®

marine engines

y /A

SERVICE
MANUAL

Telephone (803) 345-1337

PLEASURECRAFT ENGINE GROUP

1737 Highway 76
Little Mountain, SC 29075

1190622



PLEASURECRAFT MARINE ENGINE
SERVICE MANUAL

302-351 & 460 FORD BASED ENGINES
305-350 & 454 CHEVROLET BASED ENGINES

FORWARD ...\ttt 3
MODEL IDENTIFICATION ..ottt e e e e et 4
SECTION A - ELECTRICAL THEORY-REFRESHER
1, ELECTRICAL & MAGNETISM, TERMS .. ....iiniiiianenns Meevaerateraaeese ey 5
2. B ECTRICAL SOURCE . i ittt i et iitaneaatarstsasnsaestsasnsenatansn 1+
3 ELECTROMAGNETS ... .. .. o0 111 TTIIl oo ool 7
4, GENERATING ELECTRIC CURRENT coi ittt it ii it iassa s sinaninansaisans 7
5. VOLTAGE REGULATOR .................o...oolliiiiao il 9
= 1 9
7. IGNITION COIL OPERATION & CONSTRUCTION ........... frrrrrresrarasaeranes 10
8. STARTER MOTOR PRINCIPLE .. ...iciiiiiniirinanrannns e trnrraraaseraraes 11
SECTION B — ENGINE ACCESSORIES, TEST & TUNE
1. ALTEBNATOR, REGULATOR & WIRING HARNESS . ...t iiiiiiiinsnnas 11
2. CARBURETOR & FUEL PUMP .. ....uumueniinieneniisiisenaniniiiiieseiaseees 13
3. ELECTRICAL SYSTEM .............. .. L. o0 l0lllill il 12
4. CIRCUIT BREAKER ...~ 11 000l il i il 14
5. BATTERY SPECIFICATIONS ... .. ...cciiiiivniiannnns rreraner e ren e 15
6. IGNITION COIL & RESISTOR ... . it iiiviriint s era e atanbeanesanananns 16
7. DISTRIBUTOR & SPARK CABLES ......vuiviiinriniirricarsnreersransseronecnnss 16
8. PRESTOLITE DISTRIBUTORS — REPAIR .. .. iiiiiiiiiniirite i iinnienienacnnes 17
a. ADJUSTMENTS & REPAIRS ... ... it iiiiiirenesiseacrarnransraneranss 17
b. BREAKER PLATE & SUB-PLATE ... iiiiiiririsatrarassrserrersrnrararerenes 18
c. CAM & CENTRIFUGAL ADVANCE ... ..ovviiriinrniinananrersnrsssninssnnns 18
d. DISTRIBUTOR REMOVAL ... . . iiiiiiiiiiiniiinarncnnrranarcaranrnees 18
2. MAJOR REPAIR OPERATIONS .. .. ittt it it rreansesneranss 19
I L o 1 L A 21
10, BTARTER & RELAY . it iiittssiranrsrrarnnirasiarasrsiansnansnnnas 22
11. COOLING SYSTEM, RAW WATER COOLED MODELS ..covvuviinvrneniinnieacnns 23
12. COOLING SYSTEM, FRESH WATER COOLED SYSTEM ... inn.t. 25
13. WATER PUMP, CIRCULATING .........cu0renearsenenmnsomoininiminnanininnins 25
14, WATER PUMP, BAW WATER SUPPLY . ..ottt iiiinnrrcieniasieninananasas 25
16, FLYWHEEL HOUSING, DRIVE DAMPER, FLYWHEEL ... ... oo, 25
16, SENDERS, OIL PRESSURE . ... ittt ittt iiaii it naanaaas 26
HOLLEY CARBURETORS ........icoiiiiiiiiiiiiiiiieeeeee e menin e 27
L L e 28
= TORQUE SPECIFICATIONS ... ... . it iiieeaans 63
= CARBUHRETOR SPECIFICATIONS ... .. ittt e e e e iaai e niananss
* PROBLEM DIAGNOSIS . .. ittt eeens 64-65
ROCHESTER CARBURETORS .........otiiiniiiiiiineeieeee oo 66
FORD ENGINE STARTING SYSTEM
#INDEX .. e 93
C SREGIRIGATIGNS | 108
DELCO STARTER SYSTEMS ......ooouttiiiiiiiiiii e ciiiiiiiii e, 107
S = O 107
FORD ENGINES REPAIR & DIAGNOSTIC PROCEDURE ..............uunannn. 129
 INDEX Lottt e s 130
CHEVROLET “V"” BLOCK ENGINES .......eeiiiniiineiiiieieniiineeaeeeeaeee, 189
R L 2 180
CHEVROLET 231 V-6 BLOCK ENGINES .....uvvueeinnniiiiireniiinieee e 224
R 3 2 - e 225
WARNER GEAR REPAIR & DIAGNOSTIC PROCEDURES ........ccocvrniennn. 251
S ANDEX oottt e 252



SERVICE MANUAL — FOREWORD —

The purpose of this manual is to provide a
guideline in the testing, diagnosis, repair and
overhaul of all parts of the PCM engine and drive
train, and to provide the correct specifications,
tolerances, and procedures to be used through-
out. It is extremely impertant that this data be
used at all times.

The use of special tools and elaborate iesting

equipment has been held to a minimum through- .

out this manual, in deference to the lower volume
class of servicing operator who may find it dif-
ficult to justify the cost of elaborate or
sophisticated equipment. However, the use of
good testing equipment & special tools is en-
couraged, since these items will greatly assist in
providing top gquality service results with the
lowest labor expenditure. The manufacturers of
such equipment can provide the necessary details
involving its use.

The repair of certain items such as alternators,
starters, distributors, carburetors, etc., although
covered in this manual, can usually be best ac-
complished by the distributor for the particutar
item. Prestolite, for example, has distributorships
throughout the worid who are equipped 1o deal
with any problem which may arise involving
Prestolite products. Obviously, the final decision
in this regard must depend on individual cir-
cumstances.

FUELS: The variety of available motor fuels is
rapidly becoming greater, and as a result, many
opinions are being formed which are {otally, or in
part, incorrect. The ideal gasoline for one engine
type might totally destroy an engine of another
type, and the fuel requirements for two identical
engines may be totally different, if the two
gngines are being used in two ditferent applica-
tions.

Since marine engines are generally considered to
be in a severe service application, it is important
that the manufacturers fuel recommendations be
followed. Unleaded fuels shouid not be used, and
fuels of iow lead/high phosphorous content
shouid only be used intermittently. Octane ratings

.of any tuels used should be above the manutac-

turers recommended minimums.

OILS: Follow carefully ail of the oil specifications
called out in this manual.

EXHAUST SYSTEMS: Exhaust systems should be
designed to provide a minimum of bends and
curves. A pitch of ¥2" per foot of exhaust line is
desirable, eliminating all low spots or sags which
tend to trap water. The exhaust system should be
of adequate size to prevent back pressure. Ex-
haust system materials and construction should
conform to BIA or Marine Underwriters specifica-
tions.

PROPELLER SELECTION: Propellers should be
chosen which will allow the engine to develop
maximum recommended RPMs al wide open
throttie with the boat normalily lcaded. Too much
propeller, either in diameter or pitch, will overload
the engine and cause premature failures of valves,
nistons, rings and bearings, if operated at sus-
tained high throttie settings.

Propellers with ioo little diameter or pitch will
allow the engine to overspeed above recom-
mended R.P.M. limits, and damage to the engine
wiil resuit.

Operation with damaged or defective propellers
will resuit in damage to the entire drive train.
Operation of this nature should be confined to
emergency situations only.



MODEL IDENTIFICATION

Before ordering parts, be sure to verify the identification of the Engine and/or Drive from the information
on the identification plate which is attached to the Engine, as shown.

{dentification Code Breakdown is as follows:

O

h
» A [) 3 A AL 1
i1 PXLDWVR20 HiA 151234
: [JHi):H 13726548
EN ] ! J ALL-APPLICAB
JVERNM ANLARDS FUR NIAK
| i I 1 3 3 ¥
7C702AAM10521MI10
¥ H R, GHi 43110 J

P- PLEASURE CRAFT

X - FRESHWATER COOLED

L- ENGINE ROTATION (Viewed from rear)

D - HORSEPOWER AND TYPE

W - DRIVE MANUFACTURER

V- DRIVE TYPE

R - PROPELLER ROTATION (Miewed from rear)

20 - DRIVE REDUCTION
151234 - ENGINE SERIAL NUMBER

The example shown indicates that the power package is a Pieasurecraft Marine, left-hand rotation, 351
CID - 255 h.p. engine with VEE drive, right-hand propeiler rotation, with 2.0 gear reduction. Engine serial

number is 151234,

The complete breakdown of the code is as follows:

1st Space P — Manufacturer -

Pleasurecraft Marine
2nd Space X - Factory Freshwater Cooling

L - Rotation, Left-Hand from Rear
R — Rotation, Right-Hand from Rear

3rd Space

4th Space D — Engine Type-"
A = 302CID - 155 h.p.
B = 302CID - 185 h.p.
G = 302CID - 215 h.p.
D = 351CID - 255 h.p.
E = 302CID - 165 h.p.
= 460CID - 350 h.p.
J05CID - 240 h.p.
350CID - 280 h.p.
305CID - 230 h.p.
350CID - 270 h.p.
454CID - 350 h.p.
350C1D - 300 h.p.
302CID - 175 h.p.

F
G
H

Wy H oot

ol e N

5th Space W — Drive Manufacturer -

W = Warner
D = Dana

J = Jacuzzi
B = Berkley

P = Pleasurecraft

6th Space V — Drive Type -
§ = Stern Drive (1/0)

R = Reverse or Reduction Gear
V = Vee Drive
J = Jet Drive

7th Space R — Propeller Shaft Rotation,
from rear -
L = Left-Hand Propeller

R = Right-Hand Propelier

8th Space 20 — Drive Gear Ratio or Reduction -
10 = Direct Drive (1:1)
15 = Reduction, (1.52:1)
16 = Reduction, (1.6;1)
18 = Reduction, (1.88:1)
19 = Reduction, (1.91:1)

21 = Reduction, (2.15:1)
25 = Reduction, (2.57:1)
30 = Reduction, (2.91:1)

* NOTE 302-351 & 460 CiD Engines are Ford Blocks; 305 - 35C & 454 CID Engines are Chevrolet Blocks
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SECTION A - ELECTRICAL THEORY - REFRESHER

One of the major problems in marine engine ser-
vice is the inability to guickly and accuraiely
diagnose the source of a malfunction. This
chapter is provided to help creale a complete
understanding of the whys and hows of electrici-
ty, with the feeling that such an understanding
will assist in diagnosis of any problem which may
QCCur.

It must be understood and, hopefully, accepted
that from a standpoint of electrical engineering or
advanced electronics, some of the theory material
submitted herein may be technically incorrect.
However, the purpose of this chapler is to reduce
the material to its absolute simplest form in order
to produce an understanding of efectricity and its
function as it relates io our specific needs.
Therefore, these liberties have been taken, only to
help create such an understanding in the simplest
and briefest manner. To the advanced scholar of
eleciricity and elecironics, we beg vyour
forgiveness.

1. ELECTRICITY AND MAGNETISM, TERMS:

1. ELECTRICITY: The movement or flow of free
electrons through a conductor.

2. CONDUCTOR: A malerial whose molecular
structure contains a high percentage of free
electrons which can readily flow in either
direction.

3. INSULATOR: A material whose molecular
structure contains a minimum of free elec-
trons whose flow is inhibited.

4. RECTIFIER (SYMBOL —Pt— ): A device
consisting of a material whose makeup allows
glectricity to flow in only one direction.

5. DIODE (SYMBOL —>~H_ ). Aform of

rectifier, usually referred to as a "sclid state”
rectifier when grouped, a dicde when used

singly.

8. POLARITY: A ierm used to describe the
direction of flow of electricity, {+ positive) to
(~ negative) or lines of magnetic force (N.
north) to (5. south).

7. LINES OF MAGNETIC FORCE: Invisible
lines of force flowing from pole to pole of a
magnet, or around the outside of a conductor
through which electricity is flowing.

8. MAGNET: Any one of many devices {or
natural substance) which generaie a flow of
lines of magnetic force, commonty referred to
as a magnetic field.

9. MAGNETIC FIELD: Lines of magnetic force,

10.

11,

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

controiled in a manner designed to create
maximum magnetic tendencies, as in an
electro-magnet.

ELECTRO-MAGNET: A device designed to
create at will a strong magnetic field by flow-
ing electricity through a winding placed
around a core, and which will instantly lose its
magnetic properties when the electrical flow
ceases.

WINDING (SYMBOL YIRS ) Acon-
tinuous length of conductive material, usually
wire, wrapped in muliiple turns around a core,
The type of ceore and the material used
depends on the specific purpose of the wind-
ing.

VOLT: A unit of measurement used to deter-
mine electrical pressure.

AMPERE: A unit of measurement used to
determine electrical flow.

WATT: A unit of measurement used to deter-
mine electrical volume or usage- Formula:
Watts = Amperes X Volits,

KILOVOLT (K.V.): Voits X 1,000. Normally
used to measure ignition coil secondary out-
put.

OHM: A unit of measurement used to deter-
mine the resistance to electrical fiow through
a circuit.

FARAD: A unit of measurement used fto
determine the storage capacity of a con-
denser or capacitor.

CONDENSER (SYMBOL ) A
device used to absorb, and momentarily store,
the surge of current induced in the primary
winding of the ignition coil during the col-
tapse of the magnetic field.

!
CAPACITOR (SYMBOL '*5!.' A
device similar in construction to a condenser
used in various elecirical circuits to absorb

. electrical surges and voltage peaks. Normally

used to supress radio interference.

reLay (symsoL s Up ) an elec
trical switch actuated by electromagnetic
force and operated from another switch at a
remote location. Usually designed to open or
close a circuit with high amperage demands
to minimize line drop within the circuitl.

LINE DROP: The accumulative resistance
within a given electrical circuit, beyond the
egngineered resistance which is bullt into the
circuit,



22. SOLENQID: A device actuated by elec-
tromagnetic action which performs a
mechanical function, or a combination of
mechanical and electrical functions. Normai-
ty, operated from another remote mounted
switch. Example: A starter solenoid which
simultaneously engages the starter drive gear

and actuates-the starier motor.

REGULATOR (OR VOLTAGE REGULATOR}):
A device which senses battery condition and
regulates the output of the alternator accord-

ingly.

ALTERNATOR: A type of generator which
produces AC current, which is converted to
DC current through the use of rectifiers,
which is used to charge the battery.

AC(ALTERNATING CURRENT): Eleciric cur-
rent which aliernately flows in both directions
within a conductor.

DC (DIRECT CURRENT): Electric current
which flows in a constant direction within a
conductor.

PRIMARY CIRCUIT: A term most commoniy
used to describe the electrical circuit which
carries battery voltage (12V) through the igni-
tion system. Consists of batiery, swiich,
primary resistor, ¢oil, distributor points, con-
denser and wiring. The circuit is grounded
through the distributor base to the engine,
and is compieted through the ground cable to
the ground terminal of the batiery.

SECONDARY CIRCUIT: A term normally
used to describe the high voltage circuit of
the ignition system, and consists of coil,
distributor cap and rotor, spark plug cables,
and spark plugs.

23.

24.

25,

26.

27.

28,

2. ELECTRICAL SOURCE

To produce electrical current three basic factors
are required:

1. & magnetic field,
2. an electricat conductor,
3. relative movement between the two.

Current produced in this manner is referred to as
induced current. The current is induced in the

"()\

conductor by moving the conductor through the
magnetic field, or by moving the magnetic field
through the conductor. The strength of the current
can be controlled by varying any one, or all three,
factors: (1) the speed of the relative movement,
(2) the strength of the magnetic field, (3) the size
of the conductor.

Obviously, the material chosen for the conducior
is also of prime importance.

Two basic sources of magnetic fields are com-
monly found. (1) a permanent magnet, (2)an elec-
tromagnet. Permanent magnets may be found in a
naturai state, (iodestone), or may be created by
magnetizing any one of a selection of different
materials which will accept and retain a magnetic
charge when exposed to a rnagnetic field. High
quality steel is commonly used. Magnetism oc-
curs within a piece of steel (or other material)
when the molecules within that material lose their
random pattern and become aligned in the same
direction in parallel rows. The simplest way of
creating a magnet, and of proving out the
magnetic theory, is to place a steel bar on a table
with one end pointing directly toward magnetic
North, {parallel to the direction of the Earih's
magnetic lines of force), raise the South end
slightly, and hit the South end a sharp blow with a
hammer. The hammer blow will cause the
molecules of the steei to align themselves paraliel
to the length of the bar {paraliel to the Earth's
field), and the bar has become a weak magnet.
Turn the bar to an East-West direction, again hit
the end, and the magnetism within the bar will be
lost. The existence of magnetism, and the polarity
of the magnet, can be proven by piacing an or-
dinary compass near first one end of the bar, and
then the other. if magnetism exists, one end of the
bar will attract the North poie of the compass
needle, and the other end of the bar will attract the
South pole of the compass needie. When two
magnets are placed in juxiaposition, the opposite
poles attract each other, and the tike poles repel
each other. Therefore, the South pole of the bar
will attract the North pcle of the needle: and the
North pole of the bar wiil attract the South pole of
the needie. If no magnetism exists within the bar,
the North seeking needie of the compass will be
attracted to all portions of the bar.

. / o /K\?"X';Cfﬁﬁfl,l AT '\L\ \ Y '“-"ﬂ RV [/_w
S S e =
. 0.9.8.9.3 \'xm?rma ﬁ"ﬂ?ﬁf‘*’\"" \"\{_L \__"__‘ \\ [ ——

ALK

L}Lu ,_L/ LI WL “_\J..k_L._

Fig. 1
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3. ELECTROMAGNETS

When eiectrical current is allowed to flow through
a straight piece of wire, a magnetic field occurs
around the outside of the wire. Try to imagine an
invisible coii spring, such as a screen door spring,
with a wire passed through the center of it. When
the wire is energized by a flow of electrical cur-
rent, the magnetic field created is similar 1o the
coil of the spring; and the movement of the field
resembles the movement of the spring being
rotated in a given direction. When the direction of
current flow is reversed, the rotation of the fieid
reverses - See Fig. 1.

A field of this nature has little, it any, usefuiness.
However, if the wire were wrapped around a soft
iron core, the “coil sprmg“ pattern would disap-
pear; and a much stronger field would be built up,
with the irom core becoming an electromagnet.
See Fig. 2.

NORTH PQLE
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Fig. 2

This occurs, because the core has provided a path
for the magnetic force -lines to follow, concen-
irating these lines into a controlled and esta-
blished pattern. The strength of the field may be
increased by increasing the number of turns in the
winding, or the amount of current flow through the
winding. Soft iron is used as a core, since it pro-
vides good conductivity for magnetic force lines,
with a low tendency to retain magnetism when the
current flow has ceased. A hard steel core would
instantiy become a permanent magnet. In most in-
stances, the soft iron core consists of thin
segmenis of iron laminated together, or thin rods
of iron bundied together, to speed degauzing (loss
of magnetism) when the current flow is stopped.

Scolenoids and relays are simple forms of elec-
tfromagnetic devices commonly used on marine
engines, but the range and variety of useful elec-
tromagnetic devices is aimost infinite, including
telegraphs, telephones, tape recorders, and com-
puters.

R
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Fig. 3

4, GENERATING ELECTRIC CURRENT

As mentioned earlier, electrical current is induced
within a conductor, when the conductor is moved
through a magnetic field; or when a magnetic fieid
is allowed to move through a conductor. A simple
form of generator can be diagrammed as in Fig. 3
and 4.

Fig. 3 illustrates the circuii used to create a strong
magnetic field by placing two electromagnets in
opposing positions. When the swiich is closed,
the battery energizes both field windings,
creating a strong flow of magnetic force lines be-
tween the N. poie of the left magnet and the &.
pole of the right magnet, as indicated by the
broken lines. Note that when the switch is closed,
the circuit is complete, enabling the current to
flow from ground { i ythrough the field
windings and the battery, and back {o ground. it is
readily apparent that removal of either ground will
open the circuit and interrupt the flow of current.

.. [f—f‘ .
E-n.ﬂur - [ "} .. —
4 ] j e,

'3_-1:_ BALEH

LIGHT EU\.B BRu,n
i -

Fig. 4

In Fig. 4, a rotating conductor (Armature) has been
placed between the field poles. When the rotating
armature conductor is slicing through the
magnetic field, current is induced within the con-
ductor, flowing from ground through the ground
brush, through the conducior {o the + brush,
through the light bulb and to ground, completing
the circuit. The segmented portion of the ar-
mature, which contacts the brushes, is calied a
commutator, and is used {o provide DC, maintain-
ing a constant flow direction; even though the ac-
tyal flow through the conductor reverses with
every 180 degrees of rotation. Note that the flow
through side A is front to rear, side B is rear to
front. When the armature turns 180 degrees, Sides
A and B reverse position and the curreni flow
within the conductor reverses diraction.

To construct an AC generator, the commutator is
replaced by slip rings. See Fig. 5.



Fig. 3

When the armature has rotated 180 degrees, the
flow of current in the conductor bar will have
reversed, and will continue to reverse each 180
degrees of rotation.

An alternator is similar in operation and principie
to the AC Generator in Fig. 5, except that the
magnetic field is created in the revolving member
(rotor) and the conductor is in a fixed position
around the outer diameter of the rotor. The con-
ductor in an alternator is called the stator. See
Fig 6.

ol

Fig. 6

The rotor field windings are energized through the
brushes and slip rings, creating a N and S pole. As
the rotor revolves, the direction of current flow in
the conductor alternates, due to the N pole of the
magnet alternating position between the A and B
windings of the conductor. If we were to replace
the bulb with a battery, it would be necessary to
use a rectifier to convert the AC flow to DC for bat-
tery charging purposes - see broken line, diagram,
Fig. 6. In this case, the rectifier would consist of a
bank of two diodes, ( ), one positive
(+) and one negative (-). When the flow through
the conductor is — te +, the flow goes through
the + diode to the battery. When the flow through
the conductor reverses, + to -, the flow goes
through the — diode, only to complete the circuit.
Flow through a diode is only in the direction of the

arrow { __)._.N.__ ).

Fig. 7 is a wave form diagram which illustrates the
current flow pattern which would be produced by
the alternator illustrated in Fig. 6.

N VANVANVANAY
SN AVARVARVARVARY,

Fig. 7

+13,.5V.

Note that the top horizontai line of the diagram
represents peak + current (flowing - to +), the
center line represents zero current, and the bot-
tom horizontal line represents peak - current
(flowing + 1o -},

Assuming peak current is 13.5 voits, and that the
AC output is being rectified to DC, it will be noted
that the DC flow will be a fluctuating series of
widely spaced peaks, since only the portion above
the center line can be utilized as DC output. To
compensate for this condition, most alternator
manufacturers utilize a three-phase aiternator,
which consists of a stator winding arrangement
containing three individual windings, each one of
which overlaps the other two. See Fig. 8.

Fig. 8

This provides a much srhoother flow of current,
with much less voltage fluctuation. The wave form
diagram in Fig. 9 illustrates that although each in-

~ dividual winding goes through the full cycle from

13.5V+ to 13.5V -, the rectified current being
transmitted to the battery never falis below ap-
proximately 7 volis +. See dotied line across in-
tersection of wave form lines, Fig. 9.

+{Pos)
13,5y

NN 6000001
09090000

A 8
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Fig. 9



BATTERY

Oy

ROTOR WINDING
{sYym.)

POSYTIVE SLIP RING —

NEGATIVE SLIP Ring —»
NEGATIVE BRUSH —'/j’
POSITVE BRU S

FIELD wirE
TERMIMNAL

Fig. 9A shows the method of rectifying the AC cur-
rent of the three stator windings, indicated as A,
B, & C. Note that this is accompiished by using
three positive {+) diodes and three negative {—)
diodes. The diode pictured near the output ter-
minal {+) of the alternator is an isolation diode to
prevent battery current from flowing through the
stator windings when the alternator is not in
operation.

The numbers 1 through 9 at the bottom of the
wave form diagram represent the changing posi-
tions of the rotor as it revolves, and the vertical
lines above the numbers indicate the charging ac-
tion in progress at that particular position of the
rotor.

In position 1, both A and B windings are producing
+ current, A diminishing, and B building up. C
winding is producing — current. The current flow
from A & B is through the + diodes to the + ter-
minal of the battery, through the battery to ground
( —w ). The circuit is compieted by the
current flowing from ground through the — diode
of C winding, and through the C winding to the
common union of the three windings.

In position 2, B & C windings are producing + cur-
rent, and A is producing - current. The flow is
through the + diodes for B & C, to and through
the battery and to ground, and the circuit is com-
pleted by current flow through the — diode of the
A winding to the common union of the windings.

By following the numbered lines across the wave
form diagram, one can trace the current flow
through any particular circuit of the charging cy-
cie.

5. VOLTAGE REGULATOR

Alternator output is controfled by an external
Voltage Regulator. The voltage regulator senses
the voltage in the battery and adjusts the charging
rate of the alternator ‘accordingly, by supplying
more or less current to the field terminal. This ter-
minal supplies the current to the field windings of
the rotor, through the positive brush and slip ring,
through the field winding, negative slip ring,
negative brush and to ground {a complete circuit).
The more current supplied to the field winding, -
the stronger the magnetic field, and the more cur-
rent produced by the alternator. As the increased
alternator output raises battery voltage, the
regulator senses it and reduces field current until
the correct voltage balance is achieved.

While some voltage regulators can be adjusted,
those used on PCM engines are of the sealed
solid state variety and cannot be serviced except
by replacement.

6. BATTERY

While many different types of batteries exist, the
only one of interest herein is the B-cell, 12V., wet
plate storage battery.

This type of battery has a capacity rating ex-
pressed in ampere hours; A 70 A.H. battery rating
simply stated means that the battery has suffi-
cient plate area to supply 1 ampere of current for
70 hours of operation without recharging.

Heavy duty batteries of 70 A.H. or higher ratings
shouid be used for best results.



BATTERY CONSTRUCTION AND OPERATION:

A storage battery does not store electricity. A
chemical energy is stored, which, when being
consumed, creates DC electrical current. This is
accomplished by immersing a series of plates of
lead in a solution of sulphuric acid, calied elec-
trolyte. Each series of plates comprise a cell
which will produce 2 volts. A 12 volt battery con-
sists of 6 cells. The positive plates in each cell are
connected together and the cells are intercon-
nected to each other and to the positive terminal
of the battery. The negative piates are connected
together, the cells interconnected to each other
and to the negative terminal of the battery.
Separators of wood, fiberglass, or hard rubber are
inserted between the negative and positive plates
to prevent the plates from touching together.
When such a contact does occur, the cell is
“shorted” and the battery becomes inoperative.
This is the condition commonly called a “dead
cell.”

When DC current is flowed through the battery
from positive (+) to negative {(-), the current
forces the chemical and molecular structure of
the plates to change. The positive plates become
lead peroxide and the negative plates become
lead sulfate and lead oxide. This chemical change
is brought about by forcing a transfer of free elec-
trons from the positive plate to the negative
plates. The tendency of these free electrons to
flow back to their original position is the source of
electrical current. (This is oversimpiified. The total
chemical action is far more compiex.)

7. IGNITION COIL OPERATION’
AND CONSTRUCTION

The sole purpose of the ignition-coil is to produce
an electrical current of sufficient voltage to.jump
across the gap of a spark plug and create suffi-
cient heat to ignite the fuel charge within the
cylinder. Normal voltage requirements for this
purpose range from 14,000 to 18,000 volts. In order
to produce this high voltage from a source of 12
available volts, it is necessary to utilize an induc-
tion coil. This coil consists of a primary winding
around a soft iron core, as in Fig. 2 — to create an
electro-magnetic field. Another winding, called a
secondary winding, is placed over the outside of
the primary winding. The secondary winding con-
sists of thousands of turns of extremely fine wire.
The high number of turns determines the high
voltage output. The small diameter of the wire
restricts the amperage output. An electrical shock
from this high voltage, low amperage type current,
although painful, is rarely dangerous: since the
amperage is so low. CAUTION: ELECTRICAL
SHOCK FROM C.D. (CAPACITIVE DISCHARGE)
SYSTEMS CAN BE HARMFUL, AND EXPOSURE
TO SUCH SHOCK SHOULD BE AVOIDED!!
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Earlier in this text is mentioned the fact that elec.
tricai current can be produced by moving a con-
ductor through a magnetic field, as in the case of
a generator, or moving a magnetic field through a
conductor, as in the case of an alternator. The in-
duction coil utilizes the movement of the
magnetic field (established by the energizing of
the primary winding) through a conductor {the
secondary winding) by intermittently causing this
field to build up and collapse. The collapse of the
field is caused by interrupting the flow of current
through the primary winding. See Figs. 10 and 11,
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Fig. 11 diagrams a complete ignition circuit con-
sisting of battery, switch, coil, breaker points,
condenser, and spark plug. When the switch is
“on” and the breaker points are closed, the
primary circuit is completed, and current is flow-
ing through the primary winding causing the
buitdup of a magnetic field as in Fig. 10A. When
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the breaker points open, current ceases to flow
through the primary winding. The field collapseas,
the lines of force begin to move straight inward
toward the core of the coil, and in so doing, pass
through the secondary winding of the coil. See.
Fig. 10B. This movement of the field through the
secondary winding induces the secondary voltage
buildup. However, the voltage at this point is not
sufficiently high to force a spark across the gap of
the spark piug. To achieve the desired voltage, the
speed of the field collapse must be increased. The



condenser takes over this job in the following
manner. As the points begin to open, starting the
collapse of the field, the movement of the field
begins to induce a voltage buildup within the
primary winding. This incredsed voltage is ab-
sorbed by the condenser, and’is stored until the
voltage within the condenser becomes higher
than the voltage within the primary. Since the
points are now open, restricting any current flow
in that direction, the condenser must discharge
its stored electrical charge back through the
primary circuit. This reversal of flow direction
causes a gréat increase in the speed of the field
collapse, since the field is trying to reverse itself.
The speed increase induces the required voltage
within the secondary to cause a spark to jump the
spark plug gap and ignite the fuel charge.

8. STARTER MOTOR PRINCIPLE

Starter motors use the principie of magnetic at-
traction and repulsion to provide the energy
necessary to crank the engine. See diagram, Fig.
12

When the switch is ciosed, the field windings are
energized, creating a magnetic force as shown.
The armature windings are also energized through
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the brushes and commutator segments, making a
strong eleciromagnet of the armature. As the ar-
mature peles are approaching the field poles, a
strong magnetic attraction is present between the
two, due ic unlike polarity of the two elec-
tromagnets. The arrangement of the commutator
bars is such that as the armature poles become
adjacent to the field poles, the brushes contact
the opposite commutator bars and the current
flow through the armature windings is reversed.
This reverses the polarity of the armature elec-
tromagnets, and the former magnetic attraction
becomes magnetic repulsion, thrusting the ar-
mature away from the field poles. Unlike
magnetic poles attract, like magnetic poles repel.)
This armature polarity reverses iiseif each 180
degrees of rotation of the armature, while the field
polarity remains constant.

SECTION B — ENGINE ACCESSORIES, TEST & TUNE

CAUTION: System is negative {—) ground. If
polarity is reversed, alternator and regulator will
be damaged! Do not operate alternator with *A™
terminal open!

Test; repair:

1. ALTERNATOR, REGULATOR
AND WIRING HARNESS

To most easily test the charging system com-
penents, the following equipment will be required:

1. Anammeter equipped with leads with alligator
cltamps. Leads should be at least 2 ft. long.

2. A 12 volt circuit tracer with probe and ground
lead.

3. Two jumper wires of 14 or 16 gauge, 3 ft. long,
with alligator clamps on both ends.

PROCEDURE: engine stopped and ignition off,

A. Disconnect positive cable from terminal of
battery.

B. Remove wire from the "A’ (ouiput) terminal of
the alternator, Secure end of wire to prévent it
from grounding out.

C. Connect — ammeter lead to “A” terminal, and
+ ammeter lead to + terminal of starter
solenoid (the terminal to which the + battery
cable attaches).

D. Re-connect battery cable to + battery ter
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minal, after being certain all clamps, leads,
etc., are positioned so as not to short out to
ground.

E. Read ammeter: if a reading shows; the isola-
tion diode in the alternator is defective, allow-
ing current to flow through the stator wind-
ings. (Replace diode.)

F. if there is no indication of fiow into the aiter-
nator, start engine, and set idie speed at ap-
proximateiy 1500 RPM — BE CAREFUL THAT
ALL WIRES, TEST EQUIPMENT, HANDS, AND
CLOTHING ARE CLEAROF ALL BELTS AND
PULLEYS.

G. Observe reading at the ammeter, and note out-

put, if any.

H. Disconnect the wire from the “F (Field) ter-

minal of the aliernator, securing the end to
prevent it from grounding out. Connect a
jumper wire to the “'F" terminal, the other end
to the + terminal of the solenoid, and observe
ammeter reading. The alternator should now
be producing approximately 35 Amps., some
variation depending upon the condition of the
battery. (DO NOT GROUND ALTEBANATOR
AT — VF" OR “AUX” TERMINALS.) If alter-
nator output {s present, as indicated, assume
alternator operation is satisfactory. If oufput is
present, but reduced by Vi or %4, it is
reasonable to assume that one or more diodes



of the rectifier are defective, and alternator
repair will be necessary. If no output is pre-
sent, alternator repair will be necessary.

REGULATOR CHECK:
If alternator performance has been proven accept-
able, stop engine and proceed as follows:

A. Disconnect jumper wire from “F" terminal, and
reinstall field wire.

B. Remove coil wire from center of distributor
cap, and ground it to prevent open spark.
(Unless battery charge is know to be low)
Crank engine with starter for 10 seconds to
reduce battery charge.

. With the test ammeter still in place, replace

the coil wire and start engine. The test am-
meter should show a relatively high charging
rate {15 to 20 Amps or more) which should
gradually reduce as the battery is restored to
normal full charge. If the charge rate follows
this pattern and reduces to nearly zero at a
voltage of approximately 13.6 to 14.5 volts,
regulator function is normal. If any variation
from this pattern exists, the reguiator shouid.
be replaced, and the test repeated. If the
repeat test shows a probiem still exists, check
the wiring harness for broken wires or loose
connections.
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2. CARBURETOR AND FUEL PUMP

FUEL PUMP:

The fuel pump used is a marine approved double
diaphragm type, equipped with a sight tube as a
safety feature. APPEARANCE OF FUEL IN THE
TUBE INDICATES A LEAKY DIAPHRAGM, AND
THE PUMP SHOULD BE REPAIRED OR RE-
PLACED IMMEDIATELY. Regular visual inspec-
tion should be made.

FUEL PUMP TESTING:

The variety of fuel systems and installation varia-
tions make it necessary to proceed with caution
when testing fiiel systems.

Tests should be made using good eguipment
which may be of the T joint or direct attachment
type.

“CAUTION” — Gasoline is a highly explosive fuel
and, when vaporized, or in its liquid siate, is ex-
tremely dangerous. Be sure to observe safe handl-
ing practices when making the necessary tests.
Do not ailow the fuel to spill into the bilges or
spray onto or near the engine. Do not smoke or
allow stray electrical sparks, or open flames in the
area. Be certain the area is well-ventilated and
have a good fire extinguisher close at hand.

The PCM Engine fuel system includes the com-
ponents shown in the fuel pump drawing. The fuel
lines supplied by the boat manufacturer or engine
installer must be of sufficient size with a
minimum of connections, fittings, anti-syphon
devices, and check valves,

The fuel flow and pressure requirements must
meet, or exceed engine demands for proper
engine performance and life. Fuel pump pressure
must be checked with a fuel pump pressure gauge
and may be checked at the fuel pump or at the car-
buretor, The pressure should be —

Psi RS
at the pump 5 ibs. min. 6 Ibs. max.

Maximum pump pressure that is excessive could
be the cause of rich running or flooding.

Minimum pressure below 5 Ibs. PS! could cause
lean running or cutting out of the engine because
of fuel starvation.

If pressure is within specifications, it will then be
necessary 1o check fuel flow. The pump should
deliver 1 pint of fuel in approximateily 10 seconds
@ 600 RPM or at idle speed.

If-pump pressure is good, but flow is low, the
possibility of a restriction in the fuel system
ahead of the pump exists. This restriction may be
too small fuel lines for the length, foreign material
in the tank, lines, filters, etc., check valves, restric-
tive fittings, breaks or holes in the fuel pick-up in
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the tank as well as others,

If pressure and volume are within specs and fuel
starvation problems still exist, they must be bet-
ween the fuel pump and carburetor. See car
buretor section for carburetor repairs.

TESTING TIF:

if fuel flow is low and pressure good it
sometimes speeds diagnosis time to draw fuel
from a container near the fuel pump and bypass
the boat fuel system. This will show immediately
if the pump is bad or the fuel system restrictive.

FUEL FILTERS:

The remote mounted fuel filter offered by PCM
contains a replaceable filter element inside the
can. This is readily accessible by loosening retain-
ing screw, removing the outer sheli, replacing the
filter element, and re-assembling the shell. Care
should be exercised not to spill gasoline in the
bilges, and after assembly the filter should be in-
spected for leaks before operating.

Fuel Pump

|

-3 i
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"'L I 2
L
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A second filter is incorporated in the carburetor.
Remove the fuel line from the carburetor, and
remove the fuel line adapter fitting. This filter can
be cleaned with compressed air in an emergency
situation, but normally shoulid be replaced if caus-
ing trouble. Always check for leaks after replacing
or servicing this filter.



OVERHAUL OF CARBURETOR

1. INTRODUCTION:

The overhaul procedure can be accomplished with
ordinary tools and a reasonable amount of care.
Factory approved tools are available to facilitate
overhaul and protect parts which might be da-
maged by ordinary tools. Use of these tools is
strongly recommended.

Proper overhaul of a carburetor can be ac-
complished if the unit is completely disas-
sembled and each part is thoroughly and carefully
cleaned. Cleaned parts must be inspected for
signs of wear, damage or deterioration. All defec-
tive parts must be replaced with genuine replace-
ment parts. The carburetor must be carefully
rebuilt and accurately adjusted to msure power,
gconomy and performance.

2. SPECIAL TOOLS:

The special tools recommended for overhauling
these carburetors will be found at the rear of this
section.

3. MASTER REPAIR KITS:

The Master Repair Kits contain replacements for
parts which are subject:-to wear and damage. All
items should be discarded for which
replacements are provided in the Master Repair
Kit. The proper Master Repair Kit for these car-
buretors is listed in the current Parts catalog
sheets,

4. DISASSEMBLY:

The sections following contain exploded views of
the component paris of each carburetor with a list
of each part numbered in the order of its removal
during disassembly. During disassembly discard
all gaskets and all parts which have replacements
in the Master Repair Kit.

5. SPECIAL INSTRUCTIONS:

Special cautions and instructions are on the
pages following the disassembly procedures.
These instructions will assist during assembly in
avoiding mistakes during reassembly and insure
good performance after installation on the éngine.

6. ADJUSTMENTS:

Some adjustments must be made during
assembly while others are made after installation.
The particular adjustments for each carburetor
model are contained at the end of the overhaul
section.

ELECTRICAL SYSTEM

At the. connectbr plug of the engine wiring
harness, at the rear of the engine, a short orange
wire is provided which connects to the battery

cable terminal of the starter solenoid. This wire is
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provided to shunt the alternator output directly to
the battery, if a voltmeter is used in the instrument
panel. If an ammeter is used in place of a
voltmeter, disconnect the wire from the circuit
breaker, and snip it off close to the harness. *itis
advisable to cover the snipped-off end with plastic
electrical tape to prevent a ground or short circuit
from occurring. A voltmeter is recommended to be
used in the instrument panel. While this is a slight
departure from convention, it provides a three-fold
advantage over the traditional ammeter.

* CAUTION: Do not seperate wires which are con-
nected to this terminal they must remain con-
nected together.

1. By simply turning on the ignition key for a mo-
ment, it is possible to tell the charge condition
of your battery.

2. By enabling the alternator output to shunt
directly to the battery, rather than all the way
to the instrument pane!l and back, there is vir-
tually no current loss or line drop. In installa-
tions requiring an unusually long harness,
such as houseboats, this is especially
desirable.

3. Any overcharging tendency can be readily
detected as an abnormally high voltage
reading on the volimeter, and corrections can
be made before battery damage occurs.

Batteries tend to discharge when not in use, the
rate of discharge varying with the condition of the
battery itself and/or the entire electrical system.

When checking the battery condition, a normal
average reading is 10 to 11.5 volts, after a
reasonable period of disuse. If vollage reading is
10 volts or below, the battery should be charged
by either a charging device or operation of the
engine. Within one or two minutes after starting
the engine, the voltage reading on the meter
should begin to siowly rise, and ultimately level
off at a reading of 13.5 to 14.5 volts, as the engine
continues to operate. If the voltage does not rise
after starting the engine, have the charging
system checked. if the voltage rises and stays
above 15 volts, the charging system.should be
checked. High voltages can result in battery
damage, false mstrument readings, and blown
bulbs.

Circuit Breaker

The electrical system of all PCM engines is pro-
tected by a 40 amp circuit breaker under the slec-
trical panel cover at the rear of the engine. This
breaker is designed and assembled to disconnect
all systems from the battery shouid an electrical .
overload occur,



In the event that ali electrical systems_ are dead
push firmly on the red button with the number 40,
which protrudes through the electrical cover, until
it resets. After the breaker is reset you should be
able to start the engine(s).

tf the breaker again disconnects or if reseting
does not resolve the problem have a qualified
marine mechanic inspect the engine(s) to deter-
mine the cause of the problem.

Caution: Under no circumstances bypass
this breaker. Severe damage to the Electrical
system and/or personal danger to the operator
and other occupants of the boat could occur.

Battery

Specifications

12 Volt marine type

Tapered post connectors
Ratings for Batteries on Page 4

BATTERY SPECIFICATIONS

DELCO COLD CRANK RATE AMPS FOR 25 AMP. RESERVE
MODEL NO. APPLICATION @ 0°F {-18° C) LOAD TEST CAPACITY (MINUTES)
85.5 350 Amps 170 80
305 V-B 302 V-8
350 V-8 351 v-8
88-5 454 V-8 465 Amps 230 125
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Fig. 22 -~ Electrical Accessory Bracket

3. IGNITION COIL AND RESISTOR

The coil used is designed for use with an external
resistor (Item 4). If a coil is replaced, always he sure
to use the exact replacement as supplied by PCM.

The function of the resistor is to control tempera-
tures in the primary winding of the coil during pro-
longed periods of low speed or idle operation. The
resistor must not be bypassed or eliminated, except
for brief intervals during testing and diagnosis pro-
cedures. Two purple wires of the ignition circuit
connect to the two resistor terminals. One is from
the ignition switch, and the other to the primary (+)
terminal of the coil.

It is essential that these wires connect to opposite
terminals of the resistor, and that no other wires are
installed on the terminal occupied by the coil wire.

Coils being tested for adequate performance should
always be pre-warmed to normal operating temper-
atures before testing.

Resistors with cracked porcelain should always be
replaced.

4. DISTRIBUTOR AND SPARK CABLES
ENGINE TIMING AND IGNITION:

PCM engines are equipped with Maliory Or
prestolite marine distributors which incorporate a
built-in, centrifugally operated, spark advance. Tim-
ing on all models should be set according to specifi-
cations at idle speed of 600 RPM's or less. The
vibration damper on the front of the crankshaft is
stamped with the necessary timing marks. The
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pointer is instalied in the timing chain cover on the
port side of the engine {approximately 2 o'clock
position, facing front of engine).

DO NOT ATTEMPT TO “POWER TIME” ENGINES.
Timing must always be set at idle speed, using a
timing light. After initial timing has been estab-
lished, the operation of the automatic advance may
be checked by slowly increasing engine speed, and
observing the timing change with the timing light.
This ‘method only determines that the advance
mechanism is functioning. A complete check of the
advance curve can be done only by a qualified dis-
tributor rebuilding shop, using specialized test
equipment. Total maximum advance at maximum
aliowable RPM’s should be according to specifica-
tions.

Engines must always be retimed after distributor
poinis have been changed or adjusted.

For tune-up data, foliow instructions on decal on
valve cover, or in owner's manual.

FIRING ORDER ~— CYLINDER NUMBERING:

Viewing engine from flywheel end, counting front to
rean

Ford Engine Chevrolet Engine
Right side 1-2-3-4 2-4-6-8
Left side 5-6-7-8 1-3-5-7

FIRING ORDER — ENGINE ROTATION:

The first digit after the P in the engine mode! indi-
cates crankshaft rotation, either L or R (Lefthand-
Righthand).

A lefthand engine turns clockwise, viewed from the
front (pulley) end. (Standard automotive rotation.) A
righthand engine turns counter-clockwise viewed
from the front {pulley) end.

All engines coupied to stern-drives or jet pumps are
L.H. engines.

Warner gear models, or vee-drive models, may have
either rotation.

Distributors on all models, regardiess of engine
rotation, turn counter-clockwise, viewed from the
top on Ford engines and clockwise on Chevrolet
engines. Firing order for each specific engine is
stamped in the Engine Identification Plate which is
fastened to the flywheel housing.

Firing orders for various models as follows:

Ford Engines Chevrolet Engines
185-215-255—L.H. - All LH.
1-3-7-2-6-5-4-8 (WLB-WLC-WLD) 1-8-4-3-6.5.7-2
185-215-2656—R.H. -

1-8-4-5-6-2-7-3 (WRB-WRC-WRD)

165-165—L.H. - All R.H.
1-5-4-2-6-3-7-8 (WLA-WLE-WRF) 1-2-7-5-6-3-4-8



155-165—R.H. -
1-8-7-3-6-2-4-5 (WRA-WRE-WRF)

DISTRIBUTOR INSTALLATION, ALL MODELS:

Turn crankshaft unit #1 piston is at TDC on the com-
pression stroke. Install distributor so the rotor Is
pointing straight to the rear, when the distributor is
fully seated. (The helical cut of the drive gear will
turn the distributor shaft as it is lowered. This must
be compensated for when the gears are first start-
ing to mesh.)

#1 spark plug wire will locate in the distributor cap
terminai directly above the rear vent screen. Final
positioning of the distributor will be accomplished
by timing the engine.

NOTE: Do not force the distributor into a seated
position, since the oil pump drive shaft must index
into the lower end of the distributor shaft.

Fig. 23 ~— Coil and Distributor

PRESTOLITE DISTRIBUTORS
(MARINE ENGINES)
DESCRIPTION AND OPERATION

The centrifugal advance distributor is a straight
mechanical-type unit. A governortype centrifugal
advance is located below the stationary breaker
plate (Figure 18). Two centrifugal weights cause the
cam to advance or move ahead with respect to the
distributor drive shaft the rate of advance is con-
trolled by two calibrated springs.
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Fig. 18 — Centrifugal Advance Mechanism

ADJUSTMENTS AND REPAIRS
BREAKER POINTS AND/OR CONDENSER

CAUTION: This distributor when assembled is an ig-
nition proofed unit in accordance with U.S. Coast
Guard regulations. Use of parts other than approved
PCM Replacement parts may destroy this ignition
proofing.

Removal

1. Remove the distributor cap and the rotor. Be sure
to loosen the distributor cap retaining screws
before remaving the cap.

2. Disconnect the primary and the condenser wires
from breaker point assembly,

3. Remove the breaker point assembly and con-
denser retaining screws. Lift the breaker point
assembly and condenser out of the distributor.

Fig. 18 — Weights, Spring, and Cam Installed.



Installation

1.

Place the breaker point assembly and the con-
denser in position .and install the retaining
SCrews. , .

Align and adjust the breaker point assembly.
Connect the primary and condenser wires to the
breaker point assembly. . :
install the rotor and the distributor cap.

BREAKER PLATE AND SUB-PLATE .
Removal e

1.
2.

Remove the distributor cap and rotor.

Working from the inside of the distributor, puli
the primary wire through the opening out of the
distributor. ' '

Remove the sub-plate attaching screws and lift
the assembly from the distributor.

Instaliation

1.
2.
3. Insert the primary wire in the distributor. Install

Place the breaker plate assembly in position in
the distributor, -
tnstall the sub-plate hold down screws.

the breaker points and the condenser. Connect
the primary wire and the condenser wire to the
breaker point terminal.

- Instail the rotor and the distributor cap.

CAM AND CENTRIFUGAL ADVANCE
WEIGHTS

Removal

1.

2.

.‘\5

Remove the breaker plate andsub-plate from the
distributor.

Mark one of the distributor weight springs and its
brackets. Also mark-one of the weights and its
pivot pin. ’

Carefully unhook and remove the weight springs.
Lift the lubricating wick from the cam assembly.
Remove the cam assembly retainer and lift the
cam assembly off the distributor shaft. Remove
the thrust washer.

. Lift the weights out of the distributor.

Instailation

1.

L

If the weights were removed, fill the grooves in
the weight pivot pins with distributor cam Iubri-
cant (C4AZ-19D530-A). ,

Position the weights in the distributor (the mark-
ed weight is placed on the marked pivot pin) and
instail the weight retainers,

Place the thrust washer on the shaft.

Fili the grooves in the upper portion of the dis-
tributor shaft with distributor cam iubricant
(C4AZ-19D530-A). ;
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‘nstall the cam assembly. Be sure that the
marked spring bracket on the cam’ assemnbly is
near the marked spring bracket on the stop plate.
Place a light film of distributor cam fubricant
(C4AZ-19D530-A) on the distributor cam lobes. in-
stall the retainer and the wick. Oil the wick with
SAE-10W engine oil. '
install the weight springs. Be sure that the
marked spring is attached to the marked spring
brackets. ‘

instali the plate assembly.

Instail the primary wire in the distributor. Con-
nect the primary and condenser wires to the
breaker point terminal.

Adjust the breaker point gap or dwell as required.

DISTRIBUTOR

Remoyai

1.

2.

Remove the air cleaner. Disconnect the primary
wire from the coil. Remove the distributor cap.
Scribe a mark on the distributor body and the
cylinder block indicating the position of the body
in the block, and scribe another mark on the
distributor body indicating the position of the
rotor. These marks can be used as guides when
installing the distributor in a correctly timed
engine.

Remove the distributor hold down bolt and
clamp. Lift the distributor out of the block.

Do not rotate the crankshaft while the distributor
is removed, or it will be necessary to time the
engine.

Iinstallation

1.

If the crankshaft was rotated while the distributor
was removed from the engine, it will be
necessary to time the engine. Rotate the crank-
shaft until No. 1 piston is on TDG after the com-
pression stroke. Align the TDC mark on the tim-
ing pointer with the timing pin on the crankshaft
darnper. Position the distributor in the block with
the rotor at the No. 1 firing position.

Make sure the oil pump intermediate shaft pro-
perly engages the distributor shafi. It may be
necessary to crank the engine with the starier,
after the distributor drive gear is partially engag-
ed to engage the oil pump intermediate shatt.

Install but do not tighten, the retaining clamp
and bolt. Rotate the distributor to advance the
timing to a point where the breaker points are
just starting to open. Tighten the clamp.

If the crankshaft has not been moved, position
the distributor in the block with the rotor aligned
with the mark previously scribed on the distribu-
tor body and theé marks on the distributor body
and cylinder block in alignment.



6.

Install the. distributor.cap.. ;. ;
Connect. the primary wire. tq the c:0|l
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CONVENTIONAL IGNITION
SYSTEM DISTRIBUTOR

1.
2.

11,
12,

13,
14,

Remove the rotor.

Disconnect the primary wire, the jumper strap,
and the condenser wire from the breaker point
assemblies.

Remove the retaining screws from the breaker
point assemblies and condenser. Lift the
breaker point assembly and the condenser out
of the distributor.

. Working from:the inside of the distributor, pull

the primary wwe»through the opening in the
distributor.

. Hemove the breaker pomt and condenser plate

retaining screws and lift the plate out of the
distributor.

. Mark ofé of thie distributor weight springs and

its brackets. Also mark one of the weights and
its pivot pin.

Carefully unhodk and remove the weight B
springs. e
“Lift the Ilubricating wick from the cam

assembly. Remove the cam assembly retainer
and lift the cam assembly off the distnbutor
shift. Remove the thrust washer.” -

. Lift the weights out of the distributor.
. if the gear and shaft dreto be used again, mark

the gear and the shaft so that the pin holes can
be easily aligned for assembly Remove the
gear roll pin and then.féfiove the gear.
Remove the shaft collar roll pin.

Invert the distributor and place it on a support in
a position that will allow the distributor shaft to
ciear the support plate and press the shaft out
of the collar and the distributor housing.
Remove the distributor shaft upper bushing.
Remove the distributor shaft lower bushing.

BENCH ASSEMBLY
ORIGINAL SHAFT AND GEAR

1.

Oil'the new upper bushing, and install it on the
bushing replacer tool. Then install the upper

XES

10.

1.
12.

13.

14.

15.

16,

17.

18.
18,

20.
21,

bushing. When the tool bottors against the dis-
tributor base, the bushing will be installed to
the correct depth. o N
Burnish the bushing to the proper sizé.

‘Invert the distributor and mstall ‘the lower

bushing in a similar manner. °

4. Qil the shaft and silde it mto the dlstnbutor

body.

. Place the coilar in ‘position on the shaft and

align the holes in the collar and ‘'shaft, then in-
stall a new pin.

. Check the shaft end play with a feeler gauge

placed between the collar and the base of the
distributor. if the end piay is not ‘within limits,
replace the shaft and gear.

Press the gear on the shaft, using the marks
made on the gear and shaft as guides to align
the pin holes.

Remove the distributor from the press. Install
the gear retaining pin.

Position the distributor in a vise. Fil] the
grooves in the weight pivot pins with distributor
cam lubricant (C4AZ-19D530-A).

Position the weights in the distributor (the
marked weight is placed on the marked pivot
pin) and install the weight retainers.

Place the thrust washer on the shaft.

Fill the grooves in the upper portion of the dis-
tributor shaft with distributor cam lubricant
(C4AZ-19D530-A).

Install the cam assembly. Be sure that the
marked spring bracket on the cam assembly is
near the marked spring bracket on the stop
plate. 7

Place a light film of distributor cam lubricant
(C4AZ-18D530-A) on the distributor cam lobes.
Install the retainer and the wick. Saturate the
wick with SAE 10W engine oil.

install the weight springs. Be sure that the
marked spring is attached to marked spring-
brackets.

Place the breaker point and condenser plate in
position and install the retaining screws.
Working from the inside of the distributor, push
the primary wire through the opening in the dis-
tributor housing.

Place the breaker point assembly and the con-
denser in position and install the retaining
screws.

Align and adjust the breaker point assembly.
Connect the primary wire and the condenser
wire to the breaker point assembly.

install the rotor and the distributor cap.

Check and adjust (if necessary} the centrifugal
advance mechanism.

NEW SHAFT AND GEAR

The shaft and gear are repiaced as an assembly.
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One part should not be replaced without replacing

the other.

Original Shaft and Gear Conventional ignition
System Distributor.”

1. Follow steps 1, 2, 3 and 4 under “Installing

. Insert a.024-inch feeler gauge between the collar

and distributor base. Slide the collar on the shaft.
While holding the coliar in place against the
distributor base, driil a 1/8-inch hole through the
shaft using the hole in the collar as a piiot.
Remove the feeler gauge.

. Position the gear on the end of the shaft. instali
the assembly in a press.

BRAEAKER
POINT
ASSEMBLY

DISTRIBUTOR CAP

ROTOR

cap GASKET‘©
\'hg

LUBRICATING WICK
RETAINER w3

CONDENSER ——h@;,‘

BREAKER
SUBPLATE =8
ASSEMBLY S\
CAM
o ASSEMBLY
PRIMARY WIRE -
s
CENTRIFUGAL
ADVANCE
ASSEMBLY

r- OSSN ‘rd
1
>
=

l
|
L

Fig. 20 — Distributor Assembiy (Conventional)
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4. With the backlng screw on the support tool

tightened -enough to remove alt'end play, press

the gear on the shaft to the specified distance’
from the bottom face of the gear to the bottom

face of the distributor mounting flange (Figure

~ 14). Drill a 1/8-Inch hole through the shaft using

the hole In the-gear as a pilat. -

. Remove the distributor from the press. Install the
~ . . coliar retatning pin (Figure 6) and the gearretain-.

ing pin {Figure 4))

. On a conventional ignition system distributor,

complete the assembly by following ‘steps 10
through-21 under Qriginal Shatt and Gear Bench
Assembly. - . . . .‘ I

T — --—.....1

‘ ,?mausj WASHERS
- @/ UPPER BUSHING

(A

THRUST WASHER, - B‘;FOWERSBUSHING :
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5. OIL COOLERS

~An engine oil cooler is used on some engines. Oit is
taken from, and returned to, a special adapter be-
tween the oil filter and the block. ‘

‘In the event of high oil consumption, this cooler
should always be checked for ieakage to preclude
the possibility of oil being pumped into the cooling
water and out through the exhaust system.

Since relatively high pressures are involved {engine
oil pressure) a pinhole type of leak can cause rapid
loss of oil. Therefore, it is advisable to check the
cooler with air pressure of 30 to 35 Ibs. PSI, and im-
merse the cooler in water while under pressure to
check for air bubbles which would indicate leakage.
Remove the cooler, pressurize either the water
passage section or the oil passage section with air,
immerse in water, and check for air bubbies escap-
ing from the section which is not pressurized.
Defective coolers should be replaced.,

Always be certain that oil coolers are completely
drained of water during lay-up periods (Fig. 28).

All models using Warner Velvet Drives and Warner
Vee Drives are equipped with transmission oil
coolers. A 5” cooler is installed on the 1:1 Velvet
Drive, a 9” cooler on all reduction models except
211, All Vee Drives {(Warner) and Warner Velvet
Drive reduction 2.1:1 require 12" coolers.

i coolers are being replaced, always use a new
cooler of equal or greater size than the original.
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Fig. 24 — Engine OH Filter and Cooler
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Flg. 25 — Qit Cooler, Warner Gear and Vee Drive

Inspect cooler tubes periodically to be sure the
water flow is not restricted by blockage from weeds,
shells, or other foreign matter (Fig. 26). A restric-
tion in the water supply to the raw water pump can
cause pump cavitation and impeller faliure, as
well as serious overheating conditions (Fig. 29).

Hose or Drain Plug
Fig. 28

Chevy Water Pump
Fig. 29



6. STARTER AND RELAY

The starter relay {{em 7, Figure. 22) is mounted on
the electrical accessory bracket at the rear of the in-
take manifoid. -

On Ford engines only one of the small terminals is
used, Always be sure the wire from the starter
switch connects to the left small terminal of the
relay, with the relay mounted in the position illus-
frated.

NOTE: The empty terminal is provided for the instal-
lation of a bypass shunt to the coil, if required. A
wire connected from this terminal to the + terminal
of the coll provides full current to the coil while the
starter is actuated, bypassing the primary resistor.

On all models shipped with a Warner Velvet Drive, or
Warner Vee Drive, a neutral safety switch is incor-
porated to prevent starting in gear. This switch inter-
rupts the starter switch circuit except when the shift
selector is in neutral. Always test this switch if the
starter fails to operate.

First, check the shift control linkage adjustment to
be sure the shift selector is actually in neutral posi-
tion, and the safety switch activated. Leaving the
shift selector in neutral, remove both wires from the
switch by removing the two screws which secure
the wires. install both wires on the same screw, and
re-install the screw in the switch. [f the starter oper-
ates, replace the switch. DO NOT LEAVE THE
WIRES CONNECTED TO THE SAME TERMINAL-~
THIS IS A SAFETY DEVICE.

Check Warner Velvet Drive section 8—Extra Equip-
ment, for assembly instructions.

On models other than those eguipped with Warner
gears and Vee Drives, always check to determine if
there is a neutral start safety feature incorporated
{usually in the control system) which may be the
cause of an inoperative starter.

Diagnosis steps: {After battery condition is verified
as acceptable).

If, when the starter switch is actuated, the starter
does nothing (buzz, spin, click, etc.}, check all termi-
nals and ground connections relating to the starting
clreuit.

With ignition “off,”” disconnect the white starter
switch wire from the starter relay, and install a
remote starter switch between the relay terminal
and the + battery terminal. If the starter functions
when the remote switch is ciosed, check the starter
switch and wiring harness for defects.

If the starter fails to operate when the remote switch
is closed, connect a temporary jumper cable be-
tween the starter terminal and the battery + termi-
nal. {Connect starter end first, Because of the heavy
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sparking which may occur when the cable is touch-
ed to the battery terminal, be doubly certain there is
no fuel vapor present. If the battery is equipped with
vented caps, connect the jumper to the + cable ter-
minal of the starter refay. Hydrogen Gas within a
battery can explode if exposed to open sparks or
flame.} If the starter operates when the jumper cable
is installed, check the relay andfor starter cable for
defects.

if the starter does not operate when the jumperis in-
stalied, disconnect the jumper cable, and remove
the starter for further repairs.



7. COOLING SYSTEM, RAW WATER COOLED
MODELS.

The cooling system of all PCM engines provides full
circulation of water through the running engine, at
all times, even when the thermostat is closed.

Water is introduced into the thermostat housing
cover by the raw water pump and is channeled to
the intake side of the circulating pump through an
internal passage in the thermostat housing. When
the engine cooling system is filied with water, a
pressure buildup occurs, and forces the raw water
through a bypass orifice, out of the thermostat
cover, and through hoses 1o the exhaust manifolds
and risers dumping into the exhaust system and
overboard. The circulating pump continues to regir-
culate the water within the engine until proper oper-
ating temperature is reached, and the thermostat
opens. As soon as the thermostat opens, the pres-
sure within the engine forces hot water to escape in-
10 the thermostat housing cover, where it mixes
with the bypassed raw water and flows into the
manifolds and risers. The water escape reduces
pressure within the engine and allows the raw water
pump to replace the escaped water. This is an ex-
tremely stable, simple, and reliable system with
several distinct benefits, among which are:

1. Full volume and velocity at all times enables us
to operate at temperatures above those normally
used for sait water cooling systems, with better
engine efficiency, engine life and less siudge for-
mation.

2. Freedom from hot spots, and steam pockets,
which occur in stagnant water systems, elimi-
nating almost entirely the damage which results
from heat distortion, warping, and cracks, com-
mon to such systems. -

3. Lower service requirements and reduced diag-
nosis time due to simplification.

4. One-system cooling throughout, reducing the
possibility of engine damage occurring un-
noticed, as in the case of a dual pump, dual
system setup.

TROUBLESHOOTING THE COOLING SYSTEM

Three basic types of cooling system problems exist,
other than some of the obvious ones such as evj-
dent leaks, noisy pump, etc.

1. Overheating,

2. internai Leaks,

3. Externai Leaks (not evident).

DIAGNOSTIC STEPS:

OVERHEATING: Be sure that genuine overheating
exists before starting disassembly or parts replace-
ment. Too often major repairs are undertaken to cor-
rect a problem which does not exist. A faulty water
temperature gauge, or sender, or a ground in the cir-
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cuit will cause an overheat condition to show on the
gauge when the engine is not overheating. High vol-
tage in the electrical system can aiso indicate read-
ings higher than normal. Check system voltage.

Once assured that actual overheating is present,
check the system methodically, using a step-by-
step procedure starting with the water intake. DO
NOT ATTEMPT TO START AN OVERHEATED
ENGINE. Weeds, paper, ieaves, plastic wrappings,
etc., can block a water intake completely, but often
will float away when the engine is stopped. Re-start-
ing a hot engine under these conditions will aimost
certainly cause severe engine damage when the
water supply is suddeniy restored,

On engines which have an engine oil cooier, check
the tubes in this cooler for restriction. Weeds,
gravel, small sheils, etc., can readily block off the
cooler tubes.

All models with Warner Velvet Drive gears, or Vee
drives have a transmission oil cooler. Always check
the tubes of these coolers for obstruction.

Once assured that the intake system is open,
remove the rear cover and impelier of the raw water
pump, and check for wear or damage. inspect the
slots of the intake opening in the pump body for
obstruction. Inspect impeller end surfaces and both
wear plates for wear, galling, or burning. Replace
any parts showing wear or damage. Be sure all
broken pieces are out of the system before re-
starting engine.

if overheating persists, replace thermostat. Always
check tension on the drive beits for both pumps,
and adjust as necessary.

Failure of the circulating pump in such a manner as
to create overheating is highly unlikely, although
possible. As a last resort in overheating cases,
remove the circulating pump, and check the im-
pelier for breakage, wear, or looseness on the shaft.
Repair or replace as necessary.

A final source of overheating would be an internal
restriction within the block, heads, or manifolds,
reducing water flow or escape. Stoppage of this
nature is exirernely unlikely, except in the case of
bad castings or in a boat that has been aground or
in shallow water and has filled the system with
sand. :

INTERNAL LEAKS:

If fresh water is leaking into one or more combus-
tion chambers during normal engine operation, it
will usually be noticed by the lack of carbon depos-
its on the piston head and spark plug. Salt water en-
try will rapidly build up a white or light gray salt
deposit on piug and piston head.



In this situation, the big problem is to determine
where the water is coming from. The most common
source is from a defective exhaust manifold, riser,
or riser gasket. These items shouid always be
checked before further disassembly of the engine.
The manifold and riser can be pressure tested to
some degree. Remove from the engine, siuff the
water jacket openings at the exhaust outlet end as
tightly as possible with rags, stand the assembiy in
its normal position, and connect a water hose to the
water inlet elbow. Siowly introduce water until
pressure build-up is achieved, and watch the ex-
haust ports for water dripping out. Evidence of
water dripping from any one of the exhaust ports in-
dicates internal leakage.

Rernove the riser from the manifold, after draining
all water from jackets, and inspect visually to deter
mine the source of the leak. If not evident, reassem-
ble the riser and manifold together, using a thin
metal plate between two gaskets, to block off the
water flow from manifold to riser. Repressurize as
before. If no leak is evident, consider the manifold
to be sound, and the leak to be in the riser or at the
original gasket. Remove the plate, and reassemble
the riser to the manifold with a new gasket. If no
leak, the problem was in the original gasket; if aleak
is present, consider the riser defective and repiace
it.

Another means of isolating the location of a leak to
gither the engine or the manifold, when water is
readily appearing on the spark plugs, is this:

Remove the water inlet hose from the manifold
and allow the manifold {o drain completely.
Tightly plug the water inlet elbow of the manifold
with a good cork or a wooden plug, and recon-
nect and tighten the hose. (This will divert all
water through the oppoesite manifold.) Dry the
spark plugs and coylinders as well as possibie,
reinstall the plugs, and idle the engine for not
more than 30 seconds. Stop the engine, and im-
mediately remove the piugs. If water contamina-
tion is still evident, the leak is an internal one; if
not, the evidence indicates the leak to be from
the manifold, riser, or gasket. (This method can
be also used to isolate a leak between two adja-
cent cylinders or to a given cylinder.)

CAUTION: AFTER THIS TYPE OF TEST, ALLOW
THE MANIFOLD AND RISER TO COOL. BEFORE
INTRODUCING WATER.

If water appears in the two center cylinders of
one side and the two end cylinders of the oppo-
site side, check the intake manifolds and
gaskets for water leakage into the fuel induction
system.
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WATER IN CRANKCASE:

If the crankcase oil shows evidence of water, but no
evidence of water appears in the combustion
chambers, inspect the flywheel housing to be sure
that no water has accumulated inside. If water is
present inside the flywheel housing, the annular
nurling of the Ford crankshaft at the rear main bear-
ing seal can force water into the crankcase.

If no water is present in the flywheel housing, the
engine should be removed and suspended on a
hoist. Block off the water tubes to the manifolds,
remove the oil pan, and pressurize the cooling sys-
tem to 10-15 Ibs. PS! with a water hose. Visually in-
spect the inside of the block and crankcase for the
source of leakage. S

N O T E : After inspection of the flywhee! housing,
before removing engine, the oil and filter
should be changed, and the engine
operated for a reasonable petiod of time
to positively ascertain the existence of a
leak.

EXTERNAL LEAKS (NOT EVIDENT):

The type of leak referred to here is the situation
where water appears In the boat while running, but
does not accumulate while stopped. Leaks of this
nature are not necessarily confined to the engine
system, and can be due to the hull working and
opening up while underway. However, careful
inspection of the exhaust system is always ad-
visable, since this is the most common source of
this type of leak.

Stern-drive models may sometimes leaik at the tran-
som plate while thrust loads are imposed.

Fig. 38 — Sherwood Raw Water Supply Pump



8. COOLING SYSTEM — FRESH WATER
COOLED MODELS

Factory installed fresh water cooling and factory
supplied fresh water cooling kits are identical in
content and in performance. This is a closed cool
ing system in which the engine and related parts ex-
cept the exhaust manifolds and risers are cooled
with a solution of permanent anti-freeze, providing

better engine efficiency and longer life for the

engine and related parts. The system is pressurized
to allow higher operating temperatures without
coolant loss.

It fresh water kits are being installed on an engine
which has been operated on a raw water system, it
is advisable to flush the system several times by
running with fresh water, draining and refiiting. In-
stall a 50% solution of permanent anti-freeze and
water after the final flushing. The anti-freeze used
shouid be of high quality containing suitable rust in-
hibitors and water pump iubricants.

Fig. 41 — Fresh Water Cooling System

Coolant flow through the closed system is much the
same as in raw water cooled models, circulating
through the engine at full velocity and volume at ail
times the engine is running. After norma’ engine
temperature is reached, thermostat actior allows
the heated coolant to flow through the heat

exchanger, where it is cooled by the flow of water
from the raw water pump. The heat loss from the
coolant is transferred to the raw water, which flows
through the exhaust manifolds and risers, and over-
board through the exhaust system.

Check overheating probiems in the same manner as
a raw water cooled model, inspecting, in addition,
the tubes of the heat exchanger for possible ob-
struction.:

In the event of coolant loss, or evidence of water en-
try into the engine, it can sometimes be helpful to
add a small amount of marker dye (as used with life
rafts) to the fresh water cooling system. Evidence of
dye in the water found in the engine would indicate
an internal leak. Evidence of dye in the water being
expelied from the exhaust system would indicate a
teak into the raw water section of the heat exchang-
er.

Qil coolers on the engine, reverse gear or Vee Drive
are cooled by raw water, exactly as on raw water
cooled models.

9. WATER PUMP, CIRCULATING

Normally, a leaky or otherwise defective circulating
pump can be more economically replaced than re-
paired. ALWAYS REPLACE WITH GENUINE PCM
ASSEMBLIES.

Note in the Parts Manual that certain pump com-
ponents and circulating pump assemblies are
designed for specific engine rotation. Always dou-
ble check engine rotation when ordering replace-
ment pumps or parts.

Fig. 42 — Circulating Pumg



10. WATER PUMP, RAW WATER SUPPLY

For proper servicing, the raw water pump should be
removed from the engine.

Impeller, wear plates, and gaskets may be serviced
by simply removing the capscrews which assembile
the pump body and components to the bearing
housing. Bearing and shaft assembly and seais are
replaced by removal of the snap ring and pressing
the assembly forward out of the bearing housing.
With the shaft assembly removed, pry the seal out
of the housing, and press in the new seal. Always
replace the O Ring and gaskets when the pump has
been disassembled. Check forward and rear wear
plates for wear or damage, and replace as neces-

sary. :

If the pump is to be filled with anti-freeze solution
during lay-up pericds, be sure the anti-freeze used
does not contain any petrofeurn base rust inhibitors,
pump lubricants, or other additives. Impeller swell-
ing and damage will result.

Always check belt condition, tension, and align-
ment, when servicing the raw wategr pump. A belt
failure can readily damage the engine beyond
repair.

Fig. 43 — Raw Water Supply Pump

11. FLYWHEEL HOUSING, DRIVE DAMPER,
FLYWHEEL

With the exception of jet models, power is trans-
mitted from the engine to the drive train through the
splined hub of the drive plate and damper assembly
which bolts to the flywheel. The hub of this
assembly is spring mounted in such a manner as to
serve as a damper, smoothing out the variations in
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load and power, and “lash”™ action which may
develop within the gear train. The damper action is
utilized primarily during low speed operation. Low
speed rattling or ciatter (in gear operation) is usualiy
indicative of rough engine idle performance, and
can be usually eliminated by a tuneup to smooth
out the engine power flow. If rattie persists, check
the damper for broken springs, cracked hub, or worn
splines, loose damper mounting bolts, or loose
flywheel bolts. Defective dampers cannot be satis-
factorily repaired, and should be replaced. If a
cracked damper hub is found, check the flywheel
runout as described in the engine overhaul sec-
tion. -

If worn splines are detected, check runout as
above, and alignment of flywheel housing to
flywheel face, as follows;

Remove drive damper assembly, and re-install
flywheel housing tightly, after checking flywheel
runout. With a depth micrometer, measure from
the drive adapter mounting face of the flywheel
housing to the flywheel face at top, bottom, and
on both sides. Hf variation is found, turn the
crankshaft 1/4 turn and re-measure to be sure the
variation is not in the flywheel face. if the varia-
tion is in the flywheel housing, and measurement
is more than .010%, the flywheel housing should
be replaced, after examination of the mounting
faces of the flywheel housing, adapter plate, and
block face for burrs or nicks.

12. SENDERS, OIL PRESSURE &
TEMPERATURE

Engines are shipped with senders installed. These

senders are calibrated to the instruments used in

the PCM instrument panel, and may or may not be

compatible to instruments of other manufacture.

Fig. 44 — Flywheel Group



In checking out sender performance In the case of
an instrument which shows no reading, disconnect
the wire from the sender terminal, and with ignition
“on,” touch the wire terminal to a good ground on
the engine. If the instrument shows a full réading
with the wire terminal grounded, replace the sender.
if no reading shows, repiace the instrument, after
testing the continuity of the instrumentation and
wiring harness.

¥ high readings are encountered, check the instru--

ment ground circuits, and check for high voltage
output by the alternator.

If high or low instrument readings cannot be cor-
rected, check for compatibility between the senders
and the instruments in use. {Replace of incompati-
ble senders will not be considered a warranty re-
sponsibility.)

Senders should always be installed with eiectrically
conducive sealer on the threads.
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HOLLEY TWO-BARREL CARBURETOR — MODEL 2300

HOLLEY TWO-BARREL
CARBURETOR —
MODEL 2300

DESCRIPTION

Four main assemblies make up the Holley 2300
two-barrel carburetor. They are: main body, me-
tering block, fuel bowl, and throttle body (Fig. 1).

Hou.Evzv MODEL 2300

.. METERING
i BLOGK:

FIG. 1 —~ MODEL 2300-C TWO-BARREL.
CARBURETOR ASSEMBLIES

There are two areas of identification on the Holley
Model 2300 two-barre! carburetor. An identifica-
tiontag is connected to the electric choke assem-
bly and an identification number is stamped on
the carburetor air horn (Fig. 2). Do not remove the
identification tag from the choke for any reason.
Together with the air horn number, they identify
the carburetor with a specific engine usage. They
are used in finding specifications for carburetor
adjustments and in ordering replacement parts.

HOLLEY 2300 2-V
CARBURETOR
s

IDENTIFICATION
TAG

AIR HORN
STAMPED
NUMBER

FiG. 2 — MODEL 2300 CARBURETOR IDENTIFICATION
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The air horn assembly is part of the main body. On
top of the air horn is the choke plate, and below
the choke plate are the primary and booster ven-
turis. Within the venturis are the main and ac-
celerating pump discharge nozzles. On the side of
the main body is the electric choke assembly (Fig.
3). '

MAIN BODY

CHOKE
ASSEMBLY

FIG. 3 — MODEL 2300 MAIN BODY

Found below the main body is a separate assem-
bly called the throttle body. Located inside the
throttle body are the throttle piates and throttle
shaft. The throttle lever is connected to the throt-
tle shaft. Connected to the throttle body is the
accelerating pump operating lever and the idie
speed adjustment screw (Fig. 4).

%

FIG. 4 — MODEL 2300 THROTTLE BODY

The metering block is connected to the side of the
main body. inside the metering block are the main
jets, the power valve, and the various fuel and air
passages and restrictions. The idle mixture ad-
justing screws are found on the side of the meter-
ing block (Fig. 5).
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METERING BLOCK

FIG. 5 — MODEL 2300 METERING BLOCK

Connected to the metering biock on the main
body is the fuel bowl assembly (Fig. 6). Inside the
fuel bowl are the fuel inlet screen, fuel inlet needle
and seat assembly, float and iever assembly, and
accelerating pump. Found on some models are a
sight plug and an adjusting nut for the float level.

FUEL BOWL ASSEMBLY

. FLOAT

ACCELERATOR PUMP

FIG. 6 — MODEL 2300 FUEL BOWL ASSEMBLY

CARBURETOR SYSTEMS

The Holley Model 2300 two-barrel carburetor uses
four systems to provide carburetion.. Together
these four systems vaporize and meter fuel into
the proper air/fuel mixture for every mode of en-
gine operation. The four systems are: idle, ac-
celerating pump, main metering and power sys-
tem. Two other systems, fuel inlet and choke,
supplement these systems.

The two-barrel system can be thought of as two
carburetors working for the same purpose. Each
barrel can be thought of as a single carburetor by
itself. Each system works identical to its counter-
part in the other barrel.
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The idle system provides a reasonably rich mix-
ture forsmooth engineidling speed and a transfer
system thatis in operation during low speeds. The
main metering system provides the proper mix-
ture for normal cruising conditions. The ac-
celerator pump system mechanically supplies
additional fuel during acceleration. The power
enrichment system provides a richer mixture
when high power output is desired. Each of these
systems is constantly supplied with fuel by the
fuel inlet system.

A choke system provides a rich mixture to start
the engine when cold and a slightly richer than
normal mixture for cold engine operation. The
2300 carburetor is equipped with an electrically
heated automatic choke.

FUEL INLET SYSTEM

All fuel enters the fuel inlet through pressure
supplied by the fuel pump. Fuel passes from the
fuel inlet through the fiiter screen, past the needle
and seat assembly, and into the fuel bowl. As the
fuel level in the fuel bowl rises, so does the float
assembly. But as the float rises it tends to close
the needle and seat assembly, restricting the
amount of fuel flowing into the fuel bowl. As the
fuel is used, the float drops and the needle valve
leaves the seat, allowing more fuel to enter the
fuel bowl, but only enough fuel to raise the float to
its proper level. A bumper spring is placed under
the float hinge to stabilize the movement of the
fioat assembly. The fuel bowl! is vented internally
through the vent tube (Fig. 7).

FUEL INLET SYSTEM

NEEDLE AND
SEAT ASSEMBLY

FiG. 7 — MODEL 2300 FUEL INLET SYSTEM
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IDLE FUEL SYSTEM

From the fuel bowl, fuel flows through the main jet
into a small, angular, horizontal idie feed passage
that leads to a vertical idle well passage (Fig. 8).
Flowing up this idle well passage, fuel passes
through the idle feed restriction. After this pas-
sage, the fuel flows through another horizontal
passage and at the end of this passage is mixed
with incoming air from the idle air bleed. The
air/fuel mixture then flows down another vertical
passage to the bottom of the main body, where it
splits into two directions. One direction goes to
the idle discharge passage, the other to the idle
transfer passage and constant feed port (Fig. 8).
The mixture flowing down the passages leading
to the idle discharge passage flows past the
pointed tip of the idle mixture adjustment needle
screw. From here, the air/fuel mixture goes down
a short passage in the main body and down
another passage into the throttle body, where it is
discharged in the throttle bore below the closed
throttle plate. In the passages leading to the idle
transfer passage and constant feed port, the air/
fuel mixture flows unrestricted. The mixture exits
through the idle constant feed port. When the
throttle plate is closed, no fuel is discharged
through the idle transfer slot. At this point the
function of the transfer slotis to act as an air bleed
directly above the idle constant feed port and to
further lean out the airffuel mixture.

IDLE FUEL SYSTEM

- IDLE FEED
IDLE AlR BLEED_ RESTRICTION

IDLE RESTRICTION G o
TRANSFER IDLE N Ve
sLOT BOM N DISCHARGE [Syed _
THROTTLEY |
PUATE DLE \\\N’ELL
b N
MAIN Vo IRSTE—-iDLE IDLE
BODY . /1], ADJUSTING TRANSFER
JEAN \LL!‘ o NEEDLE PASSAGE
f || TIDLE TRANSFER "\ IBLE FUEL/AIR

_ PASSAGE

e [\ " T~iDLE DISCHARGE
7 ‘BLE PASSAGE
THROTTLE o onsTANT

IDLE DISCHARGE
FEED PORT PORT

ADJUSTMENT

T AIR/FUEL

FIG. 8 — MODEL 2308 IDLE FUEL SYSTEM

As more engine speed is desired, the movement
of the accelerator linkage causes the throttle
plate to open. When the throttle plate is opening,
the idle transfer slot is exposed to manifold vac-
uum, causing fuel to be discharged from the
transfer slot.” As the throttle plate opens more,
engine speed increases, thus increasing the air
flow through the carburetor. The air flow is in-
creased further by the effect of the venturi. With
the resulting increases in air flow, the main meter-
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ing system comes into operation with idle system
tapering off. Thus a smooth, gradual transition is
made from idie to operating speeds (Fig. 9).

~ IDLE FUEL SYSTEM

- MIXTURE FROM !
. IDLE WELL :

. MAIN

BODY

. THRATTLE NEEDLE
. PLATE IDLE
TRANSFER
SLOT

oo

THROTTLE
BODY

PASSAGE

IDLE_.
CONSTANT

IDLE DISCHARGE
FEED PORT ORT

FIG. 8 — MODEL 2300 iDLE FUEL SYSTEM — TRANSFER

MAIN METERING SYSTEM

in the main metering system (Fig. 10), with the
throttle partly opened, fuel flows from the fuel
bowl through the main jet. The main jet meters the
fuel into the main well. From the main well, fuel
flows past the main well air bleeds, where it be-
comes mixed with air. The airffuel mixture con-
tinues up the main well, passing through horizon-
tal passages in the body, and exiting through a
horizontal channel to the discharge nozzie in the
booster venturi. The air/fuel mixture is now mixed
with the incoming air.

Filtered air enters through the high speed air
bleed in the air horn of the main body, and then
enters the main metering body through intercon-
necting passages. Because the air/fuel mixture is
lighter than liquid fuel, it responds faster to
changes in venturi vacuum and vaporizes more
easily when discharged into the airstream. The
amount of air/fuel mixture flowing to the intake
manifold is regulated by the throttie plate posi-
tion, which also regulates the engine speed and
power output.

MAIN METERING SYSTEM

BOOSTER

- © VENTURI
o] T BOOSTER £+

o VERTURT  aim BLeED -t

DISCHARGE

NOZZLE g
;‘whha..

MAIN JET patny weLr

MAIN WELL & AIR
MAIN WELL " FUEL
AlR BLEEDS B AL THEL

FiG. 10 — MODEL 2380 MAIN METERING SYSTEM
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POWER FUEL SYSTEM

During high power operation, the increased air
flow down the air horn tends to lean out the air/
fuel mixture. Additional fuel is required to enrich
the air/fuel mixture. The needed additional fuel is
supplied by the power fuel system, which is regu-
lated by manifold vacuum. Vacuum to actuate the
power valve, found in the metering block, is
supplied through passages in the throttle body
and main body (Fig. 11). At idle speed or under
normal ioad, the vacuum supplied to the power
valve is sufficient to overcome the spring pres-
sure acting on the power valve diaphragm; thus
the vacuum holds the power valve closed. At high
speed operation, manifold vacuum drops; thus
the spring in the power vaive forces the valve to
open, allowing fuel to flow. The path of the fuel is
through the power valve, then through the
diagonal restrictions in the metering block, and
finally into the main well, where it joins the main
fuel flow and enriches the mixture.

When engine speed is reduced, manifold vacuum
once again increases. This vacuum acts on the
power valve diaphragm to overcome spring pres-

sure. The power valve then shuts off the added
supply of fuel which is no longer required.

POWER FUEL SYSTEM

DISCHARGE
NOZZLE
{11575 eoosten
|/ 1 Ventom

l'

i

AlR BLEED

POWER VALVE
RESTRICTION

POWER
VALVE

2 AIR
B FUEL

MAIN WELL MANIFOLD B AIR/FUEL

VACUUM

FIG. 11 — MOBEL 2300 POWER FUEL SYSTEM

ACCELERATING PUMP SYSTEM

When the throttie plates are opened suddenly as
during quick acceleration, the air flow down the
venturi responds almost immediately and is
rapidly increased. Fuel responds more slowly to
this increased air flow since it is heavier than air.
This difference in response must be compensated
‘or or a too-lean mixture would result and the
ngine would hesitate. The accelerating pump
system corrects this problem. It mechanically
supplies fuel until the other metering systems are
able to supply enough fuel to maintain a proper
mixture.
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The accelerating pump is adiaphragm-type pump
which is located in the bottom of the fuel bow!
(Fig. 12). When the throttle is opened, the pump
linkage is actuated by a cam on the throttle lever,
and forces the pump diaphragm upward. When
the diaphragm moves up, fuel pressure forces the
pump inlet check ball, or valve, onto its seat, pre-
venting fuel flow back into the fuel bowl. The
diaphragm pressure also forces fuel through a
short passage in the fuel bowl, and into the long,
diagonal passage in the metering body. It then
flows into the main body passage to the pump
discharged chamber. Fuel pressure causes the
discharge needle to unseat and fue! is discharged
into the venturi.

'ACCELERATING PUMP
T T SYSTEM |

DISCHARGE
NOZZLE

'DISCHARGE gt L
.- PASSAGE LA
Ui DIAPHRAGMY sl oy

e .- PUMP INLET
S0 CMESNET TRETURN sPRING

FiG. 12 ~ MODEL 2300 ACCELERATING PUMP SYSTEM

When the accelerator is moved rapidly the throttle
plates go to the wide-open position, the pump
override spring is compressed and allows the full
pump travel, by applying pressure to maintain the
pump discharge. Without this pump override
spring, the pump linkage would be bent or broken
because fuel, being a liquid, is essentially
incompressible.

As the throttle moves to the closed position, the
accelerating pump linkage returns to its original
position and the diaphragm return spring pulls
the diaphragm back 1o its original position. The
pump inlet check ball is again unseated and fuel
flows from the fuel bowl into the accelerating
pump chamber.

ADJUSTMENTS

FLOAT OR FUEL LEVEL ADJUSTMENTS

Float or fuel level adjustments are of two types —
dry and wet. The dry adjustment is made with the
fioat bow! cover removed from the main body. Itis
performed on the internally adjusted float models
as well as the externally adjusted fioat models.
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With the wet adjustment, the fuel bowl cover is not
removed from the carburetor assembly. It is per-
farmed on the externally adjusted float models
only.

DRY ADJUSTMENT ~— EXTERNALLY
ADJUSTED FLOAT

The dry level adjustment on the externally ad-
justed float model.is basically a preliminary ad-
justment only. The wet level adjustment is the
final adjustment. (This final adjustment must be
performed with the carburetor installed on the
intake manifold.)

To perform the dry level adjustment on the exter-
nally adjusted float model, remove the fuel bowi
and float assembly from the carburetor main body
{Fig. 13). (If the carburetor is installed on the in-

take manifold, place a pan or container under the
carburetor to catch fuel that spills out. Be carefu]

ume must be up to specifications, before the final
adjustment is to be made. The engine is to be run
on alevel surface so as not to affect the fuel level.

Start the engine and run it 5-10 minutes at a fast
idle or until normal operating temperature is
reached. Stop the engine. Place a_container
under the fuel bow! cover sight plug. The sight

piug is found on the side of the fuel bowl. Remove
the sight plug (Fig. 14). No fuel should run out and
the fuel level should be up to the bottom of the
sight hole. This is the correct fuel level.

not to spill fuel on a hot engine or a fire may
result.) Loosen the lock screw, invert the fuel
bowl, and turn the fuel level adjusting nut until the
floatis parallei with the floor of the bow!. Reinstalil
the bowl.

DRY FUEL LEVEL

ADJUSTMENT
— EXTERNAL ADJUSTMENT —

ADJUST
FLOAT
PARALLEL
70 BOWL
FLGiOR

[

FLOAT LEVEL

ADJUSTING

FIG. 13 — MODEL 2300 DRY ADJUSTMENT —
EXTERNALLY ADJUSTED FLOAT

NOTE: When installing the fue! bow! cover as-
sembly, the gasket must be installed properly. The
accelerating pump passage is at the lower right of
the metering block. The gasket must be installed
with the hole over this passage to prevent block-
ing the passage.

WET ADJUSTMENT — EXTERNALLY
ADJUSTED FLOAT

On externally adjusted carburetors, the wet float
or fuel ievel adjustment is the final float or fuel
level adjustment. The fuel system must be work-
ing properly, and the fuel pump pressure and vol-
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FIG. 14 — MODEL 2300 WET ADJUSTMENT-EXTERANALLY
ADJUSTED FLOAT

if the fuel level is below the bottom of the hole:
loosen the lock screw just enough to turn the
adjusting nut. To raise fuel level, turn the adjust-
ing nut one-sixth turn counterclockwise. Tighten
the lock screw, reinstall the sight plug and start
the engine. Never run the engine with a loose or
disconnected lock screw or sight plug, or fuel
will be sprayed on a hotengine resulting in a fire.
Run the engine a few seconds until the fuel ievel
stabilizes. Recheck fuel level, If further adjust-
ment is required, turn the adjusting screw in one-
sixth turn increments untii the proper fuel level is
attained.

If tuel level is too high, loosen the lock screw just
enough to turn the adjusting nut. Turn the adjust-
ing nut about one-half turn clockwise to lower the
float. Tighten the lock screw, and reinstall the
sight plug. Run the engine a few seconds until the
fuel level stabilizes. Never run the engine with a
loose or disconnected lock screw or sight plug,
or fuel wili be sprayed on a hot engine resulting
in a fire. Recheck fuel level. If further adjustment
is required, turn the adjusting nut in one-sixth
turn increments counterclockwise to raise the
level or clockwise to lower the level.
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DRY ADJUSTMENT — INTERNALLY
ADJUSTED FLOAT

The dry adjustment is the oniy float or fuel level
adjustment performed on the internally adjusted
float units. If making this adjustment with the car-
buretor installed on the vehicle, place a container
under the fuel bow! cover assembly. This will col-
lect fuel spillage when removing the cover as-
sembly. Do not spill fuel on a hot engine as a fire

may result. Remove the fuei bowl cover assembly
and invert it. When inverted, the lower surface of
the float should be parallel with the bottom of the
fuel bowl cover (Fig. 15). Bend the tab on the float
arm to adjust the float angle. Install fuel bowl
cover assembly.

/DRY FUEL LEVEL ADJUSTMENT
.7 ~—INTERNAL ADJUSTMENT —

FIG. 15 — MODEL 2300 DRY ADJUSTMENT —
INTERNALLY ADJUSTED FLOAT

NOTE: When installing the fuel bowl! cover as--

sembly the gasket between the metering block
and cover must be installed properly. The ac-
celerating pump passage is at the lower right of
the metering block. The gasket must be installed
with the hole in the gasket over this passage to
prevent blocking the passage.

When installing the fuel bow! equipped with
spring screws, lightly lubricate the bowi screws.
Then tighten the screws, alternately from side to
side. Tighten each screw until the screw assembly
bottoms in the main body. When bottomed, the
screw head will spring back a quarter of a turn
when the screwdriver is removed. Do not over-
tighten or the springs on the screw assemblies
may be damaged.

When connecting solid fuel lines to the fuel bowl,
support the fuel bowl by using a wrench both on
the fuel inletfitting and on the fuel line nut to carry
the torque loading when tightening the nut. Ex-
cessive twist loading on the fuel bowl will stretch
the fuel bowl screw springs and cause loss of
gasket sealing load.
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CHECKING FUEL LEVEL — INTERNALLY
ADJUSTED FLOAT

On internally adjusted floats, fuel level may be
checked without removing the fuel bowl cover
through the use of Kent-Moore wet level gauge
number J10193 and a long screw, thatisincluded
in the kit. install an O-ring on the long screw and
install the screw through the hole in the gauge.
Install O-rings on both ends of the spacer that
comes with the gauge, and place the spacer on
the screw. Place a container under the fuel bow|
to catch any fuel spillage. Do not let any fuel spill
on a hotengine as a fire may result. Remove either
lower screw from the fuel bowl and quickly cover
the hole to prevent excess spillage. Quickly instal!
the long screw and gauge assembly (Fig. 18}, to
minimize spillage, and tighten the screw just
enough to prevent spiliage. Run the engine for a
few seconds until the fuel level in the gauge
stabilizes. Stop the engine and read the gauge.
Compare to specifications and adjust if
necessary.

NQTE: Be careful when removing the gauge and
reinstalling the screw not to spill any fuel on a hot
engine as a fire may resulft.

CHECKING FUEL LEVEL
~INTERNAL ADJUSTMENT —

WET LEVEL

LOWER-LEFT i

SCREW-
HEMOVED\%

FIG. 16 — MODEL 2300 CHECKING FUEL LEVEL WITH
KENT-MOORE GAUGE

ACCELERATING PUMP OVERRIDE SPRING
ADJUSTMENT

To check the accelerating pump override spring
adjustment, hold the throttle wide open and hold
the pump lever in the fully compressed position.
Inserta.015inch feeler gauge between the adjust-
ing nut and the arm of the pump lever (Fig. 17).
Turn the adjusting screw until the proper clear-
ance is attained. One-half turn of the adjusting
screw is equal to approximately .015 inch. After
adjusting, move the throttle lever from closed to
open. Any movement of the throttle lever should

‘be noticed in the pump operating lever.
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ACCELERATING PUMP OVERRIDE
SPRING ADJUSTMENT

PUMP
OVERRIDE
SRRING

¥ PUMP OVERRIDE
ADJUSTING
SCREW

LM
pUMP
FEELER
cauge -EVER

FIG. 17 — MODEL 2300 ACCELERATING PUMP OVERRIDE
SPRING ADJUSTMENT

ACCELERATING PUMP STROKE
ADJUSTMENT

The pump stroke is controlied by the position of
the accelerating pump cam behind the throttle

lever. The pump has two locating holes which

vary the amount of fuel discharge and throttie
maovement for varying temperature conditions. In
the standard application, the throttle lever screw
is in hole number one (Fig. 18). In this position, the
pump delivers a lesser quantity of fuel. Be sure to
check specifications for the correct location for
the accelerator pump cam.

FiG. 18 — MODEL 2300 ACCELERATING PUMP
STROKE ADJUSTMENT

ELECTRIC AUTOMATIC CHOKE PLATE
CLEARANCE (PULLDOWN) ADJUSTMENT

To check the pulldown clearance, remove the
thermostatic housing. To check if clearance ad-
justment is necessary, bend a paper clip. The
paper clip should be .030" to .036" in diameter
and the bentend should be nolonger than % inch.
insert this bent end into the piston bore in the
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choke housing until the end of the bore siot is

hooked by the paper clip (Fig. 19). Make sure that -~

the bimetal lever is in contact with the piston lever
adjusting tab. Move the piston and levers to close
the choke until the edge of the piston slot en-
gages the end of the paper clip. Measure the
puildown clearance by inserting a twist drill of the
specified size between the choke plate and air
horn (Fig. 19). If adjustments are necessary, bend
the adjusting lever tang until specified measure-
ment is attained.

ELECTRIC AUTOMATIC
CHOKE PLATE CLEARANCE
(PULLDOWN) ADJUSTMENT

1/8-INCH_BEND )/\/f,\
» ;,".Fh——msron BORE
L

FIG. 19 — MODEL 2300 ELECTRIC AUTOMATIC CHOKE PLATE
CLEARANCE (PULLDOWN) ADJUSTMENT

DECHOKE CLEARANCE ADJUSTMENT

To check dechoke clearance, hold the throttle
plate in the wide-open position and the choke
plate towards the closed position until the pawl
on the fast idle speed lever contacts the fast idle
cam (Fig. 20). Check the dechoke clearance by
inserting a twist drili of the specified size between
the upper edge of the choke plate and the wall of
the air horn (Fig. 20). To adjust the clearance to
specifications, bend the pawl on the fast idle lever
forward to decrease the clearance or backward to
increase the clearance.

DECHO&E CLEARANCE
ADJPUSTMENT

Ly
P i

CHECK
CLEARANCE :

FIG. 20 — MODEL 2300 DECHOKE CLEARANCE ADJUSTMENT



HOLLEY TWO-BARREL CARBURETOR — MODEL 2300

AUTOMATIC CHOKE THERMOSTATIC
SPRING HOUSING ADJUSTMENT -

To adjust the spring housing, first remove the air
cleaner. Loosen the three screws in the clamp
that retains the spring housing. Turn the spring
housing so the aligning mark on the housing lines
up with the choke housing index mark (Fig. 21).
Tighten the screws.

AUTOMATIC CHOKE
THERMOSTATIC SPRING
HOUSING ADJUSTMENT

THERMOSTATIC
SPRING HOUSING
INDEX MARK

FIG. 21 — MODEL 2300 AUTOMATIC CHOKE THERMOSTATIC
SPRING HOUSING ADJUSTMENT

IDLE SPEED ADJUSTMENT

To adjust idle speed, install a tachometer on the
engine.Run the engine 5-10 minutes at a fast idle
speed or until normal operating temperature is
reached. Make sure the idle speed screw is in
contact with the throttle lever tang. Turn the idle
speed screw until the specified RPM is reached
(Fig. 22). Turn the screw “in"” to increase idle
speed. Turn the screw "out’ to decrease idle
speed. After adjusting the idle speed screw,
rapidly pull back on the throttle lever and release.
Throttle speed should increase and return to
normal. Adjust if necessary.

IDLE SPEED AND IDLE FUEL

MIXTURE ADJUSTMENT

iDLE

MIXTURE
ADJUSTING ‘
SCREW B 5
o5 MISTORE
ADJUSTING
THAOTTLE SCREW ADJUSTING
SCHEW |

TANG

FIG. 22 — MODEL 2300 IDLE SPEED AND IDLE FUEL
MIXTURE ADJUSTMENT

b

IDLE FUEL MIXTURE ADJUSTMENT

There are two idle mixture screws on the two-
barrel carburetor. Each screw is found on oppo-
site sides of the metering block (Fig. 22). Turn
each screw "in" until it gently seats, then turn
each screw out 1-1% turns. This will provide a
preliminary setting to start the engine. {The
screws must be turned out an equal amount of
turns on each side.) Turn the idie mixture screw
“in" until the lean mixture causes the RPM to
drop. Perform this on the other screw. Turn the
screw “out” until the RPM drops due to a rich
mixture. Perform this on the other screw. Turn the
screw somewhere between the two extremes to a
point of maximum engine smoothness and RPM.
Always favor a rich setting over a iean one. Per-
form this on the other side. Recheck idle speed
and adjust if necessary.

DISASSEMBLY AND ASSEMBLY

DISASSEMBLY

To facilitate working on the carburetor and to
prevent damage to the throttle plates, install bolts
about 2%4" long of the correct diameter through
the carburetor attaching bolt holes with a nut
above and below the flange (or install carburetor
legs).

Use a separate container for the component parts
of the various assemblies to facilitate cleaning,
inspection and assembly,

The following is a step-by-step sequence of oper-
ations for completely overhauling the carburetor:
however, certain components of the carburetor
may be serviced without disassembling the entire
unit. For a complete carburetor overhiaul, follow
all the steps. To partially overhaul the carburetor
or to instalt a new gasket kit, follow only the
applicable steps.

Many carburetors do not have all the hardware
noted in the following steps.

Fuel Bowl and Metering Block
Refer to Fig. 23 for the correct location of the fuel
bowl parts.
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ADJUSTMENT LOCK SCREW

FUEL LEVEL ARJUSTING NUT

BOWL
' BAFFLE  FLOAT

s t‘: NEEDLE AND SEA
iy - ASSEMBLY

RETAINER FLOAT SPRING

ACCELERATING PLIMP COVER
B82728-A

FIG. 23 — FUEL BOWL

1. Bemove the fuel bowl and gasket, and the met-
ering block and gasket. Discard the gaskets.

2. Using a socket wrench, remove the power
valve and gasket (Fig. 24). Discard the gasket.
Using a jet wrench, remove the main jets (Fig.
25). - -

POWER VALVE
vioaz. A

FIG. 24 — REMOVING OR INSTALLING POWER VALVE

h é;ckei Wrench

PRIMARY

MAIN JETS

vinz3-A

Jet Wrench
FiG. 25 — AEMOVING OR INSTALLING MAIN JET
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3. Externaily Adjustable Needle and Seat: Re-
move the fuel inlet baffle and remove the re-
tainer, float assembly and float spring (if spring
is used). Remove the adjustment lock screw.
Turn the adjustment nut counterciockwise.
Remove the locknut, gasket and fue!l inlet
needle and seatl.

Internal Needle and Seat: Rermove float re-
tainer “E" clip, then siide float and spring out
of float chamber. Remove baffle, fuel inlet
valve and seat. Discard gasket.

4. Using needle-nose pliers, remove the float
retainer.

. Slide the float off the shaft, Remove the spring
from the fioat.

6. Remove the fuel level sight plug and gasket.
Remove the fuel inlet fitting, gasket, and filter
screen.

7. invert the fuel bowl and remove the accelerat-
ing pump cover, diaphragm, and spring. The
accelerating pump inlet ball check is not
removable.

Main Body

1. Invert the carburetor and remove the throttle
body from the main body. Disconnect the
choke rod from the choke control shaft lever
assembly by pushing the rod toward the main
body and releasing it from the lever. Discard
the throttie body gasket.

2. Remove the elastic stop nuts from the choke
plate and remove the screws, flat spring, spac-
ers, choke plate and the choke plate poppet
valve. Remove the choke rod from the choke
plate shaft. Slide the choke rod out of the
choke shaft as the shaft is removed from the
housing. Remove the choke rod seal from the
main body.

3. Remove the retainers, spring seats, and
springs from the poppet valve on the front of
the choke plate housing. Use caution to avoid
losing the springs as they are under com-
pression. Remove the pins and poppet valve.

4. Remove the accelerating pump discharge
nozzie from the main body.

3. Invert the main body and let the accelerating
pump discharge needle fall into the hand (Fig.
26). Remove the throttle operating shaft hous-
ing back-up plate and gasket.



HOLLEY TWO-BARREL CARBURETOR -— MODEL 2300

o ﬁ fﬁ‘."@?éﬁ

A ——..,

FiG, 26 — REMOVING ACCELERATING PUMP
DISCHARGE NEEDLE

6. If it is necessary to remove the throttle plates,
lightly scribe both throttie piates along the
‘throttle shaft and mark each throttie plate and
its corresponding barrel to insure proper in-
stallation. Remove the throttie plates. Remove
the retainer from each end of the shaft. Slide
the throttle shaft out of the throttle body.

Throttle Operating Shaft Housing

1. Remove the engine idle speed adjusting screw
and spring. Remove the fast idle adjusting pin
and screw.

2. Loosen the throttle lever screw. Remove the
throttle lever retaining pin. Remove the throttle
lever and the accelerating pump cam. Remove
the throttle pick-up iever and swivel assembly.

3. Remove the throttle shaft retainer and slide the
throttie shaft out of the housing.

ASSEMBLY

Make sure all holes in the new gaskets have been
properly punched and that no foreign material
has adhered to the gaskets. Make sure the ac-
celerating pump diaphragm is not torn or cut. An
exploded view of the carburetor is shown in Fig.
27.

Throttie Operating Shaft Housing
Refer to Fig. 42 of Holley 4V for the correct loca-
tion of the paris.

1. Slide the throttle operating lever and shaft as-
sembly into the housing. Install the accelerat-
ing pump cam in the throttle lever. Position the
pick-up lever and swivel assembly on the shaft.

2. Aligning the retaining pin hole in the throttle
lever and shaft, position the throttle lever on

a9

the shaft. Be sure the throttle lever can be
rotated from the full open position to the full
closed position. Install the throttle lever re-
taining pin. Install the throttle lever screw.

3. Install the engine idle speed adjusting screw
and spring. Install the fast idle adjusting pin
and screw.

Throttle Body

1. If the throttle plates were removed, position
the bushings on the throttle shaft and slide
them into the throttle body. Install the retainer
on each end of the shaft. Referring to the lines
scribed on the throttie plates, install the piates
in their proper location with the screws snug,
but not tight. Close the throttle piates and hold
the throttle body up to the light. Little or no
light should show between the throttle plates
and the throttie bores. If the throttle plates are
properly installed and there is no binding when
the throttle shafis are rotated, tighten and
stake the throttle plate screws.

2. Position the throttle operating shaft housing
back-up plate assembly gasket and piate as-
sembly on the throttle body by sliding them
over the clutch lever on the throttle shaft.

3. Insert the throttle operating housing attachirig
screws in the housing. Slide the housing gas-
ket over the screws.

4. Open the throttle plates and install the throttle
operating housing on the throttle body. If the
housing is correctly installed, the throttle
lever will close the throttle piates, but will not
open them.

5. Install the accelerating pump lever on the
throttie body.

6. Install the idle adjusting needles and springs.
Turn the needles in gently untii they touch the
seat, then back them out 1-1%2 turns. .

Main Body

1. Drop the acceierating pump discharge needle
into the well. Seat the needle with a brass drift
and a light hammer. Make sure it is free. Posi-
tion the accelerating pump discharge nozzie
gasket and nozzle in the main body; then in-
stall the attaching screw and gasket.

2. Place the choke rod seal in the groove located
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on the underside of the carburetor air cleaner

flange.

Working from the underside of the carburetor
air cleaner flange, slide the choke rod (with the
smali upset end to the top) through the open-
ing in the main body and rod seal.

- Place the air horn poppet vaive (if so equipped)

in position on the main body. From inside the
air horn, insert the pins through the main body
and poppet valve, install the spring, spring
seats, and retainers.

Position the choke plate shaft in the air horn.
Position the choke rod in the choke plate shaft
lever and over the spring.

Position the choke plate poppet valve over the
retaining screws, then position the choke plate
on top of the poppet vaive.

Place the spacers over the screws, then posi-
tion the flat spring over the screws so.that the
curved portion is down. Install the attaching
nuts.

Invert the main body and position the gasket
on the main body. Place the throttle body in
position on the main body sliding the choke
rod into the choke. rod lever as the throttle
body is placed into position. Install the throttle
body to main body screws and lockwashers.

Fuel Bowl and Metering Block

1.

Place the accelerating pump diaphragm
spring and diaphragm in the accelerating
pump chamber. The diaphragm must be
positioned so that the large end of the lever
disc will be against the operating lever. Install
the cover with the screws finger tight. Make
sure the diaphragm is centered, then com-
press the diaphragm with the pump operat-
ing lever and tighten the cover screws.

40

2

3.

10.

11.

. fnstall the fuel level sight plug and gasket.

Install the fuel inlet filter screen, gasket and
fitting.

Slide the baffle plate on the ridges in the fuel
bowl. '

fnstall the float spring on the float, slide the
float on the shaft and install the float retainer.

Apply petroleum jelly to a new O-ring seal and
slide it on the fuel inlet needle and seat
assembly.

Position the fuel inlet needle and seat assem-
bly in the fuel bowl through the top of the
bowl. Position the adjusting nut gasket and
nuton the fuel inlet needle and seat. Align the
flat on the ID of the nut with the fiat on the OD
of the fuel inlet needle and seat assembly.

Adjust the float so that the top of the float is
paraliel with the top of the fuel bow! with the
fuel bow! inverted (see Adjustment).

Install the fuel level adjusting lock screw and
gasket.

Using a socket wrench, install the power
valve and a new gasket. Be sure to install the
correct power valve. Refer to the specifica-
tions for the correct identification number.
The numberis stamped on a flat on the base
of the valve. Using a jet wrench, install the
main jets.

Position the metering block gasket on the
dowels on the back of the metering block. Lay
the metering block in place on the main body.
Position the baffle on the metering block,
then position the fuel bowl gasket on the
metering block. Place the attaching screws
and new compression gaskets in the fuel
bowl. Lay the bowl! in place on the metering
block. Tighten the screws.
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TYPICAL NOMENCLATURE

intex Index Index
Number Part Name Nembar Part Name Number Part Neme
1 Choke Plate 35 Metering Body Gasket 0 Choke Tharmostat Shatt Nut
2 Chpke Shatt Assembly 36 Pump Discharge Nozle Gasket 72 Fuel Vatve Saat Ad. Nut
3 Fas! idie Pick-up Lever 7 Throltie Plate 73 Choke Therm. Lever Spacer
4 Choke Hsg. Shaft & Lev. Assy. 38 Throt, Body & Shatt Assy. 74 Fast idle Cam Assembly
5 Fast idie Cam Lever 40 Fioat & Hinge Assy. 76 Choke Rod .~
& Choke Therm. Lev., Link & Piston 41 Fuel Inlet Valve & Seat Assy. 78 Choke-Therm. Shaft Nut L.W.
Assembly 42 Pump Oper. Lev. Adj. Scr. meu 78 Thermostat Housing Assembly
7 Choke Plate Screw 43 Fuel inlet Fitting 80 Cheke Rod Retainer
8 Themn. Hsp. Clamp Screw 44 Pump Discharge Noxze . - 81 Thermostat Housing Clamp
g Throtlle Stop Strew 45 Main Jet . ) 84 Fitter Screen Assembly
1 Fuei Bowl o Main Body Scraw 47 Pump Discharge Needle Vilve or w 86 Batfie Plate
12 Throt. Body Ser. & LW, | Check Bal: Weight 87 Pump Operating Lever
13 Choke Hsg. Ser. & L.W. - 48 Fower Valve Assembly a8 Purnp Operating Lev. Retainer
15 Fast Idte Cam Lever Screw 48 Fuel Yalve Seat 0" Ring Seal 93 Air Adapler Hole Pug
16 Fast 1dle Cam Lev. & Throl. Lev, or Gaskat 85 Throttle Lever
Screw & LW, 50 idie Keedie Seal 56 Throttie Shatt Bearing
17 Pump Oper. Lev. Adj. Screw 5 Choxe Rod Sea: 97 Throttie Shah 8rg. {center)
18 Pump Discharge Nozzle Screw 52 Choke Cold Air Tube Grommet 104 Diaphragm Link Retainer
19 Throttie Plate Screw 53 Pump inle! Check Ball 105 Ait Ven! Rod Spg. Retainer
20 Fuel Pump Cov. Assy. Scr. & LW, 54 Pump Discharge Check Ball 118 Thret. Link Connecar Pin Washer
21 Pump Cam Lock Scr. & L.W. 55 Choke Hsg. & Plugs Assy. 115 Meiering Body Vent Batfle
22 Fuei Valve Seat Lock Screw 56 Fuel Pump Cover Assy. 118 Pump Dper. Lever Stud
23 Fuet Level Check Plug 57 Fuel Bowt & Plugs Assy. ' Vent Tube
24 Fuet Level Check Plup Gaskel 58 Main Metering Bady & Plugs Assy. . Heat Tube Nut
25 Fusf Infet Fitting Gasked 53 Pump Diaphragm Assembly * Heat Tube Ferrule
26 Fuel Bow! Screw Gaskes 60 . | Float Spring Retainer . Fuei Tube Hose Clamp
27 Choke Housing Gasket B 71 Air Vent Retainer * Retainer
28 Power Valva Body Gasket £2 " Fast idle Cam Lev. Scr. Spring * Air Cleaner Stud {Lonag)
29 Thrattle Body Gasket B3, “Throttle Stop Screw Spring * Air Clezrer Stud (Short)
30 Choke Therm. Housing Gasket oo 64 " Pump Diaphragm Return Spring . Choke Heat Tube
3t Fange Gasket 65 Fast idle Cam Lev. Spring . Fuzl Line Hose
z Fuel Valve Seat Adj. Nut Gskt. 66 Pump Oper. Lev. Agj. Spring . Fresh Air Hose
33 Fuei Valve Seat Lock Ser, Gskt. 87 Pump Inlet Check Ball Retziner . Spring
34 Fuei Bow! Gasket 69 Float Spring

42




HOLLEY FOUR-BARREL CARBURETORS — MODELS 4150 AND 4160

HOLLEY FOUR-BARREL
CARBURETORS —
MODELS 4150 AND 4160

There are two models of the Holley four-barrei
carburetor, 4150 and 4160. The difference be-
tween the two models is in the design of the sec-
ondary metering body. In the 4150 model the sec-
ondary metering body is very similar to the prim-
ary metering body. In the 4160 the secondary
metering body is a plate-type assembly.

DESCRIPTION

The four-barre! carburetor is a downdraft, two-
stage carburetor (Fig. 1). It can be considered as
two dual carburetors; one supplying an air/fuel
mixture throughout the entire range of engine
operation (primary stage}, and the other function-
ing only when a greater quantity of air/fuel mix-
ture is required (secondary stage).

The primary section (the section on which the fuel
inlet is located) of the carburetor contains a fuel
bowl, metering block and an accelerating pump
assembly. The primary barrels each contain a
primary and booster venturi, main fuel discharge
nozzle, throttie plate and idie fuel passage. The
choke plate, mounted in the air horn above the
primary stage venturis, is manually controlied.

The secondary stage of the carburetor contains a
fuel bowl, metering block, and secondary throttle
operating diaphragm. The secondary barrels
each contain a primary and booster venturi, idle
fuel passages, main secondary discharge nozzle,
throttle plate, and a transfer system fuel passage.

An identification tag is found on the carburetor.
Do not remove this tag for any reason. This tag is
used in finding specifications for adjustment and
in ordering parts.

FiG. 1 — HOLLEY FOUR-BARREL CARBURETOR
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CARBURETOR SYSTEMS

FUEL INLET SYSTEM

Primary _

The fuel inlet system consists of a fuel bowl, fuel
inlet fitting, fuel inlet needle, seat and a float as-
sembly (Fig. 2). A fuel screen or inlet screen is
usually installed in the inlet fitting. Where there is
no filter in the inlet fitting, an inline filter must be
used to prevent malfunction due to dirty fuel.

NEEDLE AND
SEAT ASSEMBLY

SPRING

FUEL INLET

FIG, 2 — FUEL INLET SYSTEM

Fuel enters the fuel bowl through the iniet fitting,
and through the inlet needie and seat assembly.
Asthe fuel level in the bowl rises, so does the float.
When the float rises to a specified level, pressure
from the float and lever tends to seat the needle,
allowing no more fuel to enter. As the fuel is used
up, the fluid level drops allowing the float to drop
with it. Pressure from the dropping float and lever
assembly unseats the needle and fuel flows into
the bow! once again.

The basic fuel metering systems are calibrated to
deliver the proper mixture only when the float is
adjusted to the correct level. A float bumper
spring is installed under the float level in many
applications to stabilize the float movement.

Fioat level can be adjusted in two ways, internally
or externally, determined by the type of system on
the carburetor. With an internal adjustment, the
carburetor is removed from the intake manifold.
On the external adjustment, the carburetor
doesn't have to be removed from the intake
manifold.

Thefuel bowl is vented internally to the air horn by
a vent tube in the carburetor body, releasing ex-
cess fuel vapor.
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Fuel is transferred from the primary side to the
secondary side by the transfer tube. The tube is
connected to the inlet fitting of the primary side
and to the secondary fuél bowl. Fuel pressure
from the fuel pump forces the movement of the
fuel. '

Secondary

The secondary fuel inlet system is identical to the
primary system in its operation and components.

IDLE FUEL SYSTEM

The idle fuel.system supplies the air/fuel mixture
0 operate the engine at low and idle speeds.

The four-barre! Holley carburetor has identical
idle fuel systems for both primary barrels and
identical idle fuel systems for both secondary bar-
rels. The two secondary systems are slightly dif-
ferent from the primary.

Primary

From the fuel bowl, fuel flows through the main jet
into a small, angular, horizontal idle feed passage
that leads to a vertical idle well passage (Fig. 3).
Flowing up this idle well passage, fuel passes

through the idle feed restriction. After this pas-

sage, the fuel flows through another horizontal
passage and at the end of this passage is mixed
with incoming air from the idle air bieed. The
air/fuel mixture then flows down another vertical
passage to the bottom of the main body, where it
splits into two directions. One direction goes to
the idle discharge passage, the other to the idle
transfer passage and constant feed port (Fig. 3).
The mixture flowing down the passages leading
to the idle discharge passage flows past the
pointed tip of the idle mixture adjustment needle
screw. From here, the air/fuel mixture goes down
a short passage in the main body and down
another passage into the throttle body, where itis
discharged in the throttie bore below the closed
throttie plate. In the passages leading to the idle
transfer passage and constant feed port, the air/
fuel mixture flows unrestricted. The mixture exits
through the idie constant feed port. When the
throttle plate is closed, no fuel is discharged
through the idle transfer siot. At this point the
function of the transfer slotis to act as an air bleed
directly above the idle constant feed port and to
turther lean out the air/fuel mixture.

As more engine speed is desired, the movement
of the accelerator linkage causes the throttle
plate to open. When the throttle plate is opening,
the idle transfer slot is exposed to manifold vac-
uum, causing fuel to be discharged from the
transfer slot. As the throttie plate opens more,
engine speed increases, thus increasing the air
flow through the carburetor. The air flow is in-
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IDLE FUEL SYSTEM
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FiG. 3 — IDLE FUEL SYSTEM

creased further by the effect of the venturi. With
the resulting increases in air flow, the main meter-
ing system comes into operation with idle system
tapering off. Thus a smooth, gradual transition is
made from idle to operating speeds,

Secondary

The secondary idle system is very similar to the
primary system. One main difference is that there
isn't any idle mixture adjusting screws in the sec-
ondary idle system. The main purpose of the sec-
ondary idie system is to keep a fresh bow! of fuei
in the secondary fuel bowl. This isdone by the idle
constant feed port.

Fuel flows from the secondary fuel bowl, through
the secondary main jet into the metering body.
From here the fuel flows up the idle well and
through the idle feed restriction. Here it is mixed
with incoming air from the idle iransfer air bleed
to form the air/fuel mixture. The mixiure flows
down a number of passages to the throttle body.
From here to a slot below the throttle plate. The
transfer slot above it acts as an air bleed at idie.

MAIN METERING SYSTEM

Primary

In the primary main metering system (Fig. 4 and
5}, with the throttie partly opened, fuel flows from
the fuel bowl through the main jet. The main jet
meters the fuel into the main well. From the main
well, fuel flows past the main well air bleeds,
where it becomes mixed with air. The air/fuel mix-
ture continues up the main well, passing through
horizontal passages in the body, and exiting
through a horizontal channel to the discharge
nozzle in the booster venturi. The air/fuel mixture
is now mixed with the incoming air.

Filtered air enters through the high speed air
bleed in the air horn of the main body, and then
enters the main metering body through intercon-
necting passages. Because the air/fuel mixture is
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MAIN METERING SYSTEM
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FiG. 4 — MAIN METERING SYSTEM
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MAIN METERING FUEL AND AIR
RESTRICTIONS NP761

EARLY SECONDARY METERING BLOCK

lighter than liquid fuel, it responds faster to
changes in venturi vacuum and vaporizes more
easily when discharged into the airstream. The
amount of airffuel mixture flowing to the intake
manifold is requlated by the throtile plate posi-
tion, which also regulates the engine speed and
power output.

Secondary

The metering biock in the 4150 carburetor is simi-
lar to the primary metering block. In the 4160
Medel, the secondary metering body is a plate
within the secondary fuel bowl (Fig. 5).

in the 4160, fixed main metering restrictions are
located in the bottom of the metering body. Fuel

IDLE FEED
| BESTRICTION

WELL BLEED PB472

LATE SECONDARY METERING BLOCK

SECONDARY METERING BLOCK 4160

ACCELERATING
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"

AR BLEEC  BLEEDS
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s ot ey < s : -
BISTRIBUTOR MAIN DLE FUEL DE  OISTRIBUTOR POWER VALVE MAIN Pupr DU FUEL . iDLE POWER  DISTRIBUTOR
VACUUM PASSAGE TRAMSFER  FUEL VACUUM

WELL PASSAGE TRAMSFER  VACUUM VACUUM SYSTEM
PASSAGES PASSAGE  PASSAGE  PICK-UP  PASSAGE PASSAGE  PASSAGES  PASSAGE
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YIO58- A

PRIMARY METERING BLOCK 4150, 4160
SECONDARY METERING BLOCK 4150

FIG. 5 — METERING BLOCK PASSAGES
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for the idle and idle transfer system enters the
main well through these restrictions. Idle fuel
wells branch off each main well. Fuel travels up
the idie well through an idle restriction, where it is
mixed with the air entering through the secondary
air bleeds. Air enters the main well through the
secondary high speed air bleeds.

The air/fuel mixture is discharged out of the sec-
ondary nozzles located in the booster venturi. The
secondary transfer and main metering system are
only operative when the secondary throttle vaives
are opened.

POWER FUEL SYSTEM

During high power operation, the increased air
flow down the air horn tends to lean out the air/
fuel mixture. Additional fuel is required to enrich
the air/fuel mixture. The needed additional fuel is
supplied by the power fuel system. Vacuum to
actuate the power valve, found in the metering
block, is supplied through passages in the throttie
body and main body. At idle speed or under nor-
mal load, the vacuum supplied to the power valve
is sufficient to overcome spring pressure acting
on the power valve diaphragm; thus vacuum
hoids the power valve closed. At high-speed op-
eration manifold vacuum drops; thus the springin
the power valve forces the diaphragm to open,
allowing fuel to flow (Fig. 6). The path of the fuel is
through the power valve, then through the
diagonal restrictions in the metering block, and
finally into the main well, where it joins the main
fuel flow and enriches the mixture.

POWER FUEL SYSTEM

s MSCHARGE
NOZZLE

AIR BLEED
BOOSTER
VENTURI
POWER VALVE
RESTRICTION
POWER
VALVE
l [ AIR
MAIN JET 1~ ® FUEL
MAIN WELL MANIFOLD M AIR/FUEL

VACLUM

FIG. 6 — POWER FUEL SYSTEM

When engine speed is reduced, manifold vacuum
once again increases. This vacuum acts on the
power valve diaphragm to overcome spring pres-
sure. The power valve then shuts off the added
supply of fuel which is no longer necessary.
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There are many power valve variations, differen-
tiated by the sizes of valves and fuel passages, as .
well as a wide range of vacuum settings. ‘

When servicing a carburetor, the power valve
supplied in the kit should be used. Each power
valve is stamped with the vacuum setting. (Exam-
ple: 65 would indicate the valve would operate at
6.5 inches of vacuum.) A manufacturing code is
also stamped on the vaive.

It is very important that the proper gasket is used
on the valve and torqued to 100 in-Ibs. (Many
valves are considered faulty because fuel leaks
around the gasket and through the threads.) A
sudden change in idle characteristics or sudden
stalling due to idle richness can result from a
leaking power valve diaphragm. The power valve
diaphragm should be tested on a distributor test
machine vacuum system, or with a hand vacuum
pump equipped with a piece of rubber tubing that
will cover the diaphragm side of the valve,

SECONDARY OPERATION —
VACUUM SYSTEMS

At lower speeds and lower power requirements,
the secondary throttle plates remain closed, al-
lowing the engine to maintain the proper air/fuel
mixture (Fig. 7). When engine speed increases to
a point where additional air/fuel mixture is
needed, the vacuum controlled secondary throt-
tle plates begin to open automatically.

Vacuum from one of the primary venturi and one
of the secondary venturiis channeled through the
main body to the secondary vacuum diaphragm.
The bottom of the diaphragm is open to atmos-
pheric pressure. At higher speeds and higher
primary venturi vacuum, the diaphragm, operat-
ing through a rod and secondary throttie lever,
will commence to open the secondary throttie
plates. This action will start to compress the sec-
ondary diaphragm spring.

As thie secondary throttle plates are opening, a
vacuum signal is created in the secondary venturi.
This additional vacuum assists in opening the
secondary throttle plates to the maximum de-
signed opening. The secondary opening rate is
controlled by the diaphragm spring and the size
of the vacuum restrictions in the venturi.
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When the engine speed is reduced, venturi vac-
uum decreases and the diaphragm spring starts
to push the diaphragm down to start the closing
of the secondaries. Closing the primary throttle
plates moves the secondary throttle connecting
link.

PROMARY. -
VENTURI
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FiG. 7 — SECONDARY OPERATION — VACUUM SYSTEMS

Most production applications have a ball check
and bypass bleed instailed in the diaphragm pas-
sage. The ball permits a smooth, even opening of
secondaries but lifts off the inlet bleed to cause
rapid closing of secondaries when the primary
throttle vaives are closed.

No attempt should be made to convert vacuum
operated secondaries to mechanical operation.
Bolis or screws should never be installed in the
slot in the secondary throttle lever.

ACCELERATOR PUMP

When the throttle plates are opened suddenly, as
during guick acceleration, the air flow down the
venturi responds almost immediately and is
rapidly increased. Fuel responds more slowly to
this increased air flow since it is heavier than air.
The difference in response must be compensated
for, or a too lean mixture would result and the
engine would hesitate. The accelerating pump
system corrects this problem. It mechanically
supplies fuel unti! the other metering systems are
able to supply enough fuel to maintain a proper
mixture.
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The accelerator pump is a diaphragm-type pump
which is located in the bottom of the fuel bowl.
When the throttle is opened, the pump linkage is
actuated by a cam on the throttle lever, and forces
the pump diaphragm upward. When the dia-
phragm moves up, fuel pressure forces the pump
inlet check ball, or valve, onto its seat, preventing
fuel flow back into the fuel bowl. The diaphragm
pressure also forces fuel through a short passage
in the fuel bowl, and into the long, diagonal pas-
sage in the metering body. It then flows into the
main body passage to the pump discharge
chamber (Fig. 8). Fuel pressure causes the dis-
charge needle to unseat and fuel is discharged
into the venturi.

ACCELERATING PUMP
SYSTEM

DISCHARGE
.. NOZZLE

DISCHARGE
NEEDLE

B FUEL

o b BT PUMP

- OVERRIDE
DISCHARGE SPRING
PASSAGE
DIAPHRAG
DIAFHRAGM
PUMP INLET “RETURN SPRING

CHECK BALL

FiG. 8 — ACCELERATING PUMP SYSTEM

When the accelerator is moved rapidly, the throt-
tle plates go to the wide open position, the pump
override spring is compressed and allows the full
pump travel, by applying pressure to maintain the
pump discharge. Without this pump override
spring, the pump linkage would be bentor broken
because fuel, being a liquid, is essentially
incompressible.

As the throttle moves to the closed position, the
accelerating pump linkage returns the diaphragm
to its original position, and the diaphragm return
spring pulls the diaphragm back to its original
position. The pump inlet check ball is again un-
seated and fuel flows from the fuel bowl into the
accelerating pump chamber.
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ADJUSTMENTS _
FLOAT OR FUEL LEVEL ADJUSTMENTS

Float or fuel level adjustments are of two types —.

dry and wet. The dry adjustment is performed with
the float bowl! cover removed from the carburetor
body. It is performed on the internally adjusted
float models as well as the externally adjusted
models. The dry adjustment on the externally ad-
justed models is only a preliminary float setting.
The wet setting is performed as a final setting on
the externally adjusted models.

DRY ADJUSTMENT — EXTERNALLY
ADJUSTED FLOAT -

To perform the dry level adjustment on the exter-
nally adjusted float model, remove the float bowl
and float assembly from the carburetor body (if
the carburetor is installed on the intake manifold,
place a pan or container under the carburetor to

catch fuel that spilis out. Be careful not to spill

fuel on a hot engine as a fire may result). Loosen
the lock screw, invert the fuel bowl, and turn the
fuel level adjusting nut until the float is parallei
with the floor of the bowl. Reinstall the bow! (Fig.
9).

NOTE: When installing the fuel bow! cover as-
sembly, the gasket must be installed properly. The
accelerating pump passage is at the lower right of
the metering block. The gasket must be installed
with the hole over this passage to prevent block-
ing this passage.

DRY FUEL LEVEL

ADJUSTMENT
— EXTERNAL ADJUSTMENT ~

ADJUST
FLOAYT
PARALLEL
TO BOWL
FLO*Oﬂ

t

FLOAT LEVEL LOCK
ADJSE_’{}NG SCREW

F1G. 9 — DRY ADJUSTMENT ~~ EXTERNALLY ADJUSTED FLOAT

WET ADJUSTMENT — EXTERNALLY
ADJUSTED FLOAT

The fuel system must be working properly and
fuel pump pressure and volume up to specifica-
tions, before the final adjustment is to be made.
The engine is to be run on a level surface so as not
to affect the fuel level.
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Start the engine and run it 5-10 minutes at a fast
idle or until normal operating temperature is-
reached. Stop the engine. Place a container
under the fuel bowl cover sight plug. The sight
plug is found on the side of the fuel bowl. Remove

the sight plug (Fig. 10). No fuet'should run out and
the fuel level should be up to the bottom of the
sight hole. This is the correct fuei level.

b 5

FIG. 10 — WET ADJUSTMENT — EXTERNALLY ADJUSTED FLOAT

If the fuel level is below the bottom of the sight
glass hole; loosen the lock screw just enough to
turn the adjusting nut. To raise fuel level, turn the
adjusting screw one-sixth turn counterciockwise.
Tighten the lock screw. Reinstall the sight plug:
and start the engine. Never run the engine with a’
loose or disconnected lock screw or sight piug,
or fuel may be sprayed on a hot engine resulting’
in g fire. Run the engine a few seconds until the
fuel level stabilizes. Recheck fuel level. If further
adjustment is necessary, turn the adjusting screw
in one-sixth turn increments until the proper fuel
level is attained.

If the fuel level is too high, loosen the lock screw
just enough to turn the adjusting nut. Turn the
adjusting nut about one-half turn clockwise to
lower the float. Tighten the lock screw and
reinstall the sight plug. Run the engine a few sec-
onds until the fuel level stabilizes. Never run the
engine with a loose or disconnecied sight plug
or lock screw, or fuel may be sprayed on a hot
engine resulting in a fire. Recheck fuel level, If
further adjustment is required, turn the adjusting
nut in one-sixth turn increments coun-
terclockwise to raise the level or clockwise to
lower the level.

DRY ADJUSTMENT — INTERNALLY
ADJUSTED FLOAT
The dry adjustment is the only float or fuel level

adjustment performed on the internally adjusted
float units. If making this adjustment with the car-
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buretor instalied on the vehicle, place a container
under the fuel bowl cover assembly. This will col-
lect spillage when removing the cover assembly.
Do not spill fue! on a hot engine as a fire may
result. Remove the fuel bowl cover assembly and
invert it. When inverted, the lower surface of the
float should be parallel with the bottorn of the fuel
bowl cover (Fig. 11).Bend the tab on the floatarm
to adjust the float angle. Install fuel bowl cover
assembly.

NOTE: When installing the fuel bowl cover as-
sembly the gasket between the metering block
and cover must be installed correctly. The ac-
celerating pump passage is at the lower right of
the metering block. The gasket must be installed
with the hole in the gasket over this passage to
prevent blocking the passage.

When installing the fuel bow! equipped with
spring screws lightly lubricate the screws. Then
tighten the screws alternately from side to side.
Tighten each screw until the screw assembly bot-
toms in the main body. When bottomed, the screw
head will spring back a quarter of a turn when the
screwdriver is removed. Do not overtighten or the
springs on the screw assemblies may be
damaged.

DRY FUEL LEVEL ADJUSTMENT
- © —INTERNAL ADJUSTMENT—

UADJUST
S PLOAT
CPARALLEL: S
L TOROOR. .=

FIG. 11 — DRY ADJUSTMENT — INTERNALLY ADJUSTED FLOAT
CHECKING FUEL LEVEL — INTERNALLY
ADJUSTED FLOAT

On internally adjusted floats, fuel level may be
checked without removing the fuel bowl cover
through the use of the Keni-Moore wet level
gauge, number J10183 and a long screw that is
included in the kit. Install an O-ring on the long
screw and install the screw through the holein the
gauge. Install O-rings on both ends of the spacer
that comes with the gauge, and place the spacer
on the screw. Place a _container under the fuel
bowl! to catch any spillage. Do not let any fuel spill

on a hot engine as a fire will result. Remove either
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lower screw from the fuel bowl and quickly cover
the hole to prevent excess spillage. Quickly install
the long screw and gauge assembly to minimize
spillage, and tighten the screw just enough to
prevent spillage (Fig. 12). Runthe engineforafew
seconds until the fuel level in the gauge stabilizes.
Stop the engine and read the gauge. Compare to
specifications and adjust if necessary.

NOTE: Be careful when removing the gauge and
reinstalling the screw not to spill any fuel on a hot

engine as a fire may result.

OHECKING FUEI. LEVEL
- —INTERNAL ADJUSTMENT—

! WET LEVEL

T LOWER-LEFT

S SCREW. .
REMQVEN

FIG. 12 ~ CHECKING FUEL LEVEL WITH KENT-MOORE GAUGE

ACCELERATING PUMP OVERRIDE SPRING
ADJUSTMENT

To adjust the accelerating pump clearance, hold
the throttle plates wide open and fully depress the
pump lever. Install a .015" feeler gauge between
the adjusting screw head and the pump arm (Fig.
13). Turn the adjusting screw "in’' to increase the
clearance or “out’ to decrease the clearance.
One-half turn of the screw equals .015".

THROTTLE VALVES
i IN WIDE OPEN

SPRING POSITION

- . puMP LEVER Y
P OWN
__LLFHED D

FiG. 13 — PUMP OVERRIDE SPRING ADJUSTMENT

PUMP QOVERRIDE
ADIUSTING SCREW NP7569
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ACCELERATING PUMP STROKE

The accelerating pump stroke adjustment is con-
trolled by the position of the accelerating pump
cam behind the primary throttle lever. The agd-
justment is made by placing the throttle screw in
one of two numbered holes on the throttle lever
(Fig. 14). Hole number two delivers maximum fuel
through maximum pump stroke. Use the
specified hole for carburetor application.

ACCELERATING P

Fa

NG
PUMP CAM

FIG. 14 — ACCELERATING PUMP STROKE ADJUSTMENT

SECONDARY THROTTLE STOP
ADJUSTMENT

To adjust the secondary throttle stop, hold the
secondary throttie plates fully closed and turn the
throttle shaft lever adjusting screw coun-
terclockwise until the secondary throttie plates
seat in the throttle bore (Fig. 15). Turn the screw
clockwise until it just contacts the secondary
throttie shaft lever. Finally turn the screw
clockwise one-quarter turn.

V3 TURN AFTER
ADJUSTING SCREw
) 7T CONTACT W¥H LEVER
<
s/ o

SECORDARY
§T02 SCRET

SECONDANY
STOP LEVER

NP774A
FIG. 15 — SECONDARY THROTTLE STOP ADJUSTMENT
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CHOKE PLATE CLEARANCE (PULLDOWN)
ADJUSTMENT

To perform the choke plate clearance {pulldown)
adjustment, first remove the plastic choke ther-
mostat housing cover. To check if clearance ad-
justment is necessary, bend a paper clip. The
paper clip should be .030" to .036" in diameter
and the bent end should be no longer than 15" .
Insert this bent end into the piston bore in the
choke housing until the end of the bore slot is
hooked onto the paper clip (Fig. 16). Make sure
that the bimetal lever is in contact with the piston
lever adjusting tab. Move the piston and levers to
close the choke until the edge of the piston slot
engages the end of the paper clip. Measure the
pulldown clearance by inserting a twist drill of the
specified size between the choke plate and air
horn. If adjustments are necessary, bend the ad-
justing lever tang until specified measurement is
attained.

ELECTRIC AUTOMATIC
CHOKE PLATE CLEARANCE
(PULLDOWN) ADJUSTMENT

1/8-INGH BEND )(’ =N
“F———PISTON BORE

FiG. 16 ~~ CHOKE PLATE CLEARANCE {PULLDOWN;)
ADJUSTMENT

DECHOKE CLEARANCE ADJUSTMENT

The choke unloader is a mechanical device to
partially open the choke at wide open throttie, it is
used to eliminate choke enrichmentduring crank-
ing of an engine. Engines which have been
flooded or stalled by excessive choke enrichment
tan be cleared by use of the unloader.

To check the dechoke clearance, hold the throttle
plate in the wide open position. Move the choke
towards the closed position until the paw! on the
fast idle speed lever contacts the fast idle cam.
Insert a twist drill of the specified diameter be-
tween the upper edge at the choke plate and the
inner wall of the air horn (Fig. 17). A slight drag
should be felt as the twist drill is withdrawn. [f
adjustment is necessary, bend the indicated
throttle lever tang until the correct opening has
been obtained.
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AUTOMATIC CHOKE THERMOSTATIC
SPRING HOUSING ADJUSTMENT

To adjust the spring housing, first remove the air
cleaner, so the housing is accessible. Loosen the
three screws in the clamp that retains the spring
housing. Turn the spring housing so the aligning
mark on the housing is in line with the choke
housing index mark (Fig. 18). Tighten the screws.

AUTOMATIC CHOKE
THERMOSTATIC SPRING
HOUSING ADJUSTMENT

oy

THERMOSTATIC

FiG. 18 — AUTOMATIC CHOKE THERMOSTATIC SPRING
HOUSING ADJUSTMENT

IDLE SPEED ADJUSTMENT

To adjust idie speed install a tachometer on the
engine. Run the engine 5-10 minutes at a fast idle
or until normal operating temperature is reached.
Make sure the idie speed screw is in contact with
the throttle lever tang. Turn the idle speed screw
until the specified RPM is reached {Fig. 19). Turn
"¢ idle speed screw "in’' to increase idle speed.

urn the idle speed screw “out” to decrease idle
speed. After adjusting the idle speed screw,
rapidly pull back on the throttle lever and release.
Throttle speed should increase and return to
normal.
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IDLE
MIXTURE
SCREWS

FIG. 19 — IDLE FUEL MiXTURE AND IDLE SPEED ADJUSTMENT

IDLE FUEL MIXTURE ADJUSTMENT

There are two idle mixture screws on the four-
barrel carburetor. One needle is found on each
side of the primary metering block (Fig. 19). Turn
each screw “in’’ until it gently seats, then back
each screw "‘out’” 1% turns. This will provide a
preliminary setting, that can start the engine. Run
the engine 5-10 minutes at a fast idle or until
normal operating temperature is reached. Set the
engine idle speed to specifications. Turn each
idle mixture screw "in” until RPM drops from a
lean mixture. Turn each screw “out” until RPM
drops from a rich mixture. Finally turn each screw
to a point somewhere between the two exiremes
where maximum engine smoothness and RPM is
obtained. (Always try to keep each screw in pro-
portion to the other in relation to the number of
turns “out” or "in".) Always favor a rich setting
over a lean one. Recheck idie speed and reset if
necessary.

SERVICE PROCEDURES

Dirt, dust, water, gum and varnish deposits are
some of the main causes of poor carburetor
operation.

All parts except the diaphragms shouid be
thoroughly cleaned in suitable solvent or com-
mercial carburetor cleaner, then inspected for
wear or damage.

All restrictions and channels should be blown out

with air (see Figs. 20 and 35).

Experienced technicians develop their own order
or method of disassembly. ltis probably best fora
beginner to break the carburetor down into sub-
assemblies, keeping the related parts together.
The most important tool or asset of any car-
buretor repairman is a keen sense of observation.
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NOTE: Before disassembling any carburetor in
this series place the carburetor on a suitable
stand or legs. Legs can be made from four two-
inch cap screws and eight nuts. Screw one nut on
each cap screw about one inch from the end.
Place in the mounting holes and install the other
nut on the top. This procedure prevents nicks or
damage to the throttle plates or shafts.

DISASSEMBLY

Many carburetors do not have all the hardward
noted in the following steps.

1. Remove integral choke assembly and fast idie
cam (if used) (Fig. 25).

2. Remove choke fastidle lever screw and lever,
remove “E" clip, fast idle cam and lever (if
used).

3. Remove secondary vacuum diaphgram as-
sembly from carburetor body (Fig. 21).

4. Remove four fuel bowl screws and primary
fuel bow! assembly by sliding straight off
transfer tube (Fig. 26).

5. Remove primary metering body by sliding
straight off dowels or balance tube.

6. Remove power valve using 1" wrench or
power valve socket. Remove power valve

PRIMARY FUE|. BOWL

FUEL TRANSFER TUBE

SECONDARY THROTTLE
CONNECTOR LINK

SECONDARY IDLE
AIR BLEEDS

SECONDARY FUEL BOWL — 8

10.

11.

12.

. Count and

gasket and pump transfer tube with O-rings
(if used) from metering body (Fig. 28).

Remove gasket and main metering jets using "
%' wide screwdriver or proper jet socket (Fig.
28).

record exact number of
“clockwise” turns to seat each screw lightly.
The same number of turms mwst be main-
tained from the seat upon reinstaiiation. Re-
move screws and gaskets from metering.
‘body. Remove vent baffle (Fig. 29).

Remove screws attaching accelerator pump
cover to fuel bowl. Remove cover and care-
fully remove pump diaphragm and spring
(Fig. 30).

Remove fuel inlet fitting with screen or filter
and gasket.

Externally Adjustable Needle and Seat: Re-
move the fuel inlet baffle and remove the re-
tainer, float assembly and float spring (if
spring is used). Remove the adjustment lock
screw. Turn the adjustment nut coun-
terclockwise. Remove the locknut, gasket,
fuel inlet needle and seat.

Internal Needle and Seat: Remove fioat re-
tainer “E” clip, then slide float and spring out
of float chamber. Remove baffie, fuel inlet

PRIMARY IDLE
"> AIR BLEEDS

PRIMARY HIGH
SPEED BLEEDS

GOOSTER VENTURIS

SECONDARY HIGH
SPEED BLEEDS

FIG. 20 — TOP VIEW, MODEL 4160, SHOWING IDLE AR AND HIGH SPEED BLEEDS
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COVER

<
Y ‘ o DAPHRAGH

SECONDARY
DIAPHRAGM

DIAPHRAGM
HOUSING \

FIG. 21 ~ SECONDARY VACUUM DIAPHRAGM

CHOXE PLATE

SECONDARY Vatulm
PHAPHRAGH

FIG. 22 — CHOKE HOQUSING SIDE MODEL 4160, INTERNALLY
ADJUSTED NEEDLE AND SEAT

valve and seat. Discard gasket (Fig. 32).

Remove the plastic accelerator pump inlet
check valve (Fig. 31).
NOTE: The ball typ&inlet check valve is not
removable.

Remove secondary fuel bow! from carburetor
body (Fig. 33).

NOTE: Disassembly of the secondary fuel
bowl is similar to the primary bowl.

The fuel inlet baffles are notinterchangeable.

13.

14,

15. Remove secondary metering body plate and

gaskets from main body {Fig. 34}.

VACUUM
BALL CHECK

DIAPHRAGM

RETURN SPRING
& ..\
Fa SECONDARY ),

MAIN 8ODY

VD4

FIG. 23 — REMOVAL OR INSTALLATION OF PRIMARY
FUEL BOWL

NOTE: A clutch head screwdriver must be
used. Do not attempt to make one from a
regular screwdriver. Remove balance tube
washers and O-ring.

Model 4150 disassembly of the secondary meter-
ing body is simiiar to the disassembly of the prim-
ary metering body.
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FIG. 24 — REMOVAL OR INSTALLATION OF PRIMARY

METERING BODY

FIG. 256 — F\E?(AOVAL OR INSTALLATION OF INTERGAL

16.

AUTOMATIC CHOKE

Remove choke rod and seal. Uniess the
choke valve is bent or damaged, DO NOT
remove. :

NOTE: The choke plate screws are staked to
prevent loosening and care is necessary to
avoid breaking or stripping the threads in the
choke shaft. If necessary to remove plate,
remove staking with a file before loosening
screws.
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BALANCE
TUBE

PREIMARY FUEL BOWL

FUELBUMP ¥
LEVER

AT T ACCELERATING
/ PUMP OPERATING
FUEL BOWL hrcs

GASKET

ppyaL

FiG. 26 — REMOVING OR INSTALLING PRIMARY FUEL BOWL

BALANCE PREMARY METERING
BODY

MEseore

FIG. 27 — REMOVING OR INSTALLING PRIMARY METERING

BODY (WiTH PUMP TRANSFER TUBE}

POWER VALVE

MI.15480

FiG. 28 — PRIMARY METERING BODY WITH ACCELERATION

PUMP TRANSFER TUBE (DISASSEMBLED VIEW)

17. Remove pump discharge nozzle retaining

screw, thenlift out discharge nozzle. Remove
gaskets from nozzle (top and bottom), invert
carburetor and drop out pump discharge
needle or check ball and weight from dis-
charge passage.
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18. Invert carburetor and remove the throttle BAFFLE PLATE
body attaching screws. Remove the throttle
body and gasket.

19. Disassemble the secondary diaphragm.
CAUTION: Loosen four screws carefully and
free up cover to prevent catching edges of
diaphragm in cover screws.

FLOAT PIVOT PIN
- VENT BAFFLE FLOAT RETAINER” .

METERING BODY

B CLIP
IDLE MIXTURE
PUMP COVER A
A\ AND LEVER FLOAT SPRING PBATI
FIG. 32 — FUEL BOWL ASSEMBLY INTERNAL ADJUSTED

GASKET NEEDLE AND SEAT ...
GASKET v

IDLE MIXTURE
SCREW

GASKET MI-P5451

FiG. 29 - PRIMARY METERING BODY, FUEL BOWL SIDE
{DISASSEMBLED VIEW)

o PRIMARY FUEL

~ BOwL BALANCE TUBE SECONDARY METERING
,wfj DIAPHRAGM e sony MT-L34B
L RETURN SPRING C
I ACCELERATOR A S PR~
PUMP DIAPHRAGM LR ,§-/‘;= E‘%
CONTACT BUTTON 7 s
‘ FIG. 33 — REMOVAL OR INSTALLATION OF SECONDARY
FUEL INLET
EITHING > ACCELERATOR. FUEL BOWL {MODEL. 4160)
PUMP INLET ty e PUMP COVER
CHECK BALL 7 ASSEMBLY
(NOT REMOVABLE} Emzhude N
‘ i
PUMP LEVER pume
NP742 COVER SCREWS : ASSEM B LY
FIG. 30 — ACCELERATOR PUMP, DISASSEMBLED Make sure all holes in the new gaskets have been
BALL CHECK VALVE properly punched and that no foreign material
P _ CHECK VALVE has adhered to the gaskets. Make sure the ac-
' celerating pump diaphragm and the secondary

operating diaphragm are not cut or torn.

ASSEMBLING PRIMARY METERING BODY

1. Install idle mixture screw gaskets in passages.
Use head of screw to push into place.
NOTE: Inspect mixture screws. If the tapered
portion is grooved or ridged, a new mixture
screw should be installed to insure ability to

FLOAT BOWL maintain the carrect idle mixture. Turn screws

s in lightly against their seats. Back each screw

FiG. 31 — REMOVAL OR INSTALLATION OF THE PLASTIC PUMP cutthe exact number of turns recorded dun’ng
INTAKE CHECK VALVE disassembly (Fig. 29).

55



HOLLEY FOUR-BARREL CARBURETORS — MODELS 4150 AND 4160
ASSEMBLY FUEL BOWLS — (PRIMARY)

2.

FIG. 34 - REMOVAL OR INSTALLATION OF SECONDARY

Install a new gasket on power valve and install
with proper wrench or socket. Torque to 100
in-1bs. (Fig. 28).

install main metering jets using proper screw-
driver or jet wrench (Fig. 29).

Install fuel baffle (if used). Press metering body
and fuel bowl gasket down firmly on the
dowels (Fig. 29).

CAUTION: Be sure you are using the correct
metering body gasket and that bow/ gasket is
not covering the accelerator purmp passage.

L GASKET

SECONDARY METERING 7 e
BODY - prasas
METERING BODY (MODEL 4160)

YR y POWER VALVE
. VACUUM PASSAGE

SPARK VACUUM
PASSAGE

=

SECONDARY IDLE -

.

FiG. 35 — MAIN BODY PASSAGE IDENTIFICATION
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1.

Install plastic accelerator pump check valve in -
fuel bowl {Fig. 31), (if used). ‘

It ball type, check ball clearance under retain-
ing bar is proper (Fig. 36).

Install pump diaphragm return spring, dia-
phragm and pump cover. Be sure diaphragm is
centered and contact button is toward pump
iever in cover. install four attaching screws and
tighten evenly.

External Adjusted Fuel inlet Needle and Seat:
Apply Eubr:caung oil or petroleum jelly on a
new O-ring seal and shde iton the needle and
seat assembly.

Install the fuel iniet needle and seat assembly
through the top of the fuel bowl. Then install
the adjusting nut gasket. Align the flats of the
seat and the adjusting nut and install the nut.
[nstall the lock screw and gasket. Invert the
bowl and turn the adjusting nut until top of
float is paraliel to top of bowl. This preliminary
adjustment will run the engine until the fuel
level can be properly checked through the
sight plug hole after the carburetor has been
installed on the engine (Fig. 37).

6. Slide the inlet baffle into the grooves (Fig. 37).
7. Install float spring (if used) on float lever and

then install the assembly on the float shaft. Be
sure spring is properly located on fuel bow!
floor. Install the float retainer.

Install new gasket on fuel inlet fitting, install
screen or filter element. Tighten fitting
securely.

SECONDARY FUEL BOWL — (EXTERNAL
NEEDLE AND SEAT)

Assemble the secondary fuel bow! by foliowing
Steps 4 through 8 under assembly primary fuel
bowls.

1

FIG. 36 — CHECKING PUMP INTAKE BALL VALVE CLEARANCE



HOLLEY FOUR-BARREL CARBURETORS — MODELS 4150 AND 4160

" FUEL BOWL
INVERTED

ADJUSTING NUT
MI T30

FiG. 37 — PRELIMINARY FLOAT ADJUSTMENT EXTERNALLY

ADJUSTABLE FUEL INLET VALVE — INTERNALLY
- ADJUSTED FUEL INLET IS SIMILAR

FUEL BOWLS WITH INTERNAL FUEL INLET
NEEDLE AND SEAT _

Disregard Steps 4 and 5 under external adjusting
needie and seats.

1.

Install gasket on fuel inlet seat and install in
fuel bowl.

2. Tighten securely with proper wrench.

instalt fuel inlet needle.

Install float assembly as described under Step
7. To adjust the dry float setting (internal nee-
dle and seat), adjust float parallel to bowi floor
as illustrated in (Fig. 37). If an adjustment is
necessary, carefully bend float tang untii
proper adjustment has been obtained using
care not to nick or damage portion of tang
which contacts needle.

ASSEMBLING MAIN BODY

1.

Piace a new gasket on throttle body, then
lower main body down on throttle body.
NOTE: Be sure the gasket fits the throttle body

~and main body.

Hold assembly together, invert assembly and
install attaching screws.

CAUTION: Primary throttle bores must be on
primary venturi side (choke side).

install levers, springs and screws into throttle
body. Torque attaching screws eveniy in
stages to 50 in-Ibs. (Fig. 38).

Install accelerator pump discharge needle or
ball and weight (if used) in pump discharge
passage under choke valve,

Install pump discharge nozzle gasket on noz-
zle screw, install nozzle, second gasket and
install assembly in position. Tighten screw
securely.
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MAIN BODY

HT-158%}

FIG. 38 — INSTALLING AND TORQUING THROTTLE

BODY SCREWS

MODEL 4160 ASSEMBLY

1.

Install balance tube into main body.
CAUTION: Install new o-rings and washers at
each end. Be sure O-rings and washers are
seated in recesses on both primary and secon-
dary side (Fig. 39); otherwise fuel leakage will
occur. :

Install a new secondary metering body (plate)
to main body gasket followed by the metering
body (plate) (Fig. 34). Install six clutch head
screws. Tighten evenly and securely with a
proper clutch head screwdriver.

Position balance tube (if so equipped) so that
only 1" extends beyond the secondary meter-
ing body (Fig. 39).

PRIMARY BOWL AND METERING BODY
ASSEMBLY

1.

If metering body and bowl gaskets were not
installed previously under No. 4, describing
assembly primary metering body {also secon-
dary on model 4130), do s0 now. Press gaskets
down firmly ondowels, not only to hold them in
place but to prevent bowl gasket from interfer-
ing with the float (Figs. 27 and 29).

Install eight bow! screw gaskets on the screws.
NOT IN THE RECESSES.

NOTE: This prevents shearing off gasket fibers
which could enter the fuel bow! and partially
stop up a main metering jet.

Carefully install primary metering body over
balance tube (if used) and press firmly on dow-
els (Fig. 40).
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4. Install fuel bowl on metering body, positioning
pump lever in proper position over pump
operating lever.

1 INCH

BALANCE TUBE
o R

\WASH\ER -

.. SECONDARY
i METERING

BALANCE TUBE

METERING BODY

)

GASKET |

FUEL TRAMNSFER
TUBE

. NF758A

FiG, 40 — INSTALLING PRIMARY METERING BODY (MODEL 4160)

Carefully install four bowl screws and gaskets
and torque all bowl screws evenly in stages to
specification.

5. Install a new O-ring on the extreme end of each
end of fuel transfer tube. Apply petroieum jeily
lightly on O-ring and install transfer tube into
opening in primary fuel bowl. The O-ring will
roll into proper position as tube is installed
{(Fig. 27).

MODEL 4150 SECONDARY BOWL AND
METERING BODY ASSEMBLY

The secondary metering body of the Model 4160
was installed under “2”, Model 4160 assembly.

1. Instali secondary metering jets, power valve (if
used) and bowl vent (if used). Install metering
body gaskets. Press firmly on metering body.
Install bow! gasket on face of metering body.

Press down firmly on the nine dowels, similar

to the primary installation.
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2. Carefully slide secondary fuel bow! on fuel

transfer tube and seat on gasket. Install four
bowl screws and gaskets and torque evenly in
stages to specification.

3. Install accelerator pump discharge needle or

ball and weight (if used) in pump discharge
passage (in air horn). .

4. Install pump discharge nozzle gasket on noz-

zle screw, install nozzle, second gasket and
install assembly in position. Tighten screw
securely.

FIG. 41 — COMPARISON SECONDARY METERING BODIES
MODEL 4160 LEFT — MODEL 4150 RIGHT

ASSEMBLING SECONDARY DIAPHRAGM
(FIG. 21)

1. Position diaphragm in lower housing so that:
the diaphragm vacuum hole is aligned with
vacuum hole in lower cover.

2. Install diaphragm return spring with small end
snapped over botton in cover.

3. Stand diaphragm stem and lower housing in a
socket or support to keep the diaphragm in
position as the spring and cover are installed.

4. Align vacuum port in cover with port in hous-
ing. Install cover and four cover screws.
Tighten securely.

5. Check diaphragm by pressing in on stem and
placing finger over port. Diaphragm should
stay in retracted position.

6. Install new gasketin vacuum passage recess in
diaphragm housing. Engage diaphragm in
secondary lever. Install housing on carburetor
body, install screws and tighten securely.



HOLLEY FOUR-BARREL CARBURETORS — MODELS 4150 AND 4160

0§

ELEE

-3

H—-

ﬂ?—.ﬂ
124
" 156 149 © 53::
[ wg 00
b1 el
IR L
133 %@
9 1 37——?
- 51—
1—E
T2 ) 5i—&
12
71—a
1}

*99@@5“55
163 n
y PN 4

1 EXTERNALLY ADJUSTED NEEDLE AND SEAT
2 INTERNAL NEEDLE AND SEAT

END INLET FiLTER 8D WY

FIG. 45 — EXTERNALLY ADJUSTED NEEDLE AND SEAT
59



HOLLEY FOUR-BARREL CARBURETORS — MODELS 4150 AND 4160

TYPICAL NOMENCLATURE

Irachex index indax
Number Part Hame Number Part Nams Numbar Part HNams
1 Choke Fiate 61 Flange Gasket 127 Choke Thermestat Shaft Nut
3 Fast ldle Pick-up Lever 62 Theotlie Plate - Primary Throttie Lever Ball Nut
4 Choke Housing Shaft & Lever Assy, 83 Throtiie Plate - Secondary 132 Fuel Valve Seat Adj. Nut
8 Choke Therm. Lev., Link & Piston 54 Thiot. Body & Shaft Assembly 133 Choke Thermastat Lever Spacer
Assembly &5 Fuel Line Tube 134 Pump Check Ball Weight
19 Choke Plate Screw &7 Mdie Adusting Needle 135 Pump Cam
11 Thetm, Housing Clamp Screw 68 Floal & Hinge Assy. -'Pimary 138 Choke Fod
12 Theottle Stap Screw 58 Fioat & Hiage Assy. - Secondary 139 | Thottle Connecting Rod
16 Sec. Diaph. Assy. Cav. 5¢1, & L. W, L4 Pump Lever Adjusling Screw Fitling 141 Thiottle Lev. Ball Nul Washer
17 Fuel Bow! to Ma:m Body Screw - 7 Pump Discharge Nozzie 143 Choke Shaft Nu! Lock Washer
Primary 8 Mam Jet - Primaty 145 Therm. Hsg. Assy. - Complete
18 Fuel Bowl to Mamn Body Screw - 82 Pump Dischaige Needle Valve 15¢ Thret. Connector Pin Retainer
Secondary g: gawlefl_va;‘fs s‘“yc'}' F;uma;y | 151 Choke Rod Retainar
vel Line Tube "G'" Ring Sea
1% Diaph. Leve: Adjusting Screw 57 Fuel Valve Seat 'O Rmi Sea? i:i E:::,;oi:J:tn;?l;:,gngog;fr:;te' Pan
20 Throt. Body Screw & Lock Washer 88 idie Neegle Seal o Fitter Sereet
a Dyaon rsg, Assy. Sci. 8 L W. 83 Choke Red Seal 163 Baitle Plate - Primary {Brass)
z Choke Housing Sciew & L. W. % Diaphiagm Housng Check Ball-Sec. 164 | Batfle Plate - Secondary
26 Dsaph. Lev. Assy, Scr, & L. W. 51 Pump Iniet Check Ball 165 wetering Bady vent Baftle
a Thiol. Plate Screw - Primary 92 Thiottle Leve: Ball 167 | FuelInlet Filter
28 Thiot. Plate Screw ~ Secondaty 91 Pump Drscharge Check Ball 168 Diaphiagm Levet Assembly
23 Pump Lever Adjusting Screw 95 Sec. Diaphiagm Housing Cover 168 Pump Opetating Leves
gg ;:ump glsml_mgﬁ l;ozzle Scre 8 Secendaty Metering Body Plate 170 Pump Operat:ng Lever Retainer
34 F:':;DP“:; C‘:!cv Ai':; Scr. & L.w 3 Aw vent Cap 573 Secondary Diaphragm Housing
i35 Secondasty Melarlsng B{;dy S-mew. - 108 Choke Hsg. & Plugs Assembly 172 Theot, Sha't Brg. Pn. & Sec. (Ribbon}
36 Thiot. Bedy Screw - Special 101 Main Metering Bady & Plugs Assy.- 173 Theet, Shall Big. Pr. & Sec. {Ritbon)
b Fuel Valve Seat Lock Screw Primary t73 | Thol. Shalt Bearing - Pr(, (Salid)
4 Fuel Levei Check Plug 162 ’“a’“s""e‘e’a’“g Body & Plugs Assy.- 189 | Baffle Piate - Primary {Plastic)
ecangaty wee Fuel Valve Clip
:i Eﬁ: %3‘{5: g:aef E:sl:egt Casker 103 Fuel Pump Cover Assembly 199 | Pump Oper. Leves Stud
45 Fue! Bow! Screw Gaskat 104 Fuel Bowl & Plugs Assy.-Primaty
46 Sec. Diaphiagm Housing Gasket igg ;Z‘::;‘E’:gz‘:gp;":s::"’:bg““-
47 Choke Housing Gasket 109 Secondary Diaph, Link Retaine:
49 Choke Thermostal Housing Gasket t10 Att Vent Rod Spring Retaner
50 Sec. Meteting Bedy Plate Gasket 111 Fioat Retaines
51 Fuel Valve Seat Ad;. Nul Gasket 13 Chake Control Lever Retaine:
52 Fuel vaive Seal Lock Screw Gasket 115 Fast idie Cam Lever Screw Spring
53 Trrol. Body Screw Gasket 115 Theottle Stop Scraw Spring
54 Pump Discharge Nozzle Gashet 117 Secondary Diaphragm Spring
55 Melering Body Gasket - Primary 118 Diaphragm Retwn Spting
36 Metering Body Gaske! - Secondaty 119 Fast idle Cam Lever Spring
57 Fuel Bawl Gaskel 120 Puttp Lev. Ad). Screw Spring
5B Throttie Body Gasket 122 Pump Inlet Check Ball Ret. Spring
&6 Fuel Inlet Filter Gasket 124 Float Speimg - Pri. & Sec.
125 Fuel lnlet Filter Spring

60




HOLLEY FOUR-BARREL CARBURETORS — MODELS 4150 AND 4160

1% CLEAMER ANCHDR SCREW
-y COVER
ACCELERATING PLMP DISTHARGE HOZZLE , el

T st 14 PHRAGM SPRIND
ACCELERATING PUMP DISCHARGE HEEDLE i DIAPHRAGM ASSEMBLY
H
CHOXE RO PICK.UP LEVER 2ND BUSHING ? i
GOVERNOR HOUSING  FAST WDLE CAM PLUNGER -
_ CHOXK
GOVERRDA SPRING GOVERNDR  FAST SBAEY P
SPRING b IDLE PIN

SECOHDARY VACUWA CHECK BaLL
SECOMDARY HOUSRIG
FUEL LEVEL SIGHT PLUG AND GASKET

ISLE LIMITER

: 4 IDLE

CHOKE FPoannsTmg

g RO SEAL CHONE [ NEEDLE SECOMDARY FUEL DOWL
|

ATE / ‘ 2
W 3 k
n c"@/ s =i SECONDARY FUEL BOWL GASKET
. FUEL £HRICRMENT ;7 T &) R, SECONDARY METERING BLOCK
w2l sre— IDLE LIVITER
LI,
. - MFUEL TRAMSFER TUBE
3 N - FUEL ENRICHMENT YALVE GASKET

-_:--; i ;m?*--.muuci TUBE
i O.RING SEAL

“""‘—-—-—.wasuen
ME TERNG DLOCK GASKET
CLEAM AR FITTIRG

CHOKE GOMTROL LEVER
GOVERNOR HOUSING covin\."‘ %
GOVERNOR LEVER \ =
i Mo P
GOVERNOR DiaPHRAGHM coveu—-—f—--*
4

Py

GOVERHOR DIAPHRAGH

GOVERNDA

-
PLUNGERZ A
SPRING /g
FAST IDLE Cam

DISTRIBUTOR AND SHAFT POWER
Fritg © LOCKSCREW ASSEMBLY  vaLve HAm RO

DOYERNDR HOUSING SEAL

. mstT\\"% BAEFLE
FUEL LEVEL .

ADIVETING WU e FUEL INLET
GAGRE | wmmmm—tne i HEEDLE AND
)

SEAT
FUEL LEVEL SIGRT PLUG FLOAT
AND GASKE® ORIG ks
{\ \ BAFFLE '
> o PLAIE . PRUWARY METERING BLDGK

> 4 igl.-——-r AT 5P
g e = LOAT SPAWG

THROTTLE BOOY .TO.MAIN BOGY GASKET
THROTTLE OPERATING HOUSING PLATE

SHAF T BUSHMNGS

1 SECONDARY THROTTLE PLATIS
" ‘,4 WASHER
SECOMDARY THROTTLE SHAFT
// SPALER
n THROTTLE COMNNECTING RGD
e / THROTTLE SHAFY DRIVER
Ao J/
.

=¥ THAGTTLE
¥ GPERATING LEVER
-~

& PRIMARY FUEL BOWL N
- ACCELERATING PUMP bl & \
/ o BIAPHRAGM SPRING - CBERATING LEVER ur“ 1wl "3 ~
- .
€2 DIAPHRAGH ASSEMBLY PRMARY THRETTLE PLATES HoT ENGINE : ‘ﬁ{
. ~
o FRIMARY THROTT H, ¥
¢GRI o ACCELERATING PUNP COVER ROTILE SHAFT &
‘»‘.:;""ﬁ“i\;‘ THROTTLE OPERATING HOLBING ’
THROTTLE PICK.UP LEVER
ACCELERATING PLMP Cam pITTe.C

FIG. 46 — CARBURETOR ASSBEMBLY - 4150 WITH GOVERNOR

TROUBLESHOOTING FLOODING

| A simple cause of flooding is the use of an impro- .
Many problems attributed to the carburetor are per starting procedure on the part of the operator.
caused by other vehiclé systems. Proper and Causes requiring a disassembly of the unit are;

careful diagnosis is a must. high fuel level or float setting, a fuel inlet needle
) ) not seating properly due to a worn needle or seat,
If the problem seems to occur in one engine cy- aloose fuel inlet needle valve seat, or a sticking or

linder, the ignition system may be at fault. If the restricted float operation.
problem seems to occur in all engine cylinders,

then the problem could be carburetion. When

carburetion is thought to be at fault, check the

fuel system first. Dirt or water in the gas tank often HARD STARTING

show the same sympthoms as carburetion prob- Hard starting when attributed to the carburetoris
lems. Pressure and volume tests, and observation often due to improper starting procedure causing
will determine if the fuel system is the cause of the aflooded engine. If used, check io see if the choke
problem. "~ linkage is binding. Also check to see if the choke
plate is binding. Observe if the setting on the

ily disassemble the carburetor when positive thermostatic spring housing is correct. Check for
that disassembly will correct the problem. Make the correct carburetor gasket or spacer combina-
sure all other causes have been eliminated. Often tions. On disassembly of the carburetor, check

a simple solution is overicoked, and carburetor the fuel level orif the fuel inlet needle is sticking or

teardown results in wasted time and effort. incorrectly seating.
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STALLING

Stalling can be caused by the foliowing whether
the engine is hot or cold: idle speed set too low,
incorrectidle fuel mixture, dirt, water, orice in the
fuel filter, carburetor icing (coid, wet or humid
weather) or a leaking manifold or carburetor gas-
ket. On the carburetor body check for excessive
looseness of the throttle shaft in the throttle body,
or clogged air bleeds or idle passages.

ROUGH IDLE

Rough idie is caused by a number of items. On
items not requiring disassembly of the carburetor
check for: an improperly adjusted idle air/fuel
mixture, an idle mixture adjustment needle screw
thatis grooved, worn or otherwise damaged or an
air leak between the carburetor and intake man-
ifold due to looseness or a leaking gasket.

On disassembly of the carburetor check for: an
improper fuel level or float setting, restricted idle
air bleeds or fuel passages, bent or damaged
throttle plates or shaft, or a leaking power valve,
power vaive gasket or diaphragm.

SURGING ABOVE IDLE SPEED

The causes of surging not requiring carburetor
disassembly are: low fuel pump pressure or vol-
ume, or a clogged fuel filter or filter screen.

The causes requiring carburetor disassembly are:
low fuel level or float setting, a clogged main jet,
or a main jet not suited to the engine application.

HESITATION ON ACCELERATION

Hesitation can be defined as when the engine
hesitates or develops a flat spot upon accelera-
tion. Hesitation can be caused by an air/fuel mix-
ture that is either too lean or too rich.

Hesitation due to a lean mixture, not requiring
carburetor disassembily can result from: an incor-
rect accelerating pump stroke adjustment, low
fue!l pump pressure, an air leak between the car-
buretor and intake manifold, or an air leak at the
throttle shaft due to a worn throttle shaft.

Those causes corrected by carburetor disassem-
biy are: sticking inlet needle, a restriction in the
main fuel passage, defective accelerating pump
diaphragm, accelerating pump fuel inlet vaive not
seating upon acceieration, accelerating pump
discharge valve ball check or weight not fully
coming off its seat or failing to seat properly on
the reverse stroke of the pump diaphragm, an air
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leak at the accelerating pump cover caused by a
damaged gasket or warped pump cover, a restric-
tion in the accelerating pump discharge passage
or a stuck power valve.

On hesitation due to arich mixture the causes that
do not require carburetor disassembly are: ex-
cessively dirty air filter, incorrect accelerating
pump adjustment, a malfunctioning automatic
choke, or excessive fuel pump pressure.

The causes of hesitation due to a rich mixture that
are corrected by carburetordisassembly are: high
fuel level or float setting, fuel iniet needle not
seating properly due to a worn needle or seat,
restriced air bleeds, power valve leakage, a bro-
ken power valve spring, an accelerating pump
outiet ball that is not seating properly or a dam-
aged main metering jet.

REDUCED TOP SPEED

Reduced top speed is the inability to operate at
full capacity. The causes that do not require car-
buretor disassembly are: improper throttle lin-
kage adjustment, faulty choke operation, or an
excessively dirty air filter.

Those causes requiring carburetor disassembly
are: an incorrect float level, a restriction in the
main fue! passage, an improper size or restricted
main jet, restricted air bleeds, or an inoperative
power valve,

SECONDARIES DON'T OPEN

Secondaries not opening is a problem relating to
four-barrel carburetors. It can be caused by stick-
ing secondary throttle plates, a ruptured or leak-
ing secondary diaphragm or plugged venturi vac-
uum ports.

SPECIAL TOOLS

Kent-Moore — For Model 1940 ~— J-10237-02
Staking Tool

Kent-Moore — For Two- and Four-Barrel Mod-
els —J-10193 Fuel Level Gauge

Tools available from:

Kent-Moore Corporation
1501 8. Jackson
Jackson, Michigan 49203
1-517-784-8561



TORQUE SPECIFICATION

Air Cleaner Siuds {Flame Arrester) 3 in-lbs | Throtile Piate and

Arr Horn/Main Body Screws 10 in-ibs | Secondary Plate Screws 10 in-1bs
Choke Housing Screws 51n-ibs | Fuel Inlet Seat 10 in-ibs
Choke Plate Screws 61n-itbs | Main el 10 1n-lbs
Fast Idle Cam Nut 10 in-lbs 1 Power Valve Cover 10 in-lbs
Fuel Iniet Screen Nut 60 1n-lbs | Pump Discharpe Nozzle Screw 15 in-lbs
Idie Jet 10 in-lbs | Fuel Bowl Screws (Standard) 45 in-lbs
Pump Diaphragm Cover Screws 3 in-ibs (Spring Type} 1/4 Turn Return
Secondary Shaft Nut 10 in-lbs

CARBURETOR SPECIFICATIONS

D2JL D2JL D3JL D4JL D4JL DIFF D4JL
CARBURETORS C E S F G “TA J
Carburetor Size
Throttle Bore Diameter
Primary — 1.5 1.5625 1.50 1.5 1.5610~ 1.687 1.686
Secondary — 1.5 1.5625 — L.y | 1.5610 1.687 1.686
Venturi Diameter
Primary — 1.094 1.250 1.187 1.094 1.250 1.375 1.375
Secondary — 1.094 1.3125 — 1.094 1.312 1.437 1.437
Fuel System ,
Fuel Level (Wet) @ o @ ® @ @ ONE @ ® ©
Fioat Level (Dry) . @ & @ ® @ @ )
Main Metering System
Main Jet
Primary — ‘ #58 #64 #60 #582 #622 #72 #722
Secondary — . N/A N/A — | N/A N/A #84 N/A
Power Valve 85 50 50 83 25 85 85
Idle Mixture (Prelim. Setting) 114 ¥4 114 1A 3% 114 12%)
Accelerator Pump System ' ‘
Capacity — cc/10 Strokes 21-31 25-35 25-35 21-31 22-32 18-22 17-27
Pump Rod Location #2 #1 #1 #2 #2 #2 #2
Overnide Spring Adjustment RUER 0157 0157 0157 0157 0157 0157
Pump Cam Color Red Pink Pink Red Pink Red Red
Idle Speed
Curb Idle RPM 550-575 | 550-575 | 550-575 | 550-575 | 5350-575 | 550-575 | 550-575
Choke Cover Setting 3Lean | 3 Lean | 3 Lean | Index | Index Index Index
Dechoke 3007 300" 3007 3007 270 3007 3007
Choke Qualifying 1407 1407 L1407 1407 1207 1407 1407
Secondary Throttle Opening V5-15 1415 — Va-14 14-34 Yanish 14-15
Supplier Holley | Holley | Holley | Holley | Holley Holley Holley
Supplier I.D. Number 6407 | 6576-A | 7036 ® @ 6361 ®
Carburetor Model 4160 416{) 2300 4160 4160 4150 4160
@ Lower Edge of Sight Plug Hoie. @14™ Primary 34°* Secondary.
@ Parailel with Float Bow! Floor (bowl inverted). ® Use Kent Model Gauge #10193.
@14 Primary 3’ Secondary. ® 7159, 9393, 50418, 80264

@ 7163, 9392, 50419, 50463, 80265
7128, 9394, 50399, 80262
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HOLLEY CARBURETOR PROBLEM DIAGNOSIS

Floading or Leaking
Carburetor

Hard Starting

Stalling

Rough Idle

Poor Acceleration

Cracked carburetor body, or fue!
bowl.

Defective main body andlor fuel
bow! gasket(s).

High fuei level or float setting.
Fuel inlet needle not sealing prop-
erly or worn needle andfor seal.
Ruptured accelerating pump dia-

phragm.
Excessive fuel pump pressure.

incorrect setting of choke thermo-
static spring housing.

improper starting procedure, causing
a flooded engine.

improper carburetor fuei level.

tmproper idie adjustments.

Sticking or incorrectly seating fuel
intet needle.

incorrect fuel pump pressure,

ENGINE HOT QR COLD

Incorrect idie fuel mixture.

Engine idle speed too slow (fast or
cold idle adjustments).

Dirt, water or ice in fuel filter,

Positive crankcase ventilation sys-
tem malfunctioning or restricted.

Fuel lines restricted or leaking air.

Fuel tank vent restricted,

Improperly adjusted idle mixture
screw.

Throitie plates andfor throttle shaft
bent or damaged. Throttle plates
misaligned.

Positive crankcase ventiialion sys-
tem malfunctioning or restricted.

Idle adjusting needle(s) grooved,
worn or otherwise damaged.

Idle air bleeds restricted.

idle air or fuel passages restricted.

tdle discharge holes not in proper
relation to throttle plate(s).

Excessive dirt in air cleaner.

High or low fuel level or fioat set-
ting.

Poor acceleration compiainis fafi

under one of three headings: the
engine is sluggish on accelera-
tion, the engine stalls when accei-
erated, or the engine hesilates or
developes a flat spot when acceler-
ated. Poor acceleration is caused
by either an excessively lean or
rich mixture on acceleration

andlor defects or improper adjust-
ments in the ignition system.
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Defective power valve gasket.

Ruptured power valve diaphragm.

Loose fuel inlet needie valve seat or
seat gasket damaged or missing.

Sticking andfor restricted float oper-
ation.

Fioat tab surface rough.

Dirt or foreign material in fuel holds
fioat needlie valve open.

Improper carburetor gasket andfor
spacer combination,

Choke linkage or plate binding.

Binding or broken manual choke
tinkage.

Hestrictions or air leaks in the
choke vacuum or hol air pas-
sages.

Dirty air cieaner element.

L.eaking intake manifold or car-
buretor gaskets.

Carburetor icing (cold, wet or humid
weather).

Incorrect throttle linkage adjustment
to carburetor.

Clogged air bleeds or idle passages.

Befective fuel pump.

Excessive looseness of throttle
shaft i bore{s) of throttie body.

Fuel inlet needie nol seating prop-
erly, or worn needle or seat.

Power valve ieaking.

Restricted air bleeds.

Plugged idle fuel channel restrictor.

Air leak at carburetor mounting or
intake manifold gasket.

Piugged main metering jet.

Accelerating pump discharge ball
check or needle andfor weight not
sealing properly.

Fuel pump pressure too low, or ex-
cessive.

Fuel siphoning from secondary
main fuel system,

Restriction in main fuel passage.

Air leak below carbureior or at in-
take manifold gasket,

A Lean Mixture on Acceleration

Can Be Caused by:

Incorrect accelerating pump siroke
adjustment.

Accelerating pump diaphragm de-
fective.

Low fuel pump pressure,

Sticking fuel inlet needle.

Low fuei level or float setting.

Restriction in main fuel passage.



HOLLEY CARBURETOR PROB.LEM'DIAGNOS!S

Poor Acceleration
{cont.)

Inconsistent Engine
Idle Speed

Automatic Choke
Siow Warm-Up, on
Too Often or Long

Surging {Cruising
Speeds to Top Speeds)

Reduced Top Speed

Air leak between the carburetor and
manifold caused by loose mount-
ing bolts or defective gasket,

Air leak at the throttle shaft caused
by a worn throttle shaft. &

Accelerating pump fuel inlet valve

not seating on acceleration.

Restriction in the accelerating -
pump discharge passage.

Accelerating pump discharge valve
ball check or weight not coming
fully off its seat, or failing to seat
properly on the reverse stroke of
the pump diaphragm.

Air leak at the accelerating purnp
cover caused by a defective gas-
ket or warped pump cover.

Defective power valve spring.

Defective secondary diaphragm.

Air leak where secondary vacuum
pick-up tube fits into air horn, be-
tween air horn and main body, or
between the secondary dia-
phragm housing cover and hous-
ing.

Secondary throtile plates wedged in
barrels.

Bent secondary throttle shaft.

Secondary throttle plates operating
rod binding, or disconnectad

Fast idle screw contacting low step
of cam at curb idle.

incorrect throttle linkage adjust-
ment to carburetor.

Binding or sticking throttie linkage
or accelerator pedal.

Sticking carburetor throttle shafl.

Thermostatic choke setfing too
rich.
Chake linkage sticking or binding.

Clogged main jets.

Improper size main jels.

Low fuei levet or float setting.
Clogged filter or filter screen.

Excessive dirt in air cleaner.

Improper size or obstructed main
jets.

Float setting too high or tco low,

Fuet pump pressure or voiurne too
high or oo low.

Power valve spring weak, or power
valve restricted.

Restricted air bleeds.

Restriction in main fuel passages.

Throtile plates not fuily open.

Faulty choke operalion.

improper throtile linkage adjust-
ment.

Air leak whe-e secondary vacuum
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from secondary diaphragm or
secondary throttie lever,
Secondary vacuum passage bail
check stuck on its seat.
Secondary vacuum probe restricted
or not properly positioned.
Restricted secondary fuel pas-
sages.
Power vaive stuck.

A Rich Mixture on Acceleration

Can Be Caused by:

Broken power valve spring.

Stuck or improperly adjusted
secondary throttle air plates.

High fuel levet or float setting.

Fuel inlet needle not seating prop-
erly or worn needle andlor seat.

Malfunctioning automatic choke.
Excessively dirty air cleaner.

Incorrect accelerating pump stroke
adjustment.

Power valve leakage.

Restricted air bfeeds

Worn or damaged main, metermg
iet.

Excessive fuel pump pressure.

Excessive looseness of throttle
shaft in beres of throitle boedy.

Sticking fuel inlet needle.

Defective power valve or gasket.

Alir jeak at carburetor mounting or
intake manifold gasket.

incorrect choke linkage adjusiment.
Choke plate misatigned or binding
in air horn.

Defective power valve or gasket.
Distributor advance incorrect.
Low fuel pump pressure or volume,

pick-up tube fits into air horn and
main body, or air leakage between
the secondary diaphragm hous-
ing cover and housing or the air
horn mounting gasket.

Secondary diaphragm return spring
too stiff,

Secondary throtile plates wedged in
barrels.

Bent secondary throttle shaft.

Secondary throttle ptate operating
rod binding.

Secondary vacuum passage ball
check sticking on its seat,

Secondary damper linkage sticking.

Distributor advance incorrect.
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MODEL 4MV CARBURETOR
GENERAL DESCRIPTION

The Model 4MV carburetor (Fig. 6C2,-2) is a two -

stage carburetor of downdraft design. The triple
venturi system is used on the primary side of the
carburetor with 1-3/8 inch throttie valve bores.

The secondary side has two 2-% inch bores. Using
the air valve principle in the secondary side, fuel is
metered in direct proportion to the air passing
through the secondary bores. A baffle is attached
to the secondary side of the air horn above the
main well bleed tubes to deflect incoming air to
improve secondary nozzle operation on heavy ac-
celeration. o

The float assembly is used along with a win-
dowless type needle seat for better fuel handling
in the float bowl. Also, a plastic filler block is used
above the float chamber to reduce fuel slosh in
this area.

The main metering system on all modeis uses
separate main welis {0 feed each fuel nozzie for
improved fuel How in the venturi system.

An expander {(garter) spring beneath the plunger
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cup on the accelerator pump assembly improves
pump fuel delivery.

The choke shaft and some other parts of the
choke system are Teflon coated to insure smooth
choke operation.

The carburetor part number (Fig. 6C2-3) is
stamped on a vertical section of the bowl, near the
secondary throttle lever. Refer to the part number
on the bow! when servicing this carburetor. When
replacing the float bowl assembiy, follow the in-
structions contained in the service package.
Stamp or engrave the model number on the new
float bowl,

The primary side of the carburetor has six systems
of operation. They are fiocat, idle, main metering,
power, pump, and choke (Figs. 6C2-4 through
6C2-19). The secondary side has one metering
system which supplements the primary main
metering system and receives fuel from a com-
mon float chamber.
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Fig. **C2-3--Carburetor Identification
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Fig. 6C2-8-Idie System 4MV
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Fig. 8C2-11-Main Metering System-4MV

Fig, 6C2-15~-Power System-4MV
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Fig. 8C2-17-Accelerating Pump System-4MV
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Fig. 6C2-18-Choke System-4MV




@GAUGE FROM TOP OF CASTING TO TOP OF FLOAT — GAUGING CARB. NO. GAUGE -
NT /16" BACK FROM END OF FLOAT AT TOE (SEE INSET)
POINT &/ 17058201 17058515
@ 17058213 17058518
HOLD RETAINER
FIRMLY 18 PLACE e (INSET) 17058215 17058519
s 17058229 17058522
e 17058503 17068523
17058506 17058524 15/32
— TOE 17058508 17058527 ’
117058509 17058528
@PUSH FLOAT DOWN ) 17058510 17058529
LIGHTLY AGAINST NEEDL ; 17058513 17058586
GAUGING POINT | 45058514 17058588
& {3/16" BACK it i dmrmt vrria e - rmf mtint  oaaion e ]
W]
. FROM TOE) 17058212 17058222
@HEMDVE FLOAT AND -4 17058218 17058525 7416
BEND FLOAT ARM 170582149
UWOoORDDWNTG YT e i e m——— - s i s i
ADJUST @vnsum.u CHECK FLOAT ALIGNMENT 17058520 /8
AFTER ADJUSTING 17058501 17058521 /
FLOAT LEVEL ADJUSTMENT 17058512 1 13m2
HOLE
2 @GAUGE FROM TOP OF CHOKE CARB. NO. GAUGE L.OC
1 L\a'.ﬂl.\-’E WALL NEXT TO VENT
: |STACK. TO TOP
OF PUMP STEM
— ;f«s SPECIFIED ALL
] A /_\ EXCEPT
SRS o4 1/U58509
[ ?Eg 0 17058510 9/32 | INNER
B N 17058586
/ 17058588
@SUPPORT LEVER WITKH
SCREWORIVER WHILE A I S
BENDING LEVER
@mnorus VALVES 17058508
COMPLETELY CiOSED 17058510
NOTE MAKE SURE FAST IDLE 17058585 11/32 | OUTER
CAM FOLLOWER LEVER IS5 OFF 17058588
STEPS ON FAST IDLE CAM
BEND SE{ONDQRY CLOSING TANG
AWAY TO CLOSE PRIMARY VALVES.
THEN RE ADJUST
PUMP ADJUSTMENT
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6 CARB. NO. ANGLE GAUGE
FIGURE 1
1. MAKE FAST IDLE ADJUSTMENT {BENCH OR ON-THE-CAR SETTING).
2. USE CHOKE VALVE MEASURING GAUGE J.26701. TOOL MAY BE USED
WITH CARBURETOR ON OR OFF ENGINE. F OFF ENGINE, PLACE
CARBURETOR ON HOLDING FIXTURE SO THAT IT WILL REMAIN IN
SAME POSITION WHEN GAUGE IS IN PLACE.
3. ROTATE DEGREE SCALE UNTIL ZERO (0) IS OPPOSITE POINTER.
4. WITH CHOKE VALVE COMPLETELY CLOSED, PLACE MAGNET SQUARELY
ON TOP OF CHOKE VALVE,
5 ROTATE BURBLE UNTIL IT IS CENTERED.
FIGURE 2
6. ROTATE SCALE SO THAT DEGREE SPECIFIED FOR ADJUSTMENT IS
OPPOQSITE POINTER.
7. PLACE CAM FOLLOWER ON SECOND STEP OF CAM AGAINST HIGHEST
STEP.
8. TO ADJUST, BEND CHOKE ROD UNTIL BUBBLE iS CENTERED.
REMOVE GAUGE.
-y (®eveLing .
@ L.l BUBBLE ALL 42
MAKE FAST IDLE ADJUSTMENT WS e
(BENCH OR ON-THE-CAR SETTING. ® \ ICENTERED)
DEGREEy. " . .
(®specirien SCALE e '@S}:\OKE
: t - g VALVE
ANGLE (SEE SPECS.) @Powrsn/ggf 2}_/1‘ ORVE
i M L e
SN\ L MAGNET T A '»_*'
® 10 AbJuUST, BEND CHOKE N JER W
ROD UNTIL BUBBLE IS S\
CENTERED. ol FIGURE 1
AR
5 q
i fo (3)
@ PLACE CAM FOLLOWER . REMOVE GAUGE.
ON SECOND STEP OF
CAM AGAINST HIGHEST ~2437
STEP. \?\u FIGURE 2
g R E—
CHOKE ROD (FAST IDLE CAM) ADJUSTMENT -
ANGLE GAUGE METHOD (4MV)
8 CARB. NO. PLUG GAUGE
(Z) AtR VALVE
COMPLETELY CLOSED
@ BEND ROD HERE
TO OBTAIN SPECIFIED
CLEARANCE BETWEEN
ROD AND END OF SLOT
IN LEVER
DIAPHRAGM
SEATED 1l
USE QUTSIDE ALL 015
VACUUM
(3) PLACE GAUGE BETWEEN SOURCE

ROD AND END OF SLOT
IN LEVER

AIR VALVE ROD ADJUSTMENT (4MV)
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FIGLIRE 1
1 0 "1 USE CHOKE VALVE MEASURING GAUGE J- 26707. TOOL MAY BE USED

WITH CARBURETOR ON OR OFF ENGINE. IF OFF ENGINE, PLACE
CARBURETOR ON HOLDING FIXTURE 50 THAT IT WiL.L REMAIN IN
SAME POSITION WHEN GAUGE 15 IN PLACE,

ROTATE DEGREE SCALE UNTIL ZERO {0} IS OPPOSITE POINTER.

3. WITH CHOKE VALVE COMPLETELY CLOSED, PLACE MAGNET SQUARELY
ON TOP OF CHOKE VALVE.

4. ROTATE BUBBLE UNTILIT IS CENTERED.
FIGURE 2

5. ROTATE SCALE SO THAT DEGREE SPECIFIED FOR ADJUSTMENT iS
OPPOSITE POINTER.

6. OPEN PRIMARY THROTTLE VALVES SO THAT FAST IDLE CAM FOLLOWER
CLEARS STEPS ON FASTIDLE CAM.

7. SEATDIAPHRAGM USING OUTSIDE VACUUM SOURCE. [PLUNGER MUST
BE FULLY SEATED).

8. LIGHTLY ROTATE CHOKE COIL LEVER COUNTERCLOCKWISE UNTIL END
OF RODS IN END OF SLOT IN LEVER.

9. . TO ADJUST, BEND ROD UNTIL BUBBLE IS CENTERED
1. REMOVE GAUGE.

(5) speciFiED T 2 {Q)LEvELiNG
ANGLE |SEE SPECS.) v BUBBLE

e I CENTERED)

(® opEN PRIMARY THROTTLE - ®DEG"E>\” @cuoxz
VALVES SO THAT FAST IDLE e SCALE vy e vaLve
CAM FOLLOWER CLEARS <& POINTER—" i 5} cLosen
STEPS ON FAST IBLE CAM. | MAGNET\//L{

o . ill

; ‘:" HI I
@% = FIGURE 1
S ) :
3 . @ seat piarHrAGM
; SR AT - USING OUTSIDE
. _As .
(®vLiaHTLY ROTATE CHOKE VACUUM SOURCE

COIL LEVER COUNTERCLOCK. LZ&%%%}??;?T 8E
WISE UNTIL END OF ROD 1S .
IN END OF SLOT IN LEVER.

(9) 10 ADJUST, BEND ROD
UNTIL BUBBLE IS CENTERED.

FIGURE 2

VACUUM BREAK ADJUSTMENT -
ANGLE GAUGE METHOD (4MV)

®REMOVE GCAUGE.

CARB. NO.

ANGLE GAUGE

17058213
17058215
17058229

17058212
17068513
17058514
17058515
17058525

I T ™

17058525

Ll B I R R e U ——

22

26.5

25

12

CHOKE VALVE
COMPLETELY
CLOSED

(Y)REMOVE THEAMOSTATIC €O,
H0D FROM LEVER

-~
(2)ROTATE coiL LEVER ¥ \
COUNTERCLOCKWISE
UNTIL CHOKE VALVE
IS CLOSED

ROD SHOULD FIT
N NOTCH IV LEVER

(5)BEND ROD
TO ADJUST

HOLD DOWN ON
"""—'F‘@noo AGAINST 5TOP

AUTOMATIC CHOKE COIL ROD ADJUSTMENT (4MV)

Fig. 6C2.25-M4AMC/4MV Carburetor Adjustments -
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FIGURE 1
] 4 . USE CHOKE VALVE MEASURING GAUGE J-287017. TODL MAY BE USED
WITH CARBURETOR ON OR OFF ENGINE. IF OFF ENGINE, PLACE
CARBURETOR ON HOLDING FIXTURE S0 THAT IT WILL REMAIN IN
SAME POSITION WHEN GAUGE IS IN PLACE,,
2. ROTATE DEGREE SCALE UNTIL ZERQ {0115 OPPOSITE POINTER.

3. WITH CHOXE VALVE COMPLETELY CLOSED, PLACE MAGNET SQUARELY
ON TOP OF CHOKE VALVE.

4. ROTATE BUBBLE UNTILIT IS CENTERED.

FIGURE 2
5. ROTATE SCALE SO THAT DEGREE SPECIFIED FOR ADJUSTMENTIS
OPPOSITE POINTER.

PUSH UP OR DOWN ON LEVER TOWARDS CLOSED CHOKE.
HOLD PRIMARY THROTTLE VALVES WIDE OPEN.

TO ADJUST, BEND TANG UNTIL BUBBLE IS CENTERED.
REMOVE GAUGE.

@ N @

(4JLEVELING

BUBBLE @
- HOLD PREMARY
ICENTERED) THROTTLE VALVES

\ WIDE OPEN.
SCALE W@ CHOKE

! % 7% VALVE
@qumn/:;ﬁ-‘;:f,ﬁ CLOSED
MAGNEE}‘;‘%{,

O
ANGLE (SEE SPECS.)

FIGUAE 1

. PUSH UP OR DOWN
ON LEVER TOWARDS
CLOSED CHOKE.

> TO ADJUST, BEND
HEMOVE GAUGE. l TANG UNTIL
r BUBBLE i8S

CENTERED.
FIGURE 2

UNLOADER ADJUSTMENT - ANGLE GAUGE METHOD {4MV)

CARB. NO.

ANGLE GAUGE .

17058213
17058215
170568229
17058212
17058513
17058514
17058515

40

43

1 6 @LEVEH AGAINST TANG @;HDKE VALVE

WIDE OPEN-CAM FOLLOWER
@ENG!NE IDLE OFFSTEPS OF FAST IDLE CAM
SET TO PROPER
{DLE R.PM,

. @BEND TANG
J

TO ADJUST

CLEARANCE

"J SPECIFIED
7

SECONDARY CLOSING ADJUSTMENT

CARB, NC.

PLUG GAUGE

ALL

020"
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UNTIL ACTUATING LINK
CONTACTS TANG

i 7 ®OPEN PRIMARY THROTTLE

v,
@LiNK SHOULD BE IN

CENTER OF SLOT

SECONDARY OPENING ADJUSTMENT

o

3 )BEND TANG

18

@TURN TENSION ADJUSTING SCREW
CLOCKWISE UNTIL AIR VALVE JUST CLOSES.
THEN TURN ADJUSTING SCREW CLOCKWISE
SPECIFIED NUMBER OF TURNS

@LOOSEN LOCK SCREW
USING SPECIAL

HEX WRENCH
[~

UNTIL AIR VALVE
OPENS PART WAY

AIR VALVE SPRING ADJUSTMENT

FIGHTEN LOCK SCREW

@TURN TENSION ADJUSTING
SCREW COUNTERCLOCKWISE

CARB. NO. NO TURNS
ALL EXCEPT

17058525 7/8

17058525 3/4

Fig. 6C2-28-Md4MC/4MV Carburetor Adjustments-8 of 10

1 9 @ PREPARE VEHICLE FOR ADJUSTMENTS —

SEE EMISSION LABEL ON VEHIOLE,
NOTE: IGNITION TIMING SET PER LABEL.

TURN IDLE SPEED SCREW TO
SET CURB IDLE SPEED TO
SPECIFICATIONS - A/ L OFF
(SEE EMISSION LABEL}

SPECIFICATION

IDLE SPEED ADJUSTMENT - WITHOUT SOLENOID

SEE:

VEHICLE (ENGINE)
EMISSION CONTROL
INFORMATION LABEL
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ANGLE DEGREE TO DECIMAL CONVERSION
MODEL 4MV CARBURETOR

THE RELATION BETWEEN DECIMAL AND ANGLE READINGS IS NOT EXACT DUE TO MANUFACTURING
TOLERANCES OF THE COMPONENT PARTS. THIS CHART IS SUPPLIED FOR USE BY THE MECHANIC
WHO HAS ACCESS TO PLUG GAUGES ONLY. THE RECOMMENDED TOOL IS AN ANGLE GAUGE FOR
ACCURACY AND BEST OVERALL PERFORMANCE AND EMISSIONS.

DECIMAL EQUIV. DECIMAL EQUIV.
ANGLE DEGREES TOP OF VALVE ANGLE DEGREES TOP OF VALVE

5 019 33 158
8 022 34 164
7 .026 35 an
8 .030 36 178
9 .034 37 .184
10 .038 38 .190
11 .042 39 197
12 .047 40 .204
13 .051 41 217
14 .056 42 ) 217
15 080 43 225
16 .065 44 .231
17 .070 45 239
18 075 46 246
19 .080 47 .253
20 085 48 .260
21 .090 49 .268
22 095 50 .275
23 101 51 283
24 .106 52 .291
25 12 53 .299
26 ' 117 54 .306
27 123 55 314
8 128 56 322
29 134 57 329
30 140 58 .337
31 146 59 .345
32 152 60 .363
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ON-ENGINE SERVICE

4MV CARBURETOR ADJUSTMENTS

Refer to figure 6C2-20 for the following ad-
justments:

» Float

* Pump
Refer to figure 6C2-21 for the following adjust-
ment:

* Fast Idle

Refer to figure 6C2-22 for the following adjust-
ment:
* Choke Rod (Fast idle Cam)-4MV

Refer to figure 6C2-23 for the following adjust-
ment:

* Air Valve Rod-4MV
Refer to figure 8C2-24 for the foliowing ad;ust~
ment;

* Vacuum Break-4MV
Refer to figure 6C2-25 for the following adjust-
ment:

+ Automatic Choke Coil Rod-4MV

Checking Carburetor Choke

1. Remove flame arrestor. With engine off, hold
throttie half open. Open and close choke several
times. Watch linkage 1o be certain all links are
connected and there are no signs of damage.

2. If choke or linkage binds, sticks or works slug-
gishly, clean with choke cieaner X.20-A or
equivalent. Use cleaner as directed on can. Refer
to disassembly instructions for addst:onai direc-
tion if cleaning does not correct.

3. Visually inspect carburetor to be cerfain all
vacuum hoses are connected. Inspect hoses for
cracks, abrasions, hardness or other signs of
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deterioration. Replace or correct as necessary.

4. Make sure vacuum break diaphragm shaft is
fully extended when engine is off. If shaft is not
fully extended, replace vacuum break diaphragm
shaft should fully retract within 10 seconds. 1f unit
fails to retract, replace vacuum break assembiy,

Refer to figure 6C2-26 for the following adjust-
ment:
* Uniloader

Refer to figure 6C2-28 for the following ad-
justments:

* Secondary Closing

+ Secondary Opening

» Afr Valve Spring
Refer to figure 6C2-29 for the following adjust-
ment;

» |[dle Speed Without Solenoid.

Before suspecting the carburetor as the cause of
poor engine performance or rough idle, check ig-
nition system inciuding distributor, timing, spark
plugs and wires. Check air cleaner, PCV system,
and engine compression. Also inspect intake
manifold, vacuum hoses and connections for
leaks and check torques of carburetor mounting
bolts/nuts. If carburetor bolts are retorqued
without carburetor removal retorque to 12 fi. Ibs.
maximum.

1. Engine must be at normal
temperature, and choke open.

2. Gonnect an accurate tachometer to engine. Set
idle speed 1o specificaticn shown on Information
Label.

3. Set timing to specification shown on the infor-
mation Label.

operating



IDLE MIXTURE ADJUSTMENT

Turn one idle mixture screw in siowly unth the
APM starts to drop. When drop occurs back out
the screw counting the turns until the RPM’s
again start to drop. Turn the mixture screw in 12
the number of turns counted,

Repeat this procedure with the other mixture
screw. ldle should be smooth and stable at the
RPM listed on the Information Label. If RPM is too
high or low adjust by changing the setting of the
idle speed screw. If the speed screw is reset it is
necessary 1o readjust the mixture screws as
directed above. Always finish the carburetor ad-
justment by adjusting the mixture screws as the
final adjustment,

CARBURETOR REPLACEMENT

REMOVAL

Flooding, stumble on acceleration and other per-
formance complaints are, in many instances,
caused by presence of dirt, water, or other foreign
matter in carburetor. To aid in diagnhosis, car-
buretor should be carefully removed from engine
withont draining fuel from bowl. Contents of fuel
bowl may ther be examined for contamination as
carbu. :or is . isassembled. Check filter.

1. Remove ame arrestor and gasket,

2. Disconnest fuel and vacuum lines from
carburetor.

3. Remove ctip from choke linkage.
Di .connect accelerator linkage.

5. Remove carburetor attaching bolts and
remove carburetor.

6. Remove insuiator.

b

Fig. 6C2-52-Air Horn Screw Tightening Ssquence

Fig. 6C2-53~installing Pump Lever Pivot Pin

MODEL 4MV CARBURETOR

DISASSEMBLY

Place carbure.or on a holding fixture to prevent
damage to throttle plates.

Air Horn

1. Remove horseshoe clip from upper end of
choke rod. Disconnect choke rod from upper
choke shaft lever.

78

2. Remove choke rod from lower lever inside the
float bowl casting by hoiding lower lever outward
with smali screwdriver and twisting rod
counterciockwise.

3. Remove vacuum hose from vacuum break unit.

4. Remove secondary metering rods by removing
the small screw in the top of the metering rod
hanger. Lift upward on metering rod hanger until




Fig. 6C2-55-Removing Secondary Metering Rods

the secondary metering rods are completely out
of the air horn. Metering rods rmay be disas-
sembled fromn the hanger by rotating ends out of
the holes in the end of the hanger (Fig. 6C2-55).
3. Using special tool J-25322, drive small rod pin
(pump lever pivot pin) inward just enough until
pump lever can be removed from air horn. Then
remove pump lever from pump rod (Fig. 6C2-56).
CAUTION: Use care in removing small roll pin to
prevent damage to pump lever casting boses in air
horn.

6. Remove nine air horn to bowl! attaching screws:
two attaching screws are located next to the ven-
turi. (Two long screws, five short screws, and two
countersunk screws) (Fig. 6C2-57).

7. Lift air horn off bow! and twist to disengage
vacuum break rod from air vaive shaft lever, Air

Fig. 6C2.57--Removing Air Horn Screws

horn gasket shouid remain on bow! for removai
later. (Fig. 6C2-58).

8. Remove vacuum break rod from vacuum break
diaphragm plunger.

CAUTION: Care must be taken not to bend the
small tubes protruding from air horn. These are
permanently pressed into the casting. Do not
remove.

Air Horn Disassembly

NOTE: Further disassembly of the air horn is not
required for cleaning purposes and is not recom-

Fig. 8C2-56-Removing Pump Lever

Fig. 6C2-58--Removing Alr Horn




Fig 6C2.59-Removing Power Piston and Metering Hods

mended. if part replacement is required, proceed
as follows:

1. Remove staking on two choke valve attaching
screws and then remove choke valve and shaft.

2. Remove pump fever roli pin.

CAUTION: Ajr valves and air valve shaft are
calibrated and should not be removed. However,
should it be necessary to replace the plastic air
valve cam on the air valve shaft, a repair kit is
available, which includes the plastic cam, closing
spring, pin, screw and instructions.

Float Bowl

1. Remove accelerator pump plunger from pump
well,

2. Remove air horn gasket by lifting out of dowel
locating pins and lifting itab of gasket from
beneath the power piston hanger, being careful
not to distort springs holding the main metering
rods.

3. Remove pump return spring from pump well.
4. Remove plastic filler block over float valve.

5. Remove power pision and metering rods by
depressing piston siem and allowing it to snap
free {Fig. 60C2-59).

The power piston can be easily removed by pres-
sing the piston down and releasing it with a snap.
This will cause the power piston spring to snap
the piston up against the retainer. This procedure
may have 1o be repeated several times.
CAUTION: Do not remove power piston by using
pliers on metering rod hanger.

6. Remove. metering rods from power piston by
disconnecting tension spring from top of each
rod, then rotate rod to remove from hanger (Fig.
8C2-60).

CAUTION: Use care when disassembling rods to
prevent distortion of tension spring and/or meter-
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RETAINING
SPRING

METERING
RGD

POWER
PISTON

POWER
PISTON
SPRING

Fig. 6C2-60--Power Piston and Metering Rods

ing rods. Note carefully position of tension spring
for later reassembly.

7. Remove float assembly and inlet needle by
pulling up on retaining hinge pin. Do not remove
inlet needle seat unless it is damaged, in which
case it and fuel needle must be replaced as an

- assembly. If needie seat is to be removed, use fuel
inlet needle seat remover, J-22769.

8. Do not remove primary metering jets, Figure
6C2-61 unless damaged or worn. No atiempt

Fig. 6C2-6 1--Metering Jets



shouid be made to remove secondary metering
plates. If jets are removed but not replaced, they
shouid be instalied in the same hole from which
they were removed.

9. Remove pump discharge check ball retainer
screw and check ball.

10. Remove vacuum hose from vacuum break
assembly and from tube connection on bowl if not
previously removed.

11. Remove retaining screw from vacuum break
assembly and remove assembly from float bowl.
NOTE: if further disassembly of vacuum break
mechanism i85 necessary, spread the retaining
ears on bracket? next to vacuum break assembly,
then remove vacuum break assembly from
bracket.

12. Remove choke rod actuating lever from inside
‘of float bow! well.

Float Bowl Disassembly

. Remove fuel inlet nut, gasket, filter and spring
2 Remove secondary air baffle, if repiacement is
reguired.
3. Remove primary main metering
necessary.
NOTE: No attermnpt should be made to remove the
A.PT. metering screws, or secondary metering
orifice plates. These items ars fixed and, if da-
maged, float bowl! replacement is required.

4. Turmn "bowl over and remove throtile body

jets, if

assembly by removing two throtile body to bowl-

attaching screws (Fig. 6C2-63).
NOTE: Be careful when inverting bowl assembly

as smakllest venturi protrudes beyond ihe gasket

surface.
5. Remove throttle body to bowl insulator gasket.

Throttle Body Disassembly

1. Remove pump rod from throttle lever by
rotating rod out of lever. Remove the idle mixture
needles,

CAUTION: Extreme care must be taken to avoid
damaging throttle valves.

No further disassembly of the throttle body is re-
quired.

CLEANING AND INSPECTION

The carburetor parts should be cleaned in cold im-
mersion type cleaner.

The plastic cam on the air valve shaft (where used)
and bushing in bow! will withstand normal clean-
ing. Rinse thoroughly after cleaning.

1. Thoroughiy ciean all metal paris and blow dry
with compressed air. Make sure all fuel passages
and metering parts are {ree of burrs and dirt.

2. Check, repair or replace the following parts if
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ATTACHING
SCREWS

4\

Fig. 6C2-63-Removing Throttie Body

the foliowing problems were encountered,

a. Flooding

1. Inspect float needie seat for dirt, deep wear
grooves, scores and proper seating,

2. inspect float, float arms and hinge pin for
distortion, binds and burrs. Check float for leaks
and/or being loaded (heavier than normal}.

b. Hesitation

1. Inspect pump plunger for cracks, scores or
cup, excessive wear. A used pump cup will shrink
when dry. Scak in fuel for 8 hours before testing i
dried out.

2. Inspect pump duration and return spring for be-
ing weak or distorted. '

3. Check all pump passages and jets for dirt, im-
proper seating inlet or disgharge balls, scores in
pump well. ‘

4. Check pump linkage for excessive wear, repair
or replace as necessary.

¢. Mard Starting - Poor cold opéra%ion

1, Check choke valve and linkage for excessive
wear, binds or distortion.

Inspect choke vacuum diaphragms for leaks,
Clean or replace carburetor filters.

Inspect needle for sticking, dirt, etc.

Examine fast idle cam for wear or damage.
Also check items under “Hooding".

FPoor Performance - Poor Gas Mileage

Power piston, power valve, metering rods for
dzrt sticking, binding, damaged parts or excessive
wear.

2. {If used) Check air valve for binds and damage.
If air valve is damaged, the air horn assembly must
be replaced. A torsion spring kit is available for
repairs to air valve closing spring. A new plastic
secondary metering rod cam is included in kit.
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3. Clean all fuel and in

castings.

e. Rough ldle

1. Inspect idle needie for ridges, burrs or being
bent.

2. Inspect gasket mating surfaces on castings for
damage to sealing beads, nicks and burrs.

3. Clean all idle fuel passages.

4. Check throttie levers and valves for binds,
nicks and other damage.

vacuum passages

ASSEMBLY
Throttie Body

1. 1f removed, install idle mixture needles and
springs untit lightly seated. Back out the mixture
needles 4 turns as a preliminary idle adjustment.
Final adjustment must be made on the engine us-
ing the procedures described under idle adjust-
ment.

2. Instail lower end of pump rod in throttle lever
by aligning tang on rod with siot in lever. End of
rod should point outwards toward throttle lever.

Fioat Bowl

1. Install new throttle body to bowl gasket over
two locating dowels on bowl.

2. Install throttle body making certain throttle
body is properly located over dowels on float
bowl, then install throttie body to bow! screws and
tighten evenly and securely (Fig. 6C2-63).

3. Place carburetor on proper holding fixture
J-8328.

4. Install fuel inlet filter spring, filter, new gasket

and inlet nut and tighten nut securely (18 ft. Ibs.),
CAUTION: Tightening beyond specified torque
can damage nylon gasket.

5. If vacuum break diaphragm was removed from
bracket, slide vacuum break diaphragm between
retaining ears and bend ears down slightly to hold
securely.

6. Install fast idle cam on vacuum break
assembly. Be sure arm of choke connecting lever
is located beneath the 1ail of the fast idie cam.

7. Install vacuum hose to connection on bowl and
vacuum break assembly.

NOTE: Do not attach vacuum hose to inlet on
vacuum break diaphragm until after vacuum break
adjustment is complete. (Refer to adjustment pro-
cedure).

8. Connect choke rod (plain end) to choke rod ac-
tuating fever, then holding choke rod with grooved
end pointing inward - position choke rod ac-
tuating lever in well of float bow! and install choke
assembly, engaging shaft with hole in actuating
lever. Instali retaining screw and tighten securely.
Remove choke rod from lever for instaliation later.

9. If removed, install air baffle in secondary side
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FLOAT NESDIE PULL CLIP LOCATION

HOGK CLIP OVER EDGE OF FLAT
ON FLOAT ARM FACING FLOAT PONTOON

O H%'?fﬁq

caution
oo wOT
HOOK PULL
CrIP N
THESE MOLES

FLIEL

N
\O

Fig. 6C2-64~Pull Clip Location

of float bow! with notches toward the top. Top
edge of baffle must be flush with bowl casting.

10. install pump discharge check ball and retainer
screw in passage next to pumgp well. Tighten re-
tainer securely.

11. Install main metering jets. If removed, the
jets should be installed in the same hole from
which they were removed.

12. if fuel inlet needle seat was removed, use new
needle seat gasket and position new seat on Fuel
inlet Needle Seat Remover and Installer, J-22769.
Carefully thread needle seat into float bowl.
Tighten securely.

13. To make adjustment easier, bend float arm up-
ward at notch in arm before assembly.

14. Install needle by sliding float lever under nee-
die pull clip — correct instaliation of the needle
pull clip is to hook the clip over the edge of the flat
on the float arm facing the float pontoon
(Fig. 6C2-64).

With float lever in pull clip, hold float assembly at
toe and install retaining hinge pin from A.P.T.
metering side {ends of retaining pin face the ac-
celerating pump well).

CAUTION: Do not install float needle puli clip into
holes in float arm. Severe flooding will resuft.

15. Adjust Float Level:

FLOAT LEVEL (Fig. 6C2-65)

a. Hold float retainer firmly in place.

b. Push float down lightly against needle.

c. With adjustable T-scale, gage from top of fioat
bowl casting {air horn gasket removed) to top of
float - gauging point is 3/16” back from end of
float at toe (See inset - Fig. 6C2-65).

d. Bend float arm as necessary for proper adjust-



[ (1) HOLD RETAINER

\ FIRMLY IN PLACE
/\

PUSH FLOAT DOWN
LIGHTLY AGAINST NEEDLE

®

o)

GAUGE FROM TOP OF CASTING TO TOP

OF FLOAT — GAUGING POINT 3/16"" BACK
FROM END OF FLOAT AT TOE {SEE INSET)
(INSET)

0OV

"GAUGING POINT
(3/16" BACK
FROM TOE)

/
REMOVE FLOAT AND BEND FLOAT
ARM UP OR DOWN TO ADJUST

VISUALLY CHECK FLOAT ALIGNMENT
AFTER ADJUSTING

Fig. BC2-65-Float Leve! Adjustment

ment by pushing on pontoon. Refer to Service
Manual for specification.

e. Visually check float alignment after adjust-
ment.

17. Install power piston spring in power piston
well. If main metering rods were removed from
hanger, reinstali making sure tension spring is
connected to top of each rod. Install power piston
assembly in well with metering rods properly posi-
tioned in metering jets. Press down firmly on
plastic power piston retainer to make sure the re-
tainer is seated in recess in bowi and the iop is
flush with the top of the bow! casting. If
necessary, using a drift punch and smali hammer,
tap retainer lightly in place.

18. Install plastic filler block over fuel inlet nee-
die, pressing downward until seated properly.

19. Install pump return spring in pump well.

20. Install air horn gasket around primary meter-
ing rods and piston. Position gasket over two
dowels on secondary side of bowl.

21. Install pump plunger in pump well io com-
piete floal bow! assembly,

Air Horn

1. Install the following, if removed: choke shaft,
choke valve and two attaching screws. Check for
free operation.

The choke valve screws have a special sealing
compound to hold them in place. If removed, they
should be lightly staked after tightening.

Air Horn to Bowl Assembly

1. Instali vacuum break rod into vacuum break
diaphragm plunger. Secure with clip.

2. insert vacuum break rod in slot of air valve
shaft and twist air horn into position.

3. Lower air horn assembly to bow! carefully,
positioning vent tubes and accelerating well
tubes through air horn gasket.

CAUTION: Do not force the air horn assembly on-
to the bowl but rather lightly lower in place.

4. instali two long air horn screws, five short
screws, and two countersunk screws into primary
venturi area.

83




All air horn screws must be tightened evenly and
securely. See Figure 6C2-52 for proper tightening
sequence.

5. Connect choke rod in tower choke lever and re-
fain in upper lever with horseshoe clip.

6. Connect upper end of pump rod to pump lever
by placing rod in specified hole in lever. Align hole
in pump lever with hole in air horn casting using
4-25322. Using small screwdriver, push pump lever
roll pin back through casting until end of pin is

flush with casting bosses in air horn.

CAUTION: Use care installing the small roll pin to
prevent damage fto pump lever casting bosses.

7. Install two secondary metering rods into the
secondary metering rod hanger {upper end of rods
point toward each other). Install secondary meter-
ing rod holder, with rods, onio air valve cam
follower. Instali retaining screw end tighten
securely. Work air valves up and down several
times to make sure they are free in all positions.

TORQUE SPECIFICATIONS
4MV CARBURETOR

SCREW

" TORQUE
(IN. LBS)

FUEL INLET NUT
METERING JET
NEEDLE SEAT

AIR HORN TO BOWL 10-32

AlR HORN TO BOWL B-32

AIR HORN TO THROTTLE BODY
THROTTLE BODY TO BOWL
VACUUM BREAK UNIT

46
26
46
46
26
400
40
45
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ROCHESTER CARBURETOR DIAGNOSIS

The toliowing diagnostic pracedures are for carburetor retated problems and their efects on engine performance, Other systems of the engine can also

cause similar probjems and shouig be checked when listed on the chart. The problem areas described are:
1. Engine cranks niormally. Will not stan,

. Engine starts and stalls.

. Engine starls hard.

. Engine igles abnormally andfor stails.

. inconsisient engine idie speeds,

. Engine diesels (after-run) upon shut off,

. Engine hesitates on acceleration.

. Engine has less than normal power at low speeds.

. Engine has less than normal power on heavy acceleration or at high speed.

. Engine surges.

. Excessive fuel consumption.

= 0 W WO,k AR

pra—y

CONDITION POSSIBLE CAUSE ' ' CORRECTION

Engine Cranks Normally Impropar starting procedure used. Check Owner's Manual,
— Wit Not Stanrt

Choke valve not cperating Adjust the choke thermastatic coit

properly, to specilication, Check the choke

valve andfor linkage as necessary.

Replace parts if defective. If caused by
fareign malerial and gum, clean with suilable
aon0il base solvent.

NOGTE: After any choke system work, check
choke vacuurm break settings and correct as
NECRSSary.

No fuel in carburetar. Remove fuel ling at carburetor. Connect hose
to fuel line and run into meta! container,
Ramove the wire from the "bat™ terminal of
the distributor. Crank over engine - i there is
no tue! discharge frem the fuel fine, test fuel
pumgp. It fuel supply is okay, check the
following:
a. Inspect fuel inlet fiiter. If plugged, replace.
b. If fuel filter is okay, remove air horn and
check for a bind in the float mechanism or
a sticking inlet needle. If okay, adjust tioat
as specified.

Engine flooded. To check Remove the air horn,
tor flooding, remove the flame
arrestor with the engine Check fuel inlet needle and seal for
immediately shut off and proper seal. )l a needie and seal

look into the carburetor tester is not available, apply vacuum
bores. Fuel will be dripping to the needle seat with needie instalied,
oif nozzles, il the needle is leaking, replace,

Check {loal for free movement, bent float
hanger or binds in the ficat arm. ;

It foreign material is in fuel system, clean the
system and repiace fuel filters as necessary.
If excessive foreign material is found,

" completely disassemble and clean.

Engine Siarts — Wil Fuel pump, Check fuel pump pressure and volume,
Mot Keep Running replace il necessary.

Idie speed. Adjust idle to specifications
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CARBURETOR DIAGNOSIS CONT’D.

CONDITION

POSSIBLE CAUSE

CORRECTION

Engine Starts — WIl{
Not Keep Running
{Continued)

Engine Starts Hard
{Cranks Normally)

Engine Starls Hard
(Cranks Normally)

Choke healer system maifunc-
tioning (may cause loading).

Loose, broken or incorrect
vacuum hose routing.

Choke vacuurs break ynits are not
adjusted tc specification or are
delective,

Choke valve sticking
andfor hiading.

Insufficient fuel in carburetor.

Loose, broken or intorrect

‘vacuum hose routing.

Incorrect starting procedure,

Maifunction in accelerator
pump system,

Chake vaive not closing.

Vacuum breaks misadjusted
or matfunctioning.

insuificient fuel in bowl.

Flooding.

Slow engine cranking speed.

Check vacuum supply at hot air inlet

{o choke housing. Shouid be no! less than
manifold vacuum minus 3" Hg. with engine
running at idle. {Exs. MV}

Check for plugged, restricted, or hroken heat
tubes.

GCheck routing of all hot air parts.

Chegk condition and routing of all vacuum
hoses — correct as necessary.

Adjust both vacuum break assemblies to
specification. | adjusted okay, check the
vacuum break units for proper opgaralion as
foliows:

To check the vacuum break units, apply a
constant vacuum source of at ieast 10" Hg,,
plungers should siowly move inward and hold
vacuum. if nol, replace the unil.

Always check the fast idie cam adjusimen
when adjusting vacuum break units,

Clean and align iinkage or replace if
necessary. Readjust ail choke setlings, see
Seclion 6M, if part replacement or
realignmen! is necessary.

Check fuel pump pressure and volume,

Check for partially plugged fuel inlet filter.
Replace i contaminated.

Check the floal level adiustment for binding
condition. Adjust as specified.

Check condition and routing of
all vacuum hoses — correc} as necessary.

Check to be sure customer is using the
slarting procedure outlined in Cwner's
Manual.

Check accelerator pump adjustment
and oparaticn.

Chack pump discharge ball for sticking or
leakage.

Adjust choke thermostalic cail. Check choke
valve and linkage for binds and alignment.
Ciaan and repair or repiace as necessary.

Check for adjustment and function of
vacuum breaks. Correct as necessary.

Check fuel pump pressure and voiume.
Check for partially plugged fuel inlet filter.
Replace if dirty. Chack fioat mechanism,
Adjust as specitied.

Check float and needie and seat for proper
operation.

Reter to starting circuit diagnosis.
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CARBURETOR DIAGNOSIS CONT’D.

CONDITION

FOSSIBLE CAUSE

CORRECTION

Engine idles Abnormally
(Too fast or too slow)

Engine Diesels (After Run)
upen Shui OH

Incorrect idle speed.

Air leaks inlo carbureter

bores beneath throtile valves,
manifold leaks, or vacuum
hoses discennecied or instatled
impreperly.

Clogged or maifuncticning
PCV system.

Carburetor flooding.

Check by using procedure outlined
under “Engine Flooded™.

Restricted air cleaner element,

fdle system plugged
or restricted,

ncarrect idie mixture édjus!ment.

Throtile blades ar inkage
sticking andior binging.

Loose, broken or improperly
routed vacuum hoses.

incorrect idle speed.

Fas! idle cam not fully off,

Reset idle speed per instructions
on engine label,

Check all vacuum hoses and restriclors
leading into the manifoid or carburetor
base for leaks or being disconnacted.
Install or replace as necessary.

Torque carburetor to manifold bolts to 10 i,
Ibs. Using a pressure oil car, spray light oil
or kerosene around manifold to head
surfaces and carburetar throtlle body.
NOTE: Do not spray at throttle shaft engs.
It engine RPM changes, tighten or replace
the carburetor or manifold géskels as
necessary,

Check PCV system. Clean andfor repiace
as necessary.

Remave air horn and check fleat
adjustments.

Check float needie and seal tor proper seal.
If a needle and seat tester is not avaiable,
apply vacuum to the needlie seat with needle
instalied, If the needle is leaking or darmaged,
replace.

Check tioat for free movement.
Check for bent float hanger or hinds
in the Hoat arm.

i foreign material is found in the carbuselor,
clean the fuel system and carburetor.
Replace fuel filters as nacessary,

Replace as necessary.

Clean carhurelar,

Readjus! per specified procedure.

Check throttie linkage and throtile
biades {primary and secondary) for smooth
and free operation, Correct probiem areas,

Check conditian and routing of ail
vacuum hases. Gorrect as necessary.

Reset idle speed per instructions on fabel in
engine compartment.

Check fast idle cam for freedom of operation.
Clean, repair, or adjust as reguired. Check
choke heated air jubes for outing, fittings
being tight or lubes plugged. Check choke
linkage for binding. Clean and corrac! as
necessary,
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CARBURETOR DIAGNOSIS CONTD..

CONDITION

POSSIBLE CAUSE"

CORRECTION -

Engine Diesels (After Run)
upon Shut Off
{Continued;

Engine Hesitates On
Acceleration

Engine Has Less Than
Normal Power At Normal
Accelerations.

Excessively iean condition
caused by maladjusted carburetor
idle mixture,

tgnition timing retarded.

Loose, broken or incorrect
vacuum hose rouling

Accelerator pump not adjusted
to specification or incperative,

Inoperative accelerator pump
system,

NOTE: A quick check of the pump
system can be made as follows:
With the engine off, look into the
carburetor bores and cbserve
purnp nozzles while quickly
apening throttle lever. A fuli
stream of Fuel should emit from
gach pump nozzle.

Foreign matter in pump passages,
Float level too low.

Front vacuum break diaphragm
not functiening properiy.

Air vaive maltunction.

Power earichment system not
operating correctly,

Fual tilter dirty or plugged.

‘Distributor mechanical
advance malfunctioning.

Timing not to specifications.

Choke coil misadjusted (cold
operation).

Loose, broken or incorrect
vacuum hose routing,

Clogged or defective PCV system.

Cheke sticking.

Clogged or inoperative power
sysiem.

Adjust carburetor idle mixture,

Sef to specifications.

Check condition and routing ef ali vacuum
hoses — correct or replace.

Adiust accelerator pump, replace,

HRemove air horn and check pump cup.
it cracked, scored or distorted, repiace the
pump plunger.

Check the pump discharge balt for proper
seating and focation.

Ciean and blow out with compressed air.
Check and reset float level to specification,

Check adjustment and operation of
vacuum break diaphragm.

Check operation of secondary air valve,
Check spring tension adjustment,

Check for binding or stuck power
piston(s) ~ correct as necessary.

Replace tilter and clean fuel system as
necessary.

Check for proper operation.

Adjust to specifications,

Adjust to specifications,

Check gonditian and routing of ail
vacuum hoses.

Clean or repiate as necessary.

Check complete choke system for sticking or
binding. Clean and realign as necessary.
Check adjustment of choke thermostatic coil.

Check connections and operation of choke
hot air system.

Check {ets and channels for plugging; clean
and blow out passages.

Remove air horn and check lor Iree
operation of power pistons,
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CARBURETOB DIAGNOSIS CONT’D.

CONDITION

POSSIBLE CAUSE

CORRECTION

Engine Has Less Than
Narmal Power At Normal
Accelerations. {Continuad}

L.ess Than Normai Power
On Heavy Acceieration
Or At High Speed

Engine Surges

ignition system maifunction,

Exhaust system.

Carburetor shrottle valves
nel going wide open, Turn off
engine and check by pushing
actelerator pedat 1o ficor.

Secondary throttie lockout

not allowing secondaries {o open.

Spark plugs fouied, incorrect gap.

Plugged flame arrestor element.
Plugged fuel inlet filter,

insufficient fued lo carburetor.

Power enrichment systern
nct operating correctly.

Cheke closed or partially closed.

Figal level too low.

Ignition system maifunction.

Fuel metering jets restricted.

Fuel pump,

Exhaust system.

Loose, broken or incorrect
vacuum hose routing.

PCV system clogged or
malfunctioning.

Loose carburelor intake manifoid
bolts andior leaking gaskels,

Check ignition system.

Check for restrictions. Corsect as required.

Cosrect throtlie linkage to cbtain wide
open throttie in carburetor.

Check for binding or sticking lockout lever.

Check for free movement of fast idle cam,

Check choke heatad air system for praper
and tight connections plus {low through
system.

Check adjustment of choke thermostatic coil.

Make necessary corrections and
adjustenents.

Clean, regap, or repiace plugs.
Heplace element.
Replace with a new filter element.

Check fuel pump and system, fun pressure
and volume test,

Remove the air horn and check for lree
operation of both power pision(s), clean and
correct as necessary.

Free choke vaive or linkage.
Check for loose jels.

Check and reset Hioat level to specification.

Check ignition system.

If the fuel metering jeis are restricted and an
excessive amount ol foreign malerial is
found in the fuel bowl, the carburetor should
be completely gisassemblzd and cleaned.

Check fuel pump pressure and voiume,
inspect lines for leaks and restrictions.

Check for restrictions. Correct as required.

Check condition and routing of ail
vacuum hoses. Correct as necessary.

{heck PCV system. Clean or replace
as Necessary.

Torque carburetor {o manifold boits

to 10 ft. lbs. Using a pressure oil can, spray
light oil or kerosene around manifoid o head
mounting surface and carburetor base, |
engine RPM changes, tighten or replace the
carburelor or manitold gaskets as necessary.
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CARBURETOR DIAGNOSIS CONT'D.

CONDITION

POSSIBLE CAUSE

CORRECTION

Engine Surges
{Continued)

Excessive Fug!
Consumption

Low or eratic fuel pump pressure,

Contaminated fuel.

Fuel filter piugged.
Float levei too low.

Maitunctioning iloat and/or
needle and seat.

Power piston sluck or binding.

Fuet jets or passages plugged
or restricted.

lgnition system maliunction.
Exhaus! system,

Customer operating habits.

Loose, broken or impropesly
routed vacuum hoses.

Engine in need of service.

Fuel {eaks.

High fuel ieve! in carburetor.

Power syslem in carburetor
not functioning properiy.
Power pistonis) slicking or
rmetering rods cut of jets.

Choke system.

Plugged llame arrestor element.

Exhaus! systern,

Check fuel delivery and pressure.

Check for contaminants in fuel. Clean system
if necessary,

Check and replace as necessary.
Check and reset tloat level to specification.

Check operation of system. RAepair or
replace as necessary.

Chack for free movemnent of power pistoa(s).
Clean and correct as necessary,

Clean and biow out with
compressed air.

Check ignition system,
Check for restrictions. Correc! as necessary.

Run miieage test with customer driving
if possible.

Check condition of ali vacuum hose routings.
Carrect as necessary.

Check engine compression, e.aming spark
piugs; il fouled or improperly gapped, ciean
and regap or replace. Check ignition wire
condition and check and reset ignition
tirming. Replace air cleaner element if dirty.
Check for restricted exhaust system and
intake manifold for leakage. Check carburetor
mounting boll tergue. Gheck vacuum and
mechanical advance.

Check fuel tank, fuel lines and fuel pemp for
any tuel leakage.

Check fuet inlet needle and seat for proper
seal. Tesl. using suction from a vacuum
source. I needle is |eaking, replage.

Check for loaded fioal. Reset floal tevel to
specification.

H excessive foreign material is presen! in the
carburator bowl, the carburetor shoyid be
cleaned.

Remove air horn and check for free
moavement of power piston(s). Clean
and correct as necessary.

Check choke healed air tubes for routing
andior plugging which would restrict hat air
flow to cheke housing. Check choke linkage
for binding. Clean or repair as required.
Check adjustment of thermestatic coil.
Readjust lo specification as required.

Replace element.

Check for restrictions. Correci as required.
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CONDITION

CARBURETOR DIAGNOSIS CONT’D.

POSSIBLE CAUSE

CORRECTION

Engine feeis like it is
running out of gas —
surging occurs in mid-
speed rangse

Engine starts bust wili not
continue 1o run or will run
but surges and backfires.

Engine wili not start

GASOLINE ODOR

FUEL STARVATION

Plugged fuel filters.

Faulty fuet pump.

Foreign material in fuel system or
kinked fuel pipes or hoses,

Faulty tuel pump,

Fauity fuel pump.
Tank overfilled.
Leak in fuel tank.

Oisconnected fuel tank
vent lines or hoses.

Faulty fill cap.

Tank filter plugged.

Fuel line pinched, plugged
or mis-routed.

Fuei pump not operating.

Plugged of restrictive
anti syphon vaive,

Plugged tank vent

Remove and replace filiars.

Pericrm fuet pump test.
Remove and replace luet pump as required.

Inspect pipes, and hoses for kinks and
bends, blow out to check for plugging.
Remove and replace as required,

Perform {uel pump test. Remaove and
raplace fusl pump as required.

Periorm diagnostic tests on the {fyel pump.
Remove and replace fuel pump as reguired,

Do not "pack' lank. Fill o automatic shut-
off.

Purge tank and repair or replace tank as
required,

Connect lines or hoses as required.

Install new cap.

Replace filter.

Check open or re-route as required.

Sge FUEL PUMP TEST.

Replace valva.

Clean or replace vent.
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FORD ENGINE STARTING SYSTEM

DESCRIPTION AND OPERATION

The function of the starting system is to crank the
engine at a speed fast enough to permit the engine
to start. Heavy cables, connectors, and switches are
used in the starting system because of the large
current required by the starter while it is cranking
the engine. The amount of resistance in the starting
circuit must be kept to an absolute minimum to pro-
vide maximum current for the starter operation.
Loose or corroded connections, relay tontacts, or
partially broken cables wiil result in slower than nor-
mal cranking speeds, and may even prevent the
starter from cranking the engine.

POSITIVE ENGAGEMENT STARTER

The starter used on these engines is the positive
engagement starter. The starting system includes
the starter motor with an integral positive-engage-
ment drive, the battery, a remote control starter
switch, the starter relay, and heavy circuit wiring.

Turning the ignition key to the START position or
pressing the start button actuates the starter relay
through the starter contro! circuit. The starter relay
then connects the battery to the starter.

When the starter is not in use, one of the field coils
is connected directly to ground through a set of con-

COMPONENT INDEX Page COMPONENT INDEX Page
DESCRIPTION AND OPERATION ...... 93 Bench Tests .................... 96
TESTING. ... g5 REMOVAL AND INSTALLATION ....... 100

On-Engine Tests .............. 95 OVERHAUL ....................... 100
SPECIFICATIONS 106

tacts (Figure 1). When the starter is first connected
to the battery, a large current flows through the
grounded fieid coil, actuating a movable pole shoe.
The pole shoe is attached to the starter drive
plunger lever and thus the drive is forced into
engagement with the flywheel,

When the movable pole shoe is fully seated, it opens
the field coil grounding contacts and the starter is
then in normal operation. A holding coil is used to
maintain the movable pole shoe in the fuily seated
position during the time that the starter is turning the
engine.

SOLENOID ACTUATED STARTER

Major assembly componenis of the solenoid ac-
tuated starter are the frame and field coii assembly,
armature assembly, brush plate assembly, drive
assembly, shift lever assembly, drive housing
assembly and starter soienoid assembly (Figure 1).

The motor is a fourbrush, fourfield, four-pole
wound unit.

The solencid assembly is mounted to a flange on
the starter drive housing. The entire shift lever
mechanism and the solenoid plunger are enclosed
in the drive housing, thus protecting them from ex-
posure to contamination.
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A metal heat shield protects the solenoid from heat
radiated by the engine. Without this shield, plastic
paris of the solenoid could be damaged by exces-
sively high temperatures, and the solenocid could fail.

Always install a heat shield whenever a starter has
been removed and repaired or replaced, or when-
ever the shield has fallen off or has been damaged.
Service Kit D3AF-11K138-AA contains the attaching
screws and a universal shield for use on all engines
with solenoid starters.

The solenoid incorporates two windings: a pull-in
winding and hold-in winding. Together they provide
the magnetic attraction to pull the solenoid plunger
into the solencid.

SOLENQID OPERATION

Engine cranking occurs when the solencid on the
starter is energized through the starter control {igni-

SDLERQID
SOLENOID TERMINAL

tion) switch. When energized, the solenoid shifs the
starting motor pinion into mesh with the engine fly-
wheel ring gear.

Simultaneously, the main contacts of the solenoid
are closed and battery current Is directed to the
starting motor, causing the armature to rotate.

After the engine staris, the starter drive is disen-
gaged only when the ignition switch is turned from
the 8TART to the ON position. This opens the cir-
cuit to the starter solenocid and the solencid return
spring causes the shift lever to disengage the
starter drive from the engine flywheel ring gear.

The starting motor is protected from short duration
excessive speed by an overrunning clutch incor
porated in the starter drive. The overrunning clutch
permits the drive pinion gear to rotate faster than
the armature as the engine starts and picks up
speed, thus protecting the armature from being
driven by the engine.

BATTERY
TERMINAL

SHIFT FORK

O)) PINION

BUSHING ?

BRUSH ;
’ J i |

s

OVER.RUNNING CLUTCH

Fig. 1 — Soienoid Actuated Starter Cross Section
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CONNECTOR LINK

In the solenoid actuated starter heavy battery cur-
rent is carried to the starter windings by contacts in
the solenoid.

if the solenoid actuated starter is installed on
engines with a starter relay, a special “connector
link™ is installed on the solenoid (Figure 2). This link
connects the battery terminal with the solenoid

LINK

operating windings. Thus, when the key is turned to
the START position, the starter reiay is actuated,
sending battery current to the starter solenoid. The
current operates the solenoid and then. the starter
through solenoid internal contacts.

When replacing starters or starter solenoids, be
sure to replace the link. If a link is not used on a
starter relay equipped engine, the engine will not
start. '

STARTER
RELAY

STARTER
WITH
RELAY

Fig. 2 — Solenoid Connector Link

TESTING

BOOSTER BATTERY

You should connect a booster battery to the starting
system for cases of a starter that will not crank the
engine or a starter that cranks the engine very slow-
ty, for you may have run your battery down while try-
ing to get the engine started.

If the starter does not turn the engine over, even
with a booster battery attached, refer to the follow-
ing tests. Be certain that correct battery polarity is
obsreved when using a booster hattery; positive-to-
positive and negative-to-negative connection of the
auxiliary cabies.

ON VEHICLE TESTING SOLENOID STARTER
STARTER CRANKING CIRCUIT TEST

These tests will determine whether or not there is
excessive resistance in the cranking circuit. Make
each test connection as shown in Figure 3. While
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cranking the engine, observe the voltage drop
reading for each test. Disconnect and ground the
high tension lead from the ignition coil to prevent
the engine from starting. Connect a remote control
switch between the battery terminal of the starter
relay and the S terminal of the relay. The voltage
drop in the circuit will be indicated by the voltmeter

{0 to 2 volt range). Maximum allowable voltage drop

should be:

1. 0.5 volt with the voltmeter negative lead con-
nected to the starter terminal and the positive
lead connected to the battery positive terminal
{(Figure 3, connection 1).

2. 0.3 volt with the voltmeter negative lead con-
nected to the starter terminal and the positive
lead connected to the battery terminal of the
starter solenoid (Figure 3, connection 2).

3. 0.2 voit with the voltmeter negative lead con-
nected to the battery terminal of the starter sole-
noid and the positive lead connected to the
positive terminal of the battery (Figure 3, connec-
tion 3).



4. 0.1 volt with the voltmeter negative lead con-
nected to the negative terminal of the battery and
the positive lead connected to the engme ground
(Figure 3, connection 4),

STARTER LOAD TEST

Connect the test equipment as shown in Figure 4.
Be sure that no current is flowing through the am-
meter and heavy-duty carbon pile rheostat portion
of the circuit (rheostat at maximum counterclock-
wise position}.

Crank the engine with the ignition OFF, and deter-
mine the exact reading on the voltmeter. This test is
accomplished by disconnecting and grounding the
high tension lead from the ignition coil, and by con-
necting a jumper from the battery terminal of the
starter solenoid to the ignition switch “S” terminal
of the solencid.

Stop cranking the engine, and reduce the resistance
of the carbon pile until the voltmeter indicates the
same reading as that obtained while the starter
cranked the engine. The ammeter will indicate the
starter current draw under load.

STARTER SOLENOID TEST

if the solenoid does not pull in (starter load test)
measure the voitage between the starter mounted
solenoid switch terminal and ground with the igni-
tion switch closed. if the reading Is 10 volts or more,
a worn or damaged solenoid is indicated. Remove
the starter assembly for solenoid replacement.

BENCH TESTS
STARTER NO-LOAD TEST

This test will uncover such faults as open or shorted
windings, rubbing armature, and bent armature.

Make the test connections as shown in Figure 5.
The starter will run at no joad. Be sure that no cur-
rent is flowing through the ammeter (rheostat at
maximum counterclockwise position). Determine
the exact reading on the voitmeter.

Disconnect the starter from the battery, and reduce
the resistance of the rheostat until the voltmeter in-
dicates the same reading as that obtained while the
starter was running. The ammeter will indicate the
starter no-load current draw.

CONNECTIONS FOR TESTS 1,2,3 AND 4

e, BA’%‘TE RY
“u

~..--n-m------‘ 1Y 4

VOLTMETER
POSITIVE LEAD

YOLTMETER
HEGATIVE LEAD

STARTER
SOLENGID

STARTER

Fig. 3 — Starter Cranking Circult Test-—Solenoid Starter



BATTERY STARTER TESTER

CARBON PILE RHEQS TAT

REMOTE CONTROL
STARTER SWITCH

VOLYMETER

POSITIVE LEAD

T
IGNITION
coi.

o TO IGNITION SWITCH
Red-Blue

STARTER
SOLENOID

STARTER

Fig. 4 — Starter Load Test Typical

BATTERY
STARTER
TESTER

iCE PIeR STARTER
; ! 7
+ 5
=P S -~
Qg
v (o)
'\./ O o
9
SATTERY
BERCH TEST 14168

Fig. 5 -— Starter No-Load Test on Test Bench

ARMATURE OPEN CIRCUIT TEST

An open circuit armature may sometimes be
detected by examining the commutator for
evidence of burning. A spot burned on the com-
mutator is caused by an arc formed every time the
commutator segment, connected to the open circuit
windings, passes under a brush.

ARMATURE AND FIELD GROUNDED
CIRCUIT TEST

This test will determine if the winding insulation has
failed, permitting a conductor to touch the frame or
armature core:
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REMOTE
CONTROL
STARTER
SWITCH

N415.8

To determine if the armature windings are ground-
ed, make the connections as shown in Figure 6. |f
the voltmeter indicates any voltage, the windings
are grounded.

Grounded field windings can be detected by making
the connections as shown in Figure 7. If the voit-
meter indicates any voltage, the field windings are
grounded.

J178

Fig. 6 — Armature Grounded Circuit Test



JldTa-A

Fig. 7 — Fleld Grounded Cirouit Test

ON VEHICLE TESTING )
STARTER DRIVE AND STARTER TEST

Flood the engine by pumping the throttie eight to
ten times. Turn the ignition key to start and hold it in
the start position. The engine should fire immedi-
ately, but should not start and Tun. The starier
should continue to crank the engine. This indicates
a normal, acceptable starter drive. If the engine
stops turning and the starter spins at high speed,
the drive is not operating properly and should be
replaced. Whenever possible, remove the plunger
cover to observe if the plunger pole is operating
while the starter is on the vehicle. Do not damage
the exposed switch during starter removal or instal.
lation.

ALTERNATE STARTER DRIVE TESY

1. Pull the push-on connector from the ignition coll
primary terminal. Place the connector loosely on
the coil terminal. '

2. Connect a remote control starter switch to the
starter relay.

3. Turn the ignition switch key to the ON position
and depress the remote control starter switch. As
soon as the engine begins to run, pull the push-
on connector from the coil terminal while holding
the remote control switch in the start position.
Pulling the wire off the coil kills the ignition, and
the dead engine should now be cranked by the
starter. : .

4. Observe to see if the starter begins to crank the
dead engine and if it continues to crank the
engine until the remote control switch is releas-
ed. If the starter does not crank the dead engine,
the drive assembly is slipping.

o8

5. Repeat the test at least three times in succes-
sion to detect intermittent operation.

POSITIVE ENGAGEMENT
STARTER CRANKING CIRCUIT TEST

Excessive resistance in the starter circuit can be
determined from the results of this test. Make the
test connections as shown in Figure 4. Crank the
engine with the ignition OFF. This is accomplished
by disconnecting a grounding the high tension lead
from the ignition coil and by connecting a jumper
from the battery terminal of the starter relay to the S
terminal of the relay. :

The voltage drop in the circuit will be indicated by
the voitmeter (0 to 2 volt range). Maximum aliowable
voltage drop should be:

1. With the voltmeter negative lead connected to
the starter terminal and the positive lead con-
nected to the battery positive terminal (Figure 2,
connection (2)...0.5 volt,

2. With the voltmeter negative lead connected to
the battery terminal of the starter relay and the
positive lead connected to the positive terminal
of the battery (Figure 2, connection (2)...0.1 volt.

3. With the voltmeter negative lead connected to
the starter terminal of the starier relay and the
positive lead connected to the positive terminal
of the battery (Figure 2, connection (3)...0.3 volt.

4. With the voltmeter negative lead connected to
the negative terminal of the battery and the
positive iead connected to the engine ground
{Figure 2, connection {4)) ...0.1 volt.

ENGINE
GROUND

YOLTMETER
POSITIVE LEAD

()

()

‘.;_”Emmv

& RELAY%,
i *

VOLTMETER
NEGATIVE LEAD

Figure 8 — Starting Cranking Circuit Test



STARTER LOAD TEST

Connect the test equipment as shown in Figure 4.
Be sure that no current is flowing through the am-
meter and heavy-duty carbon piie rheostat portion
of the circuit {rheostat at maximum counterclock-
wise position). A

Crank the engine with the ignition OFF, and deter-
mine the exact reading on the voltmeter. This test is
accomplished by disconnecting and grounding the
high tension lead from the ignition coil, and by con-
necting a jumper from the battery terminal of the
starter relay to the ignition switch terminal of the
relay.

Stop cranking the engine. Then reduce the
resistance of the carbon pile until the voltmeter in-
dicates the same reading as that obtained while the
starter cranked the engine. The ammeter will indi-
cate the starter current draw under load.

BENCH TESTS
STARTER NO-LOAD TEST

The starter no-load test will uncover open or shorted
windings, rubbing armature, and bent armature
shaft. The starter can be tested, at no-lead, on the
test bench only.

Make the test connections as shown in Figure 9.
The starter will run at no-load. Be sure that no cur-
rent is flowing through the ammeter (rheostat at
maximum counterclockwise position). Determine
the exact reading on the voltmeter.

POSITIVE

Fig. 8 BStarter No-Load Test on Test Bench

Disconnect the starter from the battery. Then,
reduce the resistance of the rheostat until the volt-
meter indicates the same reading as that obtained
while the starter was running. The ammeter wiil in-
dicate the starter no-load current draw.

99

ARMATURE OPEN CIRCUIT TEST—
ON TEST BENCH

An open circuit armature may sometimes be
detected by examining the commutator for
evidence of burning. A spot burned on the commu-
tator is caused by an arc formed every time the com-
mutator segment, connected to the open circuit
winding, passes under a brush.

DO NOT CONNECT

LEAD TO BEARING
SURFACE

VOLTMETER
NEGATIVE LEAD

“ VOLTMETER .POSiTIVE LEAD—

Fig. 10 TOUCH TG COMMUTATOR

Ji0Ba.0

ARMATURE AND FIELD GROUNDED CIRCUIT
TEST—ON TEST BENCH '

This test will determine if the winding insulation has
been damaged, permitting a conductor to touch the
frarme or armature core.

To determine if the armature windings are ground-
ed, make the connections as shown in Figure 5. If
the voltmeter indicates any voltage, the windings
are grounded.

Grounded field windings can be detected by making

the connections as shown in Figure 6. if the volt-

meter indicates any voltage, the field windings are
XEEP BOTH

grounded,
JUMPER LEAD
. \ - FIELD BRUSHES

= F o AND MOLOING COIL
Y, GROUND LEAD
% AWAY FROM
FRAME

STARYER
TERMINAL

% DISCONNECT —wr¥
HOLDING COfL i34

GROUND LEAD /J»
INSERT INSULATOR =~ A

vy
BETWEEN CONYACTS  diel

YOLTMETER YOLTMETER gt
NEGATIVE POSITIVE ’
LEAD LEAD J1094.D

Fig. 11 — Field Grounded Circuit Test



' 11085-B

Fig. 12 — Starter Mounting

REMOVAL AND INSTALLATION
STARTER
Remoyal

1. Disconnect the starter cable and wires at the
starter terminal.

2. Remove the starter mounting boits. Remove the
starter assembly (Figure 12). '

INSTALLATION

1. Position the starter assembly to the flywheel
housing, and start the mounting boits.

Snug ali bolts while holding the starter squarely
against its mounting surface and fuliy insert into
the pilot hole. Torque the bolits to specification.
Connect the starter cable and wires.

Check the operation of the starter.

2.

OVERHAUL POSITIVE ENGAGEMENT
STARTER

Use the following procedures when it becomes nec-
essary to completely overhaul the starter, Figure
13 Hllustrates a partially disassembled starter.

DISASSEMBLY

1. Loosen the brush cover band retaining screw
and remove the brush cover band and the
starter drive plunger lever cover. Observe the
lead positions for assembly and then remove
the commutator brushes from the brush
holders.

Remove the through boits, starter drive end
housing, and the starter drive piunger lever
return spring.

Remove the pivot pin retaining the starter gear
plunger iever and remove the lever and the ar-
mature.

BRUSH COVER Hosy

BAND 11126 N
ARMATURE 11005 “-\ “p
- —N . \ 2
. \ s ¥ BUSHING
STARTER DRIVE 7

PLUNGER LEVER
11067

COVER 11080 /

Fig. 8 — Starter Disassembled Pasitive Engagement Type

STARTER FRAME

oh

USE Arbor Press TO HOLD

TOOL-10044-A Tool IN SCREW SOCKET

BE SURE TO SEAT DRIVE HEAD
IN SCREW SOCKET

Fig. 14 — Pcle Shoe Screw Removal

DRIVE ENC
HOUSING

FIELD COILS 11082 11530

/'ymw (w) 012135
PLUNGER RETURN

SPRING 11303 STOP RING
RETAINER

11223
J1089-G

S5TOP RING
11222
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Remove the stop ring retainer. Remove and dis-
card the stop ring retaining the starter drive
gear to the end of the armature shaft, and
remove the starter drive gear assembly.
Rermove the brush end plate.

Remove the two screws retaining the ground
brushes to the frame.

On the field coil that operates the starter drive
gear actuating lever, bend the tab up on the
field coil retaining sleeve and remove the
sleeve.

Remove the three coil-retaining screws, using
Tool 10044-A and an arbor press {Figure 14).

BRUSH END PLATE
ASBEMBLY-11049

BRUSH SPRING-11058

SOLENOID LiNK
INSTALLED

SHIFY I‘OHK-HOB?—.__._

ORIVE ASSEMBLY

11350 @@’_
DAIVE STOP RING. 11222

/r/ (Q’@
ORIVE STOP FING RETAINER

14222 |

DRIVE PINION THRUST WASHER 11036 \"d d
=

Fig. 15 - Starter Disassembled Soienoid Type

OVERHAUL
SOLENOID ACTUATED STARTER
Disassembly
1.

Disconnect the copper strap from the starter
terminal on the sclenoid, remove the retaining
screws and remove the solenoid from the drive
housing {(Figure 15).

Loosen the retaining screw and slide the brush
cover band back on the starter frame for access
{o the brushes.

Remove the commutator brushes from their
holders. Hold each spring away from the brush

BAUSH END PLATE
BUSHING. 11052

/
P
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10.

STARTER FRAME

<

POLE SHOE RETAINING

The arbor press prevents the wrench from slip-
ping out of the screw. Unsolder the field coil
leads from the terminal screw, and remove the
poie shoes and coils from the frame. Use a
300-watt solder iron.

Cut (or unsolder) the insulated brush leads from
the field coils, as close to the field connection
point as possible, ,
Remove the starter termina) nut, washer, in-
sulator, and terminal from the starter frame.
Remove any excess soider from the terminal
siot.

SOLENOLR ASSEMBLY-11300

! GASKET-11a127

! e

\ ™~ s \ SPRING.1 1103
BRUSH COVER \\:‘"f . )
BAND 11126 - - FLUNGER 11193
™~ - v T ‘
L [

ARMATURE THRUST,

WASHER 11016

S

ARMATLRE. 11005

FiELD COIL
ASSEMELY . 11087

SCREW-1:415

JHA03-E

with a hook, while sliding the brush out of the
holder.

Remove the through-bolts and separate the drive-
end housing, starter frame and brush end plate
assembilies,

Remove the solenoid piunger and shift fork as-
sembly. If either the piunger or fork is to be
replaced, they can be separated by removing the
roll pin.

Remove the armature and drive assembly from
the frame. Remove the drive stop ring and slide
the drive assembiy off the armature shaft.
Remove the drive stop ring retainer from the drive
housing.



CLEANING AND INSPECTION
(ALL STARTERS})

1.

Do not wash the drive because the solvent will
wash out the lubricant causing the drive to slip.
Use a brush or compressed air to clean the drive,
field coils, armature, commutator, armature shaft
front end plate, and rear end housing. Wash all
other parts in solvent and dry the parts.

inspect the armature windings for broken or
burned insulation and unsoldered connections.

Check the armature for open circuits and
grounds.

Check the commutator for runcut (Figure 17). In-
spect the armature shaft and the two bearings
for scoring and excessive wear. On a starter with
needle bearings apply a small amount of grease
to the needles. if the commutator is rough, or
more than 0.005 inch out-of-round, turn it down.
Check the brush holders for broken springs and
the insulated brush holders for shoris {o ground.
Tighten any rivets that may be loose. Repiace the
brushes if worn to 1/4 inch in length.

Check the brush spring tension. Repiace the
springs if the tension is not within specified
limits (40 ocunces minimum).

inspect the field coils for burned or broken
insujation and coniinuity. Check the field brush
connections and lead insulation. A brush kit and

a contact kit are available. All other assemblies

are to be replaced rather than repaired.
Examine the wear pattern on the starter drive
teeth. The pinion teeth must penetrate to a depth
greater than 1/2 the ring gear tooth depth {(Figure
16), to eliminate premature ring gear and
starter drive faiiure.

i

HNORMAL WEAR PATTERN

Fig. 18 — Pinion and Ring Gear Wear Patterns

\
5\
(7

SMALL WEAR PATTERN
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9.

Replace starter drives and ring gears with milied,
pitted or broken teeth or that show evidence of
inadequate engagement (Figure 16).

Digl Indicetor

ROTATE { I35
ARMATURE SHAFTS N,
ON BEARING,_SURFACES |
' - Ji

V" Blocks £ “'ié"

Fig. 17 — Ghecking Commutalor Runout

ASSEMELY POSITIVE ENGAGEMENT STARTER

1.

install the starter terminal, insulator, washers,
and retalning nut in the frame (Figure 18). Be
sure to position the slot in the screw perpendic-
ular to the frame end surface.

Position the coils and pole pieces, with the coil
leads in the terminal screw slot, and then install
the retaining screws (Figure 14). As the pole
shoe screws are fightened, strike the frame
several sharp blows with a sofi-faced hammer
to seat and align the pole shoes, then stake
the screws.

install the solenoid coll and retainer and bend
the tabs to retain the coils to the frame.
Solder the field coils and solenoid wire to the
starier terminal using rosin core solder. Use a
300-watt iron.

Check for continuity and grounds in the assem-
bled coils. '

MILLED CONDITION.
EXCESSIVE WEAR ON
20R 3 TEETH

MILLED TOOTHMETAL

BUILD.UP WiLL NOT
PERMIT ENGAGEMENT

MILLED GEARS



10.

11.

12

13.

14.

15.

16.

Position the new insulated field brushes lead on
the field coil terminal. Install the clip provided
with the brushes to hold the brush lead to the
terminal. Solder the lead, clip, and terminal
together, using rosin core solder (Figure 18).
Use & 300-watt iron.

Position the solenoid coil ground terminal over
the nearest ground screw hole.

Position the ground brushes to the starter frame
and install the retaining screws (Figure 18).
Position the starter brush end plate to the frame
with the end plate boss in the frame slot.
Apply a thin coating of Lubripiate 777 on the ar-
mature shaft splines. Install the starter motor
drive gear assembly to the armature shaft and
install a new retaining stop ring. Install a new
stop retainer.

Position the fiber thrust washer on the com-
mutater end of the armature shaft and position
the armature in the starter frama.

Partially fiil the drive end housing bearing bore
with grease (approximately 1/4 {ull). Position the
starter drive gear plunger iever to the frame and
starter drive assembly, and install the pivot pin.
Position the starter drive plunger lever return
spring and the drive end housing to the frame
and instail and tighten the through boits to
specification (55-75 inch pounds). Do not pinch
the brush leads between the brush plate and the
frame. Be sure that the stop ring retainer is
seated properly in the drive housing.

Install the brushes in the brush holders. Be sure
to center the brush springs on the brushes.
Position the drive gear plunger lever cover on
the starter and install the brush cover band with
a gasket. Tighten the band retaining screw.
Check the starter no-load current draw.

GROUND BRUSH ..

STARTER DRIVE

ACTUATING COIL

AND HOLBING ...~
COl ™

FIELD COIL
CONNECTION

GROUND BRUSH gﬁf -

Fig. 18 — Coil Assembly
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ASSEMBLY SOLENOID STARTER

1.

10,

i1,

Install a small amount of lubriplate on the ar-
mature shaft splines. install the drive assembly
on the armature shaft and install a new stop
ring {Figure 15).

Apply a small amount of lubriplate on the shift
lever pivot pin. Position the solenoid plunger
and shift lever assembly in the drive housing.
Place a new retainer in the drive housing. Apply
a small amount of lubriplate to the drive end of
the armature shaft. Place the armature and
drive assembly into the drive housing. Be sure
that the shift lever tangs properly engage the
drive assembly.

Apply a small amount of lubriplate on the com-
mutator end of the armature shaft.

Position the frame and field assembly to the
drive housing. Be sure that the frame is properly
indexed to the drive housing assembiy.
Position the brush piate assembly to the frame
assembly. Be sure that the brush piate is pro-
perly indexed to the frame. Instal] the through-
boits and tighten to 45 to 85 in-lbs.

Place the brushes in their holders. Pull each
spring away from the holder with a hook to
allow entry of the brush. Center the brush
springs on the brushes. Press the insulated
brush leads away from all other interior com-
ponents to prevent possible shorts.

Position the rubber gasket between the sole-
noid mounting and the upper cutside surface of
the frame. Position the starter solencid with
metal gasket (if used), and install the solenoid
mounting screws.

. Connect the copper strap to the starter terminal

on the solenoid.

Position the cover band and tighten the retain-
ing screw.

Connect the starter to a battery to check its
operation,

STARTER DRIVE REPLACEMENT

+
s

2.

Loosen and remove the brush cover band and the
starter drive plunger lever cover.

Loosen the through bolts enough to allow
removal of the drive end housing and the starter
drive plunger lever return spring.

Remove the pivot pin retaining the starter drive
plunger lever and remove the lever.

Remove the drive gear stop ring retainer and stop
ring from the end of the armature shaft and
remove the drive gear assembly.

Apply a thin coating of Lubriplate 777 on the ar-

‘mature shaft splines. install the drive gear

assembiy on the armature shaft and install a new
stop ring.



Position the starter gear plunger lever on the
starter frame and install the pivot pin. Be sure
that the plunger lever properly engages the
starter drive assembly.

Instail a new stop-ring retainer. Partially fill the |

drive end housing bearing bore with grease (ap-
proximately 1/4 full). Position the starter drive
plunger lever return spring and drive end housing
to the starter frame, and then tighten the through
bolts to specifications 55-75 inch pounds).
Position the starter drive plunger lever cover and
the brush cover band, with its gasket, on the
starter. Tighten the brush cover band retaining
screw.

BRUSH REPLACEMENT
POSITIVE ENGAGEMENT STARTER

Heplace the starter brushes when they are worn to
1/4 inch. Always instali a complete set of new
brushes.

1.

© o

10.

.
12
13,
14,
15.

16.

Loosen and remove the brush cover band,
gasket, and starter drive plunger lever cover.
Remove the brushes from their holders.
Remove the two through bolts from the starter
frame.

Remove the drive end housing, and the piunger
lever return spring.

Remove the starter drive plunger lever pivot pin
and lever, and remove the armature.

Remove the brush end plate.

Remove the ground brush retaining screws
from the frame and remove the brushes.

Cut the insuiated brush leads from the field
coils, as close to the field connection point as
possible.

Clean and inspect the starier motor.

Replace the brush end plate if the insulator be-
tween the field brush holder and the end plate is
cracked or broken. '
Position the new insulated field brushes lead on
the field coil connection. Position and crimp the
clip provided with the brushes to hold the brush
lead to the connection. Solder the lead, clip,
and connection together, using rosin core
solder (Figure 18). Use a 300-watt iron.

install the ground brush leads to the frame with
the retaining screws,

Clean the comrutator with 00 or 000 sand-
paper.

Position the brush end plate to the starter
frame, with the end plate boss in the frame slot.
install the armature in the starter frame.

Install the starter drive gear plunger lever to the
frame and starter drive assembly, and install the
pivot pin.

Partially fill the drive end housing bearing bore
with grease (approximately 1/4 full). Position the
return spring on the plunger lever, and the drive
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17.

18.

19.

end housing to the starter frame. install the
through bolts and tighten to specified torque
{65-75 inch pounds). Be sure that the stop ring
retainer Is seated properly in the drive end hous-
ing.

Install the commutator brushes in the brush
holders. Center the brush springs on the
brushes.

Position the plunger lever cover and the brush
cover band, with its gasket on the starter.
Tighten the band retaining screw.

Connect the starter to a battery to check its
operation.

BRUSH REPLACEMENT
SOLENOID STARTER

Replace the starter brushes when they are worn to
t/4 inch. Always install a complete set of new
brushes.

1.

2.

o~

10.

11,

12.

13.

14.

Disconnect the copper strap from the starter
terminal on the solenoid.

Loosen the retaining screw and slide the brush
cover band back on the starter frame for access
to the brushes.

Remove the commutator brushes from their
holders. Hold each spring away from the brush
with a hook, while sliding the brush out of the
hoider.

Remove the through-bolts and separate the
drive end housing, starter frame and brush end
plate assemblies.

Remove the ground brush retaining screws
from the frame and remove the brushes.

Cut the insulated brush leads from the field
coils, as close to the field connection point as
possible.

Clean and inspect the starter motor.

Repiace the brush end plate, if the insulaior be-
tween the field brush holder and the end piate is
cracked or broken.

Position the new insulated field brushes lead on
the field coil connection. Position and crimp the
¢lip provided with the brushes to hoid the brush
lead to the connection. Solder the lead, clip,
and connection together, using rosin core
solder. Use a 300-watt iron.

Install the ground brush ieads to the frame with
the retaining screws.

Ciean the commuiator with 00 or 000 sand-
paper.,

Apply a small amount of lubriplate on the com-
mutator end of the armature shafi.

Position the rubber gasket over the solenocid
plunger lever, then position the frame to the end
housing so that the wide slot in the frame clears
the plunger lever and the end housing dowel is
indexed with iis frame slot,

Position the brush plate assemnbily to the frame
assembly. Be sure that the brush plate is



properly indexed to the frame. Install the
through-bolts, making certain that the insulated
brush lead is not between the through-bolt and
the frame, and tighten to 45 o 85 in-ibs.

15. Place the brushes in their holders. Pull each
spring away from the holder with a hook to
allow entry of the brush. Center the brush
springs on the brushes. Press the insulated
brush leads away from all other interior com-
ponents to prevent possible shorts.

16. Slide the cover band into position and tighten
the retaining screw.

17. Connect the copper strap to the starter terminal
on the solenoid. '

18. Connect the starter {0 a battery to check its
operation,

ARMATURE REPLACEMENT

1. Loosen the brush cover band retaining screw
and remove the brush cover band, gasket, and
the starter drive plunger lever cover. Remove the
brushes from their holders.

2. Remove the through bolts, the drive end hous-
ing, and the drive plunger lever return spring.

3. Remove the pivot pin retaining the starter gear
plunger lever, and remaove the lever.

4. Remave the armature. |f the starter drive gear
assembiy is being reused, remove the stop ring
retainer, and the stop ring from the end of the
armature shaft, and remove the drive.

5. Place the drive gear assembly on the new ar-

mature with a new stop ring.

install the armature in the starter frame.

Position the drive gear plunger lever fo the

frame and drive gear assembly and install the

pivot pin.

8. Partialiy fill the drive end housing bearing bore
with grease (approximately 1/4 fuli}. Position the
drive plunger lever return spring, the drive end
housing and the front end piate to the starter
frame, and then install and tighten the through
boits to specification. Be sure that the stop ring
retainer is seated properly in the drive housing.

9. Place the brushes in the holders, and center the
brush springs on the brushes.

10. Position the plunger lever cover and the brush
cover band, with its gasket, and then tighten the
retaining screw.

11. Connect the starter to a battery to check its
operation.

~No

STARTER TERMINAL
REMOVAL

1. Loosen the brush cover band retaining screw and
remove the brush cover band and the starter
drive plunger lever cover. Observe the iead posi-
tions for assembiy and then remove the commu-
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tator brushes from the brush hoiders.

Remove the through bolts, starter drive end hous-
ing, starter drive plunger lever return spring, and
the brush end plate.

Remove the pivot pin retaining the starter gear
plunger lever and remove the lever and the arma-
ture assembly.

Unsolder the field coil and solenoid wire leads
from the terminal screw. Use a 300-watt solder-
ing iron.

Remove the starter terminai nut, washer, in-
suiator and terminal from the starter frame.

INSTALLATION

1.

10.

Install the new starter terminal, insulator,
washers, ana retaining nut in the frame. Be
sure to position the slot in the screw perpen-
dicular to the frame end surface.

. Soider the field coils and solenoid wire to the

starter terminal using rosin core solder. Use a
300-watt iron.

Check for continuity and grounds in the
assembled coils.

Position the starter brush end plate to the frame
with the end piate boss in the frame slot.
Position the armature in the starter frame.
Position the starter drive gear plunger lever to
the frame and starter drive assembly, and install
the pivot pin.

Partiaily fill the drive end housing bearing bore
with grease (approximately 1/4 full). Position the
starter drive plunger lever return spring and the
drive end housing to the frame and Install and
tighten the through bolts to specifications
{65-75 in-ibs.). Do not pinch the brush leads be-
tween the brush piate and the frame. Be sure
that the stop ring retainer is seated properly in
the drive housing.

Install the brushes in the brush holders. Be sure
to center the brush springs on the brushes.
Position the drive gear plunger lever core on the
starter and install the brush cover band with a
gasket. Tighten the band retaining screw.
Check the starter no-load current draw.



SPECIFICATIONS

CURRENT DRAW {Under Normal| Load)

BENDIXINERTIA ........ 180-250 amps {max. 380)
POSITIVE ENGAGEMENT

4 diameter. ... 150-200 amps

avediameter.. ... 150-180 amps
SOLENOID ACTUATED

42 diameter....... ... . 180-210 amps

NORMAL ENGINE CRANKING SPEED

BENDIXINERTIA . ... ... innt, 140-170 rpm
POSITIVE ENGAGEMENT

4"diameter ......... oo 180-250 rmp

412" diameter ..... ... ool 150-280 rpm
SOLENOID ACTUATED

4" diameter ......... .ol 140-170 rpm
MAXIMUM LOAD
BENDIXINERTIA ..o 380 amps
POSITIVE ENGAGEMENT

4 diameter .. e e 460 amps

A diameter .. ... .. i 670 amps
SOLENOQID ACTUATED

4z diameter ... 400 amps
NO-LOAD
BENDIXINERTIA .. ..o 60 amps
POSITIVE ENGAGEMENT

4hdiameter . ... i e 70 amps

4 diameter ... e e 80 amps
SOLENQIDACTUATED ......... ... ... 70 amps
MAXIMUM COMMUTATOR RUNOCUT
BENDIXINERTIA ... ..o n 0.005 inches
POSITIVE ENGAGEMENT ........... 0.005 inches

SOLENOID ACTUATED . .......oelt 0.005 inches

MAXIMUM STARTING CIRCUIT VOLTAGE DROP
{Battery positive terminal to starter terminal)

BENDIXINERTIA ...t 0.5 volt
POSITIVE ENGAGEMENT ............... 0.5 volt
SOLENOIDACTUATED .......... ...t 0.5 volt
RELAYWISOLENOID ......... ool 0.5 voit

MAXIMUNM CABLE VOLTAGE DROP
{Battery to relay resistance)

BENDIXINERTIA ... . il 0.1 voit
POSITIVE ENGAGEMENT ............... G.1volt
SOLENQID ACTUATED ..., ..., 0.3 valt
RELAYWISOLENOID . ......ooove it 0.1 voit

MAXIMUM RELAY AND CABLE VOLTAGE DROP
(Resistance across relay or solencid)

BENDIXINERTIA ... oot 0.3 volt
POSITIVEENGAGEMENT ............... 0.3 vait
SOLENQID ACTUATED ......... .. ... 0.5 volt
RELAYW/SOLENOID .. ......cooivinn 0.3 volt
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MAXIMUM GROUND CABLE VOLTAGE DROP
(Ground circuit resistance) )

BENDIXINERTIA ... i 0.1 voit
POSITIVE ENGAGEMENT ............ ... 0.1 volt
SOLENOID ACTUATED ... ... o vt 0.1 volt
RELAY WISOLENOID .. ... ..o 0.1 volt
STARTER BRUSHES (Mfg. length)
BENDIXINERTIA .. ... i 0.50 inches
POSITIVE ENGAGEMENT

ddiameter. ... s 0.50 inches

4" diameter. ... i 0.50 inches
SOLENOID ACTUATED

Avhv diameter. .. e e 0.50 inches
WEAR LIMIT
BENDIXINERTIA ... e et e i e s 0.25
POSITIVE ENGAGEMENT

A diameter. ... e e s 0.25

4 diameter. . oo e 0.25
SOLENOID ACTUATED

A dameter. e e 0.25
SPRING TENSION
BENDIXINERTIA .. .. v i ie it 40 ounces
POSITIVE ENGAGEMENT

Ardiameter.. ... .. i 40 ounces

Ave” digmeter.....cooeiiiiii e 40 ounces
SOLENOCID ACTUATED

4 diameter. ... e 40 cunces

THROUGH BOLT TORQUE

BENDIXINERTIA. ... 45-85 in-Ibs.
POSITIVE ENGAGEMENT

A'diameter ..., i B5-75in-tbs.

dvetdiameter ..., i B55-75 in-ibs.
SOLENOID ACTUATED

4z diameter ... .. i i, 45-85 in-Ibs.
MOUNTING BOLT TORQUE
BENDIXINERTIA ... ..ot 15-20 ft-1bs.
POSITIVE ENGAGEMENT

A'diameter ..o 15-20 ft-1bs.

4" diameter ... o e, 15-20 ft-ibs
SOLENOID ACTUATED

At diameter ... e 15-20 fi-lbs
SPECIAL TOOLS

Tool 10044-A Generator Pole Screw Wrench
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DELCO
STARTER SYSTEM

GENERAL DESCRIPTION

The function of the starting system, composed of
the starting motor, solenoid and battery, is to
crank the engine. The battery supplies the elec-
trical energy, the solenoid completes the circuit
to the starting motor, and the motor then does the
actual work of cranking the engine.

The starting motor (Fig. 6D-18) consists primarily
of the drive mechanism, frame, armature, brushes,
and field windings. The starting motor is a pad
mounted 12-voit extruded frame type, having four
pole shoes and four fields, connected with the ar-
mature. The aluminum drive end housing is ex-
tended to enclose the entire shift lever and
plunger mechanism, protecting them from dirt,
splash, and icing. The drive end frame also in-
cludes a grease reservoir 10 provide improved
lubrication of the drive end bearing. The flange
mounted solenoid switch operates the overrun-
ning clutch drive by means of a linkage to the
shaft lever. The Diesel starter utilizes a center
bearing. (Figure 6D-1s).

The starting system is made up of the cranking
motor with its drive mechanism, the starter motor
solenoid and the battery. These units are con-
nected together and work as a team to crank the
engine. The simpiified diagram (Fig. 6D-2s) shows
the electrical componenis in a typical starting
system. Although modern day applications use
more circuitry and controls than shown in Figure
6D-1s, the function of the components is always
the same — to convert electrical energy from the
battery into mechanical energy at the starter
motor to crank the engine.

STARTER MOTOR

Construction

A cross-sectional view of a typical starter motor
with a solenoid is shown in Figure 6D-1s.

The starting motor assembly is made up of field
coils placed over pole pieces which are attached
to the inside of a heavy iron frame, an armature, an
overrunning clutch-type drive mechanism, and a
solenoid.

The diesel starter is iilustrated in Figure 6D-1s,

The iron frame and pole shoes not only provide a
place for the field coils, but also provide a path for
the magnetic lines produced by the field coil
windings.

Armature
The armature assembly (Fig. 6D-3s), consists of a

stack of iron laminations placed over a steel shaft,
a commutator assembly and the armature wind-
ing. The windings are heavy copper ribbon that are
assembled into slots in the iron laminations. The
winding ends are soldered or welded to the com-
rautator bars which are electrically insulated from
each other and from the iron shaft.

The armature is supported by bushings in the end
frames. A center bearing is used on the 20MT
motor. Brushes are supported on the field frame
and ride on the commutator bars.

Drive Mechanism

The starting motor drive mechanism (Fig. 6D-4s)is
a roll-type overrunning clutch that is assembled
onto the armature shaft. Through this drive com-
ponent power is transmiited from the armature to
the engine during the starting cycle.

The overrunning clutch drive contains a pinion
which is made to move along the shaft by means
of a shift iever to engage the engine ring gear for
cranking. A gear reduction is provided between
the pinion and ring gear to meet the cranking re-
quirements of the engine. With this gear reduc-
tion, the motor operates to crank the engine at
speeds required for starting.

The overrunning clutch drive has a shell and
sleeve assembly which is splined internally to
match the spiral splines on the armature shaft.
The pinion is located inside the shell along with
spring-loaded rollers that are wedged against the
pinion and a taper inside the shell. The springs
may be either a helical or accordion type. Four
rolls are used. A collar and spring, located over
the sleeve, are the other major cluich com-
ponents.

When the shift lever is operated by the solenoid, it
moves the collar endwise along the shaft. The
spring pushes the pinion into mesh with the ring
gear. If a tooth abutment occurs, the spring com-
presses until the switch is closed, at which time
the armature rotates and the tooth abutment is
cleared. The compressed spring then pushes the
pinion into mesh and cranking begins.

Torgue.ls transmitted from the shell to the pinion
by the rolls which are wedged tightly between the
pinion and taper cut into the shell,

“When the engine staris, the ring gear drives the
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pinion faster than the armature and the rolls move
away from the taper, allowing the pinion to over-
run the shell. The start switch shouid be opened
immediately when the engine starts to avoid pro-
longed overrun. When the shift lever is moved
back by the return spring, the pinion moves out of
mesh and the cranking cycle is completed.



SOLENO!D the battery and motor. Since the motor may draw
A sectional view of a typical solenoid is shown in several hundred amperes during operation, heavy
Figure 8D-5s. It performs two functions in the  cables of short length are needed to reduce the
starting system. First, it is used to provide a cir-  Voltage drop in the circuit.

cuit of short length and low resistance between

BEESaS RETURN
S so&.mo PLUNGER . PAING.

GROUNDED.

INSULATED . -

: BRUSHHOLDER /. i SN R
BRUSH . . - N . - [ conpucToRs - ARMATURE - FIELD S
HOLDER - .- BRUSH ot TORISERBARS = 0.0 €O OVERRUNNING -~

) ' RISER BARS © TQARMATURE_' R R T CLuted. -

Fig. 6D-1s-Starting Motor Cross Section {Typical)

CRANKING

v FLYWHEEL

Fig. BD-2s5-Typical Cranking System
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WINDING

COMMUTATOR

CLUTCH SPRING
COLLAR

H

SPRING

. ROLLER
PINION AND OLLER
COLLAR ASSEMBLY -7 L)

Fig. 6D-3s-Armature Assemaly’

 Fig: 6D-4s-Overrunning Clutch Assembly.

. r

SHIFT LEVER AND PLUNGER: - Y-
(NOT A PART OF SOLENOID) -

START
SWITCH

.

BATTERY

!

o NEUTRAL
SAFETY
R SWITCH

CRANKING
MOTOR

Fig. 6D-5s~Solenoid Cross Section

Fig. 60-6s-Start Switch Circuit {Typical)

DIAGNOSIS

NO CRANKING ACTION
1. Make sure that control lever is neutral {N),

2. Make quick check of battery and cables. If bat-
tery is low, the solenoid usually will produce a
clattering noise, because a nearly discharged bai.

tery wili not sustain the voltage required to hoid -

solencid plunger in after solenoid switch has
been closed.

3. I starter motor spins and drive pinion engages
ring gear but does not drive it, overrunning clutch
is slipping. Remove motor 1o replace drive
assembly.

4. 1f starter motor does not operate, note whether
soienoid plunger is pulled into solenoid when
soienoid circuit is closed. Ordinarily the plunger
makes a loud click when it is pulled in. if plunger
is pulled in, solencid circuit is okay and trouble is
in solenocid switch, cranking motor, or cranking
moter circuit. The starter motor must be removed
for repairs to switch or motor.,

5. If plunger dees not pull into solencid when ig-
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nition switch is turned to “START", the solenoid
circuit is open, or solencid is at fault.

6. To find reason why plunger does not pull into
solenoid, connect jumper between solenoid bat-
tery terminal and terminal on solenoid switch 1o
which control wire is connected. If cranking motor
operates, solenoid is okay; trouble is in ignition
switch, neutral start switch, or in wires and con-
nections between these units.

7. If starter motor still does not operate, remove
motor for inspection and test of solencid switch.

CRANKING SPEED ABNORMALLY LOW

Abnormally low cranking speed may be caused by
low battery or defective cables, defective soienoid
switch, defective cranking motor, or an internal
condition of engine.

1. Make quick check of battery. If low battery is in-
dicated, iest battery. If defective cables are in-
dicated, test cables.




NOTE: Check alternator belt tension for cause of
low battery.

2. |f battery and cables are okay, test crankmg
motor and solenoid switch.

3. If starter motor and solenoid switch test okay,
the trouble is due to an internal condition of
engine. This may be due to use of engine oil which
is too heavy for prevailing temperatures.

VOLTAGE TEST OF STARTING SYSTEM AND
SOLENOID SWITCH

The voltage across the starter motor and Aswitch
‘while cranking the engi_ne gives a good indication
of any: 'ex'ceésive resistance.

NOTE: Engme must be at normal operating
temperature when test is made.

. Inspect battery and cables to make certain that
battery has ample capacity for cranking and igni-
tion.

2. Connect jumper wire to distributor terminal of
coil and to ground on engine, so that engine can
be cranked without firing.

3. Connect voltmeter positive lead to the motor
terminal on solenoid switch; connect voltmeter
negative lead to ground (Fig. 8D-7s).

4. Turn ignition switch on, crank engine and take
voltmeter reading as quickly as possible. If crank-
ing motor turns engine at normal cranking speed
with voltmeter reading 9 or more volts, the motor
and switch are satisfactory. If cranking speed is
below normal and voltmeter reading is 9 voits or
greater, the cranking motor is defective.

CAUTION: Do not operate starter motor more
than 30 seconds at a time without pausing to
allow motor to cool for at least two minutes; other-
wise, overheating and damage to motor may
result.

5. If starter motor turns engine at low rate of
speed with voltmeter reading less than 9 volts,
test solenoid switch contacts as follows:

6. With voltmeter switch turned to any scale
above 12 volts, connect voltmeter negative lead to
the motor terminal of solenoid switch, and con-
nect positive lead to battery terminai of switch
{Fig. 6D-8s).

7. Turn ignition switch on and crank engine. Im-
mediately turn voltmeter switch to low scale and
take reading as quickly as possible, then turn
switch back to higher scale and stop engine.

The voltmeter wiit read not more thar 2/10 volt if
swilch contacts are satisfactory. If voltmeter
reads more than 2/10 voli, switch should be
repaired or replaced.

[ TERMINAL

-5 GROUND ON ENGINE

A MOUNTING
BRACKET -
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Fig. 6D-7s-Cranking Voltage Test Connections

TMOTOR r
ERMINAL =4
©

. )
iR

TERMINAL

Fig. 60-Bs-Solenoid Switch Contact Test Connections

"S" TERMINAL SOLENGID

12-VOLT

Fig. 6D-9s-Amperage Test of Solenoid

AMPERAGE TEST OF SOLENGCID SWITCH
WINDINGS

(1) Current draw of both windings in paraliel.
(2) Current draw of hold-in winding alone.

1. Remove screw from solenoid motor terminal
and bend field leads slightly until clear of ter
minal. Then ground solenoid motor terminal with
a heavy jumper wire (Fig. 6D-9s).




2. Connect a 12-volt battery, a variable resistance,
and an ammeter of 100 amperes capacity in series
with solenoid “S" terminal. Connect a heavy

jumper wire from solenoid base to ground post of

batiery. :

3. Connect a voltmeter between base of solenoid
and small solenoid “S" terminal.

4. Siowly adjust resistance until voltmeter reads
10 volts and note ammeter reading. This shows
current draw of both windings in parallel. Refer to

Delco-Remy bulletin for specifications on the
starter being tested.

5. Remove jumper wire from solenoid motor ter-
minal and re-adjust resistance until voltmeter
reads 10 volits, then note ammeter reading. This
shows current draw of hold-in winding alone.
Refer to Delco-Remy bulietin for specifications.

6. If solenoid windings do not test within

specifications given, solenoid switch assembly
should be replaced.

ON VEHICLE SERVICE

MAINTENANCE AND ADJUSTMENTS
Lubrication

No periodic lubrication of the starting motor or
solenoid is required. Since the starting motor and
brushes cannot be inspected without disassembl-
ing the unit, no service is required on these units
between overhaul periods.

COMPONENT PART REPLACEMENT
Starting Motor
* Replacement

The {following procedure is a general guide for all
engines and will vary slightly depending on series
and model. . .

1. Disconnect battery ground cable at battery.
2. Disconnect all wires at solenoid terminals.

NOTE: Reinstall the nuts as each wire is discon-
nected as thread size is different but may be
mixed and stripped.

3. Remove atiaching bolts and starter.

4. Reverse the -removal procedure to
Tighten the mount boits.

5. Check operation of starter on vehicle,

install.

CHECKING PINION CLEARANCE

Whenever the starier motor is disassembled and
reassembled, the pinion clearance should be
checked. This is to make sure that proper
clearance exists between the pinion and pinion
stop retainer when pinion is in cranking position.
Lack of clearance would prevent solenoid siarter
switch from closing properly; too much clearance
would cause improper pinion engagement in ring
gear.

1. Connect a source of approximately 6 volts (3
battery cells or a 6 volt batiery) between the
solenoid “S" terminal and ground.

CAUTION: Do not use more than 6 volts or the
motor will aperate. As a further precaution to pre-
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RETAINER:

Fig. 6D-10s-Checking Pinion Clearance

vent motoring, connect a heavy jumper wire from
the solenoid motor terminal to ground.

2. After energizing the solenoid, push the pinion
away from the stop retainer as far as possible and
use feeler gauge to check clearance between pin-
ion and retainer (Fig. 6D-10s).

3. If clearance is not between .010” and . 140" it in-
dicates excessive wear of solenoid linkage, shift
lever mechanism, or improper assembly of these
parts.

NOTE: Pinion clearance cannot be adjusted. If
ciearance is not correct, motor must be
disassembled and checked for the above men-
tioned defects. Any defective parts must be
replaced.

BENCH TEST OF STARTING MOTOR

To obtain full performance data on a cranking
motor, or to determine the cause of abnormal
operation, the motor should be removed from the
engine and be submitted to a no-load test with
equipment designed for such tests. A high current



carrying variable resistance should be connected
into the circuit so that the specified voltage at the
starter motor may be obtained, since a small varia-
tion in the voltage will produce a marked dif-
ference in the current draw.

(8) No-Load Test. Connect the starter motor in
series with a 12Z-volt battery and an ammeter
capable of indicating several hundred amperes. If
an RPM indicator is available, set it up to read ar-
mature RPM. Check current draw and armature
RPM at the specified voltage.

1. Low no-load speed and high current draw may
result from:

(@) Tight, dirty, or worn bearings, bent armature
shaft or loose field pole screws which would allow
the armature to drag.

(by Shorted armature. Check armature further
on growler.

{c) A grounded armature or field.

Check for grounds by raising the grounded
brushes and insulating them from the com-
mutator, f the starter motor has shunt field coils
which are grounded to the field frame, disconnect
these fields from ground. Then check with a test
lamp between the insulated terminal and the
frame. if lamp lights, raise other brushes from
commutator and check fields separately to deter-
mine whether it is the fields or armature that is
grounded:

2. Faiiure to operate with high current draw may

result from:
(a} A direct ground in the terminal or fields,.

{b) Frozen shaft bearings which prevent the ar-
mature from turning.

3. Failure to operate with no current draw may
result from:

(8) Open field circuit. inspect internal connec-
tions and trace circuits with test lamp.

{b) Open armature coils.
mutator for badly burned bars.

(c} Broken or weakened brush springs, worn
brushes, high mica on the commutator, or other
causes which would prevent good contact be-
tween the brushes and commutator. Any of these
conditions will cause burned commutator bars.

inspect the com-

4. Low no-load speed with low current draw in-
dicates:

{a) An open fieid winding. Raise and insulate
ungrounded brushes from commutator and check
fields with test lamp.

(b) High internal resistance due to poor con-
nections, defective leads, dirty commutator and
causes listed under item 3 {c).

5. High no-load speed with high current draw in-
dicates shorted fields. There is no easy way to
detect shorted fields, since the field resistance is
already low. If shorted fields are suspected,
replace the fields and check for improvement in
performance.

UNIT REPAIR

DISASSEMBLY-EXCEPT DIESEL (Fig. 6D-1s
and 6D-11s)

1. Disconnect the fleld coll connecior(s) from the
motor solenoid terminal.

2. Remove through bolis,

3. Remove commutator end frame, field frame
assembly and armature assembly from drive hous-
ing.

4. Remove overrunning clutch from armature
shaft as follows:

a. Slide two piece thrust collar off end of ar-
mature shaft.

b. Slide a standard half-inch pipe coupling or
other metal cylinder of suitable size (an old pinion
of suitable size can be used if avaliable) onto shaft
so end of coupiing or cylinder butts against edge
of retainer (Fig. 6D-125). Tap end of coupling with
hammer, driving retainer towards armature end of
snap ring.
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¢. Remove snap ring from groove in shaft using
pliers or other suitabie tool. If the snap ring is too
badly distorted during removal, it may be
necessary to use a new one when reassembling
clutch. :

d. Slide retainer and clutch from armature
shaft.

5. Disassemble brush rigging from field frame.
a. Release “V" spring from siot in brush hoider
support.
b. Remove support pin.

c. Lift brush holders, brushes and spring up-
ward as a unit.

d. Disconnect leads from each brush.
e. Hepeat operation for other set of brushes.

CLEANING AND INSPECTION

With the starting motor completely disassembled
except for removal of field coils, the component



1. Drive Hausing 7. Solenoid Cese

2. Shift Lever Boit, B. Screw and Lock Washer
Nut and Lock 9, Grommet
Washer 10. Field Frame

3. Pin 11, Through Bolws

4, Shift Levar 12. Thrust Collar

5, Solenoid Plunger 13. Snap Ring

6. Solanoid Retumn Spring 14. Retainer

15, Qverrunning Clutch As- 22, Grounded Brush Moiders
sembiy 23. Brushes

16, Armature 24. Screws

17.. Braking Washing 25, Field Coils

18, Commutator £nd Frame 26, {nsulators

18, Brush Springs 27, Polg Shoes

20, Washar 28. Screws

. Insulated Brush Holders

Fig. BD-11s-Starting Motor Parts Layour

parts should be cleaned and inspected as de-
scribed below. Field coils need be removed only
where defects in the coils are indicated by the
tests described in this section.

1. Clean all starting motor parts, but do not use
grease dissolving solvent for cleaning the over-
running clutch, armature, and field coils since
such a solvent would dissolve the grease packed
in the clutch mechanism and would damage ar-
mature and field coil insulation.

2. Test overrunning clutch action. The pinion
should turn freely in the overrunning direction and
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must not slip in the cranking direction. Check pin-
ion teeth to see that they have not been chipped,
cracked, or excessively worn. Check the spring for
normal tension and drive collar for wear, If
necessary, the spring or collar can be replaced by
forcing the collar toward the clutch and removing
lock ring from end of tube.

3. Check brush holders to see that they are not
deformed or bent, but will properly hold brushes
against the commutator.

4. Check the condition of the brushes and if pit-
ted or worn to one-half their original iength, they




Fig. 8D-12s-Driving Retainer O Snap Ring

should be replaced.

5. Check fit of armature shaft in bushing of drive
housing. Shaft should fit snugly in the bushing. If
the bushing is worn, it shouid be replaced. Apply a
silicone lubricant to this bushing before
reassembly. Avoid excessive lubrication.

6. Check fit of bushing in commutator end frame.
If this bushing is damaged or worn excessively,
the end frame assembly must be replaced. Applya
silicone lubricant to this bushing before
reassembly. Avoid excessive lubrication, Lubri-
cant forced onto the commutator would gum and
cause poor commutation with a resulting
decrease in cranking motor performance.

CAUTION: Some starter motor models use a
molded armature commutator design and no at-
tempt to undercut the insulation should be made
or serious damage may result to the commutator.
Undercutting reduces the bonding of the molding
material which holds the commutator bars and
since the molding material is softer than the cop-
per bars, it is not necessary to undercut the
material between the bars of the molded com-
mutator.

7. Inspect armature commutator. If commutator
is rough or out of round, it should be turned down
and undercut. Inspect the points where the ar-
mature conductors join the commutator bars to
make sure that it is a good firm connection. A
burned commutator bar is usually evidence of a
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Fig. 60-13s-Armature Short Circuit Test

poor connection. See “Turning the Commutator,”
described under Testing and Repairs.

TESTING AND REPAIRS
Armature Test For Shoris

Check the armature for short circuit by placing on
growler and holding hack saw blade over armature
core while armature is rotated (Fig. 6D-13s). if saw
blade vibrates, armature is shorted. Recheck after
cleaning between the commutator bars, If saw
blade still vibrates, replace the armature.

Armature Test For Ground

Place one lead on the armature core or shaft and
the other on the commutator (Fig. 6D-14s). If the
tamp lights, the armature is grounded and must be
repiaced.

Field Coil Test For Open Circuit

Place one lead on the insulated brush and the
other to the field connector bar (Fig. 6D-15s). If the
lamp does not light, the field coils are open and
will require replacement.

Field Coil Test For Ground

NOTE: Be sure to disconnect the shunt coil
before performing this test (when applicable).

Place one lead on the connector bar and the other
on the grounded brush (Fig. 16s). If the lamp
lights, the field coils are grounded.

Field Coil Replacement

Field colls may be removed from the field frame
using a pole shoe screwdriver and a pole shoe
spreader. The spreader prevents distortion of the
field frame. Careful instaliation of field coils Is
necessary to prevent shorting or grounding of the
field coils as the pole shoe screws are tightened



Big. 6D-14s~-Armature Ground Test

in place. Formed insulators are used to protect
the field leads from grounding to the frame and
must be replaced with assembiy.

Loose Electrical Connections
When an open soldered connection of the ar-
mature to commutator leads is found during in-
spection, it may be resoldered provided resin flux
is used for soldering. Acid flux should never be
used on electrical connections.

When inspection shows commutator roughness,
it should be cleaned as follows:

Turning The Commutator
1. Turn down commutator in a lathe until it is
thoroughly cleaned.

Fig. 60-15s~Fieid Coil Open Circuit Tast
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Fig. 60-16s-Field Coll Ground Test

CAUTION: Some starter motor models use a
molded armature commutator design and no at-
tempt to undercut the insufation should be made
or serious damage may result to the commutator.
Undercutting reduces the bonding of the molding
material which holds the commutator bars and
since the molding material is softer than the cop-
per bars, it is not necessary to undercut the
material between the bars of the molded com-
mutator.

2. Undercut insulation between commutator bars
1/32". This undercut must be the full width of in-
sulation and flat at the bottom; a triangular groove
will not be satisfactory. After undercutting, the
slots should be cleaned out carefully to remove
any dirt and copper dust.

3. Sand and the commutator lightly with No. Q0
sandpaper {o remove any slight burrs left from
undercutting.

4. Recheck armature on growler for short circuits.

Brush Hoider Replacement

if brush holders are damaged, they can be re-
placed by special service units.

Overrunning Clutch

The overrunning clutch (rolf clutch design) used in
the various starting motors is (Fig. 6D-17s} de-
signed to be serviced as a complete unit.

ASSEMBLY

After all parts have been thoroughly tested and in-
spected and worn or damaged parts replaced, the
starier should be reassembied.

1. Assernbie brush rigging to field frame.
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Fig. 6D-17s-Roll Type Clutch Cross-Section

a. Assemble brushes to brush holders.

b. Assemble insuiated and grounded brush
holder together with the “V* spring and position
as unit on the support pin. Push holders and
spring to bottom of support and rotate spring to
engage the “V" in slot in support.

c. Attach ground wire to grounded brush and
field lead wire to insulated brush.

d. Repeat for other set of brushes.

2. Assemble overrunning clutch assembiy to ar-
mature shaft.

a. Lubricate drive end of armature shaft with
silicone lubricant. - _

b. Slide ciuich assembly onto armature shaft
with pinion outward.

c. Slide retainer onto shaft with cupped surface
tacing end of shaft (away from pinion).

d. Stand armature on end of weod surface with
commutator down. Position snap ring on upper
end of shaft and hold in place with block of wood.
Tap wood block with hammer forcing snap ring
over end of shaft (Fig. 6D-19s). Slide snap ring
down into groove,

e. Assembie thrust collar
shoulder next o snap ring.

f. Place armature flat on work bench, and posi-
tion retainer and thrust collar next to snap ring.
Then using two pair of pliers at the same time {one
pair on either side of shaft), grip retainer and
thrust collar and squeeze until snap ring is forced
into retainer (Fig. 6D-19s).

on shaft with

3. Lubricate the drive housing bushing with a
silicone lubricant. Make sure thrust collar is in
place against snap ring and retziner and slide ar-
mature and clutch assembly into place in drive
housing engaging shift iever with clutch.

4. Position fieid frame over armature and apply
special sealing compound between frame and
solenoid case. Position frame against drive hous-
ing using care to prevent damage to the brushes.
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Fig. 6D-18s--Forcing Snap Ring Cver Shaft

5. Lubricate the bushing in the commutator end
frame with a silicone lubricant, Place ieather
brake washer on armature shaft and slide com-
mutator end frame onfo shaft.

6. Reconnect the field coil connectors to the
“"motor’ solenoid terminal.

7. After overhaul is completed, perform *“Pinion
Ciearance Check”.

PINION CLEARANCE CHECK

1. Connect a battery, of the same voltage as the
solenoid, from the solenoid switch terminal to the

‘RETAINER

Fig. 60-19s~-Forcing Snap Ring Into Retainer



BATTERY

SOLENOID

BAT.

K

F ©

CRANKING
MOTOR

NL
7R

Fig. 8D-20s~Cireuit for Checking Pinian Clearance

solenoid frame or ground terminal (Fig. 6D-20s).

NOTE: Disconnect the motor field coil connector
for this test.

2. Momentarily flash a jumper lead from the
solenoid motor terminal to the solenoid frame or
ground terminal. The pinion will now shift into
cranking position and will remain there until the
jumper fead is disconnected.

3. Push the pinion back towards the commutator
end to eliminate slack movement.

4. Measure the distance between the pinion and
pinion stop (Fig. 6D-15s). If clearance is not within
specified limits (.010-.140) it may indicate ex-
cessive wear of solenoid linkage shift lever yoke
buttons or improper assembly of the shift laver
mechanism. Worn or defective paris should be
reptaced.

STARTING SOLENOID

Removal

1. Remove the outer screw and washer from the
motor connector strap terminal.

2. Remove the two screws retaining solenoid
housing to end frame assembly.

3. Twist solenoid clockwise to remove flange key
from keyway siot in housing; then remove
solenoid assembiy.

Replacement of Contacts (Fig. 6D-21s)

1. With solenoid removed from motor, remove
nuts and washers from switch and motor connec-
tor strap terminals.

2. Remove the two solenoid end cover retaining
screws and washers and remove end cover from
solenoid body,

3. Remove nut and washer from battery terminali
on end cover and remove battery terminal.
Remove resistor by-pass terminal and contactor.

4. Remove motor connector strap terminal and
solder new terminal in position.

5. Using a new battery terminal, install terminal
washer and retaining nut to end cover. Install by-
pass terminal and contactor.

8. Position end cover over switch and motor ter-
minals and install end cover retaining screws.
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Also install washers and nuts on the solenoid
switch and starting motor terminals.

7. Bench test solenoid for proper operation.

installation

1. With soienoid return spring installed on
plunger, position solenocid body to drive housing
and turn counterclockwise to engage the flange
key in the keyway slot.

2. Install two screws retaining solenoid housing
to end frame.

SOLENOID

BaDY 2 HopN CONTACT CONTACT
; | swmew  RNGS FNGER
TERMINAL FIBER

WASHER

BATTERY
TERMINAL

\\\‘?&»

PLUNGER  fagy

TO PULLIN
COR

MOTOR CONNECTOR
STRAP TERMIMAL END

Fig. 6D-21s-Expiodad View of Solenoid
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[HoTE | Loosen this bolt when

mstaliing ghim ., install

Loosen both bolts
when installing [1] shim.

STERN DRIVE ENGINE
STARTER NOISE REPAIR PROCEDURE

Noise during cranking,...,..use
shim | 1 | on outboard pad, only. Use no
more than four shims,

Noise after engine fires..,,,use
shim apply shims one at a time un-
til noise is corrected. Use no more
than four shims,

For combinations of the above, .., .use
no more than four shims totally.

Remove thig bolt to

shim, then
reinstall bolt and tighten

Fig. 6D-22s5--Starter Motor Shimming (Exc L.F9)

3. Install outer screw and washer securing motor
connector strap terminal.

4. Install starter motor as previously described.

STARTERS

Starter motor shimming procedures for Stern
Drive engines {except Diesel) are illustrated in
Figure 6D-22s.

STARTER-DIESEL ENGINE (FIG. 6D-23s)
Starter Disassembly (Fig. 6D-23s)

1. Remove screw from field coil connector and
solenoid mounting screws. Rotate solenoid 90°
and remove along with plunger return spring.

NOTE: Solenoid may be removed and serviced
without further starter disassembly at this time.

2. Remove 2 through bolts, then remove com-
mutator end frame and washer.

3. Remove field frame assembiy from drive gear
housing. (On diesel starter armature remains in
drive end frame.)

4. Remove shift lever pivot bolt,
5. Remove center bearing screws and remove
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drive gear housing from armature shaft. Shift lever
and plunger assembly will now fall away from
starter cluteh. {Fig. 6D-24s). '

8. If necessary to remove overrunning clutch from
armature shaft, proceed as follows: (Fig. 255D-8)

a. Remove thrust washer or coilar from ar-
mature shaft,

e aran rungER it HOLENDID
‘-}—'L-—-i W -
=Ty i:"
i A T COMMUTATOR
v

e ‘)—_' £HD FAAME

4

THALST
WASHER  AZIAINER

FIEA
WALHER

CLUTCH ARD

DRIVE AlM. Srutes

HEARING

ARMATLAL

Fig. 8D-23s-Diesel Starter
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Fig. 6D-24s-Remave Shift Lever

b. Slide a 5/8" deep socket or piece of pipe of

suitable size over shaft against retainer as a driv-

ing tool. Tap tool to move retainer off snap ring.
c. Remove snap ring from groove in shaft. If
snap ring is distorted, it will be necessarytousea
new one on reassembly. (Fig. 6D-26s).
d. Remove retainer, clutch assembly, (also
fiber washer and center bearing on diesel) from ar-
mature shaft.

7. The shift lever and plunger may be disas-
sembled at this time by removing the roll pin.

8. If necessary to replace brush holder parts, pro-
ceed as follows:

a. Remove brush holder pivot pin which posi-
tions one insulated and one grounded brush. (Fig.
6D-27s).

b. Remove brush spring.

c. Replace brushes as necessary.

Cleaning, Inspection and Tests

Refer to Section 6D of the 1977 service manual for
starter cleaning, inspection and tests.

NOTE: If necessary to remove field coils or pole
shoes, care must be taken during reassembly not
to break through insulation material on the fieid
coils. Be sure long lip on pole shoes is in direction
of armature rotation.

Solenoid Switch

The starter solenoid switch is serviced as an
assembly only. The cover can be removed to in-
spect the contacts and contact disc if necessary.
(Fig. 8D-28s).

Starter Assembly
1. Assemble the armature and clutch as follows:
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Fig. 60-25s~Aemoave Thrust Collar

a. Lubricate drive end of armature shaft with
lubricant GM #1960954 or equivalent.

b. Install center bearing with bearing toward
the armature winding. Then install the fiber
washer on the armature shaft. Refer to Fig.
6D-28s,

¢. Slide clutch assembly onto armature shaft
with pinion away from armature.

d. Slide retainer onto shaft with cupped side
facing the end of shaft.

e. Install snap ring into groove on armature
shaft.

f. Install thrust washer on shaft.

g. Position retainer and thrust washer with
snap ring in between. Using two pliers, grip re-
tainer and thrust washer or collar and squeeze un-
til snap ring is forced into retainer and is held
securely in groove in armature shaft. (Fig. 6D-29s).

2. Lubricate drive gear housing burshing with
lubricant GM #1960954 or equivalent.

3. Engage shift lever yoke with cluich and slide
complete assembly into drive gear housing.

NOTE: Shift lever may be installed in drive ‘gear

THRUST

RETAINER WASHER

SKRAF
RENG

CLUTCH AND BRIVE
ASSEMBLY .

CENTER BEARING

Fig. 6D-26s--Remove Starter Drive
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Fig. 60-27s-Brush Replacement
housing first,

4. Install the center bearing screws (diesel only)
and the shift lever pivot boit. Tighten securely.

5. Install solenoid assembly on drive gear hous-
ing.

6. Apply sealer, No. 1050026 or equivalent to
solenoid flange where field frame against drive
gear housing on alignment pin using care to pre-
vent damage to brushes.

7. Position field frame against drive gear housing
on alignment pin using care to prevent damage to
brushes.

8. Lubricate commutator end-frame bushing with
lubricant 1960954 or equivaient.

9. Install washer on armature shaft and slide end
frame onto shaft, then install and tighten through-
bolts.

10. Connect the field coil
solenoid terminai.

11. Check pinion ciearance as outlined under
PINION CLLEARANGE.

connector to the

SOLERQI D

o Ovie
< g
I
?—_,:v a
w
o

Fig. 6D-28s--Solenoid Switch

Pinion Clearance

When the starter motor has been disassembled or
the solenoid has been replaced, it is necessary to
check the pinion clearance. Pinion clearance
must be correct to prevent the buttons on the shift
lever yoke from rubbing on the clutch collar during
cranking.

1. Disconnect the motor field coil connector from

the solenoid motor terminai and insulate it
carefully.
2. Connect one 12-oit battery lead to the

solenoid switch terminal and the other to the
starter frame.

3. Flash a jumper jead momentarily from the
solenoid motor terminal to the starter frame. This
will shift the pinion into cranking position and will
remain so until the battery is disconnected.

4. Push the pinion back as far as possibie to take
up any movement, and check the clearance with a
feeler gage. (Fig. 6D-30s). The clearance shouid be
010" to . 140",

Means for adjusting pinion clearance is not pro-
vided on the starter motor. If the clearance does
not fall within limits, eheck for improper installa-
tion and replace all worn parts.

PRESS ON CLUTCH AS SHOWN
TC TAKE UP MOVEMENT

RETAINER

—_— . 010" TO . 140"

s ;‘ PINION CLEARANCE

. FEELER __ 1
GAUGE

.,

SNAP RING

Fig. 60-30s-Check Pinion Clearance
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Fig. BD-29s-ins1a8ll Snap Ring and Retainer
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CRANKING MOTORS

CADMIUM COPPER

CONTACT. DISC

SEALING
WASHERS
{OPTIONAL)

SEALING

GRAPHITE
IMPREGNATED
BEARING

Figure 1-—Sectional view of enclosed shift

lever type cranking motor,

Enclosed shift [ever cranking motors have
the shift lever mechanism and the sole-
noid plunger enclosed in the drive hous-
ing protecting them from exposure to
dist, icing conditions and splash. A typical
motor is shown in Figure 1. The assist
spring is not used on some models.

In the basic circuit shown in Figure 2, the
solenoid windings are energized when the
switch is closed. The resuiting plunger
and shift lever movement causes the
pinion to engage the engine flywheel ring
gear and the solenoid main contacts to
close, and cranking takes place. When
the engine starts, pinion overrun protects
the armature from excessive speed until
the switch is opened, at which time the
return spring causes the pinion to dis-
engage. To prevent excessive overrun, the

GROMMET e

RUBBER. GASKET

CENTER
BEARING
(OPTIONAL)

SHAFT ‘SEAL
(OFTIONAL)

switch should be opened immediately
when the engine starts.

CRANKING MOTOR LUBRICATION

Motors do not require lubrication except
during overhaul.

When the motor is disassembied for any
reason, lubricate as follows:

1. The armature shaft and drive end and
commutator end bushings sheuld be
coated with Delco-Remy Lubricant No.
1960954,

2. The roll type overrunning ciutch requires
no internal lubrication. However, the
drive assembly shouid be wiped clean.
CAUTION: Do not clean in any degreas-
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ing tank or with grease dissolving sol-
vents; this will dissolve the lubricant in
the clutch mechanism. Use silicone
grease General Electric CG321, or Dow
Carning 33 medium, or equivalent, on
the shaft underneath the overrunming
clutch assembly,

3. Avoid excessive lubrication.

TROUBLESHOOTING THE
CRANKING CIRCHIT

Before  removing any unit in a cranking
circuit for repair, the following checks
shoufd be made:

Battery: To determine the condition of
the battery, follow the testing procedure
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Figure 2—Basic wiring circuit.

outlined in Service Bulletin 1B-115 or
1B-116. Insure that the battery is fully
charged.

Wiring: Inspect the wiring for damage.
inspect all connections to the cranking
motor, solencid or magaetic switch, igni-
tion switch or any other control switch,
and battery, including all ground connec-
tions. Clean and tighten all connections
as reguired,

Magnetic Switch or Solenaid and Control
Switches: Inspect all switches to deter-
mine their condition. Connect a jymper
fead around any switch suspected of being
defective. 1 the system functions prop-
erly using this methad, repair or replace
the bypassed switch.

Motor: If the battery, wiring and switches
are in satisfactory condition, and the en-
gine is known to be functioning properly,
remove the motor and follow the test pro-
cedures outlined below.

Regardless of the construction, never
operate the cranking motor more than
30 seconds at a time without pausing to
aliow it to cool for at least two minutes.
Overheating, caused by excessive crank-
ing will seriously damage the cranking
mator,

CRANKING MOTOR TESTS

With the cranking motor removed from
the engine, the pinion should be checked

for freedom of operation by turning it on
the screw shaft. The armature shouild be
checked for freedom of rotation by pry-
ing the pinion with a screwdriver, Tight
bearings, a bent armature shaft, or a loose
pole shoe screw will cause the armature
to not turn freely. If the armature does
not turn freely the motor should be dis-
assembied immediately. However, if the
armature does rotate freely, the motar
should be given a no-load test before
disassembly.

No-Load Test (Fig. 3)

Connect a voltmeter from the motar ter-
rinal to the motor frame, and use an
r.p.m. indicator to measure armature
speed. Gonnect the motor and an ammeter
in series with a fully charged battery of
the specified voltage, and a switch in the
open position from the solenoid batiery
terminal to the solencid switch terminal.
Close the switch and compare the r.p.m.,
current, and voltage readings with the
specifications in Service Bulletins IM-180,
1M-185, 1M-186, or 1M-187. It is not
necessary to obtain the exact voliage
specified in these bulletins, as an ac-
curate interpretation can be made by
recagnizing that if the voltage is slightly
higher the r.p.m. will be proportionately
higher, with the current remaining
essentially unchanged, However, if the
exact voltage is desired, a carbon pile
connected across the batiery can be
used to reduce the voltage to the speci-
fied vatue. {f more than one 12-velt bat-
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Figure 3—No-load test “ookup.

tery is used in series, connect the carbon
pile across only one of the 12-volt bat-
teries. If the spacified current draw does
net include the solenoid, deduct from the
ammeter reading the specified current
draw of the solenoid hold-in winding.
Make disconnections anly with the switch
open. Interpret the test resufts as
follows:

1. Rated current draw and no-load speed
indicates normal condition of the
cranking maotor,

2, Law free speed and high current draw
indicates-

a. Too much friction——tight, dirty, or
worn bearings, bent armature shaft
or foose pole shoes allowing arma-
ture to drag,

b. Shorted armature. This can he
further checked on a growler after
disassembly.

c. Grounded armature or fields. Check
further after disassembly.

3. Failure to operate with high current
draw indicates:
a. A direct ground in the terminal or
fields.
b. “Frozen” bearings (this should have
been determined by turning the ar-
mature by hand).

4. Failure to operate with no current
draw indicates:



a. Open field circuit. This can be

© checked after disassembly by in:
specting internal connections and
tracing circuit with a test lamp.

b. Open armature coils. Inspect the
commutator for badly burned bars
after disassembly.

¢. Broken brush springs, worn brushes,
high insulation between the commu-
tator bars or other causes which
would prevent pgood contact be-
tween the brushes and commutater,

5. Low no-load speed and low current
draw indicates:

a. High internal resistance due to paor
connections, defective leads, dirty
commutator and causes listed un-
der Number 4.

6. High free speed and high current draw
indicate shorted fields. {f shorted fields
are suspected, replace the field coil as-
sembly and check for improved per-
formance.

DISASSEMBLY

if the motor dees not perform in accergd-

ance with published specifications, it may

need to be disassembled for further test-

ing of the components. Normally the
cranking motor should be disassembled
omly so far as is necessary io make
repair or replacement of the defective

parts. As a precaution, it is suggested
that safety glasses he worn when dis-
assembling or assembling the cranking
mator. Following are general instructions
for disassembling a typical overruning
clutch drive cranking motor:

1. Disconnect the field coil connections
from the solenoid motor terminal,

2. Remove the thru-bolts.

3. Remove the commutator end frame
and field frame assembly.

4. Remove the armature assembly from

the drive heusing. On some models it
will be necessary to remove the sole-
noid and shift lever assembly from the

Enclesed Shift Lever Type CRANKING MOTORS

drive housing before removing the ar-
mature assembly.

5. Remove the thrust collar from the
armature shaft,

6. Remove the ciutch from the arma-
ture by sliding a metal cylinder onto
the shaift; with a hammer striking the
metal cylinder against the retainer,
drive the retainer toward the armature
core and off the snap ring {Fig. 4).

7. Remove the snap ring from the groove
in the armature shaft.

8. Rolter type clutches are designed to
be serviced as & complete unit,
therefore do not disassemble, Replace
if necessary.

COMPONENT INSPECTION AND REPAIR

‘A Brushes and Brush Holders—Inspect
the brushes for wear. If they are worn
excessively when compared with a2 new
brush, they should be replaced. Make

™ RETAINER.
Figure dRemoving retainer
from snap ring.
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sure the brush holders are clean and
the brushes are not binding in the
holders. The full brush surface should
ride on the commutator to give proper
performance. Check by hand to insure
that the brush springs are giving firm
contact between the brushes and com-
mutator. f the springs are distorted
or discolored, they should be replaced.

. Armature——Bo 5ot turn the cemmutator

or undercut the insuiation on these
motors. Use No. 240 grit emery paper to
clean the commutator. 1 the com-
mutator cannat be cleaned, replace the
armature. The armature should be
checked for shest circuits, opens, and
grounds:

1. Short circuits are located by rotat-
ing the armature in a growler with
a steel strip such as a hacksaw
blade held on the armature. The
steel strip will vibrate on the area
of the shart circuit. Shorts between
bars are sometimes produced by
brush dust or copper between the
hars.

. 2 Opens may be located by inspect-

ing the points where the conduc
tors are joined to the commutater
for loose connections. Poor connec-
tions cause arcing and burning of
the commutator. If the bars are
not badly burned, leads originally
soidered to the riser bars can be
resoldered,

3. Grounds in the armature can be
detected by the use of 2 test lamp.
If the famp lights when one test
prod is placed on the commutaior
and the other test prod on the arme-
ture core or shaft, the armature is
grounded.

C. Field Coils—The field coils should he

checked for grounds and opens using
a test lamp. Typical circuits are shown
in Figure 5.

1. Grounds—Disconnect field coil
ground connections. Connect one
test prod to the field frame and
the other to the field connector.
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SHUNT
coiL {2}

COMMUTATOR

BRUSH
SERIES COIL (3)

COMMUTATOR

BRUSH
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Figure 5—Typical motor circuits,

If the lamp lights, the field coils D, Solenoid—A basic so!enoia_ circuit is

are grounded and must be repaired
or replaced. This check cannot be
made if the ground connection can-
not be disconnected.

2. Opens—Connect test famp prods
to ends of field coils. if lamp does
not light, the field coils are open.

if the field coils need to be removed
for repair or replacement, a pole shoe
spreader and pole shoe screwdriver
should be used. Care should be exer-
cised in replacing the field coils to
prevent grounding or shorting them
as they are tightened into place. Where
the pole shoe has a long lip on the
side, it should be assembled in the
direction of armature rotation,

shown in Figure 6. Solenoids may differ
in appearance, but can .be checked
electrically by connecting a battery of
the specified voltage, a switch, and an

ammeter to the two solenoid windings... §
With all leads disconnected from the

solenoid, make test cosnections as
shown to the solenoid switch (S or SW)
terminal and te ground, (B) or to the
second switch terminal, if present, to
check the hold-in winding. (Fig. 7) Use
the carbon pile across the battery to
decrease the battery voltage to the
value specified in Service Bulletins
15-180, 1S-186, or 1S-187, and com-
pare the ammeter reading with
specifications. A high reading indicates
a shorted or grounded hold-in winding,
and a jow reading excessive resist-
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HOLD.IN
WINDING

START SWITCH

PULL-IN
WINDING

Figure 6—Basic solencid circuit.

ance. To check the pull-in winding,
connect from the salenoid switch
terminal (S or SW), and to the solenoid
motor (M or MOT) terminal. NOTE: If
needed to reduce the voitage to the
specified value, connect the carbon

VOLTMETER

D O

AMMETER

BATTERY

Figure 7—Connections for checking solencid

(note: terminal locations may vary).



Figure 8—Forcing snap ring oyejf. shaft.

pile between the battery and "'M"
terminal as shown in dashed red lines
instead of across the battery as shown
in solid red lines. If not needed, con-
nect a jumper directly from the bat-
tery to the "M" terminal as shown in
dashed red lines. CAUTION: To prevent
overheating, do not leave .the pul-in
winding energized more than 15 sec-
onds, The current draw will decrease
as the winding temperature increases.

Enclosed Shift Lever Type GRAHKING_MBT_I_]RS

Figure 9-Forcing retainer

The purpose of the “R" terminal is to
short out the ignition resistor during
cranking,:and thereby provide higher igni-
tion coil output. (Fig. 7)

REASSEMBLY

1. Place the clutch assembly on the
armature shaft. To facilitate replacing

the smap ring and retainer onto the c.

armature:

BATTERY
SOLENOID

BAT.

5

M

(0) I
.
CRANKING
MOTOR
A N //

70

Figure 10—Circuit for checking pinion clearance,’

Service Bulletin 1M-151

WASHER

over snap ring.

. Place the retainer on the armature

shaft with the cupped surface
facing the snap ring groove.

. Piace the snap ring an the end of

the shaft. With a piece of wood on
top of it, force the ring over the
shaft with a light hammer biow
{Fig. 8), then slide the ring down
into the groove.

To force the retainer over the snap
ring, place a suitable washer over
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Figure 11—Checking pinion

clearance,



Enciosed Shift Lever Type CRANKING MOTORS

tM-151 Service Bulletin

the shaft and squeeze retainer and
washer together with pliers (Fig.
9).

d. Remove the waéher.

e. Assemble collar over shaft.

2. Refer to the disassembly procedure
and foilow in reverse to complete the
reassembly.

3. When the solencid is reinstalled, apply
sealing compound between field
frame, flange, and solenoid junction.

PINION CLEARANGE

The pinion clearance cannot be adjusted
but should be checked after reassembly
of the motor to insure proper clearance.
Improper clearance is an indication of
waorn parts.

To check pinion clearance, follow the
steps listed below:

1. Disconnect the motor field coil con-
nector from the solenoid motor termi-
nal and INSULATE T CAREFULLY,

2. Connect a battery, of the same vol-
tage as the solencid, from the sole-
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4,

5,

noid switch terminal fo the solenoid
frame (Fig. 10).

. MOMENTARILY filash 2 jumper lead

from the solenoid motor terminal to
the solenoid frame. This will shift the
pinion inte cranking position and it
will remain so until the battery is
disconnected,

Push the pinion back towards the
commutator end to eliminate slack
movement.

Measure the distance between pinion
and pinion stop (Fig. 11},



CRANKING MOTORS AND MISCELLANEOUS D.C. MOTORS

Specifications contained in this bulletin are for
the purpose of testing the performance of Deico-
Remy cranking and miscellaneous d.c. motors in
the service field and apply only when tests are
conducted as recommended in the applicable ser-
vice bulletin.

To obtain full performance data on a motor, or to
determine the cause of abnormal operation, the
motor should be subjected to a “no-load"” iest.
This test is performed, as described below, with
the motor removed from the engine.

YOLTMETER

CARBOMN

PiLE

R P.M.
INDICATOR

-y

Fig. 1—No-Load test hookup
with solenoid

CRANKING
MOTOR

No-Load Test

Be sure switch is OPEN before connections or
disconnections are made.

To perform the no-load test, connect the cranking
motor in series with a fully charged battery of the
specified voltage as iliustrated in Figure 1 or
Figure 2. An r.p.m. indicator is necessary to
measure armature speed. Obtain the specified
voltage by varying the carbon pile. Then read the
current draw and the armature speed and compare
these readings with the values listed in the
published specifications. CAUTION: Do not apply
voltage above what is specified. Excessive

voltage. may cause the arrn,atur‘e’ to. throw wind-
ings.

3

BATTERY

YOLYMETER

o

CARBON PILE

L8 NN
INDICATOR

MOTOR

@ I

Fig. 2—No-Load test hookup
without solenoid

STARTING MOTOR SPECIFICATIONS

NO LOAD TEST

Motor Service ?f?éitiig; Spscg. Min. Mex. Mir, Max,
Modsa! Saries Type Bulletin DE Mo, Valts AMpS Amps RPM APM
{Specifications Are For Basic Moter Only Unless Otherwise Indicoted)
1108484(a) 10MT 110 1M-151 cw 3563 9 65" a5+ 7500 10500
1109485(a) 10MT 110 1M-151 COw 3563 8 B65* 85 7500 10500

* Includes Solenoid

(&} Pinion Clearance — .010” to .140"

(b} Pinion Clearance - 23/84" + 1/32"

{f) Pinion Clearance — .25 to 3.56 millimeters
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460 ENGINES
DESCRIPTION AND OPERATION

The 460 V-8 engine is a lightweight cast iron
design with a bore of 4.36 inches and a stroke of
3.85 inches. Piston displacement is 480 cubic
inches and the compression ratio is 8.5 to 1.

MANIFOLDS

The cast iron intake manifold is an exhaust gas
heated design with eight mounting bolts per side.
Coolant is discharged from the engine through
the outlet housing at the right front of the intake
manifold,

The intake manifold contains two sets of air-fuel
mixture passages which have round ports. All
passages are of nearly equal iength to assure
more even mixture distribution to the cylinders.
The upper set of passages feeds cylinders 1, 4, 6
and 7 from the right primary and secondary bores
of the carburetor. Exhaust gases flow through the
crossover passage below the carburetor mounting
pad to provide the initial heat for vaporization of
the air-fuel mixture.

CYLINDER HEADS

Cylinder head assemblies have rail type rocker
arms individually mounted on threaded studs.
Combustion chambers are cast in an advanced
wedge {quench) design with more rounded con-
tours. Valves are canted at angles so their heads
will conform to these contours. Intake and ex-
haust ports are round in cross section. The valve
arrangement from front to rear is E-I-E-}-E-I-E-| for
the left cylinder head, and |-E-F-E-I-E-I-E for the
right cylinder head.

The cylinder head gasket used on all marine
engines is the asbestos bindertype with a
stainiess steel core and shouid be installed dry,
that is, without any sealer.

CYLINDER BLOCK

The cast iron cylinder block is a skirtiess design
with five main bearings. Al oil passages are
closed with pipe piugs. Main bearings are of in-
termediate copper-lead material with an oil groove
only in the upper half. Crankshaft end thrust is
controlied by the flanges of the center main
bearing.

Cylinders are numbered from front to rear with 1
through 4 on the right bank and 5 through 8 on the
left bank. Firing order is 1.5-4-2-6-3-7-8. Each slip-
per skirt autothermic piston has two compression
rings and an oil control ring. The upper compres-
sion ring has a moly-filled groove and the lower
compression ring has a scraper groove. The ol
control ring assembly consists of a stainless steel
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expander spacer separating chrome-plated steel
rails. Pressed-in piston pins and strap-type caps
with overplated copper-lead alloy bearings are
used with the connecting rods.

All 460 marine engines are available in either stan-
dard or reverse rotation, except for the “Ski Boat.”
The 460 Ski Boat engine is standard rotation only.
The firing order is different between reverse and
standard rotation. Standard rotation is 1-5-4-2-8-
3-7-8. Reverse rotation is 1-8-7-3-6-2-4.5,

Two crankshaft assemblies are used on marine
engines depending upon whether the engine is
standard or reverse rotation. The knurling must
throw oil toward the slinger.

A two-piece split lip-type rear oil seal is used for
service on marine engines. They are color coded,
yellow for use with a standard rotation crankshaft
and red for use with a reverse rotation crankshaft.

The 460 engines have cast pistons with the notch,
for assembly

The standard marine 460 engines use a cast iron
front cover while the “Ski Boat” engines use the
aluminum front cover. Mounted on it are the water
pump (all marine engines except the 460 “Ski
Boat” engine use a marine bi-rotational water
pump with a stainless steel external bypass tube,
left hand water inlet, and no heater inlet. The “Ski
Boat" engine uses a standard automotive water
pump) with bonded ceramic seal contact face. The
oil pump is mounted at the lower ieft front of the
block and is driven by the distributor through an
intermediate 5/16 inch hex driveshaft.

VALVE TRAIN

The camshaft is supported by five bearings
pressed into the block. It is driven at one-half
crankshaft speed by the timing chain sprockets.
The camshaft sprocket is positioned by a dowel in
the forward face of the front camshaft bearing
journal. Camshait end play is controlled by a
thrust plate attached to the front of the cylinder
block. An excentric cam for fuel pump actuation is
attached to the front face of the sprocket. A
helical accessory drive gear is machined in the
camshaft directly behind the front journal to drive
the distributor and oil pump. There are two cam-
shafts available for the 480 marine engines
depending upon whether the engine is standard
rotation or reverse rotation. The camshaft for the
standard rotation engine can be identified by a
white color band painted on the body diameter
between the gear and the number one intake cam
lobe. There is no color code used on the reverse-
rotation camshaft,

Hydraulic valve lifters ride directly on the cam-



shaft lobes and transmit the thrust of the lobes to
the push rods which actuate the valve train, Two
types of hydraulic valve lifters are used in the 480

V-8 engines, Although both types may be used in-

terchangeably in an engine, their component parts
are not interchangeable. Type Il hydrauiic valve
lifters have three circumferential ribs on the barrel

near the oil hole, while Type | hydraulic vaive

lifters have no ribs in that area. in a Type H lifter,
an upper metering valve retainer with a tensioning
finger is used. The metering vaive in a Type | lifter
is flat.

When a valve .is closed, the reiated push rod is in

its lowest position and the lifter assembly is on
the base circle of the cam lobe. The vaive lifter

plunger spring expands, forcing the plunger up-

ward, This force is transmitted to the rocker arm

through the push rod, causing solid contact be.

tween the valve end of the rocker arm and th
vaive stem. '

As the valve lifter plunger spring expands to move
the plunger upward, the volume of the compres-
sion chamber in the bottom of the lifter bedy is in-
creased. Oil, supplied at full lubrication system
pressure through the oil gallery passages in the

- cylinder block unseats the disc type check valve -

in the bottom of the lifter and enters the compres:
sion chamber to fill the increased volume. The
check valve closes when the chamber is filled."

As the camshaft rotates, the lifter body is raised

by the cam lobe. The oil in the compression

chamber, being incompressible, acts as a solid

member and transfers the lifting force to the

plunger and push rod. Because of the load im-
posed on the piunger by the push rod, the oil in

the compression chamber is subjected to increas-"

ed pressure. This causes a stight leakage out of
the chamber past the wails of the plunger. The
leakage flow is known as the calibrated leak-down

rate and is controlied by precise matching of valve -

body and plunger during original assembly of the
valve lifter. Consequently, individual hydraulic
valve lifter components are not interchangeable.

When the high point of the cam rotates past the
foot of the valve lifter body, the lifter is forced
downward by the push rod as the vaive (intake or
exhaust) returns to its seat in the cylinder head.
This reduces the force on the lifter plunger and
allows the plunger to be raised once again by the
plunger spring. Engine oil is forced into the com-
pression chamber to replace that which leaked
out, priming the lifter for its next operating cycle.

Hydraulic force and plunger spring action in the
valve lifter take up all clearances in the valve train
mechanism to maintain zero valve lash,

The push rods are tubular stee! with ball ends,
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Each push rod receives oil from a disc-type meter-
ing valve in the push rod cup at.the top of the vaive
lifter. The oil enters and leaves the push rod
through holes in both ball ends to independentiy
lubricate each rocker arm.

The rail type rocker arms each have a hole in their
push rod end for lubrication. Each rocker arm is in-
dividually mounted on a stud that is threaded into
the cylinder head. The rocker arm pivots on a
spherical fulcruin seat on the stud. A nut retains
the rocker arm and fulcrum seat on the stud, and
provides a means of adjusting valve clearance.

Intake valves are of forged alioy steel. Exhaust
valves are of cast austenitic steel. Marine engines
use heavy duty valves with chrome plated stems.
Both intake and exhaust valves are the free turn-
ing type. The valves of all engines except the low
output version use valve spring dampers. Valves
with oversize stems are available for all marine
engines. Al valves have chromed stems and tips.
Because the valves are canted, they open oblique-
ly into the combustion chambers, in the direction
of gas flow, to improve engine breathing. Pockets
are cast in the piston heads to provide clearance
at top dead center for full valve opening. - '

The valve springs for the standard marine and “Ski
Boat” engines are identified by four red stripes.
The low output version valve springs are blue. -

LUBRICATION SYSTEM -

Oil from the bottom of the sump in the front of the
oii pan is drawn into the ol pump ‘through the
pump inlet tube and screen assembly.  The
positive displacement rotor type oil pump is
driven by an intermediate drive shaft from the
distributor. The pump forces the oil through the
engine's lubrication system. A spring-loaded
relief valve in the pump limits the maximum pump
output pressure, returning any excess oil flow to
the intake side of the pump,

The pressurized oil flow from the pump passes
through a full-flow, two-stage oil filter before it
enters the engine lubrication galleries. A relief
vaive in the filter permits oil to bypass the filter if
the high capacity element becomes clogged.

From the filter, the oil flows through a passage to
the right main oii gallery. Before reaching the right
main oil gallery, some oil is diverted into a nar-
rower vertical cross passage leading up to the No.
1 camshaft bearing and down to the No. 1 main
bearing. Qil from the top of the cross passage
flows through the oil hole in the camshaft bearing
to lubricate the bearing surfaces. Some oil is con-
veyed through a groove in the bearing to a
passage that lubricates the distributor shaft pitot
bearing. The rest of the oil is squeezed out be-



tween the front and rear edges of the camshait
bearing and journal. Oil from the front of the bear-
ing is directed through slots in the hub of the cam-
shaft sprocket and drips onto the timing chain and
fuel pump eccentric cam for lubrication. It then
drains into the forward end of the oil pan,

Oti reaching the No. 1 main bearing from the lower
end of the vertical cross passage lubricates the
front crankshaft journal. A groove in the upper
bearing half conveys oil to a lengthwise notch
formed in the ends of the bearing shetl, from
where the oil is discharged. Oil coming out of the
front of this notch drips onto the crankshaft
sprocket and timing chain for lubrication, then
drains into the forward end of the oii pan.

Oil in the right main oil gailery is routed to the
main bearings, the hydraulic valve lifters for the
right cylinder bank of the engine, and through a
crossover passage to the left main oil gallery
which supplies the hydraulic vaive lifters for the
left cylinder bank of the engine. A passage at the
rear of the right main oil galiery leads to the send-
ing unit for the low oil pressure warning light on
the instrument panel.

Oil passages are drilled in the cylinder block from
each main bearing to the camshaft bearing above
it. After lubricating the camshaft bearings, the oil
drains into the oil pan.

In addition to supplying oil for the camshaft bear-
ings, the main bearing lubrication system also
lubricates the connecting rod bearings through
grooves in the upper halves of the main bearings
and passages drilled in the crankshaft.

Oil enters each hydraulic valve lifter when the
valve is closed and the oil hole in the lifter is ex-
posed to the oil gallery passage. The oil is then
metered through the disc valve in the head of the
lifter and into the tubular push rod. From the up-
per end of the push rod, the oil is discharged into
a hole drilied in the rocker arm to lubricate the up-
per valve train bearing areas. The oil returns to the
oil pan through drain back holes at each end of the
cylinder heads and cylinder block. A reservoir in
each valve lifter bore retains oil for immediate
valve lifter lubrication as the engine is started.

The level of the engine oil in the crankcase is in-
dicated on a dipstick inserted in a tube extending
downward. The lower portion of the dipstick
enters the surface of the oil of the oil pan.

POSITIVE CRANKCASE VENTI LAT]O?@
SYSTEM

The 460 V-8 engine has a closed type, positive ven-
tilation system. This system draws blow-by vapors
from the crankcase and discharges them into the
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intake manifold to be burned in the combustion
chambers of the engine, eliminating a major
source of engine oil contamination. The closed
positive crankcase ventilation system also
prevents the discharge of any crankcase fumes to
the atmosphere, as an air pollution control
measure.

Ventilating air, taken from the carburetor flame ar-
restor flows through a hose to the ol filler cap on
the front of the left valve rocker arm cover. The oil
filler cap contains a filtering element which
cleans the incoming air. The filter element and the
narrow hose fittings slightly restrict air flow to
help maintain a smali vacuum in the crankcase
when the engine is operating. The oil filler cap is
sealed at the filler opening to prevent the entrance
of atmospheric air.

From the oil filler cap, the air enters the left rocker
arm chamber. Then it moves down past the push
rods into the crankcase and also into the timing
chain chamber. From these spaces, the ven-
tilating air flows to the rear of the crankcase and
up to the rear section of the right valve rocker arm
cover, sweeping any combustion by-product
fumes along with It. The vaporladen air enters a
spring-loaded regulator valve in the top rear por-
tion of the right valve rocker arm cover. This “jig-
gle pin” valve regulates the amount of airflow to
meet changing operating conditions. The air is
then drawn to the intake manifold through the
crankcase vent hose and the carburetor spacer
passage,

The regulator valve operates by sensing intake
manifold vacuum through the carburetor spacer
passage and crankcase vent hose. At idle, intake
manifold vacuum is high, overcoming the
pressure of the valve spring. The vaive “jiggle pin"
moves to the low-speed operation position where
only a minimum of ventilating airflow passes be-
tween the valve pin and outlet port in the valve
body. As manifold vacuum decreases with an in-
crease in engine speed andfor power output, the -
spring forces the pin to the full open position to
increase the flow of ventilating air.

CARBURETORS

The 460 engines use either a Holley Model 4150 or
Model 4160 carburetor. The 460 low output marine
engines use a Holley Marine Model 4160 car-
buretor while the 460 Standard Marine and “Ski
Boat” engines use a Holley Marine Model 4150C
carburetor with a center pivot float bowi design.

DISTRIBUTORS

All 460 marine engines use a Prestolite centrifugal
advance distributor.



302 & 351 ENGINES
DESCRIPTION AND OPERATION

The Ford 302 CID and 351W CID 8-cylinder
gasoline engines are avallable as engine
assemblies and are available in industrial or
marine versions, In addition, optional equipment
is available to custom tailor each engine to in-
dividual reguirements.

The Ford 302 CID 8-cylinder engine and the Ford
351W CiD 8-cylinder engine are designed by Ford
Motor Company to incorporate many features for
smooth, powerful operation, long life and service.
The cylinder block is cast iron for maximum
strength and rigidity. They have flve main bearings
and fuli-tength, full-circle water jackets. These
full-length, full-circle water jackets help eliminate
hot spots and provide more uniform cylinder wall
expansion under heavy-duty operation. The
cylinders are numbered from front to rear, on the
right bank 1, 2, 3, 4 and on the left bank 5, 6, 7, 8.
All marine engines are available in either standard
or reverse rotation of the camshaft and crankshaft
depending upon the engine installation. The firing
order for the standard rotation is 1-3.7-2-6-5-4-8
and the reverse rotation s 1.8-4-5-6-2-7-3, except
the 302 low output engine. The firing order for the
302 low output engine Is 1-5-4-2.6.3.7-8 for the
standard rotation and 1-8-7-3-6-2-4-5 for the reverse
rotation.

The crankshaft Is carried in five replaceable
copper-iead alloy main bearings. Crankshaft end
thrust is controlled by the center bearing. Marine
engines use four crankshaft assemblies, two for
the 302 Including the 302 low output engine and
two for the 351W. Standard or reverse rotation is

the determining factor on which crankshaft is us- ,

ed. A different damper assembly Is used for each
crankshaft and can be ldentifled by the part
number stamped on the face of the damper and
the direction of rotation as Indicated by the timing
marks on the damper.

The camshaft is supported by five bearings
pressed into the block. It is driven by a timing
chain from the crankshaft. Thers are six different
camshafis avallable for marine engines, two for
the 302 low output engine, depending upen stan-
dard or reverse rotation and four for the other
engines depending upon whether a two or four
ventur| carburetor Is used and whether the sngine
Is standard or reverse rotation, The camshafts are
color coded as per the chart which follows,

Camshaft end play Is controlied by a plate bolted
to the front of the block. The distributor Is driven
by a gear at the front end of the camshaft.
Distributors used on marine englines may vary.
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The parts are not interchangeable between dit-
ferent makes of distributors, but complete
distributors can be interchanged. The 302 marine
engines use a Prestolite or Mallory distributor.
The 351W marine engines use a Prestolite, GPD or
Mallory distributor.

The cylinder head assemblies contain the fuel in-
take and exhaust passages, the valves, and the
valve rocker arm assemblies. Valve guides are an
integral part of the head. Hard-faced intake and ex-
haust valve seat inserts are standard. The intake
and exhaust valves are actuated through
hydraulic-type vaive lifters, tubular push rods and
individual rocker arms. The large intake and ex-
haust vaives are the free-turning type which rotate
slightly each time the valve opens and closes.
Rotation promotes self-cleaning and long life.

The seif-adjusting valve lifters are housed in bores
iocated in the cylinder block valve lifter chamber.
The valve lifters operate directly on the camshaft,
thereby transmitting the thrust of the camshaft
lobes, by means of hydraulic pressure, to the push
rods which actuate the valve train.

All marine engines use heavy duty vaives and all
have free rotating intake and exhaust valves, ex-
cept the low output 302 engines. Free rotating
valves rotate slightly each time the vaive opens
and closes.

On the low output 302 marine engines, the intake
valves are free rotating while the exhaust valves
are the positive rotating type. A positive rotating
spring retainer produces a definite amount of rota-
tion each time the valve opens and closes.

The low output 302 marine engines use the regular
302 cylinder head while ali the other marine
engines use a 351W engine cylinder head. The in-
take and exhaust valve parts of the 351W cylinder
head are larger than those of the 302 head.
Accordingly, the diameter of the intake and ex-
haust vaives of all engines using the 351W head
are larger and the length of the stems slightly
longer. Valves with oversize stems are available
for all marine engines.

The same spring is used for intake and exhaust
vaives of all marine engines except the low output
302 engine. These springs are identified by color
coding. The color code for all springs other than
those for the low output 302 is three green stripes.
The Intake vaive spring for the low output 302 Is
ilght red while the exhaust valve spring is color
coded purple,

The cylinder head gasket used on all marine
engines Is the composition type with a stalniess
steel core and should be instalied dry, that [s,
without any seaier.



The intake manifold has two sets of fuel
passages, each with its own separate inlet con-
nection to the carburetor. A heat crossover
passage permits exhaust gases to circulate
through the intake manifold, thereby providing the
initial heat necessary to assist in vaporizing the in-
coming fuel charge.

Oil from the oil pan sump, located in the front of
the oil pan, is forced through the pressure lubrica-
tion system by a rotor-type oil pump mounted in
the front of the crankcase. A spring: Ioaded relief; -
valve in the pump maintains - the maximum
pressure in the system. A full-flow filter is used
which filters the entire output of the pump before
the oil enters the engine. A valve integral with the
filter permits oil flow if the filter ever becomes
clogged. From the filter, the oil flows to an oil
gallery and through passages to the vanous bear-
ings and engine components,

The pistons have two compression rings and one
oil control ring. The top compression ring is
chrome-plated steel and the lower compression
ring is phosphate-coated. The oil control ring con-
sists of a serrated spring expander and two
chrome-plated steel rails. The connecting rods are
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forged steel and use selective fit replaceable
copper-lead alioy bearings.

A two-piece split lip-type rear main oil seal is used
for service on marine engines. They are color cod-
ed yellow for use with a standard rotation
crankshaft and red for use with a reverse rotation
crankshaft.

The engine is equipped with a positive crankcase
system that directs the crankcase vapors through
an emission valve to the intake manifold, where
- they are mixed with the i incoming fuel charge and
burned in the cylinders.

Marine engines use a different water pump
depending upon whether the engine is standard or
reverse rotation.

The reverse rotation engines use a bi-rotational
water pump assembly. The bi-rotational pump
only is identified by a number D3JE-AA, on the
housing.

Marine engines use Holley marine carburetors
Mode! 4160 for four venturi applications and 2300
for two venturi applications.



SECTION C - ENGINE OVERHAUL

I. DIAGNOSIS AND TESTING

Manifold Vacuum:

A manifold vacuum test aids in determining the
condition of an engine and in helping to locate the
cause of poor engine performance. To check
manifold vacuum;

1. Operate the engine for a minimum of 30
minutes at 1200 rpm or until the engine is at
“normal operating temperature.

2. Connect an accurate, sensitive vacuum gauge
to the intake manifold vacuum fitting.

3. Operate the engine at the recommended idie
rpm, with the shift control lever in neutral.

4. Check the vacuum reading on the gauge.

Test Conclusions

Manifold vacuum is affected by the carburetor ad-
justment, vaive timing, ignition timing, condition
of the valves, cylinder compression, condition of
the positive crankcase ventilation system and
leakage of the manifold, carburetor, carburetor
spacer or ¢ylinder head gaskets.

Because abnormal gauge readings may indicate
- that more than one of the above factors are at
fault, exercise caution in analyzing an abnormal
reading. For example, if the vacuum is low, the
correction of one itern may increase the vacuum
enough so as 1o indicate that the trouble has heen
corrected. it is important, therefore, that each
cause of an abnormal reading be investigated and
further tests conducted, where necessary, to ar-
rive at the correct diagnosis of the trouble. .

Fig. 1, lists various types of readings and their
possible causes.

Allowance should be made for the effect of
altitude on the gauge reading. The engine vacuum
will decrease with an Increase in altitude.
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' Gauge Reading

Engine Condition

"~ All models
16 inches NORMAL
or more
Loss of power in

Low and steady.

all cylinders possibly
caused by late ignition
or valve timing, or loss of
compression due to
leakage around the
piston rings.

Very low.

intake manifold, car-
buretor, spacer or
cylinder head gasket
leak.

Needle fluc-
tuates steadily as
speed increases.

A partial or complete
loss of power in one or
more cylinders caused
by a leaking valve,
cylinder head or intake
manifold gasket, a
defect in the ignition
system, or a weak valve
spring. '

Gradual drop in
reading at engine
idle.

Excessive back pressure
in the exhaust system.

intermittent
fluctuation.

An occasional loss of
power possibly caused
by a defect in the igni-
tion system or a sticking
valve,

Slow fluctuation
or drifting of the
needle,

Improper idle mixture ad-
justment or carburetor,
spacer or intake mani-
fold gasket leak, or
restricted crankcase
ventilation system.

Fig. 1 - Manifold Vacuum Gauge Readings



COMPONENT IDENTIFICATION CHART
CAMSHAFT IDENTIFICATION

Engine - - ldentification

302 ‘White color band painted on body diameter between gear and No. 1 intake cam
351W lobe. Aiso, a yellow color band painted on body diameter between gear and No. 1
4V journal,
Standard

302 White color band painted on body diameter between gear and No. 1 intake cam
351W lobe. Also, bronze color band painted on body between gear and No. 1 journal.
4V
Reverse

302 No color code used. Ford Part Number is stamped on face of rear journal.
351W '
2V
Low Output
Standard

302 No color code used. Fort Part Number is stamped on face of rear journal.
I51W
2V
Low Output
Reverse &
480 Reverse

302 Green color band both sides of gear.
3BIwW
2v
Standard

- 302 White color band painted around the body diameter between the gear and the No. 1
351W intake cam.
2V
Reverse &
460 Standard

F1G. 5 Marine Engine Camshaft Identification
5 Chart

VALVE SPRING COLOR CODE

Intake Exhaust
Derated 302 Light Red Purple
302 5td. & 351 3 Green Stripes All Valves
460 Engines 4 Red Stripes All Valves
Derated 460 Biue All Valves

REAR MAIN SEAL COLOR CODE — ALL ENGINES

Standard Rotlation Engines (LH)  Yellow
Reverse Rotation Engines (RH) Red

ENGINE WATER PUMP IDENTIFICATION

Reverse Rotation Engine (RH) Water Pump identified by the number D3JE-AA on the housing. This
Pump is bi-rotational and can be used on either the RH or LH engine. All 460 water pumps are bi-
rotational.

Carburetor Models

302 2V Holley 2300 Marine -
302 & 351 4V Holley 4160 Marine
450 Holley 4150C Marine
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DIAGNOSIS AND TESTING
CAMSHAFT LOBE LIFT

Check the lift of each lobe in consecutive order
and make a note of the readings.

1. Remove the air cleaner. Remove valve rocker

arm cover.

2. Remove the valve roccker arm assembly(ies)

and install a solid, tappet-type push rod in

the push rod bore of the camshaft lobe to be
checked or use the adapter for ball end push

rods shown in Figure 6.

Make sure the push rod is in the valve lifter

socket. Install a dial indicator so that the ac-

tuating point of the indicator is in the push
rod socket (or the indicaior ball socket
adapter is on the end of the push rod} and in
the same plane as the push rod movement.

4. Connect an auxiliary starter switch in the

starting circuit. Crank the engine with the ig-
nition switch OFF. Bump the crankshaft over
unti! the tappet or lifter is on the base circle
of the camshaft lobe. At this point, the push
rod will be in its lowest position.

5. Zero the dial indicator. Continue to rotate the
crankshaft slowly untii the push rod is in the
fully raised position.

. Compare the total lift recorded on the in-
dicator with specification.

7. To check the accuracy of the original in-
dicator reading, continue to rotate the
crankshaft until the indicator reads zero. if
the lift on any lobe is below specified wear
limits, the camshaft and the valve iifiers
operating on the worn lobe(s) must be
replaced,

Remove the dial

starter switch.

9. Install the valve rocker arm assembly as
detailed under Removal and Instaliation.

10. Install the valve rocker arm cover and the air

cleaner.

[#>]

8. indicator and auxiliary

AIZ03C

FIG. 6 Typical Camshaft Lobe Lift Hydraulic Valve
Lifters—-V-8 Enging
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COMPRESSION TEST
Compression Gauge Check

1. Be sure the crankcase oil is of the correct
viscosity and make sure that the battery is
properly charged. Operate the engine for a
minimum of 30 minutes at 1200 rpm, or until
the engine is at normal operating
temperature. Turn the ignition switch off;
then remove all the spark plugs.

Set the carburetor throttle plaies in the wide
open position,

Instait a compression gauge
cylinder.

Install an auxiliary starter switch in the start-
ing circuit. Using the auxiliary starter switch,
crank the engine (with the ignition switch
OFF) at least five compression strokes and
record the highest reading. Note the approx-
imate number of compression strokes re-
quired to obtain the highest reading.

Repeat the test on each cylinder as was re-
quired to obtain the highest reading on the
No. 1 cylinder.

Test Conclusion

The indicated compression pressures are con-
sidered normal if the lowest reading cylinder is
within 756% of the highest. Refer to the follbwing
exampie.

in No. 1

Seventy-five percent of 140, the highest cylinder
reading, is 105. Therefore, cylinder No. 7 being
less than 75% of cylinder No. 3 indicates an im-
properly seated valve or worn or broken piston
rings.

If one or more cylinders read low, squirt approx-
imately one {1} tablespoon of engine oil on top of
the pistons in the low reading cylinders. Repeat
compression pressure check on these cylinders.

1. |f compression improves considerably, the
piston rings are at fault.

if compression does not improve, valves are
sticking or seating poorly.

If two adjacent cylinders indicate low com-
pression pressures and squirting oil on the
pistons does not increase the compression,
the cause may be a cylinder head gasket leak
between the cylinders. Engine oil andlor
coolant in the cylinders could result from
this problem.

2,

Example

After checking the compression pressures in all
cylinders, it was found that the highest reading
obtained was 196 psi. The lowest pressure reading
was 155 psi. The engine is within specifications
and the compression is considered satisfactory.



HYDRAULIC VALVE LIFTER

Dirt, deposits of gum, varnish and air bubbles in
the lubricating oil can cause hydraulic valve lifter
failure or malfunction. .

Dirt, gum and varnish can keep a check valve from
seating and cause a loss of hydraulic pressure. An
open valve disc will cause the plunger to force oil
back into the valve lifter reservoir during the time
the push rod is being lifted to force the valve from
its seat.

Air bubbles in the lubricating system can be
caused by too much oil in the system or too low an
oil level. Air may also be drawn into the lubricating
system through an opening in a damaged oil pick-
up tube. Air in the hydraulic system can cause a
loss of hydraulic pressure.

Assembled valve lifters can be iested with Tool
6500-E to check the leak-down rate. The leak-down
rate specification is the time in seconds for the
plunger 1o move the length of its travel while
under a 50 b, load. Test the valve lifters as
follows:

1. Disassemble and clean the lifter to remove
all traces of engine oil. Lifters cannot be
checked with engine oil in them. Only the
testing fluid can be used.

2, Place the vaive lifter in the tester with the
plunger facing upward. Pour hydraulic tester
fluid into the cup to a level that will cover the
vaive lifter assembly. The fluid can be pur-
chased from the manufacturer of the tester.
Do not use kerosene, for it will not provide an
accurate test.

3. Place a5/16 inch steel ball in the plunger cup
(Figure 8).

4. Adjust the length of the ram so that the
pointer is 1/16 inch below the starting mark
when the ram contacts the valve lifter
plunger (Figure 9} to facilitate timing as the
pointer passes the start timing mark,

Use the center mark on the pointer scale as
the stop timing point instead of the original
stop timing mark at the top of the scale.

Toel-§500-£

F1G. 8 Placing Steei Bal in Valve Lifter Plunger.
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Tool-—b500-

FIG. 9 Adiusting Ram Length

5. Work the valve lifter piunger up and down un-
til the lifter fills with fluid and all traces of air
bubbles have disappeared.

6. Alow the ram and weight to-force the vaive
lifter plunger downward, Measure the exact
time it takes for the pointer to travel from the
start timing to the stop timing marks on the

tester.

7. Avalve lifter that Is satisfactory must have a
leak-down rate (time in seconds) within the
minimum and maximum limits specified.

8. If the valve lifter is not within specifications,

replace it with a new lifter. It is not necessary
to test a new lifter before installing it in the
engine.

POSITIVE CLOSED-TYPE
VENTILATION SYSTEM

A malfunctioning closed crankcase ventilation
system may be indicated by loping or rough
engine idle. Do not attempt to compensate for this
idle condition by disconnecting the crankcase
ventilation system and making carburetor ad-
justments. The removal of the crankcase ventila-
tion system from the engine wili adversely affect
the fuel economy and engine ventilation with
resultant shortening of engine life. To determine
whether the loping or rough idle condition is
caused by a malfunctioning crankcase ventilation
system, perform either of the following tests.

AIR INTAKE TEST

This test is performed with the crankcase ventila-
tion tester CBAZ-6B627-A (Figure 10) which is
operated by the engine vacuum through oil fill
opening. Follow the procedures described below
to install the tester and check the crankcase ven-
tilation systemn for faulty operation.

1. With the engine at normal operating
temperature, remove the oll filler cap.

2. Hold the tester CBAZ-6B627-A over the open-
ing in the valve cover. Make sure the surface
is flat to form a seal between the cover and
tester. If the cover is distorted, shape it as re-
quired to make an air tight seal. An air leak



between the cover and tester will render the
tester inoperative.

{  TESTE
B oAz sBed.

A 3128- A

FIG 10 Crankshaft Ventilation Sysiem Tester
3. Start the engine and allow it to operate at the
recommended idle speed.

Hold the tester over the oil filler cap opening
making sure that there is a positive seal be-
tween the tester and cover.

It the ball settles in the GOOD (green) area,
the system is functioning properly. If the bali
setties in the REPAIR {red) area, clean or
replace the maifunctioning components as
required. '

Repeat the test AFTER repairs are made to
make sure that the crankcase ventilation
system is operating satisfactorily,

4,

Clean and replace the malfunctioning com-
ponents as required. Repeat the test {o ensure
that the crankcase ventilation system is operating
satisfactorily. _

CRANKCASE VENTILATION
REGULAR VALVE TEST

install a known good regulator valve (PCV) in the
crankcase ventilation system.

Start the engine and compare the engine' idle con-
dition to the prior idle condition.

If the idle condition is found to be satisfactory,
use the new regulator valve and clean the hoses,
fittings, etc.

If the loping or rough idle condition remains when
the good reguiator valve is instailed, the
crankcase ventilation regqulator valve is not at
fault. Check the crankcase ventilation system for
restriction at the intake manifold or carburetor
spacer. If the system is not restricted, further
engine component diagnosis will have to be con-
ducted to find the malfunction.
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CRANKSHAFT END PLAY

1. Force the crankshaft ioward the rear of the
gngine.

install a dial indicator so that the contact
point rests against the crankshaft flange and
the indicator axis is paralle! to the crankshaft
axis {Figure 11).

Zero the dial indicator. Push the crankshaft
forward and note the reading on the dial.

It the end play exceeds the wear limit,
replace the thrust washers. if the end play is
iess than the minimum limit inspect the
thrust bearing faces for scratches, burrs,
nicks, or dirt. :

FLYWHEEL FACE RUNOUT

Install a dial indicator so that the indicator point
bears against the flywheel face. Turn the flywheel
making sure that it is full forward or rearward so
that crankshaft end play will not be indicated as
flywheel runout.

2.

If the clutch face runout exceeds specifications,
remove the flywheel and check for burrs between
the flywheel and the face of the crankshaft mount-
ing flange. If no burrs exist, check the runout of
the crankshaft mounting flange. Replace the
flywheel or machine the crankshaft-flywheel
mounting face sufficiently to true up the surface if
the mounting flange runout exceeds specifica-
tions. Replace it or reinstall it on the fiywheel.

A2987.B

FIG. 11 Checking Crankshaft End Play

CAMSHAFT END PLAY

Prying against the aluminum-nylon camshaft
sprocket, with the valve train load on the cam-
shaft, can break or damage the sprocket.
Therefore, the rocker arm adjusting nuts must be
backed off, or the rocker arm and shaft assembly
must be loosened sufficiently to free the cam-
shaft. After checking the camshaft end play, ad-
just the valve clearance.



Push the camshaft toward the rear of the engine.
Install a dial indicator so that the indicator point is
on the camshaft sprocket attaching screw (Figure
12). Zero the dial indicator. Position a large
screwdriver between the camshaft gear and the
block. Pull the camshaft forward and release it.
Compare the dial indicator reading with the
specifications.

FiG. 12 Checking Camshaft End Play

If the end play is excessive, check the spacer for
correct installation before it is removed. If the
spacer is correctly installed, replace the thrust
plate.

Remove the dial indicator.

TIMING CHAIN DEFLECTION

1. Rotaté the crankshaft in a counterclockwise
position (as viewed from the front) to take up
the slack on the left side of the chain.

REFERENCE PD!N_T RIGHT SIDE OF CHAIN

TAKE UP SLACK ON LEFT SIDE, ESTABLISH
REFERENCE POINT. MEASURE [HSTANCE A,
TAKE UP SLACK ON RIGHT SIDE. FORCE
LEFT SIDE CUY. MEASURE DISTANCE 8.

DEFLECTION I5 A MINUS B, AZ906-A

FiG. 13 Checking Timing Chain Deflection
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2. Establish a reference point on the block and
measure from this point to the chain.
3. Rotate the crankshaft in the opposite direc-

tion to take up the slack on the right of the
chain. Force the left side of the chain out
with the fingers and measure the distance
between the reference point and the chain.
The deflection is the difference between the
two measurements.

If the deflection exceeds specifications, replace
the timing chain and sprockets.

CLEANING AND INSPECTION

The cleaning and inspection procedures are for a
complete engine overhaul; therefore, for partial
engine overhaul or parts repiacement, follow the
pertinent cleaning or inspection procedure.

INTAKE MANIFOLD
Cleaning

Remove all gasket material from the machined
surfaces of the manifold. Clean the manifold in a
suitable sotvent and dry it with compressed air.

Inspection

Inspect the manifold for cracks, damaged gasket
surfaces, or other defects that would make it unfit
for further service. Replace all studs that are
stripped or otherwise damaged. Remove all filings
and foreign matter that may have entered the
manifold as a resuit of repairs.

EXHAUST MANIFOLDS

Cleaning

Remove all gasket material from the manifolds.
Inspection

Inspect the cylinder head joining flanges of the
exhaust manifold for evidence of exhaust gas
ieaks.

Inspect the manifolds for cracks, damaged gasket
surfaces, or other defects that would make them
unfit for further service.

VALVE ROCKER ARM ASSEMBLY
Cleaning

Clean all the parts thoroughly. Make sure all oil
passages are open.

Make sure the oil passage in the push red end of
the rocker arm is open.

Inspection

On rocker arm assemblies, inspect the pad at the
valve end of the rocker arm for indications of scuf-
fing or abnormal wear. if the pad is grooved,



replace the rocker arm. Do not attempt to true this
surface by grinding.

Check the push rod end of the rocker arms for
scratches or excessive wear.

PUSH RODS

Cleaning

Clean the push rods in a suitable solvent.
Inspection

Check the ends of the push rods for nicks,
grooves, roughness or excessive wear,

The push rods can be visually checked for
straightness while they are installed in the engine
by rotating them with the valve closed. They also
can be checked with a dial indicator {Figure 14).

if the push rod is visibly bhent, it should be

replaced.

AlBC3-B

PUSH ROD

Ho)drng Fixture

F1G. 14 Checking Push Rod Rupout
CYLINDER HEADS
Cleaning

With the valves installed to protect the valve
seats, remove deposiis from the combustion
chambers and valve heads with a scraper and a
wire brush. Be careful not to damage the cylinder
head gasket surface. After the valves are removed,
clean the valve guide bores with a valve guide

cleaning tool. Use cleaning solvent to remove dirt,.

grease and other deposits. Clean all bolt holes; be
sure the oil transfer passage is ¢lean. Remove al
deposits from the vaives with a fine wire brush or
buffing wheel.

inspection

Check the cylinder head for cracks and inspect
the gasket surface for burrs and nicks. Replace
the head if it is cracked.

The foliowing inspectiion procedures are for a
cylinder head that is to be completely overhauled.
For individual repalr operations, use only the perti-
nnent inspection procedure.

When a cylinder head is removed because of
gaskel leaks, check the flatness of the cylinder
head gasket surface (Figure 15} for conformance
to specifications. If necessary to refinish the
cylinder head gasket surface, do not plane or
grind off more than 0.010 inch.
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:

FIG. 15 Typlcal Cylinder Head Flalness

Check the valve seat runout with an accurate
gauge (Figure 16). Foliow the instructions of the
gauge manufacturer. if the runout exceeds the
wear limit, reface the valve and valve seat.
Measure the valve seat width (Figure 30). Reface
any valve seat whose width is not within specifica-
tions.

Inspect the valve face and the edge of the valve
head for pits, grooves, scores or other damage. In-
spect the stem for a bent condition and the end of
the valve head for pits, grooves, scores or other
wear. Inspect the stem for a bent condition and
the end of the stem for grooves or scores.

Rurout Gauge

Al400-C

FIG. 16 Checking Valve Seat Runout

Check the vailve head for signs of burning, ero-
sion, warpage and cracking. Minor pits, grooves,
etc., may be removed. Discard valves that are
severely damaged. Do not discard sodium-cooled
valves with other scrap metal in scrap bins. i a
sodium-cooled valve is accidentally broken and
the sodium exposed, it will react violently upon
contact with water resulting in fire and explosion
due to chemical action. Therefore, these valves
should be handled with care and disposed of by
being buried in the ground in an area not sub-
jected to excavation.

Inspect the valve spring, valve spring retainers,
focks and sleeves for wear or damage. Discard any
visually damaged parts.

Check the valve stem to valve guide clearance of
each valve in its respective valve guide with the



tool shown in Figure 17 or its eguivalent. Use a flat
end indicator point.

install the tool on the valve stem until it is fully
seated, and tighten the knurled set screw firmly.
Permit the valve to drop away from its seat until
the tool contacts the upper surface of the valve
guide. ' :

Position the dial indicator with its flat tip against
the center portion of the tool's spherical section
at approximately 90 degrees to the valve stem
axis. Move the tool back and forth in line with the
indicator stem. Take a reading on the dial in-
dicator without removing the too! from the valve
guide upper surface. Divide the reading by two,
the division factor for the tool.

SPECIAL TODL,

NDICATOR
ol A2387-B

FIG. 17 Checking Valve Stem Clearance

Check the springs for proper pressure (Figure 18)
at the specified spring lengths (Tool 6513-DD).
Manuaily rotating the valve spring assemblies
while installed in the engine must not be used to
determine good andlor bad valve springs. Weak
valve springs cause poor engine performance.
Replace any spring not within specifications.

Check each spring for squareness using a steel
square and a flat surface (Figure 19). Siand the
spring and square on end on the flat surface. Slide
the spring up to the square. Revolve the spring
slowly and observe the space between the top coil
of the spring and the square. The out-of-square
limits are 5/64 inch.

Follow the same procedure to check new vaive
springs before installation. Make certain the pro-
per spring {color coded) is installed.
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APPLY TORGIUE UNTIL
CLICK IS HEARD, READ
TORQUE WRENCH AND
MULTIPLY READING 3
BY TWO (2).

SET KNOBTO
COMPRESSED
LENGTH OF

. SPRING

AZFI7-C

FiG. 18 Checking Valve Spring Pressure

HYDRAULIC VALVE LIFTERS

The valve lifter assemblies should be kept in pro-
per sequence so that they can be installed in their
original position. Inspect and test each lifter
separately so as not to intermix the internal parts.
If any part of the lifter assembly needs replacing,
repiace the entire assembily.

Cleaning

Thoroughly clean all the parts in cleaning solvent
and wipe them with a ciean, lint-free cloth.

Inspection

inspect the parts and discard the entire lifter
assembly if any part shows pitting, scoring, gali-
ing or evidence of nonrotation. Replace the entire
assembly if the plunger is not free in the body. The
plunger should drop to the bottom of the body by
its own weight when assembled dry.

Assemble the lifter assembly and check for
freeness of operation by pressing down on the
push rod cup. The lifters can aiso be checked with
a hydraulic tester to test the leak-down rate.
Follow the instructions of the test unit manufac-
turer.

CRANKSHAFT VIBRATION DAMPER
AND SLEEVE

Cleaning

Clean the oil seal contact surface on the
crankshaft damper or sieeve with solvent to
remove any corrosion, sludge or varnish deposits.
Excess deposits that are not readily removed with
solvent may be removed with crocus cloth. Use
crocus cloth to remove any sharp edges, burrs or
other inperfections which might damage the oil
seal during instaliation or cause premature seal
wear. Do not use crocus cloth to the extent that
the seal surface becomes polished. A finely
polished surface may produce poor sealing or
cause premature seal wear.



NOT MORE
THAN 5/64°

CLOSED COIL
ERD DOWNWARD

FiG. 19 Checl{mg Valve Spring Squareness

Inspection

Inspect the crankshaft damper or sleeve oil seal
surface for nicks, sharp edges or burrs that might
damage the oil seal during installation or cause
premature seal wear,

TIMING CHAIN AND SPROCKETS
Cleaning

Clean all parts in solvent and dry them with com-
pressed air.

Lubricate the timing chain with engine oil before
instaliing it on the engine,

Inspection

Inspect the chain for broken links. inspect the
sprockets for cracks and worn or damaged teeth.
Replace all the components of the timing chain
and sprocket assembly if any one item needs
replacement.

Inspect the fuel pump drive eccentric for scores,
nicks and excessive wear. If the eccentric is
scored, replace ii. '

CAMSHAFT
Cleaning and Inspection

Clean the camshaft in solvent and wipe it dry. in-
spect the camshaft lobes for scoring and signs of
abnormal wear. Lobe wear characteristics may
result in pitting in the general area of the lobe toe.
This pitting is not detrimental to the operation of
the camshaft; therefore, the camshaft should not
be replaced unless the lobe lift loss has exceeded
0.005 inch.

The lift of the camshaft lobes can be checked with
the camshaft installed in the engine or on centers,
Refer to Camshaft Lobe Lift.

Check the distributor drive gear for broken or
chipped teeth. Replace the camshaft if this condi-
tion exists,
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CRANKSHAFT
Cleaning

Handie the crankshaft with care to avoid possible
fractures or damage to the finished surfaces.
Ciean the crankshaft with solvent, then blow out
all oil passages with compressed air.

Inspection

tnspect the main and connecting rod journals for
cracks, scratches, grooves or scores, inspect the
crankshaft oil seal surface for nicks, sharp edges
or burrs that might damage the oil seal during in-
stallation or cause premature seal wear.

Measure the diameter of each journal in at least
four places to determine an out-of-round, taper or
undersize condition (Figure 20).

AV5 B== VERTICAL TAPER
C V5 D=== HORIZONTAL TAPER
A VS CAND B V5 B === DUT.DF-ROUND

CHECK FOR QUT.CF.ROUND AT
EACH F JOURNAL

A 2901-B
FIG. 20 Crankshaft Journal Measurement

Check the fit of the ciutch pilot bushing in the
bore of the crankshaft. The bushing is pressed in-
to the crankshaft and should not be loose. Inspect
the inner surface of the bushing for wear or a bell-
mouth condition. Check the ID of the bushing
{Figure 21). Replace the bushing if it is worn or
damaged or the D is not within specifications.

nspect the pilot bearing {ball bearing), when so
equipped, for roughness, evidence of overheating
or loss of lubricant. Replace it if any of these con-
ditions are found.

L 2907-
FIG. 21 Checking Clutch Pilot Bushing Wear



FLYWHEEL
Inspection

Inspect the flywhee! for cracks, heat check, or
other damage that would make it unfit for further
service. Machine the friction surface of the
flywheel if it is scored or worn. If it is necessary to
remove more than 0.045 inch of stock from the
original thickness, replace the flywheel.

Inspect the ring gear for worn, chipped, or cracked
teeth. If the teeth are damaged, replace the ring
gear.

With the flywheel installed on the crankshaft,
check the flywheel face runout, following the pro-
cedure under Diagnosis and Testing.

CONNECTING RODS
Cleaning

Remove the bearings from the rod and cap. iden-
tify the bearings if they are to be used again,
Ciean the connecting rod in solvent, including the
rod bore and the back of the inseris. Donotuse a
caustic cleaning solution. Blow out all passages
with compressed air,

Inspection

The connecting rods and related partg should be
carefully inspected and checked for conformance
to specifications. Various forms of engine wear
caused by these parts can be readily identified.

A shiny surface on either pin boss side of the
piston usually indicates that a connecting rod is
bent.

Abnormal connecting rod bearing wear can be
caused by either a bent connecting rod, worn or
damaged crankpin, or a tapered connecting rod
bore.

Twisted connecting rods will not create an easily
identifiable wear pattern, but badly twisted rods
will disturb the action of the entire piston, rings,
and connecting rod assembly and may be the
cause of excessive oil consumption.

Inspect the connecting rods for signs of fractures
and the bearing bores for out-of-round and taper. I
the bore exceeds the recommended lirnits and/or
if the connecting rod is fractured, it should be
replaced. Check the ID of the connecting rod
piston pin bore. If the pin bore in the connecting
rod is larger than specifications, install a 0.002
inch oversize piston pin. First, prefit the oversize
piston pin to the piston pin bore by reaming or
honing the piston. Then, assembie the piston,
piston pin and connecting rod following the pro-
cedures for assembly. It is not necessary to ream
or hone the pin bore in the connecting rod.
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Replace damaged connecting rod nuis and bolts.
Check the connecting rods for bend or twist on a
suitable alignment fixture. Follow the instructions
of the fixture manuiacturer. If the bend andlor
twist exceeds specifications, the connecting rod
must be straightened or replaced.

PISTONS, PINS AND RINGS
Cleaning

Remove deposits from the piston surfaces. Clean
gum or varnish from the piston skirt, piston pins
and rings with solvent. Do not use a caustic clean-
ing solution or a wire brush to clean pistons.

Clean the ring grooves with a ring groove cleaner
{Figure 22). Make sure the oii ring slots (or holes)
are clean.

A2918-B

FIG. 22 Cleaning Piston Ring Grooves

Inspection

Carefully inspect the pistons for fractures at the
ring lands, skirts and pin bosses, and for scuffed,
rough or scored skirts. |f the lower inner portion of
the ring grooves has a high step, replace the
piston. The step will interfere with ring operation
and cause excessive ring side clearance.

Spongy, eroded areas near the edge of the top of
the piston are usually caused by detonation or
pre-ignition. A shiny surface on the thrust surface
of the piston, offset from the centerline between
the piston pin holes, can be caused by a bent con-
necting rod. Replace pistons that show signs of
excessive wear, wavy ring lands or fractures or
damage from detonation or pre-ignition.

Check the piston to cylinder bore clearance hy
measuring the piston and bore diameters. Referto
the specifications for the proper clearance. Refer
to Cylinder Block Inspection for the bore measure-
ment procedure. Measure the OD of the piston
with micrometers approximately 2% inches below
the dome and at 90 degrees to the piston pin bore,
Check the ring side clearance following the pro-
cedure under Fitting Piston Rings in this section.

Replace piston pins showing signs of fracture,
etching or wear. Check the piston pin fit in the
piston and rod. Refer to Piston and Connecting
Rod Assembly.



Check the OD of the piston and the ID of the pin
bore in the piston. Replace any piston pin or
piston that is not within specifications.

Replace all rings. Check the end gap and side
clearance. Rings should not be transferred from
one piston to another regardiess of mileage or
hours, '

MAIN AND CONNECTING ROD BEARINGS
Cleaning

Ciean the bearing inserts and caps thoroughly in
solvent, and dry them with compressed air. Do not
scrape gum or varnish deposits from the bearing
shells.

Inspection

inspect each bearing carefully. Bearings that have
a scored, chipped, or worn surface should be
replaced. Typical examples of unsatisfactory bear-
ings and their causes are shown in Figure 23. The
copper-iead bearing base may be visible through
the bearing overiay. This does not mean that the
bearing is worn. It is not necessary to replace the
bearing if the bearing clearance is within recom-
mended limits. Check the clearance of bearings
that appear to be satisfactory with Plastigage as
detailed under Main and Connecting Rod
Bearings.

CYLINDER BLOCK
Cieaning

After any cylinder bore repair operation, such as
honing or degiazing, clean the bore(s) with soap or
detergent and water. Then, thoroughly rinse the
bore(s) with clean water to remove the soap or
detergent, and wipe the bore(s) dry with a clean,

lint-free cloth. Finally, wipe the bore(s) with a .

clean cloth dipped in engine oil. If these pro-
cedures are not followed, rusting of the cylinder
bore(s) may occur.

I¥ the engine is disassembled, thoroughly clean
the block with solvent. Remove old gasket
material from all machined surfaces. Remove all
pipe plugs that seal oil passages; then clean out
all the passages. Blow out all passages, bolt
holes, etc., with compressed air. Make sure the
threads in the cylinder head bolt holes are clean.
Dirt in the threads may cause binding and result in
a false torque reading. Use a tap to true up threads
and to remove any deposits. Thoroughly clean the
grooves in the crankshaft bearings and bearing
retainers.

Inspection

After the block has been thoroughly cleaned,
check it for cracks. Minute cracks not visible to
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the naked eye may be detected by coating the
suspected area with a mixture of 25% kerosene
and 75% light engine oil. Wipe the part dry and im-
mediately apply a coating of zinc oxide dissolved
in wood alcohol. If cracks are present, the coating
will become discolored at the defective area.
Replace the block if it Is cracked.

Check all machined gasket surfaces for burrs,
nicks, scratches and scores. Remove minor im-
perfections with an oil stone.

Replace all expansion-type plugs that show
evidence of leakage.

Inspect the cylinder walls for scoring, roughness,
or other signs of wear. Check the cylinder bore for
out-of-round and taper. Measure the bore with an
accurate bore gauge foliowing the instructions of
the manufacturer. Measure the diameter of each
cylinder bore at the top, middle and bottom with
the gauge placed at right angles and parallel to
the centerline of the engine {Figure 24). Use only
the measurements obtained at 90 degrees to the
engine centerline when calculating the piston to
cylinder bore clearance.

Refinish cylinders that are deepiy scored andfor
when out-of-round andfor taper exceed the wear
limits. If the cylinder walls have minor surface im-
perfections, but the out-of-round and taper are
within limits, it may be possible to remove the im-
periections by honing the cylinder walls and in-
stalling new service piston rings providing the
piston clearance is within specified limits.

A
AT
REGHT
ANGLE
O
CENTER

LINE OF
. ENGINE

B
PARALLEL

10
CENTER
5 LINE OF

" ENGINE
1. OUT-OF-ROUND = DIFFERENCE BETWEEN

A AND B
2. TAPER = DIFFERENCE BETWEEN THE A
MEASUREMENT AT TOP OF
CYLINDER BORE AND THE A
MEASUREMENT AT BOTTOM OF

CYLINDER BORE A 2905-A

FiG. 24 Cyiinder Bore Out-of-Round and Taper



OVERLAY

SCRATCHES

SCRATCHED
BY DBIRT

BEARING
MATERIAL

UVERLAY GONE
FROM ENTIRE SURFACE

TAPERED JOURNAL

FIG. 23 Typical Bearing Faillures

OIL PAN
Cleaning

Scrape any dirt or metal particles from the inside
of the pan. Scrape all old gasket material from the
gasket surface. Wash the pan in a solvent and dry
it thoroughly. Be sure all foreign particles are
removed from below the baffie plate.

Inspection

Check the pan for cracks, holes, damaged drain
plug threads, and a loose baffle or a damaged
gasket surface.

Inspect for damage (uneven surface) at the bolt
holes caused by over-torquing the bolts.
Straighten surfaces as required. Repair any
damage, or replace the pan if repairs cannot be
made satisfactorily.

OIL PUMP
Cleaning

Wash all parts in a solvent and dry them
thoroughly with compressed air. Use a brush to
clean the inside of the pump housing and the
pressure relief valve chamber. Be sure alf dirt and
metal particles are removed.

Inspection

Refer to the specifications for clearances and
wear limits.

Check the inside of the pump housing and the
outer race and rotor for damage or excessive wear.

Check the mating surface of the pump cover for
wear, If the cover mating surface is worn, scored
or grooved, replace the cover.

Measure the outer race to housing clearance
{(Figure 25). Then check the clearance between the
cuter race and the rotor lobes.

WIPED QLT

LACK OF OIL

RADIIS RIDE

RADIUS RIDE
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BRIGHY {POLISHED)
SECTIONS

IMPROPER SEATING

CRATERS OR POCKETS

FATIGUE FAILURE
AZ903.A

Al026-C

FiG. 256 Checking Outer Race to Housing Clearance

With the rotor assembly installed in the housing,
place a straight edge over the rotor assembly and
the housing. Measure the clearance {rotor end
piay) between the straight edge and the rotor and
outer race (Figure 26). The outer race, shaft and
rotor are replaceable only as an assembly. Check
the drive shaft to housing bearing clearance by
measuring the CD of the shaft and the ID of the
housing bearing. Inspect the relief valve spring for
a collapsed or worn condition. Check the relief
valve spring tension. If the spring tension is not
within specifications and/or the spring is worn or
damaged, replace the spring. Check the relief
valve piston for scores and free operation in the
bore.

Stroight Edge

Fewler Gouge

FiG. 26 Checking Rotor End Play



POSITIVE CLOSED-TYPE CRANKCASE
VENTILATION SYSTEM

Cleaning

Do not attempt to clean the crankcase ventilation
regulator valve (Figure 27); it should be replaced at
the specified maintenance interval. The oil filler
cap and oil separator should be cieaned at the pro-
per maintenance interval. Remove the cap and the
oil separator and wash them in a low-volatility,
petroleum-base solvent. Shake the cap dry and in-
stall them. Clean the crankcase ventilation
system connection(s) on the intake manifold by
probing with a flexible wire or bottle brush. Clean
the hoses, fittings, tubes and associated hard-
ware with a low-volatility, petroleum-base solvent
and dry with compressed air.

CRANKCASE VENT
YALVE ASSEMBLY
SAGES

GROMMET
381898

OIL FILLER
CAP
6766

383777

CRANKCASE VENT
RETAINER
GABED

CRANKCASE VENT
HOSE
6ABS4

VIEW B
A3V4L.D
FiG. 27 Crankcase Ventilation System Regulator Vaive
Installed
OVERHAUL

CYLINDER HEAD

Replace the head if it is cracked. Do not plane or
grind more than 0.010 inch from the cylinder head
gasket surface. Remove all burrs or scratches
with an oil stone.
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REAMING VALVE GUIDES

If it becomes necessary to ream a valve guide
(Figure 28) to install a valve with an oversize stem,
a reaming kit is available which contains the
following reamer and pilot combinations: a
0.003-inch OS reamer with a standard diameter
pilot, a 0.015-inch OS reamer with a 0.003-inch OS
pilot, and a 0.030-inch reamer with a 0.015-inch 08
pilot.

When going from a standard size valve {o an over-
size vaive always use the reamer in sequence.
Always reface the valve seat after the valve guide
has been reamed, and use a suitable scraper to
break the sharp corner (ID) at the top of the vaive
guide.

Tool~G0BS-AE or
TEOK-608%:B

BRAEAK SHARP
CORNER

FiG. 28 Reaming Valve Guides

REFACING VALVE SEATS

Refacing the vaive seat should be closely coor-
dinated with the refacing of the valve face so that
the finished seat and valve face wiil be concentric
and the specified interference fit will be main-
tained. This is important so that the valve and seat
will have a compression-tight fit. Be sure that the
refacer grinding wheeis are properly dressed.

Grind the valve seats of all engines to a true 45
degree angle (Figure 29). Remove only enough
stock to clean up pits and grooves or to correct
the valve seat runout. After the seat has been
refaced, use a seat width scale or a machinist
scale to measure the seat width (Figure 30). Nar-
row the seal, if necessary, to bring it within
specifications, and center it on the valve face.



It the valve seat width exceeds the maximum limit,
remove encugh stock from the top edge andfor
bottom edge of the seat to reduce the width to
specifications, and center.

On the valve seats of all engines, use a 60 degree
angle grinding wheel to remove stock from the
bottom of the seats (raise the seats) and use a 30
degree angle wheel to remove stock from the top
of the seats (lower the seats).

TO REMOVE STOCK
FROM TOP OF SEAT,
USE 30° WHEEL

TQ REMOVYE
STOCK FROM
BOTTOM OF SEAT,
USE 60° WHEEL

435°

FIG. 29 Refacing Valve Seat

The finished valve seat should contact the approx-
imate center of the valve face. It is good practice
to determine where the valve seat contacts the
face. To do this, coat the seat with Prussian blue
and set the valve in place. Rotate the valve with
light pressure. ! the blue is transferred to the
center of the valve face, the contact is satisfac-
tory. If the blue is transferred to the top edge of
the valve face, lower the valve seat. if the blue is
transferred to the bottom edge of the valve face,
raise the valve seat.

FIG. 30 Checking Valve Seat Width

VALVES

Minor pits, grooves, eic., may be removed. Discard
valves that are severely damaged, if the face
runout cannot be corrected by refinishing or stem
clearance exceeds specifications. Discard any ex-
cessively worn or damaged valve train parts.

Refacing Valves

The valve refacing operation should be civsery
coordinated with the valve seat refacing opera-
tions so that the finished angles of the valve face
and of the valve seat will be to specifications and
provide a compression-tight fit. Be sure that the
refacer grinding wheels are properly dressed.

Under no circumstances sheould the faces of alu-
minized intake valves be ground or the valves lap-
ped in as this will remove the diffused aluminum
coating and reduce the valve’s wear and heat resist-
ant properties. If the valve faces are worn or pitted it
will be necessary to install new valves and to resur-
face the valve seats or, alternatively, lap the seats
using dummy valves. The exhaust valves may be lap-
ped in or the faces ground if required.

If the valve face runout is excessive andfor to
remove pits and grooves, reface the valves to a
true 44 degree angle. Remove only enocugh stock
to correct the runout or to clean up the pits and
grooves. If the edge of the valve head is less than
1/32 inch thick after grinding (Figure 31), replace
the valve as the valve will run too hot in the
engine. The interference fit of the valve and seat
should not be lapped out. Remove all grooves or
score marks from the end of the valve stem, and
chamfer it as necessary. Do not remove more than
0.010 inch from the end of the valve stem,

If the valve andfor valve seat has been refaced, it
will be necessary to check the clearance between
the rocker arm pad and the valve stem with the
valve train assembly installed in the engine.

Select Fitting Valves

If the valve stem to valve guide clearance exceeds
the wear limit, ream the vaive guide for the next
oversize valve stem. Valvgs with oversize stem
diameters of 0.003, 0.015 and 0.030 inch are
available for service. Always reface the valve seat
after the valve guide has been reamed. Refer to
Reaming Valve Guides.

CHECK FOR
T RENT STER

=

NSJONS
FOR DIMENSI - T DIAMETER

REFER TC
SPECIFICATIONS

VALVE

THIS LINE
PARALLEL
WITH
VALVE HEAD

1/32" MINIMUM

. AR£55-A
FIG. 31 Critical Valve Dimensions



CAMSHAFT REPAIR

Remove light scuffs, scores or nicks from the
camshaft machined surfaces with a smooth oil
stone, :

CRANKSHAFT

Dress minor scores with an oil stone. If the jour
nals are severely marred or exceed the wear limit,
they should be refinished to size for the next
undersize bearing.

REFINISHING JOURNALS

Refinish the journals to give the proper clearance
with the next undersize bearing. If the journal will
not clean up to maximum undersize bearing
available, replace the crankshaft.

Always reproduce the same journal shoulder
radius that existed originally. Too small a radius
will result in fatigue failure of the crankshaft. Too
large a radius will result in bearing failure due to
radius ride of the bearing.

After refinishing the journals, chamifer the oil
holes; then polish the journal with a No. 320 grit
nolishing cloth and engine oll. Crocus cloth may
also be used as a polishing agent.

FITTING MAIN OR CONNECTING ROD
BEARINGS WITH PLASTIGAGE

1. Clean crankshaft journals. Inspect joumrnals
and thrust faces (thrust bearing) for nicks,
burrs or bearing pickup that would cause
premature bearing wear. When replacing
standard bearings with new bearings, it is
good practice to fit the bearing to minimum
specified clearance. If the desired clearance
cannot be obtained with a standard bearing,
try a 0.002 inch undersize in combination with
a standard bearing to obtain the proper
clearance.

If fitting a main bearing in the chassis, posi-
tion a jack under counterweight adjoining
bearing which is being checked. Support
crankshaft with jack so its weight will not
compress Plastigage and provide an er
roneous reading.

Place a piece of Plastigage on bearing sur-
face across full width of bearing cap and
about /4 inch off center (Figure 32).

Install cap and torque bolt to specifications,
Do not turn crankshaft while Plastigage is in
place.

Remove cap. Using Plastigage scale, check
width of Plastigage at widest point to get
minimum clearance. Check al narrowest
point to get maximum clearance. Difference
between readings is taper of journais.
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If clearance exceeds specified limits, on the
connecting rod bearings, try a 0.002 inch
undersize bearing in combination with the
standard bearings. Bearing clearance must be
within specified lmits. If 0.002 undersize
main bearings are used on moere than one
journal, be sure they are all installed in
cylinder block side of bearing. If standard and
0.002 inch undersize bearings do not bring
clearance within desired limits, refinish
crankshaft Journal, then install undersize
bearings.

. After bearing has been f{itted, remove
Piastigage and apply iight coat of engine oil
to journal and bearings. Install bearing cap.
Torque cap bolts to specifications.

Repeat procedure for remaining bearings that
require replacement.

PLACE Plugtignge FULL CHECK WIDTH OF

WIDTH OF JOURNAL . Plostign
ABOUT Vi INCH N

OFF CENTER

BN

MEASURING

0.0ms* Plastigoge

INSTALUNG T
© ¥ CLEARANCE

Plastiguge

AZB68-A

FiG. 32 Installing and Measuring Plastigage

PISTONS, PINS AND RINGS
Fitting Pistons

Pistons are available for service in standard sizes
and the oversizes shown in the parts book.

The standard size pistons are color coded red or
blue, or have .0025 O.S. stamped on the dome.
Refer to the Specifications for standard size
piston dimensions.

Measure the cylinder bore and select the piston to
assure the proper clearance, When the bore
diameter is in the lower one-third of the specified
range, a red piston should be used. When the bore
diameter is in the middie one-third a blue piston
should be used. When the bore diameter is in the
upper one-third, the 0.0025 O.5. piston should be
used.



Measure the piston diameter to ensure that the
specified ciearance is obtained. It may be
necessary periodically to use another piston (red
or blue) that is either slightly larger or smaller to
achieve the specified clearance. If nene can be fit-
ted, relinish the cylinder to provide the proper
clearance for the piston. When a piston has been
titted, mark it for assembly in the cylinder to
which it was fitted. If the taper, out-of-round and
piston to cylinder bore clearance conditions of
the cylinder bore are within specified limits, new
piston rings will give satisfactory service. If new
rings are to be installed in a used cylinder that has
not been refinished, remove the cylinder wall
glaze (refer to Cylinder Block, Refinishing
Cytinder Walls). Be sure to clean the cylinder bore
thoroughly.

1. Calculate the size piston to be used by taking
a cylinder bore check. Foliow the procedures
outlined under Cleaning and Inspection.

2. Select the proper size piston to provide the
desired clearance {refer to the specifications).
The piston should be measured 2% inches
below the dome and at 90° to the piston pin
bore.

3. Make sure the piston and cylinder block are at
room temperature (70 degrees F.). After any
refinishing operation allow the cylinder bore
to cool, and make sure the piston and bore are
clean and dry before the piston fit is checked.

Fitting Piston Rings

1. Select the proper ring set for the size cylinder
bore,

2. Position the ring in the cylinder bore in which
it is going to be used.

3. Push the ring down into the bore area where
normal ring wear is not encountered.

4. Use the head of a piston to position the ring in
the bore so that the ring is square with the
cylinder wali. Use caution to avoid damage tc
the ring or cylinder bore.

5. Measure the gap between the ends of the ring
with a feeler gauge (Figure 33). If the ring gap
is less or greater than the specified limits, fry
another ring set.

6. Check the ring side clearance of the compres-
sion rings with a feeler gauge inserted be-
tween the ring and its lower land (Figure 34).
The gauge should slide freely around the en-
tire ring circumference without binding. Any
wear that occurs will form a step at the inner
portion of the lower land. #f the lower lands
have high steps, the piston should be replac-
ed.
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S A02E |

FIG. 33 Checking Piston Ring Gap

Fitting Piston Pins

The piston pins are selected to give the correct fit
in the piston pin bore and bushing in the connect-
ing rod. Pistons are only supplied in service com-
plete with the piston pin, to ensure the correct fit.
The piston pins should not be interchanged. -

10208

FlG. 34 Checking Pistion Ring Side Clearance

VALVE ROCKER ARM

i the pad at the valve end of the rocker arm has a
grooved radius, replace the rocker arm. Do not at-
tempt to true this surface by grinding.

PUSH RODS

Foliowing the procedures under Push Rod Inspec-
tion, check the push rods for straightness.

i the renout exceeds the maximum limit at any
point, discard the rod. Do not attempt {o
straighten push rods.

CYLINDER BLOCK
Refinishing Cylinder Walls

Honing is recommended for refinishing cylinder
walls only when the walls have minor scuffs or
scratches, or for fitting pistons to the specified
clearance. The grade of hone o be used is deter



mined by the amount of metal to be removed.
Follow the instructions of the hone manufacturer.
if coarse stones are used to start the honing
operation, leave enough material so that all hone
marks can be removed with the finishing hone
which is used to obtain the proper piston
clearance.

Cylinder walls that are severely marred andlor
worn beyond the specified limits should be
refinished, Betore any cylinder is refinished, all
main bearing caps must be in place and tightened
to the proper torque so that the crankshaft bearing
bores will not become distorted from the
refinishing operation. :

Refinish only the cylinder or cylinders that require
it. All pistons are the same weight, both standard
and oversize; therefore, various sizes of pistons
can be used without upsetling engine balance.

Refinish the cylinder with the most wear first to
determine the maximum oversize. if the cylinder
will not clean up when refinished for the max-
fmum oversize piston recommended, replace the
block.

Refinish the cylinder to within approximately
0.0015 inch of the required oversize diameter. This
will allow enough stock for the final step of hon-
ing so that the correct surface finish and pattern
are obtained.

For the proper use of the refinishing equipment,
foliow the instructions of the manufacturer. Only
experienced personnel should be allowed to per-
form this work.

Use a motor-driven, spring pressure-type hone ata
speed of 300-500 rpm. Hones of grit sizes 180-220
will normally provide the desired bore surface
finish of 15/32 FMS. When honing the cylinder
bores, use a lubricant mixture of equal parts of
kerosene and SAE No. 20 motor oil. Operate the
hone in such a way as to produce a cross-haich
finish on the cylinder bore. The cross-hatch pat-
tern should be at an angle of approximately 30
degrees to the cylinder bore. After the final opera-
tion in eilther of the itwo refinishing methods
described and prior to checking the piston fit,
fhoroughly clean and oil the cylinder walls. Mark
the pistons to correspond to the cylinders in
which they are 1o be installed. When the
refinishing of ali cylinders that require it has been
completed and ali pistons are fitted, thoroughly
¢clean the entire block and oil the cylinder walls.
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'REPAIRING SAND HOLES OR

POROUS ENGINE CASTINGS

Porosity or sand hole(s} which wili cause ol
seepage or leakage can occur with modern
casting processes. A complete inspection of
engine and transmission shouid be made. If the
leak is attributed to the porous condition of the
cylinder block or sand hole{s), repairs can be
made with metallic plastic (Part No. C6AZ-19554-
A). Do.not repair cracks with this material. Repairs
with this metallic plastic must be confined io
those cast iron engine component surfaces where
the inner wall surface is not exposed to engine
cootant pressure or oil pressure, for exampie:

1. Cylinder block surfaces extending along the
length of the block, upward from the oil pan
rail to the cylinder water jacket but not in-
cluding machined areas.

Lower rear face of the cvlinder block.

intake manifold casting.

Cylinder head, along the rocker arm cover
gasket surface.

NSNS

The following procedure should be used to repair
porous areas or sand holes in cast iron:

Clean the surface to be repaired by grind-
ing or rotary filing to a clean bright metal
surface. Chamfer or undercut the hole or
porosity to a greater depth than the rest of
the cleaned surface. Solid metal must sur-
round the hole. Openings larger than 1/4
inch should not be repaired using metallic
plastic. Openings in excess of v inch can
be drilled, tapped and plugged using com-
mon tools. Clean the repair area
thoroughly. Metallic plastic will not stick
to a dirty or oily surface.

Mix the metallic plastic base and hardener
as directed on the container. Stir
thoroughly until uniform.

c. Apply the repair mixture with a suitable
clean tool {putty knife, wood spoon, etc.)
forcing the epoxy into the hole or porosity.
Allow the repair mixture to harden. This
can be accomplished by iwo methods: heat
cure with a 250 degree watt lamp placed 10
inches from the repaired surface or air dry
for 10-12 hours at temperatures above 50
degrees F.

Sand or grind the repaired area to biend
with the general contour of the surround-
ing surface.

f. Paint the surface to match the rest of the
block.

a.



ADJUSTMENTS
VALVE CLEARANCE

The valve arrangement on the left bank is E-I-E-|-E-
I-E-l and on the right bank is |-E-I-E-|-E-I-E.

A 0.060-inch shorter push rod or a 0.080-inch
longer push rod are available for service to provide
a means of compensating for dimensional
changes in the valve mechanism. Refer to the
Master Parts List or the specifications for the per-
tinent color code.

Valve stem io valve rocker arm clearance should
be within specifications with the hydraulic lifter
completely collapsed. Repeated valve recondi-
tioning operations {valve andlor valve seat refac-
ing} will decrease the clearance to the point that,
if not compensated for, the hydraulic valve lifter
will cease to function and the valve will be held
open. '

To determine whether a shorter or a longer push
rod is necessary, make the following check:

D-302 CID V-8 Engine & 460 V.8 Engine

1. install an auxiliary starter switch. Crank the
engine with the ignition switch OFF until the
No. 1 piston is on TDC after the compression
stroke.

With the crankshaft in the positions
designated in Sleps 3, 4 and 5, position the
hydraulic lifter compressor tool on the rocker
arm. Slowly apply pressure to bleed down the
hydraulic lifter until the plunger is complete-

ly bottomed (Figure 35). Mold the lifter in this

position and check the available clearance
between the rocker arm and the valve stem
tip with a feeler gauge. The feeler gauge
width must not exceed 3/8 inch.

If the clearance is less than specifications,
install a shorter push rod.

If the clearance is greater than specifica-
tions, install a longer push rod.
With the No. 1 piston on TDC at the end of
the compression stroke, POSITION 1 in
Figure 36, check the following valves:

No. 1 intake, No. 1 Exhaust

No. 7 Intake, No. 5 Exhaust

No, 8 Intake, No. 4 Exhaust
Rotate the crankshaft to POSITION 2 in
Figure 36 and check the following valves:

No. 5 Intake, No. 2 Exhaust

No. 4 |ntake, No. 6 Exhaust
Rotate the crankshaft to POSITION 3 in
Figure 36 and check the following valves:

No. 2 intake, No. 7 Exhaust

No. 3 intake, No. 3 Exhaust

No. 8 Intake, No. 8 Exhaust
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Engine With Positive Stop Rocker Arm Studs

The positive stop rocker arm stud eliminates the
necessity of adiusting the valve clearance.
However, to obtain the specified valve clearance,
it is important that all valve components be in a
serviceable condition and installed and torqued
properly. Each stud nut should be removed and in-
spected for conditions shown in Figure 37 when
adjusting valve clearance.

With the crankshaft in the positions designated in
Steps 1, 2 and 3, remove and inspect the stud nut
for conditions shown in Figure 37. Install and turn
the stud nut clockwise until it contacts the stop.
Tighten the nut to specifications,

6. With the No. 1 piston on TDC at the end of
the compression stroke, POSITION 1 in
Figure 36, set the valve clearance on the
following valves:

No: 1 Intake, No. 1 Exhaust
No. 7 intake, No. 5 Exhaust
No. 8 Intake, No. 4 Exhaust

7. Rotate the crankshaft to POSITION 2 in
Figure 36 and set the valve clearance on the
following valves:

No. 5 intake, No. 2 Exhaust
No. 4 intake, No. 6 Exhaust
8. Rotate the crankshaft to POSITION 3 in

Figure 36 and set the valve clearance on the
following valves:

No. 2 Intake, No. 7 Exhaust

No. 3 Intake, No. 3 Exhaust

No. 6 Intake, No. 8 Exhaus!

Tool - 6513-AC

53y

FIG. 38 Checking Valve Clearance Hydraulic Valve Lifters

351 C.1.D. V-8 Engine

1. Install an auxiliary starter switch. Crank the
engine with the ignition switch OFF.

Position the crankshaft as outlined in Figure
36. Position a hydraulic lifter compressor
tool on the rocker arm and slowly apply

2.



pressure to bleed down the hydraulic lifter
- until the plunger is completely bottomed.~
{Figure 35). Hold the lifter in- the fully col-:
lapsed position and insert a low-limit (see

- Specifications) clearance gauge betweaen the

. valve stem and the rocker arm of the valve be-..
.-, Ang -checked. If:the-clearance is. less than -
- install -a-0.060 inch longer push:.
rod. If the gauge enters, the old push rod:may:..
If a high -limit gauge enters, the
operating range of the lifter is excesswe"

~specified,.
be used.

" which’indicates severe wear has occured at
the push rod ends, racker arm, or valve stem,
in this case, it will be necessary to determine
the area of discrepancy and the worn part(s)
shouid be replaced. If all the valve train com-
ponents except the push rod are within
timits, install a 0.080 inch longer push rod.

3. With the No. 1 piston on TDC at the end of
the compression stroke, POSITION No. 1in
Figure 38, check the following valves:

No. 1 intake, No. 1 Exhaust
No. 4 Intake, No. 3 Exhaust
- No. 8 Intake, No. 7 Exhaust

4. Rotate the crankshaft to POSITION No. 2 in

Figure 36 and check the foilowing valves:
No. 3 Intake, No. 2 Exhaust
No. 7 Intake, No. 6 Exhaust

With No. 1 al TOC at end of compression stroke
make a chatk mark at points 2 and 3 approximately
96 degrees agan.

POSITION 1. No. 1 at TBE at end of compression stroke.

POSITION 2 - Aotale the crankshalt 180 degrees (ona half,
revolution) clockwise from POSITION 1. |

POSITION 3 - Rotate 1he crankshaft 270 dagraes {three
gquarter ravolution) clockwlse from
POSITION 2,

TIMING
POINTER

FiG. 36 Position of Crankshaft for Checking and Adjusting
Valve Clearance
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FIG. 37 Inspection of Rocker Arm Stud Nut

5.

Rotate the crankshaft to POSITION No. 3 in
Figure 36 and check the following valves:
No. 2 intake, No. 4 Exhaust
No. & Intake, No. 5 Exhaust
No. 6 intake, No. 8 Exhaust

Engines With Positive Stop Rocker Arm Studs

The positive stop rocker arm stud eliminates the
necessity of adjusting the valve clearance.
However, io obtain the specified valve lash, it is
important that all valve components be in a ser-
viceabie condition and installed and torqued pro-
perly. Each stud nut should be removed and in-
spected for conditions shown in Figure 37 when
adjusting valve clearance.

6.

With the crankshaft in the positions
designated in Steps 2, 3 and 4, remove the
stud nut and inspect it for conditions shown
in Figure 37.

install the stud nuts on the siud and turn the
nut clockwise until it contacts the stop.
Torgue the stud nut to specifications.
With the No. 1 piston on TDC at the end of
the compression siroke, POSITION No. 1in
Figure 36, inspect the stud nut and install the
stud nut on the following valves:

No. 1 intake, No. 1 Exhaust

No. 4 Intake, No. 3 Exhaust

No. 8 intake, No. 7 Exhaust
Rotate the crankshaft io POSITION No. 2 in
Figure 36. Inspect and install the stud nut on
the following valves:

No. 3 Intake, No. 2 Exhaust

No. 7 Intake, No. 6 Exhaust
Rotate the crankshaft to POSITION No. 3 in
Figure 36. Inspect and install the stud nut on
the following valves:
No. 2 Intake, No. 4 Exhaust
No. 5 Intake, No. 5 Exhaust
No. 6 Iniake, No. 8 Exhaust



REMOVAL AND INSTALLATION
CRANKCASE VENTILATION SYSTEM
Removal *

1. Remove ventilation system air intake hose
from flame arrestor and the left valve cover.

2. Disconnect the crankcase vent hose from the
carburetor spacer.

3. Pull the regulator valve out of the oil filler cap
in the left valve cover.

Instaliation

1. Insert the reguiator valve into the grommet
on the right valve cover.

2. Connect the vent hose to the regulator vaive:
install the hose on the carburetor spacer.

3. Install the ventilation system air intake hose
to the flame arrestor and left valve cover
fitting.

4. Start the engine and check for leaks.

VALVE ROCKER ARM COVER AND
ROCKER ARM

The valve rocker arm assembiy sequence is
shown in Figure 39: :

Removal

1.. To remove a valve rocker arm from the

cylinder head.
Disconnect the spark plug wires from the
spark plugs using Tool No. T68P-6666-A. Do
nol pull on wire. Remove the wires from the
bracket on the valve rocker arm cover(s) and
position the wires out of the way.

2. On aright side rocker arm cover, remove the
wire harness from the retaining clips.
Remove the valve rocker arm cover attaching
bolts and remove the cover,

Tt FULGRUM
BOLT -kA529

QiL DEFLECTOR

FIG. 39A Rocker Arm
and Related

Parts FULCRUM

SEAT -AAS2S

ROCKER
ARM-£564

g ROCKER ARM
—aeme STUD NUT
: tA529

FULCRUM

A 1634.C

Fi3. 39 Valve Rocker Arm Assembly

3,

Remove the valve rocker arm stud nut, or bolt
fulcrum seat and rocker arm.

If removal of the rocker arm stud is necessary,
refer to the procedure under Cylinder Head
Repairs.

Installation 302 & 351 Engs

Al rocker arms and fulcrum seats are to be
lubricated with heavy engine oil SE before in-
stallation.

1.

Apply Lubriplate, or equivalent, o the top of
the valve stem and underside of the fulcrum
seats.

Inspect the stud nut for damage. The
chamfer on the nut should not be over
1/16-inch wide. A nut with a chamfer larger
than 1/16-inch can cause the valves to be
held open.

Install the rocker arm, fulerum seat and stud
nui.

Clean the valve rocker arm cover(s) and the
cylinder head gasket surface(s). Position the
valve rocker cover gasket in each cover, mak-
ing sure that the tabs engage the notches in
the cover.

Position the cover(s) on the cylinder head(s).
Make sure the gasket seats evenly all around
the head. Install the bolts and wire loom clips
on left hand cover. The cover is tightened in
two steps. Torque the bolts to specifications.
Two minutes later, torque the bolts to the
same specifications.

Instail the crankcase ventilation hoses in the
covers,

install the spark plug wires in the bracket on
the valve rocker arm cover(s). Connect the
spark plug wires.



Installation 460 Engine

1. Apply Lubriplate or equivalent {0 the top of
the valve stems, the rocker arm and fulcrum
seats.
Position the No. 1 piston on TDC &t the end
of the compression stroke, Position 1 in
Figure 33, and install the rocker arm, fulecrum
seat, oil deflector and bolt on the foliowing
valves: o :

No. 1 Iintake, No. 1 Exhaust

No. 7 Intake, No, 5 Exhaust

No. 8 Intake, No. 4 Exhaust

Position the crankshaft in Position 2 in Figure 33
and install the rocker arm, fulcrum seat, oii defiec-
tor and bolt on the following valves:

No. 4 Intake, No. 2 Exhaust

No. 5 Intake, No. 6 Exhaust

Position the crankshaft in Position 3 in Figure 33
and install the rocker arm, fulcrum seat, oil deflec-
tor and bolt on the foliowing valves:

No. 2 Intake, No. 3 Exhaust

No. 3 intake, No. 7 Exhaust

No. 6 Intake, No. 8 Exhaust

Be sure that the fuicrum seat base is inserted in

its slot on the cylinder head betore tighiening the .

fulcrum bolts. Tighten the fulcrum bolt to
specification. Check the valve clearance following
the procedures under Valve Clearance Checking
Procedure. ‘

3. Clean the valve rocker arm cover{s) and the
cylinder head gaske! surface(s). Position the
gasket in the cover, making sure that the
gasket tangs are secured in the notches in
the cover.

Position the cover(s) on the cylinder head(s).
Make sure the gasket seats evenly all around
the head. Install the bolis. The cover is
tightened in two steps. Tighten the bolts to
spacifications. Two minutes later, tighten the
bolts to the same specifications.

if the right cover was removed, insiali PCV
valve. Install the air cleaner and intake duct
assembiy.

install the spark plug wires in the bracket on
the valve rocker arm cover(s). Connect the
spark plug wires.

Start the engine and check for leaks.

VALVE SPRING, RETAINER AND STEM SEAL
Removal

Broken valve springs or damaged valve stem seals
and retainers may be replaced without removing
the cylinder head, provided damage to the valve or
valve seat has not occurred.
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1. Refer to Vaive Rocker Arm Cover in this sec-
tion for the cover-removal and installation.
Remove the applicable spark plug and bring
the piston to the top of the bore to prevent ac-
cidental loss of the valve into the cylinder.
Remove the valve rocker arm stud nuts,
fulcrum seats, valve rocker arms and push
rods from the applicable cylinder, Remove the
exhaust valve stem cap.

Install an air line with an adapter in spark plug
hole and apply air pressure to the cylinder.
Failure of the air pressure to hold the valve(s)
in the closed position s an indication of valve
seat damage and required removal of the
cylinder head.

Install the stud nut and position the com-
pressor tool as shown in Figure 40. Compress
the valve spring and remove the retainer
iocks, spring retainer, sleeve and vaive spring

Ai'r

FIG. 40 Compressing Velve Spring—In Chassis

Remove and discard the valve stem seal
{(Figure 41).

if air pressure has forced the piston to the
bottom of the cylinder, any removal of air
pressure wiil allow the valve(s) to fall into the
cylinder. A rubber band, tape or string
wrapped around the end of the valve stem will
prevent this condition and will still allow
enough travel to check the valve for binds.
Inspect the valve stem for damage. Rotate the
valve and check the valve stem tip for eccen-
tric movement during rotation. Move the valve
up and down through normal travel in the
valve guide and check the stem for binds. I
the valve has been damaged, it will be
necessary to remove the cylinder head for
repairs.



FIG, 41 Removing or Instaling Valve Siem Seal

installation

1. If the condition of the valve proved satisfac-
tory, lubricate the valve stem with heavy
engine oil S8E. Hold the valve in the closed
position and apply air pressure within ihe
cylinder.

Install a new valve stem seal (Figure 41).
Place the spring in position over the valve and
install the valve spring retainer and sleeve.
Compress the valve spring and install the
valve spring retainer locks. Remove the com-
pressor tool and stud nut.

Turn off the air and remove the air line and
adapter. Install the spark plug and connect
the spark plug wire.

Lubricate the push rod ends with Lubriplate
or equivalent and instail the push rod. Apply
Lubriplate or equivalent to the tip of the valve
stem. install the exhaust valve stem cap.
Apply Lubriplate or equivalent to the rocker
arms and fuicrum seats. Inspect the stud nuts
for conditions shown in Figure 37. Install the
valve rocker arms, fulcrum seats and stud
nuts.

Clean and install the rocker arm cover.

INTAKE MANIFOLD

The intake manifold assembly is shown in Figure
42.

Removal

1. Drain cooling system. Remove flame arrestor,
inciuding the crankcase ventilation hose.

2. Disconnect the throttle cable and choke
wires from the carburetor.

3. Disconnect the high-iension iead and wires
from the coil, temperature & oil sender.

4, Disconnect the spark plug wires from the

spark piugs by grasping, twisting and pulling
the moulded cap using Tool No, T68F-6668-A.
Remove the wires from the harness brackets
on the valve rocker arm covers. Remove the
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distributor cap and spark plug wires as an
assembly.

Remove the carburetor fuel inlet line.
Remove the distributor hold down boit and
remove the distributor.

Disconnect the hose's from the coolant outlet
housing.

Loosen the clamp on the water pump by-pass
hose at the coolant outlet housing and slide
the hose off the outlet housing.

Disconnect the crankcase vent hose at the
valve racker arm cover,

Remove the intake manifold and carburetor
as an assembly. It may be necessary to pry
the intake manifold away from the cylinder
heads. Remove the intake manifold gaskets
and seals. Discard the intake manifoid at-
taching bolt sealing washers.

If the manifoid assembiy is to be disassem-
bied, remove the coolant outlet housing
gasket and thermostat. Hemove the car
buretor, spacer, gasket, and other stems no
suppiied with a new manifold.

o,

10.

11.

GASKET -9247

MARIFOLD-TOBLOCK
REAR SEAL
Fa42:

MANIFCLD.TO.MEAD GASKET
44l

>

WATER TEMPERATURE
y | SENDING UNIT
T e,

MANFOLR-TO- BLOCK FRONT SEAL

= f \
THERMOSTAT 8372
COOLANT OUILET HOUSING\ﬁ

%‘

AZBS: B

F1G. 42 intake Manifoid Assy.

Instaillation

1. If intake manifoid assembly was disassem-
bled, install the temperature sending unit
{threads coated with electrical conductive
sealer), ignition and coil, carburetor, spacer,
gaskets. Install the coolant outlet housing
and other removed components

Clean the mating surfaces of the intake
manifold, cylinder heads and cylinder biock
using a solvent such as Ford Spot Remover



(B7A-19521-A) or equivalent. Apply a 1/8 inch
bead of RTV sealer, (C3AZ-18526-A or B) at the
points shown in Figure 43.

3. Apply a 118 inch bead of RTV sealer to the
outer end of each intake manifold seai for the
full width of the seal (4 places). See Figure
43.

NOTE: This sealer sets-up in 15 minuies, so it is
important that assembly be completed promptly.
Do not drip any sealer into the engine valley. Posi-
tion the seals on the cylinder block and new
gaskets on the cylinder heads with the gaskets in-
terlocked with the seal tabs. Be sure the holes in
the gaskets are aligned with the holes in the
cylinder heads.

4. Carefully lower intake manifold into position
on the cylinder block and cylinder heads.
After the intake manifold is in place, run a
finger around the seal area to make sure the
seals are in place. if the seais are not in place,
remove the intake manifoid and position the
seals.

5. Be sure the holes in the manifold gaskets and
manifold are in alignment. Install the intake
manifold attaching nuts and bolts. Tighten
ihe nuis and bolis in two steps (Figure 44 or
Figure 15). Tighten all nuts and bolts in se-
quence to specifications.

After completing the remaining assembly steps,
operate the engine until it reaches normal
operating temperature, then retighten the
manifold nuts and bolts in sequence to specifica-
tions.

6. install water pump by-pass hose on the
coolant outiet housing. Slide the clamp into
position and tighten the clamp.

7. Connect the upper hose's

8. Install the carburetor fuel inlet line,

. Rotate the crankshaft damper until the No. 1
piston is on TDC at the end of the compres-
sion stroke. Position the distributor in the
block with the rotor at the No. 1 firing position
and the points just open. Install the hoiddown
clamp. :

10. Install the distributor cap. Position the spark
plug wires in the harness brackets on the
valve rocker arm covers and connect the
wires to the plugs.

11. Connect crankcase vent hose. Connect the
high-tension lead and coil wires.

12. Connect the accelerator cabie. Connect the
choke wires

13. Fill and bleed the cooling system if fresh
water system.

14. Start the engine and check and adjust the lg-
nition timing

15. Operate the engine at fast idle and check all
hose connections and gaskets for leaks.
Operate the engine until engine temperatures
have stabilized and adjust the engine idle
speed and idle fuel mixture. Retighten the in-
take manifold boits to specifications.

VALVE LIFTER

Before replacing a hydraulic valve litter for noisy
operation, be sure the noise is not caused by im-
properly adjusted valve to rocker arm clearance or
by worn rocker arms or push rods.

Removal

1. Remove the intake manifold and related parts
following procedures given in Intake Manifold
Removal,

2. Remove the valve rocker arm cover, then
ioosen the valve rocker arm stud nut and
rotate the rocker arms to the side.

3. Remove the valve push rods in sequence so
that they can be installed in their original
positions.

TYPICAL SEALER APPLICATION AREAS FOR INTAKE MANIFOLD INSTALLATION

18" DlA. BEAD CIAZ-19526-AL0R.BI
SEALER {4-JOINTS}

/CYLINDER HEAD

SEAL MOUNTING SURFACE
OF CYLINDER BLOCK

FIG. 43 ATV Sealer instaliation Intake Manifoid

INTAKE MANIFOLD GASKET

116" DIA.BEAD C3AZ-19526-A(0R-B}
SEALER {4-SEAL ENDS}

A3715-B



4. Using Tool T70L-6500-A shown in Figure 46, installation
remove the valve Hiters and place them in a
rack so that they can be installed in their
originai bores.

Valve lifters and bores are 1o be lubricated with

heavy engine cil SE belfore installation.

If necessary to disassembie a lifter, refér to 1. C!ean.the gxiernat surfaces an_d install the

Valve Lifter Disassembly and Assembly in valveilftersmthe bores from which they were

this Part. removed, using Tool T70L-6500-A. If a new
lifter(s) is being installed, check the new
lifter(s) for a free fit in the bore in which it is to
be installed. Lubricate the lifter(s) and bore(s)
with heavy engine oil before inserting the
lifter.

2. Lubricate the ends of the push rods with
Lubriplate or equivalent and install the push
rods in their original positions. Apply
Lubriplate or eguivalent to the valve stem tip.

3. Lubricate the rocker arms and fulcurm seats

with Lubriplate or equivalent and position the

rocker arms over the push rods.

Install the valve rocker arm covers.

instali the intake manifold following instruc-

fions given under Intake Manifold Instaliation.

oo
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FRONT OF ENGINE

FIG. 45 Intake Manifoid Bolt Tightening Sequence—351W
Engine

TI0L65C0-A

A IB5Z. A

FIG. 44 intake Manifold Bolis Tightening Sequence—302 CID
Engine FiG. 46 Removing Valve Lifter
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CYLINDER HEADS

if acylinder head is to be replaced, follow the pro-

cedures under Cylinder Head Disassembly and
Assembly in this Part, and transfer all valves,

springs, spark plugs, eic,
head. Clean and inspect all parts,

to the new cylinder
reface the

valves and check all assembly clearances before
assembiing the new or used parts to the new
cylinder head.

Remaoval

1.

Remove the intake manifold and carburetor
as an assembly, following the procedure
under Intake Manifold Removal.

Remove the rocker arm cover(s),

Remove exhaust, manifold & other com-
ponents attached to the heads.

Loosen the rocker arm stud nuts so that the
rocker arms can be rotated to the side.
Remove the push rods in sequence (Figure
47y s¢ that they may be installed in their
original positions.

On 302 engines, remove the exhaust valve
stem caps.

Install the cylinder head holding fixtures
(Figure 48). Remove the cylinder head at-
taching bolts and lift the cylinder head off
the biock. Remove and discard the cylinder
head gasket.

e AIS?J—C

FIG. 47 Removing Valve Push Rods

A2853-A

FiG. 4B Cyiinder Head Holding Fixiures
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installation

1.

10,

Clean the cylinder head, intake manifold,
valve rocker arm cover and cylinder head
gasket surfaces. If the cylinder head was
removed for a cylinder head gasket replace-
ment, check the flatness of the cylinder head
and block gasket surfaces.

On 302 and 351 V-8 engines, a specially
treated composition gasket is used. Do not
apply sealer to a composition gasket. Posi-
tion the new cylinder head gasket over the
cylinder dowels on the block. Position the
cylinder head on the block and install the at-
taching bolts. Remove the holding fixtures.
The cylinder head bolts are tightened in three
progressive steps. Tighten all the bolts in se-
quence (Figure 49} to specifications. When
cylinder head bolts have been tightened
following this procedure, it is not necessary
to retighten the bolis after extended opera-
tion. However, the bolts may be checked and
retightened if desired.

Clean the push rods in a suitable solvent.
Biow out the cil passage in the push rod with
compressed air. Check the ends of the push
rods for nicks, grooves, roughness or ex-
cessive wear. Visually check the push rods
for stralghtness or check push rod runout
with a dial indicator. If runout exceeds the
maximum limit at any point, discard the rod.
Do not attempt to straighten push rods,
Lubricate the end of the push rods with
L.ubriplate or eguivalent and install them in
their original positions. Apply Lubriplate or
equivalent to the valve stem tips. install the
exhaust valve stem cap on 302 engines.
Lubricate the rocker arms and fulcrum seats
with Lubriplate or equivalent, then instali the
rocker arms.

Position a new gasket(s} on the exhaust
manifolds & install.

instali removed components and adjust the
drive belt tension to specifications.

Clean the valve rocker arm cover and cylinder
head gasket surfaces. Place the new gaskets
in the covers making sure that the tabs of the
gasket engage the notches provided in the
cover. Install the valve rocker arm cover{s),
install the intake manifoid and related parts,
foliowing the procedure wunder intake
Mamfold Instaliation,

SR )
b ‘. '.. @.u@@ ]

FIG. 48 Cylinder Head Bolt Tightening Sequence



EXHAUST MANIFOLDS

Removal

1. Remove exhaust and cooling hoses from
manifold

2. Support exhaust hoses or tie up to prevent
water entry

3. Disconnect
cylinder head.
Remove the exhaust manifold.

exhaust manifold{s) from

4,

installation

1. Clean the mating surfaces of the exhaust
manifold(s) and cylinder head(s). Clean the
mounting flange of the exhaust manifold(s).

2. Position the exhaust manifold(s) on the
cylinder head(s) and install the attaching
bolts. Working from the center to the ends,
tighten the bolts to specifications.

3. Install and tighten exhaust and cooling
hoses.

4. Position the oil dipstick tube bracket on the
left exhaust manifold. Install and tighten at-
taching bolis to specifications.

WATER PUMP

Removal

1. Drain the cooling system.
2. Remove the alternator drive belt.

Remove all accessory brackets which attach to
the water pump. Remove water pump pulley,
3. Discennect the lower hose and water pump
bypass hose at the water pump.
4. Remove the bolts that attach the pump to the
cylinder front cover.
Remove the pump and gasket.
Discard the gasket.

installation

1. Remove all gasket material from the mount-
ing surfaces of the cylinder front cover and
water pump.

2. Position a new gasket, coated on both sides
with sealer, on the cylinder front cover; then
install the pump.

3. Install the attaching boits and torque them to
specifications.

4. Connect the hose, and water pump bypass

hose at the water pump.
5. Install all the accessory brackets which at-
tach to the water pump. Place the water pump
puliey on the water pump shaft.
Install the alternator and drive belt.
Adjust the drive belts to the specified belt
tension. ‘
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Fill and bieed the cooling system. Operate
the engine until normal operating
temperatures have been reached and check
for leaks,

CYLINDER FRONT COVER AND
TIMING CHAIN
Removai

1. Refer to Water Pump Removal. Perform all
steps except removal of the pump. Leave it at-
tached to the front cover,

Drain the crankcase.

Remove the crankshaft pulley from the
crankshaft vibration damper. Remove the
damper attaching screw and washer. Install
the puller on the crankshaft vibration damper
(Figure 50) and remove the vibration damper.
Disconnect the fuel pump outlet line from the
fuel pump. Remove the fuel pump attaching
bolis and lay the pump to one side with the
flexible fuel line still attached.

Remove the oil level dipstick if in chain cover.
Remove the oil pan to cylinder front cover at-
taching bolts. Use a thin biade knife to cut the
oil pan gasket flush with cylinder block face
prior to separating the cover from the cylinder
block. Remove the cylinder front cover and
water pump as an assembly.

©
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if a new cylinder front cover is to be installed,

remove the water pump and dipstick tube from the

old cylinder front cover and install them on the
new cover.

7. Discard the cylinder front cover gasket.
Remove the crankshaft front oil siinger,

8. Check the timing chain deflection.

8. Crank the engine until the timing marks on
the sprockets are positioned as shown in
Figure 51.

10. Remove the camshaft sprocket cap screw,
washers and fuel pump eccentric, Slide both
sprockets and the timing chain forward, and
remove them as an assembly (Figure 52).

UNIVERSAL
PULLER

FIG. 50 Removing Crankshaft
Vibration Damper



Instaliation

1.

FIG. 52 Removing or Instaliing Timing Marks

Position the sprockets and timing chain on
the camshaft and crankshaft simultaneously
(Figure 52). Be sure the timing marks on the
sprockets are positioned as shown in Figure
51.

install the fuel pump eccentric, washers and
camshaft sprocket cap screw. Torque the
sprocket cap screw to specifications. Install
the crankshaft front oil slinger {(Figure 53).
Clean the cylinder front cover, oil pan and the
bfock gasket surfaces.

Install a new oil seal in the cylinder front
cover following the procedures under Froft
Oil Seal Removal and Installation.

A2731-A

L Wy A
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TWO PIEGCE
FUEL PUMP ECCENTR:C
oy R

CRANKSHAFY FRONT QIL SLINGER

AZ733.8

FIG. 53 Fuel Pump Eccentric and Front Qil Slinger Installed

o o

Lubricate the timing chain with engine oil.
Coat the gasket surface of the oil pan with
sealer, cut and position the required sections
of a new gasket on the oil pan, apply sealer at
the corners. Install pan seai as required.

Coat the gasket surfaces of the block and cover
with sealer, and position a new gasket on the
biock.

7.

10.

11.

Position the cylinder front cover on the
cylinder block. Use care when installing the
cover to avoid seal damage or possible gasket
mislocation,

Install the cylinder front cover to seal align-
ment tool into proper position.

It may be necessary to force the cover
downward to slightly compress the pan
gasket. This operation can be facilitated by
using a suitable tool at the frent attaching
hole locations.

Coat the threads of the attaching screws with
0il resistant sealer and install the screws.
While pushing in on the alignment tool,
tighten the oil pan to cover attaching screws
to specifications (Figure 54). Tighten the
cover to biock attaching screws to specifica-
tions. Remove the pilot.

Apply Lubriplate or equivalent to the oil seal
rubbing surface of the vibration damper inner
hub to prevent damage to the seal. Apply a
white lead and ofl mixture to the front of the
crankshaft for damper installation.



12. Line up the crankshaft vibration damper
keyway with the key on the crankshaft. Install
the vibration damper on the crankshaft
{Figure 55), Seal bolt & washer contact sur
face and install the cap screw and washer.
Tighten the screw to specifications. Install
the crankshafi pulley.

Install the fuel pump using a new gasket.
Connect the fuel pump outlet line.

Install the oil level dipstick if used in cover.
Refer to Water Pump Instaliation. Perform ail
the required sieps except installation of the
pump.

Fill the crankcase with the proper grade and
quantity of engine oil.

-Fill and bieed the cooling system.

Operate the engine at fast idle and check for
coolant and oil leaks. Check and adjust the.ig-
nition timing.

13.

14.
15.

16.

17.
18.

FRONT OIL SEAL

Removal

1. Remove the cylinder front cover following the
procedure under .Cylinder Front Cover and
Timing Chain Removal.

2. Drive out the oid seal with the pin punch.
Clean out the recess in the cover.

instaliation

1. Coat a new seal with grease, then instail the
seal in the cover. Drive the seat in until i is
fully seated in the recess (Figure 56). Check
the seal after installation to be sure the
spring is properly positioned in the seal.

2. Replace the cylinder front cover following the
procedure under Cylinder Front Cover and
Timing Chain Installation.

i e B
" Tool—Y4TP-4019.8 or 6059-F

FIG. 54 Aligning Cylinder Front Gover
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Tool--T52L-6306-AEE or 6306-AY

A2852-B

FIG. 55 Instaling Crankshaft Vibration Damper

Tool.T531-200-A

A2BS1-A

FIG. 58 Installing Crankshaft Front Oil Seal

CORE PLUGS

Removal

To remove a large core plug, drill a 1/2-inch hole in
the cenier of the plug and remove with a clutch
pilot bearing pulier (Tool T59L-100-B and T58L-101-
A) or pry it out with a large drift punch. On a small
core plug, driil a ¥-inch hole in the cenier of the
plug and pry it out with a small pin punch. Clean
and inspect the piug bore.

Prior {o installing a core plug the plug bore shouid
be inspected for any damage that would interfere
with the proper sealing of the plug. li the bore is
damaged it will be necessary to true the surface
by boring for the next specified oversize zlug.

Oversize (OS) plugs are identified by the 0OS
stamped in the flat located on the cup side of the
plug. '
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FIG. 58 Camshaft and Related Pars
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Coat the plug andfor bore lightly with an oil-
resistant (oil galley) or water-resistant {cooling
jacket) sealer and install it following the pro-
cedure for cup type or expansion type beiow:

Insiallation
Cup Type

Cup-type core plugs (Figure 57) are installed with
the flanged edge outward. The maximum diameter
of this plug is located at the outer edge of the
flange. The flange on cup-type plugs flares out-
ward with the largest diameter at the outer (seal-
ing} edge.

it is imperative to install the piug in the machined
bore by using a properly designed tool. Under no
‘circumstances is the plug to be driven into the
bore using a tool that contacts the flange. This
method will damage the sealing edge and will
result in leakage and/or plug blow out. The flanged
(trailing) edge must be below the chamfered edge
of the bore to effectively seal the plug bore. If
the core plug replacing tooi has a depth seating
surface, do not seat the tool against a nonma-
chined (casting) surface.

Expansion-Type

Expansion-type core plugs (Figure 57) are in-
stalled with the flanged edge inward. The max-
imum diameter of this plug is located at the base
of the flange with the flange flaring inward.

it is imperative 1o push or drive the plug into the
machined bore using a properly designed tool.
Under no circumstances is the plug to be driven
using a tool that contacts the crowned portion of
the plug. This method will expand the plug prior to
installation and may damage the plug and/or plug
bore. When installed, the trailing (maximum)
diameter must be below the chamifered edge of
the bore to effectively seal the plugged bore. If the
core plug replacing tool has a depth seating sur-
face, do not seat the tool against a non-machined
(casting} surface.

CAMSHAFT

The camshaft and related parts are shown in
Figure 58.

Removal

1. Remove the cylinder front cover and the tim-
ing chain following the procedure under
Cylinder Front Cover and Timing Chain
Removal.

Remove the intake manifold and related parts
by following procedures under Intake
Manifold Removal.

165

Remove the crankcase ventilation valve and
tubes from the valve rocker arm covers.
Remove the valve rocker arm covers. Loosen
the valve rocker arm stud nuts and rotate the
rocker arms to the side.

Remove the valve push rods and identify them
so that they can be installed in their original
positions.

Using a magnet, remove the valve lifters and
place them in a rack so that they can be in-
stalled in their original bores (Figure 46).

3.

If necessary to disassemble a lifter, refer to Valve
Lifter Disassembly and Assembly.

If the valve lifters are stuck in their bores by ex-

cessive varnish, etc., it may be necessary to use a

plier-type tool (T52T-6500-DJD or 6500-D) or a claw

type tool to remove the lifters. Rotate the lifter
back and forth to loosen it from the gum or varnish
that may have formed at the lifter.

6. Remove the camshaft thrust piate. Carefully
remove the camshaft by pulling toward the
front of the engine. Use caution to avoid
damaging the camshaft bearings.

Installation

1. Qil the camshaft journals with heavy engine
oil SE and apply Lubriplate or equivalent to
the lobes. Carefully slide the camshaft
through the bearings. Install camshaft thrust
piate with groove towards the cylinder block.
Check camshaft end play.

Lubricate the lifters and bores with heavy
engine oil SE. install the valve lifters in the
bores from which they were removed,

Apply Lubripiate or equivalent to each end of
the push rod and install the push rods in their
original positions. Apply Lubriplate or
equivalent to the valve stem tips. Lubricate
the rocker arms and fulcrum seats with heavy
engine oil SE, Position the rocker arms over
the push rods.

Install the intake manifold and related parts
by following procedures under Intake
Manifold Installation.

Connect the throttle and retracting spring.
Position and connect the fuel iine.

Replace the crankshaft front oil seal follow-
ing procedures under Front Oil Seal Removal
and Instaliation. Install the timing chain,
cylinder front cover and related parts follow-
ing procedures under Cylinder Front Cover
and Timing Chain instaliation.

With No. 1 piston on TDC at the end of the
compression stroke, position the distributor
in the block with the rotor at the No. 1 firing
position and the points just open. Install the
hold down clamp.

@ o



10.

1.

12.

13.

14,

15.

16.

If any valve train componenis have been
replaced, perform a Valve Clearance Adjust-
ment as outlined under Hydraulic Valve
Lifters.

Clean the valve rocker arm covers and the
cylinder head gasket surface. Position the
valve rocker cover gasket in each cover, mak-
ing sure that the tabs engage the notches in
the cover.

Position the covers on the cylinder heads,
Make sure the gasket seats evenly all around
the head. Install the bolts. The cover is
tightened in two steps. Torgue the bolts to
specifications. Two minutes later, torque the
bolts to the same specifications.

Clean and install the crankcase ventilation
system.

tnstall the distributor cap. Position the spark
plug wires in the harness brackels on the
valve rocker arm covers and connect the
wires to the plugs. Connect the high tension
lead at the coil.

Fill and bleed the cooling system. Fill the
crankcase with the proper grade and quantity
of engine oil.

Start the engine and check and adjust the ig-
nition timing.

Operate the engine at fast idle and check all
hoses connections and gaskets for leaks.
When the engine temperature has stabilized
adjust the engine idle speed and idle fuel mix-
ture. Retorgue intake manifold bolts and nuts.

CAMSHAFT REAR BEARING BORE PLUG

Removal

1. Remove the transmission, clutch drive piate.

2. Remove the flywheel attaching bolts and
remove the flywheel. Remove the engine rear
cover plate.

3. Remove the bore plug.

Installation

1.
2.

Iinstall the bore plug.

Coat the flywheel attaching bolts with oil-
resistant sealer. Position the engine rear
cover plate on the cylinder block doweis.
Position the flywheel on the crankshaft
flange. Instail and torque the attaching bolts
in seguence across from each other to
specifications.

Instail the clutch drive plate,
transmission.

and the
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OlL. PAN

Removal

1.
2.
3.

4,

Disconnect the battery ground cable.

Drain the crankcase.

Remove the oil pan attaching bolts and
remove the pan.

Refer to cleaning and inspection procedures.
Check the gasket surface for damage caused
by overtightened bolts. Straighten the sur-
face as required to restore original fiatness

Installation

1.

Noo

Clean the gasket surfaces of the biock and oil
pan. Coat the block surface and the oil pan
gasket surface with oil-resistant sealer. Posi-
tion the oil pan gaskets on the cylinder block.
Position the oil pan front seal on the cylinder
front cover. Be sure that the tabs on the seal
are over the oil pan gasket.

Position the oil pan rear seal on the rear main
bearing cap. Be sure that the tabs on the seal
are over the oil pan gasket.

Hold the oil pan in place against the block
and install a bolt, finger tight, on each side of
the oil pan. Install the remaining bolts,
Tighten the bolts from the center outward in
each direction to specifications.

Install a new oil filter.

Connect the battery ground cable.

Fill the crankcase. Start the engine and check
for ieaks, :

OIiL PUMP

Removal

1.

2.

3.

Remove the oil pan and related parts as
outlined under Oil Pan Removal.

Remove the oil pump inlet tube and screen
assembly.

Remove the oil pump attaching bolts (Figure
59), and remove the oil pump gasket and in-
termediate drive shafi.

installation

1.

Prime the cil pump by the inlet port with
engine oil. Rotale the pump shaft to
distribute the oil within the pump body.
Position the intermediate drive shaft into the
distributor socket. With the shaft firmly
seated in the distributor socket, the stop on
the shaft should touch the roof of the
crankcase. Remove the shaft and position the
stop as necessary.

With the stop properiy positioned, insert the
intermediate drive shaft into the oll pump. In-
stall the pump and shaft as an assembiy. Do
not attempt o force the pump into position if



it will not seat readily. The drive shaft hex may
be misaligned with the distributor shaft. To
align, rotate the intermediate drive shaft into
a new position. Tighten the oil pump at-
taching screws to specifications.

Clean and install the oil pump inlet tube and
screen assembly.

Install the oil pan and related paris,

A - .
INLET TUBE GASKET-6626  GASKET.659

ASSEMBLY e,
6627 h BODY
g ASSEMBLY

o)

OIL RELEEF VALVE
ASSEMB

ROTOR AND SHAFT
ASSEMBLY
4508

INDENTIFICATION MARKS

A2335-8

FIG. 58 Ol Pumep and Inlet Tube Instalied

CRANKSHAFT REAR OIL SEAL

Repiacement of a crankshaft rear oil seal to cor-
rect for oil leaks requires replacement of both the
upper and lower seals, as follows:

Removal

1.
2.

Remove the oil pan and oil pump,

Loosen all the main bearing cap bolts,
thereby lowering the crankshaft slightly but
not to exceed 1/32 inch.

Remove the rear main bearing cap, and
remove the oil seal from the bearing cap and
cylinder block. On the block half of the seal,
install a smail metal screw in one end of the
seal and pull on the screw to remove the seal.
Exercise caution io preveni scratching or
damaging the crankshaft seal surfaces.

Installation

1.

2.
3

Carefully clean the seal grooves in the cap
and block with a brush and solvent.

Dip the seal halves in clean engine oil
Carefully install the upper seal {(cylinder
biock) into its groove with the lip of seal
toward the FRONT of the engine (Figure 60)
by rotating it on the seal journal of the
crankshaft until the seal profrudes approx-
imately 1/8 inch below the parting surface.

Be sure no rubber has been shaved from the out-
side diameter of the seal by the bottom edge of
the groove.

4.

5.

8

Tighten the remaining bearing cap bolts and
torque to specifications.

install the lower seal in the rear main bearing
cap with undercut side of seal toward the
FRONT of the engine (Figure 60). Allow the
seal to protrude approximately 18 inch
above the parting surface to mate with the
upper seal when the cap is installed.

Apply a thin coating of oil-resistant sealer to
the rear main bearing cap at the rear of the
top mating surface. Do not apply sealer to
the area forward of the side seal groove. In-
stall the rear main bearing cap. Torque the
cap hoits to specifications.

install the oil pump and oil pan. Install the oil
level dipstick. Fill the crankcase with the pro-
per amount and viscosity oil. install the spark
plugs.

Operate the engine and check for oil leaks.

MAIN BEARING

The main bearing inserts are selective fit. Refer to
the procedures under Fitting Main and Connec-
ting Rod Bearings.

Removal

1.

Drain the crankcase. Remove the oil level
dipstick. Remove the oil pan and related
parts, following the procedure under Oil Pan
Removal in this section.

Remove the oil pump inlet tube assembly
and the oil pump.

Replace one bearing at a time, leaving the
other bearings securely fastened. Remove
the main bearing cap to which new bearings
are to be installed.

Insert the upper bearing removal tool {Tool
6331) in the oil hole in the crankshaft.
Rotate the crankshaft in the direction of
engine rotation to force the bearing out of
the block.

Clean the crankshaft journal. Inspect jour
nals and thrust faces (thrust bearing) for
nicks, burrs or bearing pick-up that would
cause premature bearing wear,

If the rear main bearing Is being replaced,
remove and discard the rear oil seal from the
bearing cap.

Remove the biock half of the rear oil seal
following the procedures given under
Crankshaft Rear Oil Seal Removal.

Installation

1.
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{f the rear main bearing is being replaced,
ctean the rear oil seal groove in the block
with a brush and solvent.



INSTALL SEAL WITH LIP
TOWARDS FAONT OF ENGINE

FRONT OF ERGINE

—

SEAL HALVES 70 PROTRUDE BEYOND PARTING FACES
THIS DISTANCE TO ALLOW FOR CAP TO BLOCK ALIGNMENT

1,8 s

/s
REAR FACE OF REAR MAIN VIEW LOOKING AT PARTING FACE
BEARING CAP AND CYLINDER BLOCK QF SPLIT, LIP.TYPE CRANKSHAFT SEAL
A2639-C

FIG. 60 Instaling Crankshaft Rear Seal

FROM FORWARD FACE
OF SLINGER GROOVE

FO REAR FALE OF
BLOCK -
-

REAR FACE
OF 8LOCK i (

APPLY /16" D1A BEAD OF
C3AZ-19526-A(0R-B} SEALER IN
SHADED AREA OF CYLINDER BLOCK
PRIOR 7O ASSEMBLY OF BEARING
CAP - {BOTH SIDES)

- DO NOT PEAMIT SEALER LEAV e
O GET ON 1D, OF SPLIT LiP FOR SEEAi.BEﬂGAP
SEAL EXPANSION
APPLY 1716™ DIA BEAD OF C3AZ.19526-A10R.8) O

SEALER AS INDICATED ON BEARING
CAP - {BOTH SIDES})

SEALER APPLICATION SXETCH
SPLIT LIP TYPE SEAL SHOWN
BASI APPLICATION AREAS FOR
OTHER SEAL INSTALLATIONS
ARE THE SAME,

AJ7248

FIG. 61 Appiying RTV Sealer to Main Bearing Cap and Block~—
Typical for 6 and 8-Cylinder Engines -
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10.

install the block half of the rear oil seal
following the procedure given under
Crankshaft Rear Oil Seal Installation.

. To install an upper main bearing, place the

plain end of the bearing over the shaft on the
locking tang side of the block and partially in-
stail the bearing so that Tool 6331 can be in-
serted in the ol hole in the crankshaft. With
Tool 6331 positioned in the oil hole in the
crankshaft, rotate the crankshaft in the op-
posite direction of engine rotation until the
bearing seats itself. Remove the tool.

Install the bearing cap.

Select fit the bearing for proper clearance,
following the procedures under Fitting Main
and Connecting Rod Bearings in Part 21-01.
if the bearing is being replaced on journal
number 1, 2 or 4, apply.a coat of heavy engine
oil SE to the journal and bearings and install
the bearing cap. Tighten the cap bolts to
specifications.

if the rear main bearing Is to be replaced,
remove the rear main ol seal retaining pin
from the lower bearing cap seal groove. The
pin is not used with the split, lip-type seal.
Clean the oil seal groove with a brush and
solvent. .

install the iower seal in the rear main bearing
cap with the undercut side of the seal toward
the FRONT of the engine. Allow the seal to
protrude approximately 1/8 inch above the
parting surface to mate with the upper seal
when the cap is installed.

Apply RTV sealer to the rear main bearing
cap as shown in Figure 61. Lubricate the jour-
nal with heavy engine oil SE and install the
rear main bearing cap. Tighten the cap boits
to specifications.

If the thrust bearing cap (No. 3 main bearing)
has been removed, install it as follows: .

HBOLD
CRANKSHAFT
FORWARD

» PRY FORWARD

THRUST BEARING

F1G. 62 Aligning Thrust Bearing

169

Lubricate the journal with heavy engine oil SE and
install the thrust bearing cap with the bolts finger
tight. Pry the crankshaft forward against the thrust
surface of the upper half of the bearing. Hold the
crankshaft cap to the rear. This will align the
thrust surfaces of both halves of the bearing. Re-
tain the forward pressure on the crankshaft.
Tighten the cap boits to specifications (Figure 62).

11,

12.

13.

Clean the oil pump inlet tube screen. Prime
the oil pump by filling the inlet opening with
oil and rotating the pump shaft until oil
emerges from the outlet opening. Instali the
oil pump and inlet tube assembly.

Position the oil pan gaskets on the oil pan.
Position the oil pan front seal on the cylinder
front cover. Position the oil pan rear seal on
the rear main bearing cap. Install the ol pan
and related parts, following the procedure
under Oil Pan Instaliation in this section. In-
siall the oil ievel dipstick.

Fill the crankcase. Start the engine and
check for oil pressure. Operate the engine at
fast idle and check for oil leaks.

CONNECTING ROD BEARINGS

The connecting rod bearings are selective fit.
Refer to the procedures under Fitting Main and
Connecting Rod Bearings.

Removal

1.

@ THRUST BEARING

PRY CAP
BACKWARD

Drain the crankcase. Remove the oil level
dipstick. Remove the oil pan and related
parts, following the procedure under Oil Pan
Removal.

Remove the oil pump inlet tube assembly
and the oill pump.

Turn the crankshaft until the connecting rod
to which new bearings are to be fitted is
down. Remove the connecting rod cap.
Remove ihe bearing inserts from the rod and
cap.

» HOLD CRANKSHAFT

FORWARD

THRUST BEARING

L 2T A

TR TIGLTEN CAP?



Installation

1.

10.

Be sure the bearing inserts and the bearing

bore in the connecting rod and cap are clean.

Foreign material under the inserts will distort
the bearing and cause a fallure,

Clean the crankshaft journail.

Install the bearing inserts in the connecting
rod and cap with the tangs fitting in the slots
provided.

Pull the connecting rod assembly down firm-
ly on the crankshaft journal.

Select fit the bearing, foliowing procedures
under Fitting Main and Connecting Rod
Bearings.

. After the bearing has been fitted, clean and

apply a coat of heavy engine oil SE to the
journal and bearings. Install the connecting
rod cap. Tighten the nuts to specifications.

. Repeat the procedure for the remaining con-

necting rods that require new bearings.

. Clean the oil pump inlet tube screen. Prime

the oil pump by filling the inlet opening with
oil and rotating the pump shaft until oil
emerges from the outiet opening. instali the
oil pump and inlet tube assembly.

Position the oil pan gaskets on the oil pan.
Position the oil pan front seal on the cylinder
front cover. Position the oil pan rear seal on

‘the rear main bearing cap. Install the oil pan

and related parts, following the procedure
under Oil Pan Instaliation in this section. In-
stall the oil level dipstick.

Fill the crankcase. Start the engine and
check for oil pressure. Operate the engine at
fast idie and check for oil leaks.

PISTONS AND CONNECTING RODS
Removal

1.

Drain the cooling system and crankcase.
Remove the intake manifold, cylinder heads,
oil pan and oil pump, following the pro-
cedures in this section.

Remove any ridges and/or deposits from the
upper end of cylinder bores as follows:

Turn the crankshaft until the piston to be removed
is at the bottom of its travel, then place a cloth on
the piston head to collect the cuttings. Remove
the cylinder ridge with a ridge cutter. Follow in-
structions furnished by tool manufacturer. Never
cut into ring travel area in excess of 1/32 inch
when removing ridges.

3.

Make sure all connecting rod caps are mark-
ed so they can be installed in their original
positions.

o o

. Turn the crankshaft until the connecting rod

being removed is down.

Remove the connecting rod nuts and cap.
Push the connecting rod and piston
assembly out the top of the cylinder with the
handle end of a hammer. Avoid damage to
the crankshaft journal or the cylinder wall
when removing the piston and rod.

Remove the bearing inserts from the connec-
ting rod and cap.

Install the cap on the connecting rod from
which it was removed.

Installation

1.

If new piston rings are to be installed,
remove the cylinder wall glaze. Follow the in-
structions of the tool manufacturer.

Oil the piston rings, pistons and cylinder
walls with heavy engine oil. Be sure to install
pistons in the same cylinders from which
they were removed or to which they were fit-
ted. Connecting rod and bearing caps are
numbered from 1 to 4 in the right bank and
from 5 to 8 in the left bank, beginning at the
front of the engine. The numbers on the con-
necting rod and bearing cap must be on the
same side when installed in the cylinder
bore. if a connecting rod is ever transferred
from one block or cylinder to another, new
bearings should be fitted and the connecting
rod should be numbered o correspend with
the new cylinder number.

When installing the piston and connecting rod
assembly, the largest chamfer at the bearing end
of the rod should be positioned towards the crank
pin thrust face of the crankshaft.

3.

4.

Make sure that ring gaps are properly spaced
around circumference of piston (Figure 63).
install piston ring compressor on the piston
and push the piston in with hammer handle
until it is slightly below top of the cylinder
(Figure 64). Be sure to guide connecting rods
to avoid damaging the crankshaft journals.
install the piston with indentation notch in
piston head toward the front of the engine.
Check the clearance of each bearing, follow-
ing the procedure under Fitting Main and
Connecting Rod Bearings.

After the bearings have been fitted, apply a
light coat of engine oil to the journals and
bearings.

Turn the crankshaft throw to the botiom of
its stroke. Push the piston all the way down
until the connecting rod bearing seats on the
crankshaft journal.

install the connecting rod cap. Tighten the
nuts to specifications.



9. After the piston and connecting rod
assemblies have been installed, check the
side clearance between the connecting rods
on each shaft journai (Figure 65).

10. Disassemblie, clean and assemble the oil
pump. Clean the oil pump inlet tube screen,
and ol pan and block gasket surfaces.

11. Prime the oil pump by filling the inlet port
with engine oil and rotating the pump shaft
to distribute oil within the housing. Install
the oil pump and the oil pan, following the
procedure under Oil Pan Installation in this
section.

12. Install the cylinder heads, following the
steps under Cylinder Head Installation.

13. Install the intake manifold, following the
steps under Intake Manifold Installation. FIG. 65 Checking Connecting Rod Side Clearance

14. Fill and bieed the cooling system. Fill the
crankcase with the proper grade and quantity
of engine oil. CRANKSHAFT )

15. Start the engine, then check and adjust the \ .
ignition timing. T!je crankshaft and related parts are shown in

16. Operate the engine at fast idle and check for Figure 66.
oil and coolant leaks. Operate the engine un- Removal
til engine temperatures have stabilized, then -
adjust the engine idle speed and idle fuel
mixture,

1. With the engine placed in a work stand, drain
oil disconnect the spark plug wires at the
spark plugs by hand only and remove the

Olt RING SPACER wires from the ignition harness brackets on

QIL RING @ OIL RING .

SEGMENT __—olew.  SEGMENT the valve rocker arm covers. Disconnect the
B, A1 @B coll to distributor high-tension iead at the

Sy —7 coil. Remove the distributor cap and spark
plug wires as an assembly. Remove the spark
plugs to allow easy rotation of the
crankshaft, .

2. Remove the fuel pump and the oil filter. Slide
the water pump by-pass hose clamp toward
the water pump. Remove the alternator and
mounting brackets.

3. Remove the crankshaft puiley from the
crankshaft vibration damper. Remove the
capscrew and washer from the end of the

PISTON
COMPRESSION RING | COMPRESSION RING

FRONT OF ENGINE AZB1L.A crankshaft. Install the puller on the
crankshaft vibration damper {Figure 50} and
FiG. 83 Piston Ring Spacing remove the dampe;’_

4. Remove the cylinder front cover and water
pump as an assembly.

5. Remove the crankshaft front oil slinger.
Check the timing chain deflection, then
remove the timing chain and sprockets by
following steps under Cylinder Front Cover
and Timing Chain Removai.

6. invert the engine on a work stand. Remove
the flywheel and engine rear cover plate.
remove the oil pan and gasket. Remove the
oif pump.

7. Make sure all bearing caps {main and con-
necting rod) are marked so that they can be

FIG. 84 Installing Piston instalied in their original locations. Turn the
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MAIN BEARING INSERTS

CRANKSHAFT SPROCKEY
£308

FRONT OiL 51INGER

KEY
3728965

WASHER
5378

DAMPER
6316 or 5A329
PULLEY

412

FIG. 66 Crankshaft and Related Parts

o

crankshaft until the connecting rod from
which the cap is being removed is down,
then remove the bearing cap. Push the con-
necting rod and piston assembly up into the
cylinder. Repeat this procedure until all con-
necting rod bearing caps are removed.
Remove the main bearing caps.

Carefully 1ift the crankshaft out of the block
so that the thrust bearing surfaces are not
damaged. Handle the crankshaft with care to
avoid possible fracture or damage to finished
surfaces, Refer to cleaning and inspection
sections for cleaning and inspection instruc-
tions.

Installation

1.

2.

Remove rear journal oil seal from the block
and rear main bearing cap.

Remove the main bearing inserts from the
block and bearing caps.

Remove the connecting rod bearing inseris
from the connecting rods and caps.

If the crankshaft main bearing journals have
been refinished to a definite undersize, in-
stali the correct undersize bearings. Be sure
the bearing inserts and bearing bores are
clean. Foreign material under inserts will
distort the bearing and cause failure.

e G
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CLUTCH PILOT BEARING

10.

11.

12.

13.

FLYWHEEL

6375\

MAIN BEARING
INSERTS

CRANKSHAFY
REAR OiL SEAL

MAIN BEARING
CAPS

AZBE-E

Place the upper main bearing inserts in posi-
tion in bores with tang fitling in the siot pro-
vided.

install lower main bearing inserts in the bear-
ing caps.

Clean the rear journal oi! seal groove and the
mating surfaces of the block and rear main
bearing cap with Ford Spot Remover (B7A-
18521-A). Remove the rear oil seal retainer
pin from the rear main bearing cap seal
groove. The pin is not used with the split, lip-
type seal. '

Dip the lip-type seal halves in clean engine
oil. Install the seals in the bearing cap and
block with the undercut side of the seal
toward the FRONT of the engine.

. Carefully lower the crankshaft into place. Be

careful not to damage the bearing surfaces.
Check the clearance of each main bearing by
following the procedure under Fitting Main
and Connecting Rod Bearings.

Atlter the bearings have been fitted, check for
special instructions in applying RTV sealer
to the rear main bearing cap.

Apply heavy engine oil SE to the journals and
bearings.

tnstail ail the bearing caps, except the thrust
bearing cap {No. 3 bearing). Be sure that the



EXPANDING MANDREL

THRUST BEARING

BETAIL.1,-2ar .3
EXPAMNDING COLLET

DETAIL-1,-70r -3
BACK-UP NUT

DETAIL.- 8§

PULLING NUT

DETAIL-5
PULLER SCREW

DETAIL 4
PULLING PLATE

FiG. 67 Camshaft Bearing Replacement

main bearing -caps are installed in their
original locations. Tighten the bearing cap
bolts to specifications.

install the thrust bearing cap with the boits
finger-tight. S

Pry the crankshaft forward against the thrust
surface of the upper half of the bearing.
Hold the crankshaft forward and pry the
thrust bearing cap to the rear. This will align
the thrust surfaces of both halves of the

14.

15.

16.

bearing.
17. Retain the forward pressure on the
crankshaft. Tighten the cap bolis to

specification.

Force the crankshaft toward the rear of the
engine,

Check the crankshaft end play.

Instail new bearing inserts in the connecting
rods and caps. Check the clearance of each
bearing, following the procedure under Fit-
ting Main and Connecting Rod Bearings.
After the connecting rod bearings have been
fitted, apply a light coat of engine oii SE to
the journals and bearings.

Turn the crankshaft throw to the bottom of
its stroke. Push the piston all the way down
until the rod bearing seats on the crankshaft
journal,

Install the connecting rod cap. Tighten the
nuts to specifications.

After the piston and connecting rod
assemblies have been installed, check the
side clearance between the connecting rods
on each connecting rod crankshaft journal
(Figure 85).

Install the timing chain and sprockets,

18.

19.
20.

21,

22.

23

24,

25,

DETAIL6or -7 )
PULLER SCREW EXTENSION
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CAMSHAFT BEARING (LOOSE)

Toal ~TA5L-6250.A

A2B12-A

cylinder front cover and crankshaft pulley
and adapter, following steps under Cylinder
Front Cover and Timing Chain Instaliation.
Coat the threads of the flywheel attaching
bolts with oil-resistant sealer. Position the
flywheel on the crankshaft flange. Instail and
tighten the bolts to specifications.

26.

Install the drive plate. Tighten the attaching boits.

27. Clean the oil pan, oil pump and oil pump
screen. Prime the oii pump by filling the inlet
port with engine oil and rotating the pump
shaft to distribute oil within the housing. in-
stali the oil pump and oil pan by following the
procedures under Oil Pan and Oi! Pump In-
stallation.

install the oil filter, fuel pump and connect
the fuel lines. Instail the alternator, shield
and mounting bracket.

install the spark plugs, distributor cap and
spark plug wires. Connect the spark plug
wires and high-tension lead.

28.

29,

CAMSHAFT BEARINGS

Camshaft bearings are available prefinished to
size for standard and 0.015 inch undersize journal
diameters. The bearings are not interchangeable
from one bore to another.

Removal

1. Remove the camshaft, flywheel, and
crankshaft, following the appropriate pro-
cedures in this Section. Push the pistons to
the top of the cylinders.

2. Remove the camshaft rear bearing bore plug.
Remove camshaft bearings {Figure 67).



3. Select the proper size expanding collet and
back-up nut and assemble on the expanding

mandrel. With the expanding collet collaps- .

ed, install the collet assembly in the cam-
shaft bearing, and tighten the back-up nut on
the expanding mandrei until the collet fits
the camshaft bearing.

Assemble the puller screw and extension (if
necessary) as shown and install on the ex-
panding mandrel. Wrap a cloth around the
threads of the puller screw to protect the
front bearing or jeurnal. Tighten the pulling
nut against the thrust bearing and pulling
plate to remove the camshaft bearing. Be
sure to hold a wrench on the end of the puller
screw to prevent it from turning.

Repeat the procedure for each bearing. To
remove the front bearing, install the puller
screw from the rear of the cylinder block.

Instatlation

1. Select the proper size expanding collet and
back-up nut and assemble on expanding
‘mandrel. With the expanding coliet collaps-
ed, install the collet in the camshaft bearing
and tighten back-up nut on expanding man-
drel until coliet {its camshaft bearing.
Assemble the puller screw and extension {if
necessary) as shown in Figure 67 and install
on expanding mandrel. Wrap a cloth around
threads of the puller screw to protect the
front bearing or journal. Tighten pulling nut
against the thrust bearing and puiling plate
to remove camshaft bearing. Hold a wrench
on the end of pulier screw 1o prevent it from
turning.

Repeat the procedure for each bearing. To
remove the front bearing, install puller screw
from rear of cylinder block.

Position new bearings at bearing bores, and
press in place with the tool shown in Figure
67. Be sure to center the pulling plate and
puller screw to avoid bearing damage.
Failure to use correct expanding collet can
cause severe bearing damage. Align cil holes
in bearings with oil holes in cylinder biock
before pressing them into block. Be sure
front bearing is instalied specified distance
below front face of cylinder block (Figure 68).
install core piug.

install the camshaft, crankshaft, flywheel
and related parts, following appropriate pro-
cedures in this part, except do not check
connecting rod and main bearing clearances.
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OIL FILTER
SPIN-ON TYPE

The spin-on il filter assembly is shown in Figure
69.

Removal

1. Place a drip pan under the filter.
2. Unscrew the filter from the adapter fitiing.
Clean the adapter filter recess.

Instaliation

1. Coat the gasket on a new filter with oil. Place
the filter in position on the adapter. Hand
tighten the filter unti! the gasket contacts the
adapter face, then advance it ¥ turn.

FIG. 68 Camshaft Front Bearing Replacement

2. Operate the engine at fast idle and check for
leaks. |f oil leaks are evideni, perform the
necessary repairs to correct the leakage.
Check the oil level and fill the crankcase if
necessary.

FILTER ELEMENT
731

ADAPTER FITTING

AJI04-B

FIG. 69 Typical Oil Filler Assy.~Spin-On Type

DISASSEMBLY AND ASSEMBLY

When installing nuts or bolts that must be tight-
ened (refer to torque specifications), oil the
threads with lightweight engine oil. Do not oil
threads that require oil-resistant or water-resistant
sealer.

Refer to Page 1-08 for the cleaning and inspection
procedures.



VALVE LIFTER

The internal parts of each hydraulic valve lifter
assembly are matched sets. Do not intermix the
parts. Keep the assemblies intact until they are to
be cleaned.

Valve lifters should always be tested after
assembly; refer to the test procedures covered on
page 1-06.

Disassembly

Disassemble and assemble each lifter separately.
Keep the lifter assemblies in proper sequence s0
that they can be installed in their original bores.

1. Grasp the lock ring with needle nose pliers to
release it from the groove. it may be necessary
to depress the plunger to fully release lock
ring.

Remove the push rod cup, metering valve
{disc), plunger and spring.

Remove the plunger assembly, the check
vaive retainer and plunger spring. Carefully
remove the plunger spring, the check valve re-
tainer, and the check valve disc from the
plunger.

Assembly

Hydraulic valve lifter assembly is shown in Figure

70.

1. Place the plunger upside down on a giean
work bench.

2. Place the check valve (disc or ball check) in
position over the oil hole on the bottom of the
plunger. Set the check valve spring on top of
the check valve (disc or ball check).

PUSH RDD SOCKET
MhTERING VALVE

CHECK VALVE

\é.

LOCK RING

CHECK VALVE SPRING

I’LUNGEF{ SPRING

PLUNGER

CHECK VALVE
BETAINER

Fig. 70 Hydraulic Valve Lifter Assy,

3. Position the check valve retainer over the
check valve and spring then push the retainer
down into place on the plunger.

4. Place the plunger spring, and then the plunger
{open end up) into the lifter body.

5. Position the metering valve (disc) in the
plunger, and then place the push rod cup in
the plunger,
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6. Depress the plunger, and position the closed
end of the lock ring in the groove of the lifter
body. With the piunger still depressed, posi-
tion the open ends of the lock ring in the
groove. Reilease the plunger, and then depress
it again to fully seat the lock ring.

Use a hydraulic valve lifter leakdown tester to
fill the lifters with test fiuid.

CYLINDER HEADS
Disassembly

1. Remove the exhaust manifolds and spark
plugs.

2. Clean the carbon out of the cylinder head com-
bustion chambers before removing the valves.
3. Compress the valve spring (Figure 71).

Remove the spring retainer locks and reiease
spring.

Valve Spring
\ Compresser

FiG. 71 Compressing Valve Spring on Bench

Remove the spring retainer, sieeve, spring,

4,
stem seal and valve. Discard the valve stem
seals. identify all valve parts.

5. Ciean, inspect and repair the cylinder head as
required, or transfer all usable parts to a new
cylinder head.

Assembly

1. Instali each valve (Figure 72} in the pori from
which it was removed or to which it was fit-
ied. Install a new stem seal on each valve.

2. . Install the valve spring over the vaive, and
then install the spring retainer and sleeve.
Compress the spring (Figure 71) and install
the retainer locks (Figure 72).

3. Measure the assembled height of the valve

spring from the surface of the cylinder head
spring pad to the underside of the spring re-
tainer with dividers (Figure 73). Check the
dividers against a scale. If the assembled
height is greater than specifications, install
the necessary 0.030 inch thick spacer{s) be-



tween the cylinder head spring pad and the
valve spring to bring the assembled height to
the recommended height.

RETAMNER
6514

SPRING
6513

EXHAUST
WE o = o
5 .

CAP SN rﬂ}/
e y
; 5
EXHAUST el INTAKE
2 e VALVE
VALYE : 6507
A3307-8

FIG., 72 Valve Assembly.

UNDERSIODE QF SPRING RE

SURFACE OF SPRING PAD AZB57-A

FIG. 73 Checking Valve Spring Assembled Height

Do not install the spacers unless necessary. Use
of spacers in excess of recommendations will
resuit in overstressing the vaive springs and
overloading the camshaft lobes which could lead
to spring breakage and worn camshaft lobes.

4. Coat the fulcrum seats and sockets with
Lubriplate, Make certain that the rocker arm
boits are in a serviceable condition before in-
stailing them. install rocker arms, fulcrum
seats, oil deflectors and bolts as detailed
under Valve Rocker Arm Instaliation.

5. Instaill exhaust manifolds and spark plugs.

FIG. 74 Ol Pump--Disassembied

GASKET-6626  GASKET-665%
INLET TUBE

ASSEMRLY acDY
ASSEMBLY

6670

GAM%Q 4

OIL RELIEF VALVE
ASSEMBLY

ROTOR AND SHAFT Y
ASSEMBLY
5508 y

PHRNE

¢

INDENTIFLCATION MARKS

A 2535-B

OiL PUMP
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Disassembly

1. Remove the four screws and washers secur-
ing the oil pump cover to the oil pump.
Remove the oil pump outer rotor and rotor
shaft assembly from the oil pump housing.
Remove the cotter pin that secures the relief
vaive plug in the il pump housing. To remove
the plug, drili a smalt hole and Insert a self-
tapping screw in the relief valve plug. Use
pliers to remove plug from oil pump housing
(Figure 74A). Use care to prevent the loss of
the relief valve spring.

Remave the spring and relief valve from the
oil pump housing. '

2.

Refer to Page 1-13 for cleaning and inspection pro-
cedures.

Assembly

1. Instali the relief valve, spring and the relief
valve plug in the oil pump housing. Press the
plug inward until it seats; then, install the cot-
ter pin,

Install the outer rotor and rotor shaft in the
housing. Be sure that the identification mark
on the outer rotor is on the same side as the
identification mark on the inner rotor. These
parts are matched sets and should only be
replaced as an assembly. Fili the housing
with engine oil for priming purposes.

AZ969.A
FIG. 74A  Removing Qil Pump Relief Valve Piug



3. [Install the outer race and the inner rotor and
shaft assembly. Be sure the dimple (iden-
tification mark) on the outer race is facing
outward and on the same side as the iden-
titication mark on the rotor. The inner rotor
and shaft and the outer race are serviced as
an assembly. One part should not be replaced
without replacing the other. Install the cover
and tighten the cover attaching bolis to
specifications,

4. Instali the attaching boits.

PISTONS' AND CONNECTING RODS
Disassembiy

1. Remove the bearing inserts from the
connecting rod and cap.

2. Mark the pistons to assure assembly with
same rod and installation in the same
cylinders from which they were removed.

3. Using an Arbor press and the tool shown in
Figure 75, press the piston pin from the
piston and connecting rod. Remove the

piston rings.

L-‘J/Prc 55 Ram
ot

Driver

/DcrailA-?

INSERT
TAPERED PiLOT
IN PISTON PIN
FOR PIN REMOVAL
INSERT THIS ERD

N PISTON HOLE
FOR INSTALLATION

Reveesibie
Lacoror
Deteil A-5

Adoptor Desail A-3

T68P-5135-A
Cup Derail A2

ART74-C

F1G. 75 Removing or Installing Pistion Pin
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Assembly

The piston, connecting rod and related paris are
shown in Figure 76. Check the fit of a new piston
in the cylinder bore before assembling the piston
and piston pin to the connecting rod.

The piston pin bore of a cennecting rod and the
diameter of the piston pin must be within
specifications.

1.  Apply a light coat of engine oil SE to all parts.
Assemble the piston to the connecting rod
with the indentation in the piston positioned
as shown in Figure 77.

On replacement connecting rods, install the large-
chamfered side of the connecting rod bearing
bore towards the crankshaft .cheek; facing
towards front of engine on the right bank rods,
and facing towards rear of engine on left bank
rods.

UPPER LOWER
COMPRESSION ~ .A;.’f.g‘—,,'.‘lﬁ..z.‘_-ﬁ COMPRESSION

NG 6’276
£T48

OIL RING
ASSEMELY

6108

PISTON
PIN

6133 CONNECTING

£ —_—
%._.— ROD
-!

4y
¥ BEARING —
INSERTS

AZ87Z.A

FIG. 78 Piston, Connecting Fod and Related Paris

2. Start the piston pin in the piston and
connecting rod {this may require a very light
tap with a mallet). Using an Arbor Press,
press the piston pin through the piston and
connecting rod until the pin is centered in
the piston (Figure 77).

3. Check the end gap of all piston rings. It must
be within specifications. Follow the instruc-
tions contained on piston ring package and
install the piston rings.



Check the ring side clearance of the com-
pression rings with a feeler gauge inserted
between the ring and its lower iand. The
gauge should slide freely around the entire
ring circumference without binding. Any
wear that occurs will form a step at the inner
portion of the lower land. if the lower lands
have high steps, the piston shouid be
replaced. _

Be sure the bearing inserts and bearing bore
in the connecting rod and cap are clean.
Foreign material under the inserts will distort
the -bearing and cause failure. Instali the
bearing inserts in the connecting rod and cap
with the tangs fitting in the slots provided.

CYLINDER ASSEMBLY
Disassembly

1.

Mount the old engine in a work stand and
remove all parts not furnished with the new
cylinder assembly; following the procedures
given in the Removal and installation Section
of this Part,

2. Remove the oid cylinder assembiy from the
work stand.

Assembly

1. Clean the gasket and seal surfaces of all ser-

- viceable parts and assemblies.

2. Position the new cylinder assembly in a work
stand.

3. Transfer all serviceable parts removed from
the old cylinder assembly, following the pro-
cedures given in the Removal and installa-
tion Section of this Part.

4. Check all assembly clearances and correct

as necessary.
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RIGHT BANK LEFT BANK
NOTCH TOWARD
FADONT OF ENGINE

NUMBERED S1DE OF ROD AZ873-A

FIG. 77 Correct Piston and Rod Positions

CYLINDER BLOCK

Before replacing a cylinder block, determine if it is
repairable. If so, make the necessary repairs,
following the procedures given earlier in this part.

Disassembly

1. Completely disassemble the old engine,
following the procedures given in the
Removal and Installation Section of this Part.

2. Remember to ridge-ream the cylinder bores
before removing piston assemblies.

Assembly

1. Clean the gasket and seal surfaces of all ser-
viceable parts and assembilies.

2. Position the new cylinder block in a work
stand.

3d. Transfer all serviceable paris removed from
the old cylinder block, following the pro-
cedures given in the Removal and Instalia-
tion Section of this Part.

4. Check all assembly clearances and correct
as necessary.



SPECIFICATIONS — FORD ENGINES

Model
Bore

Stroke
Cubic Displacement
Horsepower

Maximum RPM’s
Intermittent Service

Continuous Cruise

351/4
4.007

3.50”
351 cubic inches
240 @ 4400 RPM

4400
3600

302/2, 302/4
4.00"

3.00"
302 cubic inches

175 @ 4400 302 21V
220 @ 4400 302 4/V

4400
3600

NOTE: Do not cruise at high jimits of above range unless propped to

iurn at or near maximum RPM's at full throttle.

Idle Speed, in forward gear
Timing

Breaker Point Gap
Breaker Point Dwell
Spark Plug Gap
Spark Piug Type

Firing Order

Recommended Fuel

500 RPM

6 degrees BTC
@& 500 RPM

.018"
24 to 29 degrees
.035

Autolite BTF3M or
Champion F10. 18MM
Autolite ARF32M or
Champion RBL11Y. 14MM

See engine identification
tag.’

Regular grade, leaded
93 octane minimum’
{Research method)

600 RPM

6 degrees BTC
@ 600 RPM or lower

018"
24 to 29 degrees
.035

Autolite BTF3M or
Champion F10. 18MM
Autolite ARF32M or
Champion RBL11Y. 14MM

See engine identification
tag.
Regular grade, leaded

93 pctane minimum
- {Hesearch method)

NOTE: Low lead tuel of proper octane rating may be used intermittently.
Unleaded fuel should not be used. '

Recommended Cil-See Engine Lubrication Section for further information.

Engine

Warner Drives and
Vee Drives

Carburetor

Fuel Pump

Electrical System

10W30 or 10W40
premium grade

Automatic Transmission
Fluid (ATF),
Type A, Suffix A. Dexron

Holley 4 bbl

Marine approved,
double diaphragm,
with safety sight tube

12 Voii, Negative ground

10W30 or 10W40
premium grage

Automatic Transmission

Fiuid (ATF),

Type A, Suffix A. Dexron
175-2 bbl Holiey
220-4 bbl Holley
Marine approved,

double diaphragm, -
with safety sight tube

12 Volt, Negative ground

WARNING: DO NOT reverse battery cables on batteryterminals. DO NOT spark battery cables against
terminals to check polarity. Damage to charging system components may result if these
precautions are not observed.

Alternator
Regulator

Battery Recommended

Marine approved, 35 AMP.

Sealed solid state
transistorized

Marine type of
70 AMP. hr. minimum

Marine approved, 35 AMP.

Sealed solid state
transistorized

Marine type of
70 AMP. hr. minimum

Oil Capacity 4 quarts and 1 for filter 4 quarts and 1 for filter
*L.H. Rotation R.H. Rotation
Firing Order Firing QOrder

].8.4-5.6-2-7-3 RB, RC & RD
1-8-7-3-6-2-4-3 RE

1.3-7-2-6-5-4-8 LB, LC & LD
1-5-4-2-6-3-7-8  LE
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SPECIFICATIONS — FORD ENGINE'S -

Modsl
Bore

Stroke
Cubic Displacement
Horsepower -

Maximum RPM's
Intermittent Service

Continuous Cruise

460
4.362"

T 3.85”
460 cubic inches
340 @ 4600 RPM

4600
3600

4605
4.362"

3.85"
460 cubic inches
320 @ 4600

4600
3600

NOTE: Do not cruise at high limits of above range unless propped to turn

at or near maximum RPM's at full throttle.

ldie Speed, in forward gear
Timing

Breaker Point Gap
Breaker Point Dweli
Spark Plug Gap
Spark Plug Type

Firing Order

Recommended Fuel

600 RPM

10 degrees BTC
@ 600 RPM

020"
24 to 29 degrees
035

Autolite ARF32M or
Champion RBL11Y. 14MM

See engine identification
tag.”

Regular grade, leaded
93 octane minimum
{Research method)

600 RPM

10 degrees BTC
@ 600 RPM or lower

0207
24 1o 29 degrees
035

Autolite ARF32M or
Champion RBL11Y. 14MM

See engine identification
tag.”
Regutar grade, ieaded
93 octane minimum
(Research method)

NOTE: Low lead fuel of proper octane rating may be used intermittently.
Unleaded fuel should not be used.

Recommended Oii-See Engine Lubrication Section for further information.

Engine

Warner Drives and
Vee Drives

Carburetor
Fuel Pump

Electrical System

SAE40
“SE" Rating -

Automatic Transmission
Fluid {ATF),
Type A, Suffix A. Dexron

Holley 4 bbi

Marine approved,
with safety sight tube

12 Volit, Negative ground

SAE4D
"SE" Rating

Automatic Transmission
Fluid (ATF),
Type A, Suffix A. Dexron

4bbi Holley

Marine approved,
with safety sight tube

12 Voli, Negative ground

WARNING: DO NOT reverse battery cables on battery terminals. DO NOT spark batlery cables
against terminals to check polarity. Damage to charging systermn components may result
if these precautions are not observed.

Alternator Marine approved, 35 AMP.

Regulator Sealed solid state
iransistorized

Marine type of
100 AMP. hr. minimum

-Marine approved, 35 AMP.-

Sealed salid state
transistorized

Battery Recommended Marine iype of

100 AMP. hr. minimum

Ol Capacity 5 quarts and 1 for filier 5 quarts and 1 for filter
*L.H. Rotation R.H. Rotation
Firing Order Firing Order
[-5-4-2-6-3-7-8 1-8-7-3-6-2-4-5

180



Specifications

Specifications not listed under 460 column
are the same as the 302-351 Specifications

General ‘ 302 & 351 460
Displacement (Cubicinches)................... ... .302 460
. 351W
Bore and Stroke
1 4.00x 3.00 4.36 x 3.850
A5 W . e 4.00x 3.50 '
Oil Pressure — Hot @ 2000 rpm _
B0l e e e 40-60 psi 35 - 65 psi
B W s 40-65 psi
Firing Order _
302 e e 1-5-4-2-6-3-7-8 15426378 Std,
35IW 1-3-7-2-6-5-4-8 18736245 Rev.
Oil Capacity (Qts.}— : _
{add 1 gqt. with filterchange) ................... Marine 4 5 gt. sk 7 qt. Marine

Cylinder Head
Combustion Chamber Volume {cc)

302-2V e e 56.7-59.7
35 W e e 58.9-61.9
Valve Guide Bore Diameter ................. 0.3433-0.3443
Valve Seat Width - Intake and Exhaust ........ £.060-0.080
Valve Seat Angle — Intake and Exhaust .............. 45°
Valve Seat Runout — Maximum. .., ........,...... 0.0020
Surface Flatness ............... 0.003 inch in any 6 inches
. or 0.007 inch overall

Valve Arrangement (Frontto Rear). ..., .. Right FE-HE-I-E-I-E

Left E-HE--E--EA
Rocker Arm Stud Bore Dlameter — Standard. . 0.3680-0.3695

Gasket Surface Flatness ........ 0.003 inch in any 6 inches
or 0.007 inch overali
Gasket Surface FinishRMS .................. ....80-150
Valve Rocker Arms, Push Rods and Lifters
RockerArmLiftRatlo ... ... ... . ... 1.61:1
Valve Push Rod Runout — Maximum ............... 0.015
Rocker Arm Stud Dlameter
Standard . ......0 . 0.3714-0.3721
0.0060versize ... ... . . 0.3774-0.3781
0.0100versize ... i 0.3814-0.3821
0.0160versize ... ... . 0.3864-0.3871
Mydrautic Lifter Leakdown Rate . .. .5-50 seconds maximum
measured at 1/16 inch plunger travel.
Hydraulic Lifter Standard Diameter ... ....... 0.8740-0.8745
Hydraulic Lifter Clearancto Bore............ 0.0007-0.0027

Wear Limit — 0.005
Hydraulic Lifter Collapsed Gap

302 . '
Allowable . ... ... ... ... . 0.090-0.190
Desirable. ... ... i 0.115-0.130

351
Allowable .......... ..o i £.106-0.208
Desired ... ... i 0.131-0.181
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04.7-97.7

1.73:1

N/A

0.075:0.175
0.100-0.150



460

VALVES 302 & 351
Valve Stem Diameter
Intake
Standard .......... ... .. ... .0.3416-0. 3423‘ .
0.003Oversize .........................0.3446-0.3453
0.015 Oversize ............ e . 0.3566-0.3573
0.0300versize ........ o . 0.3716-0.3723
Exhaust
Standard ........ .. e 0.3411-0.3418
0.003 Oversize ...... [ 0.3441-0.3448
00150versize ......... i, 0.3561-0.3568
- 0.0300versize ... ... .. i i, 0.3711-0.3718
Valve Face Angle ...... P U 44°
Valve Stemn to Vaive Guide Clearance--
Intake ... e e 0.0010-0.0027
Exhaust..... ... ... . 00 o i, 0.0015-0.0032
Woear Limit......... PR e e, 0.0055
Valve Head Diameter
Intake ...... e e e e e 1.773-1.791
Exhaust.. .. .. . 1.453-1.468
Valve Face Runout (Maximum).................... 0.0020
Valve Spring Free Length — Approximate
302
Exhaust ... ...1.87
Intake ... . 1.94
351 =
Exhaust.. ... ... . 1.87
Intake .. 2.06
"Valve Spring Out-of-Square - Maximum......... 5/64(0.078)
Valve Spring Pressure — L.bs. at Specified Length-
B0 76-84 @ 1.69
190-210 @ 1.31
< 3 P, W 7178 @ 179
' 190-210 @ 1.31
Service Limit ........ 10% Pressure Loss @ Spec. Length
Valve Spring Assembled Helght — Pad to Retainer
302 —1Intake ....... ... ... 1-21/32 — 1-23/32
Exhaust ...... ... .. ... 1-19/32 — 1-5/8
351 —dntake ........... ... L, 1-49/64 — 1-13/16
Exhaust ... ... ... ... .. . i, 1-19/32 — 1-5/8

CAMSHAFT AND BEARINGS
Camshaft Journal Diameter Standard

No.1Bearing ... 2.0805-2.0815
No.2Bearing ......... ... i, 2.0655-2.0665
No.3Bearing ..........ci .. 2.0505-2.0515
No.dBearing ......ooviiiiinninnnnns 2.0355-2.0365
No.SBearing ........ . .. . ., 2.0205-2.0215
Camshaft Journal to Bearing Clearance ........ 0.001-0.003
Wear Limit — 0.006

CamshaftEndPlay. ..., 0.001-0.007

Wear Limit -— 0.008
Camshaft Lobe Lift

a0z .
Intake ........... [P 0.2303
Exhaust. .. ... ... 0.2474
351 .
intake ... 0.2600
Exhaust . ... 0.2600
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intake & Exhaust
0.3416-0.3423
Oversize as listed
for 302 & 351 intake

0.0010-0.0027

2.075-2.000
1.6461-1.661
All 2.07

Al 2.07

76-84 @ 1.81

~ 300-330 @ 1.32

_1-51/64 — 1-53/64

All 2.1238-2.1248

0.2530
0.2780
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CAMSHAFT AND BEARINGS {Cont’d) 302 & 351
Maximum Allowable lobe Lift Loss. ............. ... 0.005
Bearing Inside Diameter '

BearingNO. T ... oo 2.0825-2.0835
BearingNO. 2 ... .ot 2.0675-2.0685
BearingNo. 3 ... . i 2.0525-2.0535
BearingNo. 4 ... ... i 2.0375-2.0385
BearingNo.5 ... ... oo i 2.0225-2.0235
Camshaft Journal Diameter — Standard
Bearing NO. T ... i e 2.0805-2.0815
BearingNO.2 ... i 2.0655-2.0665
BearingNO.3 ... 2.0505-2.0515
BearingNo.4 ... ... 2.03585-2.0365
BearingNo.5 ... .o 2.0205-2.0215
Camshaft Journai Maximum Runout . ............... 0.005
Camshaft Journal Maximum Qui-of-Round. .......... 0.005
Carnshaft Bearing Location — No. 1 Bearing . 0.0050-0.0200"
Timing Chain Deflection — Maximum .............. 0.500

*Distance in inches that the front edge of the bearing is
installed toward the rear from the front face of the cylinder
block.

CRANKSHAFT AND FLYWHEEL
Main Bearing Journa! Diameter

B0 o e e 2.2482-2.2480

< 2 O 2.9994-3,0002
Main Bearing Journai Out-of-Round -

MaXIMUM e e et e 0.0008
Connecting Rod Journal Diameter

302 e 2.1228-2.1238
3BT s 2.3103-2.311

Connecting Rod Journal Qut-of-Round — Maximum . 0.0006
Main Bearing Journal Taper — Maximum . ..0.0006 perinch
Connecting Rod Journal Taper — Maximum . 0.0006 perinch
Connecting Rod Journal Diameter

B0 e 2.1228-2.1236
BB e e 2.3103-2.3111
Thrust Bearing Journal Length .. ......... ..., 1.137-1.139
Main Bearing Journal Thrust Face Runout ........... 0.001
Crankshaft to Rear Face of Block Runout TIR -
Maximum 0.005
Crankshaft FreeEndPlay ....................0.004-0.008
Wear Limit — 0.012
Flywheel Clutch Face Runout — Maximum .......... 0.010
Assembled Flywheel Ring Gear Lateral Runout TIR
Standard ... e e 0.030
Automatic . ... o e e 0.060

MAIN BEARINGS
Journal Clearance

302 No. 1 Bearing

Desired .o s 0.0001-0.0015

Alfowable ... .. e 0.0001-0.0020
All others

Desired . ... 0.0005-0.0015

Allowable ... ... i 0.0005-0.0024
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All
2.1258-2.1268

0.040-0.080*

2.9994-3.0002

2.4992-2.5000

1.124-1.126

0.0008-0.0015
0.0004-0.0020

0.6008-0.0015
0.0008-0.0026
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MAIN BEARINGS (Cont'd) 302 & 351
351
Desired ... i (.0008-0.0015
Alliowable ...... e e e 0.0008-0.0026
Wall Thickness
302No.1Bearing .. ..., 0.0961-0,0966
AllOthers .. ... .. ., - 0.0957-0.0062
3BT 0.0957-0.0960
AllOthers ... ... .. 0.09587-0.0962

CONNECTING ROD

Piston Pin Bore LD. — Standard ............ 0.9096-0.9112
Bearing Bere Diameter

302 2.2380-2.2398

A5 e 2.4265-2.4273
Bearing Bore Cut-ocf-Round and Taper.............. 0.0004
Connecting Rod Length — Center to Center

302 . 5.0885-5.0915

381 5.9545-5.9575
Twist Total Difference — Maximum ...... ... ..... 0.024*
Bend Total Difterence — Maximum .............., g.012*
Connecting Rod Assembily — Assembled to Crankshaft —

SideClearance .. ......... ... ... ... ... ¢.010-0.020

Wear Limit — 0.023
*Pin bushing and crankshaft bearing bore must be paralie!
and in the same vertical plane within the specified total dif-
ference at ends of an 8-inch long bar measured 4 inches on
each side of rod.

CONNECTING ROD BEARINGS
Bearing to Crankshatt Clearance

Allowable ... ... . L 0.0008-0.0025

Besired . ... . . 0.0008-0.0015

Walil Thickness — Standard ............... 0.0572-0.0577

0.002Undersize ........ ... ... .. ... 0.0582-0.0587

PISTONS

Piston Diameter — Coded Red

302 . 3.9984-3.9990

K 1 3.9978-3.9984
Coded Blue

302. ... e e 3.9996-4.0002

£ 3.9990-3.9880
0.003 Oversize

30 4.0008-4.0014

38 4.0002-4.0008
Piston to Cylinder Bore Clearance . .. ........ 0.0018-0.0026
Piston Pin Bore Diameter

302 0.9122-0.9126

£ 0.9124-0.9127
Ring Groove Width, Compression —

1 0.077-0.078

Bottom ... 0.077-0.078
OIURING ... 0.1880-0.1890
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Std.
0.0955-0.0960

0.002 undersized
0.0965-0.0970

1.0386-1.0393

2.6522-2.6530

6.6035-6.6065

0.0756-0.0761
0.0766-0.0771

4.3585-4.3591
4.3597-4.3603
4.3609-4.3615

0.0022-0.0032

1.0402-1.0405

0.080-0.0815
0.080-0.0815
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PISTON PIN 302 & 351
Piston Pin Diameter — Standard . ........... 0.9120-0.9123
0.001Oversize . ... . i 0.9130-0.9133
0.002Oversize ........... e £.9140-0.9143
PistonPinlength....... ... ... ... ... . ..... 3.010-3.040
Piston Pin to Piston Clearance
302 . 0.0002-0.0004
G 1 T ... 0.0003-0.0005

Wear Limit — 0.0008
Piston Pin te Connecting Rod

Bushing Clearance..................... interference Fit
PISTON RINGS

Top Compression RingWidth................. 0.077-0.078
Bottom Compression RingWidth ............. .077-0.078
Top Compression Ring Side Clearance......... 0.002-0.004
Bottom Compression Ring Side Clearance ..... 0.002-0.004
Wear Limit — 0.002 max. increase in total clearance
OiiRing SideClearance ..... ... iiniiiinennns Snug
Top Compression Ring — RingGap ........... $.010-0.020
Bottom Compression Ring — RingGap ........ 0.016-0.020
Oil Ring (Steel Raill — RingGap .............. (.015-0.055

CYLINDER BLOCK
Cylinder Bore Diameter

302 . e 4.0004-4.0052
3BT e 4.0000-4.0048
Maximum Qut-of-Round ......... ... ... ... ... .... 0.0015
Wear Limit — 0.005

Maximum T aper e e e e 0.001

Wear Limit — 0.010

Crankshatt to Rear Face of Block Runout

TIRMaximum ... e 0.005
LifterBoreDiameter ...... ... ... ....... 0.8752-0.8767
Main Bearing Bore Diameter

302 2.4412-2.4420

1 3.1922-3.1930
Distributor Shaft Bearing Bore Diameter

302 e 0.4525-0.4541

1 0.5155-0.5171

Head Gasket Surface Flatness ...0.003 inch in any 6 inches
or 0.006 inch overall

Head Gasket Surface FinishRMS . ................ 60-15C
Cylinder Bore Surface FinishRMS. ................. 18-38
Ol PUMP

Relief Valve Spring Tension {LDhs. @ Specified Length)
302, 10.6-12.2 @ 1.704
K1 18.2-20.2 @ 2.49

Drive Shaft to Housing Bearing Ciearance . ...0.0015-0.0029

ReliefVailve Clearance .................... 0.0015-0.0029

Rotor Assembly End Clearance ............... 0.001-0.004

Outer Race to Housing Clearance (Radial) ...... 0.001-0.013
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1.0398-1.0403
1.0410-1.0413
N/A
3.290-3.320

0.0002-0.0004

0.006 Wear Limit

4.3600-4.3636

3.1822-3.1930

0.5160-0.5175

20.6-22.6 @ 2.490



CARBURETORS

CARBURETORS D2JL | D2JL | D3JL | D4JL | D4JL | DI1FF | D4JL
c E - S F G TA J
302 351 1302-351] 302 351 460 460
Carburetor Size ’
Throtile Bore Diameter
Primary — 1.5 | 1.5625] 1.50 1.5 [1.5610; 1.687 | 1.686
Secondary — 1.5 |1.B625 - 1.5 [1.5610; 1.687 | 1.686
Venturi Diameter
Primary — 1.094 | 1.250 | 1.187 | 1.094 | 1.250 | 1.375 | 1.375
Secondary — 1.004 1 1.3125 - 1.094 | 1.312 | 1.437 | 1.437
Fuel System
Fuel Level {(Wet) i 1 3 35 45 1 35
Float Level (Dry) 2 2 2 2 2 2 2
Main Metering System
Main Jet
Primary — #58 #64 #60 | #5882 | #622 | #72 | #722
Secondary — N/A N/A - N/A NIA #84 N/A
Power Valve Timing 8.5 5.0 5 8.5 2.5 8.5 8.5
Idle Mixture
{Prelim. Setiing) 12 12 12 1% 12 1%z 112
Acceierator Pump System
Capacity — cc/10 Strokes | 21-31 | 25-35 | 25.35 | 21-31 | 22-32 | 18-22 | 17-27
Pump Rod Location #2 #1 #1 #2 #2 #2 #2
Override Spring
Adiustment 015" | .0158” | .015" | .015" | .015" | .015” | .015"
Pump Cam Color Red | Pink | Pink | Red | Pink | Red Red
Idie Speed
Curb Idle RPM 550-575550-575/550-575[550-575550-575(550-575:550-575
Fast idie RPM 1500 | 1500 | 1500 | 1500 | 1500 | 1500 | 1500
Choke Cover Setting 3 Lean|3 Lean|3 Lean| Index | Index | Index | Index
Dechoke L300 | L300 | 300" | L300 | 270 300" | 300"
Choke Qualifying J40™ | 1407 | 1407 | 1407 | 1207 1407 1 1407
Secondary Throttle
Opening Va-Vo | Va-v2 . Vo-Vo | Ya-Vz | Va-Ve | Va-V2
Supplier Holley | Holley | Holley | Holley | Holley | Holley | Holiey
Supplier 1.D. Number 6407 6576-A| 7036 | 7159 | 7163 | 6361 | 7128
Carburetor Mode! 4160C ; 4160C | 2300C | 4160C ; 4160C [ 4150C | 4160C
1 Lower Edge of Sight Plug Hole.
2 Paraliel with Float Bowl Floor (bowl inverted.)
3 12" Primary 5/8” Secondary
4 1/2" Primary 3/4" Secondary
5 Use Kent Model Gauge #10193
TORQUE LIMITS — FT.-LBS. 302 & 351 460
Cylinder Head Bolts
302
4= o 50 70-80
S P 2 L 60 100-110
StepP 3 65-70 130-140
351
R3] 90
L =T 1 100
SIEp 3 . 112
Oil Pan to Cylinder Biock
SIG- 1B . e 8-11
420 ., 7-9




TORQUE LIMITS — FT.-LBS. (Cont'd) 302 & 351 460
Intake ManifoldBolts ............................ 23-25 22-32
Exhaust ManifoldBolts. .......... ... ..o vntun... 18-24 28-33
Water QutletHousing ................... e 10-156
FlywheeltoCrankshaft . .......................... 75-85
Main Bearing Cap

L 7 ...B0-70 95-105
1 T 95-105 -
QitPanDrainPlug ........ooviveiinennnn... e 15-25
Oil Pump to CylinderBiock........... ... .. 22-32
Gillnlet TubetoOllPump .. ...... ..o, 10-15 Press Fit
OilPumpCoverPlate........ ... ..., 6-9
Oii FiterInserttoBiock .......................... 20-30
Oil Filter to Block Cartridge Type
With grease on gasket surface, hand-tighten until gasket
contacts adapter face then tighten % turn more.
CylinderFrontCover .......... . ..., 12-18
WaterPumpBolts ....... ... .o, 12-18 12-15
Camshaft Sprocketto Camshaft ................... 40-45
Camshaft Thrust PlatetoBlock ..................... 912
Vibration Damperto Crankshaft.................... 70-30
Crankshaft Pulley to Vibration Damper.............. 35-50
Connecting Rod Nuis
302 . e 19-24
1 0 P N | 40-45
Valve RockerArm Cover ... .......... DR 35 56
Fuel Pump to Cylinder FrontCover ........... e 19-27
RockerArmStudNut. ... .. ... ... oo, 17-23 Stud 18-25
' After nuts contact shoulder
TORQUE LiIMITS FOR VARIOUS SIZE BOLTS
FT.-LBS. :
CAUTION: if any of the torque limits listed in this table
disagree with any of those listed in the preceding tables, the
limits in the preceding tables prevail. .
Size (Inches) , Torque {Ft.-Lbs.)
L L0 U 6-9
a1 - 12-18
L e 22-32
R 27-38
THE14 . . e tareeee e, 45-57
70 1 55-80
e LT - 85-120

IGNITION SYSTEM
Initial Spark Advance — BTDG ... ... ..., 6° 10°
Breaker Arm Spring Tension{ounces)............... 17-21
Contact Spacing

Marine: :
GPD . e 0.014-0.019 0.014-0.019
Mallory ... 0.019-0.021
Prestolite ........ ... ..., 0.014-0.019

Dwell Angle at Idle Speed

Marine
GPD e e 26°
Malory ... o e 26°
Prestolite . . ... i e, 31° 31°

Gear Location Dimension — Distributor (Distance from
bottom of mounting flange to bottom of gear) . .4.031-4.038
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IGNITION SYSTEM (Cont’d) 302 & 351 460

Shaft End Play Glearance — Distributor........ 0.024-0.025 0.024-0.035
Condenser
Capacity — Microfarads . ..................... 0.21-0.25
Minimum Leakage — Megohms ........ e 10
Maximum Series ResistanceChms ................... 1
Coil
Primary Resistance Wire — Ohms ........ 1.40-1.54 (75°F)
Secondary Resistance — Ohms......... 7600-8800 (75°F)
Amperage Draw
EngineStopped ... .. e 4.5
Engineldiing ... . i e e 25
Primary Circuit Resistance — Ohms ... .. 1.30-1.40 (75°F)
Spark Plugs
Plugs (Motorcraft)
Marine ......... ... BRF-3 or ARF-32 ARF-32
Size
Marine ... i e 14mm or 18mm 14mm
Torgue (FL-LbS.) ..o e e e e e 15-20
Distributor RFM’s Advance (in degrees)
0-550 0 0
900 9 8
2000 ' 135 15
FUEL SYSTEM
Fuel Pump Static Pressure @ 500rmpm ............. 5.0-7.0 5910
Minmum Feed Pump Volume Flow
10 o 1 T A 1pinti20sec. |
E¢centric Total Llft .............. P ~..0.630-0.710 0.890-0.910

POSITIVE ENGAGEMENT STARTER
Positive Engagement Starter Motor

Normal Min. :
Current Draw | Engine Stahi Max. "No.
Dia. Under Normal | Cranking | Torgue Load Load
{Inches) Load Speed [@ 5 Volts | (Amps) (Amps)
{Amps) {rpm) (Ft-Lbs)
4 150-200 180-250 9.0 460 70
42 150-180 150-280 15.5. - 670 80
Starter Brushes
Through
Mig. Wear Spring Bolt Mounting
Length Limit Tension | Torque Boit Torque
{inches) (inches) {Ounces) | {In-Lbs) {Ft-Lbs)
0.50 0.25 40 55-75 15-20
0.50 0.25 40 1 B5-75 15-20

Maximum Commutator runout is 0.005.inch. Maximum starting circuit
voltage drop (battery positive terminal to starter terminal} at normal engine
temperature is 0.5 volt,
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GENERAL DESCRIPTION
CYLINDER BLOCK V8 ONLY

The cylinder block is made of cast iron and has 8
cylinders (6 on V-8) arranged in a 'V shape with 4
cyl (3 on V-6) inders in. each blank. Five main
bearings (4 on V-6) support the crankshaft whichis
retained by bearing caps that are machined with
the block for proper alignment and clearances.
Cytinders are completely encircled by coolant
jackets.

CYLINDER HEAD

The cast iron cylinder heads provide a com-
pression ratio of 8.5:1 {8.2:1 on V-6). They are cast
with individual intake and exhaust ports for each
cylinder. Valve guides are integral, and rocker
arms are retained on individual pressed studs,

CRANKSHAFT AND BEARINGS

The crankshaft is cast nodular iron and is suppor-
ted by five main bearings (4 on V-6). Number five
{#4 on V-6) is the end thrust bearing. '

190

Main bearings are lubricated from oil holes which
intersect the camshaft bearings. The camshaft
bearings are fed oil by the main oil gallery which is
rifle drilled down the center of the block, above
the camshaft. Two additional oil gallerys are on
either side of the main oil gallery to provide an oil
supply for the hydraulic lifters,

V6 ONLY

Main bearings are lubricated from oil holes which
intersect the camshaft bearings. The camshaft
bearings are fed oil by the left bank oil gallery
which is rifle drilled in the block, above the cam-
shaft.

The V-6 engine crankshaft has splayed crankpins
for a more even firing and smoother idle. A tor
sional damper on the forward end of the crank-
shaft dampens any engine torsional vibrations.

CAMSHAFT AND DRIVE
The cast iron camshaft is supported by five



bearings (4 on V-8) and is chain driven. A steel
crankshaft sprocket drives the timing chain which
in turn drives the camshaft through a cast iron
sprocket on left hand engines. Right hand engines
use gears only no chain to turn the camshaft.

Cam lobes are ground, hardened and tapered with
the high side toward the rear. This, coupled with a
spherical face on the lifter, causes the valve lifters
to rotate.

Camshaft bearings are lubricated through oil
holes which intersect the main oil gallery. The
main oil gallery is rifle drilied down the center of
ihe biock, above the camshaft.

NOTE: The V6 has only two (2} oii gatieries. The
main galiery is on the left hand side.

PISTONS AND CONNECTING RODS

The pistons are made of cast aluminum alloy
using two compression rings and one oil conirol
ring. Piston pins are offset 1/16" toward the thrust
side (right hand side) to provide a gradual change
in thrust pressure against the cylinder wall as the
piston travels its path. Pins are Chromium steel
and have a floating fit in the pisions. They are
retained in the connecting rods by a press fit.

Connecting rods are made of forged steel. Full
pressure lubrication is direcled to the connecting
rods by drilled oil passages from the adjacent
main bearing journat.

VALVE TRAIN

A very simple ball pivot-type train is used. Motion
is transmitted from the camshaft through the
hydraulic lifter and push rod to the rocker arm. The
rocker arm pivots on its ball and transmits the
camshaft moticn {o the valve. The rocker-arm ball
is retained by a nut.

HYDRAULIC VALVE LIFTERS

HMydraulic Valve Lifters are used to keep all parts
of the valve train in consiant contact.

The hydraulic lifter assembly consists of: the lifter

body, which rides in the cylinder biock boss, a
plunger, a push rod seat, a metering vaive, a
plunger spring, a check ball and spring, a check
ball retainer and a push rod seat retainer.

When the lifter is riding on the low point of the
cam, the plunger spring keeps the plunger and
push rod seat in contact with the push rod.

When ihe lifter body begins to ride up the cam
lobe, the check ball cuts off the transfer of oil
from the reservoir below the plunger. The plunger
and iifter body then rise as a unit, pushing up the
push rod and opening the valve.

As the lifter body rides down the other side of the
cam, the plunger follows with it until the valve
closes. The lifter body continues o follow the
cam io its low point, but the plunger spring keeps
the plunger in contact with the push rod. The ball
check valve will then move off its seat and the
lifter reservoir will remain full.

INTAKE MANIFOLD

The intake manifold is of cast Iron double level de-
sign for efficient fuel distribution. (The V6 intake
manifold is of single level design.) The carburetor
pad is centrally located with an Early Fuel
Evaporation (E.F.E.) passage running underneath
the pad through which exhaust gases are
forced to promote faster fuel vaporization when
the engine is cold.

EXHAUST MANIFOLDS

Two cast iron exhaust manifolds are used to
direct exhaust gases from the combustion cham-
bers to the exhaust system.

COMBUSTION CHAMBERS

Combustion Chambers are cast to insure uniform
shape for all cylinders. Spark plugs are located
between the intake and exhaust valves.

The contoured wedge shape of the combustion
chamber minimizes the possibility of deionation,
facilitates breathing and provides swirling tur-
bulence for smooth, compleie combustion.

ENGINE LUBRICATION

Full pressure lubrication through a full flow oil
filter, is furnished by a gear-type oil pump. The
distributor, driven by a helical gear on the cam-
shaft, drives the oil pump. The main oii gallery
(center on V8, left hand side on V6) feeds oil,
through drilled passages, to the camshaft and
crankshaft to lubricate the bearings. The valve
lifter oil gallery feeds the valve lifters which,

191

through hollow push rods, feed the individually
mounted rocker arms (fig. 6A2-1 & 6AZ-2).

We recommend that the filter & engine oil be
changed after the first 256 hours of engine oper-
ation and every 50 hours of operation thereafter. f
the required number of hours of operation per year
are not accumnuiated the oil should be changed at
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least once each season at lay up time.

The above recommendations apply to the first
change as well as subsequent oil changes. The oil
- change interval for the engine is based on the use
of recommmended oils and quality oil filters. Ol
change intervals longer than those listed above
will seriously reduce engine life and may affect
the manufacturers obligation under the pro-
visions of the New Engine Warranty.

A high quality SE oii (SE/CD f{or Diesel) was in-
stalled in the engine at the factory. it is not neces-
sary to change this factory-instalied oil prior to the
recommended normal change period. However,
check the oil level more frequently during the
break-in period since higher oil consumption is
normal until the piston rings become seated.

NOTE: Non-detergent anhd other low guality oils
are specifically not recommended.

OIL FILTER TYPE AND CAPACITY

e Throwaway type, 1 quart U.S. measure, .75
quart Imperial measure.
® 305, 350, 400 and 454 cu. in., AC Type PF-35.

CRANKCASE CAPACITY (Does Not Include
Filter)

@ All engines; 4 quarts U.S. measure, 3.25 quarts
Imperial measure.

RECOMMENDED VISCOSITY

To help assure good cold and hot starting, as well
as maximum engine life, fuel economy, and oil
economy, select the proper oil viscosity for the
temperature range anticipated from the chart in
Fig. OB-3 and Fig. OB-4.

NOTE: SAE 5W-20 oils are not recommended
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for sustained high-speed.

NOTE: For gasoling engine only use single vis-
cosity grade SAE-30 oil when prevailing
temperatures will allow. Use multi-viscosity
oils only when necessary for starting at low
temperature ranges in above chart. {It may be
necessary to use an optional engine block
healer for starting when ambient temperature
is approximately — 10°F {~ 23°C) or lower).

CHECKING OIL LEVEL

The engine oil should be maintained at proper
level. The best time to check it is before operating
the engine or as the last step in a fuel stop. This
will allow the oil accumulation in the engine to
drain back in the crankcase.

USE THESE SAE VISCOSITY GRADES (SE/LD)
E 1 [ I

i &R

i

SAL 15 -40

SAL -3

PN ¢
[T 20

i
B

Y ] b 0

TEMPERATURE RANGE ANTICIPATED BEFORE NEXT Oil. CHANGE

NOTICE: Use SAE 30 SE/CD oil when prevailing temp-
peratures are above JIFF (O°C). Use SAE 15W-40 SE/CD
oil when prevailing temperalures drop below 32F {0FCl
At temperatures below O°F [-18°C), use the block heater,
M circumstances do npt allow you to wse a block heater,
use SAE 10W.30 SE/CD oil. If SE/CD oil is nat available,
you may use SAE 10W-30 SE/CC ail. HOWEVER, we rec-
ommend using the block huater and SAE 15W-0 SE/CD
if at all possible. I you must use 10W-30 oil (either SE/CD
or SE/CC), switch back to the appropriate oil when pre
vailing termperatures rise above O°F {-18°C}

Fig. OB-4 — Oil Viscosity Chart Diesel



IN BOAT SERVICE

INTAKE MANIFOLD
Removal

1. Drain engine and remove flame arrestor

2. Disconnect:
® Battery negative cable at battery.
® All hoses attached to the manifold
® Accelerator linkage at carburetor.

e Fuelline at carburetor.
® Crankcase ventilation lines.

3. Remove distributor cap and mark rolor position
with chalk, then remove distributor.

4. Remove manifold attaching boltls, then remove
manifold and carburetor as an assembly. Dis-
card gaskets.

5. if manifold is to be repiaced, transfer:
® Carburetor and carburetor attaching bolis.

e Temperature sending unit.

e Thermostat with housing {use new gasket or
RTV, as applicable).

® Choke spring assembly (where appiicable).

installation

1. Clean gasket and seal surfaces on manifold,
block, and cylinder heads.

2. Install manifoid seals on block and gaskets on
cylinder heads. Use sealer at water passages
and where seals butt to gaskets.

NOTE: On those engines not having front and
rear manifoid seals, piace a 3/16" bead of RTV
on the front and rear ridges of the cylinder
case. Extend the bead 1/2" up each cylinder
head to seal and retain the manifold side gas-
kets.

3. Install manifoid and torque bolis to specifica-
tions in the sequence outlined in Fig. 6A2-8 &
BA2Z-10. ‘

4. Install distributor, positioning rotor at chalk
mark, then install distributor cap.

5. Connect:

® Crankcase ventilation lines.

® Fuel line at carburetor.

® Accelerator linkage at carburetor.
® Batiery negative cable at battery.

. Instali flame arrestor.

Fill with coolant, start engine, adjust ignition

fiming and carburetor idle speed and check for

leaks.

-~

EXHAUST MANIFOLD
Removal
1. Remove spark plug wires from plugs.
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2.

Disconnect exhaust hose from riser and hang
exhaust hose from huil with wire.

Caution: If boat is in the water be certain to
piug the exhaust hose as well as hanging it
from the hull. if the hanger shouid fail the boat
will sink if the hose is not plugged.

Remove drain plugs from manifeld & discon-
nect hose.

Remove riser from manifold {o decrease weight
or remove after manifold has been removed.

Installation

1.

5.

8.
7.

Clean mating surfaces on manifoid and head,
then install manifoid in position and install
bolts (fingertight).

Using a new gasket torque manifoid boits to
specifications.

Clean riser gasket surface. Position riser gas-
ket on manifoid so that protrusion on gasket
points away from the riser outiet. Install riser
attaching bolts & iorque to specifications.
Connect exhaust hose toriser.

Install plug and attach hose to manifold.
Tighten all clamps.

Connect spark plug wires.

Start engine and check for leaks.

ROCKER ARM COVER

Removal

1. Loosen manifold atiaching bolts & back off
manifold from engine until access can be
achieved.

2. Disconnect crankcase ventilation hoses at
rocker arm covers.

3. Disconnect electrical wiring harness from
rocker arm clips.

4, Hemove rocker arm cover to head attaching

bolts and rermove rocker arm cover.

CAUTION: Do niot pry rocker arm cover loose.
Sealer (or gaskets) adhering to cylinder head
and rocker arm cover may be sheared by
bumping end of rocker arm cover rearward with
palm of hand or a rubber mallet.

Installation

NOTE: On disassembly, if engine had gaskets
on rocker arm covers then gaskets MUST be
used for reassembiy. DO NOT USE RTV. Con-
versely, an engine having RTV on disassembly
MUST be reassemblied with RTV. DO NOT USE
GASKETS.



Fig. 6A2-1-5mali V-8 Engine Lubrication
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Fig. 8A2-2-5mall V-8B Engine Lubrication
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Fig. 6A2-10--Intake Manifold Torque Seguence

1. Clean sealing surfaces on cvlinder head and

rocker arm cover with degreaser then, using a
new gasket or RTV, as applicable, place rocker
arm cover on the head, instail retaining bolis
and torgue to specifications.

NOTE: When using RTV, a 1/8” besad of RTV
sealer should be placed all around the rocker
cover sealing surface of the cylinder head.
{When going around attaching bolt holes,
always go around the inboard side of the
holes}. Install cover and torgue bolis while RTV
is stilt wet (within 10 minutes).

. Connect electrical wiring harness at clips on
rocker arm cover.
. Connect crankcase ventilation hoses.

Fig. 6A2-8-Intake Manifold Torque Seguence — V-8
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4. Tighten manifoid bolts to specifications. Start

_engine & check for leaks.

VALVE MECHANISM

Removal

1. Remove rocker arm covers as previously
outlined.

2. Remove rocker arm nuts, rocker arm balls,

rocker arms and push rods.

NOTE: Piace rocker arms, rocker arm bails and
push rods in a rack so they may be reinstalled
in the same iocations.

INSTALLATION AND ADJUSTMENT

NOTE: Whenever new rocker arms andfor
rocker arm balls are being instalied, coat
bearing surfaces of rocker arms and rocker arm
balis with “Molykote” or its equivalent.

. Install push rods. Be sure push rods seat in

lifter socket.
Instail rocker arms, rocker arm balls and rocker
arm nuts. Tighten rocker arm nuts until all lash
is eliminated.

. Adjust valves when lifter is on base circle of

camshaft iobe as follows:

a. Crank engine until mark on torsional damper
lings up with center of “0O" mark on the
timing tab fastened to the crankcase front
cover and the engine is in the number 1
firing position. This may be determined by
placing fingers on the number 1 valve as ithe
mark on the damper comes near the “QO"
mark on the crankcase front cover. If the
valves are not moving, the engine is in the
number 1 firing position. if the valves move
as the mark comes up to the timing tab, the
engine is in number 6 {Number 4 on V6)
firing position and should be turned over




4,

Fig. 6A2-10~-Valve Adjustment - Typical

one more time to reach the number 1
position.

b. With the engine in the number 1 firing posi-

tion as determined above, the following
valves may be adjusted.

@ VB-Exhaust—1,3,4,8
® V6-Exhaust—1,5,6
@ V8-Intake—1,2,5,7
@ V&-intake—1,2,3

c. Back out adjusting nut untii lash is felt at
the push rod then turn in adjusting nut untii
alt lash is removed. This can be determined
by rotating push rod while turning adjusting
nut (Fig. 6A2-10). When play has been
removed, turn adiusting nut in one full addi-
tional turn (to center lifter plunger).

d. Crank the engine one revolution until the

pointer 0" mark and torsional damper mark
are again in alignment, This is number 6
{number 4 on VB firing position. With the
engine in this position the following valves
may be adjusted.

® V3-Exhaust—2, 5, 6,
® V6-Exhaust—2,3,4
® VB8-intake—23,4,6,8
® V6-intake—4, 5,8

7

Install rocker arm covers as previously out-
lined.

5. Start engine and adjust carburetor idie speed.
454 ENGINE

1.

Instati new valve stem oil seal {coated with oil)
in posiiion over valve guide.
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Fig. 6A2-11-Compressing Valve Spring

NOTE: Seal installation instructions are sup-
plied with each service kit. instali seal follow-
ing procedures outlined on the supplied in-
struction sheet.

Set the valve spring and damper and valve cap
in place.

Compress the spring with Tool J-5892 and in-
stall the valve locks then release the com-
pressor tool, making sure the locks seat pro-
perly in the groove of the valve stem.

NOTE: Grease may be used to hold the locks
in piace while releasing the compressor tool.
Install spark plug, and torque to specifications.
install and adjust valve mechanism as
previously outlined.

VALVE STEM OIL SEAL and/or VALVE
SPRING

Removal

1.

Remove rocker arm cover as previously out-
lined.

2. Remove spark plug, rocker arm and push rod on
the cylinder{s) to be serviced.

3. Install air line adapter Tool J-23580 to spark
plug port and apply compressed air to hold the
vaives in place.

4. Using Tool J-5832 to compress the vaive spring,
remove the valve locks, valve cap and valve
spring and damper{Fig. 6A2-11}.

5. Remove the valve stem oil seal.

Installation

1.

Set the valve spring and damper, vaive shield
and valve cap in place, Compress the spring
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Fig. 6A2-12-Hydraulic Valve Lifter

with Too! J-5892 and install ofl seal in the lower
groove of the stem, making sure the seal is flat
and not twisted.

NOTE: A light coat of oil on the seal will help
prevent twisting.

2. Install the valve locks and reiease the com-
pressor tool making sure the locks seat prop-
eérly in the upper groove of the valve stem.
NOTE: Grease may be used to hold the iocks in
place while releasing the compressor tool.

3. Using tool 4-23954, apply vacuum to the valve
cap to make sure no air leaks past the seal.

4. Install spark plug and torque to 22 Ib. ft.
(30N =m).

5. install and adjust valve mechanism as pre-
viously outlined.

454 ENGINE

1. Install new valve stem oil seal (coated with oil)

in position over valve guide.
NOTE: Seal instaliation instructions are sup-
plied with each service kit. Install seal fol-
lowing procedures outlined on the supplied
instruction sheet.

2. Set the valve spring and damper and valve cap
in place.

3. Compress the spring with Tool J-5892 and

instail the valve locks then release the com-
pressor tooi, making sure the locks seat pro-
perly in the groove of the valve stem.

NOTE: Grease may be used to hold the locks in
place while releasing the compressor ool
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Fig. 6A2-13-Removing Ball Check Valve

£, install spark plug, and torque to specifications.
5, instalt and adjust valve mechanism as pre-
vicousiy.outiined.

VALVE LIFTERS

Hydraulic valve lifters very seldom require atten-
tion. The lifters are extremely simple in design,
readjustments are not necessary, and servicing of
the lifters requires only that care and cleanliness
be exercised in the handling of parts.

Locating Noisy Lifters

Locate a noisy valve lifter by using a piece of gar-
den hose approximately four feet in length. Place
one end of the hose near the end of each iniake
and exhaust valve with the other end of the hose
to the ear. In this manner, the sound is localized
making it easy to determine which lifteris at fault.

Another method is to place a finger on the face of
the valve spring retainer. i the lifter is not func-
tioning properiy, a distinct shock will be felt when
the valve returns to its seat.

The general types of valve lifter noise are as
follows:

1. Hard Rapping Noise—Usually caused by the
plunger becoming tight in the bore of the lifter
body to such an extent that the return spring
can no ionger push the plunger back up to
working position. Probable causes are:

Excessive varpish or carbon deposit
causing abnormal stickiness.

Galing or "pick-up” between plunger and
bore of lifter body, usually caused by an

abrasive piece of dirt or metal wedging

a.

b.



between plunger and lifter body.

2. Moderate Rapping Noise—Probable causes
are:

a. Excessively high isakdown rate.
b. Leaky check valve seat.
c. improper adjustment,

3. General Noise Throughout the Valve Train—
This will, in most cases, be caused by either
insufficient oit supply or improper adjustment.

4. Intermittent Clicking—Probable causes are:

a. A microscopic piece of dirt momentarily
caught between ball seat and check valve
ball. -

b. In rare cases, the ball itself may be out-of-
round or have a fiat spot.

c. Improper adjustment.

In most cases where noise exists in one or more
lifters all lifter units should be removed, dis-
assembled, cleaned in a solvent, reassembled,
and reinstailed in the engine. If dirt, corrosion, car-
bon, etc. is shown to exist in one unit, it more
likely exists in ali the units, thus it would only be a
matter of time before all lifters caused trouble.

Removal

1. Remove intake manifold as previously outlined.

2. Remove valve mechanism as previously out-
lined. '

3. Remove valve iifters.

NOTE: Place vaive iifters in a rack so that they
may be reinstalied in the same location.

Instailation
1. Install valve lifters,

NOTE: Whenever new valve lifters are being
installed, coat foot of vaive lifters with “Moly-
kote™ or its equivalent. Make sure lifter foot is
convex.

2.
3.

Dissassembly

install intake manifold as previously outlined.
install and adjust vaive mechanism as cutlined.

1. Hold the plunger down with a push rod, and
using the blade of a small screw driver, remove
the push rod seat retainer.

Remove the push rod seat and metering valve

{Fig. 6A2-12).

3. Remove the plunger, ball check valve assembly
and the plunger spring.

4. Remove the bail check valve and spring by
prying the bail retainer lcose from the plunger
with the blade of a small screw driver (Fig. 6A2-
13).

Cleaning and Inspection
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Fig. 8A2-14--Installing Bali Check Valve

Thoroughly clean all parts in cleaning solvent, and
inspect them carefully. If any parts are damaged
or worn, the entire lifter assembly should be
replaced. If the lifter body wall is scuffed or worn,
inspect the cylinder block lifter bore. If the bottom
of the lifter is scuffed or worn, inspect the cam-
shaft lobe. If the push rod seat is scuffed or worn,
inspect the push rod. An additive containing EP
lube, such as EOS, should always be added to
crankcase oi! for run-in when any new camshaft or
lifters are installed. All damaged or worn lifters
should be replaced.

NOTE: For proper lifter rotation during engine
operation, lifter foot must be convex.

Assembly

1. Place the check baii on small hole in bottom of
the piunger.

2. tnsert check bali spring on seat in ball retainer

and place retainer over ball so that spring rests
on the bail. Carefully press the retainer into
position in plunger with the blade of a smail
screw driver (Fig. 8A2-14).
3, Place the plunger spring over the ball retainer
and slide the lifter body over the spring and
plunger, being careful to line up the oil feed
holes in the lifter body and piunger.
Fill the assembiy with SAE-10 oil, then insert
the end of a 1/8" drift pin into the plunger and
press down solid. At this point, oil holes in the
lifter body and plunger assembly will be
aligned {Fig. 6A2-15),
CAUTION: Do not attempt to force or pump the
plunger.

5. Insert a 1/18” drift pin through both oil holes to
hold the plunger down against the lifter spring




OlL FEED HOLE

Fig. BA2-15-Assembling Hydrautic Lifter
tension (Fig. 6A2-15),

6. Remove the 1/8" drift pin,'refilf assembly with
SAE100il.

7. Install the metering valve and push rod seat
(Fig. 6A2-12). o g

8. Install the push rod seat retainer, press down
on the push rod seat and remove the 1/16" drift
pin from the oil holes. The lifter is now com-
pletely assembled, filled with oil and ready for
installation.
NOTE: Before installing lifters, coat the boitom
of the lifter with “Molykote” orits equivalent,

CYLINDER HEAD ASSEMBLY

Removal .

1. Remove intake manifold as previously outlined.

2. Remove alternator mounting bracket and lay
unit aside. _

3. Remove exhaust manifolds as previously -out-
lined.

4. Remove valve mechanism as previously out-
lined.

5. Drain cylinder block of coolant.

6. Remove cylinder head bolts, cylinder head and

gasket. Place cylinder head on two blocks of
wood to prevent damage.

Disassembly

1.

With cylinder head removed, remove vajve
rocker arm nuts, balls and rocker arms (if not
previously done).

Using Tool J-8062, compress the valve springs
(Fig. BAZ2-16) and remove valve keys. Release
the compressor tool and remove rotators or
spring caps, oil shedders (if so equipped)

Fig. 6A2-.1 6~Compressing Valve Spring-Typica!

springs -and spring damper, then remove oil
seals and valve spring shims {if used).

Remove valves from cylinder head and place
them in a rack in their proper sequence so that
they can be assembled in their original posi-
tions. :

Cleaning

1.

Clean all carbon from combustion chambers
and valve ports using Tool J-8089 {Fig. 6A2_~1?).

2. Thoroughly clean the valve guides using Tool
J-8101 (Fig. 6A2-18). .

3. Clean all carbon and sludge from push rods,
rocker arms and push rod guides.

4. Ciean valve stems and heads on a hufting
wheel, ,

5. Clean carbon deposits from head gasket
"mating surface.

Inspection

1. inspect the cylinder heads for cracks in the
exhaust ports, combustion chambers, or exter-
nal cracks to the water chamber.

2. Inspect the valves for burned heads, cracked

faces or damaged stems.

NOTE: Excessive valve stem to bore clearance .
will cause excessive ojl consumption and may
cause valve breakage. Insufficient clearance
will result in noisy and sticky functioning of the
valve and disturb engine smoothness. '

Measure valve stem clearance (Fig. 6A2-19) as
follows: Clamp a dial indicator on one side of
the cylinder head rocker arm cover gasket rail,
locating the indicator 50 that movement of the



Fig. 8A2-17-Cleaning Combustion Chambers-Typical

valve stem from side to side (crosswise to the
head} will cause a direct movement of the
indicator stem. The indicator stem must con-
tact the side of the valve stem just above the
valve guide. With the valve head dropped about
116" off the valve seat; move the stem of the
valve from side to side using light pressure to
obtain clearance reading. if clearance exceeds
specifications it will be necessary to ream
valve guides for oversize valves.

NOTE: Service valves are available in standard,
003", .015" and .030" oversize.

4, Check valve spring tension with Tool J-8056
spring tester (Fig. 6A2-20).

Fig. 6A2-15--Measuring Valve Stem Clearances-Typical

NOTE: Springs should be compressed to the
specified height and checked against the
specifications chart. Springs shouid be
replaced if not within 10 ibs. of the specified
ioad (without dampers).

. Inspect rocker arm studs for wear or damage.

On 454 engines inspect push rod guides for
wear or damage.

Assembly
. insertavalve in the proper port,

Fig. BA2-18-Cleaning Valve Guides-Typical
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Fig. BA2-20-Lhecking Valve Spring Tension
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Fig. BA2-26-Vaive Spring Instaltation - Small V-8

2. Assemble the vaive spring and related parts as

follows: Fig. 8A2-21 — Checking Vaive Stem Qil Seals - Smatli V-8

a. Set the valve spring shim (if used), valve compressor tool, making sure the locks seat
spring (with damper if used), oil shedder and properly in the groove of the valve stem.
valve cap or rotator in place. NOTE: Grease may be used to hold the locks in
b. Compres_s the spring with Tool J-8062. place, while releasing the compressor tool.
¢. Install oit seal in the lower groove of the
stemn, making sure that the seal is flat and 3. Install the remaining valves,
not twisted. 4. Check each valve stem oil seal by placing Valve
d. Install the valve locks and release the com- Seal Leak Detector (Tool J-23994) over the end
pressor tool making sure that the locks seat of the valve stem and against the cap. Operate
properly in the upper groove of the valve the vacuum pump and make sure no air leaks
stem. past the seal (Fig. 6AZ-21).
454 Engine 5. Check the installed height of the valve springs,
using a narrow thin scale. A cutaway scale will
a. Install valve spring shim on valve spring seat help {Fig. 6A2-22). Measure from the top of the
then install a new valve stem oil seal over shim or the spring seat to the top of the valve
valve and valve guide. spring or oil shedder. If this is found to exceed
b. Set the valve spring (with damper}; and valve the specified height, install a valve spring seat
capin place (Fig. 6A2-27). shim approximately 1/18” thick. At no time
¢. Compress the spring with Tool J-8062. should the spring be shimmed to give an in-
d. Install the valve locks and release the stalled height under the minimum specified.

SEAL

DAMPER-—C3I

Fig. BA2-27 - Valve Spring instaliation —~ 454 Fig. 6A2-22 — Measuring Valve Spring Installed Height
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Fig. 6A2-23-Cylinder Head Torque Sequence-V-6

Installation
CAUTION: The gasket surfaces on both the
head and the block must be clean of any
foreign matter and free of nicks or heavy
scratches. Cylinder boft threads in the block
and. threads on the cylinder head bolts must be
clean. (Dirt will affect bolt torque).

. On engines using a STEEL gasket, coat both
sides of a new gasket with a good sealer.
Spread the sealer thin and even. One method of
applying the sealer that will assure the proper
coat is with the use of a paint roller. Too much
sealer may hold the gasket away from the head
or block.

CAUTION: Use no sealer on engines using a
composition STEEL ASBESTOS gasket.

Fig. 5AZ-24-Removing Rocker Arm Stud

2. Place the gasket in position over the dowel
pins with the bead up.

3. Carefully guide the cylinder head into place
over the dowel pins and gasket.

4. Coat threads of cylinder head bolts with
sealing compound and install bolts finger tight.

5. Tighten each cylinder head bolt a little at a time
until the specified torque is reached (Fig. 6A2-
23).

8. install exhaust manifolds as previously out-
lined.

7. Install intake manifolds as previously outlined.

8. Instali and adjust vaive mechanism as pre-

viously outlined.

OVERSIZE
REAMER

6A2-31--Rocker Arm Stud & Push Hod Guide

Fig.
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Fig 642.25-Reaming Racker Arm Swud Bore




ROCKER ARM STUDS
Replacement

454 ENGINE

The push rod guides are related to the cylinder
head by the rocker arm studs. {Fig. 8A2-31).
Replace where necessary and torgue rocker arm
studs to specifications.

NOQTE: Coat Threads on cylinder head end of
rocker arm studs with sealer before assembly
to cylinder head.

OTHER ENGINES

Replacement

Rocker arm studs that have damaged threads or

are loose in cylinder heads should be replaced:

with new studs available in .003" and .013" over-
size. Studs may be installed after reaming the
holes as foliows:

1. Remove old stud by placing Tool J-5802-1 over
the stud, installing nut and flat washer and
removing stud by turning nut (Fig. 8A2-24).
Rearn hole for oversize stud using Tool J-5715
for .003" oversize or Tool J-6036 for .013" over-
size (Fig. 6A2-25).

CAUTION: Do not attempt to install an oversize
stud without reaming stud hole,

Coat press-fit area of stud with hypoid axle
lubricant. Install new stud, using Tool J-6880 as
a guide. Gage should bottom on head.

VALVE GUIDE BORES

Valves with oversize stems are available (see
specifications). To ream the valve guide bores for
oversize vaives use Tool Set J-5830 or J-7049 for
454 £Engines.

VALVE SEATS

Reconditioning the valve seats is very important,
because the seating of the valves must be perfect
for the engine to detliver the power and per
formance built into it.

Another important factor is the cooling of the
valve heads. Good contact between each valve
and its seat in the head is imperative to insure that
the heat in the valve head will be properiy carried
away.

Several different types of equipment are available
for reseating valves seats. The recommendations
of the manufacturer of the equipment being used
should be carefully foliowed to attain proper
results,
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Fig. 8A2-27--Measuring Valve Seat Concentricity

Regardless of what type of equipment Is used,
however, it is essential that valve guide bores be
free from carbon or dirt to ensure proper centering
of pilot in the guide.

Reconditioning

1. Install expanding pilot in the valve guide bore
and expand pilot.

Place roughing stone or forming stone over
pilot and just clean up the valve seat. Use a
stone cut to specifications.

Remove roughing stone or forming stone from
pilot, piace finishing stone, cut {o specifi-
cations, over pilot and cut just enough metal
from the seat to provide a smooth finish. Refer
to specifications,

Narrow down the valve seat to the specified
width, :

NOTE: This operation is done by grinding the
port side with a 30 degree stone to lower seat
and a 60 degree stone to raise seat.

2.

Remove expanding pilot and clean cylinder
head carefully {o remove all chips and grind-
ings from above operations.

Measure valve seat concentricity (Fig. 6A2-27).

NOTE: Valve seats should be concentric to
within .002" total indicator reading.

VALVES

Valves that are pitied can be refaced to the prdper
angle, insuring correct relation between the head
and stem on a valve refacing mechanism. Valve



stems which show excesisive wear, or valves that
are warped excessively should be replaced. When
a valve head which Is warped excessively is
refaced, a knife edge wiil be ground on part or all
of the valve head due 1o the amount of metal that
must be removed to completely reface. -Knife
edges lead to breakage, burning or pre-ignition
due to heat localizing on this knife edge. If the
edge of the valve head is less than 1/32" thick
after grinding, repiace the valve.

Several different types of equipment are available
for refacing valves. The recommendation of the
manufacturer of the equipment being used should
be carefully followed to attain proper results.

Reconditioning

1. If necessary, dress the valve refacing machine
grinding wheel to make sure it is smooth and
true. Set chuck at angle specified for valve.
Refer to specifications.

Clamp the valve stem in the chuck of the
machine.

Start the grinder and move the valve head in
line with the grinder wheel,

Turn the feed screw until the valve head just
contacts wheel. Move valve back and .forth
across the wheel and regulate the feed screw
to provide iight valve contact.

Continue grinding until the valve is true and
smooth all around the valve. If this makes the
valve head thin (1/32" min.) the valve must be
replaced as the valve will overheat and burn.
Remove valve from chuck and place stem in
“V" block. Feed valve squarely -against grind-
ing wheel to grind any pit from rocker arm end
of stem.

NOTE: Only the extreme end of the valve stem
is hardened to resist wear. Do not grind end of
stem excessively.

After cleaning .valve face and cylinder head
valve seat of grinding particles, make pencil
marks about 1/4" apart across the valve face,
place the valve in cylinder head and give the
valve 1/2 turn in each direction while exerting
firm pressure on head of valve.

Remove valve and check face carefully.-if -all
pencil marks have not been removed.at the
point of contact . with:the valve seat, it will be
necessary to repeat the-refacing operation and
again recheck forproper seating.

Grind and check the remaining valves in the
same manner.

TORSIONAL DAMPER
Removal
1. Remove drive belts and pulley.

2 Remove accessory drive pulley then remove
. damper retaining bolt.

3. Install Tool J-23523 on damper then, turnmg
. pulier screw, remove damper. .

-NOTE: Tool J-23523 has holes forming two pat-
. terns—a two bolt and.a.three boit patiern; iThe
holes for.the two-bolt pattern must be elon-
gated for use om th5454 M8 .engines, '

Instaliation

CAUTION: The inertial werght section of the
torsional damper is assembled to the hub wrth
a rubber type material. The installation proce-
dures (with proper tool) must be. followed or
movement of the inertia weight section on-the
hub wifl destroy the tunmg of the torsional
damper, ERRY

1. Coat front cover seal contact area (on damper)
with engine oil.

Place damper in position over key on crank-
shaft.

Pull damper onto crankshaft as foliows:

a. Instali appropriate threaded end of Tool
J-23523 into crankshaft.

CAUTION: Install tool in crankshaft so that at
least 1/2" of thread engagement is obtained.

b. install plate, thrust bearing and nut to com-
plete tool installation. .

c. Pull damper into position as shown in
Figure 6A2-28.

d. Remove tool from crankshaft then install
damper retaining bolt and torgue to specifi-
cations.

Install accessory drive pulley.
fnstall drive belts and adjust to specifications

o

y

123523
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Fig. 6A2-28 — Installing Torsionai BDamper




Fig. 6A2-38-.Cutuing Tabs on Qil Pan Front Seal

using strand tension gage.

6. Fill cooling system, start engine and check for
leaks. ‘

CRANKCASE FRONT COVER

Removal

1. Remove torsional damper as previously out-
Jlined.

2. Remove water pump.

3. Remove crankcase front cover attaching

screws and remove front cover and gasket
ihen discard gasket,

454 VB ENGINE

1.

2.

Remove lorsional damper and water pump as
cutiined.

Remove the two, oil pan-to-front cover at-
taching screws. ‘ ‘
Remove the front
SCrews,

Pull the cover slightly forward only enough {0
permit cutting of oil pan front seal.

Using a sharp knife or other suitable cuttmg
tool, cut oil pan front seal flush with cylinder
block at both sides of cover (Fig. 6A2-38).
Remove front cover and attaching portion of oil
pan front seal. Remove front cover gasket. ~

cover-io-block attaching

Installation

1

2.

Ciean gasket surface on block anci crankcase
front cover.

CUT THIS PORTION
FROM NEW SEAL

Use a sharp knife or other suxtab%e cutting tool,-

to remove any excess oil pan gasket material
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Fig. 6A2-39-0il Pan Front Seal Modification

that may be protruding at the oil to engine
block junction. '

Apply a 1/8 inch bead of silicone rubber sealer,
part #1051435 (or equivalent) to the joint formed
at the oil pan and cylinder block,

Coat the cover gasket with gasket sealer and
place in position on cover.

Install cover-to-oil pan seal, lightly coat bottom
of seal with engine oil, and position cover over
crankshaft end.

Loosely install the coverto-biock, upper at-
taching screws.

Tighten screws alternately and evenly while
pressing downward on cover so that dowels in
block are aligned with corresponding holes in
cover, '

NOTE: Position cover so .that dowels enter
holes in cover without binding. Do not force
cover over dowels so that cover flange or holes
are istorted.

Instali remaining cover screws and iorgue io
specifications.

Instali torsional damperand waief pump as pre-
viously outlined,

454 V8 Engine

1.

2.

Clean gasket surface on block and crankcase
front cover.

Cut tabs from the new oil pan front seal (Fig.
6A2-39). Use a sharp instrument to ensure a
clean cut.

Install seal to front cover, pressing tips inio
holes provided in cover.

Coat the gasket with gasket sealer and place
in position on cover.

Apply a 1/8 inch bead of silicone rubber
sealer, part #1051435 {or equivalent) to the
joint formed at the oil pan and cylinder block
(Fig. 6A2-40;.

Position crankcase front cover over crank-
shaft. '




10.
11.

Fig. 6A2-40--Applying Front Cover Sealer

Press cover downward against oil pan until
cover is aligned and installed over dowel pins
on block.

Install and partially tighten the two, oil pan-to-
front cover atiaching screws. .

Install the front coverto-block attaching
SCTEwWS.

Torque ail screws to specifications.

Install torsional damper and water pump as
previously outiined.

CIL SEAL (FRONT COVER)
Replacement

With Cover Removed

1.

2.

With cover removed, pry oil seal out of cover
trom the front with a large screw driver.

Install new seal so that open end of the seal is
toward the inside of cover and drive it into posi-
tion with Tool J-23042 or Tool J-221002 on 454
£ngine.

CAUTION: Support cover at seal area. (Tool
J-8771 may be used as support;.

With Cover Installed

1.

With torsional damper removed, pry seal out of
cover from the front with a large screw driver,
being careful not to damage the surface on the
crankshaft.

Install new seal so that open end of seal is
toward the inside of cover and drive it into posi-
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Fig. 6A2-30-Measuring Camshaft Lobe Lift

tion with Tool J-23042 or Tool J-221002 on 454
Engine.

CAMSHAFT
Measuring Lobe Lift

NOTE: Procedure is simitar to that used for
checking valve timing. !f improper vaive opera-
tion is indicated, measure the lift of each push
rod in consecutive order and record the read-
ings.

1. Remove the valve mechanism as previously
outlined.

2. Position indicator with ball socket adapter
(Tool J-8520) on push rod (Fig. 6A2-30).

NOTE: Make sure push rod is in the lifter
socket.

3. Rotate the crankshaft slowly in the direction of
rotation until the iifter is on the heal of the cam
lobe. At this point, the push rod will be in its
lowest position.

4. Set dial indicator on zero, then rotate the crank-
shaft sfowly, or attach an auxiiiary starter
switch and “"bump” the engine over, until the
push rod is fully raised position,

CAUTION: Whenever the engine is cranked re-
motely at the starter, with a special jumper
cable or other means, the distributor primary
lead must be disconnected from the coil

5. Compare the {otal ift recorded from the dial in-
dicator with specifications.



Fig. 6A2-3 1-Removing Camshaft

6. If camshaft readings for all lobes are within
specifications, remove dial indicator assembly.
7. Insiall and adjust valve mechanism as outlined.

Removal

1. Bemove valve lifters as previously outlined.

2. Remove crankcase front cover as previously
outlined.

3. Remove fuel pump push rod as outlined in See-
tion 8C.

4, Compiete camshaft removal as follows:

NOTE: Sprocket is a light fit on camshaft, If
sprocket does not come off easily a light blow
on the lower edge of sprocket {with a plastic
mallet) should dislodge the sprocket.

B, Install two 5/16" x 18 x 47 bolts in camshaft

bolt holes then remove camshaft {Fig. 6A2-31).

CAUTION: All camshaft journals are the same
diameter and care must be used in removing
camshaft to avoid damage to bearings.

Inspection

The camshaft bearing journals should be meas-
ured with a micrometer for an out-of-round condi-
tion. If the journals exceed .001" out-of-round, the
camshaft should be replaced.

installation

NOTE: Whenever a new camshaft is installed
coat camshaft lobes with “Molykote” or its
equivalent.

Whenever a new camshaft is installed, re-
piacement of all valve lifters is recommended
to insure durability of the camshaft lobes and
lifter feet.

Fig. 6A2-32-Timing Sprocket Alignment Marks

1. Lubricate camshaft journals with engine oil
and install camshaft.

2. Install timing chain on camshaft sprocket.
Hoid the sprocket vertically with the chain
hanging down and align marks on camshaft
and crankshaft sprockets. (Refer to Fig. 6A2-
32). For right hand engines index timing gears
to align sprocket marks.

3. Align dowel in camshaft with dowel hole in
camshaft sprocket then install sprocket on
camshait,

4. Draw the camshaft sprocket onto camshaft
using the mounting bolts. Torque to specifica-
tions.

5. Lubricate timing chain with engine oil.

8. Install fuel pump push rod and fuel pump.

7. Install crankcase front cover as previously out-
lined.

8. Install valve lifters as previously outlined.

CAMSHAFT BEARINGS
Removal

Camshaft bearings can be replaced while engine
is disassembled for overhaul or without complete
disassembly of the engine. To replace bearings
without complete disassembly remove the cam-
shaft and crankshaft leaving cylinder heads at-
tached and pistons in place. Before removing.
crankshaft, tape threads of connecting rod bolts
to prevent damage to crankshaft, Fasten connect-
ing rods against sides of engine so they will not




be in the way while replacing camshaft bearings.

1. With camshaft and crankshaft removed, drive
camshaft rear plug from cylinder block.

NOTE: This procedure is based on removal of
the bearings nearest center of the engine first.
With this method a minimum amount of turns
are nacessary o remove all bearings.

2. Using Tool J-6098, with nut and thrust washer
installed to end of threads, index pilot in cam-
shaft front bearing and instail puller screw
through pilot.

3. Install remover and insialler tool with a
shoulder toward bearing, making sure a suffi-
cient amount of threads are engaged.

4. Using two wrenches, hold pulier screw while
turning nut. When bearing has been puiled
from bore, remove remover and installer tooi
and bearing from puller screw.

5, Remove remaining bearings (except front and
rear) in the same manner. It will be necessary to
index pilot in camshafi rear bearing to remove
the rearintermediate bearing.

8. Assemble rermover and installer tool on driver
handie and remove camshaft front and rear
bearings by driving towards center of cylinder
block.

Instailation

The camshaft front and rear bearings should be
installed first. These bearings will act as
guides for the pilot and center the remaining
bearings being pulled into place.

1. Assemble remover and installer tool on driver
handie and install camshaft front and rear bear-
ings by driving towards center of cylinder
block.

2. Using Tool Set J-8088, with nut then thrust
washer installed to end of threads, index pilot
in camshaft front bearing and install puller
screw through pilot.

3. Index camshaft bearing in bore (with oil hole
aligned as outlined below), then install remover
and installer tool on puller screw with shoulder
toward bearing.

a. Small V8 Engines—Number one cam bear-
ing oil hole must be positioned so that oil
holes are equidistant from 6 o'clock posi-
tion. Number two through number four bear-
ing ol holes must be positioned at 5 o'clock
position {toward left side of engine, and ata
position even with bottom of cylinder bore).
Number five bearing oil hole must be in 12
o'clock position.

b. 454-V8 Engines — Number one through
number four cam bearing oil hole must be
aligned with oil holes in cam bearing bore.
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The number five bearing bore is annulus,
and cam bearing must be positioned at or
near the 6 o'clock position.

Using two wrenches, hold puller screw while
turning nut. After bearing has been pulled into
bore, remove the rermover and installer {ool
from puller screw and check alignment of oil
hole in camshaft bearing.

Install remaining bearings in the same manner,
It will be necessary to index pilot in the cam-
shaft rear bearing to install the rear interme-
diate bearing.

install a new camshaft rear piug.

NOTE: Plug shouid be installed flush to 1/32"
deep and be parallel with rear surface of cylin-
der biock.

OlL. PAN
Removal

1.

Drain Oil from oil panin a suitable container.

2. Turnengine over so pan is facing up.
3. Remove oil pan bolts and pan from engine

block.

Installation

1.

Clean sealing surfaces on cylinder case and oil
pan.

2. Install olf pan with new gaskets and seals and
torgue retaining bolts to 80 Ibs. in. (9Nem) or
1351b. in (15 Nem for 454 engine).

3. Turn engine upright and fill crankcase with pro-
per oil to the proper level,

4. Startengine and check for leaks.

OIL PUMP

Removal

1. Remove 0il pan as previously outlined.

2. Remove pump to rear main bearing cap bolt

and remove pump and extension shaft.

Disassembly (Figure 6A2-33)

1.

Remove the pump cover attaching screws and
the pump cover.

NOTE: Mark gear teeth so they may be reas-
sembled with the same teeth indexing.

Remove the idier gear and the drive gear and
shaft from the pump body.

. Remove the pressure regulator valve retaining

pin, pressure regulator vaive and related parts.

. If the pickup screen and pipe assembly need

replacing, mount the pump in a soft-jawed vise
and exiract pipe from pump.

CAUTION: Do not disturb the pickup screen on
the pipe. This is serviced as an assembly.
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Shaft Extension 8. FPressure Hegulator
Shaft Coupling Valve
Pump Body 9. Pressure Regulator
Drive Gear and Shaft Spring
idler Gear 10. Washer
Pickup Sgreen and 11, Retaining Pin
Pipe 12. Screws

Pump Cover

Fig. 6A2-33 — Qil Pump — Mark v

Cleaning and Inspection

1.

2.

Wash all parts in cleaning solvent and dry with
compressed zgir.

inspect the pump body and cover for cracks or
gxcessive wear.

Inspect pump gears for damage or excessive
wear,

Check the drive gear shaft for looseness in the
pump body.

Inspect inside of pump cover for wear that
would permit oil to leak past the ends of the
gears.

Inspect the pickup screen and pipe assembly
for damage to screen, pipe or relief grommet.
Check the pressure regulator valve for fit,

NOTE: The pump gears and body are not serv-
iced separately. If the pump gears or body are
damaged or worn, replacement of the entire oij
pump assembly is necessary.

Assembly (Figure 6A2-33)

1.

if the pickup screen and pipe assembiy was re-
moved, it should be replaced with a new part.
Loss of press fit condition could resuit in an air
leak and loss of oil pressure. Mount the pump
in a soft-jawed vise, apply sealer to end of pipe,
and using Tool J-8369 (Fig. 6A2-34) tap the bipe
in place with a plastic hammer. On 454 engine
use Tool J-22144.
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5,

6.

Fig. 6A2-34 — Installing Screen — Small VB

CAUTION: Be careful of twisting, shearing or
collapsing pipe while installing in pump.

Install the pressure regulator vaive and related
parts.

Install the drive gear and shaft in the pump
body. )
Install the idler gear in the pump body with the
smooth side of gear towards pump cover open-
ing. '

Install the pump cover and torque attaching
screws to specifications. ]
Turn drive shaft by hand tc check for smooth
operation, : '

Installation

1.

Assemble pump and extension shaft to rear
main bearing cap, aligning slot on top end of
extension shaft with drive tang on lower end of
distributor drive shaft.

Install pump to rear bearing cap bolt and torque
to specifications.

NOTE: Installed position of oit pump screen is
with bottom edge parailel to oll pan rails.

Instail oit pan previousiy outlined.

CONNECTING ROD BEARINGS

Connecting rod bearings are of the precision
insert type and do not utilize shims for adjust-
ment. DO NOT FILE RODS OR RQD CAPS. If
clearances are found to be excessive a new
bearing will be required. Service bearings are
available in standard size and .001" and 002"
undersize for use with new and used standard
size crankshafts, and in .010" and .020" under-
size for use with reconditioned crankshafis.

NOTE: On removing a connecting rod cap, it is




PLASTIC GAGE
PARALLEL TO
CRANKSHAFT

2]

Fig. 6A2-35~Gaging Plastic Cn Crankpin-Typica!l {V6 Shown)

possible to find a .008" undersize bearing.
These are used in manufacturing for selective
fiting.

Inspection and Replacement

1. With oif pan and oil pump removed, remove the
connecting rod cap and bearing.

2. Inspect the bearing for evidence of wear or

damage. (Bearings showing the above should

not be installed.)

Wipe both upper and lower bearing shells and

crankpin clean of ojl.

. Measure the crankpin for out-of-round or taper

with a micrometer. If not within specifications

replace or recondition the crankshaft. If within

specifications and a new bearing is be in-

stalled, measure the maximum diameter of the

crankpin to determine new bearing size re-

quired.

It within specifications measure new or ysad

bearing ciearances with Fiastigage or its equi-

valent.

NOTE: if a bearing is being fiited to an cut-of-
round crankpin, be sure to fit to the maximum
diameter of the crankpin. if the bearing is fitted
to the minimum diameter and the crankpin is
out-of-round .001" interference between the
bearing and crankpin will resuit in a rapid bear-
ing failure. :

a. Place a piece of gaging plastic the full width
of the crankpin as contacted by the bearing
(parallel to the crankshaft) (fig. 6A2-35).

b. Install the bearing in the connecting rod and
cap.

c. Install the bearing cap and evenly torque
nuts to specifications.

211

Fig. 8A2-36-Measuring Gaging Plastic-Typical [V6 Shawn)

CAUTION: Do not turn the crankshaft with the
gaging plastic installed.

d. Remove the bearing cap and using the scale
on the gaging plastic envelope, measure the
gaging plastic width at the widest point {Fig.
6A2-36).

. If the clearance exceeds specifications, seiect
a new, correct size bearing and remeasure the
clearance,

NOTE: Be sure to check what size bearing is
being removed in order 1o determine proper re-
placement size bearing.

If clearance cannot be brought to within speci- 5
fications, the crankpin wili have to be ground |
undersize. If the crankpin is already at maxi-

.008" TO 014"
SIDE CLEARANCE

TR i
.-\ .

Fig. 8A2-37--Measuring Connecting Rod Side Cigarance.
Typical (V6 Shownj



PLASTIC GAGE?

PARALLEL TO

CRANKSHAFT i
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Fig. BA2-38--Gaging Plasuc on Journal-Typicat

8. When all connecting rod bearings have been in-
stalled tap each rod lightly (paralie! to the
crankpin) to make sure they have clearance.
Measure all connecling rod side clearances
(see specifications) between connecting rod
caps (Fig. 6A2-37).

MAIN BEARINGS

Main bearings are of the precision insert type
and do not utilize shims for adjustment, If
clearances are found to be excessive, a new
bearing, both upperand lower halves, will be re-
quired. Service bearings are available in stand-
ard size and .001", .002", .009", .010" and .020"
undersize.

Selective fitting of both rod and main bearing
inserts is necessary in production in order to
obtain ciose tolerances. For this reason you
may find one half of a standard insert with one
haif of a .001" undersize insert which will de-
crease the clearance .0005” from using a full
standard bearing.

When a production crankshaft cannot be preci-
sion fitied by this method, it is then ground
008" undersize ON ONLY THOSE MAIN JOUR-
NALS THAT CANNOT BE PROPERLY FITTED.
ALL JOURNALS WILL NOT NECESSARILY BE
GROUND. A .009" undersize bearing and .010"
undersize bearing may be used for precision fit-
ting in the same manner as previously de-
scribed.

NOTE: I, for any reason, main bearing caps are
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Fig. BAZ 3@.-Measunng Gaging Plastic Typicat

mum undersize, replace crankshaft.

7. Ceat the bearing surface with oil, install the rod
cap and torque nuts to specifications.
replaced, shimming may be necessary. Lami-
nated shims for each cap are available for serv-
ice. Shim reguirement will be determined by
bearing clearance.

Inspection

In general, the lower half of the bearing (except
No. 1 bearing} shows a greater wear and the most
distress from fatique. If upon inspection the lower
half is suitable for use, it can be assumed that the
upper half is also satisfactory. If the lower half
shows evidence of wear or damage, both upper
and lower halves should be replaced. Never re-
place one half without repiacing the other half.

Checking Clearance

To obtain the most accurate results with 'Piasti-
gage’”, (or its equivalent) a wax-like plastic mater-
ial which will compress evenly between the bear-
ing and journal surfaces without damaging either
surface, certain precautions should be observed.

If the engine is out of the vehicle and upside
down, the crankshaft will rest on the upper bear-
ings and the total clearance can be measured be-
tween the lower bearing and journal. If the engina
is to remain in the vehicle, the crankshaft should
be supported both front and rear (damper and fiy-
wheel) to remove the clearance from the upper
bearing. The total clearance can then be meas-
ured between the lower bearing and journal.

NOTE: To assure the proper seating of the
crankshaft, all bearing cap boits should be at
their specified torque. In addition, preparatory
to checking fit of bearings, the surface of the
crankshaft journal and bearing should be wiped
clean or oil.



- With the oil pan and oil pump removed, and
starting with the rear main bearing, remove
bearing cap and wipe oil from journal and
bearing cap.

. Place a piece of gaging plastic the full width
of the bearing {parallel to the crankshaft) on
the journal (Fig, 6A2-38).

CAUTION: Do not rotate the crankshaft while
the gaging plastic is between the bearing and
journal.

. install the bearing cap and evenly torque the
retaining bolts to specifications.

NOTE: Bearing cap MUST be torgued to speci-
fication in order to assure proper reading.
Variations in torque affect the compression of
the plastic gage.

. Remove bearing cap. The flattened gaging
plastic will be found adhering to either the
bearing shell or journal.

. On the edge of gaging plastic envelope there
is a graduated scale which is correlated in
thousandths of an inch. Without removing the
gaging plastic, measure its compressed width
(at the widest point) with the graduations on
the gaging plastic envelope (fig. 6A2-39).

NOTE: Normally main bearing journals wear
evenly and are not out-of-round. However, if a
bearing is being fitted to an out-of-round
(.001" max.), be sure to fit to the maximum di-
ameter of the journal: If the bearing is fitted to
the minimum diameter and the journal is out-
of-round .001", interference between the bear-
ing and journal will result in rapid bearing fail-
ure. If the flattened gaging plastic tapers to-
ward the middle or ends, there is a difference
in clearance indicating taper, low spot or
other irregularity of the bearing or journal. Be
sure to measure the journal with a micrometer
if the flattened gaging plastic indicates more
than .001" difference.

. If the bearing clearance is within specifica-
tions, the bearing insert is salisfactory. If the
clearance is not within specifications, repiace
the insert. Always replace both upper and
lower inserts as a unit.

NOTE: if a new bearing cap is being instalied
and clearance is less than .001", inspect for
burrs or nicks; if none are found then install
shims as required.

. A standard, .001" or .002" undersize bearing
may produce the proper clearance. If not, it
will be necessary to regrind the crankshaft
journal for use with the next undersize bear-

ing.

Fig BAZ-40-Measuring Crankshafl End Flay - Typica: (V5
Showni

10.
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NOTE: After selecting new bearing, recheck
clearance.

Proceed to the next bearing. After ail bearings
nave been checked rotate the crankshaft o
see that there is no excessive drag.

NOTE: When checking #1 main bearing,
loosen accessory drive belts so as to prevent
tapered reading with plastic gage.

Measure crankshaft end play {see specifica-
tions) by forcing the crankshaft to the extreme
front position. Measure at the front end of the
rear main bearing with a feeler gage (Fig. 6A2-
40y

Install a new rear main bearing oil seal in the
cylinder block and main bearing cap.

placement

NOTE: Main bearings may be replaced with or
without remaoving the crankshaft,

th Crankshaft Removal

Remove and inspect the crankshaft,

Remove the main bearings from the cylinder
block and main bearing caps.

Coat bearing surfaces of new, correct size,
main bearings with oil and install in the cylin-
der block and main bearing caps.

install the crankshaft.

thout Crankshaft Removal

With oil pan, oil pump and spark plugs re-
moved, remove cap on main bearing requiring
replacement and remove bearing from cap.
Install a main bearing removing and installing
toolin oil hole in crankshaft journal.

NOTE: Hf such a tool is not available, a coiter
pin may be bent as required to do the job.

Rotate the crankshaft clockwise as viewed
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Fig. 6A2-41.-0ii Seal instaliation Tool

from the front of engine. This will roll upper
bearing out of block.

4. Oil new selected size upper bearing and insert
plain (unnotched) end between crankshaft and
indented or notched side of block. Rotate the
bearing into place and remove tool from oil
hoie in crankshaft journal.

5. Oil new lower bearing and install in bearing
cap.

8. Install main bearing cap with arrows pointing
toward front of engine. '

7. Torque all main bearing caps, EXCEPT THE
REAR MAIN CAP, to specifications. Torque
rear main bearing cap to 10-12 Ib. ft. (14-16N*m)
then tap end of crankshaft, first rearward then
forward with a lead hammer. This will line up
rear main bearing and crankshaft thrust sur-
faces. Retorque all main bearing caps to speci-
fications.

OIL SEAL (REAR MAIN)

Replacement

NOTE: Always replace the upper and iower seal
as a unit. Install seal with lip facing front of en-
gine.

The rear main bearing oil seal can be replaced

{both halves) without removal of the crankshaft, -

Extreme care shouid be exercised when installing
this seal to protect the sealing bead located in the

channel on the outside diameter of the seal. Anin-

stallation tool (Fig. 6A2-41) can be used to protect
the seal bead when positioning seal as follows:

1. With the oil pan and oil pump removed, re-
move the rear main bearing cap.

2. Remove oil seal from the bearing cap by pry-
ing from the bottom with a small screw driver
(Fig. 6A2-42).
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Fig. BAZ-42--Removing Qil Seal - Lower Hal

. To remove the upper half of the seal, use a

small hammer to tap a brass pin punch on one
end of seal until it protrudes far enough to be
removed with pliers {fig. 6A2-43).

. Clean all sealant and foreign material from

cylinder case bearing cap and crankshaft,
using a non-abrasive cleaner.

. Inspect components for nicks, scratches,

burrs and machining defects at ail sealing sur-
faces, case assembly and crankshaft.

. Coat seal lips and seal bead with light engine

oil—keep oil off seal mating ends.

. Position tip of tool between crankshaft and

seal seat in cylinder case.

. Position seal between crankshaft and tip of

tool so that seal bead contacts tip of tool.
NOTE: Make sure that oil-seal lip is positioned
toward front of engine (Fig. 6A2-44).

Fig. 6AZ-43--Removing Qi Sea! - Upper Haif



DUST SEAL

10,

11.

i2.

13.

Fig. 6A2-d44--Crankshaft Oii Seal - Rear Main

Roll seal around crankshaft using tool as &
“shoe-horn™ to protect seal bead from sharp
corner of seal seat surface in cylinder case.

CAUTION: Installation tool must remain in
position until seal is properly positioned with
both ends flush with block.

Remove tool, being careful not {o withdraw
seal,

Install seal hailf in bearing cap, again using
tool as a “shoe-horn”, feeding seal into cap
using light pressure with thumb and finger. -
Install bearing cap to case with sealant ap-
plied to the cap-to-case interface being care-
ful to keep sealant off the seal split line (Fig.
BA2-45).

install the rear main bearing cap (with new
seal) and torque to 10-12 b, ft. (14-16Nem). Tap
end of crankshaft first rearward then forward
with lead hammer. This will line up thrust sur-
faces. Retorque bearing cap to specification.

CONNECTING ROD AND PISTON

ASSEMBLIES
Removal
1. With oil pan, oil pump and cylinder head re-

APPLY
SEALANT

TO SHADED
AREAS ONLY

moved, use a ridge reamer to remove any ridge -

and/or deposits from the upper end of the cylin-
der bore.

NOTE: Before ridge and/or deposits are re-
moved, turn crankshaft until piston is at the
bottom of stroke and place a cloth on top of
piston to collect the cuttings. After ridge
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Fiy 6A2-45--Sealing Beanny Cap

andfor deposits are removed, turn crankshaft
until piston is at top of stroke and remove cloth
and cuttings.

Inspect connecting rods and connecting rod
caps for cylinder sdentlfacatton It necessary
mark them.

Remove connecting rod cap and install Tool J-
5239 (3/8") or J-8305 (11/32") on studs. Push
connecting rod and piston assembly out of top
of cylinder block.

NOTE: It will be necessary to turn the crank-
shaft slightly o disconnect some of the con-
necting rod and piston assemblies and push
them out of the cylinder.

Disassembiy

1.

Remove connecting rod bearings from con-
necting rods and caps.

NOTE: If connecting rod bearings are being re-
used, place them in a rack so they may be rein-
stalled in thelr original rod and cap.

Remove piston rings by expanding and sliding
them off the pistons, Tools J-8020 (3-8/16"), J
8021 (3-7/8"), JBO32 (4"), J-22249 (3-15/16"), J
22147 (4-3/32"), and J-22250 {4-1/4") are avail-
able for this purpose.

Place connecting rod and piston assembiy on
Tool J-24086-20. Using an arbor press and pis-
ton pin remover, J-24086-8, press the piston pin
out of connecting rod and piston (Fig. 6A2-46).

Cleaning and Inspection
Connecting Rods

Wash connecting rods in cieaning solvent and
dry with compressed air,

Check for twisted or bent rods and inspect for
nicks or cracks. Replace connecting rods that
are damaged.




FIXTURE &

SUPPORT =
ASSEMBLY ;
1 2408620
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Pistons
Clean varnish from piston sKirts and pins with a

cleaning soiveni. DO NOT WIRE BRUSH ANY'

PART OF THE PISTON. Clean the ring.grooves

PISTON PIN

% FIXTURE &
""" SUPPORT
" ASSEMBLY

with a groove cleaner and make sure oil fing

holes and slots are clean. -

Inspect the piston for cracked ring lands, skirts
or pin bosses, wavy or worn ring lands, scuffed
or damaged skirts, eroded areas at top of the
piston. Repiace pistons that are damaged or
show signs of excesssve wear.

Inspect the.grooves for nicks or burrs ihat
might cause the rings to hang.up. ’

Measure piston skirl (across center line of pis-
ton pin} and check clearance as outlined under
“Piston Selection™.

Piston Pins

The piston pin ciearance is designed to main-
tain adequate clearance under all engine oper-
ating conditions. Because of this, the piston
and piston pin are a matched set and not serv-
iced separately.

inspect piston pin bores and piston pins for
wear. Piston pin bores and piston pins must be
free of varnish or scuffing when being meas-
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Fig. 6A2-47--Piston Pin Ready for Installation

ured. The piston pin should be measured with a
micrometer and the piston pin bore should be
measured with a dial bore gage or an inside mi-
crometer. If clearance is excess of the .001”
wear limi, the piston and pision pin assembly
should be replaced.

Assembly

1. Lubricate piston pin-holes in piston and con-

necting rod to facilitate installation of pin.

2. Place connecting rod in piston and hold in

place with piston pin guide and piston pin.
Place assembly on fixture and support assem-
bly (Fig. 6A2-47).

3. Using piston pin instailer, J-24086-9, press the

piston pin into the piston and connectmg rod
{Fig. BA2-48).

NOTE: The piston pin installer is a variable in-
sertion length too! designed to be appticable 1o
all GM Piston assemblies.

The insertion iength is varied by rotating the
hub on the shaft much like adjusting a micro-
meter. An alpha-numeric scale is used to deter-
mine the desired length for a given piston pin
assembiy.

CAUTION: After installer hub bottoms on sup-
port assembly, do not exceed 5000 psi pres-
sure, as this could cause sz‘ructura! damage to
the tool




PISTON PiN—,
INSTALLER
1-24086-9

-PISTON PiN

Fig 6AZ-a8-Instathng Piston Pin

4. Remove piston and connecting rod aséembly
from tool and check piston for freedom of
movement on piston pin.

Piston Rings

Ali compression rings are marked on the upper
side of the ring. When installing compression
rings, make sure the marked side is toward the top
of the piston. The top ring is chrome faced, or
treated with molybdenum for maximum life.

The oil conirol rings are of three piece type, con-
sisting of two segments (raiis) and a spacer.

1. Select rings comparable in size to the piston
being used.

Slip the compression ring in the cylinder bore;
then press the ring down into the cylinder bore
about 1/4 inch (above ring travel). Be sure ring
is square with cylinder wall, o

Measure the space or gap between the ends of
thering with a feeier gage (Fig. 6A2-49).

. lf the gap between the ends of the ring is below
specifications, remove the ring and try another
for fii,

Fit each compression ring {o the cylinder in
which it is going to be used.

it the pistons have not been cleaned and in-
spected as previously outlined, do so.

7. Slip the outer surface of the iop and second

2.

5.

B.
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Fig BAZ-49.-Measuring Ring Gep

compression ring into the respective piston
ring groove and roll the ring entirely around the
groove (Fig, BA2-50) to make sure that the ring
is free. If binding occurs at any point the cause
should be determined, and if caused by ring
groove, remove by dressing with a fine cut file.
If the binding is caused by a disiorted ring,
check anew ring.

Install piston rings as follows:

NOTE: Toois J-8020 (3-9/16"), J-8021 (3-7/8"),
JB032 (47 J-22248 (3-15/16"), J-22147 (4-3/32"),

Fig 6AZ-50--Checking Finyg in Groove



Fiy BA2-51-Measuring Ring Grocve Clearance

and J-22250 (4-1/4") are available for this pur-
pose.

‘ ENGINE LEFT ENGINE FIDH'!' i ENG{NE RIGHT ’

CYLSNSER BLOCK RGTCHES
AR

1-3-5.7 eyl

a. Instali oil ring spacer in groove and insert
antirotation tang in oit haole.

b. Hold spacer ends butted and install lower
steel oil ring rail with gap properly located.

c. Install upper sieel oil rmg rail with gap pro

. perly located, ... - 4

d.. Flex the oil ring assembly to make sure rmg
-is-free. If binding occurs at-any point- the

. tause shouid be determined, and if caused

. - by ring groove, remove by dressing groeve
with a fine cut file. If binding is caused by a
distorted ring, check a new ring. :

e. Install second compression ring expander
then ring with gaps properly located.

£ Install top compression ring with gap pro:
perly located,

8. Proper clearance of the piston ring in its piston 5.
ring groove is very important to provide proper 6.

ring action and reduce wear, Therefore, when
fitting new rings, the clearances between the
surfaces of the ring and groove shouid be
measured (Fig. 6A2-51). (See Specifications).

installation

NOTE: Cylinder bores must be clean before pis-
ton installation. This may be accomplished
with a hot water and detergent wash or with a
light honing as necessary. After cleaning, the
bores should be swabbed several times with
light engine oil and a clean dry cloth. .

1. Lubricate connecting rod bearings and install
_ in rods and rod caps.
2. Lightly coat pistons, rings and cylinder wails
with light engine oil.
3. With bearings caps removed, instali Tool J-
5239 {3/8") or J-6305 (11/32"} on connecting rod
bolts.
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. Install

bly in its respective bore. Instaii with connect
ing rod bearing tang slots on side opposite
camshaft. Use Tool J-8037 to compress the
rings. Guide the connecting rod into place on
the crankshaft journal with Tool J-5239 (38" or |
Ji83054(1 1/327)., Use a hammer handle and !:ght
Blows to install the piston into the bore. Hold
the ring compressor firmly against the cylinder
block until all piston rings have entered-the::«.
cylinder bore. o
Remove Tool J 5239 or J-6305.

install the bearing caps and torque nuts to spe-
cifications. . ‘

NOTE: If bearing replacement is required refer
to "Connecting Rod Bearings.

Be sure to install new pistons in the same
cylinders for which they were fitted, and used
pistons in the same cylinder from which they
were removed. Each connecting rod and bear-
ing cap should be marked, beginning at the
front of the engine. On V8 engines 1,3,5and 7
in the left bank and, 2, 4, 6 and 8 in the right
bank..On V6 engines, 1, 3 and 5 in the left bank
and 2, 4 and 6 in the right bank. The numbers on
the connecting rod and bearing cap must be on
the same side when instailed in the cylinder
bore. If a connecting rod is ever transposed
from one block or cylinder to another, new
bearings should be fitted and the connecting
rod should be numbered to correspond with
the new cylinder number. :




CYLINDER BLOCK
Cleaning and Inspection

1. Wash cylinder block thoroughly in cleaning sal-
vent and clean all gasket surfaces.

Remove oil gallery plugs and clean all oil pas-
sages.

2.

NOTE: These plugs may be removed with a
sharp punch or they may be drilled and pried
out.

Ciean and inspect water passages in the gylin-
der block.

Inspect the cylinder block for cracks in the
cylinder walls, water jacket, value lifter bores.
and main bearing webs.

Measure the cylinder wails for taper, out-of-
round or excessive ridge at iop of ring travel.
This should be done with a dial indicator. Set
the gage so that the thrust pin must be forced
in about 1/4" to enter gage in cylinder bore.
Center gage in cvylinder and turn dial to *0O".
Carefully work gage up and down cylinder to
determine taper and turn it to different points
around cyiinder wall to determine the out-of-
round condition. If cylinders were found to ex-
ceed specifications, honing or boring will be
necessary,

Conditioning
The performance of the following operation is

contingent upon engine condition at time of re-
pair.

If the cylinder block inspection indicated that the
block was suitable for continued use except for
out-of-round or tapered cyiinders, they can be con-
ditioned by honing or boring.

if the cylinders were found io have less than .0058"
taper or wear, they can be conditioned with a hone
and fitted with the high limit standard size piston.
A cylinder bore of less than 005" wear or taper
may not entirely clean up when fitted to a high
limit piston. If it is desired to entirely clean up the
bore in these cases, it will be necessary to rebore
for an oversize piston. If more than .005” taper or
wear, they should be bored and honed to the
smallest oversize that wili permit complete resur-
facing of ali cylinders.

When pistons are being fitted and honing is not
necessary, cylinder bores may be cleaned with a
hot water and detergent wash. After cleaning, the
cylinder bores should be swabbed several times
with light engine oil and a clean cloth and then
wiped with a ciean dry cloth.

Boring
1. Before using any type boring bar, the top of the
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cylinder block should be filed off to remove any
dirt or burrs. This is very important. Otherwise,
the boring bar may be tilted which would resuit
in the rebored cylinder wall not being at right
angles to the crankshaft.

M

. The piston io be fitted should be measured
with a micrometer, measuring at the center of
the piston skirt and at right angles to the piston
pin. The cylinder should be bored to the same
diameter as the piston and honed to give the
specified clearance.

NOTE: Hone cylinders as outlined under
“Cylinder Honing and Piston Fitting".

The instructions furnished by the manufacturer
of the equipment being used should be care-
fully followed.

Honing

1. When cylinders are to be honed follow the
hone manufacturer's recommendation for the
use of the hone and cleaning and lubrigation
during haning.

. Occasionally during the honing operation, the
cylinder bore should be thoroughly cleaned
and the piston selected for the individual cylin-
der checked for correct fit.

. When finish honing a cylinder bore to fit a pis-

ton, the hone shouid be moved up and down at

a sufficient speed to obtain very fine uniform

surface finish marks, in a crosshatch pattern of

approximately 45 to 65 degrees included angle.

The finish marks should be clean but not sharp,

free from imbedded particles and torn or folded

metal.

Permanentiy mark the piston for the cylinder to

which it has been fitted and proceed to hone

cylinders and fit the remaining pistons,

CAUTION: Handle the pistons with care and do
not attempt to force them through the cylinder
until the cvlinder has been honed to correct
size as this type piston can be distorted
through careless handling.

Thoroughly clean the bores with hot water and
detergent. Scrub well with a stiff bristle brush
and rinse thoroughly with hot water. It is ex-
tremely essential that a good cleaning opera-
tion be performed. If any of the abrasive mater-
jal is allowed to remain in the cylinder bores, it
will rapidly wear the new rings and cylinder
bores in addition to the bearings lubricated by
the contaminated oil, the bores should be
swabbed and then wiped with a ciean dry cloth.
Cylinder should not be cleaned with kerosene
or gascline. Glean the remainder of the cylinder
block to remove the excess material spread
during the honing operation.



Ol FILTER BYPASS VALVE
Inspection and Replacement

With the oil filter removed, check the spring and
fibre vaive for operation. Inspect for a cracked or
broken valve. If repiacement is necessary, the oil
filter adapter and bypass valve assembiy must be
repiaced as an assembiy. Clean valve chamber in
cylinder block thoroughly. Torque retaining
screws to specifications.

Piston Selection

1. Check USED piston to cylinder bore clearance
as follows:

Measure the "Cylinder Bore Diameter” with
a telescope gage (2-1/2" from top of cylinder
bore).

Measure the “Piston Diameter” (at skirt
across center line of piston pin).

Subtract piston diameter from cylinder bore
diameterto determine “Piston to Bore Clear-
ance’.

Locate piston to bore ciearance on Pision
Selection Chart and determine if piston to
bore clearance is in the acceptable range.

a.

It used piston is not acceptable, check Piston
Size Chart and determine if a new piston can be
selected to fit cylinder bore within the accept-
able range.

It cylinder bore must be reconditioned, meas-
ure new piston diameter (across center line of
piston pin) then hone cylinder bore {0 correct
clearance (preferable range).

4. Mark the piston to identify the cylinder for
which it was fitied.

CRANKSHAFT

The crankshaft can be removed while the engine
is disassembied for overhaul, as previously out-
lined or without complete disassembly as out-
lined below. '

Removal

1. With the engine removed from the boat and the
transmission and clutch housing removed from

the engine, mount engine in stand and clamp .

securely, )
2. Remove the cil dip stick and oii dip stick tube,
{if applicable) and drain oil from engine.
Remove the flywhesl.
Remove the spark plugs.
Remove crankshaft pulley and
damper.
Remove oil pan and oit pump.
7. Remove crankcase front cover, and if so
equipped, remove timing chain and camshaft
sprocket,

A

torsional

o
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Check the connecting rod caps for cylinder .
number identification. If necessary mark
them,

9. Remove the connecting rod caps and push
the pistons to top of bores.

Remove main bearing caps and lift crankshaft
out of cylinder block.

Remove rear main bearing oil seal and main
bearings from cylinder block and main bear-
ing caps.

10.

11,

Cleaning and Inspection

1. Wash crankshaft in solvent and dry with com-
pressed air,

Measure dimensions of main bearing journals
and crankpins with a micrometer for out-of-
round, taper or undersize. (See Specifications.)

Check crankshaft for run-out by supporting at
the front and rear main bearings journals in “v"
blocks and check at the front and rear interme-
diate journals with a dia! indicator. {See Speci-
fications.)

Replace or recondition the crankshaft if out of
specifications.

2.

SPROCKET OR GEAR REPLACEMENT
(REFER TO FIG. 6A2-73)

® On “Small V8" engines, remove crankshaft
sprocket using Toold-5825, install using Tool
J-5590.

® On 454 V8 engines, remove crankshaft
sprocket using ToolJ1619, instali using Tool
J-21058.

Installation

1. Install rear main bearing oil seal in cylinder
block and rear main bearing cap grooves. in-
stall with lip of seal toward front of engine.
Where seal has two lips install lip with helix to-
wards front of engine,

2. Lubricate lips of seal with engine oil. Keep oil

off parting line surface,

Install main bearings in cylinder block and

main bearing caps then lubricate bearing sur-

face with engine oil.

4, Install crankshafi, being carefuf not to damage

bearing surfaces.

. Apply a thin coat of brush-on type oil sealing
compound to block mating surface and corre-
sponding surface of cap only (Fig. 6A2-74). Do
not allow sealer on crankshaft or seal.

. Install main bearing caps with arrows pointing
toward front of engine.

7. Torque ail except rear main bearing cap bolts
to specifications. Torque rear main bearing cap
bolts to 10-12 ft. Ibs. then tap end of crankshaft,
first rearward then forward with a lead hammer.
This will line up rear main bearing and crank-



Fig. BA2.73--Sprocket or Gear Replacement

shaft thrust surfaces. Retorque ali main bear-
ing cap bolts to specifications.

Measure crankshaft end play with a feeler
gage. Force crankshaft forward and measure
clearance between the front of the rear main
bearing and the crankshafi thrust surface.
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APPLY
SEALANT

TO SHADED
AREAS ONLY

Fig. 6A2-74--Sealing Beaning Cap Block

9. Install flywheel and torque to specifications. A
wood block placed between the crankshaft and
cylinder block will prevent crankshaft from ro-
tating.

NOTE: Align dowel hole in flywheel with dowel
hole in crankshaft,
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FOREWORD

This manual covers all Velvet Drive® transmissions. Data is given to assist you in selecting the proper transmission, cooler,

damper drive and propeller shaft coupling. Proper installation is a requirement for a valid warranty. Instructions for making

a proper instzilation are included. Better service and extended product life can be expected when the recommended com-

ponents are used and properly installed.

THIS CHART HAS BEEN ADDED TO HELP IDENTIFY EARLY VELVET DRIVE ASSEMBLIES.

The foliowing are identification markings for Warner Gear Division Marine Gears:

MODEL 70 MODEL 71 MODEL 72 FORWARD HAND OF
LD.ND.* .0, NG, 1.0. NG, RATIO ROTATIODN
0 1 2 Direct Both
04 14 24 1.52310 1 Both
05 15 25 2100 to 1 Counterclockwise
05A 16A 25A 2100t 1 Clockwise
06 16 26 2571101 Both
07 17 27 2908101 Both

*These numbers are stamped on serial number plates preceding the serial numbers,
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10-17 & 10-18 UNITS

The 1:1 ratio units in the 10-17 and 10-18 series are identical except for the namepiate to the 71C and 72C units which
they repalce. The nameplate was changed to be consistent with reduction units of these models.

The forward and reversing portion of the reduction units of the 10-17 and 10-18 units is the same as the 71C and 72C units
which they replaced. The reduction portion of the 10-17 and 10-18 units was changed to include a compression sleeve between
the two tapered bearing components. Tightening the coupling nut causes the sleeve to be compressed, aliowing the tapered
bearing to be preloaded. A bearing retainer Is not used and the rear oil seal is pressed into the reduction housing.

The reduction sun gear is pinned to the housing of 71C and 72C 1.5:1 units. The snap ring holds the sun gear 1o an adapter
plate which is bolted 1o the reduction housing of 10-17 and 10-18 reduction units, An oil baffle is bolted to the reduction
of 2.87:1 and 2.91:1 reduction units of the 10-17 and 10-18 series transmissions,

—— IMPORTANT ——
SERIES 10-17 AND 10-18 SERVICE INSTRUCTIONS

Practically all information which has been written for the 71C and 72C Velvet Drive transmissions applies to the 10-17 and
10-18 assemblies. Use the appropriate instructions given in the 71C and 72C service manuals when servicing the 10-17 and
10-18 transmissions. Use instructions given below for assembling the bearings and output shaft into the reduction housing.

Press two bearing cups into the reduction housing, Place rear bearing cone into the rear bearing cup. Press the oil seal into the
reduction housing until rear face of oil seal is flush with rear face &f bore in housing. Press the front bearing cone over output
shaft and against face of shaft. Assernble the bearing sleeve over shaft and against cone. Lower the reduction housing over shaft
compeonents, Grease lips of oil seal and instail the coupling and nut to the output shaft.

Locate reduction housing and attached parts on a suitable block placed under the carrier or other parts attached to the output
shaft so that the reduction housing can be rotated as the coupling nut is being tightened. A tool should be used to hold the
coupling while the output shaft nut is being tightened, A helper should rotate the reduction housing and the coupling nut
should be tightened until an increase in effort required to turn the reduction housing is noted.

Lay the reduction housing on its side and use a torgue wrench to turn the output shaft through the bearings to check the
bearing drag caused by the bearings being preloaded. A maximum of 45 Ib-ins (5.1 Nm} but perferably 15 to 30 Ib-ins {1.7 to
3.4 Nm) torque should be required to rotate the output shaft through the oil seal and properly preloaded beerings. A new
bearing spacer should always be used after the output shaft nut has been loosened after being properly preloaded. If the spacer
must be reused, always go to a slightly higher preload than the sleeve had been torqued.to previously.

IMPORTANT — SEE LATE BULLETINS ON THESE MODELS.
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SELECTING A PROPER VELVET DRIVE

Optimum performance can only be obtained when ali com-
ponents are properly selected for the application. Appli-
cations having components which are excellent for a par-
ticular use may be completely unsuitable for another use.
Basic considerations for component selection are discussed
in this manual. Specific information is given for the various
Velvet Drive models. Reference 1o various forms will be
made to help you find information which is not included.

ENGINE ROTATION

Transmission selection will be simplified when the following
method is used to describe enging rotation. This method
may not agree with the engine manufacturers’ for des-
cribing engine rotation.

Face the end of the engine on which the transmission is
mounted and describe rotation as clockwise if the engine
rotates clockwise. Describe the engine rotation as counter-
rotating if the engine rotates counterclockwise.,

TRANSMISSION ROTATION

Describe transmission input and output shaft rotation as
clockwise or counterrotating (counterclockwisewhen stand-
ing behind the transmission coupling facing towards the in-
put or engine end ot the transmission.

Ail Velvet Drive units except the 2.10:1 in-Line and
CR2 units may be used behind engines having either
rotation; however, the pump must be indexed for the
desired rotation. The reduction unit planetary carrier is
different for opposite rotating 2.10:1 In-Line units and
early failure will occur on these units if they are driven
in the wrong direction.

The output shaft rotates in the same direction or in the
opposite direction to the input shaft depending upon the
transmission assembly; therefore, it is best to study the
charts which show shaft rotation to determine the required
modet.

HYDRAULIC PUMP INDEXING

The transmission front adapter and pump housing are de-
signed to permit the pump to be mounted in either of two
positions. Each positioh permits oil to be pumped when
pump gears are rotated in one direction only. The pump can
enly pump 0il when any point on the gears is rotated past
the inlet port first, then past the crescent shaped portion
of the pLsmp housing which separates the inlet from the
outlet and then past the pump outlet.
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The pump must be correctly indexed for each direction of
rotation. An arrow with TOP L.H. and a second arrow with
TOP R.H. can be found on early pump housings. The
arrow which is located nearer the top of pump housing
points in the direction*the pump must rotate to pump oil.
The letters L.H. and R.H. describe the required pump
rotation when facing the pump and tells the same thing as
the arrow points out. The letters L.H. and R.H. have been
removed from current pump assemblies.

The wise mechanic will always check the pump setting
prior to transmission installation to be sure that the arrow
agrees with engine rotation.

Pump rotation Is viewed from the opposite end of the
transmission from which shaft and engine rotation is
deseribed. The arrow showing left hand rotation should be
nearer the top of the units used behind clockwise rotating
engines. The arrow showing right hand rotation should be
nearer the top on units used behind counterclockwise
rotating engines.

TO INDEX PUMP FOR OPPOSITE HAND ROTATION

CAUTION: This precedure is not applicable to
CR2 units or the AS3, AS813, 10-17 and 10-18
models {2.10:1 In-Line reduction ratios) because’
special planetary gear mountings are used which
are different for each rotation. These models must
not be reindexed from the original factory settings,

1} Remove the four bolts which hold the pump to the
transmission, {Fig. 1).

2} Loosen the pump housing. A rubber or plastic hammer
may be used to tap the o1l boss, but do not strike the bolt
bosses.

3) Do not remove the pump from the shaft uniess a seal
protector is used to prevent the shaft splines from cuttin
the pump seal, :

4) Care should be taken to see that the pump gasket does
not stick to the pump housing during rotation, causing the
gasket to be folded or torn.

5) Locate pump with the arrow indicating the proper
direction of input shaft rotation nearer top of transmission.

6} Care must be taken to.see that the gasket, seal and boit
bosses are kept in good condition to prevent leaks in
these critical areas.

7) Torgue the four bolts to 17-22 f. Ibs. {25.3-32.7 Kg/M.).



FIG. 1 VIEW FACING PUMP AND INPUT SHAFT

PROPELLER ROTATION

A right-hand propeller is a propeller which will thrust for-
ward when turned clockwise when viewed from behind the
boat looking forward,

A left-hand propeller is a propeller which will thrust for-
ward when turned counterclockwise as viewed from behind
the boat looking forward.

CAUTION: Early gear failure will occur when the
transmission must be operated in reverse {o obtain
forward when operated with a propeller having
the wrong hand of rotation.

The required propeller is designated in the various charts
as left hand (L.H.} or right hand (R.H.) for each trans-
mtission assembly.

TRANSMISSION RATIO SELECTION

Propelier shaft speed is determined by engine speed and
transmission ratio, Every boat has a most desirable shaft

speed, which has a direct relationship to boat speed. A
small propeller must be used when shaft speeds are too high
and this results in poor performance. A large propelier
turning at high speed would overload the engine. Fast
runabouts do best with direct drive units. Cruisers require
reduction gears. The heavier and slower boats reqguire
correspondingly greater ratios of reduction. One hundred
revolutions per minute of the propelier shaft for each mile
per hour of boat speed is considered & very good rule of
thumb for seiecting the drive ratio.

EXAMPLE:
A boat which runs 20 MPH has an engine which runs
4000 RPM. MPH x 100 RPM propeiler shaft=optimum
shaft speed, or 20 x 100=2000 RPM would be optimum
shaft speed.

4000 = Engine Speed 2

or— Reduction Required.
2000 = Shaft Speed 1

PROPELLER SELECTION

The propeller is selected te load the engine and still per-
mit full power to be developed. The propeller must allow
the engine to come up to rated speed. it is incorrect to use
a propsller so large that the engine will be overioaded, be-
cause this will not only reduce the power delivered 1o the
propelier shaft, but more importantly it will cause ab-
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normally high loading within the engine. This can result in
destructive pressures and temperatures which cause pre-
mature bearing and valve failure.

For ski towing, it is best to select a propeller which will
permit the engine to maintain rated RPM when under load.



Flgure 2 [Installation drawing for, In-Line transmissions {2.10:1.00 ratio illustrated)

. Reversa Ciulch )
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Clutch
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GearSet
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Reverse Selector
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f

Reduction Planetary

GearSet

Double Row
Thrust Bearings

General Performance Data

Coupling
A ;
input i
Shaft %
| </ 7
LAWY A ZZZZ2 NN Edia
SN S0 N5k | e
\Z: |
Ll cded ] S
: H
4 [N
B N ALY
-t
A\ i CEEEE
: Reduction Case
l Forward Reverse
Self-contained Transmission Case
Oil Pump
c

Maximum SAE HP Input {1) Available Shaft Approximate Dry Weight
Model Gasoline Diesel Ratios Rotation Direct Drive Reduction
71C 255 @ 4200 rpm ;145 @ 3200 pm | 1.00 Qutside 95 Ib. 145 1b.
1017 1.52 same as {43.1 kg.) {65.8 kg.)
_ 1.91 Engine unless
72C 380 @ 4200 rpm 185 @ 2800 %;E} noted by 1.09 Ib, 153 Ib.
10-18 r210 @ 3200 , asterisk . . 68.4 kg.
° 2.91 to 1.00 o (49.4 kg { g)
73C 560 @ 4200 rpm | 400 @ 3200 rpm | 1.00 Output 135 Ib, 185 ib,
10-06 1,50 same as (61.2 ka.) [83.9 kg.)
2.00" Engine unless
3.00 to 1.00 noted by
asterisk {*)
’ K "Rotation is opposit ine.
Dimensions Inches and {millimeters) Pposite engine
.Modal A B ch D dia. E dia. F dia.
71Cc . 5.63 5.69 16.89 250 4,259 5.00W
10-17 (143.00) {144.53) (429.01) (63.50 {(107.95) (127.00)
“72C '5.63 5.69 17.79 2,50 4,25 5.00
10-18. {143.00) {144.53) (451.86) {63.50) {107.95) (127.00)
- 73C 5.94 £.88 19.45 3.00 4.75 5.75
10-08 {150.88) {174.75) {494.03) {76.20} (120.65) {(146.05)
r S o T TS TP YR
Notes: {2) For “C" dimension—direct drive N WARNING: System related noises

{1) The above transmission ratings units:
are subject to change without notice
and are intended only as a general
guide for pleasure craft usage, For
additional application information,
consult a Warner Gear marine
distributor,

71C 10.50
10-17 {266.70)
72C 11.44
10-18 {290.58)
73C 13.47
10-06 [342.14)

{3} Direct drive model 71 {only)

uses 4" {101.60) coupling.

23n

. orvibrations can occur at low engine
i speeds which can cause gear rattle
\ and result in damage to the beat N
. engine as well as the transmission, \
i Warner Gear is not responsible for E
N N

total system related torsionals of
this type.
R Sl T R DS T W82



IDENTIFICATION OF VELVET DRIVE IN-LINE MODELS 70C, 71C, 72C & 73’(‘3‘

NEW TRANS. INPUT TO OQUTPUT ROTATIBN {1 il CAPACITY {4) APPROX. 'FRANS_
{n PUMP [PROPELLER oo
TRANS, ASSEMBLY SPEED RATIO SEFTTNG| REQUIRED 15° INCLINED {EVEL WEIGHT
ASSEMBLY NUMBER INPUT | OUTPUT SHAFT | 3 3} US. “uvers | US| urens [Pounns| kes
NUMBER (8) FORWARD | REVERSE | SHAFT [roAwARD | REVERSE Q7s, Qrs. ’
10-04-000-022° AS51.70C EH 1| oW cw CCwW LY RH 1.3 1.23 T.H T.7/0 ) AT 7
10-04-000-023" AS1-70CRH 1:1 1:1 1 CCW cocw cw RH iH 1.3 1.23 1.8 1.70 9z 41.7
10-04-000-026° | AS2-70C 1521 L2 | oW ove cow LH RH 27 256 25 2a7 | a2 B4.4
10-04-000-027" AS2-70CHR 1.52:1 1,621 Clw Ccw cw AH iH 2.7 256 2.5 2.37 142 B4.4
10-04-000-028" AS3-70C 2.10: 21837 2 Cw oW ccw LH AH 2.7 256 25 2.37 142 644
10-04-000-029" AS3-70CH 2.10:% 2101 ; CCW CCw cw RH iH 2.7 2.56 25 2.37 142 64,4
10-04-000-030" AS514-70C 2571 2575 CW oW ccw LH "H 2.7 256 2.5 2.37 142 644
16-04-000-021" AS14-70CR 2.57:1 2.87:% ; CCW CCcw cw RH iH 2.7 256 25 2.37 142 64,4
10-04-000-032" AS15-70C 2.891:% 2.91:1 { CW ocw CCw LH AH 27 2.56 25 237 142 54.4
10-04-00G-033° AS15-70LR 2.9 291:1| COW LCw cw RH iH 2.7 256 2.5 2.37 142 £4.4
10-04.000-034" ASTI0C {5) 1.8%:% 101 CW CcCow cw LH iH 27 2.56 2.5 2.37 142 £54.4
10.04-000-035" AST-7OCR (5} 1.81:% $.81:7 i COW cw cecw RH AH 2.7 2.56 2.5 2.37 142 H54.4
10-G4-000-024"° AS10-70L {7 1:1 1: [ CW cw ccw LH 1.7 1.61 2.1 1.99% 95 43
10-04-000-025° AS16.-TOCR (7 LAl 1:1 | CCW Cow Cw RH 1.7 1.61 21 1.99 95 431
$0-17-000-00%" AS1-7T1C 1 1:t i Cw cwW cow L+ AM 1.3 1.23 1.8 1.70 (213 43.%
10-17-000-002" AS1-7TICR i 1:% [ CCW cocw -CwW RH iH 1.3 1.23 1.8 1.70 85 43.1
0.17-000-003 AS1-71CB {B) kR 1:11 ] CW cw CCcw LH RH 1.3 1.23 1.8 1.70 85 - 431
10:17-060-004 AS1-7I1CBR (6 1 i:1 | CCW Ccw Cw RH ik 1.3 1.23 1.B 1.70 a5 431
$0-17-000-005 AS2-71C 1.52:% 1527 [ CwW cw CCcw LH RH 2.7 2.56 25 2.37 145 858
10-17-000-006 AS2.7iCR 1.52:% 1.82:7 1 CCW CCw ctw RH iH 2.7 256 25 2.37 145 65.8
10-17-000-008 AS3-7iC 2.10:% 2103 1 CW cw CCw LH RH 27 2.56 25 2.37 145 65.8
10-17-000-010 AS3-7YCR 2.10:1 21§ CCw CCw cw AH EH 2.7 2.56 2.5 2.37 145 B5.8
10-17-000-01% AS14-71C 2571 28571 [ CW cw Low LH RH 2.7 2,56 2.5 2.37 145 65,8
10-17-000-012 AS14-71CR 287 2571 | CCw ccw Tw R# LH 2.7 2,58 25 2.37 145 685.8
10-17-000-013 ASIE.-TIC 2.9%: 2911 [ CW cw Low LH RH 2.7 2,56 25 2:37 145 865.8B
10-17-000-M 4 AS16-TICR 2.8%:1 2.91:1 | CCW CCw Tw RH LH a7 2.58 25 2.37 145 65.8
19-17-000-007 AST7-71C 1.931:% 1.891:3 | CW CCw Tw LH LH 2.7 2.58 2.5 2.37 145 £6.8
19-17-000-008 AS7-7T1CR 1.8%:1 1.81:1 | CCW cw cow RH RH 2.7 266 .5 2.37 145 65.8
10.17.000-015" AB2G-73C () 1 P11 CW cw Tow LtH 1.7 1.61 2.1 1.89 aB 445
10-17-000-016" AS20-71CR (7 11 14 | CCW CCwW Tw RH 1.7 1.61 2.7 1.98 98 44.5
10-18-000-001 AS11-72C 1:1 1.1G:% | CW cw LCwW LH RH 1.7 1.61 2.1 1.99 109 494
10-18-000-002 AS11-72CR L] 1.10:1 | CCwW cow oW RH LH 1.7 1.61 21 1.99 109 494
10-18-0C60-003 AS12-72C 1521 1.688:1 | cw cw cow Lo 8H 2.8 2.65 2.7 2.56 154 69.9
190-18-000-004 AS512-72CR 1.521 1.68;1 | CCwW Cow tw 8H LH 2.8 2.865 2.7 2.56 154 69.9
10-18-000-007 AS513-72C 21001 23811 Cw cw cow LH RH 2.8 2.65 2.7 2.56 154 69.9
10-18-000-008 A513-72CR 2181 238711 Cew cow oW AH LH z.B 2.65 2.7 2.56 154 6%.9
10-18-000-009 AS14.72(C 2571 2,831 | Cw ow cow LH RH 2.8 2.65 2.7 2.56 154 69.9
10-18-000-010 AS14.72CR 257:1 2,831 CCW cew cw RH LH 2.8 2.65 2.7 2.56 154 £9.9
10-18-000-011 AS18.72C 2.91:1 3200 | Cw oW cow LH RH 2.8 2.65 2.7 2.586 154 £9.9
30-18-000.-012 AS15-72CR 291 2200 | cew cow cw 2853 LH 2.8 2.65 2.7 256 154 £9.9
10-18-000-008 AS17-72C (B} 1.91:1 2901w cow CW LH LH 2.8 2.65 2.7 2.586 154 £9.9
10-18-000-006 AS17-72CR (B 1.911 210:1 | CCw £wW cCow RHE RH 2.8 2.65 2.7 2.56 154 £9.9
10-18-000-013 AS20-72C (7) 1 1101 | Cw W CCwW iH 1.7 1.6% 2.4 1.9% 112 508
10-18-000-014 AS20-72CR {7 1 1300 | CCw Low cw RH 1.7 1.61 241 1.9% 112 50.8
AS20-T2CR {7 11 i | W cw CCw £ 1.7 1.61 2. 1.99 116 526
AS30-72CR (7 1:3 1.50:7 | CCW cCcw cw RH 1.7 1.61 2.1 1.99 116 52.6
10-06-000-D04 AS1.730 1:1 Bgr | CW CW Cow LH AH 1.5 1.42 1.6 1.51 135 61.2
10-06-006-D05 ASY-73CR 11 881 | CCw CowW ow RH tH 1.5 1.42 3.6 1.51 135 51.2
10-08-000-006 | AS2-73C 1.5 13271 | Cw ew cow LH RH 22 208 20 1.89 185 | 8ab
10-06-000-007 | AS2-73CR 150 1321 | cow | cow | cw AH iH 2z 208 2.0 1.89 185 83.9
15-068-CGO0-008 AS5-73C 3 2.64:1 | CW cwW cow LH AH 2.2 2.08 2.0 1.89 185 835
10-06-000-005 AS5-73CR 31 2.64:1 | CCW cow Cw AH LH 2.2 2,08 2.0 .89 185 83.9
10-06.000-010 | AS7-73C (8) 21 17611 | W ccw | Cw LH gt 22 2,08 2.0 1.88 185 83.9
10-06-G00-011 | AB7-73CR {5) 21 1760 | cow | B cew RH RH 272 208 z0 1.89 185 835

(M

(2}

*Discontinued Models

Input and output shaft rotation is described as clockwise (CW) or counter clockwise {CCW) when the observeris standing
behind transmission coupling facing towards front or input shaft end of transmission.

Pump rotation is described when the observer is standing in front of transmission facing the pump. The arrow located
nearest the top of pump face must point in the direction pump wili be driven by the input shaft. IT SHOULD BE REALIZED
THAT INDEXING THE PUMP FOR OPPOSITE ROTATION DOES NOT CAUSE OUTPUT SHAFT ROTATION TO BE
REVERSED, but does permit the transmission to be used behind an opposite rotating gngine, All 10-06 units may have
pump indexed for opposite rotation.

CAUTION: The pump indexing on all assemblies except 2.10:1 reduction units is the only difference between € and
CR units. The planetary gears and cage assembly used in C units is different than the one used in CR units in the
2.10:1 reduction units; therefore, indexing the purnp for opposite rotation is not permitted on these assemblies. No
warranty claims will be allowed for failures caused by improper pump indexing on 2.10:1 reduction units,

The propelieris describad when the abserveris standing behind the boat looking forward. A right hand {RH) prop wili move
the boat forward when rotated clockwise.

Transmission oil capacity only is given. Additionai oil will be required for filling oil cooler and cooler lines.

All AS?_ a.nd AS17 reduction units are counter-rotating, i.e. the output shaft turns opposite to input shaft when the
transmission is operated in forward.

The AS1-71CB and AS1-71CBR units are for heavier reverse duty and diese! applications.

Warner _Gear supplias.AS‘l C-70C, AS10-70CR. AS20-71C, AS20-71CR, A520-72C, AS20-72CR, AS30-70C and AS30-
72C units for use with stern drives. V-Drives or other auxilary reduction gears, Contact the manufacturer of the
supplementary gearing for details of the complete assembly.

All Model 70C units have been discontinued.
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FIG. 3 INSTALLATION DRAWING FOR V-DRIVE TRANSMISSIONS

INPUT SPLINE DATA

ALL UNITS ARE ADAPYABLE TG E5THER RIGHT
20/48 DIAMETRAL PITCH HAND OR LEFT HAND ENGINE ROYATION BY
20" PRESS. ANGLE INDERING ¥HE HYDRAULIC PUMP HOUSENG.

.300 RIGHT HAND AQTATION 5HOWN,
{1330 PITCH DAL c

26 TEETH ~ INVOLUTE

31°307 NEUTAAL

.47 DIA
111543 B AOLES ft— B! EOAWAAD

T - 3TUNC THD
.75 112.05) DEEP - IDPLACES

8,25 DiA,

PROPELLER FLANGE ROTATES
SAME IIRECTION AS ENGINE
EXCEFT WHEN CRDERED FOR

MODEL A B c ] E F REDUCTION
71C SERIES 10.19 96:1,1.21:1,
6.83 2.38 19.15 11.65 7.64 (258.83) 2.49:1, 3.14:1
10-04 {173.48) {60.45) (4B6.41) (295.91} {194.06) 10.14
{257 56} 1.51:1,1.89:1
72C SERIES 10,19 86:1, 1,211
10.05 7.76 2.64 20.06 12.59 8.58 (258.83) 2.49:1, 3.14:1
’ 1197.10) {67.06) {509.52) {319.79) {217.93) 10,14
(257.56) 1.51:1, 1.89:1
GENERAL SPECIFICATIONS
MAXIMUM SAE HP INPUT AVAILABLE OUTPUT DRY
MODEL GASOLINE DIESEL RATIOS ROTATION WEIGHT
10-04 255 @ 4200 rpm | 145 @ 3200 rpm 0.96, 1.21, 1.51, 190 ib. (86.2 ka.)
185 @ 2800 ’ m 1.99, 2.49, OPTIONAL :
. p '
10-05 380 @ 4200-pm | 510 @ 3200 rpm | 314 t0 1.00 203 Ib. (82.1 kg.}

NOTE: Al specifications and descriptive data are nominal and subject 10 change without notice.

installations shouid be referred to Warner Gear for application assistance,

Specific
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V-DRIVE ASSEMBLIES

MODEL INPUT TO OUTPUT ROTATION .
NUMBER |ASSEMEBLY NUMBER SHAFT RATIO INPUT OUTPUT SHAFT uMP [PROPELLER
& TYPE SHART SETTING | REQUIRED
* FORWARDI REVERSE FORWARD| REVERSE
10-04-000-002 199 1.90:1 C c ce - LH
{13-08-410-002) e cc c - RH
@ 10-04-000-005 2.49:1 2.49:1 c c cc . LH
Z | {13.08-410.005) ce cc c — RH
3 10-04-000-007 3.14:1 3.14:1 c c cc - 1H
= | (13-08-410-007) cc cc c e 84
g 10-04-000-009 0.96:1 0.96:1 c c cc — LH
o {13-08-410-009) cc ce c — RH
I 10-04-000-011 1.51:1 1511 c C cc —— LH
g o (13-08-410-01 'D cc ce C i AH
o 10-04-000-012 12101 1.21:1 C c cc —— LH
N (13-08410-012) ce cC c O RH
.:; 10-04-000-003 1.98:1 1,98:1 c ce -— RH
i’ (13-08410-003) cc c cc — LH
~- 2 10-04-000-004 2.60:t 2.50:1 c cc C —-— RH
Z | (13.08-410.004) cc c cc = LH
z 10-04-000-006 3.10:1 3.10:1 c cc c —— RH
> {13-08-410-006) cc c cc _— LH
g 10-04-000-008 0.97:1 0.97:1 ¢ ce c — RH
> |_{13-08410.008) ce c cc — LH
T 10-04-000-010 1.53:1 1.53:1 c ce C -~ RH
L 13-08-410-010) cc c ce — LH
10-04-000-0%3 1.21:1 1.21:1 c cc c - AH
{13-08-410-013) cc cC — LH
10-05-000-602 1.98:1 2.10:1 c ce -— LH
{13-08-410-002) cc ce c — RH
o 10-05-000-005 2.49:1 2.74:1 c c ce e LH
g (13-08-410-005) cc cc c — RH
o 10-05-000-007 3.14:1 3.45:1 c c cc - LH
> | (13.08410-007) ce cC C et RH
g 10-08-000-008 0.96:1 1.06:1 C c cc - LH
r |_13-08-410009) cc ceC c b AH
< 10-05-300-011 1511 1.67:1 c c cc e LH
2] o | (13-08410:019) cc cc c — RH
o 10-05-000-012 1.21:1 1.3311 c c ce — LH
Ny {13-08-410-012) ce cc o e RH
9 10-05-000-003 1.88:1 2.17:1 c cc I RH
J ” {13-08-410-003) cc c cC —r LH
- - 10-05-000-004 2.50:1 2.75:1 c ce ¢ e ]H
£ | {13-08410.004) ce ¢ = — LH
w 10-05-000-008 3.10:1 3.41:1 c cc c — RH
= | (3-08410-006) ce c cc e LH
& 10-05-000-008 0.97:1 1.07:1 c cc c J— AH
= | (13-08410-008) cc c cc —_ LH
= 10-05-000-010 1.63:1 1.68:1 c cec c -~ RH
5 | (13.08410010) cc c cC — LH
10-05-000-013 1,211 1.33:1 c ce c -~ ’H
{13-08-410-013) cc c cc e LH

C — CLOCKWISE
CC— COUNTER CLOCKWISE

*

Thel{13.08-41 O)nurnber below the number for the V-Drive assembiy is the part

number for the V-Drive partion onty. 10-04-410-001 is the part number for the
Frort Box onty (forward ahd reverse transmission} for the 10-G4 units and
10-05-410-001 is for the 18-0% units.
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FiG. 4 INSTALLATION DRAWING FOR DROP-CENTER TRANSMISSIONS
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Je Haale
REVEASE
62 A
1.81 izg:SI .
145.97] \, —»wwlé:;?i), oA
.
2.00 .
B2 (54,804 S
120955 3
o . [e1-173
1. .: ] — oA
. Do t
L‘.__.}m_h.. oo } _M”.:t_
‘ c I i A 1
e ks | T [ “
- té?ass_e :_)2_94 - m_‘ Em=
A . 174 881
Larteis “T::?%T"‘ oies
26 TEETH - INVOLUTE 256 : - -
20740 DIAMETRAL FITCH T c
20" PRESS. ANGLE
eé'al.ggj PITCH DIA NQTE: Parentheticat dimensions are in millimeters.
J OFFSET DHVS,
MODEL A B c E F DA G DIA HDiA REDUCTION OUTPUT ROTATION
ENGINE OPPOSITE
71C SERIES | 1.58 143 108
) (31.24) (26.92)
203 1.66 1.48
1013 6.82 238 | 184z | .31 4.25 5.00 45 ' (42.16) (37.85)
(17323} | (60.71) | {467.87) | (7.87} | (107.95) | {127.00) | (11.43} oar 195 177
' {49.53) (44.98)
293 2.16 1.99
’ {54.86) {50.55)
72C SERIES 1,93 1.06
1.58 {31.24) (26.92}
203 1.68 1.49
- 7.76 2.64 19.38 31 425 5.00 45 ' (42,18 (37.85)
) {197.10} (67.08) (491.74) ; (7.87) (107.95} {127.00) {11.43} 247 1.85 1.77
) {49.53} (44.96)
243 2.16 1.92
{54.86} {50.55}
GENERAL SPECIFICATIONS
MAXIMUM SAE HP INPUT AVAILABLE QUTPUT DRY
MODEL GASOLINE DIESEL RATIOS ROTATION WEIGHT
10-13 - 255 @ 4200 rpm 130 @ 3200 rpm 1.568. 2.03. 2.47. 162 ib, {73.5 kag.)
! . OPTIONAL
10-14 380 @ 4200 rpm | 185 @ 2800 ;g: 2,93 10 1.00 175 th. {79.4 kg.)

NOTE: The sbove transmission ratings are subject o change without notice and are intended only as a
general guide. Specific applications should be referred 1o Warner Gear for engineering assistance.
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{DROP CENTER ASSEMBLIES)

CR2

NE=NON-AUTOMOTIVE ENGINE
E=AUTOMOTIVE ENGINE

O=AUTOMOTIVE OPPOSITE ~

AssEMBLY | REDUCTION RATIO SHAFT “00‘”3:;8: 1) I ;’&"j‘ri
NUMBER INPUT SETTING REQUIRED | -t ln
FORWARD| REVERSE FORWARD | REVERSE
10-13000001 | 158:1. | 1.58:1 L.qu} ENGINE g:‘gsg E - LH. £15
10-12.000-002 | 1.58:1 1,58:1 LH. g;r;c[)ﬁge ENGINE — R.H. 0-1.6
1013.000003 | 2.03:1 2.03:1 LH. | ENGINE g;g?:gg —_— L.H. £-2.0
10-13.000.004 | 2.03:1 2.03:1 LH. 252?3'2 | encing —— R.H. 0.2.0
10-13.000005 | 2.47:1 2.47:1 LH. | ENGINE g:’;?g'gﬁ e L.H. E-2.5
1013000006 | 2.47:1 2.47:1 LH. g:g‘?ﬁgﬁ ENGINE . RIH. 0-2.5
10-13.000007 | 2.93:1 2.93:1 LH | Encine | OFFOSITE — LM, E-3.0
10-13.000.008 | 2.93:1 2.93:1 L.H. g:’;?z'g Elenaine —_— R.H. 0.3.0
10-13.000.009 | 1.58:1 1.58:1 RH. | ENGINE g;gﬁg& -~ R.H. NE-1.6
1013000010 | 2.03:1 2.03:1 RH., | ENGINE g:g‘?ﬁgg e R.H, NE-2.0
10-12:000-011 | 2.47:1 2.47:1 RH. | ENGINE g;';?ﬁgg - R.H. NE.2.5
1013000012 | 2.93:1 2.93:1 RH. | ENGINE g;chi'; E st R.H. NE-3.0
10-14.000001 | 1.58:1 1.74:1 LH. | ENGINE g;';?zg‘s — LH. E16
10-14-000.002 | 1.58:1 1.74:1 L.H. g;g?ﬁgg ENGINE — R.H, 01.6
10-14.000.003 | 2.03:1 2.23:1 LH. | ENGINE g;g?i ;ETE —_— L.H. £2.0
1014000004 | 2.03:1 2.23:1 L.H. g:f;?ﬁl'g E | encine —— RLH. £.2.0
1014000005 | 2.47:1 2.72:1 LH. | ENGINE QEZ?;EE — LH. E2.5
10-14-000-006 | 2.47:1 27241 LH. g:gﬁf ENGINE —— RLH. 035
10-14.000007 | 2.83:1 3.22:1 LH. | ENGINE SEZ?E’ETE — L.H. E-3.0
10-14.000-008 | 2.93:1 3.22:1 L.H. g;zolige ENGINE —_— R.H. 0.3.0
10-14.000-008 | 1.58:1 174:1 RH. | ENGINE SIZE?;';E —-— R.H. NE-1.6
10-14.000-010 | 2.03:1 2.23:1 RH. | Eneing | QPPOSTE —~— -— NE.2.0
1014000017 | 2.47:1 2.72:1 RH. | ENGINE g;g?:gg —~—— R.H. NE-2.5
10-14000-012 | 2.93:7 3.22:1 RH. | enGiNg | QTPOSITE —~— An NE-3.0

{4 VIEWED FROM BEHIND COUPLING FACING ENGINE

{2) VIEWED FROM IN FRONT OF TRANSMISSION INTQ PUMP

{3t VIEWED FROM BEHIND BOAT

{4} L.H. - LEFT HAND OR COUNTERCLOCKWISE
A.H. — RIGHT HAND OR CLOCKWISE

CAUTION: Engine rotation must be
the same as shown on the chart

{input shaft rotation). Failure to com-
ply can result in premature gear damage.
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ADAPTER HOUSING

Adapter housings for mounting the transmission to the
engine are normally manufactured by the engine manu-
facturer or marine engine converter. The rear face of the
adapter and the adapter rear bore should have a total ind-
icator reading of iess than .005 of an inch when checked for
run cut. All Velvet Drive transmissions which are currently
available may be mounted to the same sized beil housing.

Warner Gear does manufacture and have available the
following adapters:

71C-1% for fiywheel end mounting to the Ford V-8 engines
which have 238, 256, 272, 292, and 312 cubic inch
displacement,

71C-1%B for flywheel end mounting to the Ford of England
engines which have 220 and 330 cubic inch displacement
diesel engines.

71C-1%C for flywheel end mounting te Mercury, Edsel, and
Lincoln engines of 383, 410, and 430 cubic inch displace-
ment, and Ford, Edsel, and Mercury engines of 332 and 352
cubic inch displacement,

TRANSMISSION INSTALLATION

INSTALLING TRANSMISSION TO ENGINE

The transmission may be installed to either the flywheel or
timing gear end of the engine. A suitable damper assembly
should be selected and installed to either the flywheel or 10
an adapter, which is attached to timing gear end of the
crankshaft.

A transmission adapier should be purchased or manufact-
ured to adapt the transmission to the engine, The adapter or
spacers must be selected 10 cause the input shaft splines to
make full engagement with the damper drive hub. Check
for interference between the various parts as they are
assembied.

Damper and transmission adapter alignment should be heid
1o 005 inch total indicator reading for both bore and face
readings,

Lubricate the input shaft and damper hub splines as the
transmission is assembled to the engine.

Two studs shouid be screwed into center mounting boit
holes to insure transmission alignment and to support
transmission weight to insure that damper will not be
damaged as transmission is assembled to engine.

INSTALLATION ANGLE

The transmission and engine should be instailed so that
the maximum angie relative to horizontal does not exceed
180 when the boat is at rest, and should not exceed 20°
when operating at the worst bow high condition. A higher
angle of instaliation along with low oil level can permit
pump cavitation when operating in rough water where
pitching and rolling tends to throw the oil away from the
pump indet.

TRANSMISSION FLUID

Type F, Dexron® and other hydrauiic fiuids which meet the
Detroit Diesel Aliison Division of General Motors Corpora-
tion specifications for type C3 oils are recommended for
use in all Velvet Drive rmarine gears.

Lubricating oils which are recommended for use in diesel
engines and fall within Allison specifications for C3 oils
may be used in all Velvet Drive marine gears if the engine
RPM does not exceed 3000. SAE #30 is preferred. SAE
#40 is acceptable if high operating temperatures are
anticipated. Multi-visosity oils such as 10W-40 are not
acceptable. The first choice is SAE-AP] service class "CD”
oils. The second choice is SAE-AF! service class "CC” oils.

The equivaient DOD mil specs are:
CD  MIL-L-21048
CC  MIL-L-45188

Detroit Diesel Allison Division of General Motors developed
the C3 specifications for oils to be used in their hydraulic
automatic and power shift transmissions used in heavy duty
or severe service conditions, These oils are very well suited
for use in ail Velvet Drive marine gears.

Each oil company will provide information and speci-
fications on their products which fall in the above
specifications.

NOTE: Be sure the cooleris properly instalied and the
transmission contains oil before cranking or starting the
engine.

CHECKING OIL LEVEL

The oil level should be maintained at the full mark on the
dipstick. Check oil level prior to starting the engine.







FILLING AND CHECKING THE HYDRAULIC SYSTEM

Check oll daily before starting engine. The Veivet Drive .

hydraulic circuit includes the transmission, oil cooler,
cooler lines and any gauge lines connected into the circuit,
The comptete hydraulic circuit must be filled when filling
the transmission and this requires purging the system of
air before the oil level check can be made. The air will be
purged from the systern if the oil level is maintained above
the pump suction opening while the engine is running at
approximately 1500 RPM. The presence of air bubbles on
the dipstick indicates that the system has not been purged
of air,

New applications or a problem instailation should be
checked to insure that the oil does not drain back into the
transmission from the cooler and cooler lines. Check the oil.
fevel for this drain back check only, immediately after the
engine is shut off and again after the engine has been
stopped for more than one hour {overnight is excellent).
A noticeable increase in the oil level after shis waiting
period indicates that the oil is draining from cooler and
cooler lines, The external plumbing should be changed to
prevent any drain back.

TRANSMISSION OPERATION

STARTING ENGINE

Place transmission selector in neutral before starting engine.
Shifts from any selector position to any other selector
position may be made at any time and in any order if the
engine speed is below 1000 RPM; however, it is recommend-
ed that ali shifts be made at the lowest feasible engine speed.

NEUTRAL

Move the shift lever to the center position where the spring
loaded baill enters the chamfered hole in the side of the
shift lever and properly locates lever in neutral position.
With shift lever so positioned, flow of oil to clutches is
blocked at the control valve, The cluiches are exhausted by
a portion of the valve and complete interruption of power
transmission is insured.

FORWARD

Move the shift lever to the extreme forward position where
the spring loaded ball enters the chamfered hole in the side
of the shift lever and properly locetes lever in forward
position.

REVERSE

Move transmission shift lever to the extreme rearward
position where the spring loaded ball enters the chamfered
hole in the side of the shift lever and properly iocates it in
the reverse position.
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FREEWHEELING

Under sail with the propeller turning, or at trolling speeds
with one of two engines shut down, the design of the
Velvet Drive gear maintains adequate cooling and Jubrica-
tion,

PRESSURE TESTS

For detailed checks of the hydraulic system, a pressure
gauge should be installed in the hydraulic line, The trans-
mission should be run until the oil temperature is 1569F
to 1659F. (G689C-749C}, Pressure specifications - are
available in the repair manuals,



PROPELLER SHAFT COUPLINGS

COUPLING TO SHAFT ASSEMBLY

See form 1044 for specifications of couplings available from
Warner Gear.

The propeiier shaft coupling must be keyed to the propelier
shaft, The key shouid be a close fit with keyway sides, but
should not touch the top of the keyway in the coupling hub,
The coupling should be a light press fit on the shaft, and
may be warmed in hot oil to permit easier assembly.

NOTE: Propeller shaft coupling distortion may occur
when the propelier shaft is a2 few thousandths under
the size required for the particular coupling, thus
permitting the coupling to cock and distort as the se:
screws are tightened. A blank coupling should be
machined to fit an undersize shaft. Distoried coupling
may be refaced in a lathe.

Two optional methods for fastening the coupling to the
propeller shaft are used. Type 1 couplings are pilot drilled
through one side only, and the shaft and cpposite side of
the coupling must be drilied with the coupling in position
on the propeller shaft. A 1/4 inch {6.35 mm) stainiess steel
spring pin must then be driven into the coupling and shaft
to retain these parts. The spring pin should be selected so
that it will be the same length as the coupling hub dia-
meter and should be approximately flush with the coupling
when assembled.

Type 2 couplings are drilled and tapped for set screws
which are used 1o retain these parts. Some propelier shaft
couplings are drilled and tapped for set screws, and are also
pilot drilled for spring pin installation.

TRANSMISSION COUPLING TO PROPELLER SHAFT
COUPLING ALIGNMENT

Vibration, gear noise, loss of RPM and premature oil seal
and bearing failure can be caused by misslignment of the
transmission coupling and propeller shaft coupling. The
propelier shaft is usually fixed in the boat structure, and
alignment is achieved by adjusting the engine mounts or by
changing engine mount shims,

Preliminary alignment of the coupling faces should he
carefully made prior to installing the engine and transmission
hold-down boits. A final alignment check should be made
after the boat has been placed in the water. The fuel tanks
should be filled and a normal load should be in position
when making the final shaft alignment check.

It is commeon for a boat to change with :age or various loads.
An alignment check should be made at the beginning of each
boating season, ‘

Check coupling alignment with ail bolts removed from the
couplings. Hand hold couplings together with the snap fit
engaged and check to determine the maximum clearance
between couplings. Rotate the propelier shaft and then
rotate the transmission coupling through at least one com-
plete turn, stopping at 90° intervals and using a feeler

gage {see figure 8 ) to check the air gap between the two
flanges. Note any changes in the position where the air gap

occurs. A bent shaft or coupling will cause the position of
the air gap to move around the flanges as each shaft is
rotated.

Alignment is satisfactory when shafts and couplings are on
the same line of centers and the coupling faces are within
003 inch {0,076 mm) of parallel.

CAUTION: Do not lift or pry against the transmission
coupling to move the engine, as this can distort the
coupling. Bent or distorted couplings can be refaced in
a lathe,

USE OF FLEXIBLE COUPLINGS

Filexible couplings are used to reduce noise and for vibration
dampening. Most boats are rigid enough to permit direct
coupling of the propeller shaft coupling to transmission
coupling, and this is recommended, Hulls which are not
rigid enough to prevent undue twisting in heavy seas will
permit shifting of engine and transmission with respect 1o
propeller shaft. A suitable fiexible coupling may be used
when this condition exists. )

TRANSMISSION COUPLING
003 FEELER GAGE

\]

PROPELLER SHAFT

STRAIGHT EDGE|

FIG. 8 CHECKING COUPLING ALIGNMENT
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The alignment of the propeller shaft to the transmission

output shaft should always be maintained sven when flex-

ible couplings are used.

Unbolt couplings to prevent bending of the shaft when
boats are trailered or dry docked.

_SHIFT LEVER

The oil flow to the hydraulic clutches is controlled by a
barrel ‘valve which is operated by the shift lever. To make
the cluiches function properly, the shift lever must be in
the exact positions dictated by the detent bail and spring.
Connect the push-pull cable to the shift iever so that proper
travel and positioning will be obtained at the transmission
when the control lever is shifted at the boat operator’s
station.

The warranty is jeopardised if the shift lever poppet spring
andfor ball is permanently removed, or if the contro! jever
is changed in any manner, ar repositioned, or if the linkage
between the remote control and the transmission shift does
not have sufficient trave! in both directions.

MOUNTING BRACKETS

Removing boltsin order to mount brackets, clamps, etc. can
create leaks at gasketed joints,

Removing and reinstalling bolts over brackets can weaken
the thread engagement. Proper hoit length and quality are
required.
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When brackets are bolted to the output shaft bearing re-
tainer and seal mount, oil leaks tend to qceur in this area.

Failure of the transmission due to loss of oit thru externa!
causes is not covered by the warranty,

PAINTING

The cast iron transmission should be painted to prevent
severe rusting. The color and painting procedure will be
similar to that used on the engine.

Care must be taken to keep paint away from areas which
have precision dimensions or mating parts, Masking tape or
grease should be placed on these parts to prevent paint from
sticking. Paint must be kept from the foliowing areas:

1) The pilot diameter of the mounting face that mates with
engine bell housing.

2} The input shaft spline which mates with the vibration
damper hub.

3} The output shaft coupling flange which mates with the
propeller shaft coupling haif.

4) The shift lever detent ball and spring. An accumulation
of paint here will prevent praoper action of the detent,

5} The name plate should not be painted, otherwise the
serial and model numbers may be impossible to read and
this information should be available for ordering parts.



COOLERS -

.TRANSMISSION COOLING REQUIREMENTS
A N A oA ol AW ol A A
N WARNING: The transmission must never be operated
! without a cooler or by-pass tube connected into the
cooler circuit. ~
MN/I/’/’/MAW/”/”/’/’/’/’/’/ﬁ
The pressure regulator system depends upon cooler flow to
exhaust & certain amount of oil, otherwise line pressure will
become excessively high when a cooler is not connected in
the cooler circuit. The transmission may be operated with
a cooler bypass tube connected in the cooler circuit when
an emergency exists and the transmission must be operated

or when short tests are required; however, overheating is apt
10 ocour,

Better efficiency and extended gear life will result when the
transmission sump temperature is maintained between
140°F. and 180°F. or 60°C and 88°C. Transmission pressures
are dependent upon cooler flow. It is important to select a
cooler which has suitable flow characteristics as wel} as
proper cooling capacity. Cooler back pressure affects line
and cooter pressure. Low cooler pressure after an extended
period of hard running indicates the need fora coaler which
has more cooling capacity and possibly more back pressure:
High cooler pressure after an extended period of hard
running indicates the need for a cooler which has iess back
pressure. '

CCOLER LINES

Hydraulic hose with a minimum of 13/32 inch or 10.32mm
inside diameter, standard pipe or flare ﬁttings, should
be used. Fittings should be large enough to avoid restricting
the oil flow, Copper tubing should be avoided due to its
tendency to loosen fittings and fatique crack when sub-
jected to vibrations.

WARNER GEAR COOLERS

The coolers built and sold by Warner Gear have been dis-
continued. These cooclers were of the single pass type and
were approximately 2 inches (5.0B cm) in diameter. The
5, 89 & 12 in the chart refers to the iength in inches of the
main body of these coolers. This information should be
helpful in determining the size of cooler to select for use
with the Velvet Drive assemblies.

E
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COOLER SIZE

The cooler size must be matched to the cooler circuit and
the size snd type of engine and transmission. The amount of
cooling required depends upon the input power {which also
governs transmission size) and the reduction ratios.

RECOMMENDATIONS FOR SIZING COOLERS-

iiii:fﬂ S:iE ;gg’:i TRANSMISSION RATiO
5 327 708 DIRECT DRIVE
5 127 C DIRECT DRIVE
9 228.6 70C ALL HEDUCTION RATIOS.
g 228.6 71C ALL REDUCTION RATIOS
. (EXCEPT 2.1: 1)
g 228.6 72C GIRECT DRIVE
8 22B.6 10-04 | ALL V-DRIVE
12 304.8 71C 2.1:1 RATIO
12 304.8 72C ALL REDUCTION RATIOS
12 304.8 73C ALL RATIOS
- 12 304.8 10-65 ALL V-DRIVE . W e

The recommendations given above are based on typical
marine engine installations which have a maximum water
temperature at the cooler inlet of 110°F or 43°9C and a
minimum water flow of 10 U.S, galions per minute or
.63 liters/seconds. A larger sized cooler will be required
when water entering the cooler has a temperature in excess
of 110°F, or 430C,

Coolers are available from many sources. Each cooler
design has its own characteristics of cooling ability and oil
flow resistance. Since these characteristics affect trans-
mission performance, the cooling system should be
tested after installation to determine that temperature
and pressures fall within recommended limits.

WATER FLOW RATE

Water flow rates of from 10 to 20 U.S. G.P.M. or .63 1o
1.26 liter/seconds are suitable for cooling any Velvet Drive
transmission,

WATER TEMPERATURE TO COOLER

Raw water should be fed directly to cooler, otherwise the
T109F. {43°C) maximum water inlet temperature may be
exceeded, Water temperature above 1109F. {43°C) is per-
missible only if larger sized coolers are used to maintain
recommended transmission sump temperature,



CONNECTING COOLER TO TRANSMISSION

AR L T

WARNING: You must always determine the trans-
mission o cooler and cogler return location for
connecting lines to and from coolers for the particular

NOTE: .-Transmissions are currently being shipped
with plastic plugs instafled in the'to coolerand cooler
return openings to identify their location.

transmission which is being installed. Several differ-
ent circulation systems have been used. Failure o
make the proper connections is sure 10 cause early
transmission failure. Cooler return and to cooler
locations may be found on the various instaliation
drawings, which may be found in this manua), and
also in the various service manuals. Be aware for

MOUNENG PADS

REVERSE CLUTCH PRESSURE TAP BREATHER
) MAIN LINE PRESSURE TAP

OIL OUTLET TO COGLER

”/MMMMM’A&

N
|
N
|
\
\
|
\
N

future changes or differences which occur as new 6? OfL HLET FROM COOLER
products are introduced.
T T T T R R e A Y P e ]

COOLER RETURN ICURRENT SYSTEM) W.I” J

ALWAYS CONNECT TO THIS LOCATION IF

THERE IS A DRILLED AND TAPPED OPENING -y
AT THIS LOCATION INOTE: 2.10:4.00 REDUCTION |
UNITS ONLY, HAVE COOLER OIt. RETURNED 1O

THIS LOCATION.

OiL, FILEER CAP AND DIPSTICX ASSEMELY

DRAWING OF A CURRENT 2,10:1.00 REDUCTION UNIT
FiG. 11

COOLER RETURN {ORIGINAL SYSTEM}

ALWAYS CONNECT TO THIS LOCATION F
THERE 1S A DRILLED AND TAPPED HOLE
LOCATED AT THIS POINT. .

COOLER RETURN {SECOND & THIRD SYSTEMS)

CONNECT TO THIS LOCATION WHEN NEITHER
LOCATION 15 DRILLED AND TAPFPED IN THE
REDUCTION HOUSING.

70C, 71C, 72C, 10-17 & 10-18
IN-LINE REDUCTION TRANSMISSIONS

FiG. 9

REVERSE CLUTCH

RIGHT SIDE VIEW OF 73C REDUCTION TRANSMISSION
FiG, 12

LOCATION OF SEVERAL TRANSMISSION DETAILS ARS
SHOWN BELOW:

8. To cooler outlet . Breather
CODLER RETURN C. Cooler return autlet 4. Input shaft
D. Reverse ¢lutch pressure tap N. Adapter
' E. Mounting bolt hales O, Lube pressure tap
ALL CURRENT 70C, 71C AND 72C BEDUCTION UNITS F. Drain piug P. Line pressure tap

EXCEPT 2.10:1.00 RATIOS
FIG. 10
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COOLER OUT LOCATION
Cooler out is the oil leaving the transmission.

The cooler out location for all 70C, 71C and 72C series In-
Line transmissions is located just behind the selector valve
at the top rear of the forward and reverse transmission case,

The cooler out location for all 73C series transmissions is
directly over the selector valve.

The cooler out location on V-Drive units is located just
behind the selector valve at the top rear of the forward and
reverse transmission case.

The cooler out location on the Drop-Center units is located
just behind the selector vaive at the top rear of the forward
and reverse iransmission case.

COOLER RETURN LOCATION
Cooler return is the oil returning to the transmission.

The cooler return location for all direct drive units of the
70C, 71C, 72C, 10-17 and 10-18B series transmissions is
the drain plug opening in the transmission sump,

Early reduction units of the 70C, 71C, 72C, 10-17 and 10-
18 series transmissions have the cooler oil returned to the
iower side of the reduction housing, {figure 9). All units
having the reduction housing drilled and tapped at the
lower right side must have cooler oil returned to this
location.

Reduction units of the 70C, 71C, 72¢C, 1G-17 and 10-18
series, which do not have the reduction housing tapped in
any location, must have the cooler oil returned to the sump
fitting on the lower right side of the forward and reverse
transmission case.

he 2.10:1 reduction transmissions of the 70C, 71C, 72¢C,
10-17 and 10-18 In-Line series are currently being drilled
and tapped to return cooler oil to the top of the reduction
housing, {figure 8). Any 2.10:1 reduction housing which is
drilied and tapped for a 4-18 pipe fitting at this location
must have cooler oil returned to this point.

rrr——

All mode! 73C transmissions are currently manufactured to
have cooler oil returned to either one of the two locations
gt the right top front end of the forward and reverse trans-
mission case, {figure 12). The other cooler return opening
should be plugged.

V-Drive units have cooler oil returned to an opening which
is located at the lower rear of the V-Drive case.

Drop-Center reduction units have conler oil returned to the
sump fitting on the lower right side of the forward and
reverse transmission case.

Better cocling efficiency will be obtained when oil and
cooling water flow in opposite directions, A larger sized
caoler may be required where oil and water flow in the same
direction through the conler.

MOUNTING COOLER

Air can be trapped above the oil in a cooler unless the
cooler out fitting is located at the highest point on the
cooler. Trapped air reduces cooling capacity, causes foaming,
pummp cavitation, loss of oil through the breather, and
erratic oil level indication.

Horizontal mounting is preferred because it prevents oil
from draining from the cooler, Drain back from a cooler
which is mounted higher than the transmission sump will
give a misleading high reading of the sump oil level; there-
fore, it is best to mount the cooler at sump level, i.e. at or
below transmission centerline.

FiG. 13 COOLER MOUNTED HORIZONTALLY

OIL IN ——P\r:?r‘ f} FH—-»
waTeR \\LQL i WATER In

Oil coolers which are mounted ¢n an angle should have
cooler lines connected for oii to flow into the lower oil
fitting and out of the higher oil fitting.

FiG. 14 COOLER MOUNTED ON AN ANGLE

OiL IN

WATER
ouT




V'Verticail;_;_r“mounted oil coolers should have the oil injet
located nearest the bottom of the cooler and the il outlet
located ne_ar.est_the upper. end of the cooler,

FIG. 15 COOLER MOUNTED VERTICALLY

WATER
IN

% 0lL OUT

3—4—-01L IN

5
4

WATER
ouT

TESTING COOLER CIRCUIT

The cooler size affects the oil temperature and lubrication
dressures:_\}vithin the transmission; therefore, a test run should
be made to insure that the transmission sump oil temper-

- ature falls between 140°F (60c] and 190°F (88c). The
190°F maximum sump temperature should not be exceed-
ed when running at full throttle for an extended period of
time. Overheating can cause transmission failure.

An accurate thermometer may be used to check the oil
temperature by removing the dipstick and placing the
thermometer directly in the s'urnp oil. It is recommended
that the engine be shut off while checking the temperature
te prevent the possibility of catching the thermometer in

the rotating gears. Continuous monitoring of sump temper-

atures is possible when a thermocouple is installed in the
conler out circuit near the transmission. The thermocoupie
should always be placed in the oil circuit so the oil passes
over the sending unit.

Cooler pressures can be checked by connecting a pressure
gage in the cooler out circuit near the transmission. When
operating the engine at 2000 RPM, the normal cooler
pressure at operating temperature shouid be approximately
40 p.s.i. or 2.81 ka/Cm2.
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WATER DRAIN PLUG

Coolers are usually supplied with a drain plug which may be
used to drain the water to prevent damage, which would
oceur in freezing weather. The piug should be located so
that complete drainage of the cooler will ocour when the
drain plug is removed. Prior to ordering a cooler, consider
the oil inlet location and drain plug location so that an
assembly, which will satisfy all recommendations, may be
ordered. Consider hose size and the angle of the hose
connection so that the most direct cooler hook-up may be
made,

COOLING PROBLEMS

Water passages inside of the cooler will sometimes become
clogged, and this will reduce cooling capacity and cause
overpressuring. Back flushing of the cooler will sometimes
help to flush the foreign material from the cooler passages.
The cooler and hose shouid be thoroughly flushed or re-
piaced in the event a failure has occurred. Metallic part-
icles from the failure tend to coliect in the case of the
cooler and gradually flow back into the lube system. Failure
1o prevent this by flushing or replacement may contaminate
the oil and fead to transmission failure.

Water hoses may coliapse and reduce or completely shut off
ali flow to the cooler. Collapsed hoses are usually caused by
aging of the hoses or improper hose installation. Hose
installation shouid be made with no sharp bends. Hoses
should be routed so there is no possibility for engine shifting
to cause hoses to pull loose or become pinched. A visual
inspection of hoses while under way will sometimes allow
detection of faulty hoses.

Reduction or complete loss of water flow can be caused by a
faulty water pump. A rubber water pump impeller will some-
times fail and after such a failure the cooler passages may
be restricted by the particles of rubber from the failed
impeller, Water pump cavitation may be caused by improper
or faulty plumbing or an air ieak on the inlet side of the
pump. The water pump may not prime itself or may lose its
prime when inlet plumbing is not properly instatied,

Cooler problems may be the result of improperly connecting
the coaler to the transmission. Reports from the field indi-
cate that the proper transmission plumbing locations have
not always been used for conﬁecting the cooler to the
transmission. it is therefore suggested that 2 thorough study
be made of the various cooler iniet and outlet {ocations for
the various models as detailed at the introduction of this
section on page 17.



SELECT,

Each engine has its ow,
inertia. The application enginee,

damper most suitable for the particular ,
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DAMPER APPLICATION CHART
AND

DAMPER ASSEMBLIES WHICH ARE CURRENTLY AVAILABLE FROM WARNER GEAR

The following chart gives suggested maximum torques and engine displacements for
for which these dampers are designed. Due to wide variations between individual

torsional systems, all applications must be tested by the user to insure satisfactory
operation,

a3 MAXIMUM FOOT POUNDS ENGINE TORGUE
semigs| NommBLY | 8 GASOLINE DIESEL
§g‘ 8 CYL.|6 CYL.| 4 CYL. [1-3CYL] 8 CYL. |6 CYL. 1 4 CYL. 1 1.3 YL,
AS12-K1C (7) | 175 89 83 72 61 78 67 55 44
~ | AS1-KiC (7) 250 128 120 104 88 112 o6 80 64
-;‘ AS4-K1C {7} 330 248 232 202 170 217 186 155 124
| AS5-KIC{8) 370 348 325 283 239 304 261 217 174
AS7-K1C (8) 430 400 378 325 275 350 300.| 250 200
AS14-K1C (8) | 430 400 375 325 275 350 300 250 200
AS12-KZC{@3i7 | 175 89 83 72 61 78 67 55 44
AS1-K2C {317)| 250 128 120 104 88 112 1] 80 64
AS4-K2C {3){7})] 330 248 232 202 170 217 186 155 124
& | ASB-K2C (4}(7)| 330 248 232 202 170 217 186 155 124
o | Ass-K2c(3)8) | 370 348 325 283 239 304 261 217 174
Y AS7-K2C (3}(8} 430 400 375 325 275 350 300 250 200
AS10-K2C{E B 43D 400 375 325 275 350 300 250 200
AS3-K2C (6)(7)] 500 520 487 422 357 455 350 325 260
10-04-650-001 | 500 620 487 423 357 455 380 325 260
10-04-650-003 | 406 380 330 | 279 355 304 254 203
10-23-650-003(9) 148 138 121 102 130 111 a3 74
10-23-650-002(3) 148 139 121 102 130 m 93 74

{1} K1C series dampers are usually installed to the timing gear end of the engine.
{2} K2C series dampers are usually installed to the flywhee! end of the engine.

{3) Will fit most of the bolt circles for Borg & Beck and Long clutch cover plate
iocations.

{4} Will fit most of the bolt circles for Borg & Beck and Long clutch plate locations,
which are under 12.25 inch diameter, '

{5) Has a 10.825 inch bolt circle with six .31375 diameter bolt holes in a 11.36
inch diameter mounting piate.

{6} Fits some fiywheels for larger Rockford, Long and Borg & Beck clutches for
dormestic engines,

{7} These assemblies have full capcity in both directions.

{8} These assemblies are for L.H. engines; however, may be used for R.H, engines
when derated 30-40%.

{9) For use with series 1000 transmissions oniy.
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DAMPER INSTALLATION

INSTALLATION DRAWINGS

Damper installation drawings are available from Warner
Gear and may be referred to for hub spline data, mounting
bolt hole locations and other data which may be required
for making an instaliation. See form 1108.

SPLINE ENGAGEMENT

The engine builder must check the bell housing design and
damper design to be sure that the transmission in-puz shaft
splines have full engagement into the damper hub splines.
There should also be adequate clearance between the
damper and transmission case. {The pump boits have been
overlooked and have caused interference in a few installa-
tions,) Rotate the engine slowly by hand after completing
the installation to verify non-interference, The splines of
the input shaft should be lubricated and fit freely into
splines of damper hub.

DAMPER BOLTS

Body fit bolts must be used to attach the damper to the
engine adapter or flywheel. Torsional reversals tend to
“work" and lcosen common bolts,

DAMPER HUB

Damper drives for timing gear end installations reguire a
flanged hub to connect the crank shaft with the damper
assembly.

EARLY DAMPER SPLINES

The early Velvet Drive transmission input shaft has 10
splines instead of the 26 splines which are currently being
supplied. Early damper assemblies were supplied with ten
splines to mate with the early transmission input shaft
splines. These ten spline damper assemblies may still be
purchased for servicing early installations; however, these
assemblies may be discontinued as field requirements
diminish.

DAMPER PROBLEMS

An gnusually rough engine can cause the damper 1o rattle.

This noise usually will go away as the engine speed is in-
creased above 1000 to 1200 RPM. The , rattle.. is caused by
the springs in the damper bottoming out or going solid.

A damper which is not correct for the particuiar engine will
ratile even thoughthe engine runs properiy.

A noise will sometimes develop after a transmission over-
haul. This noise is usually caused by a distorted damper.
The damper may he distorted during transmission removal
or assembly when the transmission input shaft splines are
still engaged and the rear of the transmission is permitted to
drop down, thus placing a bending load on the damper hub.

Transmission gears will sometimes rattle when a damper
problem exists, Gear rattle is usually the result of an im-
proper ar a defective damper, and is not normally caused by
fauity transmission parts,
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A new neutral switch kit {part number 10-04-420-052)} is now available and will replace the earlier kit number 71-1A4A.

Kit 10-04-420-052 contains hte following parts:

1 16-04-538-001 Switch and body assembly
1 10-00-6840-004 Switch and 'O ring assembiy
1 10-00-140-007 Switch

1 10-00-141-046 “Q" Ring

1 10-16-035-001 Vaive cover

1 10-16-009-001 Switch cam

3 178795 1/4-20 Hex head bolt

3 103319 1/4 Lockwasher

1 71-14 Valve cover

1 71-14 Valve cover gasket

1 OF1340 Instruction sheet

The new switch and valve cover have a 9/16-18 UNF-2A thread. An "0 ring is used to seal between valve cover and
switch. This kit is supplied on all new Velvet Drive assembiies. The complete kit is required for servicing the earlier
Kit 71-1A4A,

TRANSM{SSION ALARM KIT A4867HN

This is the recommended method for monitoring transmission functions. The temnperature will rise to indicate low oil
level, low pressure or mechanical preblems quicker than a pressure gauge will indicate a drop in line pressure,

TRANSMISSION ALARM KIT A4867HS

This kit is used in conjunction with the A48687HN kit. This kit provides extra components for making a dual station
installation,
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ROUTINE CHECKS AND MAINTENANCE

ANNUAL CHECKS

1) PROPELLER AND OUTPUT SHAFT ALIGNMENT

This check should also be made anytime the propeller strikes
a heavy object and after any accident where the boat is
stopped suddenly. Shaft alignment should also be checked
after the boat has been lifted by a hoist or moved on a
trailer.

2} SHIFT LEVER POSITIONING

The selector controls must position the shift lever exactly
in F, N, and R selector positions with the ball poppet
centered in the shift lever hole for each position.

3) BOLT TORQUE
Check all bolts for tightness,

4} COOLER CONNECTICONS

Check water lines, oil lines and connections for leakage,
Make sure lines are securely fastened to prevent shifting.

5} CHANGING OtL

A seasonal oil change is recommended in pleasure boats.
Work boats require more freguent changes. Change oil any-
time the oil becomes contaminated, changes color, or
becomes ranced smelling.

6) TRANSMISSION FLUID

Type F, Dexron® and other hydraulic fluids which meet the
Detroit Diesel Allison Division of General Motors Corpora-
tion specifications for type C3 oils are recommended for
use in all Velvet Drive marine gears,

Lubricating oils which are recommended for use in diesel
engines and fall within Allison specifications for C3 oils
may be used in all Velvel Drive marine gears if the engine
RPM does not exceed 3000. SAE #30 is preferred. SAE
#40 is scceptzble if high operating temperatures are
anticipated. Muiti-visosity oils such as 10W-4D are not
scceptable. The first choice is SAE-API service ciass “CD”
vils. The second choice is SAE-AP! service ciass "CC” ails.

The eguivalent DOD mil specs are:
CD  MIL-L-2104B
CC  MIL-1-45199

Detroit Diese! Allison Division of General Motors developed
the C3 specifications for oils to be used in their hydraulic
automatic’and power shift transmissions used in neavy duty
or severe service conditions. The oils are very well suited
for use in all Velvetl Drive marine gears.

Each oil company will provide information and speci-
fications on their products which fali in the above
specifications.

Automatic transmission fivid and engine oil may be mixed
in an emergency, howeveritis not a good policy to mix the
different fluids for normal use.
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DAILY CHECKS
1} Check transmission oil level,

2) Check for any signs of oil ieakage in the beli housing,
at gasket sealing surfeces, or at the output shaft oil seal.

3} A quick visual check of the general condition of the
equipment may cause faulty equipment to be detected.

4) Listen for any unusual noises and investigate to deter-
mine the cause of any such noises.
WINTER STORAGE

1) Drain water from the transmission oil cooler. This will
prevent freezing in cooler climates, and prevent harmiul
deposits from collecting,

GENERAL CHECKS
1) Check coupling alignment each time & transmission is
replaced in the boat.

2) Check shift linkage adjustment 1o insure that the trans-
rnission shift lever is positioned so that the spring loaded
ball enters the chamfered hole in the side of the shift lever.

3) Connect an oil cooler into the cooler circuit before crank-
ing or starting the engine. Various cooler circuits have been
used and the correct cooler connections should be found
from service literature prior to making the cooler installation.

4} Use a cooler of sufficient size to_insure proper cooling.

5} Check engine rotation and transmission pump setting and
the propeller rotation prior to assembling the transmission
1o engine.

6) Check oil pressure and temperature when transmission
function indicates that a problem exists.

7) Use the recommended fluid for filling the transmission.
B) Fili the transmission prior to starting the engine.

8) Check oil level immediately after the engine has been
shut off.

10} Use a clean container for handling transmission fiuid.

11} Replace cooler line after a transmission failure, prior
1o installing @ new or rebuilt transmission,

12} Check fluid level st operating temperature,



SUBJECT: MATCHING ENGINE, TRANSMISSION AND PROPELLER ROTATION

ENGINE ROTATION DESCRIBED

Modern marine engines are available with left-hand {L.H,) or
right-hand (R.H.) turning crankshafts. An engine which
rotates clockwise when viewed from the front or timing end
would be described as having counter clockwise rotation
when viewed from the rear or flywheel end of the engine. It
is therefore important that a position be selected from which
rotation is described so that confusion will not exist. A
transmission may be mounted to either the flywheel or
timing gear end of the engine, see figures 16 & 17. It is
therefore necessary to describe engine rotation with
respect to the transmission when selecting an engine and
transmission combination.

Transmission selection will be simplified when the follow-
ing method is used to describe engine rotation. This method
may not agree with the methed used by the engine manu-
facturer.

Face the end of the engine on which the transmission is
mounted and describe rotation as right-hand if the engine
rotates clockwise. Describe engine rotation as left-hand if
the engine rotates counter clockwise,

TRANSMISSION SHAFT ROTATION DESCRIBED

Describe transmission shaft rotation when standing behind
the transmission facing the engine on which the transmission
is mounted. The cutput shaft may rotate in the same
direction as the input shaft or in the direction opposite to
input shaft, depending upon the model. Transmission input
shaft rotation must always agree with engine rotation.
Charts in the Velvet Drive installation manual should be
used to help in selecting a suitable Velvet Drive, engine, and
propeller combination.

PROPELLER ROTATION

A right-hand propeller will move the boat forward when
turned clockwise as viewed from behind the boat, see
figures 18 & 19,

A left-hand propelier will move the boat forward when turned
counter clockwise as viewed from behind the boat.

Propelier hand of rotation must be the same as the trans-
mission output shaft when operating in forward. It should be
realized that when a V-Drive unit is used and shaft rotation
is viewed from behind the V-Brive you would be facing to
the rear of the boat. For this reason the charts showing
V-Drive shaft and propeller rotation seem 1o disagree, how-
ever when both are described when standing behind the beat,
the rotation does agres.

Propeller selection is very important since the transmission
" should only be operated in forward selector position to
drive the boat forward. When the wrong hand propeller is
selected, the transmission must be operated in reverse to
drive the boat forward and early transmission failure should
be expected.
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HYDRAULIC PUMP INDEXING

The transmission front adapter and pump housing are de-
signed to permit the pump to be mounted in either of two
positions. Each position permits oil to be pumped when
pump gears are rotated in one direction only. The pump can
only pump oil when any point on the gears is rotated past
the inlet first, then past the crescent shaped portion of the
pump housing which separates the inlet from the outlet

and then past the pump outlet.

The pump must be correctly indexed for each direction of
rotation. An arrow with TOP L.H. and a second arrow with
TOP R.H. can be found on early pump housings. The arrow
which is located nearer the top of pump housing points in
the direction the pump must rotate to pump oil. The letters
L.H. and R.H. describe the required pump rotation when
facing the pump and tells the same thing as the arrow
points out. The letters L.H. and R.H. have been removed
from current pump assemblies, {Fig. 20).

The wise mechanic will always check the pump setting prior
1o transmission instaliation to be sure that the arrow agrees
with engine rotation.

Pump rotation is viewed from the opposite end of the trans-
mission from which shaft and engine rotation is described.
The arrow showing left hand rotation shouid be rearer the
top of the units behind clockwise rotating engines. The
arrow showing right hand rotation should be nearer the top
on units behind counterclockwise rotating engines.

" TO INDEX PUMP FOR OPPOSITE HAND ROTATION

CAUTION: This procedure is not applicable to CR2
units, or the AS3, AS13, 10-17 and 10-18 models
which have 2.10:1 In-Line reduction ratios because
special planetary gear mountings are used which are
different for each rotation. These models must not be
reindexed from the original factory settings.

1} Remove the four bolts which hold the pump to the
transmission, (Fig. 16).

2) Loosen the pump housing. A rubber or plastic hammer
may be used to tap the oil boss, but do not strike the

.-bolt bosses,

3) Do not remove the pump from the shaft unless a seal
protector is used to prevent the shaft splines from cutting
the pump seal.

4) Care should be taken to see that the pump gasket does

not stick to the pump housing during rotation, causing
the gasket 1o be foided or torn,

B} Locate pump with the arrow indicating the proper
direction of input shaft rotation nearer top of transmission.

8) Care must be taken to see that the gasket, seal and bolt
bosses are kept in good condition to prevent leaks in these
critical areas.

7) Torque the four bolts to 17-22 f1. Ibs. (25,3-32.7 kg/m.}.
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FIGURE 18 SINGLE PROP INSTALLATION — Showing right
and left hand prop rotation. Right hand propellers are used
more oiten than left hand propeliers.

FIGURE 20 For a given direction of input shaft rotation,
assemble oil pump with arrow at top pointing in the same
direction. Looking into pump the arrow points to your left
oh above unit, however this unit would be described as
having clockwise rotation when standing behind unit when
describing shaft rotation.
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This manual reflects the transmission models as of April 1986. Later models may have differences. The
following direct-drive and reduction models are covered in this manual:

Transmission

Previous Trans.

Transmission Ratio

Assembly Number Assembly Number Forward Reverse
10-17-000-001 AS1-71C 1:1 1:1
10-17-000-002 AS1-71CR 11 1:1
10-17-000-003 AS1-71CB 1:1 1:1
10-17-000-004 AS1-71CBR 1:1 11
10-17-000-005 AS2-71C 1.52:1 1.52:1
10-17-000-006 AS2-71CR 1.52:1 1.52:1
10-17-000-007 AS7-71C 1.91:1 1.91:1
10-17-000-008 AS7-71CR 1.91:1 1.91:1
10-17-000-008 AS3-71C 2.10:1 2.10:1
10-17-000-010 AS3-71CR 2.10:1 2.10:1
10-17-000-011 AS14-71C 2.57:1 2.57:1
10-17-000-012 AS514-7iCR 2.57:1 2.57:1
10-17-000-013 AS15-71C 2.91:1 2.81:1
10-17-000-014 AS15-71CR 2.91:1 2.91:1
10-17-000-015 AS20-71C 1:1 1:1
10-17-000-016 AS20-71CR 1:1 1:1
10-17-000-108 None 1.88:1 1.88:1
10-18-000-001 AS11-72C 1:1 1.10:1
10-18-000-002 AS11-72CR 1:1 1.10:1
10-18-000-003 AS12-72C 1.52:1 1.68:1
10-18B-000-004 AS12-72CR 1.52:1 1.68:1
10-18-000-106 None 1.88:1 2.07:1
10-18-000-005 AS17-72C 1.91:1 2.10:1
10-18-000-006 AB17-72CR 1.91:1 2.101
10-18-000-007 AS13-72C 2.10:1 2.31:1
10-18-000-008 AS13-72CRH 2.10:1 2.31:1
10-18-000-009 AS14-72C 2.57:1 2.83:1
10-18-000-010 AS14-72CR 2.57:1 2.83:1
10-18-000-011 AS15-72C 2.81:1 3.201
10-18-000-012 AS15-72CR 2.91:1 3.20:1
10-18-000-013 A820-72C 11 1.10:1
10-18-000-014 AS20-72CH 1:1 1.10:1
10-18-000-015 None 1:1 1.10:1
10-18-000-108 None 11 1.10:1
10-18-000-017 None 1:1 1.10:1
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The following international symbols are used in this service manual.

WARNING: THIS SYMBOL WARNS OF POSSIBLE PERSONAL INJURY.

CAUTION: This symbol warns of possibie damage to transmission.

OEM: Original Equipment Manufacturer (Boat/Engine Manufacturer).
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DESCRIPTION

SHIFT LEVER (SEE FIG. 7B, PAGE 28)
BREATHER
N ——— DIPSTICK
e

D[ NS
P
{—" ‘
NEUTRAL
SWITCH
E ID TAG
MODEL NO.
SERIAL NO.
COOLER RETURN

NOTE: SHOWN WITHOUT REDUCTION UNIT

COOQOLER OUTLET

12646A

Figure 1. 71C and 72C Transmission Assembly

A. INTRODUCTION (See Figure 1).

The 71C and 72C transmissions consist of a
planetary gear set and multiple disc clutches.
The input and output shafts are in line.

Hydraulic Pressure is provided by a crescent
type pump. The pump is driven at engine speed
by the input shaft. Oil from the pump is sent to
the conirol valve. The positions on the control

valve are forward-neutral-reverse. An internal
regulator valve controls system pressure. Oil dis-
charged by the regulator valve is sent to the il
cooler.

B. THEORY OF OPERATION.
General. Forward is direct drive. A planetary

gear set (1.1 to 1.0 ratio for 72C, and 1.0 to 1.0
ratio for 71C) is used to obtain reverse.

Table 1. Technical Specifications

MODEL 71C

DESCRIPTION MODEL 72C
Speeds One Forward One Forward
One Reverse One Reverse
Horsepower

Gasoline (maximurm)
Diesel {maximumy)
Torgue and Input Speed

Approximate Dry Weight
Direct Drive
Reduction

310 HP @ 4200 RPM
182 HP @ 3200 RPM
See Ratings Charts
{Form No. 1237)

95 Ib.
145 ib.

475 HP @ 4200 RPM
274 HP @ 3200 RPM
See Ratings Chartis
{Form No. 1237)

109 1b.
153 Ib.
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The transmission oil pump is driven by the input
shaft. it supplies oil pressure to operate the
clutch packs, lubricate parts, and provide cool-

ing.

A damper plate is bolted to the engine flywheel.
The damper plate is splined te connect to the in-
put shaft. The damper plate reduces torsional vi-
brations to the transmission from the engine.
{See Figure 2).

ENGINE
FLYWHEEL

DAMPER
ASSEMBLY

FLYWHEEL
HOUSING

12717a

Figure 2. Typical Instaliation

Forward. The forward clutch is applied hydrauli-
cally when the shift lever is placed in the forward
position. This connects the input shaft to the out-
put shaft. The unit then transmits powerata 1 to
1 speed ratio in the same direction of rotation as
the engine (See Figure 3).

259

FORWARD CLUTCH
-

12668A

Figure 3. Forward Power Flow

Reverse. The reverse clutch is applied hydrauli-
cally when the shift lever is placed in the reverse
position (See Figure 4). The applied clutch holds
the ring gear. The input shaft and sun gear,
driven by the engine, drive pinions, which drive
the carrier output shaft. The output shaft turns
opposite to engine rotation ata 1.1 to 1 speed re-
duction ratio for model 72C, and 1 to 1 speed ra-
tio for model 71C.

REVERSE
CLUTCH

12647A

Figure 4. Reverse Power Flow



Hydraulic Circuit. Oil from the sump enters the
pump suction passage and is directed to the
pump (See Figure 5). The pump supplies oil un-
der pressure through passages to the control and
regulator valves.

Oil pressure on the end of the regulator valve
moves the valve, compressing the spring. This
movement allows oil to flow to the cooler.

Selector Valve. The selector valve shifts the
transmission from neutral to forward or reverse,
When selector valve is placed in the forward po-
sition, oil is directed to the forward clutch. When
the selector valve is placed in reverse position,
oil is fed to the reverse clutch. When one clutch is
engaged the other is exhausted by a slot in the
selector valve.

([PUWF FRESSURE 70 N
SELECTOR VALVE

SELECTOR VALVE
FORWARD, NEUTRAL,

=

¢
td

REGULATOR VALVE -
EXHAUSTS TO SUMP WHEN
PUMP PRESSURE EXCEEDS
APPROXIMATELY 200 P.S.1.

SUMP ”:
OR REVERSE

LS_UMP LUBE ¥EED TO Cll. COLLECTOR AING

“} T M. AND R. ONLY

REVERSE CLUTCH PRESSURE
TAR A 178" PIPE PLUG LO-
CATED IN ADAPTER AT TOP
CENTER OR 1/8” PIPE PLUG
CENTERED AT REAR OVER
VALVE,

IMPGRTANT - ALL EXTERNAL OIL LINES AND

LUBE TO BUSHINGS _}

FOHWARD CLUTCH FEED DOES NOT HAVE AN
EXTERNAL TAP FOR CHECKING PRESSURE.
WHEN SELECTOR IS IN "F" POSITION, LINE
PRESSUAE INDICATES CLUTCH PRESSURE.
PRESSURE GROP FROM “N™ TO “F" INDICATES
LEAKAGE IN FORWARD CLUTCH CIRCLST.

INSTALL COOLER IN A POSITION
WHICH Wil INSWRE 17 I5 FILLED

FITTINGS SHOULE HAVE MiNIMUM INSIDE Sump WITH OIL AT ALL TIMES, AND
DIAMETER OF 13/32 INCH, COOLER MUST ‘| WILL NOT DRAIN BACK TO SUMP.
PERMIT FREE ELOW OF FLUID FROM {
REGULATORA VALVE. i PR .W I

CODLER AETURN |

TO SUMP

COOLER
SCAEEN

Figure 5. Hydraulic Circuit Schematic
(Model 72C Direct-Drive Shown)
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INSPECTION

A. GENERAL.

The transmission, cooier, cooler lines, and con-
trol linkage should be inspected at regular inter-
vals. Regular inspections will ensure proper
operation and help detect minor probiems that

B. SCHEDULED INSPECTIONS (See Table 2).

can be corrected before they cause a transmis-

sion failure.

Table 2. Scheduled inspections

The following recommended inspection intervals
are based on normal operating conditions. Inter-
vals should be adjusted for extremes of tempera-
ture or other adverse operating conditions.

INSPECTION INTERVAL

INSPECTION TASK

WEEKLY

PERIODIC
1 month or 100
hours, whichever

SAFETY
Annual or 1000
hours, whichever
comes first

GENERAL

7!

Inspect control linkage and shift lever for oper-
ation. There should be no 'sticking, binding, or
looseness.

WARNING: FAILURE TO PER-
FORM THESE INSPECTIONS AT
REQUIRED INTERVALS CAN RE-
SULT IN INJURY TO PERSONNEL.

GIL COOLER AND LINES

JAN

Inspect cooler for signs of leakage, damage, or
foose mounting bolts.

CAUTION: Failure to perform
these inspections at required in-
tervals can result in transmission
taiture, ’

Inspect all connection points for signs of leak-
age. '

comes first
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Table 2. Scheduled Inspections (Continued)

INSPECTION INTERVAL

INSPECTION TASK WEEKLY PERIODIC SAFETY
1 month or 100 Annual or 1000
hours, whichever hours, whichever
comes first comes first

TRANSMISSION
Inspect for damage or signs of leakage around X |
housing and/or bolts.

CAUTION: If oil is discolored or

A has been overheated (above

190°F) it must be replaced.
Remove dipstick. Check oil for signs of water or X
other contaminants. Check (smell) oil for signs
of burnt oil (overheating). If found, replace fluid.
See Maintenance.
Inspect breather. Check for movement of cap. If X

no movement replace breather.

Check mounting bolts for tightness. If loose,
tighten to torque specified in OEM manual.
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MAINTENANCE

A. GENERAL.

Maintenance to the transmission will normally
consist of the following items.

» Checking oil level or changing oil. Regular
scheduled oil changes are an important part of
transmission maintenance.

A

NOTE: For details on each of these adjustments
refer to the OEM manual.

WARNING: SHIFT LINKAGE MUST
BE ADJUSTED FOR PROPER OPER-
ATION OF TRANSMISSION,

* Checking pressure in each circuit (if a problem
is detected).

JAN

CAUTION: Transmission mounting
bolts should be checked and tight-
ened to torque specified in QEM
manual. Do not overtighten! Damage
to the transmission can result,

B. LUBRICATION.

Due to the various installation angles and oil
cooler set-ups, it may be necessary to adjust
your oil level.

A
AN

WARNING: DO NOT REMOVE DIP-
STICK WITH ENGINE RUNNING. HOT
OIL CAN CAUSE BURNS.

CAUTION: Clean around the area of
the dipstick, before removing. Smail
particles of dirt can cause damage to
internal components and cause
valves to stick.
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Check Qil Level.

The transmission should be at operating temper-
ture {190° max.} 10 get an accurate oil levei read-
ing. Oil will expand when it is heated. Oil will
drain back from the cooler. Expansion and drain-
back can significantly affect oil level.

Warm QGil Levei Check.

When the transmission is at operating tempera-
ture, place selector lever in neutral. Shut off en-
gine. Carefully remove transmission dipstick.
Immediately insert clean dipstick and read oil
fevel.

NOTE: Oil level must be checked immediately af-
ter engine shut-down to prevent an incorrect
reading. Oil drains back into transmission from
the cooler and cooler lines.

Add or remove oil if necessary. Repeat the above
checking procedure as required until oil is at the
dipstick mark.

Coid Oil Level Check.

For ease of checking the oil prior to engine start-
up, a cold oil level mark can be made. To find the
cold oil level mark, the oil level must first be set
according to the warm ocil level checking proce-
dure. Then, let the boat sit overnight. Insert clean
dipstick and read oil level.

Put a mark on the dipstick at the cold oil level
reading.

You can use the new mark to check the oil level
when cold. if oil level adjustment is needed, add
oil to the new mark.



Type of Qil.

Dexron, Type F, or any hydraulic fluid which
meets the C-3 oil specification is acceptable. Do
not mix different brands. If engine doesn't ex-
ceed 3,000 R.PM., a premium grade 30 weight
engine oil is acceptable. SAE #40 and multi-
viscosity oils are not recommended.

If the transmission oil temperature has exceeded
180° F or the alarm sounds, the oil must be
changed in the transmission and cooler system.

Changing Oil.

Oil in transmission, cooler, and cooler lines
should be changed after every 1,000 hours of op-
eration or annually. Severe service conditions or
high operating temperatures may require more
frequent changes.

* Place selector lever in neutral. Run engine for
five minutes at 1500 RPM. Shut down engine.

i CAUTION: Clean around the area of

drain plug, before removing. Smail

particles of dirt can cause damage to
e Drain oil from transmission, cooler, and cooler
fines into a suitable container,

internal components and cause
valves to stick.
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* Check oil for signs of metal or rubber particles.

JAN

CAUTION: A few small metal parti-
cles are normal. However, if large
metal chips or a large number of par-
ticles are found, this could be an
early sign of transmission failure,
The transmission should be disas-
sembled and inspected for internal
damage.

NOTE: Particles of rubber can indicate cooler
line wear. Each line should be inspected for
cracks or fraying and should be replaced if dam-
aged. : '

* Fill transmission with new oil.

NOTE: The amount of oil required will vary based
on iength of cooler lines. Use an amount equal to
about three-fourths the quantity removed.

* Install dipstick. Run engine for two minutes to
fill cooler and cooler lines with oil. Set oii level ac-
cording to procedure at start of section B. Lubri-
cation.



TROUBLESHOOTING

A. GENERAL.

Before troubieshooting the transmission, do the
following.

» (Check oil level and condition of oil. See Main-
tenance section for detalls,

* Check transmission, oil cooler and oil cooler
lines for physical damage or leakage. Correct
any probiem.

* Check that engine, damper plate, or drive train
alignment are not causing the problem.

Refer to OEM manual or Velvet-Drive instailation
Manual (Form No. 1131) for drive train alignment
requirements.

Perform all pressure checks at normal operating
temperature. Refer to Specification section for
details. Pressure gauges used should have a
range of 0-200 or 0-300 psi. They must be accu-
rate.

B. GUIDELINES.

When troubleshooting, shift into each selector
position to determine when noise or problem oc-
curs. Determine which parts are moving. This will
help pinpoint the cause. Use the foliowing infor-
mation as a guide to common problems.
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Damper Plate. Some transmission problems are
damper plate related. Check and/or replace
damper piate when the following problem occurs.

* Transmission “knocks” at idle or iow RPM,
then stops at 1,000 RPM or higher.

If the damper plate springs are too soft the sides
of the windows will wear. If the springs are too
hard the splines will wear. Consult engine OEM
for correct damper plate recommended.

Clutches. Check and/or replace clutches if the
following problem occurs.

* Ekxcessive engine RPM (over the rated RPM).
This can indicate a slipping clutch. The slipping
clutch will usually squeal.

WARNING: DO NCT OPERATE
TRANSMISSION IF THE FOLLOWING

A

CONDITION IS SUSPECTED. FAIL-

URE TO COMPLY CAN RESULT IN
PERSONAL INJURY BECAUSE
TRANSMISSION CAN NOT BE DIS-
ENGAGED.

The slipping ciutch will normally overheat. This
can result in warped plates. In severe overheat-
ing piates can weld together. This will cause a tie
up condition in transmission when the other
cluich is applied.



Table 3. Troubleshooting

PROBLEM CAUSE CORRECTION

LEAKS:

1. At pump or outpui shaft seal. Faulty seal. Replace. -
Misalignment. Correct.
Rough shatt. Replace.

2. Between seal and bore. Rough housing bore. Replace seal.

3. At gasket(s).

4, Loss of oil with no trace of
missing ocil.

5. Qil out of breather.

Loose bolts.
Defective gaskets.
Face(s) not flat.

Oil leaking from cooler or cooler
lines.

Qil has been overheated.

‘({Lost anti-foam additive)

High or low oil level.

Water in oil.

Torque bolts properly.
Replace gaskets.
Replace defective parts.

Replace cooler, or cooler lines
that are defective.

Replace oil.
Correct oil level.

Change oil.

MALFUNCTION IN BOTH
FORWARD AND REVERSE:

1. Low oil pressure.

2. No ol pressure.

3. High oil iemperature.

Regulator valve jammed.
internai leakage.

Low oil level.

Pump defective.
Regulator valve jammed. |
Internal leakage.

Pump defective.

No oil.

Pump incorrectly indexed.
Regulator valve jammed.
Caaier line defective.

Qil cooler too smail.

Restrictions in cooler lines or
cooler.

Clean and polish.

Replace defective sealing rings.
Add oil.

Replace pump.

Clean and polish.

Replace defective parts,
Replace pump.

Add oil.

Rotate pump 1o correct position.
Clean and polish.

Replace cooler line.

| Install larger cooler.

Back flush to remove restrictions.
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Table 3. Troubleshooting {Continued)

PROBLEM

CAUSE

CORRECTION

MALFUNCTION IN BOTH
FORWARD AND REVERSE:
{Cont.)

3. High oil temperature,

4. No power, noise.

5. No line pressure.

6. Noisy in Forward and Reverse.

Defective coaler.
Defective temperature sensor.

Broken gear teeth — gears not
meshed.

Heavy weight oil (30 weight).

Pump Incorrectly indexed.

Qil inlet shield or screen blocked.

Misalignment of damper plate with
engine, or misalignment of ocutput
shaft components.

Damaged gears.

Aeplace cooler.

Repiace sensor.

Replace defective parts.
Remove and use proper weight
oil.

Rotate pump to correct position.
Inspect and clean,

Align drive train components.

Replace damaged gears.

MALFUNCTION IN FORWARD
OR REVERSE:

1. Clutch drags or does not
release.

2. Clutch does not apply.

3. Harsh engagement.

4. Soft engagement.

5. Won't move or sluggish.

Warped clutch plate.
Mechanical failure.

Tight pack clearance.

Low pressure,

Defective parts.

High pressure - valve sticking.
Engine idie too fast.

Linkage binding or misadjusted.

Low pressure,

Forward clutch seized.

Replace defective parts.
Replace defective parts.

Increase clearance to
specification.

See low ol pressure,

Replace defective parts.

Clean and polish regulator vaive.
Adjust engine idie.

Repair as required and adjust to
OEM spec.

See low oil pressure.
Replace defective parts.

Réptace defective parts.

Worn or broken sealing rings.
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Table 3. Troubleshooting (Continued)

PROBLEM

CAUSE

CORRECTION

MISCELLANEOQUS PROBLEMS:

1. Mydraulic noise or buzz.

2. Gear noise in forward.

3. Gear noise in reverse.

Low oil level, or air in hydraulic
circuit.
Regulator valve sticking.

Broken, pitted, or cracked gear
teeth. ‘

Broken, pitted, or cracked gear
teeth.

Check oil level and fill if low.
Operate engine in neutral at 1200
RPM to remove air.

Clean and polish.

Replace defective parts.

Replace defective parts.

MALFUNCTION IN NEUTRAL.:

1. Drives in forward direction.

2. Drives in reverse direction.

3. Noisy in neutral only.

4. Transmission overheating.

8roken sealing rings or bushings.

Warped forward clutch plates or
mechanical failure of clutch.

Exhaust blocked in control valve.

Warped reverse cluich plates or
mechanical failure of clutch.

Exhaust blocked in control valve.

Low ofl pressure. Pump gears
worn.

Oil level low.

Qil ievel low. Cooler too small or
restricted lines,

Pump pressure low - worn or
damaged pump.

Clutches slipping.

internal leakage bypassing cooler.
Temperature sensor defective.

Incorrect type of oil.

Regulator valve sticking.

Replace defective parts.

Replace defective paris.

Clean control vaive.

Replace defective parts.

Ciean control valve,

Replace pump assembly.

Add oil,

Add oil. All external oil lines
should have minimum inside
diameter of 13/32”, Cooler must
permit free flow of oil.

Check pressures. If jow, inspact
pump. if worn or damaged,
repiace.

Check sealing rings. Replace if
damaged.

Locate and fix leak.
Repiace sensor.

Drain, flush and replace with
correct type of oil.

Clean and poiish.
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OVERHAUL

A. GENERAL.
Before removal and disassembly, review the fol-

lowing procedures.. Use the proper hand tools,
slings, or hoists for the job.

A

WARNING: KEEP WORK AREA,
TOOLS, AND TRANSMISSION
CLEAN. WIPE UP ANY SPILLED
TRANSMISSION FLUID TO PREVENT
ACCIDENTS. AS REQUIRED, WEAR
SAFETY GLASSES, SAFETY SHOES
AND A HARD HAT TO PREVENT PER-
SONAL INJURY.

B. DISASSEMBLY.

NOTE: Read OEM Vehicle manual for'speciﬁc re-
.moval instructions.

Before starting disassembly, review the
exploded-view shown in Figure 8. The transmis-
sion can be disassembled following the index
numbers shown in Figure 8.

Seals. Bemove O-rings, sealing rings, and oil
seals carefully to prevent damage if they must be
reused. It is best to replace these items.
Bearings. Do not remove bearings unless re-
placement is required, or cleaning can not be
done properly.

» Keep matched parts or sets together, Do not
reverse or mix them.

C. CLEANING.

A

WARNING: CLEANING SOLVENTS
CAN BE TOXIC, FLAMMABLE, AN {R-
RITANT TO THE SKIN, OR GIVE OFF
HARMFUL FUMES. AVOID PRO-
LONGED CONTACT, INHALATION OF
VAPORS, OR SMOKING. FAILURE TO
COMPLY CAN RESULT IN INJURY OR
DEATH TO PERSONS.

* Rinse all metal parts in solvent to remove dirt,
grease, and transmission fluid.

s Take specnal care to remove. so!vent from aEI “
parts.

o Air dryclufch piates.
+ |f O-rings are to be reused, air dry them.

D. INSPECTION.

Case. Inspect for cracks. Check sealing surfaces
for nicks, scratches, or burrs that can cause
leaks. Inspect output shaft bore for signs of wear
on one side. This can indicate mzsal;gnment of
prop shaft.

Gears. Inspect for unusual wear patterns,
chipped, cracked, or broken teeth.

Bearings. Inspect for chips, cracks, galling, or
missing bearings. Check for signs of overheat-

ing.
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Threaded Parts. inspect for stnpped damaged
threads, or burrs.

Springs. Inspect for distortion, cracks, or other
damage. Check springs against dsmensmns in
Spemhcation section. .

E. REPAIR.

. Rempve scratches, burrs, or minor surface de-
fects with very fine emery cloth.

* Threaded holes can be retapped using the
same size tap. Do not make the hole oversize.

* Repair or replace all damaged parts.



F. ASSEMBLY.

A

CAUTION: Threaded plugs, screws,
bolts, and coupling nuts must be
_tigtened to the torques shown in Ta-
ble 4 to prevent premature failure of
transmission.

e A néw'coubfing nut must be used at assembly.

e Prior to assembly, dip or coat internal parts
with transmission fluid. Let excess fluid drain off.

» Use a light coat of vasoline to position or hold a
gasket, O-ring, or small part for assembly. Apply
to sealing rings before assembily.

* Inspect assemblies pressed together for
proper fit and position.

* Check that each snap ring is fully engaged in
groove.

¢ - Threaded plugs, screws, and bolts should be
tightened to the torques shown in Table 4.

NOTE: The following procedures are correct for
most transmissions. Minor differences may be
found on some models.

* Assemble the transmission using the following
procedures. If a reduction unit is mounted to the
transmission, refer to the correct section at the
back of this manual for assembly procedures.

CAUTION: Transmissions manufac-
tured prior to September 1978 used
bushings instead of sealing rings. If
bushings were in case they must be
installed before assembly of trans-
mission. See Figure 6 for details.

— HOLES IN BUSHING MUST
REGISTER WITH HOLES IN
CASE AS SHOWN. — EACH
BUSHING TO BE ASSEMBLED
IN CASE BORE TO DIMENSIONS

SHOWN.

1-3/32"

TS 71-28C-KIT #A4867VV

NOTE: THE 71-2BC BUSHING 1S THE PRE-SIZED BUSHING FOR FIELD SERVICE
OF THE ORIGINAL 71-288 BUSHING INSTALLED AT FACTORY.

Figure 6. Bushing installation
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STEP 1. If removed, install the following parts in
case (98). Tighten threaded parts to torque
shown in Table 4.

Press bearing (7) into back of case (98).

Apply loctite #92, or equivalent, to threads of
pipe plugs (96 and 97) and thread into top of case
(98).

Apply loctite #5982, or equivalent, to threads of
dipstick tube (18) and thread into side of case
(98).

NOTE: Plug (88) is a plastic shipping plug and
should be installed hand-tight.

STEP 2. Install shield (92) in case (98) with slot
facing bottom of case (98). install washer (91)
and spring (90} inside shield (92).

Apply loctite #92, or equivalent, to threads of
bushing (89). Thread bushing (89) into side of
case (98) and tighten to torque shown in Table 4.

NOTE: Plug (88) is a plastic shipping plug and
should be installed hand-tight.

STEP 3. Install baffle (87) in case (98). Place
thrustwasher (86) on face of bearing bore. Notch

in thrustwasher (86) must align with notch in case

(98).

CAUTION: Thrustwasher is used
only on some models. (See Mode!
Chart 71C and 72C Transmissions.)
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SNAP RING
GROOVE iN
BEARING MUST
FACE AwaY
FROM CASE

12648A

DIPSTICK
TUBE

Case Assembly

WASHER
CASE
OIL INLET

DRYSEAL
SHIELD

BUSHING \59 @\
PLUG P SPRING

126484

Qil Shield Assembly

BAFFLE

126504

Thrustwasher and Baffle Installation




STEP 4. Lubricate sealing rings (83) and bush-
ings (84) with vasoline.

If removed, press bushings (84) into pinion car-
rier (85).

JAN

Install sealing rings (83) in grooves of pinion car-
rier (85). Compress each sealmg ring (83) until it
locks in place. ;

CAUTION: Do not block pressure
holes in pinion carrier (85) with
bushings (84).

Install pinion carrier (85) in case (98).

]

STEP 5.

Install pressure plate (74} in ring gear
(76). o -

STEP 6. Starting with a friction clutch plate (73),
alternately stack friction clutch plates (73) and
steei clutch plates (72).

Place pressure plate (71) on top of clutch plates
(72 and 73).
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SEALING

BUSHING RINGS

PRESSURE
HOLES

12666A

Pinion Carrier Assembly

PRESSURE
PLATE

EXTERNAL
SPLINES

11828A

Pressure Plate Assembly

v

FRICTION
CLUTCH PLATE

STEEL
CLUTCH PLATE

PRESSURE
PLATE

T1B30A

Forward Clutch Pack Arrangement




STEP 7.

Install clutch plates (72 and 73) and

pressure plate (71) in ring gear (76).

STEP 8.

STEP 9.

tnstail snap ring (70) in ring gear (76},

CAUTIOQN: Several different snap
rings are used to assemble the

ciutch group. They have different:

thicknesses. Be sure the correct
snap ring is used.

Lubricate O-ring (686) lightly with vaso-

line and install in groove of forward clutch cylin-

der (64).
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“  PRESSURE -

CLUTCH PLATE -

118314

Forward Clutch Pack Assembly

PRESSURE
PLATE

At

£ t .gi AR
£l e
‘>‘;\\ \\\\\\\\h\\\\\\“\\i‘i‘%

$1832A

Snap Ring Installation

FORWARD
CLUTCH

/ CYLINDER
R

13B33A

O-Ring Installation




STEP 10. Lubricate clutch spring bearing ring
(68) and piston sealing ring {67) with vasoline.

install clutch spring bearing ring (68) in groove on
piston (65) face.

install piston sealing ring (67) in outer groove of
piston (65).

NOTE: Check that piston sealing ring (67) is not
twisted, cut, or deformed. Replace if damaged.

STEP 11. install piston (65) in forward clutch cyl-
inder (64).

STEP 12. Place cluich belleville (dish} spring
(69) inside rim of forward clutch cylinder (64).
Spring is dished. The inside of the spring should
be lower than the ouiside.
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CLUTCH SPRING
BEARING RING PISTON

PISTON
SEALING RING
12651A

Clutch Rings Instaliation

FORWARD
CLUTCH
CYLINDER

PISTON

118354

Piston Installation

CLUTCH BELLEVH.LE
SPRING (DISHED)

FORWARD
CLUTCH
CYLINDER 118384

Clutch Spring Assembly




STEP 13. Install ring gear (76} over forward
clutch cylinder (64), with piston (65} and spring
(69) facing up. Press ring gear (76} down over for-
ward clutch cylinder (64).

CAUTION: Check to see that ciutch
spring bearing ring (68) is still seated
in the groove of clutch piston (65).

A

STEP 14. Remove clutch assembly from press.
install snap ring (60) in groove of ring gear (76).

CAUTION: Several different snap
rings are used to assemble the
clutch group. They have different

thicknesses. Be sure the correct
snap ring is used.

STEP 15. Place ring gear (76) in press with ex-
ternal splines facing down. Assembly tooi should
support the ring gear {76) only. The forward
clutch cylinder {64) should not be touching the
assembly tool. Press forward clutch cylinder (74)
against snap ring {60). Remove clutch assembly
from press.
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[ 1]

EXTERNAL
TEETH

FORWARD
CLUTCH
CYLINDER

12652A

Forward Clutch Cylinder Installation

. _EXTERNAL
SNAP ; e
RING\ 7 ‘\\\ SPLINES

RING
GEAR

118394

Snap Ring Instaliation

ASSEMBLY

TOOL \

11837A

Compressing Clutch Pack




STEP 16. Push down, by hand, on c¢lutch plates.
Measure snap ring gap. Select proper thickness
snap ring {75) or combination of snap rings (75)
to set clutch pack clearance. Refer to chart be-
low. More than one snap ring may be required.

Clearance for bronze pack (71C)- 0.018"-0.053"
Clearance for bronze pack {72C)- 0.035"-0.055"
Clearance for paper pack (71C}- 0.018"-0.053"
Clearance for paper pack (72C)- 0.021"-0.046"

PART SNAP RING THICKNESS
NUMBER in, mm

4768 .060-.054 1.3-1.4
4768A .074-.078 1.8-2.0
47688 .086-.100 2.4-25
10-00-138-018 .062-.066 1.6-1.7
10-00-138-048 033-.037 .84-.94

10-00-139-048 050-.054 1.27-1.37

STEP 17. Install selected snap ring(s) (75) in
groove of ring gear (76).

STEP 18. lf removed, install woodruff key (81} in
drive gear assembly {82). Slide forward ciutch
hub (80) on drive gear assembly (82) and align
with woodruff key (81). Press forward clutch hub
(80) on drive gear assembly (82) and against
shoulder.

Install snap ring (79) in groove of drive gear as-
sembly (82).

Lubricate sealing rings (78) with vasoline and in-
stall in grpoves of drive gear assembly (82).

Compress each sealing ring (78) until it locks in
place.

278

SNAP
RING

11840A

Snap Ring Selection

SNAP RING SNAP
GROOVE

118431A

Snap Ring Assembly

FORWARD CLUTCH HUB
SEALING RINGS /

DRIVE GEAR
ASSEMBLY

126354

Sealing Ring installation




STEP 19. Install drive gear assembly (82} in
clutch assembly. Slide bearing (63) down drive
gear assembly (82).

Place complete assembly in press. Press bearing
(63) into drive gear assembly (82) until seated
against shoulder.

STEP 20. Instali snap rings (61 and 62) in
grooves of drive gear assembly (82) and forward
ciutch cylinder (684).

STEP 21. Apply vasoline to bronze thrustwasher
(77). Install over end of shaft and against face of
gear.
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11843A

Bearing Installation

SNAP RINGS

11843A

Snap Ring Installation

GEAR ™=

RING BRONZE
e THRUST
WASHER

12636A

Thrustwasher Assembly




STEP 22. Install clutch and drive gear assembly
(B2) in case (98).

Rotate clutch and drive gear assembly (82) back
and forth to engage ring gear teeth with pinion
gear teeth.

STEP 23. If original case and clutch cylinder are
used, install thrustwasher (59) on face of clutch
cylinder.

On model 10-18 transmissions select new
thrustwasher (59) as follows:

Position case vertically as shown. Measure from
face of case (98), without gasket (49), to face of
clutch eylinder.

When dimension is 0.433 inch (11.0 mm) or less,
use 71-15B thrustwasher.

When dimension is greater than 0.433 inch (1 1.0
mm), use 10-16-193-001 thrustwasher.

STEP 24. Instail one bronze reverse ciutch fric-
tion plate (56) in case (98).
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12637A

Clutch and Drive Gear Instaiiation

12853A

Thrustwasher Installation

REVERSE
CLUTCH
FRICTION

126534

Friction Plate installation




STEP 25. Install three dowel pins (58) and

eleven pressure plate springs (57) in case (98}.

STEP 26. Install one steel separator piate (55) in
case (98) with large part of tab to left of dowel pin
(58).

Alternately stack remaining reverse clutch fric-
tion plates (56) and steel separator plates {865} in
case (98).

STEP 27. Install reverse clutch pressure plate
(54} in case (98) with three half moons aligned
with dowel pins (58). Be sure all springs are
seated in their holes.
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PRESSURE NQ SPRING HERE
PLATE 3 :

SPRINGS

12655A

Spring and Dowel Pin Instailation

LARGE

STEEL [ - SIDE OF
SEPARATORX TAB HERE
PLAT \

126564

Reverse Clutch Pack Installation

REVERSE
CLUTCH
. \PRESSURE
©'\PLATE

12657A

Pressure Plate Installation




STEP 28. Lubricate sealing ring (52) with vaso-
line and install in groove of reverse clutch piston
(51).

NOTE: Be sure sealing ring (52) is not twisted,

cut or distorted. Replace if damaged.

STEP 29. If removed, press needle bearing (48)
into adapter (45). Needle bearing must be in-
stalled flush (even) with back face of adapter
(45).

Lubricate O-ring (53} with vasoline and install in
groove of adapter (45).

NOTE: Be sure O-ring (52) is not twisted, cut, or
distorted. Replace if damaged.

If removed, install dryseal plug (50) in adapter
(45).

STEP 30. Install reverse clutch piston (51) in
adapter (45},

Lightly coat gasket (49) with vasoline and place
on adapter (45).
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REVERSE CLUTCH
PISTON

SEALING
RING
118524

Sealing Ring Assembly

FORWARD AND
REVERSE
ADAPTER

SEALING

NEEDLE
BEARING

1263BA

Sealing Ring Installation

FORWARD AND REVERSE
REVERSE ADAPTER\ CLUTCH PISTON

GASKET 125384

Reverse Clutch Piston Assembly




STEP 31. Install adapter (45) on case (98) and FORWARD AND .
align bolt holes. REVERSE ‘ CAPSCREWS

Thread four capscrews (46) into case (98).
Tighten in a criss-cross pattern to final torque
specified in Table 4.

Lightly tap woodruff key (44) into place in drive
gear (82) with a soft-faced mallet.

$26414

Adapter Installation

STEP 32. Press oil seal (42} into pump body.

CAUTION: Qil seal must be installed
A dry. Lubricants can damage rubber
coating.

126584

STEP 33. Install driven gear in pump body. DRIVEN

GEAR -

NOTE: Pump gear should be installed the same
side down as removed.

126594

Pump Driven Gear Assembly
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STEP 34. Lubricate pump gasket (43} with vaso-
line and install in groove of adapter (47).

Install pump drive gear onto input shaft (82).
Check that pump drive gear locates freely on
woodruff key (44) and shaft (82).

STEP 35. Install pump assembly (40) on top of
adapter (47) and align bolt holes.

JAN

Thread four bolts (41) into adapter (47). Tighten
in a criss-cross pattern to final torque specified in
Table 4,

CAUTION: Position pump housing
with cast arrow at top pointing in the
same direction as engine rotation.

STEP 36. Assembie control valve assembly (33).
Refer to Figure 6.

Lubricate O-ring (38) with vasoline and install on
end of valve assembly (33).

NOTE: Gap in snap ring must be aligned with
notch in control valve.
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PUMP DRIVE

BOLTS

Pump Assembly Installation

O-RING
CONTROL
VALVE
VALVE V-
sPRING = &
SPRING Qi
RETAINER ) /@K
> REGULATOR
SNAP o
RING \/% VALVE

126934

Valve Assembly




STEP 37. Lubricate control valve O.D. Slide con-
trol valve assembiy (33) into side of case (98).

STEP 38. Install switch cam (31) on end of valve
assembly (33). Be sure tab on switch cam (31)
sets in notch of valve assembly (33).

STEP 39. Install vaive cover (28) as follows:

Position gasket (31) on case (98). Place valve
cover (28) over gasket (32) and align bolt holes,

Thread three bolts (29} and lockwashers (30) into
case (98). Tighten bolts in a criss-cross pattern to
final torque specified in Table 4.

If removed, lubricate O-ring (27) with vasoline
and install in groove of neutral switch (26).
Thread neutral switch assembly (25) into valve
cover (28) and tighten to torque specified in
Table 4.
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STEP 40. Install shift lever (19) as follows:

Lubricate poppet spring (24) and hole in case
(98) with grease, shell alvania #2 or equivalent.
Place poppet spring (24) and steel bali (23) in
case (98).

Slide shift lever {19) over end of control vaive as-
sembly (33) and against steel ball (23). Rotate
shift lever (19) to engage steel ball (23) in hole of
shift lever (19).

Hold shift lever (19) against steel ball (23). instail
washers (21 and 22) and thread nut (20) on con-
trol valve assembly (33). Tighten nut (20) to
torque specified in Table 4.

STEP 41. Install bearing retainer (3) as follows:

If removed, press oil seal (6) into bearing retainer

(3).

A

Install gasket (8) and bearing retainer (3) on back
of case (98). Thread bolts (4) and lockwashers {(5)
into case (98). Tighten bolts (4), in a criss-cross
pattern, to torgue shown in Tabie 4.

CAUTION: Oil Seal must be installed
dry. Lubricants can damage rubber
coating.

STEP 42, Slide coupling (2) on output shaft.
Thread nut (1) on output shaft. Tighten nut (1) to
torqgue shown in Tabie 4.
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STEP 43. Install dipstick (17) in side of case (98).
Turn handie until snug. Do not overtighten.

NOTE: For assembly of reduction units refer to
the sections in the back of this manual,

DIPSTICK

12663A

Dipstick Installation

INSTALLATION

CAUTION: After a transmission fail-
ure the cooler and cooler lines must
be flushed to remove contaminated
hydraulic fluid and metal/rubber par-
ticles. Failure to comply can result in
premature wear or failure of over-
hauled transmission.

A

= Align input shaft spline with damper plate.

» Assembie transmission to engine, and then in-
stall bolts. Do not use bolts to draw transmission
against engine.

WARNING: CHECK THE SHIFT
LEVER AT THE HELM TO SEE THAT
FORWARD POSITION IS ALSO FOR-
WARD POSITION AT THE TRANS-
MISSION SHIFT LEVER.
(TRANSMISSION SHOULD NOT BE
RUNNING IN REVERSE WHEN BOAT
IS GOING FORWARD.)

* Adjust the shift cable so the holes in the shift
lever are centered over the detent ball at sach
selector location. See Figure 7A.

¢ Read OEM manual for complete installation in-
structions. Installation literature is available from
Borg-Warner Automotive-Transmission Systems.
Request Form No. 1131.

* Connect oil line to oil to the cooler outlet. See
Figure 7B.
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USED ON
SOME 10-17
TRANSMISSIONS

Figure 8. 71C and 72C Transmission Assembly - Current Production
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INDEX PART DESCRIPTION QTY
NO. NUMBER
Fig. 8 10-17-000-* TRANSMISSION ASSEMBLY (MODEL 71C)
10-18-000- TRANSMISSION ASSEMBLY (MODEL 72C)
1 4775L s OUTPUT SHAFT NUT 1
2 4547BA » COUPLING (10-17 ONLY) 1
2A 4547RY » COUPLING (10-18 ONLY) 1
3 71-7  BEARING RETAINER (10-17 ONLY) 1
3A 727 » BEARING RETAINER (10-18 ONLY) 1
4 0000179859 * HEX HEAD BOLT (?hs-14 x 1-1/e) (1017 ONLY) 6
4A 10-00-183-043 s HEX HEAD BOLT (7h16-14 x 1-1/a) (10-18 ONLY) 6
5 0000103322 + LOCKWASHER (7/:6) (10-17 ONLY) 6
8 71C-110 » Ol SEAL 1
7 B111AG » BEARING 1
7A B308AGS « BEARING 1
7B B309AGS « BEARING 1
8 71-147 « BEARING RETAINER GASKET (10-17 ONLY) 1
8A 72-147 + BEARING RETAINER GASKET (10-18 ONLY) 1
g . » ADAPTER 1
9A - « ADAPTER 1
98 o » ADAPTER 1
10 - » LOCK BOLT ("is-14 x 7/g) 6
11 - » LOCKWASHER (715) (10-18 ONLY) 6
11A . » LOCKWASHER (7hs) (10-17 ONLY) 6
12 " e HEX HEAD BOLT (7he-14 x 1-%a) 2
13 o s LOCKWASHER (7/15) 2
14 . e ADAPTER GASKET 1
15 - » BEARING 1
16 - » BETAINING RING 1
17 10-17-559-001 * DIPSTICK (ALL DIRECT DRIVES EXCEPT -015 AND -016) 1
17A 10-13-559-001 » DIPSTICK {(FOR -015 AND -016) 1
18 10-04-034-002 + DIPSTICK TUBE 1
19 . 71-79B  SHIFT LEVER 1
20 9418892 » HEX NUT (8/16-24) 1
21 0000108579 * LOCKWASHER (5/16) 1
22 0000103340 * FLATWASHER (¢/16) 1
23 0000453632 « STEEL BALL (5hs) 1
24 71-42 » POPPET SPRING 1
25 10-00-640-004 « NEUTRAL SWITCH ASSEMBLY 1
26 NO NUMBER » « NEUTRAL SWITCH (NSS) 1
27 10-00-141-046 + » O-BING 1
28 10-16-039-001 + » VALVE COVER 1
29 0000179796 » HEX HEAD BOLT (1/4-20 x ') 3
30 0000103319 s LOCKWASHER (%/4) 3
31 10-16-039-001 » SWITCH CAM 1
32 71-14 » VALVE COVER GASKET 1
33 71-A244A » CONTROL VALVE ASSEMBLY 1
34 4821 = « SNAP RING 1
35 71-246 + « SPRING RETAINER 1
36 71-242 » « VALVE SPRING 1
37 71-243 * « REGULATOR VALVE 1
38 4804H + » O-BING 1

* REFER TO ASSEMBLY NUMBER ON ID TAG (See Figure 1)
** REFER TO REDUCTION SECTION IN BACK OF MANUAL.
NSS - NOT SERVICED SEPARATELY, BUY NEXT HIGHER ASSEMBLY
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INDEX | PART DESCRIPTION QTy
- NO. | NUMBER
39 71-244A + *» CONTROL VALVE 1
40 71C-AB0 * PUMP ASSEMBLY 1
41 10-00-183-021 » HEX HEAD BOLT (516-18 x 1-3/g) 4
.42 10-00-044-014 e » OIL SEAL 1
43 3-61 * PUMP GASKET 1
44 4873 * WOODRUFF KEY 1
45 71C-A8 » FORWARD AND REVERSE ADAPTER ASSEMBLY 1
46 4911 * CAPSCREW (3/8-16 x 1-Ya) 4
47 NO NUMBER ° » FORWARD AND REVERSE ADAPTER (NSS) 1
48 4840D » ¢ NEEDLE BEARING 1
49 71-144B *» GASKET 1
50 0000444858 * PIPE PLUG (a) 1
51 71-35 + REVERSE CLUTCH PISTON 1
52 4B05A * CLUTCH SEALING RING 1
53 4804G * O-BRING 1
54 71-71 * REVERSE CLUTCH PRESSURE PLATE 1
55 72-176 * STEEL CLUTCH PLATE 0-2
56 72-A668B * FRICTION CLUTCH PLATE 1-3
57 71-97 * PRESSURE PLATE SPRING 11
58 71-87A o DOWEL PIN {.312 DIA x .438 LONG) 3
‘5BA RB-177 * DOWEL PIN (.312 DIA x .621 LONG) 3
58B 4622F o DOWEL PIN (312 DIA x .875 LONG) 3
59 71-15B » THRUSTWASHER 1
53A 10-16-193-001 *» THRUSTWASHER 1
80 4822 * SNAP RING 1
61 REA-7%/z e SNAP RING {10-17 ONLY) 1
B81A 47668 » SNAP RING {10-18 ONLY) 1
62 4734 * SNAP RING {10-17 ONLY) 1
62A 4559A -« SNAP RING (10-18 ONLY) 1
63 B107A ¢ BEARING (10-17 ONLY) 1
B3A B108A » BEARING (10-18 ONLY) 1
64 71-70 + FORWARD CLUTCH CYLINDER (10-17 ONLY) 1
B4A 72-70 * FORWARD CLUTCH CYLINDER (10-18 ONLY) 1
65 10-16-124-001 * FORWARD CLUTCH PISTON - ' 1
65A 71-45 » FORWARD CLUTCH PISTON 1
66 5M-122 * O-RING 1
67 5L-36 * PISTON SEALING RING 1
68 5C-33 * CLUTCH SPRING BEARING RING 1
69 3-37 * CLUTCH BELLEVILLE SPRING 1
70 4755 * SNAP RING 1
71, - 5C-175A e CLUTCH PRESSURE PLATE 1
72 3-176 » STEEL CLUTCH PLATE (10-17 ONLY) 4
72A 3-176 » STEEL CLUTCH PLATE (10-18 ONLY) 6
73 5C-ABBA ¢ FRICTION CLUTCH PLATE (10-17 ONLY) 5
73A 5C-ABBA s FRICTION CLUTCH PLATE {10-18 ONLY) 7
74 5L-687 * CLUTCH PRESSURE PLATE 1
75 10-00-139-048 * SNAP RING {.033-.037 THICK) (10-17 ONLY) 1
75A 10-00-139-049 * SNAP RING (.050-.054 THICK) (10-17 ONLY) 1
758 4768 * SNAP RING {.050-.054 THICK) (10-18 ONLY) 1.2
75C 4768A * SNAP RING (.074-.078 THICK) (10-18 ONLY) 1
75D 47688 * SNAP RING (.096-.100 THICK) {10-18 ONLY) 1
75E 10-00-139-018 * SNAP RING (.062-.066 THICK) (10-18 ONLY) 1

NSS - NOT SERVICED SEPARATELY, BUY NEXT HIGHER ASSEMBLY.

288




INDEX PART DESCRIPTION QTyY
NO. NUMBER
76 71-6 * RING GEAR (10-17 ONLY) 1
76A 72-6 * RING GEAR (10-18 ONLY) 1
77 7117 » THRUSTWASHER 1
78 4806 s SEALING RING 2
79 4495 + SNAP RING 1
80 71-40 * FORWARD CLUTCH HUB (10-17 ONLY) 1
80A 10-16-179-001 « FORWARD CLUTCH HUB (10-18 ONLY) 1
81 0000218211 * WOODRUFF KEY (10-17 ONLY) 1
81A 0000124553 » WOODRUFF KEY (10-18 ONLY) 1
82 71C-3A16 * DRIVE GEAR ASSEMBLY (10-17 ONLY) 1
82A 72C-2A16 * DRIVE GEAR ASSEMBLY (10-18 ONLY) 1
83 48068 « SEALING RING 4
84 A4B77D (KIT) » BUSHING 2
85 10-17-659-** * PINION CARRIER ASSEMBLY (10-17 ONLY) 1
85A 10-18-659-*** = PINION CARRIER ASSEMBLY (10-18 ONLY) 1
86 71-159 » THRUSTWASHER 1
86A 10-17-193-001 » THRUSTWASHER 1
87 71-140 s OIL BAFFLE 1
87A 718-140 * OIL BAFFLE 1
88 10-00-191-002 * PLUG (%e-18) 2
89 48858 » DRYSEAL BUSHING (3/a-14) 1
90 51.-222 *» SPRING 1
91 35-143 s FLAT WASHER 1
g2 72C-98 *» OIL INLET SHIELD 1
93 71C-84 » OIL RETURN TUBE 1
94 71C-A98 e OlL STRAINER ASSEMBLY 1
95 A4740G e BREATHER 1
96 0000444866 * PIPE PLUG (%s-18) 1
97 0000444687 * PIPE PLUG ("/s-27) 1
98 10-17-565.*~ * CASE (10-17 ONLY) 1
98A 10-18-565-* * * * CASE (10-18 ONLY) 1

"7 CHECK MODEL CHART TO DETERMINE CORRECT PART NUMBER

NOTE: The following kits are available for the Mode! 71C and 72C transmissions. Index numbers shown
match the index numbers on the exploded-view, Figure 8.

INDEX PART DESCRIPTION QTY
NO. NUMBER
A4867AB FORWARD CLUTCH PACK KIT {10-18 ONLY)
71 5C-175A * CLUTCH PRESSURE PLATE 1
72A 3-178 * STEEL CLUTCH PLATE 6
73A 5C-ABSA * FRICTION CLUTCH PLATE 7
74 5L-67 * CLUTCH PRESSURE PLATE 1
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INDEX PART DESCRIPTION ary
NO. NUMBER :
A4BE7AE FORWARD CLUTCH PACK KIT (10-17 ONLY)
71 5C-175A + CLUTCH PRESSURE PLATE 1
72 3-176 *» STEEL CLUTCH PLATE 4
73 5C-ABBA *» FRICTION CLUTCH PLATE 5
74 5L-67 » CLUTCH PRESSURE PLATE 1
INDEX PART DESCRIPTION QTyY
NO. NUMBER
A4B67HA OIL SEAL AND SEALING RING KIT
6 71C-110 « OILSEAL ' 1
as 4804H + O-RING 1
42 10-00-044-014 s OIL SEAL 1
43 3-61 s PUMP GASKET 1
52 4805A » CLUTCH SEALING RING 1
53 4804G « O-RING 1
66 5M-122 » O-RING 1
67 5L-36 *» CLUTCH SEALING RING 1
78 4806 + SEALING RING 2
83 48068 o SEALING RING 4
10-00-044-017 s OIL SEAL (REDUCTION UNITS ONLY) 1
10-17-410-002 s SERVICE GASKET KIT (FOR CONTENTS SEE 1
NEXT KIT LIST)
INDEX PART DESCRIPTION QTY
NO. NUMBER
10-17-410-002 SERVICE GASKET KIT e
8 71-147 » BEARING RETAINER GASKET (10-17 ONLY) 1
8A 72.147 * BEARING RETAINER GASKET (10-18 ONLY) 1
14 L4-146 s ADAPTER GASKET 1
32 71-14 * VALVE COVER GASKET 1
49 71-144B ¢ GASKET 1
L4-145 * GASKET (REDUCTION UNITS ONLY) 1
L4-147 * GASKET (REDUCTION UNITS ONLY) 1
INDEX PART DESCRIPTION QTyY
NO. NUMBER
10-04-420-052 NEUTRAL SWITCH KIT
10-04-539-001 « SWITCH AND BODY ASSEMBLY 1
25 10-00-640-004 * » NEUTRAL SWITCH ASSEMBLY 1
o8 10-16-039-001 s « VALVE COVER 1
29 0000179796 * HEX HEAD BOLT (/+-20 x '/2) 3
30 0000103319 » LOCKWASHER ("/a) 3
31 10-16-099-001 « SWITCH CAM 1
32 71-14 * VALVE COVER GASKET 1
1340 *» INSTRUCTION SHEET 1
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INDEX PART DESCRIPTION QTyY
NO. NUMBER
- 10-95-410-002 SNAP RING SERVICE KIT
15 4766 s RETAINING RING 1
34 4821 + SNAP RING 1
60 4822 s SNAP RING 1
61 REA-71/z o SNAP RING (10-17 ONLY) 1
61A 47668 » SNAP RING (10-18 ONLY) 1
62 4734 » SNAP RING (10-17 ONLY) 2
62A 45594 * SNAP RING (10-18 ONLY) 1
70 4755 » SNAP RING 1
75 10-00-139-048. + SNAP RING (.033-.037 THICK){10-17 ONLY) 1
75A 10-00-138-049  SNAP RING (.050-.054 THICK)(10-17 ONLY) 1
758 4768 « SNAP RING (.050-.054 THICK){10-18 ONLY) 2
75C 4768A » SNAP RING (.074-.078 THICK)(10-18 ONLY) 1
75D 47688 » SNAP RING (.096-.100 THICK)(10-18 ONLY) 1
75E 10-00-139-018 » SNAP RING (.062-.066 THICK)(10-18 ONLY) 1
79 4495 » SNAP RING 1
47560 * SNAP RING (REDUCTION UNITS ONLY) 1
4756E * SNAP RING (REDUCTION UNITS ONLY) 1
4816 « SNAP RING (REDUCTION UNITS ONLY) 1
4766A » SNAP RING (REDUCTION UNITS ONLY) 1
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Figure 9. Optional Drive Gear Alarm Kits

INDEX PART DESCRIPTION QTyY
NO. NUMBER
Fig. 9 NO NUMBER OPTIONAL DRIVE GEAR ALARM KITS
1 A4887HN * DRIVE GEAR ALARM KIT 1
2 71C-309 e « PILOT LIGHT 1
3 71C-308 v ¢ PLATE 1
4 71C-A312 * » TRANSISTOR CIRCUIT TEST SWITCH 1
5 48900E e o L7 MALE TERMINAL 2
6 4927 « « INSTALLATION WIRE 1
7 4924 * » SPADE TERMINAL 1
8 71C-A102 e « TEMPERATURE SWITCH 1
9 4825 * » EYELET TERMINAL 1
10 10-00-140-004 » « TEMPERATURE SWITCH 1
11 10-00-140-005 * = FEMALE TERMINAL 2
12 10-00-140-006 * * FEMALE CONNECTOR 1
71C-310 + « WIRING DIAGRAM 1
s » INSTRUCTION SHEET 1
13 A4B67HS” s PILOT LIGHT KIT 1
14 71C-309 ¢ » PILOT LIGHT 1
15 71C-308 * « PLATE 1
16 4524 + » SPADE TERMINAL 1
17 71C-310 ¢« » WIRING DIAGRAM 1
. » 1

INSTRUCTION SHEET

* CAN BE PURCHASED TO ADD ANOTHER PILOT LIGHT TO THE DRIVE GEAR ALARM KIT. CAN NOT BE
USED SEPARATELY.
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SPECIFICATIONS

CAUTION: Threaded plugs, screws, bolts, and coupling nuts must be
tightened to torque shown in this table to prevent premature failure

A

of transmission or reduction unit.

Table 4. Bolt and Fastener Torques (Non-Lubricated)

PART NUMBER DESCRIPTION FT-iLB Nm
9418892 5/18-24 Shift Lever Nut 8-11 1115
0000179796 Ys-20 x /= Hex Head Bolt 8-11 11-15
4775L Coupling Nut 160-260 217-353
(000179859 "le-14 x 1-*4 Hex Head Boit 42-50 57-68
10-00-183-043 “he-14 x 1-1/s Hex Head Bolt 42-50 57-68
(Self Locking)
10-00-183-073 “he-14 x 7/a Lock Bolt 42-50 57-68
0000179864 7he-14 x 1-3s Hex Head Bolt 42-50 57-68
10-04-034-002 Dipstick Tube 10-40 14-55
10-00-183-021 She-18 x 1 Hex Head Bolt 17-22 23-30
4911 *a-16 x 1-/a Capscrew 27-37 37-50
48858 %a-14 Dryseal Bushing 25-35 34-48
0000444866 %s-18 Pipe Plug 17-27 23-37
0000444687 fe-27 Pipe Plug 7-12 9-16
10-00-640-004 ®5-18 Switch Assembly 20-30 28-42
4853E “he-14 x 1-1/s Lock Bolt 42-50 57-68
0000179840 %e-18 x 1-1/s Mex Head Bolt 27-37 37-50
48538 Shs-18 x 344 Lock Bolt 17-22 23-30
477688 7he-14 x 7ls Lock Bolt 42-50 57-68
10-00-148-034 Coupling Nut 220-260 298-352
Table 5. Spring Dimensions
APPROX. APPROX. DIAMETER
PART WHERE FREE 0.D. OF WIRE NO. OF
NUMBER USED LENGTH ACTIVE
in. mm in mm in. mm COILS
71-242 Control Vaive 2.66 67.6 0.78 19.8 0.14 3.8 12
71-42 Poppet 1.0 254 0.29 7.4 0.04 1.0 6
51-222 Qil Iniet Shield 1.40 356 0.80 20.3 0.04 1.0 5
71-87 Pressure Plate 1.25 31.8 0.31 7.9 0.05 1.3 11
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SPECIFICATIONS

(Continued)

Table 6. Test Pressures

PRESSURE ENGINE TYPICAL RANGE TYPICAL RANGE
TAP RPM PSI PSi KPA kPA
Neutral 600 115 135 793 931
Line 2000 NOT USED NOT USED NOT USED NOT USED
3500 NOT USED NOT USED NOT USED NOT USED
Reverse 600 120 140 B27 265
Clutch 2000 125 160 862 1103
3500 NOT USED NOT USED NOT USED NOT USED
Reverse 600 120 140 827 965
Main 2000 128 160 862 1103
Line 3500 NOT USED NOT USED NOT USED NOT USED
Forward 600 115 140 793 965
Main 2000 125 160 862 1103
Line 3500 135 180 793 1241
GPM GPM LPM LPM
Reverse 600 0 1.8 0 6.8
Cooler 2000 3.5 6.5 13.25 24.6
Flow 3500 NOT USED NOT USED NOT USED NOT USED
Forward 600 0 1.8 0 1.8
Cooler 2000 3.5 8.0 13.25 30.3
Flow 3500 6.0 10.5 227 397

NOTE: Pressures shown are typical at an oil temperature of 140 degrees F. Variations can occur due
to plumbing, fittings, and cooler differences.

NOTE: Forward clutch feed does not have an external tap for checking pressure. When selector is in

"“F" position, line pressure indicates ciutch pressure. Pressure drop from “N” to “F" indicates leak-
age in forward clutch circuit.
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1.523:1 REDUCTION UNITS

A. DESCRIPTION

The 1.523:1 reduction unit is mounted on the
back of a 71C or 72C transmission. The reduc-
tion unit output shaft rotates the same direction
of the input shaft on the transmission. The output
shaft rotates about one turn for every one and
one half turns of the input shaft. Lubricating oil is
supplied to the reduction unit through ports on
the back of the transmission.

NOTE: For inspection, maintenance, and
troubleshooting refer to the Table of Contents at
the front of this manuai

B. OVERHAUL

The general overhaul information described on
page 12 applies to these reduction units. Before
starting disassembly, review the exploded-view
shown in Figure 10. The reduction unit can be
disassembled following the index numbers
shown in Figure 10. The following procedures
are correct for most reduction units. Minor differ-
ences may be found.
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"CAUTION: Threaded plugs, screws,
bolts, and coupling nut must be
tightened to torque shown in Table 4
to prevent premature reduction unit
failure.

A

* A new coupling nut must be used at assembly.

» Do not disassemble the pinion carrier assem-
bly unless damaged. The necessary tools must
be available for proper assembly. Use the ex-
ploded view, Figure 10, for disassembly and as-
sembly.

* The bearing cup and cone are a matched set.
If one is damaged both must be replaced.

* A solid spacer is used to control rolling torque
{end play). Rolling torque must be checked after
assembly of the reduction unit, before assembly
to the transmission.

NOTE: Early reduction units used a collapsible
spacer. If this spacer must be replaced use the
solid spacer.

NOTE: Early reduction units used a bearing re-
tainer on the output shaft end of reduction hous-
ing. To order correct parts refer to exploded-view,
Fxgure 11,



STEP 1. If removed, press bearing cone (23) on
main shaft (21). ‘ -

STEP 2. If removed, press bearing cups (24 and
29) into reduction housing (30).

STEP 3. Install main shaft (21) in reduction
housing (30).

JAN

CAUTION: If original spacer is not

used the replacement spacer should

be the same length. Using an incor-
rect size spacer can result in prema-
ture failure of reduction unit.

Support main shaft (21). Install original spacer
(25) and bearing cone (28) in reduction housing

(30).
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STEP 4. Place reduction housing (30} in press
with main shaft (21) supported. Press bearing
cone (28) on main shaft (21). Remove reduction
housing (30) from press.

STEP 5. Install oil seal (26) in reduction housing
(30). Quter surface of oil seal (26) should be fiush
with face of reduction housing (30).

STEP 6. Siide coupling (6) on main shaft (21).
Thread nut (5) on main shaft (21). Tighten nut (5)
to torgue shown in Tabie 4.

Attach a torgue wrench to nut (5). Turn torque
wrench to check rolling torque of bearings (11
and 16}. Rolling torque should be 5 to 30 in-lbs.

it rolling torque is over 30 in-tbs repiace spacer
(25) with a longer one. if rolling torque is under 5
in-Ibs replace spacer (25) with a shorter one.

NOTE: Selection of the proper spacer (25) will
result in 0 to 0.005 inch end play.
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STEP 7. Slide sun gear (20) into sun gear hub
(21). Turn sun gear hub {21} over. install snap nng
{19) in groove of sun gear (20).

STEP 8. Install sun gear (20) and sun gear hub
(21) in reduction housing (30).

Thread four bolts (17) into reduction housing.
Tighten bolts {17) to torque shown in Table 4.

STEP 9. install pinion carrier {B) in reduction

housing (30). Install snap ring (7) in groove of

main shaft (21).
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STEP 10. Install input gear (38) in ring gear (39).
Install snap ring (37) in groove of ring gear (39).

STEP 11. install bearing (36) in reduction unit
adapter (34). Snap ring groove in bearing (36)
must be next to reduction unit adapter (34).

Press bearing (36) on input gear (38). Install snap
ring (35) in groove of input gear (38).

STEP 12. Lubricate front adapter gasket (40)
with vasoline and install on transmission.
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STEP 13. Install reduction unit adapter (34) on

fransmission.

Thread six bolts (32) with lockwashers (33) into
transmission, Tighten bolis (32) in a criss-cross
pattern to torque shown in Table 4.

NOTE: To install bolts (32) turn ring gear (39).
This will align two holes in input gear (38) with re-
duction unit adapter (34).

STEP 14. Lubricate rear adapter gasket (31)
with vasoline and install on reduction unit
adapter (34).

STEP 15. Place reduction housing (30) on trans-
mission. Turn coupling (6) to engage pinion gears
(15) with ring gear {39).

Thread two bolts (1) with lockwashers (2) into
transmission.

Thread six boits (3} with lockwashers (4) into re-
duction housing {30).

Tighten bolts (1 and 3) in a criss-cross pattern to
torque shown in Table 4.
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120160

Figure 10. 1.523:1 Reduction Units - Current Production
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INDEX PART DESCRIPTION QTy
NO. NUMBER

FIG. 10 | NO NUMBER REDUCTION UNIT ASSEMBLY (1.523:1)
1 0000179864 » HEX HEAD BOLT ("15-14 x 1-3a) 2
2 0000103322 * LOCKWASHER ({7/:6) 2
3 0000179840 » HEX HEAD BOLT (3/s-18 x 1-'/g) 6
4 0000103321 » LOCKWASHER (%) 8
5 10-00-149-034 » COUPLING NUT 1
8 10-00-031-001 s COUPLING 1
7 4734 » SNAP RING _ 1
8 L4-A150 » PINION CARRIER ASSEMBLY 1
9 L4-135 o « OIL COLLECTOR RING 1
10 4717L = PINION SHAFT PIN 3
11 1.5-39 * » PINION SHAFT 3
12 L3-43 o s PINION THRUSTWASHER 6
13 L3-41 - » PINION BEARING SPACER 9
14 4741A * « ROLLER BEARING 144
15 14-5 o PINION GEAR 3
16 L4-150 * = PINION CAGE 1
17 4776BB » LOCK BOLT (1514 x 7/a) 4
18 10-17-178-001 « SUN GEAR HUB 1
19 10-00-139-013 « SNAP RING 1
20 10-17-165-001 « SUN GEAR 1
21 10-17-171-001 » MAIN SHAFT 1
22 NO NUMBER » BEARING ASSEMBLY 1
23 10-00-133-010 + * BEARING CONE * 1
24 10-00-133-009 * « BEARING CUP * 1
25 10-17-053-002 * SOLID SPACER (.820-.821 INCH LONG)** 1
25A 10-17-053-003 s SOLID SPACER (.829-.830 INCH LONG)" " 1
25B 10-17-053-004 * SOLID SPACER (.832-.833 INCH LONG)* * 1
25C 10-17-053-005 *» SOLID SPACER (.835-.836 INCH LONG)" * 1
25D 10-17-053-006 s SOLID SPACER (.838-.839 INCH LONG)" * 1
25E 10-17-053-007 » SOLID SPACER (.841-.842 INCH LONG)"* 1
p5F 10-17-053-008 * SOLID SPACER (.844-.845 INCH LONG)" " 1
25G 10-17-053-009 » SOLID SPACER (.847-.848 INCH LONG)* * 1
25H 10-17-053-010 + SOLID SPACER (.850-.851 INCH LONG)"* 1
251 10-17-053-011 * SOLID SPACER (.853-.854 INCH LONG)"* 1
25 10-17-053-012  SOLID SPACER (.856-.857 INCH LONG)** 1
28 10-00-044-017 « OIL SEAL 1
27 NO NUMBER » BEARING ASSEMBLY 1
o8 10-00-133-002 « + BEARING CONE * 1
29 10-00-133-001 e o BEARING CUP * 1
30 10-17-065-001 » REDUCTION HOUSING 1
31 L4-146 « REAR ADAPTER GASKET 1
32 10-00-183-073 * LOCK BOLT ("he-14 x 7Ia) 6
a3 0000103322 *» LOCKWASHER ("he) 6
34 L4-8B » REDUCTION UNIT ADAPTER 1
35 47686 « SNAP RING 1
36 B111AG + BEARING 1
37 4756D + SNAP RING 1
38 L9-16 *» INPUT GEAR 1
39 L3-6 + RING GEAR 1
40 L4-145 » FRONT ADAPTER GASKET 1

" REPLACE BOTH PARTS IF ONE IS DAMAGED.

** SELECT CORRECT SIZE SPACER AT ASSEMBLY. ONLY ONE REQUIRED,
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1268174

Figure 11. 1.523:1 Reduction Units - Early Production

INDEX PART DESCRIPTION QTyY
NO. NUMBER
FIG. 11 NO NUMBER REDUCTION UNIT
1 4775L * COUPLING NUT 1
2 4547 AY * COUPLING (72C ONLY) 1
28 4547BA * COUPLING (71C ONLY) 1
3 0000179860 o HEX HEAD BOLT (7hs-14 x 1-1/4) 6
4 0000103322 » LOCKWASHER (7/15) 6
5 L4-7 * BEARING RETAINER 1
8 L4-147 » BEARING RETAINER GASKET 1
7 71C-110 » OIL SEAL 1
8 4920A » BEARING 1
9 Lg-2 * MAIN SHAFT 1
10 L4-4 s SUN GEAR 1
19 4808 * SPRING PIN 1
12 L4-151 * PINION CAGE DRIVE PIN 1
13 103891 * EXPANSION PLUG 1
14 L4-1A * REDUCTION HOUSING 1

NOTE: These early production parts are not interchangeable with current production parts in Figure

10. All other parts are the same.
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1.88:1 AND 1.91:1 REDUCTION UNITS

A. DESCRIPTION

The 1.88:1 and 1.91:1 reduction units are
mounted on the back of a 71C or 72C transmis-
sion. The reduction unit output shaft rotates the
opposite direction of the input shaft on the trans-
mission. The output shaft rotates about one turn
for every two turns of the input shaft. Lubricating
oil is supplied to the reduction unit through ports
on the back of the transmission.

NOTE: For inspection, maintenance, and
troubleshooting refer to the Tabie of Contents at
the front of this manual.

B. OVERHAUL

The general overhaul information described on
page 12 applies o these reduction units. Before
starting disassembly, review the exploded-view
shown in Figure 12. The reduction unit can be
disassembled foliowing the index numbers in
Figure 12. The following procedures are correct
for most reduction units. Minor differences may
be found.

NOTE: Current Production 1.91:1 reduction units
use a reduction unit adapter (39), lock plates (23),
pinion carrier gasket (33), and o-ring (35) for
noise reduction.
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CAUTION: Threaded plugs, screws,
bolts, and coupling nut must be
tightened to torque shown in Table 4
to prevent premature reduction unit
failure.

A

* A new coupling nut must be used at assembly.

* Do not disassemble the pinion carrier assem-
bly unless damaged. The necessary tools must
be available for proper assembly. Use exploded
view, Figure 12, for disassembly and assembly.

* The bearing cup and cone are a matched set.
If one is damaged both must be replaced.

* A solid spacer is used to control rolling torque

. (end play). Rolling torque must be checked afier

assembly of the reduction unit, before assembly
to the transmission.

NOTE: Early 1.91:1 reduction units used a col-
lapsible spacer. If this spacer must be replaced
use the solid spacer.

NOTE: Early 1.91:1 reduction units used a bear-
ing retainer on the output shaft end of reduction
housing. To order correct parts refer to exploded-
view, Figure 13.



STEP 1. If removed, press bearing cone (11) on
to main shaft (8).

STEP 2. Install main shaft (8) in ring gear (9). In-
stall snap ring (7) in groove of ring gear (9).

STEP 3. If removed, press bearing cups (12 and
17) into reduction housing (18).
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STEP 4.

Install main shaft (8) and ring gear (9) in

reduction housing (18).

Support ring gear (8). Install original spacer (13)
and bearing cone (16) in reduction housing (18).

A

CAUTION: If original spacer is not
used the replacement spacer shouid
be the same length. Using an incor-
rect size spacer can result in prema-
ture failure of reduction unit.

STEP 5. Place reduction housing (18) in press
with ring gear (9) supported. Press bearing cone
(16) on main shaft {(8). Remove reduction housing
(18) from press.

STEP 6. Install oil seal (14) in reduction housing
(18). Outer surface of oil seal (14) should be flush
with reduction housing (18} face.
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STEP 7. Slide coupling (6) on main shaft (8).
Thread nut (5) on main shaft (8). Tighten nut (5)
to torgue shown in Table 4.

Attach a torque wrench to nut (5). Turn torque
wrench to check rolling torque of bearings {11
and 16). Rolling torque should be 5 io 30 in-ibs.

It rolling torque is over 30 in-lbs replace spacer
(13) with a longer one. If rolling torque is under 5
in-bs replace spacer (13) with a shorter one.

NOTE: Selection of the proper spacer (13) will
result in 0 to 0.005 inch end play.

STEP 8. If removed, install bearing (41) and
snap ring (40) in transmission.

Lubricate front adapter gasket (42) with vasoline
and install on transmission.

STEP 9. Install reduction unit adapter (39) on
transmission.

Thread six bolts (37) with lockwashers {38} into
transmission. Tighten bolts (37) in a criss-cross
pattern to torque shown in Table 4.
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STEP 10. For the 1.91:1 reduction unit do the
following:

CAUTION: The o-ring can only be in-
stalled on a reduction unit adapter
with the hub turned down. For com-

plete details refer to Borg Warner
Automotive Service Bulletin MB62.

Lubricate o-ring {35} with vasoline and install on
center hub of reduction unit adapter (39).

NOTE: Be sure o-ring (35) is not twisted, cut, or
distorted. Replace if damaged.

Install lube oil strainer (34) on reduction unit
adapter (39).

STEP 11. Place pinion carrier gasket (33) on
iube oil strainer (34).

STEP 12, Install pinion carrier (24) on pinion car-
rier gasket (33) and align bolt holes.

For 1.91:1 reduction units install three lockplates
{23) and thread six bolts (21) into reduction unit
adapter (39} until finger tight.

For 1.88:1 reduction units thread six boits (21)
with lockwashers (22) into reduction unit adapter
{39) until finger tight.

Slide sun gear (25) partially inio pinion carrier
(24). Turn sun gear (25) by hand to be sure pinion
carrier (24) is centered and pinion gears (31) turn
freely.

308

C-RING

LUBE OiL
STRAINER

127964

Lube Oil Strainer Installation

12787A

Pinion Carrier Gasket Instailation.

BOLTS
LOCKPLATE

PINION
\CAHH!ER
ASSEMBLY

1279BA

Pinion Carrier Installation




STEP 13. Tighten six bolts (21) in a criss-cross
pattern to torque shown in Table 4.

A

Push sun gear (20} into pinion carrier (24). Install
snap ring (19} in groove of transmission output
shaft.

CAUTION: For 1.91:1 reduction
units bolts are torqued to 5 ft-lbs.
Tabs on lockplates must be bent
tightly against flats of bolts.

STEP 14. Lubricate rear adapter gasket (36)
with vasoeline and install on reduction unijt
adapter (39).

STEP 15. Place reduction housing (18) on trans-
mission. Turn coupling (6) to engage ring gear (9)
with pinion gears (31).

Thread two bolts (1} with lockwashers (2) into
transmission.

Thread six bolts {3) with lockwashers (4) into re-
duction housing (18).

Tighten bolts (1 and 3} in a criss-cross pattern to
torgue shown in Tabie 4.
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2028

Figure 12, 1.88:1 and 1.91:1 Reduction Units - Current Production
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INDEX PART DESCRIPTION QTy
NO. NUMBER
FIG. 12 NO NUMBER REDUCTION UNIT ASSEMBLY (1.91:1)
12A NO NUMBER REDUCTION UNIT ASSEMBLY (1.88:1)
1 0000179864 s HEX HEAD BOLT (7he-14. x 1-3a) 2
2 0000103322 + LOCKWASHER (7/18) 2
3 0000179840 o HEX HEAD BOLT (¥s-18 x 1-Vs) 6
4 0000103321 » LOCKWASHER (3/s) 6
5 10-00-149-034 « COUPLING NUT 1
6 10-00-031-001 » COUPLING 1
7 4756D » SNAP RING 1
8 10-17-171-002 » MAIN SHAFT (1.91:1 ONLY) 1
8A 10-17-171-004 » MAIN SHAFT (1.88:1 ONLY) 1
9 L3-6 *» RING GEAR (1.91:1 ONLY) 1
9A 10-17-162-001 ¢ RING GEAR (1.88:1 ONLY) 1
10 NO NUMBER » BEARING ASSEMBLY 1
11 10-00-133-010 « « BEARING CONE * 1
12 10-00-133-009 « + BEARING CUP * 1
13 10-17-053-002 * SOLID SPACER (.820-.821 INCH LONG)" " 1
13A 10-17-053-003 » SOLID SPACER {.829-.830 INCH LONG)" * 1
13B 10-17-053-004 * SOLID SPACER {.832-.833 INCH LONG)" " 1
13C 10-17-053-005 » SOLID SPACER {.835-.836 INGH LONG)* * 1
13D 10-17-053-006 * SOLID SPACER (.838-.839 INCH LONG)* 1
13E 10-17-053-007 * SOLID SPACER {.841-.842 INCH LONG)* * 1
13F 10-17-053-008 » SOLID SPACER (.844-.845 INCH LONG)* * 1
13G 10-17-053-009 * SOLID SPACER (.847-.848 INCH LONG)" 1
13H 10-17-053-010 « SOLID SPACER (.850-.851 INCH LONG)™* 1
13 10-17-053-011  SOLID SPACER (.853-.854 INCH LONG)** 1
13 10-17-053-012 *» SOLID SPACER (.856-.857 INCH LONG)* * 1
14 10-00-044-017 * OIL SEAL 1
15 NO NUMBER » BEARING ASSEMBLY 1
16 10-00-133-002 « * BEARING CONE * 1
17 10-00-133-001 s « BEARING CUP * 1
18 10-17-065-003 * REDUCTION HOUSING 1
19 4734 » SNAP RING 1
20 L7-104 » SUN GEAR (1.91:1 ONLY) 1
20A 10-17-165-004 s SUN GEAR (1.88:1 ONLY) 1
21 48538 o LLOCK BOLT (5he-18 x %) 6
22 0000114605 » LOCKWASHER (5he) (1.88:1. ONLY) 6
23 10-00-014-002 « LOCK PLATE {1.91:1 ONLY) 3
24 L9-A150 * PINION CARRIER ASSEMBLY (1.91:1 ONLY) 1
24A 10-17-659-021 * PINION CARRIER ASSEMBLY (1.88:1 ONLY) 1
25 4827 s « RETAINING RING 1
26 47170 e + PINION SHAFT PIN 6

* REPLACE BOTH PARTS IF ONE IS DAMAGED.

** SELECT CORRECT SIZE SPACER AT ASSEMBLY. ONLY ONE REQUIRED.
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INDEX PART DESCRIPTION aTty
NO. NUMBER
27 L5-39 = +« PINION SHAFT 6
28 £.3-43 * ¢ PINION THRUSTWASHER 12
29 4741A s o ROLLER BEARING (1.81:1 ONLY) 288
28A 10-00-131-011 » ¢« ROLLER BEARING (1.88:1 ONLY) 288
30 .3-41 » » PINION BEARING SPACER (1.91:1 ONLY) 6
30A 10-00-053-024 = = PINION BEARING SPACER (1.88:1 ONLY) 18
31 L4-5 « s« PINION GEAR (1.91:1 ONLY) 6
31A 10-17-131-011 s s+ PINION GEAR (1.88:1 ONLY) 6
32 L.8-150 s o PLANETARY CAGE (1.91:1 ONLY) 1
32A 10-17-158-011 * » PLANETARY CAGE (1.88:1 ONLY) 1
33 10-17-045-001 » PINION CARRIER GASKET (1.91:1 ONLY) 1
34 £9-08 = LUBE OIL STRAINER (1.91:1 ONLY) 1
35 10-00-141-149 * O-RING (1.91:1 ONLY) 1
36 L4-146 » REAR ADAPTER GASKET 1
37 10-00-183-073 * LOCK BOLT ("he-14 x 7/a) 6
38 0000163322 » { OCKWASHER (7/+6) &
39 LS-BA = REDUCTION UNIT ADAPTER * "~ 1
39A 10-17-172-001 ¢« REDUCTION UNIT ADAPTER ***" 1
40 4816 * SNAP RING 1
41 B308AGS + BEARING 1
42 t.4-145 * FRONT ADAPTER GASKET 1

* REPLACE BOTH PARTS IF ONE IS DAMAGED.

** SELECT CORRECT SIZE SPACER AT ASSEMBLY. ONLY ONE REQUIRED.

*** FOR USE WITH 1.91:1 NOISE REDUCTION PARTS. THESE INCLUDE LOCK PLATES (23),
PINION CARRIER GASKET (33), AND O-RING (35).

**** FOR USE WITH 1.88:1 OR 1.91:1 WITHOUT NOISE REDUCTION PARTS
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Figure 13. 1.91:1 Reduction Units - Early Production

INDEX PART DESCRIPTION aQTy"
- NO. NUMBER ' co
FIG. 13 NO NUMBER REDUCTION UNIT (1.91:1 ONLY)
1 4775L = COUPLING NUT 1.
2 4547AY = COUPLING (72C ONLY) 1
28 4547BA o COUPLING (71C ONLY) 1
3 6000179860 = HEX HEAD BOLT {7/ie-14 x 1-1/a) 6
4 6000103322 * LOCKWASHER (7/16) 6
5 L4-7 » BEARING RETAINER 1
6 L4-147 » BEARING RETAINER GASKET 1
7 71C-110 » OIL SEAL 1
8 4920A * BEARING 1
9 L9-2 * MAIN SHAFT 1
10 L5-1A * REDUCTION HOUSING 1

NOTE: These early production parts are not interchangeable with current

12. All other parts are the same.
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'A. DESCRIPTION

The 2.57:1 and 2.91:1 reduction units are
mounted on the back of a 71C or 72C transmis-
sion. The reduction unit output shaft rotates the
same direction as the input shaft on the transmis-
sion. The output shaft rotates about one turn for
every two and one half to three turps of the input
shaft. Lubricating oil is supplied to the reduction
unit through ports on the back of the transm;s~
sion.

NOTE: For inspection, maintenance, and
troubleshooting refer to the Table of Contents at
the front of this manual. '

B. OVERHAUL

The general overhaul information described on
page 12 applies to these reduction units. Before
starting disassembly, review the exploded-view
shown in Figure 14. The reduction unit can be
disassemblied following the index numbers in

Figure 14. The following procedures are correct

for most reduction units. Minor differences may
be found.

2.57:1 AND 2.91:1 REDUCTION UNITS

CAUTION: Threaded plugs, screws,
bolts, and coupling nut must be
tightened to torque shown in Table 4
to prevent premature reduction unit
failure.

A

* A new coupling nut must be used at assembly.

*= Do not disassembie the pinion cage and out-
put shaft assembly unless damaged. The neces-
sary tools must be available for proper assembly.
Use exploded view, Figure 14, for disassembly
and assembiy.

* The bearing cup and cone are a matched set.
If one is damaged both must be replaced.

» A solid spacer is used to control rolling torque
{(end play). Rolling torgue must be checked after
assembly of the reduction unit, before assembiy
to the transmission. .

NOTE: Early reduction units used a collapsible
spacer. If this spacer must be replaced use the
solid spacer.

NOTE: Early reduction units used a bearing re-
tainer on the output shaft end of the reduction

housing. To order correct parts refer to exploded-
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view, Figure 15.



STEP 1. I removed, press bearing cone (17) on
pinion cage and output shait (7).

STEP 2. if removed, press bearing cups (18 and
23) into reduction housing (26).

STEP 3. Piace oil baffle (25) in reduction hous-
ing (26). Thread two bolts {24) into reduction
housing (26). Tighten bolts (24) to torque shown
in Tabie 4.

3186

PINION CAGE
AND QUTPUT
SHAFT

12B04A

Bearing Cone Assembly

BEARING CUP

REDUCTION
HOUSING

12783A

Bearing Cup Assembly

REDUCTION BOLTS
HOUSING

OiL.
BAFFLE

12B07A

Oil Baffle installation



STEP 4.

instail pinion cage and output shaft (7)

in reduction housing (26).

Support pinion cage and output shaft (7). Install
original spacer (19) and bearing cone (22) in re-
duction housing (26).

A

CAUTION: If original spacer is not
used the replacement spacer should
be the same length. Using an incor-
rect size spacer can result in prema-
ture failure of reduction unit.

STEP 5. Place reduction housing (26) in press
with pinion cage and output shaft (7) supported.
Press bearing cone (22) on pinion cage and out-
put shaft (7). Remove reduction housing (26)
from press.

STEP 6.

Instali oil seal (20) in reduction housing

(26). Outer surface of oil seal (20) should be flush
with face of reduction housing (26).
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PINION CAGE

AND QUTPUT H BEARING

&> SOLID
SPACER

REDUCTION
HOUSING

12806A

Spacer and Bearing Cone Assembly

" REDUCTION

PRESS . BEARING

CONE

HOUSING

137T91A

Ol PINION CAGE
SEAL AND QUTPUT
. SHAFT
REDUCTION
HOUSING

12B05A

Oil Seal Assembly




STEP 7. Slide coupling (6) on pinion cage and
output shaft (7). Thread nut (5) on pinion cage
and output shaft (7). Tighten nut (5) to torque
shown in Table 4, :

Attach a torque wrench to nut (5). Turn torque
wrench to check roliing torque of bearings (17
and 22}. Rolling torque should be 5 to 30 in-ibs.

It rolling torque is over 30 in-ibs replace spacer
(13) with a longer one. If rolling torque is under 5
in-Ibs replace spacer (13) with a shorter one.

NOTE: Selection of the proper spacer (19) will
result in O to 0.005 inch end play.

STEP 8. If removed, install bearing (37) and
snap ring (36) in transmission.

Lubricate front adapter gasket (38) with vasoline
and install on transmission.

STEP 9. Install stationary gear plate (32) in ring
gear {33). Install snap ring (31) in groove of ring
gear (33).
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COUPLING

REDUCTION
HOUSING

COUPLING
NUT

127934

Coupling Assembly

BEARING

127944

| RING

Front Adapter Gasket Instailation .
STATIONARY SNAP
GEAR PLATE RING

GEAR

128084

Stationary Gear Plate Assembly




STEP 10. Install reduction unit adapter (35) and
ring gear (33) on transmission.

Thread six boits (29) with lockwashers (30) into.
transmission. Tighten bolts (29) in a: criss-cross
pattern to torque shown in Tabie 4.

STEP 11. Slide sun gear (28) on transmission
output shaft.

Install snap ring (27) in groove of output shaft.

STEP 12. Lubricate rear adapter gasket (34)
with vasoline and install on reduction unit

adapter (35).

319

REDUCTION
UNIT
ADAPTER

12609A

Reduction Unit Adapter Installation

12810A

Sun Gear Instatlation

GASKET

12611A

Rear Adapter Gasket Installation




STEP 13. Place reduction housing (26) on trans-
mission. Turn coupling (6) to engage pinion gears
(14) with ring gear (33),

Thread two bolts (1) with lockwashers (2) into
transmission,. ‘

Thread six bolts (3) with lockwashers (4) into re-
duction housing (18). :

Tighten bolts (1 and 3) in a Criss-cross pattern to
torque shown in Tabie 4.
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LOCKWASHER~" BOLT

2801A

~Reduction Housing Installation



126428

Figure 14. 2.57:1 and 2.91:1 Reduction Units - Current Production
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INDEX " PART DESCRIPTION QTy
NO. NUMBER
FIG. 14 | NO NUMBER REDUCTION UNIT ASSEMBLY (2.57:1)
14A NO NUMBER REDUCTION UNIT ASSEMBLY(2.91:1)
1 0000179864 * HEX HEAD BOLT ("he-14 x 1-34) 2
. 2 0000103322 * LOCKWASHER (7/16) 2
3 0000179840 * HEX HEAD BOLT (%a-18 x 1-/g) 8
4 0000103321 » LOCKWASHER (%) 6
5 10-00-149-034 e COUPLING NUT 1
6 10-00-031-001 * COUPLING 1
7 10-17-659-007 = PINION CAGE AND OUTPUT SHAFT 1
ASSEMBLY (2.57:1 ONLY)
7A 10-17-859-008 « PINION CAGE AND QUTPUT SHAFT 1
ASSEMBLY (2.91:1 ONLY)
8 L6-135 * + OIL COLLECTOR RING (2.57:1 ONLY) 1
8A L4-135 = * OIL COLLECTOR RING (2.91:1 ONLY) 1
9 R108B-40 * * PINION SHAFT PIN (2.57:1 ONLY) 6
9A 47178 * « PINION SHAFT PIN (2.91:1 ONLY) 6
10 15-39 * = PINION SHAFT 8.
11 L6-43 * o THRUSTWASHER (2.57:1 ONLY) 12
11A L3-43 * » THRUSTWASHER (2.91:1 ONLY) 12
12 4741A » « ROLLER BEARING 288
13 L3-41 » » PINION BEARING SPACER 8
14 L6-5 - * » PINION GEAR (2.57:1 ONLY) 6
14A L4-5 * » PINION GEAR (2.91:1 ONLY) ]
15 10-17-159-003 * « PINION CAGE AND QUTPUT SHAFT 1
' {2.57:1 ONLY)
15A 10-17-159-004 ° s PINION CAGE AND OUTPUT SHAFT 1
(2.91:1 ONLY)
16 NO NUMBER » BEARING ASSEMBLY 1
17 10-00-133-010 »  BEARING CONE * 1
18 10-00-133-009 * » BEARING CUP ~ 1
19 10-17-053-002 * SOLID SPACER {.820-.821 INCH LONG) ** 1
19A 10-17-053-003 * SOLID SPACER (.829-.830 INCH LONG) ** 1
198 10-17-053-004 * SOLID SPACER (.832-.833 INCH LONG) ** 1
19C 10-17-053-005 * SOLID SPACER (.835-.836 INCH LONG) ** 1
18D 10-17-053-006 * SOLID SPACER (.838-.839 INCH LONG) ** 1
19E 10-17-053-007 * SOLID SPACER (.841-.842 INCH LONG) ** 1
19F 10-17-053-008 * SOLID SPACER (.844-,845 INCH LONG) ** 1
19G 10-17-053-009 * SOLID SPACER (.847-.848 INCH LONG) ** 1
19H 10-17-053-010 * SOLID SPACER (.850-.851 INCH LONG) "~ 1
191 10-17-053-011 * SOLID SPACER (.853-.854 INCH LONG) ** 1
19J 10-17-053-012 * SOLID SPACER (.856-.857 INCH LONG) ** 1
20 10-00-044-017 » OIL SEAL 1
. 1

21

NO NUMBER

BEARING ASSEMBLY

" REPLACE BOTH PARTS IF ONE IS DAMAGED.

** SELECT CORRECT SIZE SPACER AT ASSEMBLY. ONLY ONE REQUIRED.
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INDEX PART DESCRIPTION QTyY
NO. NUMBER
22 10-00-133-002 ¢ + BEARING CONE * 1
23 10-00-133-001 * ¢+ BEARING CUP * 1
24 4776BB * LOCK BOLT ("he-14 x 7/g) 2
25 10-17-036-001 * OIL BAFFLE ‘ 1
26 10-17-065-001 * REDUCTION HOUSING 1
27 4734 * SNAP RING 1
28 L6-104 e SUN GEAR (2.57:1 ONLY) 1
28A L7-104 » SUN GEAR (2.91:1 ONLY) 1
29 4853E * [OCK BOLT ("he-14 x 1-'/a) 6
30 0000115550 * LOCKWASHER (%he) 6
31 4756E * SNAP RING (2.57:1 ONLY) 1
31A 4756D « SNAP RING (2.91:1 ONLY) 1
32 L6-31 » STATIONARY GEAR PLATE (2.57:1 ONLY} 1
32A L7-31 * STATIONARY GEAR PLATE {2.91:1 ONLY) 1
33 L3-6 * RING GEAR (2.57:1 ONLY) 1
33A L6-6 * RING GEAR (2.91:1 ONLY) 1
34 L4-146 *» REAR ADAPTER GASKET 1
35 L7-8A * REDUCTION UNIT ADAPTER 1
36 4816 » SNAP RING 1
a7 B30BAGS « BEARING 1
38 1.4-145 * FRONT ADAPTER GASKET 1

" REPLACE BOTH PARTS IF ONE 1S DAMAGED.

"7 SELECT CORRECT SIZE SPACER AT ASSEMBLY. ONLY ONE REQUIRED.
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128124

Figure 15. 2.57:1 AND 2.91:1 Reduction Units - Early Production

iNDEX PART DESCRIPTION QTY
NO. NUMBER '
FiG. 15 NO NUMBER REDUCTION UNIT (2.57:1 ONLY)
- 1A NO NUMBER REDUCTION UNIT (2.91:1 ONLY)
1 10-00-148-002 o COUPLING NUT ' 1
2 4912 * COUPLING 1
3 0006179860 s HEX HEAD BOLT {7hs-14 x 1-Ya) B
4 0000103322 s |LOCKWASHER (7}:s) 6
5 L4-7 * BEARING RETAINER 1
6 L4-147 * BEARING RETAINER GASKET 1
7 71C-110 * OlL SEAL 1
8 4920 » BEARING 1
9 LB-A3D * PINION CAGE AND QUTPUT SHAFT 1
ASSEMBLY (2.57:1 ONLY)
8A L7-A3D * PINION CAGE AND OQUTPUT SHAFT 1
ASSEMBLY (2.91:1 ONLY)
10 L7-1A * REDUCTION HOUSING 1

NOTE: These early production parts are not interchangeable with current production parts in Figure
14. All other parts are the same.
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2.10:1 REDUCTION UNIT

A. DESCRIPTION

The 2.10:1 reduction unit is mounted on the back
of a 71C or 72C transmission. The reduction unit
output shafi rotates the same direction as the in-
put shaft on the transmission. The output shaft
rotates about one turn for every two turns of the
input shaft, Lubricating oil is supplied to the re-
duction unit through ports on the back of the
transmission. :

NOTE: For inspection, maintenance, and
troubleshooting refer to the Table of Contents at
the front of this manual.

B. OVERHAUL

The general overhaul information described on
page 12 applies to these reduction units. Before
starting disassembly, review the exploded-view
shown in Figure 16. The reduction unit can be
disassembied following the index numbers in

Figure 16. The following procedures are correct.

for most reduction units. Minor differences may
be found.

325

CAUTION: Threaded plugs, screws,
bolts, and coupling nut must be
tightened to torque shown in Table 4
to prevent premature reduction unit
failure.

A

* A new coupling nut must be used at assembly.

* Do not disassemble the pinion carrier assem-
bly unless damaged. The necessary tools must
be available for proper assembly. Use the ex-
ploded view, Figure 16, for disassembly and as-
sembily.

* The bearing cup and cone are a maiched set.
If one is damaged both must be replaced.

* A solid spacer is used to controi rolling torque
(end play). Roiling torque must be checked after
assembly of the reduction unit, before assembly
to the transmission. :

NOTE: Early reduction units used. a collapsible
spacer. If this spacer must be replaced use the
solid spacer.

NOTE: Early reduction units used a bearing re-
tainer on the output shait end of reduction hous-
ing. To order correct parts refer to exploded-view,
Figure 17.



STEP 1. If removed, press bearing cone (12) on

output shaft (8).

STEP 2. If removed, install bushing (9) in output
shaft (8).

Install output shaft {8) in ring gear (9). install snap
ring (7) in groove of ring gear (10).

STEP 3. lf removed, press bearing cups (13 and
18) into reduction housing (20).
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127874

Bearing Cone Assembly

12788A

Output Shaft Assembly

BEARING CUP

REDUCTION
HOUSING

12789A

Bearing Cup Assembly




STEP 4. Install output shaft (8) and ring gear
{(10) in reduction housing (20).

Turn reduction housing (20) over and install origi-
nal spacer (14) and bearing cone (17) in reduc-
tion housing (20).

used the replacement spacer should
be the same length. Using an incor-
rect size spacer can result in prema-
ture failure of reduction unit.

i CAUTION: If original spacer is not

STEP 5. Place reduction housing (20) in press
with ring gear (10) supported. Press bearing
cone (17) on output shaft (8). Remove reduction
housing (20) from press.

STEP 6. Install oil seal (15) in reduction housing
{20). Outer surface of oil seal (15) should be flush
with reduction housing (20) face.
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MAIN ; BEARING
SHAFT CONE

SOLID
SPACER

REDUCTION
HOUSING

127304

Spacer and Bearing Cone Assembly

PRESS -BEARING
CONE

REDUCTION
HOUSING

12701A

REDUCTION
HOUSING

12752R

Oil Seal Assembly



STEP 7. Slide coupling (6) on output shaft (8).
Thread nut (5) on output shaft (8). Tighten nut (5)
to torque shown in Table 4.

Attach a torgue wrench to nut (5). Turn torque
wrench to check rolling torque of bearings (12
and 17). Roliing torque should be 5 to 30 in-lbs.

if rolling torque is over 30 in-lbs replace spacer
(14) with a longer one. If rolling torque is under 5
in-lbs replace spacer (14) with a shorter one.

NOTE: Selection of the proper spacer (14) will
result in 0 to 0.005 inch end play.

STEP 8. Lubricate front adapter gasket (43) with
vasolineg and install on transmission.

STEP 9. Siide sun gear (41) into reduction unit
adapter (42).

Turn reduction unit adapter (42) over. Install snap
ring (40) in groove of sun gear (41).
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.HOUSING

COUPLING COUPLING

NUT

REDUCTION

127934

GASKET

31281BA

Front Adapter Gasket Installation

REDUCTION SUN
UNIT ADAPTER

12B18A

Sun Gear Assembly




STEP 10. Install reduction unit adapter (42) on
transmission.

Thread six bolts (38) with lockwashers (39) into
transmission. Tighten boits (38) in a criss-cross
pattern to torque shown in Table 4.

STEP 11. Lubricate one thrustwasher (21) with
vasoline and install on sun gear {41).

STEP 12. Slide pinion cage assembly (22) on
transmission output shatft. .

Lubricate thrustwasher (21) with vasoline and in-
stall on pinion cage assembly (22).
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REDUCTION UNIT ADAPTER

12820A

Reduction Unit Adapter Instaliation

THRUSTWASHER

12821A

Thrustwasher Instaliation

THRUSTWASHER

PiNION
CAGE
ASSEMBLY

1282247

Pinion Cage Installation




STEP 13. Lubricate rear adapter gasket (37)
with vasoline and install on reduction unit
adapter {42).

STEP 14. Place reduction housing {20) on trans-
mission. Turn coupling (6) to engage ring gear
{(10) with pinion gears (28 and 35).

Thread two bolts (1) with lockwashers (2) into
transmission. '

Thread six bolts (3) with lockwashers (4) into re-
duction housing (20}.

Tighten bolts (1 and 3) in a criss-cross pattem to
torque shown in Table 4.
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REDUCTION
ey, HOUSING

GASKET

128234

- Rear Adapter Gasket Installation

BOLT LOCKWASHER

REDUCTION

LOCKWASHER

128G1A

Reduction Housing Installation
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Figure 16. 2.10:1 Reduction Units - Current Production
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PINION BEARING SPACER

INDEX PART DESCRIPTION QTy
NO. NUMBER
FIG. 16 | NO NUMBER REDUCTION UNIT ASSEMBLY(2.10:1)
1 0000179864 « HEX HEAD BOLT (7he-14 x 1-3/a) 2
2 0000103322 « LOCKWASHER (715 2
3 0000179840 + HEX HEAD BOLT (%618 x 1-Y/g) 6
4 0000103321 » LOCKWASHER (3/s) 6
5 10-00-149-034 » COUPLING NUT 1
6 10-00-031-001 « COUPLING 1
7 4756D « SNAP RING 1
8 10-17-671-001 o OUTPUT SHAFT AND BUSHING ASSEMBLY 1
9 A4867DD + » BUSHING (KIT) 1
10 L3-6 « RING GEAR 1
11 NO NUMBER « BEARING ASSEMBLY 1
12 10-00-133-010 + + BEARING CONE * 1
13 10-00-133-009 + » BEARING CUP * 1
14 10-17-053-002 « SOLID SPACER (.820-.821 INCH LONG) ** 1
14A 10-17-053-003 « SOLID SPACER (.829-.830 INCH LONG) ** 1
148 10-17-053-004 + SOLID SPACER (.832-.833 INCH LONG) ** 1
14C 10-17-053-005 + SOLID SPACER (.835-.836 INCH LONG) ** 1
14D 10-17-053-006 + SOLID SPACER (.838-.839 INCH LONG) ** 1
14E 10-17-053-007 « SOLID SPACER (.841-.842 INCH LONG) ** 1
14F 10-17-053-008 + SOLID SPACER (.844-.845 INCH LONG) ** 1
14G 10-17-053-009 « SOLID SPACER (.847-.848 INCH LONG) ** 1
14H 10-17-053-010 « SOLID SPACER (.850-.851 INCH LONG) ** 1
141 10-17-053-011 « SOLID SPACER (.853-.854 INCH LONG) "~ 1
14J 10-17-053-012 e SOLID SPACER (.856-.857 INCH LONG) ** 1
15 10-00-044-017 « OIL SEAL 1
16 NO NUMBER + BEARING ASSEMBLY 1
17 10-00-133-002 + » BEARING CONE * 1
18 10-00-133-001 + » BEARING CUP * 1
19 10-00-191-002 e PLASTIC PLUG 1
20 10-17-065-002 « REDUCTION HOUSING 1
21 L3-24 « THRUSTWASHER 2
22 10-17-659-006 + PINION CAGE ASSEMBLY *** 1
224 10-17-659-010 « PINION CAGE ASSEMBLY **** 1
23 L4-135 « » OIL COLLECTOR RING 1
24 47170 « + PINION SHAFT PIN 4
25 1.5-39A s = PINION SHAFT 4
26 72-43 + » PINION THRUST PLATE 4
27 4741A » + ROLLER BEARING 192
28 1.3-41 .o 4

* REPLACE BOTH PARTS IF ONE 1S DAMAGED.

** SELECT CORRECT SIZE SPACER AT ASSEMBLY. ONLY ONE REQUIRED.

*** USED WITH TRANSMISSIONS 10-17-000-009 AND 10-18-000-007. HAS DRILL SPOTS ON
PLANETARY CAGE FOR IDENTIFICATION.
**** USED WITH TRANSMISSIONS 10-17-000-010 AND 10-18-000-008.
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INDEX PART DESCRIPTION QTY
NO. NUMBER

29 L3-105 s « RH PINION GEAR 4
30 R4-40 + « PINION SHAFT PIN 4
31 L5-39 s o PINION SHAFT 4

32 72-43 + « PINION THRUST PLATE 4

33 L3-41 e o PINION BEARING SPACER 12

34 47414 « » ROLLER BEARING 192

35 L35 « o LH PINION GEAR 4
36 10-17-659-005 « » PLANETARY CAGE ASSEMBLY *** 1

36A 10-17-659-009 s « PLANETARY CAGE ASSEMBLY *"** 1

37 L4-146 » REAR ADAPTER GASKET 1

38 10-00-183-073 « LOCK BOLT (T1e-14 x 7le) 6

39 115550 o LOCKWASHER (716) 6

40 4766A *+ SNAP RING 1

41 10-17-165-002 » SUN GEAR 1

42 L5-8A o REDUCTION UNIT ADAPTER 1

43 L4-145 e FRONT ADAPTER GASKET 1

* REPLACE BOTH PARTS IF ONE IS DAMAGED.
“* SELECT CORRECT SIZE SPACER AT ASSEMBLY. ONLY ONE REQUIRED.
*** USED WITH TRANSMISSIONS 10-17-000-009 AND 10-18-000-007. HAS DRILL SPOTS ON
PLANETARY CAGE FOR IDENTIFICATION.
*rrr USED WITH TRANSMISSIONS 10-17-000-010 AND 10-18-000-008.
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128154

Figure 17, 2.10:1 Reduction Units - Early Production

INDEX PART DESCRIPTION QTY
NO. NUMBER

FIG.17 | NO NUMBER REDUCTION UNIT (2.10:1)

1 4775L « COUPLING NUT 1
2 4547AY « COUPLING (72C ONLY) 1
2B 4547BA » COUPLING (71C ONLY) 1
3 0000179860 o HEX HEAD BOLT (7he-14 x 1-'/a) 6
4 0000103322 o LOCKWASHER (715) 6
5 L4-7 o BEARING RETAINER 1
6 L4-147 o BEARING RETAINER GASKET 1
7 71C-110 e OIL SEAL : 1
8 4920A + BEARING 1
9 L5-A3 « OUTPUT SHAFT AND BUSHING ASSEMBLY 1

10 L5-4 « SUN GEAR 1

11 L5-1B » REDUCTION HOUSING 1

NOTE: These early production parts are not interchangeable with current production parts in Figure
16. All other parts are the same.

334



335



128154

Figure 17, 2,10:1 Reduction Units - Early Production

INDEX PART DESCRIPTION GTY
NO. NUMBER

FIG. 17 NO NUMBER REDUCTION UNIT (2.10:1)

1 47750 » COUPLING NUT 1
2 4547AY » COUPLING (72C ONLY) 1
2B 4547BA o COUPLING (71C ONLY) 1
3 0000179860 * HEX HEAD BOLT {7he-14 x 1-14) 6
4 0000103322 * LOCKWASHER (7hs) 6
5 L4-7 * BEARING RETAINER 1
6 L4-147 * BEARING RETAINER GASKET 1
7 71C-110 » Oll. SEAL 1
8 4920A *» BEARING 1
9 L5-A3 ¢« QUTPUT SHAFT AND BUSHING ASSEMBLY 1

10 L5-4 » SUN GEAR . 1

11 L5-1B » REDUCTION HOUSING 1

NOTE: These early production parts are not interchangeable with current production parts in Figure
16. All other parts are the same.
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NOTES
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