





























































































































































































































STARTER SERVICE

STARTER DISASSEMBLY & REASSEMBLY
Motor

1. Disconnect the connecting lead from the magnet switch.
2. Remove the through-screws, and then separate the end

frame, yoke and armature.

3. Remove the two screws and then take out the brush
holder from the end frame.

When Reassembling:
Apply grease to the spline teeth of the armature.

SPLINE TEETH
ARMATURE

YOKE

BRUSH
HOLDER

/5& END
MAGNET - FRAME
NUT  SWITCH
SCREW
CONNECTING
LEAD

THROUGH-
SCREWS

Magnet Switch
1. Remove the drive end frame mounting screws.

2. Remove the overrunning clutch, ball, spring, gear,
rollers and retainer.

When Reassembling:

Apply grease to the gear teeth of the gear, overrunning
clutch and ball.

RETAINER
ROLLE
0 ER\%@

DRIVE END
FRAME

OVERRUNNING
CLUTCH

SPRING

R

Plunger

1. Remove the end cover.

2. Remove the plunger.

END COVER PLUNGER

STARTER SERVICE
Commutator and Mica

1. Check the contact face of the commutator for wear, and
grind the commutator with emery paper if it is slightly
worn.

2. Measure the commutator O.D. with an outside micro-
meter at several points.

3. If the minimum O.D. is less than the limit, replace the
armature.

4. If the difference of the O.D.’s exceeds the limit, correct
the commutator on a lathe to the standard value.

5. Measure the mica undercut.

6. If the undercut is less than the limit, correct it with a
saw blade and chamfer the segment edges.

SEGMENT DEPTH OF MICA
GooD BAD
<P
- — % g
- MICA

Sy S
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STARTER SERVICE

Brush Wear 3. Check the continuity across the segments of the com-

. . mutator with an ohmmeter.
1. If the contact face of the brush is dirty or dusty, clean it

with emery paper. 4. If it does not conduct, replace the armature.
2. Measure the brush length with vernier calipers.

3. If the length is less than the limit, replace the yoke
assembly and brush holder.

F
BRUSH
LENGTH
Field Coil
,/ 1. Check the continuity across the lead and brush with an
ohmmeter.
Brush Holder

L. 2. If it does not conduct, replace the yoke assembly.
1. Check the continuity across the brush holder and the

holder support with an ohmmeter.
2. If it conducts, replace the brush holder.

3. Check the continuity across the brush and yoke with an
ohmmeter.

. 4. If it conducts, replace the yoke assembly.
Armature Coil _ P Y y

1. Check the continuity across the commutator and arma-
ture coil core with an ohmmeter.

2. If it conducts, replace the armature.

YOKE

Universal
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STARTER SERVICE

Armature Bearing
1. Check the bearing for smooth rotation.

2. If it does not rotate smoothly, replace it.

Overrunning Clutch
1. Inspect the pinion for wear or damage.

2. If there is any defect, replace the overrunning clutch
assembly.

3. Check that the pinion turns freely and smoothly in the
overrunning direction and does not slip in the cranking
direction.

4. 1If the pinion slips or does not turn in both directions,
replace the overrunning clutch assembly.

Magnet Switch

1. Check the continuity across terminal C and terminal B
with an ohmmeter while pushing the plunger.

2. If it does not conduct, check the contacts.

Universal
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MANDO ALTERNATOR SERVICE

PRECAUTIONS FOR TESTING ALTERNATOR

A WARNING: Be sure that the engine compartment
is well ventilated and that there is no gasoline vapor
present. This is to prevent the possibility of an expio-
sion and/or fire should a spark occur.

A WARNING: Keep fingers and clothing away from
the alternator belt and pulley; severe bodily harm can
occur.

A\ cAuTiON:
1. Do not attempt to polarize the alternator.

2. Do not short acress or ground any of the terminals
on the alternator, except as specifically instructed
in the troubleshooting tests.

3. Never disconnect the alternator-output lead or
battery cables when the alternator is being driven
by the engine.

4. Never disconnect the regulator lead from the
alternator-regulator terminal when the alternator
is being driven by the engine.

5. Always remove the negative (-) battery cable from
the battery before working on the alternator
system.

6. When installing the battery, be sure to connect
the negative (-) (grounded) battery cable to the
negative (-) battery terminal and the positive (+)
battery cable to the positive (+) battery terminal.

7. If a charger or hooster battery is to be used, be
sure to connect it in parallel with the existing
hattery (positive to positive; negative to negative).

TORQUE SPECIFICATIONS
TORQUE SPECIFICATIONS

Fastener Ib-ft Ib-in.
Location Nm Nm
Alternator front — 25 - 35 Ib-in.
housing screws (2.8 4.0 Nm)
Alternator end — 35— 65 Ib-in.
frame screws (4.0 - 7.3 Nm)
Alternator 35— 50 Ib-ft —
pulley nut (47 — 68 Nm)
Regulator — 25 — 45 Ib-in.
mounting screws (2.8-5.1 Nm)

PREPARING TO CHECK ALTERNATOR

Before starting the alternator tests, check these items:

1. If the problem is an undercharged battery, check to
ensure that the undercharged condition has not been
caused by an excessive accessory current draw or by
accessories which have accidentally been left on. Also,
check that the undercharged condition has not been
caused by running the engine at too low a speed for
extended periods of time.

2. Check the physical condition and the state of charge of
the battery. The battery must be fully charged to obtain
valid results in the following tests. If not, charge the
battery before testing the system.

3. Inspect the entire alternator system wiring for defects.
Check all connections for tightness and cleanliness, par-
ticularly the battery cable clamps and battery terminals.

OUTPUT
TERMINAL

ALTERNATOR WIRING
CONNECTIONS

4. Check the alternator drive belt for excessive wear,

cracks, fraying and glazed surfaces, and replace it if
necessary. Also check the drive belt tension and adjust
it if necessary (see DRIVE BELT ADJUSTMENT under
ENGINE ADJUSTMENTS).

Universal

12




MANDO ALTERNATOR SERVICE

TEST OUTPUT CIRCUIT

1.

Connect the positive voltmeter lead to the alternator
output terminal and the negative lead to the ground ter-
minal on the alternator (see illustration).

Wiggle the engine wiring harness while observing the
voltmeter. The meter should indicate the approximate
battery voltage, and should not vary. If no reading is
obtained, or if the reading varies, check the alternator-
output circuit for loose or dirty connections or damaged
wiring.

OUTPUT (+)

GROUND (-)

TESTING ALTERNATOR OUTPUT CIRCUIT

TEST EXCITATION CIRCUIT
1.

Connect the positive (+) voltmeter lead to the excitation
terminal on the alternator and the negative (-) lead to
the ground terminal on the alternator.

EXGITATION
TERMINAL (+)

GROUND (-)

TESTING EXCITER CIRCUIT

2. Turn the ignition switch to the on position and note the

voltmeter reading. The reading should be 1.3 to 2.5
volts (see illustration).

. If the reading is between .75 and 1.1 volts, the rotor

field circuit probably is shorted or grounded. Disas-
semble the alternator and test the rotor as described

under CLEAN AND TEST ALTERNATOR COMPO-

NENTS in this section.

. If the reading is between 6.0 and 7.0 volts, the rotor

field circuit probably is open. Remove the regulator
and inspect it for worn brushes or dirty slip rings.
Replace the brushes if they are less than 1/4 in. (6 mm)
long. If the brushes and slip rings are in good condi-
tion, disassemble the alternator and test the rotor, as
outlined under CLEAN AND TEST ALTERNATOR
COMPONENTS in this section.

. If no reading is obtained, an open exists in the alterna-

tor-excitation lead or in the excitation circuit of the
regulator. Disconnect the lead from the regulator.
Connect the positive voltmeter lead to this lead, and the
negative voltmeter lead to ground. If the voltmeter now
indicates an approximate battery voltage, the voltage
regulator is defective and must be replaced. If no
voltage is indicated, check the excitation circuit for
loose or dirty connections or damaged wiring (see
illustration).

EXCITATION
WIRE DISCONNECTED

/f’—

()

POSITIVE
LEAD /

GROUND (-)

TESTING EXCITER LEAD

Universal
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MANDO ALTERNATOR SERVICE

TEST ALTERNATOR CURRENT OUTPUT

Perform this test to check if the alternator is capable of
producing the rated current output, using a 0 — 55 amp DC
ammeter.

Disconnect the negative (—) battery cable from the
battery.

Disconnect the output lead from the alternator-output
terminal and connect the ammeter in series between the
lead and the output terminal. Connect the positive

side of the ammeter toward the output terminal.

Reconnect the negative battery cable.

Diesel: Operate the engine stop lever. Perform this so
the engine can be cranked with the starter motor and not
start. Turn on all accessories and crank the engine over
with the starter motor for 15 — 20 seconds.

Turn off the accessories. Return the stop lever to the
run position. Start the engine and adjust the engine
speed to 1500 — 2000 rpm. Quickly observe the
ammeter. The reading should be at least 30 amps (see
illustration).

w I
!E

AMMETER seee
MODE B
R
S - u
E Ry
o
NEGATIVE (N R
LEAD (-) o lledleviaols)
Q‘}\] o TEI]
>20.0
willw

POSITIVE
LEAD (+)

OUTPUT
TERMINAL

OUTPUT
WIRE

ALTERNATOR OUTPUT TEST 1

6. If the reading is low, stop the engine and connect a

jumper lead between the alternator-output terminal and
the indicator light terminal. Repeat Steps 4 and 5 (see
illustration).

7. If the reading is now within the specifications, the

diode trio is faulty. Disassemble the alternator and
replace the diode trio, as explained in this section.

If the reading is still low with the jumper lead connect-
ed, perform the Voltage Regulator Test to determine if
the fault is in the regulator or the alternator.

AMMETER : —
MODE TS

§rﬂi§.
Flians :!.
L -'

NEGATIVE
LEAD (-)

o ;

POSITIVE
LEAD (+)

OUTPUT
TERMINAL

OUTPUT
WIRE

INDICATOR
LIGHT TERMINAL

ALTERNATOR OUTPUT TEST 2

JUMPER

TEST VOLTAGE REGULATOR

Perform this test to determine if the voltage regulator is
operating correctly, using a 0 — 20 volt DC voltmeter.

NOTE: The battery must be fully charged, 1.265 or above
specific gravity, to obtain a proper voltage reading in this
test. If necessary, charge the battery with a battery charger
or allow the engine to run a sufficient length of time to fully
charge the battery before taking a reading.

1. Connect the positive (+) voltmeter lead to the positive
battery terminal and the negative (-) voltmeter lead to
the negative terminal (see illustration).

Universal
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MANDO ALTERNATOR SERVICE

SaL
@ ey Rn-fs”
‘c_*

NEGATIVE POSITIVE
LEAD (-) LEAD (+)
- +
BATTERY

SYSTEM VOLTAGE CHECK

2. Start the engine and run it at fast idle until the engine
reaches its normal operating temperature. Adjust the
engine speed to 1500 — 2000 rpm and observe the volt-
meter for the highest reading. The reading should be
between 13.7 and 14.7 volts.

3. If the reading is high, check for a loose or dirty regula-
tor ground lead connection. If the connection is good,
the voltage regulator is faulty and must be replaced. Be
sure to disconnect the battery cables before attempting
to remove the regulator.

4. If the reading is low:
a. Stop the engine.

b. Remove the Phillips cover screw from the regulator
cover (see illustration).

JUMPER (A) O

OUTPUT
TERMINAL

SENSING
TERMINAL

REGULATOR
COVER

¢. Remove the nut from the output terminal and the
nut from the sensing terminal, and remove Jumper
(A).

d. Remove another nut from the sensing terminal, and
the nut from the excitation terminal.

Remove the regulator cover.

Temporarily install Jumper (A) and all associated
nuts. Leave Jumper (B) installed.

g. Remove the plastic plug from the side of the
regulator.

h. Connect a jumper between the top brush lead from
the brush and ground (see illustration).

OUTPUT JUMPER

TERMINAL

JUMPER
SENSING
TERMINAL

JUMPER

N

T
PLASTIC PLUG

END VIEW OF REGULATOR WITH COVER REMOVED

TOP LEAD
FROM BRUSH

i. Repeat steps 1 and 2.
NOTE: Do not let the voltage exceed 16 vols.

J- If a voltmeter reading of 14.5 volts or above is
now obtained, the voltage regulator is faulty and
must be replaced. If the voltmeter reading is below
14.5 volts, inspect the brushes and slip rings for
wear, dirt or damage. If the brushes and slip rings
are good, the alternator is faulty internally. Disassem-
ble the alternator and test the components, as out-
lined in this section.

REMOVE ALTERNATOR
1. Disconnect the negative (—) battery ground cable.
COVER 2. Disconnect the wiring leads.
SCREW JUMPER (B) 3. Loosen the screws. Holding the alternator, rotate it
toward the engine and lift the belt off the pulley.
EXCITATION 4. Remove the screws and washers and remove the alternator.
TERMINAL -
REGULATOR COVER REMOVAL univerml
M
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MANDO ALTERNATOR SERVICE

N bt

o @

V)

ALTERNATOR MOUNTING

DISASSEMBLE ALTERNATOR

1. Remove the terminal nuts to remove the jumper (see
illustration).

o
£ =

ADJUSTING
SCREW

Remove the remaining terminal nuts.

Remove the capacitor.

Remove the Phillips screw from the regulator cover.
Remove the brush/regulator-assembly cover.
Remove the nut from the terminal.

Remove the jumper.

Remove the terminal insulators.

A S B AN L ol o B

Remove the two Phillips screws and remove the
brush/regulator assembly.

JUMPER

TERMINAL
NUT/INSULATOR TERMINAL
ut
PHILLIPS BRUSH/REGULATOR

SCREW ASSEMBLY COVER

TERMINAL 4
NUT S PHILLIPS
SCREWS (2)

TERMINAL

il

10. Place an oversized V-belt around the pulley and fasten
the pulley in a vise.

11. Use a 7/8 in. box wrench to loosen and remove the
pulley nut.

OVERSIZED
V-BELT

PULLEY REMOVAL

12. Remove the pulley nut, lockwasher, pulley, fan, and
spacer (see illustration).

FAN
SPACER

PULLEY

LOCKWASHER

NuT PULLEY AND FAN COMPONENTS

A CAUTION: Do NOT insert screwdriver blades
more than 1/16 in. (1.6 mm). Damage to the stator

winding could result from deeper penetration.

NOTE: Score the stator;, and the front and rear housings so
the unit may be reassembled correctly.

13. Remove the four through-bolts and carefully pry the
front housing away from the rear housing using two

Iﬁwx%ﬁ_mn screwdrivers (see illustration).
ALTERNATOR DISASSEMBLY
Universal
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MANDO ALTERNATOR SERVICE

HOUSING AND STATOR REMOVAL

14. Carefully push the rotor assembly out of the front
housing and rear housing (see illustration).

ROTOR REMOVAL

NOTE: If the bearing is removed from the housing, a new
bearing must be installed.

15. After removing the three bearing locking screws, care-
fully press the front bearing out of the housing. Press
against the inner race of the bearing (see illustration).

BEARING
LOCKING
SCREWS

BEARING

- DRIVER
e /

16. Remove the rectifier assembly by removing the Phillips
screw and lifting out the assembly.

RECTIFIER
ASSEMBLY

HOUSING

PHILLIPS
SCREW
RECTIFIER REMOVAL

CLEAN AND TEST ALTERNATOR COMPONENTS

1. Inspect and test the brush/regulator assembly. The
brush set may be reused if the brushes are 1/4 in.
(6 mm) or longer. The brushes must not be oil soaked,
cracked or grooved.

Test for continuity between 1 and 2, and 3 and 4 using
a test lamp or an ohmmeter. These checks will indicate
a good brush/regulator assembly; replace the complete
assembly, if necessary (see illustration).

TEST BRUSH/
4= REGULATOR
ASSEMBLY

TESTING BRUSH/REGULATOR ASSEMBLY .

2. Inspect and test the diode-trio assembly:

a. Using a commercial diode tester, a 12-volt DC test
lamp or an ohmmeter, check the resistance between
each of the three diode terminals and the indicator
light stud (see illustration).

INDICATOR
LIGHT STUD

DIODE
TERMINALS (3)
\7____4 DIODE-TRIO ASSEMBLY
FRONT FRONT
BEARING HOUSING
FRONT HOUSING BEARING REMOVAL
Universal
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MANDO ALTERNATOR SERVICE

b. Reverse the tester leads and repeat the resistance
checks.

c. A very low resistance should be indicated in one
direction and a very high resistance should be indi-
cated in the other direction if the diodes are normal.

d. If any diode appears to be defective, replace the
complete assembly. Do not attempt to replace an
individual diode.

3. Test the diode-rectifier bridge as follows:

a. Using a commercial diode tester, check for continu-
ity from each of three terminals to the output termi-
nal (see illustration).

OUTPUT
TERMINAL

RECTIFIER

GROUND DIODES

TERMINAL

DIODE-RECTIFIER BRIDGE

b. Reverse the tester leads and repeat Step a.

c. Continuity should exist in only one direction and all
diodes should check alike.

d. Perform the same continuity checks between the
three terminals and strap ground terminal. This
should show continuity in only one direction
through the diodes and all diodes should check
alike.

e. If any diode appears to be defective, replace the
rectifier assembly.

. Clean and inspect the front and rear housings:

a. Inspect the rear housing for cracks or breaks in the
casting, stripped threads or a damaged bearing bore.
Replace the housing if any of these conditions exist.

b. Inspect the front housing for cracks, stripped or
damaged threads in the adjusting ear, or an out-of-
round bore in the mounting foot. If possible,
correct slightly damaged threads using a tap.
Replace the housing, if necessary.

c. If the housings are to be reused, clean them in
solvent and dry with compressed air.

. Clean and inspect the rotor shaft bearings:

NOTE: Do not use a solvent on the rear rotor bearing
since it is serviced as a unit with the rotor.

a. The bearings should be wiped clean with a lint-free
cloth containing a moderate amount of commercial
solvent. Do not immerse a bearing in solvent, or
use pressurized solvent or air.

b. Check the bearings for obvious damage, looseness
or rough rotation. Replace a bearing if any doubt
exists as to its condition.

NOTE: If the rear rotor bearing needs replacement,
replace the entire rotor.

6. Inspect the belt pulley for rough or badly worn belt

grooves or keyway, and for cracks or breaks. Remove
minor burrs and correct minor surface damage; replace
a badly worn or damaged pulley.

FRONT
BEARING

FRONT
HOUSING

REAR
HOUSING

ALTERNATOR BEARINGS

7. Test the stator windings as follows:

a. Using an ohmmeter or test lamp, check for continu-
ity between all three leads (1, 2, and 3). A low ohm
reading or lit test lamp should be observed (see
illustration).

/‘ I
STATOR WINDINGS
LAMINATIONS

b. Check the resistance from each lead (1, 2, and 3) to
the laminations (4). There should be no continuity
if the insulation is good.

Universal



MANDO ALTERNATOR SERVICE

¢. Inspect the stator windings for signs of discoloration.
A discolored winding should be replaced.

d. If a winding shows a high resistance or an open cir-
cuit between any two of the three winding terminals
or indicates poor insulation between the windings

and the laminations, the stator must be replaced.
8. Check the rotor assembly as follows:

NOTE: If slip rings need to be replaced, you must
replace the entire rotor.

a. Visually inspect for physical defects such as dam-
aged shaft threads, worn or damaged bearing areas,
burned or pitted slip rings or scuffed pole fingers
(see illustration).

Measure the winding resistance across the slip rings
(A). Place the ohmmeter leads on the edges of the
slip rings, not on the brush contact surfaces. The
correct winding resistance at 70 — 80° F (21 —

27° C) is 4.1 to 4.7 ohms (see illustration).

Minor burning or pitting of the slip ring surfaces
can be removed using a crocus cloth. Thoroughly
wipe the slip rings clean after polishing, removing
all grit and dust.

Check for a grounded slip ring or rotor winding by
measuring the resistance from each slip ring to the
rotor body or pole finger (B). An open circuit should
be indicated in both cases for a good rotor (see illus-
tration).

TESTING ROTOR

e. If the windings are defective or physical damage
cannot be corrected, replace the rotor assembly.

9. Use a commercial capacitor checker to test the capaci-
tor for capacity, shorts, leakage, and series resistance.

o @]
CAPACITOR
ASSEMBLE ALTERNATOR

1. Carefully press the front bearing into the front housing,
pushing against the bearing’s outer race using a bearing
driver. Lock the bearing in place with screws (see
illustration).

BEARING
DRIVER \
| i FRONT
BEARING
BEARING
OUTER RACE
FRONT
HOUSING
.
FRONT BEARING INSTALLATION
BEARING -
LOCKING

SCREWS

BEARING

INSTALLING BEARING RETAINERS

Place the rotor (pulley end up) on the bed of an arbor
press, on two steel blocks.

Press the front housing and bearing assembly down
onto the rotor shaft. Press against the bearing’s inner
race only, using a sleeve driver. Take care to insure that
the rotor leads clear the steel blocks (see illustration).

Universal
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MANDO ALTERNATOR SERVICE

STATOR
WINDING

FRONT HOUSING
AND BEARING

SLEEVE DRIVER ASSEMBLY

INSTALLING FRONT HOUSING ON ROTOR ASSEMBLY :%?ngrNG

4. Install the rectifier assembly into the rear housing.
S. Insert the Phillips screw and tighten it (see illustration).

- HOUSING

RECTIFIER ASSEMBLING HOUSINGS

ASSEMBLY

7. Install the spacer and the fan. Then push the pulley,
lockwasher and nut onto the shaft. Turn the nut a few

turns. FAN

SPACER

PULLEY
HOUSING

PHILLIPS
SCREW

INSTALLING RECTIFIER ASSEMBLY

6. Assemble the front and rear housings as follows:

a. Put the stator winding in the front housing with the
stator leads away from the front housing and the
notches in the stator laminations aligned with the

four through-bolt holes in the housing. LOCKWASHER

. . NUT
b. Align the scribe marks you made 1n the stator, and PULLEY AND FAN COMPONENTS

front and rear housings during disassembly.

c. Slip the rear housing into place over the rotor shaft.
Align the mounting holes and put the stator leads
through the holes at the top of the rear housing.

d. Install the four bolts and tighten them (see
illustration).

NOTE: If the front housing is new, the through-bolt
will not be tapped.

Universal
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MANDO ALTERNATOR SERVICE

8. Place an oversized V-belt around the pulley and fasten
the pulley in a vise (see illustration).

OVERSIZED
V-BELT

WRENCH

INSTALLING PULLEY AND FAN NUT

9. Use a torque wrench to tighten the nut.

10. Carefully install the brush/regulator assembly on the

rear housing with the two mounting screws.
11.
12.
13.
14.
15.
16.

Install the small terminal insulators.
Install the large terminal insulator.

Install the jumper.

Install the nut on the terminal.

Install the brush/regulator assembly cover.

Install the Phillips screw for the brush/regulator
assembly cover.

17.
18.
19.

Install the capacitor.
Install the terminal nuts.

Install the jumper.

INSTALL ALTERNATOR

1. Install the alternator, screws and washers.
2. Connect the wiring leads.
3. Put the belt on the alternator, crankshaft and coolant

pump pulleys.

4. Adjust the alternator belt’s tension (see DRIVE BELT

ADJUSTMENT under ENGINE ADJUSTMENTS).

JUMPER

TERMINAL
NUT/INSULATOR TERMINAL
NUT
PHILLIPS BRUSH/REGULATOR

SCREW ASSEMBLY COVER

TERMINAL
NUT » PHILLIPS
SCREWS (2)

TERMINAL
CAPACITOR

TERMINAL JUMPER

TERMINAL
NUT/INSULATOR

ALTERNATOR ASSEMBLY

MANDO ALTERNATOR SPECIFICATIONS

20. Install the last terminal nut. Batt(?ry Voltage 12 volt
Maximum Speed 13500 rpm
Cut In Speed Max. 2000 rpm (at Exc.)
Max. 1500 rpm (at L2)
Reg. Set Voltage 14.1 volts
Ambient Temperature | -20°C to 100°C
Ground Negative
Universal
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PRESTOLITE ALTERNATOR SERVICE

DC VOLTMETER: 0-20 volt scale

HYDROMETER: Any commercial type having a
temperature correction scale.

GENERAL

The charging system consists of an alternator with a mount-
ed voltage regulator, an engine DC wiring harness, a mount-
ed DC circuit breaker, and a battery and connection wires.
Because of the use of integrated circuits (IC’s) the electronic
voltage regulator is very compact and is mounted internally
or on the back of the alternator.

It is desirable to test the charging system (alternator and
“voltage regulator) in the boat using the wiring harness and
electrical loads that are a permanent part of the system. In-
boat testing will then provide the technician with an opera-
tional test of the charging system as well as the major com-
ponents of the electrical system.

PRELIMINARY CHECKS AND TESTS

Before starting the actual alternator and voltage regulator
test procedures, the charging system, batteries and wiring
should be checked to eliminate possible problem areas. The
following checks are recommended:

A WARNING: A failed alternator can become
very hot. Do not touch until the alternator has cooled
down.

1. Make certain your alternator is securely mounted.

2. Check the drive belt for proper tension. Replace the
belt if it is worn or glazed.

3. Check that all terminals, connectors and plugs are clean
and tight. Loose or corroded connections cause high
resistance and this could cause overcharging, under-
charging or damage to the charging system. Badly cor-
roded battery cables could prevent the battery from
reaching a fully charged condition.

4. Check the condition of the battery and change if neces-
sary. A low or discharged battery may cause false or
misleading readings on the in-vessel tests.

NOTE: An isolator with a diode, a solenoid, or a bat-
tery selector switch is usually mounted in the circuit to
isolate the batteries so the starting battery is not dis-
charged along with the house batteries. If the isolator
is charging the starting battery but not the house bat-
tery, the alternator is OK and the problem is in the
battery charging circuit.

A WARNING: Shut off the engine battery switch or
disconnect from the battery when working on the
engine electrical system.

Test Equipment Requirements

The alternator and regulator tests described in this section
require electrical test equipment to measure voltage only;
however, most commercial test equipment incorporates
several testing devices in a single unit. The following test
equipment will be necessary:

Storage Battery

The starting battery circuit supplies a continuous, although
variable, electrical load to the alternator. If the circuit,
positive or negative, is opened or broken while the alterna-
tor is charging, the loss of the battery will result in the

charging voltage rising to unsafe levels.

Battery Inspection

The following table illustrates typical ranges of specific
gravity for a cell in various states of charge. The battery
must be at least 75% of full charge for effective alternator

testing.
1.260 SPECIFIC 1.280 SPECIFIC CHARGE
GRAVITY BATTERY | GRAVITY BATTERY | STATE

1.260 Specific Gravity
1.230 Specific Gravity
1.200 Specific Gravity
1.170 Specific Gravity
1.140 Specific Gravity
1.110 Specific Gravity

1.280 Specific Gravity
1.250 Specific Gravity
1.220 Specific Gravity
1.190 Specific Gravity
1.160 Specific Gravity
1.130 Specific Gravity

100% Charged
75% Charged
50% Charged
25% Charged
Very Low Capacity
Discharged

After completing these preliminary checks and tests, pro-
ceed with the tests as outlined in the TROUBLESHOOTING
GUIDE.

Checking for Proper Voltage

If you suspect the alternator has failed, perform the follow-
ing tests with the engine off:

1. Using a voltmeter, connect the voltmeter red wire clip
to the output terminal B+.

2. Connect the voltmeter negative wire to any ground
on the engine.

3. Check the battery voltage. It should read 12 to 13 volts.

4. Check the voltage between the alternator (+) positive
terminal B and any engine ground. If the circuit is
good, the voltage at the alternator should be the same
as the battery (unless there’s an isolator in the circuit,
then the reading would be zero).

A CAUTION: 7o avoid damage to the battery charg-
ing circuit, never shut off the engine battery switch
when the engine is running!

A WARNING: Before starting the engine make cer-
tain that everyone is clear of moving parts! Keep
away from sheaves and belts during test procedures.

5. Start the engine.

Universal
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PRESTOLITE ALTERNATOR SERVICE

6. The voltage reading for a properly operating alternator
should be between 13.5 and 14.5 volts. If your alterna-
tor is over- or undercharging, have it repaired at a reli-
able service shop.

NOTE: Before removing the alternator for repair, use your
voltmeter to ensure that 12 volts DC excitation is present at
the R terminal if the previous test showed only battery volt-
age at the B output terminal.

ALTERNATOR DESCRIPTION

The stator is connected to a three-phase, full-wave bridge
rectifier package which contains six diodes. The bridge
converts the AC generated in the stator to a DC output for
battery charging and accessories such as radio, heater, lights,
refrigerator, depth sounder, etc. See the illustrations below.

Power to the regulator and the field of the integral regulator
alternator is provided by the field diode (or diode trio) pack-
age contained in the alternator.

The alternator designs produce a rated output of 51 amperes.
Rated output is achieved at approximately 6000 alternator
rpm at an ambient temperature of 75°F (23.8°C). The alter-
nator is designed to operate in an ambient temperature range
of -40° to 212°F (-40° to 100°C). To ensure proper cooling
of the rectifier bridge and internal components of the alterna-
tor, it must be used with the proper cooling fan.

N
> RECTIFIER
L

= GROUND

D+ B+
? ?
DIODE
TRIO & 2
EXCITE 1<

T IV g
+&

REGULATOR |
(cn

STATOR—>

AC TAP
ROTOR (FIELD) | (TACH.)

ALTERNATOR SENSE (INTEGRAL REG.)

TRIO ¥
SENSE EXCITE

REGULATOR|
(ci

<= GROUND

STATOR—>

AC TAP
ROTOR (FIELD) | (TACH.)

BATTERY SENSE (INTEGRAL REG.)

—ﬁB—
#14 GRAY &
Q %,%
)
‘% el #14 BROWN
#14 PINK/BLUE _%% % ) _
S - @ \
#10 RED
X E 2 W B (X
: TYPICAL
#10 BLACK UI‘JSIYiI;\lnSIoDAL
® ALTERNATOR
CONNECTIONS
#14 BROWN B+ 10 RED
1
#14 RED JHITTT
STy, .
EXC |
#14 RED
O
#14 PINK/BLUE

#10 RED

OPTIONAL
72 AMP

ALTERNATOR

CONNECTIONS

VOLTAGE REGULATOR

The integral voltage regulator is an electronic switching
device which senses the system voltage level and switches
the voltage applied to the field in order to maintain a proper
system voltage.

The regulator design utilizes all-silicon semi conductors and
thick-film assembly techniques. After the voltage has been
adjusted to the proper regulating value, the entire circuit is
encapsulated to protect the circuit and the components from
possible damage due to handling or vibration and moisture
encountered in a vessel.

Universal
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PRESTOLITE ALTERNATOR SERVICE

The voltage regulator is also temperature compensated to
provide a slightly higher voltage at low temperatures and a
lower voltage at higher temperatures, to provide for the

charging requirements of the battery under these conditions.

TESTING PROCEDURE
AC TAP BACK
(TACH) COVER

© &) OUTPUT
(D+) INDICATOR (B+)
LIGHT TERM.
O
INTEGRAL
D ©) REGULATOR GROUND
INTEGRAL ALTERNATOR
12 VOLT, 51 AMP  _ REGULATOR SENSE
1]
@ 3 EXCITE
& 80 4 &
s w AC TAP BACK
< o 3 8 (TACH) COVER
E 8 POS. +
S OUTPUT
£ a0p——f ] 2 & (B+)
© / & (D+) INDICATOR (A
5 20 1 E LIGHT TERM.
o
S i
° :: GROUND SENSE
1000 2000 3000 4000 5000 6000 7000 T INTEGRAL (TO BATT. +)
ALTERNATOR SHAFT RPM REGULATOR
TYPICAL PERFORMANCE CURVE BROTE
@AMBIENT TEMPERATURE OF 75°F EXCITE SENSE

(23.8°C) SAE TEST METHOD

ALTERNATOR TERMINAL IDENTIFICATION

TROUBLESHOOTING GUIDE
PROBLEM PROBABLE CAUSE CORRECTIVE ACTION
A. Battery undercharged. 1. Defective cables, dirty battery 1. Check, clean, repair or replace
— Ammeter (if used) indicates posts, corroded terminals, etc. as needed.
constant discharge. 2. Loose or broken belt. 2. Check belt.
— Indicator lamp remains on. 3. Worn or broken brushes. 3. Replace brush assembly.
4. Defective alternator system. 4. Refer to LOCATING THE PROBLEM
section.
B. Battery undercharged. 1. Indicator lamp burned out or 1. Check bulb and harness.
. — Indicator lamp off with key defective wire harness.
on and engine stopped. 2. Broken brush. 2. Replace brush assembly.
(Normal condition is lamp on.) 3. Defective alternator system. 3. Refer to LOCATING THE PROBLEM
section.
C. Battery overcharges. 1. Defective wire harness. 1. Refer to LOCATING THE PROBLEM.
— Excessive use of water. 2. Defective alternator system. 2. Referto LOCATING THE PROBLEM.
— Ammeter (if used) shows constant 3. Poor ground. 3. Check ground.
excessive charge. 4. Broken sense lead (remote battery 4. Check, clean, repair or replace as
— Voltmeter indicates greater than sense only). needed.
14.5 volts (connected across battery
with no load) with engine idling.
B. Battery charges at idle, but discharges 1. Slipping belt. 1. Check belt and adjust tension or
under load conditions. 2. Alternator defective. replace as necessary.
2. Disassemble, check diodes.
E. Indicator lamp glows slightly under 1. Defective diode-trio. 1. Remove and replace.
moderate load; battery appears
charged.

Universal
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PRESTOLITE ALTERNATOR SERVICE

LOCATING THE PROBLEM

NOTE: The engine must be idling for all tests unless other-
wise specified.

A. BATTERY UNDERCHARGED
1. Remove battery sense only.
a. Perform the Harness Voltage Test (Test No. 3).
2. Indicator lamp on.
a. Perform the Open Diode-Trio Test (Test No. 1).
3. Indicator lamp off (ignition on, and engine stopped).
a. Perform Regulator Test (Test No. 2).

b. If the regulator is OK, the cause is probably an
open field circuit, and the alternator must be
removed for repair.

4. Further investigation requires alternator removal and
repair (diodes).

B. BATTERY OVERCHARGED

1. Regulator shorted; replace regulator.

Alternator/Regulator Tests
Test No. 1-Open Diode-Trio Test

With the ignition on and the engine not running and the
jumper not attached (no electrical load), check for battery
voltage at terminal A and for 1.5 to 3.0 volts at terminal B.
Add jumper JU1 between terminals A and B. Start the
engine and run at idle. If the indicator lamp now goes off
and charging voltage is present at terminal A, the diode-trio
is probably “open” (defective) and the alternator should be
removed for repair.

IGN. IND.
SwW LIGHT

AC TAP (TACH)

BATT +
POS +
QUTPUT
(B+)
INTEGRAL
REGULATOR
EXCITE
VoS (TO IGN. SW. OR * SENSE TO
rap— OIL PRESS. SW.) BATT (+)
o _Q
1
|fgn STEP | TEST PCIN INDICATION

-d™ *

== > 1 A (B+)
[ taten P2
H]
=5 2* |B (REG) 15 TO 3.0 VOIS WITH
:," - IND. LIGHT ON

BATTERY VOLTAGE

BATTERY

1SN 135 T0 150 VOLTS & IND.
T3 A LIGHT OFF. (JUMPER ~REMOTE BATT
ATTACHED. ENGINE IDLING) SENSE ONLY

Test No. 2-Open Regulator Test

NOTE: This test requires the removal of the back cover of
the alternator. To remove, disconnect the wires from the
terminals extending through the back cover. Remove the
back cover (two screws) and reconnect all wires.

With the ignition on and the engine not running and the
jumper not attached, check for battery voltage at terminal A
and terminal B. The indicator light will be off. Add
jumper JU1 between the field and ground. If 1.5 to 3.0
volts is present at terminal B and the indicator light is on,
an open (defective) regulator is indicated. If the lamp is
still not on, an open field circuit (brushes, slip-rings, etc.) is
indicated and alternator repair is required.

IGR. IND.

AC TAP (TACH)
SW  LIGHT D+

POS + OUTPUT
(B+)

FIELD
/

INTEGRAL = e e a
REGULATOR 01 -i__
-
VLTS EXCITE [~ *+* SENSE TO
F = (TO IGN. SW. OR BATT (+)
OIL PRESS. SW.)
? ? BLK
‘fED STEP | TEST POINT| INDICATION
=S| 1 [A B4 BATTERY VOLTAGE r—
iL_J°s| 2 |B (REG) | BATTERY VOLTAGE WITH
[ & IND. LIGHT OFF BATTERY
SN
== JUMPER ATTACHED, 15 T0 |
3 |B (D 3, IND. LIGHT ON REMOTE BATT
0+ 0 vours IGHT 0 SENSE ONLY

“JUMPER NOT ATTACHED
REGULATOR TEST (BACK COVER REMOVED)

Test No. 3-Harness Voltage Test (remove battery sense
only)

Remove the harness sense lead from the sense terminal and
connect the voltmeter leads as shown in the illustration.
The voltmeter should indicate the battery voltage (approx.
12.6 volts for a fully charged battery with the ignition key
off). If the voltage is zero, the hardness “sense” lead is
open and should be repaired or replaced.

*SENSE TO

BATT (+)
INTEGRAL ’
REGULATOR
HARNESS
EXCITE SENSE
VoS (TO IGN. SN. OR v
prap— OIL PRESS. SW.) ‘

*JUMPER NOT ATTACHED Q jo BLK
OPEN DIODE-TRIO TEST HED w
:
*REMOTE BATTERY SENSE ONLY BATTERY
CABLE HARNESS VOLTAGE TEST
Universal
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PRESTOLITE ALTERNATOR SERVICE

Test No. 4-Alternator Output Test

After the voltmeter is connected as shown in the illustra-
tion, start and run the engine at a fast idle of approximately
1,500 rpm. Check for a nominal system output voltage of
between 13.8-14.8 volts for a properly operating charging
system. (Voltages may vary a few tenths of a volt (higher
or lower) due to ambient temperature variations).

If the alternator output voltage does not fall within the
proper range, the alternator should be disassembled for fur-
ther inspection and tests.

IGN. IND
SW. LIGHT

AC TAP (TACH)

POS + OUTPUT
(B+)

*SENSE TO
BATT (+)
INTEGRAL

REGULATOR

TS EXCITE

F = (TO IGN. SW. OR
o OIL PRESS. SW.)

T BLK

RED POS + OUTPUT
13.8 TO 14.8V

BATTERY

*REMOTE BATTERY SENSE ONLY

~ ALTERNATOR OUTPUT TEST

ALTERNATOR REPAIR PROCEDURE

The following instructions provide a general overall proce-
dure for the complete disassembly of an alternator.
However, it should be pointed out that following the com-
plete procedure whenever a repair is necessary will seldom,
if ever, be required. In cases where the causes of the mal-
function are known, it will only be necessary to follow that
portion of the procedure directly related to resolving the
problem. Similarly, when the reasons for the malfunction
are uncertain, it will be necessary to follow the procedure
in greater depth in order to isolate and correct the problem.

The following troubleshooting diagram should help identify
some of the more common problems encountered during
the overhaul/repair procedure.

NO LOwW “NOISY"’
ALTERNATOR ALTERNATOR ALTERNATOR
OUTPUT OUTPUT 7
¢ ! LOOSE DRIVE
DEFECTIVE
85553%% REGULATOR PULLEY
¥ ¥ ¥
DEFECTIVE WORN cgﬁar;%%gn
BRUSHES BRUSHES DANMAGED
¥ \d B
OPEN GROUNDED/
FIELD SHORTED WORN
DIODE ROTOR WINDINGS BEARINGS
\ ¥ \
OPEN GROUNDED/ SHORTED
ROTOR SHORTED RECTIFIER
STATOR WINDINGS DIODE
¥ ¥
SHORTED/OPEN SHORTED OR
RECTIFIER DIODE GROUNDED STATOR
WINDINGS

ALTERNATOR TROUBLESHOOTING DIAGRAM

ALTERNATOR DISASSEMBLY & TESTING
1. Detach the back cover:

Remove the nuts from the terminals. Remove the two
screws that secure the back cover to the rear housing.

O BACK COVER
MOUNTING SCREWS (2}

REMOVING BACK COVER

Universal
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PRESTOLITE ALTERNATOR SERVICE

2. Remove the brush holder: 4. Remove the integral voltage regulator:
Remove the two locknuts securing the brush holder. Remove the two screws securing the integral voltage

Pull out the brush holder (see illustration). regulator to the rear housing.

>~ BRUSHOLDER
MOUNTING
LOCKNUTS(2)

REGULATOR
MOUNTING
SCREWS (2)

REMOVING BRUSH HOLDER REMOVING VOLTAGE REGULATOR

5. Remove the diode-trio (field diode) and rectifier
diode bridge:

The diode-trio and rectifier diode bridge are detached
as an assembly. Remove the cone lockout from the
positive output (B+) terminal. Straighten the B+ strap.

3. Inspect and test the brush assembly:

The illustration below shows the terminal’s brush

arrangement and testing procedure. The original brush
set may be reused if the brushes are 3/16 in. (5 mm) or . .
longer, and if the brushes are not oil soaked, cracked or Remove the three terminal screws and the four diode-

show evidence of grooves on the sides of the brushes trio mounting SCrews. Detach t.he asssambly from the
caused by vibration. rear housing and separate the diode-trio assembly from

the rectifier bridge (see illustration).

TERMINAL
SCREWS (3)

M0UNT|NG4
RECTIFIER —77, SCREWS (4)
BRIDGE  (
TEST
CONTINUITY N
. Frow A 0 Noone
FROM C T0 D
TEST WITH 12 VOLT DC AND B+
TEST LAMP OR OHMMETER | NO CIRCUIT: STRAP
" |FROM A OR B
T0 C OR D
BRUSH TEST
REMOVING DIODE-TRIO AND
RECTIFIER DIODE BRIDGE
Universal
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6. Test the diode-trio assembly:

Using a commercial diode tester or 12 volt DC test
lamp, check for continuity from each terminal separate-
ly to the D+ stud; continuity should be observed in one
direction (polarity) only, and all diodes should check
alike. If any diode is defective, replace the entire diode
trio assembly. See illustration.

COMMERCIAL

DIODE TESTER

o O——
AN TERMINAL (3)
;o\

(IND. LIGHT TERMINAL)

TESTING DIODE-TRIO

7. Test the diode rectifier bridge assembly:

Using a commercial diode tester, check for continuity.
Check between point A and each of the three terminals
C for negative diodes. Continuity should be observed
in one direction (polarity) only, and all diodes should
check alike. Then check between point B (B+ strap)
and each of three terminals C for positive diodes.
Continuity should be observed in one direction only,
and all diodes should check alike (see illustration).

If any diode is defective, replace the entire diode rectifi-
er bridge assembly.

COMMERCIAL

DIODE TESTER

Q Q
@ /// ! \\\ l
= r—é':_:_}] /;
|
© XOZXLOXLO —| @i
&) QS i
|
i

8. Separate the stator/rear housing assembly from the
front housing:

Remove the four thru-bolts (see illustration).

Carefully insert two screwdriver blades in opposite
openings between the stator and the front housing as
shown in the illustration. Pry the units apart.

A CAUTION: Do not insert the screwdriver
blades deeper than 1/16 in. (1.5 mm) to avoid
damaging the stator winding.

THROUGH
BOLTS (4)

THRU-BOLT REMOVAL

SCREWDRIVER BLADES
AT OPPOSITE OPENINGS

CAUTION: DO NOT
INSERT BLADE OF  \,
SCREWDRIVER MORE

THAN 1/16” (1.5 mm)

@:,,

STATOR-REAR HOUSING SEPARATION

e 9. Inspect the rear housing:

Inspect the rear housing for a cracked or broken
casting, stripped threads or evidence of severe wear
in the bearing bore due to a worn rear bearing.

TESTING RECTIFIER BRIDGE If the casting is to be reused, clean it in solvent, dry with
compressed air, and install a new rear bearing retainer if
the retainer is damaged.
(]
Universal
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10.

11.

PRESTOLITE ALTERNATOR SERVICE

Test the stator: 12. Separate the rotor from the front housing:

The stator assembly consists of three individual wind- Position the front housing on support blocks placed on
ings terminated in the delta type connections. Using an arbor press. Push the rotor assembly from the

an ohmmeter or a test lamp, check for winding continu- housing (see illustration).

ity between terminals A, B and C. There should be no i

continuity from any terminal to point D (laminations). ROTOR ~——PRESS

Also, stators showing any signs of winding discoloration SHAFT H'(:)TJOSTJ o

should be discarded (see illustration).

\ BLOCK

' L—" SEPARATING ROTOR
STATOR WINDING TESTS FROM FRONT HOUSING

Remove the pulley, fan and spacer: 13. Remove the front bearing from the housing:

The pulley is a slip-fit on the rotor shaft, positioned with
a woodruff key. Remove the nut and lockwasher from
the shaft using an impact wrench or other suitable tool.

Remove the three bearing retainer screws. Position the
housing on support blocks placed on an arbor press.
Using a tool that contacts the inner race of the bearing,
After the nut and lockwasher are removed, the alternator press out the front bearing (see illustrations).

can be separated from the pulley.

The fan will slide over the key. The key may be remove- SEQE{,’JSG (Q)E TAINER

ed with diagonal pliers, or with a screwdriver.

Inspect the fan for cracked or broken fins, and note the
condition of the mounting hole. If it is worn from run-
ning loose, replace the fan to insure balance.

FRONT
HOUSING

Inspect the pulley for possible faults as shown in the
illustration. ~

REMOVING RETAINER SCREWS

PULLEY REMOVAL

FRONT TooL
CHECK FOR WORN HOUSING
DRIVE SURFACES. HU§
]
CHECK FOR POLISHED ”" ! ‘
SURFACE HERE. ff
NOTE CONDITION OF ! |l ‘
KEY GROOVE. T~ = / \
CHECK BORE
FOR WEAR. BN BEARING INNER RACE
PULLEY INSPECTION POINTS Universal PRESSING OUT BEARING
M

MARINE POWER
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14. Inspect the front housing:

Check the housing for cracks. Check the condition of
the threads in the adjusting ear. Check the bore in the
mounting foot. Discard the housing if the bore shows
signs of elongation (oval or out-of-roundness).

15. Rotor inspection & electrical testing:

Check the rotor assembly for the following electrical
properties (see illustration).

A. Current draw or resistance of the winding.

A CAUTION: Turn off the DC power source
before removing the test leads to avoid avc dam-
age to the slip ring surfaces.

1. Current Draw in amperes, at 70°~80°F
(21°=27°C):
12 Volt Models, Correct Current Draw
Rated At: @15.0V:
51 Amperes 3.2-3.6 Amperes

2. Resistance of winding in Ohms, at 70°-80°F

(21°=-27°C):
12 Volt Models, Correct Winding
Rated At: Resistance:
51 Amperes 4.1-4.7 Ohm
REAR POLE FINGERS
SLIP BEARING ;
RINGS e aNu BEARING
AREA

KEY SLOT

BEWEEN RINGS NOTE: PLACE TEST LEADS ON EDGES

OF SLIP RINGS TO AVOID CREATING
ARCS ON BRUSH CONTACT SURFACES.

ROTOR INSPECTION AND ELECTRICAL TESTING

B. Grounded slip ring or winding.

Use a 12 volt DC test lamp, ohmmeter, or 110V AC
test lamp. Place one test lead to the rotor body and
the other on either slip ring. An open circuit from
either slip ring to the rotor body is a correct
condition.

C. Condition of the slip rings.

1. Clean the brush contacting surfaces with a fine
crocus cloth; wipe the dust and residue away.

2. If surfaces are worn beyond this restoration,
replace the entire rotor assembly.

D. Rotor shaft and pole pieces.
1. Stripped threads on shaft.

Worn key slot.

Worn bearing surface.

Bl

Scuffed pole fingers.
5.

Replace the rotor assembly if any of the above faults
are noted, with the exception of item D, 5.

Worn or dry rear bearing.

NOTE: New rotors include a new rear bearing and new
slip rings as part of the assembly. If the rear bearing
requires replacement, follow the instructions for this
operation.

16. Remove the slip rings from the rotor assembly:

Unsolder the rotor leads from the slip ring terminals.
Carefully unwind the ends of the rotor coil leads from
the slip ring terminals, as shown in the illustration.

REMOVE ALL RESIDUE
FROM BETWEEN
SLIP RINGS

UNSOLDER

CAUTION: DO NOT
OVERHEAT

UNSOLDER ROTOR LEADS FROM SLIP RINGS

Straighten the rotor leads. Insert a No. 10 x 1" cap
screw into the opening at the center of the slip ring
assembly. Position the bearing puller as shown in the

illustration and pull the slip ring assembly off the rotor
shaft.

A CAUTION: When holding the rear end of the
rotor shaft in a vise, be sure not to grip the bear-
ing area of the rotor shaft.

NO. 10 x 1"
STRAIGHTEN
ROTOR LEADS  CAP SCREW
\
\ /

—

REMOVING SLIP RING ASSY.

Universal

MARINE POWER
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17. Remove the rear bearing from the rotor:

Dress the rotor leads away from the bearing puller con-
tact area. Adjust the puller to contact the inner bearing
race, then carefully remove the bearing from the shaft
(see illustration).

This completes the disassembly of the alternator.

DRESS ROTOR LEADS
AWAY FROM PULLER

REMOVING REAR BEARING

ALTERNATOR REASSEMBLY

The reassembly sequence, generally, is the reverse of the
order of disassembly, therefore, only information pertaining
to special reassembly requirements will be covered in this
section. ’

1. Install the rear bearing:

Place the rotor on a press as shown in the illustration.
Choose a driver sleeve that exerts pressure on the inner
race only, and press the bearing onto the rotor shaft
until it contacts the shoulder. New replacement bear-
ings should be used whenever the bearing is removed
during repair procedures or when the bearing is rough,
dry or noisy. : ;

|<— PRESS

REAR
BEARING
ROTOR A |

DRIVER
SLEEVE

INSTALLING REAR BEARING

2. Install the slip ring assembly:

Guide the rotor leads through one of the oval passages
in the slip ring assembly. Be sure the oval passage is
in line with the groove in the rotor shaft. Place the
rotor on a press as shown in the illustration. Choose a
driver sleeve having a diameter that clears the leads.

Press the slip ring assembly onto the shaft. Solder the
rotor leads to the leads on the slip ring. Trim excess
slip ring leads extending above the solder connections.

SLIP RING
ASSEMBLY

INSTALLING SLIP RING ASSEMBLY

3. Install the front bearing:

Place the front bearing and housing in an arbor press as
shown in the illustration. Select a drive tool to contact
the outer race only, and press the bearing into the
housing bore. Bearing replacement is recommended
whenever a bearing is removed during alternator repair
procedures or when the bearing is rough, dry or noisy.
Install three bearing retainer screws. Torque to 25-30
ft-1bs (33.9-40.7 Nm).

«——— PRESS

DRIVER TOOL
CONTACTS

RACE ONLY

FRONT
BEARING

FRONT
HOUSING

e —

INSTALLING FRONT BEARING

Universal
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4. Assemble the rotor and front housing:

Place the rotor on the bed of an arbor press using two
steel blocks for support, as shown in the illustration.
Place the front housing over the shaft. Using a driver
sleeve that contacts the inner bearing race only, press
the front housing down until the inner bearing race
contacts the shoulder on the shaft.

A CAUTION: Be sure the rotor leads clear the
blocks.

FRONT

BLOCK
ROTOR

ASSEMBLY

AN

ASSEMBLING FRONT HOUSING TO ROTOR

Assemble the spacer, fan and pulley:

Place the pulley spacer over the shaft. Install the
woodruff key. Install the fan. Install the pulley, lock
washer and nut. Mount the pulley as shown in the illus-
tration and tighten to 35-50 ft-lbs (47.5-67.8 Nm).

Spin the rotor by hand to test the freedom of the
bearing.

Assemble the front and rear housings:

Place the stator into the front housing with the stator
leads at the top and the notches in the laminations
aligned with the bolt holes. Position the rear housing
over the slip rings with the housing bolt holes aligned
and the stator leads extending through the openings at
the top of the rear housing.

Install the through-bolts and tighten them evenly to
50-60 in-Ibs (5.7-6.8 Nm). Spin the rotor by hand to
test the freedom of the bearings.

NOTE: New front housings contain through-bolt holes
that are not tapped. Therefore, a socket wrench rather
that a nut driver will be required to supply sufficient
torque to drive the “thread forming” through-bolts.

Install the diode rectifier bridge and diode trio:

Insert the B+ strap through the slot in the diode trio
body. Bend the strap over the B+ terminal and secure
it with a cone locknut. Apply a thin film of heat sink

compound to the back of the diode rectifier bridge and
to the mating area on the rear housing.

Install the assembly to the rear housing (four screws).
Place the strap (AC tap) in position and connect the
stator leads (three screws).

Install the capacitor (where applicable).
Install the integral regulator:

Install the brush mounting screws (two) though the
openings in the regulator body. Secure the regulator to
the rear housing (two screws).

Install the brush assembly:

Insert the brush holder into the grooves in the hub of
the rear housing. Place the D+ strap (or male terminal
where applicable) on the stud and secure the brush
holder with locknuts (two places). Secure the other
end of the D+ strap.

10. Install the rear cover:

Be sure the felt gasket is in place (see illustration).
Position the rear cover on the rear housing and secure
it with two screws.

INSTALLING REAR COVER

ALTERNATOR PERFORMANCE TESTS

The following tests will determine the current producing
capability of the repaired alternator. Mount the alternator
in a test fixture capable of providing 5000 alternator rpm.
Select the required battery voltage and circuit polarity.

Turn the drive motor on, and adjust to obtain 5000 alterna-
tor rpm. Slowly reduce the field rheostat resistance; the
alternator should develop a charge. Continue to reduce
resistance until the alternator reaches its rated current out-
put in amperes. CAUTION: Limit the output voltage to
15V maximum. DO NOT operate the alternator for more
than a few minutes in this manner, due to the lack of volt-
age control. If the alternator will deliver its rated output,
end the test.

Connect the fixture leads and instruments to the alternator
terminals as shown in the following TYPICAL ALTERNA-
TOR PERFORMANCE TEST diagram.

®
Universal
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The carbon pile or resistive load bank and ammeter must
be capable of handling the alternator’s rated output at rated
rpm.

IGN. IND. D+ AC TAP (TACH)
SW  LIGHT
POS + OUTPUT (B+)

A CAUTION: Make sure the connections are well

AMMETER
secured and tight to avoid possible damage to the

INTEGRAL

|+
instruments, alternator or wiring due to short circuits. REGULATOR QD
EXCITE >
. . . . . SW. OR
Starting with the carbon pile off, slowly increase the load vours gg_ E;‘Esg‘.hlsv%.) \SBE\P#E(R
while observing the ammeter and maintaining 5000 rpm. 5 L
A

Increase the load until a minimum output voltage of

approximately 13.7 volts is obtained. Record the output
current at this point, and refer to the chart for minimum RED POS + OUTPUT
acceptable ratings.

BATTERY

*REMOTE BATT
MINIMUM ACCEPTABLE OUTPUT SENSE ONLY S oie o
VALUES AT 70° — 80°F (21° - 27° C)
RATING OUTPUT TYPICAL ALTERNATOR PERFORMANCE TEST

51 AMP 46 AMP

Universal
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DC ELECTRICAL SYSTEM
WIRING DIAGRAM #39144
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These diagrams illustrate the 12 volt negative ground
electrical circuit. The two optional instrument panels,
the CAPTAIN PANEL and the ADMIRAL PANEL are
diagramed below.

When an ADMIRAL PANEL is installed, two additional
instrument senders are assembled to the engine to
provide data for the panel gauges (refer to the illustra-
tions below).

REMOVE THE PLUG AND
INSTALL THE SENDER

ATTACH THE SPARE WIRE
FROM THE HARNESS BUNDLE

THERMOSTAT
HOUSING

REMOVE THE PLUG AND INSTALL
THE OIL PRESSURE SENDER

ATTACH THE SPARE WIRE
FROM THE HARNESS BUNDLE

k- NOTE: An on-off switch
should be installed in this
circuit to disconnect the
starter from the battery in
an emergency and when
leaving the boat. Twelve
volt diesel engine starters
typically draw 200 to 300
amps when cranking. A
switch with a continuous
rating of 175 amps at 12
VDC will normally serve
this function, but a switch
must never be used to
“make” the starter circuit.
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DC ELECTRICAL SYSTEM
WIRING DIAGRAM #200360 — CATALINA YACHTS
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DC ELECTRICAL SYSTEM
WIRING SCHEMATIC #200360 — CATALINA YACHTS
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HURTH HBW TRANSMISSIONS

DESCRIPTION

The information below is specific to the HBW
Transmissions; the TRANSMISSION TROUBLESHOOTING
SECTION applies to all models.

20°

MAXIMUM
INCLINATION

COOLER

A CAUTION: The position of the mechanism behind
the actuating lever is factory-adjusted to ensure equal
shift lever travel from neutral position A and B. If

this mechanism is in any way tampered with, the
transmission warranty will be void.

SHAFT COUPLINGS

UNIVERSAL recommends a flexible connection between
the transmission and the propeller shaft if the engine is flexi-
bly mounted, in order to compensate for angular deflections.
The installation of a special propeller thrust bearing is not
required, since the propeller thrust will be absorbed by the
transmission bearing, provided the value specified under
SPECIFICATIONS is not exceeded. However, the output
shaft should be protected from additional loads. Special care
should be taken to prevent torsional vibration. When using a
universal joint shaft, make certain to observe the
manufacturers instructions.

Even with the engine solidly mounted, the use of flexible
coupling or “DRIVESAVER” will reduce stress in the gear-

box bearings caused by hull distortions, especially in wooden

boats or where the distance between transmission output
flange and stern gland is less than about 800mm.

“Drivesaver” is a product of Globe Marine
Rockland, MA.

Universal >

NOTE: When installing the transmission, make certain that
shifting is not impeded by restricted movability of the cable
or rod linkage, by unsuitably positioned guide sheaves, too
small a bending radius or other restrictions. In order to
mount a support for shift control cable connections, use the
two threaded holes located above the cable bracket mounted
on the gear housing. Refer to the UNIVERSAL parts list.

SHIFT LEVER

The transmission is suitable for single lever remote control.
Upon loosening the retaining screw, the actuating lever can
be moved to any position required for the control elements
(cable or rod linkage). Make certain that the shift lever does
not contact the actuating lever cover plate: the minimum
distance between lever and cover should be 0.5mm.

The control cable or rod should be arranged at right angle to
the actuating shift lever when in the neutral position. The
neutral position of the operating lever on the control console
should coincide with the neutral position of this lever.

The shifting travel, as measured at the pivot point of the actu-
ating lever, between the neutral position and end positions A
and B should be at least 35mm for the outer and 30mm for
the inner pivot point.

A greater amount of shift lever travel is in no way
detrimental and is recommended. However, if the lever

travel is shorter, proper clutch engagement might be impeded
which, in turn, would mean premature wear, excessive heat
generation and clutch plate failure. This would be indicated
by slow clutch engagement or no engagement at all.

NOTE Check for proper lever travel at least each season.
NEUTRAL

FORWARD REVERSE

_.pL

CABLE 1Nt/

I

p l ‘
v | r‘
FLUID DRAIN

—_——

L1

SHIFT — 7
LEVER

| N
()
o

<
m
=

0.5mm
MINIMUM DISTANCE



HURTH HBW TRANSMISSIONS

INITIAL OPERATION

All HBW marine transmissions are test-run on a test stand
with the engine at the factory prior to delivery. For safety
reasons the fluid is drained before shipment.

Fill the gearbox with Automatic Transmission Fluid
(DEXTRON III). The fluid level should be up to the index
mark on the dipstick. To check the fluid level, just insert the
dipstick, do not screw it in. Screw the dipstick into the case
after the fluid level is checked and tighten. Do not forget the
sealing ring under the hexhead of the dipstick. Check for
leaks and make a visual inspection of the coupling, oil cooler
and hoses, and shift cables.

Uil |

|
|

| TRANSMISSION
| OPERATING

FLUID LEVEL

FLUID DRAIN

FLUID CHANGE

Change the fluid for the first time after about 25 hours of
operation, then every 250 operating hours or at least once a
year or when you change engine oil.

Removing the fluid

Push a suction pump hose down through the dipstick hole to
the bottom of the housing and suck out the fluid. If space
allows, use the transmission drain. Remove the drain plug
from the bottom of the transmission and allow the fluid to
drain into a container, then reinstall the plug with its sealing
washer. Wipe down the transmission and properly dispose of
the used fluid. After running the engine, shut down and
recheck the fluid level.

DRAIN PLUG TORQUE 20 - 25 ft/lbs
NOTE : When changing the fluid, take care not to lose the

drain plug sealing washer. The drain plug will leak without
this sealing washer.

A\ WARNING: Never pull out the dipstick while the
engine is running. Hot fluid will spiash from the
dipstick hole. This could cause severe burns.

LOCKING THE PROPELLER

Locking of the propeller shaft by an additional brake is not
required: use the gear shift lever position opposite your direc-
tion of travel for this purpose. Never put the gear shift in the
position corresponding to the direction of travel of the boat.

WHEN UNDER SAIL OR BEING TOWED

Rotation of the propeller without load, such as when the boat
is being sailed, being towed, or anchored in a river, as well as
operation of the engine with the propeller stopped (for
charging the battery), will have no detrimental effects on

the transmission.

DAILY OPERATION

[0 Check the transmission fluid.

[0 Visually check the gear shift linkage and transmission.

[0 Start the engine in neutral, allowing a few minutes at
idle to warm the fluid.

J Shift into gear.

NOTE : Too low an idle speed will produce a chattering noise

from the transmission gear and damper plate.. In such cases
the idle speed should be increased

For additional information refer to the following text in this
Transmission Section: SHAFT COUPLINGS, MAINTE-
NANCE AND TRANSMISSION TROUBLESHOOTING.

HBW TRANSMISSIONS SPECIFICATIONS

General (Hurth Standard Transmission) Case-
hardened helical gears, with a servo-
operated multiple disc clutch.

Gear ratio forward HBW-50 2.05:1
(standard transmission) HBW-100 1.79:1
HBW-150 1.88:1

ATF - type A or Dextron - Il or 1l

HBW-50 0.37 qt. (0.35 liter)
HBW-100 0.37 qt. (0.35 liter)
HBW-150 0.58 gt. (0.56 liter)

Right hand - standard transmission

Lubricating Fluid

Transmission Sump
Capacity

Propeller Shaft
Direction of Rotation

Univarsal
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HURTH HBW TRANSMISSIONS

OPERATING TEMPERATURE

A WARNING: If the transmission fluid temperature
is too high, stop the engine immediately and check the
transmission fluid.

Normal operating temperature of the transmission fluid
should be in the range of 122°F (50°C) to 212°F (100°C). A
maximum temperature of 266°F (130°C) may be only
reached for a short time.

Make certain there is enough space around the transmission
to provide good ventilation and cooling.

TRANSMISSION COOLER

Coolers are standard equipment for the HBW 100, 125, 150,
150A, 150V, and the 250 (no cooler is necessary for the
HBW 35 and 50).

The cooler is a separate part of the transmission which
prevents any possibility of coolant diluting the transmission
fluid. However, the continued flow of coolant thru the cooler
will, in time, erode the inside of the cooler causing external
leaks.

A transmission cooler may last ten years or more but, in
some circumstances, depending on operating hours, tropical
waters, maintenance, etc. it might only last half that time.

UNIVERSAL recommends having a spare cooler aboard.

PERIODICALLY INSPECT FOR
EROSION AND LEAKAGE

MAINTENANCE

Transmission maintenance is minimal. Keep the exterior
housing clean, check the fluid level as part of your regular
routine, and change the fluid every 300 operating hours.

Periodically inspect the transmission and the cooler for leaks
and corrosion. Lubricate the cable connections.

Lay-up/Winterize
Storage requires special care. Follow these procedures:

O Drain water from the transmission oil cooler and replace
with a proper mixture of antifreeze coolant.

NOTE: This operation will normally occur when the
engine raw water cooling system is properly winterized.

[J Clean up the transmission and touch up unpainted areas
(use heat resistant paint).

[ Fill the transmission with Dextron III ATF fluid to pre-
vent internal corrosion (extended storage only, twelve
months or more).

O Loosen attaching hardware from the transmission output
flange and propeller shaft coupling flange before remov-
ing the boat from the water. Separate the flanges and
spray with lubricant.

[0 Inspect the gear shift cable, linkage, and attachments.
Look for corrosion of the end fittings, cracks or cuts in
the conduit, and bending of the actuator rods. Lubricate
all moving parts.

NOTE: If the transmission is to be stored for a long time
(twelve months or more), it should be topped off with
fluid to prevent internal corrosion. Reduce the fluid level
before putting the engine back into service.

For additional information contact:

HURTH MARINE GEAR
ZF Industries

Marine US Headquarters
3131 SW 42nd Street

Fort Lauderdale, FLL 33312
‘Tel.: (954) 581-4040

Fax: (954) 581-4077

Univarsal
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TRANSMISSION TROUBLESHOOTING [HURTH]

CONTROL CABLES

The majority of transmission difficulties arise as a result of
improper clutch adjustments (manual transmissions) or
problems with control cables (hydraulic transmissions)
rather than from problems with the transmission itself.

HURTH clutches, in particular, are very sensitive to improper
shift adjustments.

If you experience operating problems with the transmission,
shut the engine down. First check the transmission fluid
level, then have a helper move the cockpit shift lever through

A new cable and perhaps a new linkage mechanism may be
needed. While the cable is loose, shift the transmission in and
out of gear using the lever on the side of the transmission to
make sure there’s no binding inside the case.

If the transmission passes these tests, crank the engine and
have a helper put it in forward and reverse while you observe
the propeller shaft; if the shaft isn’t turning, the transmission
needs professional attention. If it does turn but there’s no
thrust, check to see you still have a propeller on the end of
the shaft or, if you have a folding or feathering propeller, that
it isn’t stuck in the “no pitch” position.

the full range — from neutral to full forward, back to
neutral, into full reverse, and back to neutral — while you
observe the actuating lever on the transmission. If the remote
is stiff to operate, break the cable loose at the transmission

and try again. If it is still stiff, check the cable for kinks or
excessively tight bends, and check any linkage for binding.

NOTE: If you suspect a major problem in your transmission,
immediately contact your UNIVERSAL dealer or an
authorized marine transmission facility.

Problem Probable Cause Verification/Remedy
Transmission gears cannot be shifted. 1. Shifting lever is loose. . Tighten damping bolt on shifting lever.
Fails to move into gear.

2. Shifting cable is broken, bent or . Check the cable, reattach or replace.

unattached. Cable radius is to severe.
3. Shift lever is binding against cover plate. Detach the shift cable and operate the lever by hand.
Clearance should be 0.02 in (0.5mm).

Transmission shifts into gear, but 1. Output coupling is not turning. . Transmission needs professional attention.
fails to propel the boat.

2. Propeller shaft is not turning. . The coupling bolts are sheared or the coupling is slipping

Qutput coupling is turning.

Qutput coupling and
propeller shaft are both turning.

on the propeller shaft. Tighten or replace set screws, keys,
pins and coupling bolts as necessary.

. Inspect the propeller; it may be missing or damaged.

Afolding propeller may be jammed. A variable pitch propeller
may be in “no pitch” position.

Delay of gear engagement or engages.
only after an increase in speed.

. Levertravel N to B not equal to N to A.

Refer to diagram.

2. Shift lever travel is insufficient.

Shift lever is binding against cover plate.

. Adjust cover plate until the lever is exact mid position.

Refer to SHIFT LEVER TEXT AND DIAGRAM.

2. Check shift lever cable length. Refer to SHIFT LEVER DIAGRAM.
. Check clearance, adjust if necessary.

Chattering transmission noise,
mainly at low engine speed.

. The engine or propeller generates torsional

vibrations in the drive unit which produces
a “chattering” noise in the transmission.

. Mount a flexible coupling with another stiffness factor

between the transmission coupling and the driveshaft.
A higher stiffness factor might be sufficient.

. Inspect the damper plate between the engine and the

transmission. Replace if necessary.

Transmission noise becomes louder.

. Damage starting on flexible coupling due

to wear or fatigue, possibly due to misalign-
ment between engine and the drive shaft.

. Beginning damage of bearings in trans-

mission due to torsional vibrations, running
without fluid, overload, wrong alignment of
transmission, or excessive engine output.

. Check alignment, inspect flexible coupling. If noise persists,

inspect the damper plate between the transmission and the
engine. Replace if necessary.

. Transmission needs professional attention.

2.

Damaged sealing ring.
Misalignment of output flanges.

Boat fails to attain specified max speed. 1. Operating temperature is high. . Wrong type of fluid, use ATF. Check fluid level.
2. Operating without cooling. . Check cooler. Inspect coolant hoses and coolant flow.
Oil Leakage. 1. Corrosion at radial sealing ring and shaft. . Transmission needs professional attention.

. Check alignment. Must be within 0.003 in (0.08mm).

NOTE: If you suspect a major problem in your transmission,
immediately contact your UNIVERSAL dealer or an

authorized marine transmission facility.

Univarsal
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The special tools shown in this section are not provided. Use
the following plans and specifications for field fabrication.

Valve Guide Replacing Tool

SPECIAL TOOLS

Bushing Replacing Tool
Application: Use to press out and to press fit the bushing.

Applicati Use to tand t fit the val FOR SMALL END BUSHING | FOR IDLER GEAR BUSHING
1cation: N reSs out and to press 11 € valve
ouide, P P A [6.1811in. (157 mm) 77165 1n. (196 mm)
' — - B 10.9449 in. (24 mm) 1.0236 in. (26 mm)
A _|0.79n. dia. (20 mm dia,) . C | 47244 in. (120 mm) 5.9055 in. (150 mm)
B |0.460 —0.468 in. dia. (11.7 = 11.9 mm dia.) D 10.8583 08622 in. 10157 =1.0197 in.
C ]0.256 —0.259 in. dia. (6.5 — 6.6 mm dia.) (21.8 —21.9 mm) (25.8 - 25.9 mm)
D |8.86in. (225 mm) E {0.9764 - 0.9803 in. dia. 1.0157 - 1.0197 in. dia.
E [2.76n. (70 mm) (24.8 —‘24.9 mm dia.) (28.8 -‘28.9 mm dia.)
F |1771n. (45 mm) F 0.7874'1 in. (20 mm) 0.7871.1 in. (20 mm)
G [0981n. (25 mm) a |250 u!n. (6.3 um) 250 u!n. (6.3 um)
H | 0197 in. (5 mm) 250 pin. (6.3 um) 250 pin. (6.3 pm)
|, 10.263-0.275 in. dia. (6.7 - 7.0 mm dia.) A
J 0787 in. dia. (20 mm dia.)
K 10.492 -0.504 in. dia. (12.5 - 12.8 mm dia.) B c
L |0.350-0.358 in. (8.9- 9.1 mm)
C1 | Chamfer 0.039 in. (1.0 mm)
G2 | Chamfer 0.079 in. (2.0 mm) D E F
C0.3| Chamfer 0.012 in. (0.3 mm)
E F ¢t / ci ct c2
| l a
b
s Flywheel Stopper
A < AN . y ! e . Stoppe .
c2 c1 co.3] Ct Application: Use to loosen and tighten the flywheel screw.
A B c A |7.87 in. (200 mm)
G J B [1.18in. (30 mm)
X I - B - C |0.79in. (20 mm)
B " D |0.59in. (15 mm)
E | 059in. (15 mm)
7 y
] % é L F | 031in. (8 mm)
v V////l_'; /] A 3 G |0.39in. (10 mm)
C
D
G- B
|
E \L

Universal
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SPECIAL TOOLS

Crankshaft Bearing No. 1 Replacing Tool

Application: Use to press out and to press fit the crank-

Governor Gear Holder Bushing Replacing Tool
Application: Use to press out and to press fit the governor

shaft bearing No.1. gear holder bushing.
PRESS OUT PRESS FIT A |74in. (188 mm)
A ]5.31in. (135 mm) 5.12in. (130 mm) B |0.7in. (18 mm)
B [2.83in. (72 mm) 2.83in. (72 mm) C |5.9in. (150 mm)
C [1.57 rad. (40°) 1.57 rad. (40°) D | C1: Chamfer 0.039 in. (1.0 mm)
D [0.39in. (10 mm) 0.35in. (9 mm) E 129.09-29.13 in. dia. (73.9 — 74.0 mm dia.)
E 10.79in. (20 mm) 0.95in. (24 mm) F | 2748 -2.751 in. dia. (69.8 — 69.9 mm dia.)
F 10.79in. (20 mm) 0.79 in. dia. (20 mm dia.) G |1.181 in. dia. (30 mm dia.)
G |2.2362 - 2.2402 in. dia. 2.68 in. dia. H | C2: Chamfer 0.079 in. (2.0 mm)
(56.0 - 56.9 mm dia.) (68 mm dia.)
H [2.0393 -2.0433 in. dia. 1.865 — 1.869 in. dia. D D
(51.8 -51.9 mm dia.) (47.38 — 47.43 mm dia.) \
G
E L
—s1 D E I (. B F [ I |
C E 4
J— - - [
B / Y
y
F G H A
NP
Universal
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TORQUES

NOTE: Screws, bolts and nuts must be tightened to the specified torque using a
torque wrench. Some screws, bolts and nuts such as those used on the cylin-
der head must be tightened in a certain sequence and at the proper torque.

Tightening Torques for Specific Engine Components

For “*” marked screws, bolts and nuts in the table, apply
engine oil to their threads and seats before tightening.

COMPONENT SIZE x PITCH ft-1b kg-m Nm
* Cylinder head cover cap nuts M7 x1.0 51-6.5 07-09 69 - 8.8
* Cylinder head bolts M10 x1.25 47.0-50.6 6.5-7.0 63.7 — 68.6
* Main bearing case bolts 1 M8 x 1.25 21.7-25.3 3.0-35 294 - 343
* Main bearing case bolts 2 M9 x1.25 36.2-39.8 50-55 49.0 - 53.9
* Flywheel bolts M10 x1.25 39.8-434 55-6.0 53.9 - 58.8
* Connecting rod bolts M8 x 1.0 30.4-34.0 42-47 412 - 461
* Rocker arm bracket nuts M7 x1.0 15.9-19.5 22-27 216 - 26.5
* |dler gear shaft bolts M6 x1.0 72-83 1.00-1.15 98 - 113
* Crankshaft end bolt M14 x1.5 173.6 - 180.8 24.0-25.0 2354 — 2452
* Bearing case cover screws M6 x 1.0 72-83 1.00-1.15 9.8 - 11.3
Glow plugs M8 x1.0 58-10.8 08-15 78 - 147
Nozzle holder assembly M20 x 1.5 36.2-50.6 50-7.0 49.0 - 68.6
0il switch taper screw PT 1/8 10.8-14.5 15-2.0 14.7 - 19.6
Injection line retaining nuts M12 x1.5 18.1-25.3 25-35 245 - 343
Overflow line assembly retaining nuts M12 x1.5 145-18.1 20-25 19.6 — 245
Starter’s terminal B mounting nut M8 6.5-8.7 09-1.2 88— 118
* Apply engine oil to threads and seats before tightening.
Tightening Torques for General
Use Screws, Bolts and Nuts
When the tightening torques are not specified, tighten the
screws, bolts and nuts according to the following table.
STANDARD SCREW AND BOLT SPECIAL SCREW AND BOLT
DlOMINAL GRADE (4) GRADE (7)
ft-Ib kg-m Nm ft-1b kg-m Nm
M6 58-6.9 0.8-0.95 79-93 7.23-8.32 1.0-1.15 9.8-113
M3 13.0 -15.2 1.8-2.1 17.7-20.6 17.4-20.3 24-238 235-275
M10 28.9-33.3 40-4.6 39.2-45.1 354-412 49-57 48.1-55.9
M12 46.3 -53.5 6.4-74 62.8-72.6 57.1-66.5 79-92 77.5-90.2
Screw and bolt material grades are shown by numbers
punched on the screw and bolt heads. Prior to tightening,
be sure to check the numbers as shown below.
Punched Number | Screw and Bolt Material Grade
None or 4 Standard screw and bolt SS41, S20C
7 Special screw and bolt S43C, S48C (refined)
. AUniversal
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STANDARD HARDWARE

BOLT HEAD MARKINGS
Bolt strength classes are embossed on the head of each bolt.

Customary (inch) bolts are identifed by markings two to grade eight
(strongest). The marks correspond to two marks less than the actual grade,
i.e.; a grade seven bolt will display five embossed marks.

Metric bolt class numbers identify bolts by their strength with 10.9 the
strongest.

NOTES: 1. Use the torque values listed below when specific torque values are riot available.
2. These torques are based on clean, dry threads. Reduce torque by 10% when engine oil is used.
3. Reduce torques by 30% or more, when threading capscrews into aluminum.

SAE Grade 5 SAE Grade 6-7 SAE Grade 8
Capsrew Body Size Torque Torque Torque
(Inches) - (Thread) Ft-Lb (Nm) Ft-Lb (Nm) Ft-Lb (Nm)
1/4-20 8(11) 10 (14) 12 (16)
-28 10 (14) 14 (19)
5/16- 18 17 (23) 19 (26) 24 (33)
-2 19 (26) 27 (37)
3/8-16 31 (42) 34 (46) 44 (60)
-24 35 (47) 49 (66)
716-14 49 (66) 55 (75) - 70(95)
-20 55 (75) 78 (106)
112-13 75 (102) 85 (115) 105 (142)
-20 85 (115) : 120 (163)
916-12 110 (149) 120 (163) 155 (210)
-18 120 (163) 170 (231)
58-11 150 (203) 167 (226) 210 (285)
-18 170 (231) 240 (325)
Y4-10 270 (366) 280 (380) 375 (508)
-16 295 (400) 427(569)
78- 9 395 (536) 440 (597) 605 (820)
-14 435 (590) 675 (915)
1- 8 590 (800) 660 (895) 910 (1234)
-14 660 (895) 990 (1342)

Boit i
Dia. | Wrench Size | F&-Lb(Nm) | Ft-Lb (Nm) Fi-Lb (Nm) | Ft-Lb (Nm)

Grade 4.6 Grade 4.8 |Grade 8.8 - 9.8| Grade 10.9

M3 | 55mm 03 (05) 05 (0.7) 1(1.3) 15(2)
M4 | 7mm 0.8 (1.1) 1(15) 2(3) 3(4.5)
M5 g mm 15(25 2(3) 45(6) 65(9)
M8 | 10mm 3(4) 4(55) 75 (10) 11(15)
M3 | 13mm 7(95) 10 (13) 18 (25) 35 (26)
M0 | 16mm 14 (19) 18 (25) 37 (50) 55 (75)
Mi2 | 18mm 26 (35) 33 (45) 63(85) | 97 (130) |
Mi4 | 21mm 37 (50) 55 (75) 103 (140) | 151 (205)
Mi6 | 24mm 59 (80) 85 (115) 159 (215) | 232(315)

M18 27 mm 81 (110) 118 (160) 225 (305) 321 (435)
M20 30 mm 118 (160) 166 (225) 321 (435) 457 (620)
M22 33 mm 159 (215) 225 (305) 435 (590) 620 (840)

M24 | 36mm 203(275) | 288(300) | 553(750) | 789 (1070)
M27 | 41mm 295(400) | 417(565) | 811 (1100) | 1154 (1565)
M30 | 46 mm 402(545) | 568 (770) | 1103(1495) | 1571 (2130)

M33 | 51mm 546 (740) | 774(1050) | 1500 (2035) | 2139 (2900)
M36 | 55mm 700(950) | 992 (1345) | 1925 (2610) | 2744 (3720)

SEALANTS & LUBRICANTS

GASKETS/SEALANTS

0il based PERMATEX #2 and it's HIGH TACK equivalent are excellent all
purpose sealers. They are effective in just about any joint in contact with
coolant, raw water, oil or fuel.

Alight coating of OIL or LIQUID TEFLON can be used on rubber gaskets

and O-rings.

LOCTITE hydraulic red sealant should be used on oil adapter hoses and the oil
filter assembly.

Coat both surfaces of the oil pan gasket with high temp RED SILICONE sealer.

When installing gaskets that seal around water (coolant) passages, coat both
sides with WHITE SILICONE grease.

High-copper ADHESIVE SPRAYS are useful for holding gaskets in position dur-
ing assembly.

Specialized gasket sealers such as HYLOMAR work well in applications requir-
ing non-hardening properties. HYLOMAR is particlarly effective on
copper cylinder-head gaskets as it resists fuel, oil and water.

Use LIQUID TEFLON for sealing pipe plugs and fillings that connect coolant
passages. Do not use tape sealants!

BOLTS & FASTENERS/ASSEMBLIES

Lightly oil head bolts and other fasteners as you assemble them. Bolts and
plugs that penetrate the water jacket should be sealed with PERMATEX #2 or
HIGH TACK.

When assembling the flywheel, coat the bolt threads with LOCTITE blue.

Anti-seize compounds and thread iocking adhesives such as LOCTITE protect
threaded components yet allows them to came apart when necessary.
LOCTITE offers levels of focking according to the job.

LITHIUM based grease is waterproof, ideal for water pump bearings and stuff-
ing boxes.

Heavily oil all siiding and reciprocating components when assembiing. Always
use clean engine oil!
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METRIC CONVERSIONS

INCHES TO MILLIMETERS MILLIMETERS TO INCHES

Inches mm Inches mm mm Inches mm Inches
1 25.40 15 381.00 1 0.0394 15 0.5906

2 50.80 20 508.00 2 0.0787 20 0.7874

3 76.20 25 635.00 3 0.1181 25 0.9843

4 101.60 30 762.00 4 0.1575 30 1.1811

5 127.00 35 889.00 5 0.1969 35 1.3780
10 254.00 40 1016.00 10 0.3937 40 1.5748

10 MILLIMETERS = 1 CENTIMETER, 100 CENTIMETERS = 1 METER = 39.37 INCHES (3.3 FEET)

INCHES TO METERS METERS TO INCHES
Inches Meters Inches Meters Meters Inches Meters Inches
1 0.0254 7 0.1778 0.1 3.937 0.7 27.559
2 0.0508 8 0.2032 0.2 7.874 0.8 31.496
3 0.0762 9 0.2286 0.3 11.811 0.9 35.433
4 0.1016 10 0.2540 0.4 15.748 1.0 39.370
5 0.1270 11 0.2794 0.5 19.685 1.1 43.307
6 0.1524 12 0.3048 0.6 23.622 1.2 47.244
TO CONVERT METERS TO CENTIMETERS, MOVE DECIMAL POINT TWO PLACES TO THE RIGHT
YARDS TO METERS METERS TO YARDS
Yards Meters Yards Meters Meters Yards Meters Yards
1 0.91440 6 5.48640 1 1.09361 6 6.56168
2 1.82880 7 6.40080 2 2.18723 7 7.65529
3 2.74320 8 7.31520 3 3.28084 8 8.74891
4 3.65760 9 8.22960 4 4.37445 9 9.84252
5 4.57200 10 9.14400 5 5.46807 10 10.93614
MOVE DECIMAL POINT FOR HIGHER VALUES — e.g. 6,000 METERS = 6,561.68 YARDS
POUNDS TO KILOGRAMS KILOGRAMS TO POUNDS
Ib kg ib kg kg Ib kg b
1 0.454 6 2.722 1 2.205 6 13.228
2 0.907 7 3.175 2 4.409 7 15.432
3 1.361 8 3.629 3 6.614 8 17.637
4 1.814 9 4.082 4 8.818 9 19.842
5 2.268 10 4.536 5 11.023 10 22.046
GALLONS TO LITERS LITERS TO GALLONS
Gallons Liters Gallons Liters Liters Gallons Liters Gallons
1 3.79 10 37.86 1 0.26 60 15.66
2 7.57 20 75.71 2 0.53 90 23.77
3 11.36 30 113.57 5 1.32 120 31.32
4 15.14 40 151.42 10 2.64 150 39.62
5 18.93 50 189.28 20 5.28 180 47.54
PINTS TO LITERS LITERS TO PINTS
Pints Liters Pints Liters Liters Pints Liters Pints
1 0.47 6 2.84 1 2.1 6 12.68
2 0.95 7 3.31 2 4.23 7 14.79
3 1.42 8 3.79 3 6.34 8 16.91
4 1.89 9 4.26 4 8.45 9 19.02
5 2.37 10 4.73 5 10.57 10 21.13
TEMPERATURE
32 40 50 60 70 75 85 95 105 140 175 212 °F
| | | | | | | | | l | |
I I I T ] ] I | | I I |
0 5 10 15 20 25 30 35 40 60 80 100 °C
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STANDARD AND METRIC CONVERSION DATA

LENGTH-DISTANCE
Inches (in) x 25.4 = Millimeters (mm) x .0394 = Inches
Feet (ft) x .305 = Meters (m) x 3.281 = Feet
Miles x 1.609 = Kilometers (km) x .0621 = Miles

VOLUME
Cubic Inches (in®) x 16.387 = Cubic Centimeters x .061 =in’
Imperial Pints (IMP pt) x .568 = Liters (L) x 1.76 = IMP pt
Imperial Quarts (IMP qt) x 1.137 = Liters (L) x.88 = IMP qt
Imperial Gallons (IMP gal) x 4.546 = Liters (L) x .22 = IMP gal
Imperial Quarts (IMP qt) x 1.201 = US Quarts (US gt) x .833 = IMP qt
Imperial Gallons (IMP gal) x 1.201 = US Gallons (US gal) x .833 = IMP gal
Fluid Ounces x 29.573 = Milliliters x .034 = Ounces
US Pints (US pt) x .473 = Liters(L) x 2.113 = Pints
US Quarts (US qt) x .946 = Liters (L) x 1.057 = Quarts
US Gallons (US gal) x 3.785 = Liters (L) x .264 = Gallons

MASS-WEIGHT

Ounces (0z) x 28.35 = Grams (g) x .035 = Ounces
Pounds (Ib) x .454 = Kilograms (kg) x 2.205 = Pounds

PRESSURE
Pounds Per Sq In (psi) x 6.895 = Kilopascals (kPa) x .145 = psi
Inches of Mercury (Hg) x .4912 = psi x 2.036 = Hg
Inches of Mercury (Hg) x 3.377 = Kilopascals (kPa) x .2961 = Hg
Inches of Water (H20) x .07355 = Inches of Mercury x 13.783 = H.0
Inches of Water (Hz0) x .03613 = psi x 27.684 = H.0
Inches of Water (Hz0) x .248 = Kilopascals (kPa) x 4.026 = H.0

TORQUE
Pounds-Force Inches (in-Ib) x .113 = Newton Meters (Nm) x 8.85 =in-Ib
Pounds-Force Feet (ft-Ib) x 1.356 = Newton Meters (Nm) x .738 = ft-Ib

VELOCITY
Miles Per Hour (MPH) x 1.609 = Kilometers Per Hour (KPH) x .621 = MPH

POWER
Horsepower (Hp) x .745 = Kilowatts (Kw) x 1.34 = MPH

FUEL CONSUMPTION
Miles Per Hour IMP (MPG) x .354 = Kilometers Per Liter (Km/L)
Kilometers Per Liter (Km/L) x 2.352 = IMP MPG
Miles Per Gallons US (MPG) x .425 = Kilometers Per Liter (Km/L)
Kilometers Per Liter (Km/L) x 2.352 = US MPG

TEMPERATURE
Degree Fahrenheit (°F) = (°C X 1.8) + 32
Degree Celsius (°C) = (°F - 32) x .56
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