withdrawn for inspection and
1/15
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REMCVING VALVE SPRINGS

If it ‘s necessary to renew a valve spring without removing the cylincer
head, turn the crankshuft unt’l the piston is ot T. D.C. and insert a steal
bar bent as shown on fig. 2 through the sparking plug hole to support the
valves. If difficulty is experienced in ‘eleasing the spring retainer from
the valve stem, o sharp blow given o a suitably sized tube placed over
the retainer will usually free this item.

(Figure 1 suggested sgigot plate for supporting valve heads.)

DECARBONISING

CYLINDER HEAD

Using suitable scrapers or small power tools, remove carbon deposits from
the combustion head surfaces and the inlet and exhaust ports. Thorougaly
wash the head with petrol to ensure that all loose carbon is removed and
dry off with a high pressure air line. Do not use abrasives of

any kind to remove the carbon.

VALVES

Clean and polish each valve, then examine the stems for straightness and
wear, and the faces for burns, pitting or distortion. Renew valves wtich
are excessively worn, bent or too badly pitted to be salvaged by re-
facing.

When re-facing valves, perfect concentricity of the valve stem with the
chuck or collet is of the utmost importance. Remove only sufficient metal
os is necesscry fo clean up the valve face. If the head thickness akove
the seat edge is reduced to less than 1/32" (8 mm), the valve must
be renewed.

IMPORTANT. No artempt swould be made to clean up a burnt or badly
pitted valve face by extensive “"grinding in'" of volve to seat, as the
lotter, being the soiter of the two surfaces, will merely be ground away
without rectifying the valve face.

PISTONS

Before scraping the piston crowns, carefully clean the top of the cylinder
block with petrol. To prevent the entry of carson particles into the
engine and the cylinder head oil feed drilling, cover all possible entry

pcints with masking tape or rag.

Carefully remove the carbon from the tops of the pistons, leaving a ring
of carbon around the outside of sach piston crown at least 1/8" (3 mm)
in width. An old piston ring placad in the top of the cylinder bore helps

to maintain this carbon seal when decarbonising.

DIMENSIONS AND TOLERANCES

Parts and Descriptions Dimensions new Cleararce new

Ins. mm
Valve Springs
Total number of coils 71/4
Fitted length 1.36 34.54
Fitted load 27 to 12.25 to
30 Ibs.  13.61 kg
Rate 150 Ib/in. 6B kg/cm
Solid length (max.) 0.93 23.62
Valve guides
length 2.25 57.15
Bore 0.313 7.95
0.312 7.92
Qutside dia 0.502 12,75
0.501 12.72
Press fit in cylinder head
Amount valve guide 0.749 19.025
Protrudes above cylinder 0.751 19.075
head top face 1/17
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VALVE SEAT

INSERT DIMENSIONS

Insert Dimensions Bore Out
Insert
Cxternal Bore Width Depﬂ\ Part
No.
ins. mm ins. mm ins. mm ins. mm
Exhaust 1.253 31.83 0.25 6.35 1.25 31.75 0.25 6,35 132242
1.252 31.8 0.248 6.15 |.249 31.72 0,248 6.15
Inlet 1.441 36.6 0.25 6.35 1.438 36.52 0.25 6.33 132241
1.440 36.576 0.248 6.15 1.437 36.5 0.248 6.15
DIMENSIONS AND TOLERANCES
Parts and Description Dimensions new Clearances new
ins. mm irs. mm
Valves
lnlet valve head dia. 1.308 33.22
1.304 33.12
Inlet valve stem dia. 0.311 7.89 0.001 .03
0.31 7.87 0.003 .08
Exhaust valve head dia. 1.152 29.256
1.148 29.16
Exhaust valve stem dia. 0.309 7.85 C.003 0.08
0.308 7.82 0.005 0.13
1/19
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SERVICING

VALYE GUIDES

Should excessive wecr necessitate the replacement of valve guides, these
must never be drifted in or out as the impect of the hommer hlows may
swel the guides and score their accommodating bores in the cylinder
head.

The worn guides can be rzmoved and the replacements fitted in one
oparation by utilising the special tool . Where this tool is nct available,
the guides can be pulled out and replaced oy use of a long screwed rod

and 2 suitable arrangement of nuts, washers cnd tubing.

The valve guides should be drawn into position until the tops of both the
inlet and exhaust valve guides protrude the requisite amount above the
rocker cover joint face as illustrated,

VALVE SEATS

Carefully examine each valve seating for signs of pitting or burning and
if such foults are present or if a naw valve guide has been fitted, then

the seat must be re-cut true to its guide.

Using a glaze cutter break through the hard glazed skin on the seat be-

fore using a 45-degiee valve seat cutter, figure 1.

If o glaze cutter is not available, an old valve of correct size may be
used with coarse grinding paste to break through the skin. Special care
mus- be exercised to clean up the valve seat. Heavy pressure or the
cutting tool will cause judder marks in the seat, thus necessitating on

excessive amount of "'lapping in" to remove them,

NCTE. The finished valve seat face must be concentric with the bare of
the valve cuide. The pilot of the facing tool should, therefore, be a
close fit in the valve guide and without side play. (See valve guids re~-
placement. !

When re-cutting the seats to the correct angle of 45 degrees, remove
only sufficient metal to obtain o clean concentric face. If the width of
the valve seat face exceeds 0.1" (2.5 mm) affer cutting, then o 15-
degree cutter and pilot must be used to reduce the width of the seat to
€.060" (1.25 mm). This is necessary to avoid ""pocketing" of the valve,
¢ condition which would impede the gas-Tlow.

When it becomes necessary to use a 15-degree cutter the outer diameter
of the seat cut ky it should never exceec 1.25" {31.75 mm) exhaust and
',438" (36.52 mm) inlel. Any excess of these dimensions will render the
head unssitable for the fitting of valve seat inserts.

VALVE SEAT INSERTS

When valve seat wear has become more than can be correctec by the
methods described under "valve seats'', then it will be necesscry to fit

valve seat inserts.

To fit an inlet valve insert, usea 1.45" to 1.446" (36.83 to 36.73 mm)
diometer cutter ‘o remove metal from the side of the vombustion chamber,
figure 2. If both inlet and exhaust vaolve inserts are to be fitted, the
inserts will overlap, ticrefore, fit one insert and hore into it when

machining the recess for the second insert.

Having removed all swarf, lay the new insert over the recess in the
cylinder head ond press the insert squarely into place, using a gilot drift

for this purpose and making sure that the insert is driven fully home.

Finally peen or roll thz adjacent metcl of the cylinder head over the
slightly chamfered upper edge of the insert cnd re-face the insert as
described under ""valve seats',

1/21
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OIL LEAKS FROM PUSH RCD TUBES

Should an oil leak occur between the push rod tube and cylinder head,
the l2ak may be cursd by swaging the end of the tube info its counter-
sunk face in the cylinder head.

The lower mrandrel thown on fig. 1 should be held in a vice and the
cylinder heac supported over it whilst the upper mand-el is lightly tapoed

with a hammer as it is slowly rotated.

VALVE GRINDING

Afler all valves, guides ond valve seots have received the attention
necessary, each valve should then be finally ground into its seat by the
normal "grinding in"' process, using fine carborurdum paste for this
operation.

Continue the process until a narrow continuous seating has been obtained
both on the valves ard their seatings. Carefully wash the valves ond seats
to remove all traces of grinding paste and when dry, lightly smear the
valve foce with engineers’ marking Elue.

Insert the valve into its seating and rotate it not more than 1/8" (3 mm)
in each direction. A complete circle should appear on the valve seating,

thus indicating o satisfactory seal .

VALVE SPRINGS

Wash the valve springs and exomine them for fatigue cracks ard distortion.
If they oppear serviceable, check their "free" lengths and their "'fitted"
load, as shown on fig. 2. Spring data is given on page 17.

ROCKER SHAFT ASSEMBLY (Figure 3)

This is serviced as follows:
(A) To dismantle. Drift the mills pin (3) from a cap (2) ot each end of
the shatt (1) and remove both caps. Withdraw the locating selscrew (?)

from the rear pedestal (7) and remove all components from the shaft.

(B) To assemble. Locate tie rear pedestal on the shaft and, after aligning
the locating hole in the shaft with the tapped hole in the pedestal, insert
and tighten the setscrew. Assemble the remaining components as shown

and inser! a new mills pin through each end cap.

ASSEMBLY AND INSTALLATION

VALVES

After carrying cut all aecessary operations on the cylinder head and
associated parts, thorouchly clecn all components. Lubricate each valve
stem and guide with engine oil and re-fit the valves n their correct
sequence.

VALVE SPRINGS

Single carburettor enginz. Place the cylinder head on a spigot plate, fit
the spring locating collars (135) followed by the valve springs (136) and
finally sacure the valves and springs wth the retainers (137), pushing
these on to the valve stems with the fingers, or by means of a suitable
tube spanner .

MANIFOLD

Remove all carbon from the inlet and exhaust manifold, and clean vp the

oint faces by careful szraping and the use of o wire brush. Ra~fit the
manifold to the cylinder head willi u new manifold gasket between the

‘aces. Sacure the manifcld with nuts, spring washers and bridge clamps.

CYLINCER HEAD
Stipple both sides of the cylinder heoc gasket with jointing compound.

Clean the cylinder block face and lower the gashet over the studs,

Install the cylinder head and secure it with plain washers and nuts,
tightening the latter to the conect torque and ‘n the sequence shown on
page 14. Note that the occelerator obutment bracket is attached to one
of the cylinder head studs and the rear engine lifting eye is secured fo

the two r.h. reor studs.
1/23
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VALVES

Working clearances | cold)
- exhaust ard inlet

0.010" (0.254 mm)

Clearances for valve timing

- No. 4 exhaust and inlet 0.040" (1.016 mm)

Valve seat angle 45°

When setting the rocker clearances, ensure that the tappet is resting on
the back or rounded portion of the cam contour. This position is obtained
by first turning the crankshaft until no. 1 push rod hes reuched its highest
poirt, then rotating a further full revolution. After adjusting this rocker
to the required clearance, treot each remaining rocker in a similar

manner, figure 1.
Rocker clearances ate: Inlet and exhoust 0.010" (0,25 mm) cold.

Ensure thot the rocker cover joint washer is in good condition, altach
the cover to the engine ond secure it by fitting a fibre washer, plain

washer and nyloc nut to each attachment stud.

Coat both sides of the water pump jcint washer with jointirg compcund,
and ottach both this and the water pump to the cylinder head, Secure
the generator adjusting link to the water pump by means of a bolt and
spriag washar (2) . Fit the fan belt and tension this ‘o give 3/4" (19 mm)
side play at its longest run by swinging the generator ourwards on its
mountings and tightening the adjustment bolt. Do not attempt to lever
the belt over the plastic generator pulley. Finally, tighten the generator

lower mounting bolts.

Attach the drain pipe to the manifold securing the lower end of the
pipe in the clip attached to the sump ‘lange bolt (7) using a new
gasket between the joint faces, secure the front exhaust pipe (60) to
the manifold flange (5).

Clean the carhurettor jets and float chamber then re~fit the carburettor
to the manifold, using a new insulating washer between tie flange faces.
Connect up the accelerator and choke cables ensuring that the choke
control returns the strangler to the "off'' position. Attach the fuel pipe
and distributor vacuum pipe, securing these to the front of the cylinder
block by means of clip (1) and a bracket (5) attached to the lower
water pump bolt, (3), figure 2.

5PARK PLUGS

Lodge CNY 1/2" (12,7 mm) recch
8:1 0.025" (0.65 mm) gap.
8 :1 0,030 (0.762 mm) gap.

6.

TESTING

The purpose of spark plug testers is (A) to locate any cracks or break-
down of the insulator and (B) to check on the pressure required to
quench the spark at the pointsct a given voltage. There is o great deal
of misopprehension about these testers and many plugs are discarded un-
necessarily beccuse the results obtained are misunderstood.

Connection is made to an electrical supply with a gond earth, end to an

air supply of not less thon 100 p.s.i., preferably with o water trap.

Clean the plugs before testing and set the spark gop to 0.025" (,635 mm)
by bending the earth electrode only. Screw the plug into the pressure
chamber, using the appropriate thread cdaptor. Lifting the operating arm
until contact is made with the plug terminal completes the electrical

circuit and sparking should then take place at the plug electrodes.

Increase the air pressute by rotating the air control; if sparking at tha
electrodes ceases when the pressure gauge pointer is in the red section cf
the scale the plug is faulty; if sparkiag continues or ceases when the

pointer is in the yellow sector the plug is satisfactory. 1/25
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It is possible that there will be insufficient pressure to quench the spark
at all. This, of course, still indicates that the plug is sound provided
there is sufficient pressure to bring the gauge needle into the yellow

zone.

CLEANING AND RENEWAL

The life of ssark plugs and the periods at which they should be cleaned
varies with the condition of the engine and the work it performs. As o
genewal 1ecommendation, elechiode gaps udjusted 1o 0.025'" (., 635 mm)
every 3.000 miles, and the plugs renewed ot 12.000 niles.

Fig. 1 provices an ecsy guide for identifying the various plug conditicns,

Correct Too hot Too cool Mixture Worn out
crade running running too rich plug
A B C D E

Smear the threads of new plugs with graphite grease to prevent the
possibility of seizure and domage to the cylinder head. Incidentally,
plugs should be screwed in with < torque wrench, but if this is nat

available use a tommy bar not more than 6 inches long.

H.T. CABLES

Re-connect the high tension leads to the spark plugs in the order shown
on page 58. Renew any leads which have become chaffed or perished.

HOSES

Re-fit the too and bottom redictor hoses, securing them with hose clips.
Similarly, re-connect the heater feed pipe to the adaptor at the rear of
the cylinder head. Pass the heater return pipe beneath the manifold,
attach the securing lug beneath the rear r.h. cylinder head nut ond
tighten the union nut into the adoptor in the water pump body. Re-
connect the temperalure trarsmitter cable tc the lucar connector on the

transmitter unit.

Clean the air cleaner and re~fit it to the carburettor.

Re=fill the radialon with waler or anti-lieeze mixture., Re-connect the
battery terminal. Start the engine, warm it up and rood test the vehicle,
moking adjustments to the ignition timing and carburettor idling and
mixture controls as necessary to obtain the best possible idling and per-

formance,

After the vehicle has covered a few hundred miles, remove the rocker
cover and rocker shaft assembly, check the tightness of the cylinder head
nsts with a torque wrench and re-fit the rocker assembly. Re-ad'ust the
valve rocker clearances to 0.010" (0.254 mm) before fitting the rocker
cover, Check the tightness of manifold, exhaust flange and water pump
attachment nuts and bolts.

1/27
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