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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 

Engines & Generators 
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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) ' 

g7 



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 
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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. 

~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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