


































































































































STARTER MOTOR 

Component Electrical Testing 
(Figures 9 and 10) 
Perfonn the following electrical tests on the solenoid assem­
bly (1), armature assembly (13) and frame and field assem­
bly (19) to determine their serviceability. 

1. Using a suitable ohmmeter, check the windings of the 
solenoid assembly (1) for continu,ity as follows: 

a. Check the resistance of the solenoid pull-in and 
hold-in windings in series by measuring the resist­
ance between the motor terminal (see Figure 9) and 
the solenoid case. The resistance should be approxi­
mately 0.95 ohms for 12-volt starters and approxi­
matelyl.75 ohms for 24-volt starters. 

b. An extremely high resistance reading indicates a 
break or fault in the winding continuity. A very low 
resistance reading indicates a short or ground in the 
winding circuit. Either condition is cause for 
replacement of the solenoid assembly. 

2. Check the armature (13) as follows for shorts, opens or 
grounds using suitable test equipment and instruments 
(test lamp must be 110 volts or less). 

a. Rotate the armature in a growler holding a steel strip 
such as a hacksaw blade against the armature. If a 
short circuit is present, the steel strip will vibrate in 
that area. 

b. Check the armature for grounds using a test lamp or 
ohmmeter. There shall be no continuity between the 
armature shaft and any point on the commutator. 

c. Check for opens by visually inspecting the points 
where the armature conductors join the commutator. 
A poor connection often will be indicated by signs of 
arcing or burning of the commutator. 

d. Replace armatures which are shorted, grounded or 
show evidence of opens. 

3. Check frame and field assembly (19) for grounds or 
opens using a test lamp (llO volts max.) or ohmmeter, 
as follows: 

a. Check that there is continuity (no opens) between 
the field terminal that connects to the solenoid, and 
the connection points for the insulated brushes on 
the field coil straps. 

b. Check that there is no continuity (no grounds) 
between the frame and the field terminal that con­
nects to the solenoid. 

c. Replace frame and field assemblies that have 
grounds or opens. 

59 

BATIERY 
TERMINAL 

MOTOR 
TERMINAL 

FIGURE 9. SOLENOID TERMINALS 

FIGURE 10. FRAME AND FIELD ASSEMBLY 



STARTER MOTOR 

Repair Procedures 
(Figures 3 and 11) 
1. If necessary, replace the bearings (8 and 9, Figure 3) on 

the annature (13) as follows: 

NOTE: Ball bearings which are removed from the 
armature must be replaced with new bearings. The 
removal procedure causes interna,l damage to the 
bearings. 

Remove or disconnect: 

a. C.E. and/or D.E. bearings (8 and/or 9) from the shaft · 
of the armature (13) using a suitable bearing puller. 

Install or Connect: 

b. New C.E. and/or D.E. bearings (8 and/or 9) to the 
armature assembly (13) using a tube that bears on 
the bearing's inner race only. Press on the bearing 
until the inner race bottoms out against the shoulder 
on the armature shaft. 

2. If necessary, replace the center support bearing (10, 
Figure 3) on the drive shaft (15) as follows: 

NOTE: Ball bearings which are removed from the 
drive shaft must be replaced with new bearings. The 
removal procedure causes internal damage to the 
bearings. 

Remove or disconnect: 

a. The center support bearing (10) from the drive shaft 
(15) using a locally fabricated tool as shown in 
Figure 11. 

Install or Connect: 

b. The center support bearing (10) from the drive shaft 
(15) using a locally fabricated tool (Figure 11). With 
the drive shaft in a suitable support fixture, place the 
tool bolt ends through the access holes in the wide 
end of the drive shaft and squarely press the bearing 
off of the surface on the center shaft. 

3. If necessary, replace the bushing (6, Figure 3) in the 
drive housing (18) as follows: 

a. From inside the drive housing (18), drive out the 
plug (34) if present. Use a file to clean away rem­
nants of the old stake to allow installation of a new 
plug. Clean away any metal shavings. 

b. Using a suitable open tube, press out the bushing (6). 

c. Using a suitable open tube, press the new bushing 
(6) into the drive housing (18) until the end of the 
bushing is flush with the inside of the housing. 

d. Install a new plug (34), if used, to the drive housing. 
Stake housing material over the plug at three places, 
equally spaced. 

TOP VIEW SIDE VIEW PRESS 

MATERIALS NEEDED· 

• PIECE OF FLAT METAL STOCK ABOUT 5MM (OR 3/16 IN.) 
THICK, AND 55 MM (OR 2 1/4 IN.) SQUARE OR ROUND. 

• THREE 6 MM OR 3/16 IN. BOLTS OF EQUAL LENGTH, 
LONG ENOUGH TO EXTEND AT LEAST 35 MM (1 3/8 IN.) 
BELOW THE FLAT STOCK WHEN INSTALLED THROUGH 
IT. TO USE NUTS INSTEAD OF TAPPED HOLES, USE 
LONGER BOLTS TO COMPENSATE FOR NUT THICKNESS. 

1. LOCATE THREE HOLES EQUALLY AROUND A 3·2 MM 
(1.26 IN.) CIRCLE ON FLAT STOCK. DRILL AND TAP 
HOLES AS NEEDED TO MATCH BOLT THREADS. 

2. INSTALL SOL TS IN FLAT STOCK AND TIGHTEN. ENDS 
OF INSTALLED BOLTS SHOULD PASS THROUGH 

CENTER 
SUPPORT 
BEARING 

ACCESS HOLES IN END OF DRIVE SHAFT WITHOUT BINDING. 

FIGURE 11. TOOL FOR REMOVING CENTER SUPPORT BEARING 
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ASSEMBLY 
Lubrication During Assembly 
1. The armature bearings (8 and 9, Figure 3) and drive shaft 

support bearing (10) are permanently lubricated. Do not 
add lubricant to these bearings. Lubricate the following 
just before or during assembly (avoid excessive grease): 

a. D.E. housing bushing (6) (in drive housing). 

b. The pivot hole and working surface on the ends of 
the shift lever (11). 

c. The internal gear, shaft and spline on the drive shaft 
(15). 

Drive Shaft and Clutch Group 
(Figures 7 and 12) 
1. If disassembled, position the drive shaft on the work sur­

face with the internal gear end down and assemble the 
drive shaft and clutch group as follows: 

Important: 

a. If the center support bearing (10) is being replaced, 
install it on the drive shaft (15) as specified in REPAIR 
PROCEDURES, step 2, before proceeding with 
assembly. 

Install or Connect: 
1. The drive shaft support (17) to the drive shaft (15), seat­

ing the bearing (10) in the support. 

2. The clutch drive assembly (2) to the drive shaft (15). 

3. A new pinion stop (12) onto the drive shaft (15), the end 
with the recess for the stop rings (35) up. 

a. Install the stop rings (35) in the groove in the drive 
shaft (15). 

b. Pick up and support the assembly under the pinion 
stop (12). A metal block, with a U-shaped cutout 
that will slide over the shaft between the pinion gear 
and the stop, can be clamped in a vise to provide 
support (see Figure 12). 

c. Make sure the stop rings (35) (in the drive shaft 
groove) are fully seated in the pinion stop recess and 
stake the upper edge of the pinion stop (12) over the 
stop ring (35) at four places, equally spaced. Do not 
allow staked metal to contact the drive shaft (15). 

Assembly of Gear Reduction and Drive Group 
(Figure 6) 

Important: 

If the D.E. bushing (6) and plug (34) are being replaced, 
install them in the drive housing (18) as specified in 
REPAIR PROCEDURES, step 3, before proceeding with 
assembly. 

1. Lubricate the D.E. housing bushing, shift lever, and 
drive shaft as described under LUBRICATION DURING 
ASSEMBLY. 

Install or Connect: 

2. The arms on the shift lever (11) with the shift collar on 
the drive shaft and clutch group (C). 

3. The assembled shift lever (11) and the drive shaft and 
clutch group (C) into the drive housing (18), aligning the 
holes in the drive shaft support (17, Figure 7) with those 
in the drive housing. 

a. Make sure that the drive shaft support is fully seated 
in the drive housing and that the drive shaft bearing 
(10, Figure 7) remains fully seated in the drive shaft 
support. 

4. Shift lever screw (21), washer (22) and nut (23). 

Tighten: 

a. Nut to 4.5 Nm (40 lb-in.). 

5. The plate (26), if used, and the drive housing plug (27) 
to the drive housing (18). 

6. Washers (30 through 32) in the same number and posi­
tions as noted at disassembly. 

7. The armature support bracket (16) to the drive housing 
(18), aligning the mark made prior to disassembly with 
that on the drive housing. 

8. Drive housing bolts (36 and 37). 

METAL BLOCK APPROX. 

APPROX. 
38 MM (1 1/2 IN.) 

9 MM (3/16 IN.) 

14.2 MM 
(0.56 IN.) 

FIGURE 12. PINION STOP SUPPORT BLOCK 
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STARTER MOTOR 

Assembly of Frame, Field and Brush Holder Group 
(Figures 5, 13 and 14) 

SPRING POST 

BRUSH HOLDER 
ASSEMBLY 

BRUSH 
.SOCKET 

FIGURE 13. BRUSH SPRING ON POST 

./nstall or Connect: 

1. Brush springs (7), if removed. 

a. Start each brush spring onto the post on the brush 
holder assembly (3) as shown in Figure 13, just 
enough to hold the inside end of the spring from 
turning. 

b. Grasp the free end of the spring with needle nose 
pliers and twist clockwise over the top of the brush 
socket. 

c. Push the spring fully onto the post and release the free 
end to engage the notch in the brush socket. 

NOTE: The brush leads may be damaged by excessive 
handling. Do not over-flex the leads near the clip welds or 
the clips may break off. 

2. Brushes ( 4 and 5), if removed. 

a. See Figure 14 for the proper installed position of all 
brushes. Make sure the insulated brushes (5) go into 
the brush sockets of the brush holder assembly (3) 
that are mounted on the insulation. 

b. To install each brush, grasp the free end of the brush 
spring with needle nose pliers, twist clockwise to 
clear the brush socket and insert the brush partly into 
the brush socket. 

c. Gradually release the spring so that its end contacts 
the side (not end) of the brush (see Figure 13). This 
will hold the brushes retracted until after the brush 
holder is installed over the armature commutator. 

3. Grounded brush screws (39). 

a. Position the terminals of the grounded brush leads 
behind the terminal tabs on the brush holder (3) (see 
Figure 13). 

b. Insert the brush screws (39) through the terminal 
tabs on the brush holder and thread them into the 
brush lead terminals. 

Tighten: 

c. Grounded brush screws to 1.5 Nm (13 lb-in.). 

INSULATED BRUSH 

GROUNDED 
BRUSH 

FIGURE 14. SPRINGS AND BRUSHES ON BRUSH HOLDER 
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STARTER MOTOR 

4. The frame and field assembly (19) to the brush bolder 
assembly. 

a. Position the brush bolder assembly (3) (with 
installed brushes) over the tenninal end of the frame 
and field assembly (19). 

b. Attach the terminals of the insulated brush leads to 
the conductors in the frame and field assembly with 
the insulated brush screws (29). 

Tighten: 
c. The insulated brush screws to 1.5 Nm {13 lb-in.). 

Starter Assembly 
(Figures 4and15) 
Support the gear reduction and drive group (B) with the 
pinion gear end down and proceed as follows: 

Important: 
If the armature bearings (8 and 9) are being replaced. install 
them on the armature {13) as specified in REPAIR PROCE­
DURES, step 1 before proceeding with assembly. 

Install or Connect: 

1. Solenoid assembly (1). 

a. Pivot the plunger of the solenoid assembly into 
engagement with the shift lever in the gear reduction 
and drive group (B). 

b. Position the solenoid assembly mounting flange and 
install the solenoid mounting screws (25). · 

Tighten: 
c. Solenoid Sc:rews to 2:8 Nm (25 lb-in.). 

2. Frame seal (33). 

3. The armature assembly (13) with bearings (8 and 9) into 
the gear reduction and drive group (B). 

a. Make sure the gear teeth are aligned, then seat the 
bearing (8) on the armature shaft fully into the hous­
ing recess. 

4. Frame, field and brush holder group (A). 

a. Place the dowel pin (28) in the hole in the armature 
support bracket of the gear reduction and drive 
group (B). . 

b. Position the frame, field and brush holder group over 
the armature assembly (13), align the hole for the 
dowel pin (28) and the marks made prior to disas­
sembly, and seat in the gear reduction and drive 
group (B). 

c. Twist the brush springs (7, Figure 5) away from the 
brushes (4 and 5, Figure 5), slide the brushes in to 
contact the commutator on the armature (13), 
and release the brush springs to contact the ends of 
the brushes. 

5. 0-ring (20). 

Important: 

a. The 0-ring can easily be damaged during installa­
tion of the C.E. frame (14). To prevent such dam­
age, install the 0-ring as described in the following 
steps. 

b. Install the 0-ring on the frame, field and brush bold­
er group (A) so that it is against the shoulder on the 
field frame that will abut the C.E. frame when 
installed. This is the normal installed position for 
theO-ring. 

c. Carefully roll the 0-ring .~mt of its normal installed 
position up onto the major O.D. of the fielq frame. 
Allow the 0-ring to remain in this position until the 
C.E. frame is partially installed. 

6. C.E. frame {14) 

a. Align the marks on the C.E. frame and frame and 
field assembly {19, Figure 5) made prior to disas­
sembly. 

b. Start the C.E. frame onto the frame and field assem­
bly, leaving a gap just slightly larger than the thick­
ness of the 0-ring (20). 

7. Brush plate screw {42). 
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a. Use a scribe or similar tool to align the tapped holes 
in the brush holder assembly (3, Figure 5) with the 
screw boles in the C.E. frame (14). 

'lighten: 

b. Brush plate screws to 2.8 Nm (25 lb-in.). 

8. Thru bolts (41). 

a. Install the thru bolts and tighten them by hand but do 
not close the gap between the C.E. frame and the 
frame and field assembly where the 0-ring (20) goes. 

b... Roll the 0-ring (20) back down into its installed 
position between the C.E. frame and the frame and 
field assembly. 

c. Align the timing ribs on the edge of the C.E. frame 
. {14) with the timing spots on the frame and field 

assembly (A) to assure proper brush alignment. 
Refer to Figure 15. Marks are located in 2 places on 
the motor but will otily match one way. 

'lighten: 

d. Thru bolts {41) to 8.5 Nm {75 lb-in.). 

9. The motor lead on the frame and field assembly (19, 
Figure 5). 

a. Remove the nut from the tenninal on the solenoid, 
install the motor lead terminal and reinstall the nut. 

.Tighten: 
b. The nut on the terminal of the solenoid assembly to 

11 Nm (100 lb-in.). 



STARTER INSTALLATION 
Testing After Repair or Overhaul 

STARTER MOTOR 

After repair or overhaul, the starter can be tested as speci­
fied in the Starter No-Load Test found in the TROU­
BLESHOOTING section. 

After repair, overhaul, testing or replacement of the starter, 
reinstall it using the following torques when making the elec-
trical connections to the starter. · 

A CAUTION: Make sure the negative battery cable , 
is disconnected at the battery when making the elec­
trical connections to the starter. Otherwise, injury 
may result. If a tool is shorted at the·solenoid bat-
tery terminal, the tool will heat enough to cause a 
skin bum. 

lighten: 

a. Solenoid battery (B) terminal nut to 18 Nm (13 lb-ft); 

C.E. FRAME 

TIMING 
MARKS 

FRAME AND 
FIELD 
ASSEMBLY 

b. Solenoid switch (S) tenninal nut to 1.8 Nm 
(16 lb-in.). . FIGURE 15. ALIGNING TIMING MARKS 

STARTER SPECIFICATIONS 
All 12 Volt models have these No-Load Test Specifications: 

VOLTS 
AMPS RPM 

Minjmum Maximum Minimum Maximum 
10 125 190 3000 5600 

All 24 Volt models have these No-Load Test Specifications: 

VOLTS 
AMPS RPM 

Minimum Maximum Minimum Maximum 
20 75 90 3600 5400 

Starter Solenoid current consumption: 

RATED VOLTAGE 
PULL IN WINDING HOLD IN WINDING 

AMPS VOLTS ·OHMS AMPS VOLTS OHMS 
12 52-59 10 0.17 - 0.19 12-14 10 0.76-0.81 
24 100-125 20 0.16- 0.20 12-14 20 1.15 -1.65 
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·wESTERBEKE 51 A MANDO ALTERNATOR 
DISASSEMBLY AND TESTING 

JUMPERS 

REGULATOIH---11--l-l!Hl-l!l---ti&tM 
COVER .,,,......-• 

SENSING 
TERMINALS 

GROUND 
TERMINAL E 

JUMPER 8 

TESTING THE OUTPUT CIRCUIT 

(!APACITOR 

1. Connect the positive voltmeter lead to the output 
terminal Band connect the negative lead to the ground 
terminal E on the alternator. 

2. 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. 

NOTE: Prior to any alternator testing, inspect the entire 
alternator system wiring for defects. Check all connections 
for tightness and cleanliness, particularly battery cable 
clamps and battery temiinals. Inspect the alternator drive 
belt for excessive wear and replace if necessary. Also adjust 
for proper belt tension. 

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

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

A WARNING Maltimeters and DC Circuits 
DC and AC circuits are ofter mixed together in marine 
applications. Always disconnect shore power cords, 
isolate DC and AC converters and shut down generators 
before ped0t1Bing DC testing. No AC tests should be 
made without proper knowledge of AC circuits. 

REFER TO THE 
WIRING DIAGRAMS FOR THE ABOVE 
WIRING HARNESS CONNECTIONS 

TESTING THE EXCITATION CIRCUIT 
1. Connect the positive (+>"voltmeter lead to the excitation 

terminal Ron the alternator and the negative(-) lead to 
the ground terminal E on the alternator. 

2. Tum the ignition switch to the on position and note the 
voltmeter reading. The reading should be 1.3 to 2.5 
volts (see illustration). 

3. If the reading is between .75 and 1.1 volts, the 
rotor field circuit probably is shorted or grounded. 
Disassemble the alternator and test the rotor as 
described under CLEAN AND TEST ALTERNATOR 
COMPONENTS in this section. 

4. 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 l/4in. (6 mm) 
long. If the brushes and slip rings are in good c~ndi­
tion, disassemble the alternator and test the rotor, as 
outlined under CLEAN AND TEST ALTERNATOR 
COMPONENTS in this section. 
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MANDO ALTERNATOR SERVICE 

TESTING THE EXCITER LEAD -$- e. Remove the regulator cover. 

5. If no reading is obtained, an open exists in the 
alternator-excitation lead or in the excitation circuit of 
the regulator. Disconnect the lead from exc tenninal R. 
Connect the positive voltmeter lead to the excitation 
lead and the negative voltmeter lead to ground terminal 
E. 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. 

TEST VOLTAGE REGULATOR 
Perfonn this test to detennine if the voltage regulator is 
operating correctly, using a 0 - 20 volt DC voltmeter. 

NOTE: The battery must be folly clzarged to obtain a proper 
voltage reading in this test. If necessary, clzarge the battery 
with a battery chargeror allow the engine to run a sufficient 
length of time to folly charge the battery before taking a 
reading. ' 

1. Connect the positive(+) voltmeter lead to the positive 
_battery tenninal and the negative(-) voltmeter lead to 

the negative terminal. 

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 
voltmeter 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 
alternator 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 alternator. 

4. If the reading is low: 
a. Stop the engine and remove the alternator wiring 

connections. · 
b. Remove the Phillips cover screw from the regulator 

cover (see illustration). 

c. 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. 

f. Temporarily re-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 
and the ground. 

REGULATOR--1.1-..1.. 
COVER 

SENSING 
TERMINAL 

OUTPUT 
TERMINAL 

GROUND \ 
\ 
\ 
\ 
\ 
\ 

CONNECT \ 
JUMPER WIRE \ 

i. Repeat steps 1and2. 

\ 
\ 

JUMPER B 

BRUSHES 

I 

NOTE: Do not let the voltage exceed 16 volts. 

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 fault internally. 
Disassemble the alternator and test the components, 
as outlined in this section. 

Engines & Generators 
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MANDO ALTERNATOR SERVICE 
REMOVE ALTERNATOR 
1. Disconnect the negative(-) battery ground cable. 

2. Disconnect the wiring leads. 

3. Loosen the screws. Holding the alternator, rotate it 
toward the engine and lift the belt off the pulley. 

4. Remove the screws and washers and remove the alternator. 

REGULATOR. 

DISASSEMBLE ALTERNATOR 

TERMINAL 
NUTS 

APACITOR 

OUTPUT 
TERMINAL 

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

2. Remove the remaining terminal nuts. 

3. Remove the capacitor. 

4. Remove the Phillips screw from the regulator cover. 

5. Remove the brush/regulator-assembly cover. 

6. Remove the nut from the terminal. 

7. Remove the jumper. 

8. Remove the terminal insulators. 

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

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. 

12. Remove the pulley nut, lockwasher, pulley, fan, and 
spacer. 

PULLEY AND FAN COMPONENTS 

A CAUTION: DO NOT insert screwdriver bf;Jdes 
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 
screwdrivers. 

REAR HOUSING 

SCREW DRIVER 

14. Carefully push the rotor assembly out of the front 
housing and rear housing. 

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. 
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MANDO ALTERNATOR SERVICE 

BEARING 
DRIVER 

BEARING LOCKING 
SCREWS 

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

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 grpoved. 

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. 

TESTING BRUSH 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 t4ree diode terminals and the indicator 
light stud. 

light stud 

DIODE TRIO ASSEMBLY 

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 

continuity from each of three terminals to the 
ouput terminal. 

GROUND 
TERMINAL 

RECTIFIER 
DIODES 

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. 

Engines & Generators 
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MANDO ALTERNATOR SERVICE 
4; 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. 

5. Clean and inspect the rotor shaft bearings: 

ROTE: 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. 

EAR HOUSING 

7. Test the stator windings as follows: 
a. Using an ohmmeter or test lamp, check for 

continuity between all three leads (1, 2, and 3). 
A lo~ ohm reading or lit test lamp should be 
observed. 

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. 

c. 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 
circuit 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: 

ROTE: 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. 

b. 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 4.1to4.7 ohms. 

c. 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. · 

d. 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. 

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 
capacitor for capacity, shorts, leakage, and series 
resistance . 

.--~--~--------~p .--.--------a B 

r---'1''-+-'l'--eiH-<1-~----;i.ol.2 
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MANDO ALTERNATOR SERVICE 

ASSEMBLE ALTERNATOR 
1. Carefully press the front bearing into the front housing, 

pushing against the bearing's outer race using a bearing 
driver. Lock ~e bearing in place with screws. 
TORQUE: 25 - 35 lb-ifl (2.8 - 4.0 Nm) 

BEARING 
DRIVER 

BEARING. 
OUTER 
RACE 

FRONT BEARING ASSEMBLY 

ASSEMBLING THE BEARINGS 

BEARING LOCKING 
SCREWS 

FRONT BEARING 

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

3. 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. 

SLEEVE DRIVER 

ROTOR 

FRONT HOUSING AND 
BEARING ASSEMBLY 

INSTAWNG THE FRONT HOUSING ON THE ROTOR ASSEMBLY 

4. Install the rectifier assembly into the rear housing. 

5. Insert the Phillips screw and tighten it. 

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. 

b. Align the scribe marks you made in the stator, and 
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. 
TORQUE: 35 • 65 lb-ft (4.0 - 7.3 Nm) 

NOTE: If the front housing is new, the through-bolt 
will not be tapped. 
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MANDO ALTERNATOR SERVICE 
7. Install the spacer and the fan. Then push the pulley, 

lockwasher and nut onto the shaft. Tum the nut a few 
turns. 

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

INSTALLING THE PULLEY AND THE FAN NUT 

9. Use a torque wrench to the tighten the nut. 
TORQUE: 35 - 50 lb-ft (4.7 - 6.8 Nm) 

10. Carefully install the brush/regulator assembly on the 
rear housing with the two mounting screws. 

11. Illstall the small terminal insulators. 

12. Install the large terminal insulator. 

13. Install the jumper. 

14. Install the nut on the terminal. 

15. Install the bru~h/regulator assembly cover. 

16. Install the Phillips screw for the brush/regulator 
assembly cover. 
TORQUE: 25 - 35 lb-ft (2.8 - 5.1 Nm) 

17. Install the capacitor. 

18. Install the terminal nuts. 

19. Install the jumper. 

20. Install the last terminal nut. 

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'). 

MANDO ALTERNATOR SPECIFICATIONS 
Battery Voltage 

Maximum Speed 

Cot in Speed 

Reg. Set Voltage 

Ambient Temp. 

Ground 

12 Volt 

13500 RPM 

Max. 2000 RPM (at exc.) 
Max. 1500 RPM (at L2) 

14.7 Volts 

-2oac -10o·c 
Negative 

Engines & Generators 
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THE BE GENERATOR 
SINGLE AND THREE PHASE 

DESCRIPTION 
'Ibis generator is a four-pole, brushless, self-excited generator 
which requires only the driving force of the engine to pro­
duce AC output The copper and laminated iron in the exciter 
stator are responsible for the self-exciting feature of this gen­
erator. The magnetic field produced causes an AC voltage to 
be induced into the related exciter rotor windings during 
rotation. Diodes located in the excitenotor rectify this 
voltage to DC and supply it to the windings of the rotating 
field. This creates an electromagnetic field which rotates 
through the windings of the main stator, inducing an AC volt- · 
age which is supplied to a load. An AC voltage is produced 
in the auxiliary windings of the main stator and is, in turn, 
supplied to a voltage regulator. The regulator produces a DC 
voltage to further excite the exciter stator windings, enabling 
the generator to produce a rated AC output. The voltage regu­
lator senses AC voltage output and adjusts DC excitation to 
the exciter stator winding according to amperage load the 
generator is furnishing to mainatin a constant voltage output. 

CIRCUIT BREAKER 
A circuit breaker is installed on all WESTERBEKE 
generators. This circuit breaker will automatically disconnect 
generator power in case of an electrical overload. The circuit 
breaker can be manually shut off when servicing the 
generator to ensure no power is coming into the boat 

NOTE: This circuit breaker is available as a WESTERBEKE 
add-on kit for earlier model generations; contact your 
WESTER.BEKE dealer. 

DRIVE HUB 

DIODE ASSEMBLY. 

CIRCUIT BREAKER 

PART NUMBERS 
25 BEG/60Hz - 43794 
20 BEG/50Hz - 42696 
20 BEG/60Hz - 42696 
16 BEG/50Hz - 42718 
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VOLTAGE REGULATOR ADJUSTMENTS 
Description 
The voltage regulator is an advanced design which ensures·· 
optimum AC alternator performance. It is equipped with 
complete· protection circuitry to guard against operating 
conditions that could be detrimental to the AC alternator. 

Volts 
This potentiometer is used to adjust output voltage. At proper 
engine operating speed the output voltage should be held at 
±1 % from a no-load condition to a full rated generator output 
and from power factor 1.0 - 0.8 with engine drive speed vari­
ations up to -6%. 

Prior to starting the engine, turn the VOLT and STAB trim­
mers (using a mini phillips screwdriver) fully in a counter 
clockwise (Minimum) direction until you feel them hit their 
stops. 
Turn the AMP and HERTZ trimmers completely clockwise 
(Maximum) in the same manner. 
With the alternator running at no-load, at normal speed, and 
with VOLT adjust at minimum, it is possible that output volt­
age will oscillate. Slowly rotate the VOLT adjust clockwise. 
The v.oltage output of the alternator will increase and stabi­
lize. Increase the voltage to the desired value. In this situa­
tion, only the green LED will stay lit 

Stability 
This potentiometer permits variation of the regulator's 
response to generator load changes so as to limit overcom­
pensation and obtain a minimum recovery time to the normal 
voltage output. 

In order to adjust the regulator stability the alternator must be 
running at no-load and the output must be monitored. 
Turn the STAB adjust slowly clockwise until.the voltage 
starts to fluctuate. At this point rotate the STAB adjust coun­
terclockwise until the voltage is stable within 1 ()r 2 tenths of 
a volt. 

~ 
~ 
~ Amp 
Iii Slab = Voll 

i 
VOLTAGE REGULATOR DIAGRAM 
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Amp-Hertz 
These two adjustments are used in conjunction with the two 
protection circuits in the voltage regulator that are indicated 
by the illumination of a colored LED lights. 

1. Delay~ overload protection (yellow LED). 
2. Low speed protection (red LED). 
Both systems have an intervention threshold which can be 
adjusted using the respective potentiometer. Each of the two 
circuits are able to cause an adequate reduction in exciter 
voltage to safeguard the exciter windings and prevent their 
overheating. 
The overload protection system has a delay which permits 
temporary overloading of the generator during times such as 
motor start-up or other similar load surge demands. The regu­
lator also has a third LED (green), that glows during genera­
tor operation to indicate correct operation of the regulator 
with the generator. 

Setting the Overload Protection 
In order to set the AMP overload protection, the alternator 
must be loaded to its full output rating. 
1. Load the alternator to its rating, then decrease the speed of 

the engine by 10.10% (54 Hertz on 60 hertz units, 45 
hertz on 50 hertz units). 

2. Rotate the AMP adjustment counterclockwise until it hits 
its stop. Wait about 15-20 seconds after which the AC out­
put of the alternator should drop and the yellow LED light 
should come on. 

3. Slowly rotate the AMP adjustment clockwise until the 
output voltage increases to approximately 97% of the volt­
age output at the start of the adjustment. At this point the 
yellow LED light should come on. 

4. Return to nominal speed, the yellow LED will turn off 
and the alternator voltage will rise to its nonnal value. 
Should this not happen, repeat the adjustment. 

NOTE: When changing from 60 hertz to 50 hertz operation, 
remove the 60 hertz jumper bar from the regulator board. 

Setting the Underspeed Protection 
NOTE: If the unit is operating al 60 Hertz ensure that the 
jumper strap is in place on the regulator board between the 
two 60 Hertz terminals. In oider to adjust the underspeed 
setting, the alternator should be running at no-load. 

i. To adjust the underspeed (low frequency) protection circuit, 
lower the engine speed at 90% of its normal running speed 
(54 hertz on 60 hertz units, 45 hertz on 50 hertz units. 

2. Rotate the Hertz adjustment counterclockwise slowly until 
the alternator's AC output voltage starts to decrease and at 

. the same time the red "LED" light comes on. 
3. Increase the engine speed to its nonnal speed (frequency). 

The red "LED" light will go out and the AC voltage out­
put will return to nonnal. 

With the above adjustments made, the regulator should func­
tion nomially. 



INTERNAL WIRING SCHEMATICS 
SINGLE PHASE 
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V2 

W2 
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BLACK 

GREEN 
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RED 

W2 

FUSE 
6.3 AMP ® 

NOTE: This fuse 
may be located 
on the regulator. 
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INTERNAL WIRING SCHEMATICS 
3 PHASE TWELVE WIRE RECONNECTABLE 
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I EXCITER STATOR r - - - + - - - - - - - -, 
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I I ROTOR. I I 
I + I a' I 
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L---+-------.J 

7 

r9•8•'1: AUX ._ , I.. ----- ..... 
WINDINGS 

REGULATOR 

BLUE 

YaLOW 

AC VOLTAGE CONNECTIONS 
NOTE: IF WIRING FOR 50 HZ., THE 60 HZ. 
- JUMPER MUST BE REMOVED FROM 

THE REG!JLATOR. 

L1 0 
2+3 

L2 0 
5 6+7 

N 

L3 0 .2_•.•.rn 9 10 + 11 

"SERIES Y" 
480V/60 Hz. 
380V/50 Hz. 

I I 

L1 
1+3 2+4 

L2 0 
5+7 6+8 

L3 N 0 
"PARALLEL Y" 
208V·120V/60 Hz. 
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FUSE 
6.3 AMP NOTE:. This fuse 

may be located 
on the regulator. 

L3 0 Q 
8+9 10+11 _L 

"SERIES DELTA" -
240V/60 Hz. 
220V/50 Hz. 



BE TROUBLESHOOTING/3 PHASE . 
NOTE: AC GENERATOR TROUBLESHOOTING MUST 

BE PERFORMED WITH ENGINE OPERATING AT 60 HER1Z 

PROBLEM PROBABLE CAUSE 
No AC voltage output at no load. 1. Short or open in the 4. Short or open in exciter 

main stator winding. stator winding. 
2. Shorted pozi-resistor 5. Short or open in rotating 

on exciter rotor. . field winding. 
3. Four or more shorted or 

open diodes on exciter rotor. 
Residual voltage produced at no load 1. Blown 6 AMP buse fuse 3. Shorted or open main 
15 - 20 volts AC. auxiliary circuit feed to AVR. stator-auxiliary winding. 

2. FauJ!y voltage re_gulator. 
Low AC voltage output at no load 1. Open or shorted diodes in 3. Faulty voltage regulator. 
60-100 VAC. exciter rotor 1 to 3 diodes. 

2. Open or shorted exciter 
rotor winding. 

High AC output voltage 1. Faulty voltage regulator. 
150 VAC or h_ig_her. 
Unstable voltage output. 1. STB pod on regulator 2. Faulty voltage regulator. 

needs al!i.ustment. 
AC voltage drop under load 1. Diode(s) on exciter rotor 

· 60 -100 volts AC. breaking down when load is 
applied (inductive) 1-3 diodes. 

BE GENERATOR WINDING RESISTANCE VALUES (IN OHMS) 

SINGLE PHASE 20 & 25 BE 32 BE 
EXCITER STATOR .18.06 18.20 
EXCITER ROTOR _a - b 0.68 0.72 

b-c 0.68 0.72 

ROTATING FIELD 1.75 2.01 
MAIN STATOR :1 - 2 0.05 0.05 

3-4 0.05 0.05 

AUXILLARY WINDING 1.19 0.98 

THREE PHASE 20, 25, & 32 BE 

EXCITER STATOR. 1820 
EXCITER ROTOR _a- b 0.7 

b-c 0.7 
ROTATING FIELD 2.01 
MAIN STATOR 0.06 (each winding) 
AUXILLARY WINDING 0.98 

, lwlWESTERBEKE 
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GENERATOR AC VOLTAGE CONNECTIONS 
AC VOLTAGE CONNECTIONS 
NOTE: The frame ground wire (white/green) must be prop­
erly positioned when changing the AC output configuration 
of the AC terminal block. For making connections to the AC 
tenninal block, use terminal ends for 114 inch studs that will 
accept multi strand copper wire sized for the amperage rating 
from the hot lead connection. The frame ground wire is white 
or white with a green strip. It connects between the neutral 
stud and the generator frame. 

120/240V 60Hz 120V60Hz 

0 0 0 0 ,, 
L1 L1 N 

N 
L2 L1 

A JUMPER IS 
REQUIRED 
BETWEEN LOAD 
CONNECTIONS. 

CIRCUIT 
BREAKER 

I ( 
I I 
1-------1 

CIRCUIT 
BREAKER 

Generator Frequency 
I. Frequency is a direct result of engine/generator speed: 

1800 rpm= 60 hertz; 1500 rmp = 50 hertz. 

2. To change generator freguency, follow the steP.s below: 

Configure the AC terminal block for the d~sired voltage 
frequency as shown. Ensure that the case ground wire is 
connected to the correct terminal block neutral ground 
stud. 

NOTE: The white/green ground wire may be removed in those 
installations where the AC circuit has a separate neutral and 
ground circuit. This will prevent .the unit from being a ground 
source in the vessel. 

230V 50Hz 

0 

~ L1 
2 
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115V 50Hz 

0 0 

N 

AC TERMINAL BLOCK 

ILLUSTRATION SHOWS 
120/240V - 60Hz 
CONNECTIONS. 

ILLUSTRATION SHOWS 
230V-50Hz 
CONNECTIONS. 



.GENERATOR AC VOLTAGE CONNECTIONS 
DESCRIPTION 
The regulator is equipped with seven numbered terminals (0 
to 6) and their related brass jumpers. The illustrations show 
connection points and jumpers for the 3 phase configuration 
of the generator. The sensing leads connect between pin #I 
and pin #2 on the AC terminal block and connection #2 and 
#0 on the voltage regulator board. 

NOTE: Series Delta requires the installation of a jumper on 
the regulator board between terminal·B and 10. 

CASEGND 

W2 

U1 

0 
U2 

V1 

-1-N-OND 

V2 

W1 

170 • 270V 80·160 v 

D D 
3 PHASE VOLTAGE REGULATOR 

L1 L2 

BE THREE PHASE (SIX WIRE) 
CONNECTIONS FOR BOTH 60 & 50 HERTZ 

L - L - 208 VAC 3,U 50 Hz 
L- N -120 VAC 1J 60 Hz 
L • L -190 VAC 3,f 50 Hz 
L- N -110 VAC 1,f 60 Ht 

L • L • 450 VAC 3,f 60Hz 
L- N - 265VAC1.f 60Hz 
l • L- 380 VAC 3,f 50Hz 
L - N ~ 230 VAC 1J 50Hz 

BE THREE PHASE {IWELVE WIRE) 
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SERIES DELTA 

l - L - 240 VAC 2jJ 60Hz 
L2, L3·N -120 VAC 11 60Hz 

L - L - 230 VAC 3,B' 50Hz 
L2, l3-N -110 VAC 1.ft 50Hz 

A.- SERIES DELTA-Note the 
repositioning of the ground 
lead from neutral to 
generator ho~sing. 

J. Jumper using #1 O AWG 
wire. 



SHORE POWER TRANSFER SWITCH 

SHORE POWER CONNECTIONS (60 HERR) 

Generator 

~ t = 
NOTE: Diagram shows connections foi' a two­
wire.120· Volt system. For a three-wire system 
use dotted lines for the other hot leg. 

I '------~ 
I 
I /,,,,.--, 
L-----(-<D ®'~­
r-----\@ @;_1 I , __ ; 
I 
I 
I 

Ship-to-Shore Switch (3 Pole) 
PN 32008 
(40Amps/Pole) 
PN 32009 
(80 Amps/ Pole) 
PN 32010 
(125 Ampa/ Pole) 

PN32133 
(200Ampa/Pole) 

If the installer connects shore power to the vessel's AC cir­
cuit, this must be done by means of the Shore Power Transfer 
Switch. Set the transfer switch shown in the diagrams to the 
OFF position. This switch prevents simultaneous connection 
of shore power to generator output 

A CAUTION: Damage ta the generator can result if 
utility share power and generator output are cannl!Cfed 
at the same time. This type of generator damage is not 
covered under the warranty; ii is the installer's respansi· 
bilijy ta make sure all AC connections are correct. 

( 

120 VOLT/60 HZ THREE WIRE CONFIGURATION 
Notice the repositioning of the white wire ground load on the 
terminal block to the generator case. 

Generator 

~ 
NOTE: Diagram shows connet.tions for a two­
wire, 120-Volt system from the generator. 
with three-wire, 120-Vojt boat system. 

Ship-to· Shore Switch (3 Pol&) 

PN 32008 
(4DAmpS/ Pole) 

l21 rs'ti~!~~' Pole) /.,....-,, L1 PN 32010 
'----t-+---..,'® \ (125Amps/Pote) 

I z+--+------=~ N Ships Load PN 32133 

;;~ ·.;/ :~~~·Volt (200Amps/Pole) i Ground }It Equipment 
Z (GRN) 

. 
tS2 S1 N' 

. Shore ~oW':' 

Switching Shore Power to Generator Power 
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A CAUTION: Heavy motor leads should be shut off 
betore switching share power ta generator power or 
vice-versa because voltage surges Induced by switching 
with heavy AC loads an the vessel being operated may 
cause damage ta the exciter cin:uil components in the 
generator. 



WESTERBEKE 25KW AND 20KW BEG GENERATOR SPECIFICATIONS 

ENGINE SPECIFICATIONS 
Engine Type 

Governor 

Combustion Ctiamber 

Bore & Stroke 

Piston Displacement 

;Firing Order , 

Direction of Rotation 

Compression Ratio 

Dimensions 

Weight 25KW 
20KW 

Iodination 

Gasoline, four-cycle, tour-cylinder, 
fresh water-cooled, Vertical, in-line 
overhead mechanism 

Hoof, flyball type. 5% speed regulation. 

Multi-sphere type. 

3.38 x 3.70 inches (86.0 x 94.0 mm). 

133.26 cubic inches (2184 cubic centimeters) 

1-3-4-2 

Clockwise, when viewed from the front 

8.6:1 

Height 42.2 inches 
Wldlh: 22.4 inches 
Length: • 282 Inches 

968 lbs (439.5 kgs) 
940 lbs (426.7 kgs) 

Continuous 26" · 
Temporary 30° 

(1071.9mm) 
(568.9mm) 
(716.3mm) 

;< 

TUNE-UP SPECIFICATIONS 
Compression Pressure 163.Spsi (11.Skglcnt) at 210 rpm 
(Limit of difference 
between cylinders) 28.0 psi {2.0 kg/cm2}) 

Valve liming Intake Opens 2° BTDC 
Intake Closes 53° ABDC 

Exhaust Opens 57° BBDC 
Exhaust Closes -2° ATDC 

Vatve Seat Angle Intake 45" 
Exhaust45" 

Valve Clearance Intake 0.012 inches (0.3 mm) 
(engine wann) Exhaust 0.012 incites (0.3 mm) 

Engine Timing 
25KW 20" BTDC at 1800 rpm ± .5° 
20KW 12° BTDC at 1800 rpm ± .5° 

General 

Distributor 

Spark Plug Thread Size 

Carburetor (STD Type) 

Spark Plug Sap 

Dwell 

General 

Fuel 

Fuel Consumption 
25KW 
2DKW 

fuel Lift Pump 

Fuel Riter 
(on engine) . 

IGNITION SYSTEM 
Battery ignition 12V negative ground. 
Distributor with Ignition module and lgnitor. 
Ignition coif an~ spark plugs. 

Solid state type with signal generator and 
ignitor. 

14mm X 1.25 pitch 

Down draft type, single barrel. 
uses approved flame arrester 

.030 inches (0.8 mm) 

63° at 1800 rpm. 

FUEL SYSTEM 
Conventional carburetor type with electric fuel 
pump. 

Unleaded gasoline (ElO Maximum). Octane 
rating of 89 or better. 

3.0 U.S. SPH (11.3 LPH) at fuH output 
2.5 U.S. SPH (9.4 LPH) at fuH output 

Electromagnetic-Lift capacity 6 feet (wet) 

Replaceable cartridge-screw o~l .8 meters) 
Replaceable at fuel pump inlet 

Air Cleaner Me1al screen type - cleanable. 
(flame arrester) 

Air Row 69.5 cfm (1.9 cmm) 
(engine combustion) 

COOLING SYSTEM 
General Fresh water-cooled block, thermoslatically-

~. controlled with heat ei<changer. 

Operating !emperature .130 -150° ~ ~55 - 66° C) 

Fresh Water Pump · Centrifugal type, metal impeller, belt-driven 

Raw Water Pump Positive displacement, rubber Impeller, 
belt driven. 

Raw Water Row, 6.7 gpm (25.3 lpm) 
at 1800 rpm 

System Capacity 7.3 qts (6.9 liters) 
(coolant) 

(continued) 

lwlWESTERBEKE 
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WESTERBEKE 25KW AND 20KW BEG GENERATOR SPECIFICATIONS 

LUBRICATION SYSTEM 
General 

OH Filter 

Sump Gapacity 
(not including filter) 

Operating on Pressure 
(engine hot) 

Oil Grade 

Pressure fed system 

Full flow, paper element, spin-on type 

4.0 U.S. qts (3.7 liters) 
plus filter/cooler assembly 

55-75 psi (3.8 - 5.2 kg/cm') 

API Category of SJ, '8L, SM Or-better 
SAE 10W-30or lSW-40 

ELECTRICAL SYSTEM 
Starting Battery 

Battery Capacity 

Starter 

DC Charging 

DC Charging Cranking 
Current 

12-Volt, (-) negative ground 

300 - 600 Gold Cranking Amps(CCA) 

12-Volt, reduction-solenoid mounted. 

12 voe belt driven alternator. 

175 - 200 amps 

AC GENERATOR (SINGLE PHASE) 
General-Single Phase 

Voltage - Single Phase 

Voltage Regulation 

Frequency Regulation 

Rating (Volts AG) 

211KW·6Dllz 

161lW ·50Hz 

22.5KVI. 60 Hz 

20KW·50Hz 

Brushless six pole, revolving field. 
Sealed lubricated single bearing design. 
Reconnectable single phase for 120/240 volts 
with solid slate voltage regulator 

120 Or 120/240 volts - 60 hertz 
230 volts - 50 hertz 

±2% no load to full load. 

±5% no load to full load. 

120volts 166amps 
120/240 volts 166/183 amps 

230volts 72.7amps 

120 volts 208amps 
120/240 volts 1208/104 amps 

230volts 91 amps 

AC GENERATOR (THREE PHASE) 
General-3 Phase Brushless six pole, revolving field. 

Sealed lubricated single bearing design. 
12 lead reconnectable for low voltage WYE 
and for Delta. SoUd state voltage regulator 
with protection circuitry. 

Voltage - 3 Phase Low voltage WYE 208volts 
(60 Hertz) High voltage WYE 480 volts 

Delta 240 volts 

Voltage - 3 Phase High voltage WYE 380Volts 
(50 Hertz) Delta 230volts 

211K¥1·6Dllz Low voltage WYE 70amps 
Amperage 3 Phase High voltage WYE 35amps 

Delta 60amps 

1&KW·5011z High voltage WYE 30.4amps 
Amperage 3 Phase Delta 52.5amps 

251lW·60Hz Low voltage WYE 86.7amps 
Amperage 3 Phase High voltage WYE 37.6amps 

Delta 75.2amps 

211KW·5011z High voltage WYE 38amps 
Amperage 3 Phase Delta 65.6amps 

GENERATOR COOLING 
Air requirements 
(60Hzat1800 rpm) 

450 cfm (12.74 cmm) 

NOTE: Increase air supply 15% for 50 Hertz operation at 1500 rpm 

Engine Combustion Air 69.5 cfm (1.9 cmm) 
Requirements 
(60Hzat1800 rpm) • 

Engine Cooling Air 100 cfm (2.83 cmm) 

Geflerator Compartment 122°F (500C) maximum 
Ambient Temperature 
Recommendations 

NOTE: Forced ventilation should be provided to maintain generator 
compartment temperatures below maximum. 

Engines & Generators 

81 



25KW AND 20KW BE GENERATOR 

~ . 

I 
I 
I 

CIRCUIT 
BREAKER 

~ 

- -. . 

!(/ 
0 

BAT TUYrb-I 

•• ITCH ~I 0 .• 
'-'" 

I 
I 
I IZ VDC 

'-Ll-i 
U~To:i.LOC:I 

~ll•lt~ff'tHI 

.,. '111/lftO' 

llt ID 

. 
-

= . 

WIRING DIAGRAM #040620 

WATER = 
TEMP. . 

SWITCH 
_. 

v 
••2 Ith 

··~ .. 

L(?J_ 
DISTRIBUTOR '., ~ 

ALTE~RNATOR, SIA 

et" f'Ull; , [ Cj? 

tth 

~ 
SPARK 
PLUGS 

•lOUllP 1CI ..... 

i:,__ 
01 L PRtSSURE 

SWITCH 

; . 

•1• Ilk 

CHOKE 

0 

a "i' 

= 
0 

; LlrT PUMP 

=0--1--~-l~·~-f---=· .. ~~·~~~~:t~E 
. .• ""' 

tl4 IU 

-- --
11<1 UllatO 

114 Tll/llR 

OVERSPEEC 
CIRCUT 

82 

.· D. 
tl.fTtLI~ 

l'tllE 2 
15-U. 

ST.MT 
SWITCH 

l'U5E ·-
Ol'I 

SWITCH 



NOTE: 
AN ON-OFF SWITCH 
SHOULD BE IN­
STALLED BETWEEN 
THE BATTERY AND 
STARTER TO DIS­
CONNECTTHE BAT­
TERY IN AN EMER­
GENCY AND WHEN 
LEAVING THE BOAT. 
A SWITCH WITH A 
CONTINUOUS 
,RATING OF 300 
AMPSAT12VDC 
WILL SERVE THIS 
FUNCTION. THIS 
SWITCH SHOULD 
NOT BE USED TO 
MAKE OR BREAK 
THE CIRCUIT. 
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ROTE: 
AN ON-OFF SWITCH 
SHOULD BE IN· 
STALLED BETWEEN 
THE BAmRY AND 
STARTER TO DIS­
CONNECTTHE BAT· 
TERY IN AN EMER­
GENCY AND WHEN 
LEAVING THE BOAT. 
A SWITCH WITH A 
CONTINUOUS 
,RATING OF 300 
AMPS AT 12 voe 
WIU SERVE THIS 
FUNCTION. THIS 
SWITCH SHOULD 
NOT BE USED TO 
MAKE OR BREAK 
THE CIRCUIT. 
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20KW and 25KW BE GENl:RATOR 
WIRING DIAGRAM #044580 [TWO RELAYS] 
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20KW and 25KW 6E GENERATOR 
WIRING SCHEMATIC #044580 [TWO RELAYS] 

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 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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* TESTING THE OVERSPEED SWITCH 
An internal component failure in the OVERSPEED 
SWITCH can shut the unit down (without an overspeed 
cause). The switch can be by-passed to determine if an 
internal component has failed. 

Overspeed Switch with Four T Connections: Lift the Tl 
connection and connect it on (and with) the T2 connection. 

Overspeed Switch with Five T Connections: Lift the T5 
connection and connect it on (and with) the T4 connection. 

NOTE: If by-pass testing indicates a defective OVERSPEED 
SWITCH, do not operate the generator. Replace the faulty 
switch to maintain the integrity of the engines Safety 
Shutdown Circuit. 
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OPTIONAL REMOTE INSTRUMENT PANEL 
WIRING DIAGRAM #035698 
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OPTIONAL REMOTE START PANEL 
WIRING DIAGRAM #035706 
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W· 70GA GASOLINE ENGINE 

Engine Type 

Combustion Chamber 

Bore & Stroke 

Piston Displacement 

Aring Order 

Direction of Rotation 

Compressi911 Ratio 

Dimensions 

Weight 

Maximum angle of 
Installation 

Maximum angle of 
Operation 

SPECIFICATIONS 
Gasoline, four-cycle, four-cylinder, fresh 
water-cooled, Vertical, in-line overhead valve 
mechanism 66 hp@3600 rpm 

Multi-sphere type 

3.38 x 3.70 inches (86.0 x 94.0 mm) 

133.3 cubic inches (2.2 liters) 

1-3-4-2 

Clockwise, when viewed from the front 

8:6:1 

Height: 25.0 inches 
Width: 21.2 inches 
Length: 35.1 inches 

421 lbs (190.9 kgs) 

Notto exceed 14 • 

Not to exceed 20° 

(634 mm) 
(538 mm) 
(893 mm) 

TUNE-UP SPECIFICATIONS 
Compression Pressure 
(Limit of difference 
between cylinders) 

Valve 1iming 

Valve Seat Angle 

Valve Clearance 
(iingine warm) 

Engine 1imlng 

198.1 psi (14 kg/cm') at400 rpm 

28.0 psi (2.0 kg/cm2) 

Intake Opens 2° BTDC 
Intake Closes 53° ABDC 

Exhaust Opens 57° BBDC 
Exhaust Closes 2° ATDC 

Intake 45° 
Exhaust45° 

Intake 0.012 Inches (0.3 mm) 
Exhaust 0.012 inches {0.3 mm) 

0° TDC at 625 rpm 

EXHAUST EMISSIONS SYSTEMS 
Emission Control 
Systems 

Meets U.S.C.G. Regulation 33 CFR 183 

IGNITION SYSTEMS 
General 

Distributor 

Spark Plug Thread Size 

Carburetor (STD Type) 

Spark Plug Gap 

Battery ignition 12V negative ground. 
Distributor with ignitor module and ignitor, 
ignition coil, and spark plugs. 

Solid state type with signal generator and 
lgnitor 

14mm X 1.25 pitch 

Down draft type, single barrel, 
USCG approved flame arrester 

0.030 inches (0.8mm) 

NOTE: Engine Idle Speed must be adjusted with the engine at 
normal operating temperature. Idle speed should be adjusted 
in the range specified where it operates the smoothest. 
Different model transmissions will affect engine idle speeds. 

General 

Fuel 

Fuel Lift Pump 

Fuel Consumption 

Fuel Alter 
(on engine) 

- Air cleaner 
(Flame Arrester)· 

Air Flow 
(engine combustion) 

General 

Operating Temperature 

Fresh Water Pump 

Flaw Water Pump 

System Capacity 
(coolant) 

FUEL SYSTEM 
Conventional carburetor type with electric fuel 
pump 

Unleaded gasoline (ElO Maximwn). Octane 
_rating of &9 or better. 

Electromagnetic-Lift capacity 6 feet (wet) 

6.0 U.S. GPH at 3600 rpm (I.& meters) 

Replaceable cartridge-screw on 

Metal screen type-cleanable 

140.0 cfm (3.9 cmm) at 3600 rpm 

COOLING SYSTEM 
Fresh water-cooled block, thermostatlcally­
controlled with heat exchanger 

130 -150" F (55 - 66° C) 

Centrifugal type, metal Impeller, belt-driven 

Positive displacement, rubber impeller, 
belt driven 

9.0 qts (8.5 liters) 

LUBRICATION SYSTEM 
General 

Oil Filter 

Sump Capacity 
(not including filter) 

Operating Oil Pressure 
(engine hot) 

Oil Grade 

Pressure fed system 

Full flow, paper element, spin-on type 

4.0 U.S. qts (3.7 liters) 

55-75 psi (3.8 - 5.2 kg/cm2) 

API Specification of SJ,SL or SM 

ELECTRICAL SYSTEM 
Starting Battery 

Battery Capacity 

Starter 

DC Charging 

12-Volt, (·)negative ground 

300 - 600 Cold Cranking Amps (CCA) 

12-Volt, reduction-solenoid mounted 

12 voe belt driven alternator 

DC Amperage 175-200 amps (cold engine) 
Draw Cranking 

ENGINE COMPARTMENT 
Compartment Ambient 122° F (50° C) 
Temperature Maximum 

Forced Ventilation to Maintain below Maximum 
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W70GA MARINE ENGINE SCHEMATIC #48630 
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W70GA TRANSMISSIONS 
A variety of transmission makes and models may be found 
on the W70GA engine depending on the engine's application. 
Transmission maintenance and troubleshooting will be found 
in the unit's Operators Manual Publication #049278. 
Should the transmission need an overhaul, contact the 
transmission manufacturer for the location of their authorized 
repair facility closest to you. 
Westerbeke Corporation recommends the use of 
manufacturer authorized repair facilities to ensure proper 
manufacturer overhaul procedures and parts are used. 

HURTH/ZF Marine Transmission 

ZF Industries Marine US Headquarters 
3131SW42~ Street 
Fort Lauderdale, FL 33312 
Tel: 954-581-4040 
Website: www.zf-marine.com 

BW/JS Marine Transmissions 
Westerbeke Corporation 
150 John Hancock Road 
Taunton, MA 02780 
Tel: 508-823-7677 
Website: www.westerbeke.com 

PRM Marine Transmissions 

Newage Transmission Limited 
Barlow Road 
Coventry ~V2 2W 
England .· 
Tei: ·+4:4 (0)24 7661 1845 
Website: www.newage-prm.co.uk 

NOTE: If the transmission is not being re-built, it should be visually inspected. Rush out 
and pressure test t~e oil cooler and replace the coolant hoses. Inspect and lubricate the 
gear shift linkage and the propeller shaft coupling. Clean and repaint the transmission and 
change the transmission fluid. 
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SERVICE DATA • STANDARDS AND LIMITS 
Component 

CAMSHAFT 

Journal~ )( and Y Diameter 

Standard 
mm (inches) 

Front and Rear ..................... 31.940 - 31.965 
(1.2575 • 1.2585) 

Center Three Journals .......... 31.91 O - 31.935 
(1.2563 • 1.2573) 

Front Oil Seal Sliding 
Surface .................................. 33.961 - 34.000 

(1.338 • 1.339) 

Out-of-Round ........................... 0.05 (0.002) 

Fuel Cam 
Height ................................ 37 .6 (1.481) 
Minimum ............................ 37.1 (1.452) 

Runout .................................... 0.03 (0.0012) 

End Play ....................... 0.08 - 0.16 (0.003 - 0.006) 
Maximum ................................. 0.20 (0.008) 

Oil Clearance Front 
and Rear .................. 0.035 - 0.085 (0.0014 - 0.0033) 

Center Three 

Repair Limit 
mm (inches) 

Journals .................. 0.0651 - 0.085 (0.0014- 0.0033) 

Maximum ................................ 0.15 (0.0059) 

CONNECTING ROD 

End Play ................................. 0.110- 0.262 ...................... 0.150 
(0.004 - 0.010) (0.012) 

Oil Clearance ................................. 0.027 .............................. 0.10 

Amount of Undersize 
0.25 (0.009) 
0.50 (0.019) 
0.75 (0.029) 

(0.001) (0.004) 

Bending Limit ....................................... : ....................... 0.04 (0.0016) 
for every 100mm 

Torsion Limit ................................................................ 0.04 (0.0016) 
for every 1 OOmm 

Clearance between the Small End and the Piston Pin 
. . .. ...................... 0.015 - 0.040 (0.006 - 0.0016) 

Piston Pin 
Diameter .................. 21.947 - 21.980 (0.864 - 0.866) 

CRANKSHAFT 

End Play .................................. 0.08 - 0.282 ........................ 0.30 
(0.003 - 0.011) (0.012) 

Component 

CRANKSHAR 

Standard 
mm (Inches} 

Undersize Parts ............................. Width 
025 (0.009) ......... 28.04 - 28.09 (1.106 - 1.107) 
0.50 (0.019) ......... 28.12-•28.17 (1.108-1.109) 
0.75 (0.029) ........ 28.20- 27.00 (1.1008 -1.103) 
Standard .............. 27.94-27.00 (1.1008-1.103) 

Repair Limit 
mm(lnches) 

Oil Clearance ........................... 0.032 - 0.049 ...................... 0.08 
(0.0012- 0.0019) (0.003) 

Runout .................................... 0.03 (0.0012) 

Main Journal 
Diameter ........... 59.937 - 59.955 (2.3597 - 2.3604) 
Minimum ........................... 59.89 (2.358) 
Out-of-Round ..................... 0.05 (0.0029 

Crank Pin Journal 
Diameter ........... 50.940 - 50.955 (2.0055 - 2.0061) 
Minimum ........................... 50.89 (2.004) 
Out-of-Round .................... 0.05 (0.0020) 

Undersize Bearing ................... 0.25 (0.010) 
0.50 (0.020) 
0.75 (0.030) 

CYLINDER BLOCK/PISTON 
Distortion .......................... : ...... 0.15 (0.006) 

Grinding Limit .......................... 0.20 (0.008) 

CYLINDER HEADNALVES 
Distortion ................................. 0.15 (0.006) 

Height.. .................................... 91.95 - 92.05 ...................... 0.20 
(3.620 - 3.624) (0.008) 

Valve Head Margin Thickness 

Valve Stem Diameter 

IN: 0.5 (0.20) Min .. 
EX: 1.0 (0.039) Min .• 

IN: 8.030 - 8.045 (0.3161 - 0.3167) 
EX: 8.025 - 8.040 (0.3159 - 0.165) 

Manifold 
Distortion Grinding 
Limit .......................................................................... 0.20 (0.008) 

OIL PUMP 

Inner Rotor Tooth Tip and 
Outer Rotor Clearance ............. 0.18 (0.007) 

Side Glearance ......................... 0.10 (0.004) 

Outer Rotor to 
Pump Body ......................... 0.20 (0.008) max. 
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SERVICE DATA .. STANDARDS AND LIMITS 

Component Specified Value I Standard Repair Limit 
mm( inches) mm(inches) 

PISTON/PISTON RING 

Outer Diameter ...... 85.944 - 85.964 (3.3836 - 3.3844) 
0.25mm Oversize .. 86.194 O 86.214 (3.3935 - 3.3942) 
0.50mm Oversize .. 86.444- 86.464 (3.4033 - 3.4041) 

Piston to Cylinder 
Clearance ................. 0.036 - 0.075 (0.0014 - 0.0030) 
Maximum ................................ 0.15 (0.0059) 

End Gap Top ................ 0.20 - 0.35 (0.008 - 0.014) 
Second .................... 0.15 - 0.30 (0.006- 0.012) 
Oil Ring ................... 0.30 - 0.90 (0.012 - 0.035) 
Maximum ............................ 1.0 (0.039) 

Piston Ring to Ring Clearance ......... . 
Clearance Top ......... 0.03 - O.o? (0.001 - 0.003) 
Second ................... 0.03 - 0.07 (0.001 - 0.003) 
Maximum ........................... 0.15 (0.006) 

ROCKER ARM/ROCKER ARM SHAFT 

Oil Clearance ........................... 0.016 - 0.061 ...................... 0.10 
............................................. (0.0006 - 0.0024) ................ (0.004) 

Rocker Arm 
1.0.: ..................... 15.000 -16.027 (0.630 - 0.631) 
0.0.: .................. 15.966-15.984 (0.629 - 0.6297) 

TIMING BELT PULLEY 

Dimension of Washer or Pipe 
Oiameter .......................... 24mm (0.945in) 
Length 15mm (0.591in) 

VALVE SPRING 
Free Length 

Angle 

VALVE SEAT 

EX: 52.2 (2.0) 
IN: 47.7 (1.88) 

EX & IN: 1.8 (0.07) 

Contact Width ................... IN & EX 1.4 (0.055) 

Dimension L ........................... .46.5 (1.831) 

Valve Stem to Valve Guide 
Method 1 ................................................. IN: 7.980 (0.312) 

..................................................................... .IN: 7.975 90.314) 

Method 2 ................. .IN & EX: 0.025 - 0.060 
............................................. (0.0010 - 0.0024) 

Maximum ......................... 0.20 (0.0079) 

O.D.: .................. 15.966 -15.984 (0.629- 0.6297) 
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ANGULAR NUT AND BOLT TIGHTENING METHOD 
1. Carefully wash the nuts and bolts to remove all oil and 

grease. 

2. Apply a coat of molybdenum disulfide grease to the 
threads and setting faces of the nuts and bolts. 

3. Tighten the nuts and bolts to the specified torque (snug 
torque) with a torque wrench. 

CENTER LINE 

· 4. Draw a line (A-B) across the center of each bolt. 
5. Draw another line (C-D) on the face of each of the parts 

to be clamped. This line should be an extension of the 
line (A-B). 

E\ A \~~SPECIFIED ANGLE Q 

COINCIDING LINE 

\ 
\ 

G 

6. Draw another line (F-G) on the face of each of the parts 
to be clamped. This line will be in the direction of the 
specified angle (Q) across the center (E) of the nut or 
bolt. 

7. Use a socket wrench to tighten each nut or bolt to the 
point where the line (A-B) is aligned with the line (F-G). 
Example: Specified Angle and Tightening Rotation 

A 30° 1112 of a turn 

B 60° 1/6 of a tum 

c 90° 1/4 of a tum 

D 180° 1/2 9f a tum 

E 360° One ·full turn 
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TORQUE SPECIFICATIONS 

COMPONENT ft- lb . (m-kg) Nm 

Bearing Cap 61-65 (8.4 - 9.0) 82.88 

Camshaft Caps 13 - 20 (1.8 - 2.7) 18 - 2.6 

Camshaft Pulley 35 -48 (4.8 - 6.6) 47 - 65 

Camshaft Tightening 13 -20 (1.8 - 2.7) 18 - 26 

Connecting Rod Cap Nut 48 - 51 (6.6 - 7.0) 65 - 69 

Crankshaft Bolt Torque 104 -148 (1.2 - 1.7) 12 -17 

Crankshaft Timing Belt 27 -38 (3.8 - 5.3) 39 - 52 

Crankshaft Lock Bolt 116 -123 (16-17) 57 -167 

Cylinder Head Bolt (cold) 55 - 59 (8.2 - 8.8) 82 - 88 

Cylinder Head Cover 24 - 34 (3.0 -4.0) 3-4 

Exhaust Manifold 16 - 21 (2.2 - 2.9) 22- 28 

Front Housing 14 -19 (1.9 - 2.6) 19 -25 

Inlet Manifold 14 - 22 (1.9 - 3.1) 14 -31 

Intake Manifold/Carburetor 14 -19 (1.9 - 2.6) 19 - 25 

Main Bearing Cap 61 - 65 (8.4 - 9.0) 82- 88 

Oil Pan 61 - 104 (8.4 - 12.0) 8 -12 

Oil Pan Baffle Plate 69 -100 (8.0 - 11.0) 8 -10 

Oil Pan Bolts 61 - 78 (8.4 - 10.0) 7-10 

Oil Pressure Switch 104 -156 (1.2 - 1.8) 12 -18 

Oil Pump (M-10) 27 - 38 (3.8 - 5.3) 52 

Oil Pump (M-8) 14 -19 (1.9 - 2.6) 25 

Oil Strainer 69-104 (8.0 - 12.0) 8 -12 

Rocker Arm 13 - 20 (1.8 - 2.7) 18- 26 

Rocker Shaft Assembly 13 - 20 (1.8 - 2.7) 18 - 26 

Spark Plug 11 -17 (1.5 - 2.3) 15 - 23 

Timing Belt 27 -38 (3.8 - 5.3) 37 - 52 

Timing Belt Covers 61 - 87 (8.4 -10.0) 7 -10 

Timing Belt Gasket 61 - 87 (8.4 -10.0) 7 -10 

Water Pµmp Bolts 14 -19 (1.9 - 3.1) 19-25 

Flywheel Bolts .85-90 (11'..7 12. 4) ' 
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STANDARD BOLTS I TIGHTENING TORQUE SPECIFICATIONS 
NOTE: The torque values given in the following table should be applied where a particular torque is not specified. 

kg-m 

~ ~ ~ ~ ~ ~ 
M 6 x 1.0 0.6 ±0.2 0.7 

+0.2 
0.8 

+0.2 0.9 +0.2 
-0.3 ---

-0.3 .:... -0.3 

M 8 X 1.25 1.3 ±0.5 1.6 
+0.4 1.8 

+0.5 
2.1 

+0.5 
2.4 ±0.7 

-0.6 -0.6 -0.~ 

M10 X 1.25 2.8 ±0.7 3.3 
+0.8 3.8 

+0.9 
4.3 ±0.9 5.1 ±1.3 

-0.9 -1.0 

"'M10 X 1.5 2.7 ±0.7 3.2 ±0.8 3.7 ±0.9 4.2 ±1.0 4.9 ±1.2 

M12 X 1.25 6.2 
+1.3 

6.7 
+1.4 7.7 

+1.6 
8.8 

+1.8 
9.7 

+1.9 
-1.2 .:....1.3 -1.5 -1.7 -2.0 

*M12 X 1.75 5.8 ±1.2 6.3 ±1.2 7.2 ±1.4 8.2 ±1.6 9.1 ±1.8 

M14 X 1.5 9.7 +2 
10.4 +2 11.9 

+2.3 
13.6 

+2.6 
14.5 ±2.9 -1.9 -2.1 -2.4 -2.8 

*M14 X 2.0 9.1 "±1.8 9.8 ±1.9 11.2 ±2.2 12.8 ±2.5 13.6 ±2.7 

M16 X 1.5 13.3 +2.7 15.1 ±3.1 17.3 ±3.5 19.7 ±4.0 20.4 ±4.1 

*M16 X 2.0 12.7 ±2.5 14.4 ±2.9 16.5 ±3.3 18.8 ±3.8 19.5 ±3.9 

IVl1s x 1.5- 19.2 ±3.8 21.7 +4.4 24.9 ±5.0 28.4 ±5.7 29.3 ±5.9 
-4.3 

*M18 x 2.5 19.2 ±3.8 21.8 +4.4 25.0 ±5.0 28.5 ±5.7 29.4 
+5.9 

-4.3 -5.8 

M20 x 1.5 26.3 ±5.3 30.0 
+6.1 34.4 ±6.9 39.2 +7.9 

40.4 ±8.1 -6 -7.8 

*M20 x 2.5 24.3 ±4.9 27.8 
+5.5 31.8 ±6.4 36.3 +7.2 

37.4 ±7.5 -5.6 -7.3 

M22 x 1.5 32.0 ~1 ~:~ 40.4 ±8.1 46.3 
+9.2 I 528+10.5 54.1 ± 10.8 -9.3 I . -10.6 

*M22 x 2.5 27.8 ±5.6 37.6 ±7.5 43.1 
I 

±8.6 I 49.1 ±9.8 50.3 ±10.1 
! 

M24 x 2.0 45.8 ±9.2 47 9 + 15.4 
. - 9.6 

54 9 +17.6 
. -11.0 I 

62.6 +20.1 
-12.6 70.6 ±14.1 

*M24 x 3.0 43.1 ±8.6 45.1 ±9.0 51.7±10.3 1 58 9 +l1.8 66.4 ±13.3 I 

i . -11.7 

NOTE: Bolts marked with an asterisk are used for female threaded parts made of soft materials such as castings. 
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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 

DISTANCE EQUIVALENTS 
1 Degree of Latitude = 60 Nm = 111.120 km 
1 Minute of Latitude = 1 Nm = 1.852 km 

VOLUME 
Cubic Inches (in3) x 16.387 =Cubic Centimeters x .061 =in3 

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 qt) 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 (oz) x 28.35 = Grams (g} x .035 = Ounces 
Pounds (lb) 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 = H20 
Inches of Water (H20) x .03613 =psi x 27.684 = H20 
Inches of Water (H20) x .248 = Kilopascals (kPa) x 4.026 = HaO 

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

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 (Krn/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 

LIQUID WEIGHTS 
Diesel Oil= 1 US gallon= 7.13 lbs 
Fresh Water = 1 US gallon = 8.33 lbs 
Gasoline= 1 US gallon= 6.1 lbs 
Salt Water = 1 US gallon = 8.56 lbs 

Engines & Generators 

99 ·it 



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. 

~rade5 ~rade7 ~rade8 
u .... u.:: ~ 
.... ' ' 

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 not available. 
2. These torques are based on clean, dFY threads. Reduce torque by 10% when engine oil is used. 
3. Reduce torques by 30% or more, when threading capsc~ews into aluminum. 

STANDARD BOLT & NUT TORQUE SPECIFICATIONS METRIC BOLT & NUT TORQUE SPECIFICATIONS 
SAE6rade5 SAE Grade 6-7 SAEGradeB 

Capsrew Body Size Torque Torque Torque Bolt Grade4.6 Grade4.B Grade 8.8 • 9.8 Grade10.9 
Qncbes) • (Thread) R-lb(Nm) FH.b(Hm) R-1.b(Nm) Dia. Wrench Size R·Lb(Nm) R-1.b (Nm) R·Lb (Nm) R-Lb(Nm) 

1/4·20 8 (11) 10 (14) 12 (16) 
-28 10 (14) 14 (19) M3 5.5mm 0.3 (0.5) 0.5 (0.7} 1 (1.3) 1.5 (2) 

5116-18 17 (23) 19 (26) 24 (33) 
-24 19 (26) 27 (37) 

M4 ?mm 0.8 (1.1) 1 (1.5) 2 (3) 3(4.5) 
M5 Bmm 1.5 (2.5 2(3) 4.5(6) 6.5(9) 

318-16 31 (42) 34 (46) 44 (60) 
-24 35 (47) 49 (66) 

MB 10mm 3 (4) 4 (5.5) 7!fJ (10) 11 (15) 
M9 13mm 7 (9!fJ) 10 (13) 18 (25) 35 (26) 

7116-14 49 (66) 55 (75) 70 (95) M10 16mm 14 (19) 18(25) 37 (50) 55 (75) 

-20 55 (75) 78 (106) 

112-13 75 (102) 85 (115) 105 (142) 
-20 85 (115) 120 (163) 

M12 18mm 26 (35) 33 (45) 63 (85) !fl (130) 
M14 21 mm 37(50) 55 (75) 103 (140) 151 (205) 
M16 24mm 59(80) 85 (115) 159 (215) 232 (315) 

9/16-12 110 (149) 120 (163) 155 (210) 
-18 120 (163) 170 (231) 

5/8-11 150 (203) 167 (226) 210 (285) 
M18 27mm 81 (110) 118 (160) 225 (305) 321 (435) 
M20 30mm 118 (160) 166 (225) 321 (435) 457 (620) 

-18 170 (231) 240 (325) M22 33mm 159 (215) 225 (305) 435 (590) 620 (840) 

314-10 270 (366) 280 (380) 375 (508) 
-16 295 (400) 420 (569) M24 36mm 203 (275) 288 (390) 553 (750) 789 (1070) 

718- 9 395 (536) 440 (597) 605 (820} 
-14 435 (590) 675 (915) 

M27 41 mm 295 (400) 417 (565) 811 (1100) 1154 (1565) 
M30 46mm 402 (545) 568(770) 1103 (1495) 1571 (2130) 

-1. 8 590 (800) 660 (895) 910 (1234) 
-14 660 (895) 990 (1342) 

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

NOTE: Fo1111ula to convert Ft-Lbs to Nm (Newton Meters) multiply Ft-Lb x 1.356. 

SEALANTS & LUBRICANTS 
GASKETS/SEALANTS 
Oil 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. 

A light coating of Oil or UQUID TEFLON can be used on rubber gaskets 
and 0-rings. 
LOCTITE hydraulic red sealant should be used on oil adapter hoses and the oil 
filter assembly. 
Coat both sutiaces 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 ptugs 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 112 or 
HIGH TACK. 
When assembling the flywheel, coat the bolt threads with LOCTITE blue. 
Anti-seize compounds and thread locking adhesives such as LOCTITE protect 
threaded components yet allows them to came apart when necessary. 
LOCTITE offers levels of locking according to the job. 
LITHIUM based grease is waterproof, ideal for water pump bearings and stuff­
ing boxes. 
Heavily oil all sliding and reciprocating components when assembling. Always 
use clean engine oil! 
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