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Specifications
VT600 models
General
Bore x stroke
Displacement
Compression ratio

75.0 x 66.0 mm (2.95 x 2.60 inches)
583 cc (35.5 cubic inches)
9.2 to 1

Camshafts
Bearing oil clearance
Standard
Limit
Camshaft journal diameter
Standard
Limit
Camshaft runout limit
Camshaft lobe height
Intake
Standard
Limit
Exhaust
Standard
Limit
Cam chain tensioner wedge height limit

0.050 to 0.111 mm (0.0020 to 0.0044 inch)
0.130(0.0051 inch)
21.959 to 21.980 mm (0.8645 to 0.8654 inch)
21.90 mm (0.862 inch)
0.05 mm (0.002 inch)

37.930 mm (1.4933 inches)
37.730 mm (1.4854 inches)
37.950 mm (1.4941 inches)
37.750 mm (1.4862 inches)
No more than 0.6 mm (0.24 inch)

Rocker arms
Rocker arm inside diameter
Standard
Limit
Rocker arm shaft diameter
Standard

12.000 to 12.018 mm (0.4724 to 0.4731 inch)
12.03 mm (0.474 inch)
11.966 to 11.984 mm (0.4711 to 0.4718 inch)
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VT600 models (continued)
Rocker arms (continued)
Rocker arm shaft diameter
Limit
1988 and 1989, 1991 through 1996
1997 on
Rocker arm-to-rocker shaft clearance
Standard
Limit
1988 and 1989, 1991 through 1996
1997 on

11.83 mm (0.466 inch)
11.96 mm (0.471 inch)
0.016 to 0.052 mm (0.0006 to 0.0020 inch)
0.20 mm (0.008 inch)
0.07 mm (0.003 inch)

Cylinder head, valves and valve springs
Cylinder head warpage limit
Valve stem diameter
Intake
Standard
Limit
Exhaust
Standard
Limit
Valve guide inside diameter
Intake
Standard
Limit
Exhaust
Standard
Limit
Stem-to-guide clearance
Intake
Standard
Limit
Exhaust
Standard
Limit
Valve seat width (intake and exhaust)
Standard
Limit
Valve guide projection height
Intake
Exhaust
Valve spring free length
Outer spring
Intake
Standard
Limit
Exhaust
Standard
Limit
Inner spring
Intake
Standard
Limit
Exhaust
Standard
Limit

0.10 mm (0.004 inch)
5.475 to 5.490 mm (0.2156 to 0.2161 inch)
5.45 mm (0.215 inch)
6.555 to 6.570 mm (0.2580 to 0.2587 inch)
6.55 mm (0.258 inch)
5.500 to 5.512 mm (0.2165 to 0.2170 inch)
5.56 mm (0.219 inch)
6.600 to 6.615 mm (0.2598 to 0.2604 inch)
6.65 mm (0.262 mm)
0.010 to 0.037 mm (0.0004 to 0.0015 inch)
0.10 mm (0.004 inch)
0.030 to 0.060 mm (0.0012 to 0.0024 inch)
0.11 (0.004 inch)
0.90 to 1.10 mm (0.035 to 0.043 inch)
1.50 mm (0.06 inch)
19.4 to 19.6 mm (0.76 to 0.77 inch)
17.9 to 18.1 mm (0.70 to 0.71 inch)

42.14 mm (1.659 inch)
40.58 mm (1.598 inch)
42.83 mm (1.686 inch)
41.25 mm (1.624 inch)
38.11 mm (1.500 inch)
36.47 mm (1.436 inch)
38.81 mm (1.528 inch)
37.51 mm (1.477 inch)

Cylinders
Bore diameter
Standard
Limit
Warpage (across top of cylinder)
Taper and out-of-round limit

75.000 to 75.015 mm (2.9528 to 2.9533 inches)
75.10 mm (2.957 inches)
0.10 (0.004 inch)
0.06 mm (0.002 inch)

Pistons
Piston diameter
Standard
Limit

74.965 to 74.990 mm (2.9514 to 2.9524 inches)
74.90 mm (2.949 inches)
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Piston-to-cylinder clearance
Standard
Limit
Ring side clearance (top and second rings)
Standard
Limit
Ring end gap
Top and second rings
Standard
Limit
Oil ring
Standard
Limit
Piston pin bore
Standard
Limit
Piston pin diameter
Standard
Limit
Piston-to-piston pin clearance
Standard
Limit
Piston pin-to-connecting rod small end clearance
Standard
Limit

0.010 to 0.050 mm (0.0004 to 0.0020 inch)
0.10 mm (0.004 inch)
0.015 to 0.045 mm (0.006 to 0.0018 inch)
0.10 mm (0.004 inch)

0.10 to 0.30 mm (0.004 to 0.012 inch)
0.50 mm (0.020 inch)
0.20 to 0.70 mm (0.008 to 0.028 inch)
0.90 mm (0.035 inch)
18.002 to 18.008 mm (0.7087 to 0.7090 inch)
18.05 mm (0.711 inch)
17.994 to 18.000 mm (0.7084 to 0.7087 inch)
17.98 mm (0.708 inch)
0.002 to 0.014 mm (0.0001 to 0.0006 inch)
0.040 mm (0.0016 inch)
0.016 to 0.040 mm (0.0006 to 0.0016 inch)
0.060 mm (0.0024 inch)

Crankshaft, connecting rods and bearings
Connecting rod small end I.D.
Standard
Limit
Main bearing oil clearance
Standard
Limit
Connecting rod side clearance
Standard
Limit
Connecting rod bearing oil clearance
Standard
Limit
Crankshaft runout limit

18.016 to 18.034 mm (0.7093 to 0.7100 inch)
18.07 mm (0.711 inch)
0.025 to 0.041 mm (0.0010 to 0.0016 inch)
0.06 mm (0.002 inch)
0.05 to 0.20 mm (0.002 to 0.008 inch)
0.30 mm (0.001 inch)
0.028 to 0.052 mm (0.0011 to 0.0020 inch)
0.07 mm (0.003 inch)
0.05 mm (0.002 inch)

Oil pump
Rotor tip clearance
Standard
Limit
Pump body clearance
Standard
Limit
Rotor-to-pump body end clearance
Standard
Limit
Oil pump drive sprocket inside diameter
Standard
Limit

0.15 mm (0.006 inch)
0.20 mm (0.008 inch)
0.15 to 0.22 mm (0.006 to 0.009 inch)
0.35 mm (0.014 inch)
0.02 to 0.07 mm (0.001 to 0.003 inch)
0.10 mm (0.004 inch)
32.000 to 32.025 mm (1.2598 to 1.2608 inches)
32.10 mm (1.264 inches)

Clutch
Friction disc thickness
Plate A
Standard
Minimum
Plate В
Standard
Minimum
Steel plate warpage limit
Spring free length
1988
Standard
Minimum
1989 on
Standard
Minimum

2.62 to 2.78 mm (0.103 to 0.107 inch)
2.30 mm (0.090 inch)
2.92 to 3.08 mm (0.115 to 0.121 inch)
2.60 mm (0.102 inch)
0.30 mm (0.012 inch)

39.0 mm (1.54 inches)
37.4 mm (1.47 inches)
43.2 mm (1.70 inches)
41.6 mm (1.64 inches)
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VT600 models (continued)
Clutch (continued)
Mainshaft diameter (at clutch outer guide)
Standard
Minimum
Clutch outer guide
Inside diameter
Standard
Limit
Outside diameter
Standard
Limit

21.967 to 21.980 mm (0.8648 to 0.8654 inch)
21.92 mm (0.863 inch)
21.991 to 22.016 mm (0.8658 to 0.8668 inch)
22.09 mm (0.870 inch)
31.959 to 31.025 mm (1.258 to 1.2589 inches)
31.98 mm (1.259 inches)

Transmission
Gear inside diameter
C1
Standard
Limit
!
СЗ, M2, M4
Standard
Limit
Gear bushing
Outside diameter
C1
Standard
Limit
СЗ, M2, M4
Standard
Limit
Inside diameter
C1
Standard
Limit
M2
Standard
Limit
Bushing-to-shaft clearance
C1
Standard
Limit
M2
Standard
Limit
Gear-to-bushing clearance (C1, СЗ, M2, M4)
Standard
Limit
Countershaft diameter (C1 bushing)
Standard
Limit
Mainshaft diameter (M2 bushing)
Standard
Limit
Backlash
1 st, 2nd, 3rd
4th

24.000 to 24.021 mm (0.9449 to 0.9457 inch)
23.94 mm (0.943 inch)
28.000 to 28.021 mm (1.1024 to 1.1032 inches)
28.04 mm (1.104 inch)

23.959 to 23.980 mm (0.9433 to 0.9441 inch)
24.94 mm (0.982 inch)
27.959 to 27.980 mm (1.1007 to 1.1016 inches)
27.94 mm (1.100 inches)

20.016 to 20.037 mm (0.7880 to 0.7889 inch)
20.06 mm (0.790 inch)
25.000 to 25.021 mm (0.9843 to 0.9851 inch)
25.04 mm (0.986 inch)

0.023 to 0.057 mm (0.0009 to 0.022 inch)
0.10 mm (0.004 inch)
0.020 to 0.062 mm ((0.0008 to 0.0024 inch)
0.10 mm (0.004 inch)
0.020 to 0.062 mm (0.0008 to 0.0024 inch)
0.10 mm (0.004 inch)
19.980 to 19.993 mm (0.7866 to 0.7871 inch)
19.96 mm (0.786 inch)
24.959 to 24.980 mm (0.9835 to 0.9826 inch)
24.94 mm (0.982 inch)
1.021 to 0.110 mm (0.0008 to 0.0043 inch)
1.023 to 0.117 mm (0.0009 to 0.0046 inch)

Shift fork/shift fork shaft/shift drum
Shift fork tip thickness
Standard
Limit
Shift fork shaft bore inside diameter
Standard
Limit
Shift fork shaft diameter
Standard
Limit
Left shift drum journal diameter
Standard
Limit

5.93 to 6.00 mm (0.233 to 0.236 inch)
5.63 mm (0.222 inch)
13.000 to 13.018 mm (0.5118 to 0.5125 inch)
13.04 mm (0.513 inch)
12.966 to 12.984 mm (0.5105 to 0.5112 inch)
12.90 mm (0.508 inch)
11.966 to 11.984 mm (0.4711 to 0.4718 inch)
11.94 mm (0.470 inch)
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Torque specifications
Cam chain tensioner bolt
Cam chain tensioner set plate bolt
Camshaft end holder bolt
1988 through 1998
1999 on
Camshaft holder
8 mm bolts and nuts
6 mm bolts (pre-1997 only)
Camshaft sprocket bolt
Clutch center locknut
1988 through 1998
1999 on
Clutch lifter plate bolt
Clutch lock nut
Connecting rod bearing cap nuts
Countershaft bearing set plate bolt
Crankcase bolts
1988 and 1989,1991 through 1996
8 mm stud bolts
10 mm stud bolts
1997 on
6 mm bolts (1997 and 1998)
6 mm bolts (1999 on)
8 mm bolts
Cylinder head
6 mm bolts
1989 and 1990,1991 through 1996
1997 on
8 mm bolts
8 mm nuts
10 mm nuts
Cylinder head cover bolt
Drum stopper plate bolt
Flywheel bolt
Gearshift cam plate bolt
Gearshift lever pinch bolt
Gearshift drum stopper bolt
Left crankcase cover bolts
Mainshaft bearing set plate bolt
Oil pipe banjo bolt (1988 and 1989)
Oil pump driven sprocket bolt
Primary drive gear bolt
Right crankcase cover bolts
Starter clutch torx bolts
Stator socket mounting bolt

10 Nm (88 in-lbs)
12 Nm (106 in-lbs)
9 Nm (78 in-lbs)
10 Nm (84 in-lbs)
23 Nm (17 ft-lbs)
10 Nm (88 in-lbs)
23 Nm (17 ft-lbs)
127 Nm (94 ft-lbs)
128 Nm (95 ft-lbs)
12 Nm (106 in-lbs)
130 Nm (96 ft-lbs)
34 Nm (25 ft-lbs)
9 Nm (80 in-lbs)

20 to 30 Nm (15 to 22 ft-lbs)
20 to 50 Nm (15 to 37 ft-lbs)
9 Nm (80 in-lbs)
12 Nm (108 in-lbs)
23 Nm (17 ft-lbs)

10 Nm (88 in-lbs)
12 Nm (106 in-lbs)
23 Nm (17 ft-lbs)
23 Nm (17 ft-lbs)
47 Nm (35 ft-lbs)
10 Nm (88 in-lbs)
12 Nm (106 in-lbs)
127 Nm (94 ft-lbs)
12 Nm (106 in-lbs)
12 Nm (106 in-lbs)
23 Nm (17 ft-lbs)
12 Nm (106 in-lbs)
12 Nm (106 in-lbs)
23 Nm (17 ft-lbs)
15 Nm (132 in-lbs)
88 Nm (65 ft-lbs)
12 Nm (106 in-lbs)
30 Nm (22 ft-lbs)
12 Nm (106 in-lbs)

VT750 models
General
Bore x stroke
Displacement
Compression ratio

79.0 x 76.0 mm (3.11 x 2.99 inches)
745 cc (45.4 cubic inches)
9.0 to 1

Camshafts
Bearing oil clearance
Standard
Limit
Camshaft journal diameter
Standard
Limit
Camshaft runout (VT750C/CD ACE)
Standard
Limit
Camshaft runout (VT750DC Spirit)
Standard
Limit

0.050 to 0.111 mm (0.0020 to 0.0044 inch)
0.13(0.005 inch)
21.959 to 21.980 mm (0.8645 to 0.8654 inch)
21.90 mm (0.862 jnch)
0.030 mm (0.012 inch)
0.05 mm (0.002 inch)
Not specified
0.03 mm (0.012 inch)
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VT750 models (continued)
Camshafts (continued)
Camshaft lobe height
Intake
Standard
Limit
Exhaust
Standard
Limit
Camshaft lobe height (VT750DC Spirit)
Intake
Standard
Limit
Exhaust
Standard
Limit
Cam chain tensioner wedge height limit

38.381 mm (1.5111 inches)
38.10 mm (1.500 inches)
38.407 mm (1.5121 inches)
38.20 mm (1.504 inches)

37.188 to 37.348 mm (1.4641 to 1.4704 inches)
37.16 mm (1.463 inches)
37.605 to 37.765 mm (1.4805 to 1.4868 inches)
37.58 mm (1.480 inches)
No more than 0.6 mm (0.24 inch)

Rocker arms
Rocker arm inside diameter
Standard
Limit
Rocker arm shaft diameter
Standard
Limit
Rocker arm-to-rocker shaft clearance
Standard
Limit

12.000 to 12.018 mm (0.4724 to 0.4731 inch)
12.05 mm (0.474 inch)
11.966 to 11.984 mm (0.4711 to 0.4718 inch)
11.83 mm (0.466 inch)
0.016 to 0.052 mm (0.0006 to 0.0020 inch)
0.07 mm (0.003 inch)

Cylinder head, valves and valve springs
Cylinder head warpage limit
Valve stem diameter
Intake
Standard
Limit
Exhaust (VT750C/DC ACE)
Standard
Limit
Exhaust (VT750DC Spirit)
Standard
Limit
Valve guide inside diameter
Intake
Standard
Limit
Exhaust
Standard
Limit
Stem-to-guide clearance
Intake
Standard
Limit
Exhaust
Standard
Limit
Valve seat width (intake and exhaust)
Standard
Limit
"
Valve guide projection height
Intake
Exhaust
Valve spring free length
Intake
Standard
Limit
Exhaust
Standard
Limit

0.10 mm (0.004 inch)

5.475 to 5.490 mm (0.2156 to 0.2161 inch)
5.45 mm (0.215 inch)
6.555 to 6.570 mm (0.2580 to 0.2587 inch)
6.55 mm (0.258 inch)
6.600 to 6.615 mm (0.2598 to 0.2604 inch)
6.55 mm (0.258 inch)
5.500 to 5.512 mm (0.2165 to 0.2170 inch)
5.56 mm (0.219 inch)
6.600 to 6.615 mm (0.2598 to 0.2604 inch)
6.65 mm (0.262 mm)
0.010 to 0.037 mm (0.0004 to 0.0015 inch)
0.10 mm (0.004 inch)
0.030 to 0.060 mm (0.0012 to 0.0024 inch)
0.11 (0.004 inch)
0.90 to 1.10 mm (0.035 to 0.043 inch)
1.50 mm (0.06 inch)
19.5 mm (0.77 inch)
18.0 mm (0.71 inch)

1

42.14 mm (1.659 inch)
40.58 mm (1.598 inch)
...

42.83 mm (1.686 inch)
41.25 mm (1.624 inch)
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Cylinders
gore diameter
Standard
Limit
Warpage (across top of cylinder)
Taper and out-of-round limit

79.000 to 79.015 mm (3.1102 to 3.1108 inches)
79.10 mm (3.114 inches)
0.10 (0.004 inch)
0.06 mm (0.002 inch)

Pistons
piston diameter
Standard
Limit
Piston-to-cylinder clearance
Standard
Limit
Ring side clearance
Top ring
Standard
Limit
Second ring
Standard
Limit
Ring end gap
Top ring (VT750C/CD ACE, 1998 through 2000)
Standard
Limit
Top ring (VT750C/CD ACE, 2001 on)
Standard
Limit
Top ring (VT750DC Spirit)
Standard
Limit
Second ring (VT750C/CD ACE, 1998 through 2000)
Standard
Limit
Second ring (VT750C/CD, 2001 on)
Standard
Limit
Second ring (VT750DC Spirit)
Standard
Limit
Oil ring
Standard
Limit
Piston pin bore
Standard
Limit
Piston pin diameter
Standard
Limit
Piston-to-piston pin clearance
Standard
Limit
Piston pin-to-connecting rod small end clearance
Standard
Limit

78.97 to 78.99 mm (3.109 to 3.110 inches)
78.90 mm (3.106 inches)
0.010 to 0.045 mm (0.0004 to 0.0018 inch)
0.10 mm (0.004 inch)

0.025 to 0.055 mm (0.0010 to 0.0022 inch)
0.08 mm (0.003 inch)
0.015 to 0.045 mm (0.006 to 0.0018 inch)
0.07 mm (0.003 inch)

0.20 to 0.35 mm (0.008 to 0.014 inch)
0.5 mm (0.02 inch)
0.025 to 0.055 mm (0.0010 to 0.0022 inch)
0.08 mm (0.003 inch)
0.025 to 0.055 mm (0.0010 to 0.0022 inch)
0.08 mm (0.003 inch)
0.35 to 0.50 mm (0.014 to 0.020 inch)
0.7 (0.03 inch)
0.015 to 0.025 mm (0.006 to 0.010 inch)
0.4 mm (0.020 inch)
0.025 to 0.040 mm (0.0010 to 0.0016 inch)
0.50 mm (0.020 inch)
0.20 to 0.80 mm (0.008 to 0.031 inch)
1.0 mm (0.04 inch)
18.002 to 18.008 mm (0.7087 to 0.7090 inch)
18.05 mm (0.711 inch)
17.994 to 18.000 mm (0.7084 to 0.7087 inch)
17.98 mm (0.708 inch)
0.002 to 0.014 mm (0.0001 to 0.0006 inch)
0.04 mm (0.002 inch)
0.016 to 0.040 mm (0.0006 to 0.0016 inch)
0.06 mm (0.002 inch)

Crankshaft, connecting rods and bearings
Connecting rod small end I.D.
Standard
Limit
Main bearing oil clearance
Standard
Limit
Connecting rod side clearance
Standard
Limit
Connecting rod bearing oil clearance
Standard
Limit
Crankshaft runout limit

18.016 to 18.034 mm (0.7093 to 0.7100 inch)
18.07 mm (0.711 inch)
0.030 to 0.046 mm (0.0012 to 0.0018 inch)
0.07 mm (0.003 inch)
0.05 to 0.20 mm (0.002 to 0.008 inch)
0.30 mm (0.001 inch)
0.028 to 0.052 mm (0.0011 to 0.0020 inch)
0.07 mm (0.003 inch)
0.03 mm (0.001 inch)
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VT750 models (continued)
Oil pump
Rotor tip clearance
Standard
Limit
Pump body clearance
Standard
Limit
Rotor-to-pump body end clearance
Standard
Limit
Oil pump drive sprocket inside diameter
Standard
Limit

0.15 mm (0.006 inch)
0.20 mm (0.008 inch)
0.15 to 0.22 mm (0.006 to 0.009 inch)
0.35 mm (0.014 inch)
0.02 to 0.07 mm (0.001 to 0.003 inch)
0.10 mm (0.004 inch)
30.025 to 30.145 mm (1.1821 to 1.1861 inches)
30.15 mm (1.187 inches)

Clutch
Friction plate thickness
Plate A
Standard
Minimum
Plate В
Standard
Minimum
Steel plate warpage limit
Spring free length
Standard
Minimum
Mainshaft diameter (at clutch outer guide)
Standard
Minimum
Clutch outer guide
Inside diameter
Standard
Limit
Outside diameter
Standard
Limit

2.62 to 2.78 mm (0.103 to 0.107 inch)
2.3 mm (0.09 inch)
2.92 to 3.08 mm (0.115 to 0.121 inch)
2.6 mm (0.10 inch)
0.30 mm (0.012 inch)
45.5 mm (1.79 inches)
43.9 mm (1.73 inches)
21.967 to 21.980 mm (0.8648 to 0.8654 inch)
21.95 mm (0.864 inch)
21.991 to 22.016 mm (0.8658 to 0.8668 inch)
22.03 mm (0.867 inch)
29.994 to 30.007 mm (1.1089 to 1.1814 inches)
29.98 mm (1.180 inches)

Transmission
Gear inside diameter
C1,C2,C4
Standard
Limit
МЗ, M5
Standard
Limit
Gear bushing
Outside diameter
C1.C2, C4
Standard
Limit
МЗ, M5
Standard
Limit
Inside diameter
C2
Standard
Limit
M3
Standard
Limit
Bushing-to-shaft clearance
C2
Standard
Limit
M3
Standard
Limit

31.000 to 31.025 mm (1.2204 to 1.2215 inches)
31.05 mm (1.222 inches)
28.000 to 28.021 mm (1.1024 to 1.1032 inches)
28.04 mm (1.104 inch)

30.950 to 30.975 mm (1.2185 to 1.2195 inches)
30.93 mm (1.218 inches)
27.959 to 27.980 mm (1.1007 to 1.1016 inches)
27.94 mm (1.100 inches)
27.995 to 28.016 mm (1.1021 to 1.1030 inches)
28.04 mm (1.104 inches)
25.000 to 25.021 mm (0.9843 to 0.9851 inch)
25.04 mm (0.986 inch)
0.015 to 0.049 mm (0.0006 to 0.0119 inch)
0.08 mm (0.003 inch)
0.007 to 0.0049 mm ((0.0003 to 0.0019 inch)
0.08 mm (0.003 inch)
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Gear-to-bushing clearance
C1 C2 C4
Standard
Limit
МЗ, M5
Standard
Limit
Countershaft diameter
At C2 bushing
Standard
Limit
At case journal A
Standard
Limit
At case
journal В
Standard
Limit
Mainshaft diameter
At M3 bushing
Standard
Limit
At case journal A
Standard
Limit
At case journal В
Standard
Limit

0.025 to 0.075 mm (0.0010 to 0.0030 inch)
0.11 mm (0.004 inch)
0.020 to 0.062 mm (0.0008 to 0.0024 inch)
0.10 mm (0.004 inch)
. .
27.967 to 27.980 mm (1.1011 to 1.1016 inches)
27.95 mm (1.100 inches)
27.972 to 27.990 mm (1.1013 to 1.1020 inches)
27.95 mm (1.100 inches)
19.980 to 19.993 mm (0.7866 to 0.7871 inch)
19.96 mm (0.786 inch)

24.972 to 24.993 mm (0.9831 to 0.9840 inch)
24.95 mm (0.982 inch)
19.980 to 19.993 mm (0.7866 to 0.7871 inch)
19.96 mm (0.786 inch)
.
21.967 to 21.980 mm (0.8648 to 0.8654 inch)
21.94 mm (0.864 inch)

Shift fork shaft/shift fork/shift drum
Shift fork tip thickness
Standard
Limit
Shift fork shaft bore inside diameter
Standard
Limit
Shift fork shaft diameter
Standard
Limit
LeftStandard
shift drum journal diameter
Limit

5.93 to 6.00 mm (0.233 to 0.236 inch)
5.6 mm (0.22 inch)
13.000 to 13.021 mm (0.5118 to 0.5126 inch)
13.04 mm (0.513 inch)
.
12.966 to 12.984 mm (0.5105 to 0.5112 inch)
12.90 mm (0.508 inch)
11.966 to 11.984 mm (0.4711 to 0.4718 inch)
11.94 mm (0.470 inch)

Torque specifications
Cam chain tensioner bolt
Cam chain tensioner set plate bolt
Camshaft end holder bolt
Camshaft holder
Camshaft sprocket bolt
Clutch center locknut
Clutch lifter plate bolts
Clutch lock nut
Connecting rod bearing cap nuts
Countershaft bearing set plate bolt
Crankcase bolts
6 mm bolts
8 mm bolts
Crankcase breather case cover bolt
Cylinder head
6 mm bolts
8 mm bolts
8 mm nuts
10 mm nuts
Cylinder head cover bolt
Cylinder fin socket bolts
Drum stopper plate bolt
Flywheel bolt
Gearshift cam plate bolt
Gearshift lever pinch bolt
Gearshift drum stopper bolt
Left crankcase cover bolts

10 Nm (88 in-lbs)
12 Nm (106 in-lbs)
10 Nm (88 in-lbs)
23 Nm (17 ft-lbs)
23 Nm (17 ft-lbs)
127 Nm (94 ft-lbs)
12 Nm (106 in-lbs)
130 Nm (96 ft-lbs)
34 Nm (25 ft-lbs)
9 Nm (80 in-lbs)
9 Nm (80 in-lbs)
23 Nm (17 ft-lbs)
12 Nm (106 in-lbs)
12 Nm (106 in-lbs)
23 Nm (17 ft-lbs)
23 Nm (17 ft-lbs)
47 Nm (35 ft-lbs)
10 Nm (88 in-lbs)
10 Nm (88 in-lbs)
12 Nm (106 in-lbs)
127 Nm (94 ft-lbs)
12 Nm (106 in-lbs)
12 Nm (106 in-lbs)
23 Nm (17 ft-lbs)
12 Nm (106 in-lbs)
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VT750 models (continued)
Torque specifications
Mainshaft bearing set plate bolt
Oil pump driven sprocket bolt
Primary drive gear bolt
Right crankcase cover bolts
Starter clutch torx bolts
Stator socket mounting bolt

1

General information

The engine/transmission unit is a water-cooled V-twin. The valves
are operated by overhead camshafts which are chain driven off the
crankshaft. All models have three-valve heads (two intake and one
exhaust valve per cylinder). The engine/transmission assembly is constructed from aluminum alloy. The crankcase is divided vertically.
The crankcase incorporates a wet sump, pressure-fed lubrication
system which uses a gear-driven oil pump and an oil filter mounted on
the rear of the crankcase.
Power from the crankshaft is routed to the transmission via a coilspring, wet multi-plate type clutch, which is gear-driven off the
crankshaft. The transmission on VT600 models is a four-speed, constant-mesh unit; the transmission on VT750 models is a five-speed,
constant-mesh unit.

2

Operations possible with the engine in the frame

The following components and assemblies can be serviced with
the engine in the frame:
Alternator/flywheel
Camshafts/cam sprockets/cam chains
Carburetors
Front cylinder head/cylinder/piston
Clutch
Gearshift linkage
Ignition pulse generators)
Primary drive gear
Starter clutch
Starter motor
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Operations requiring engine removal

The engine/transmission assembly must be removed from the
frame to gain access to the following components:
Rear cylinder head/cylinder/piston
Water pump body
The crankcase halves must be separated to gain access to the
following components:
Crankshaft, connecting rods and bearings
Oil pump
Transmission
Shift drum and shift forks

4

Major engine repair - general note

1
It is not always easy to determine when or if an engine should be
completely overhauled, as a number of factors must be considered.
2
High mileage is not necessarily an indication that an overhaul is
needed, while low mileage, on the other hand, does not preclude the
need for an overhaul. Frequency of servicing is probably the single
most important consideration. An engine that has regular and frequent
oil and filter changes, as well as other required maintenance, will most
likely give many miles of reliable service. Conversely, a neglected

12 Nm (106 in-lbs)
15 Nm (132 in-lbs)
88 Nm (65 ft-lbs)
12 Nm (106 in-lbs)
30 Nm (22 ft-lbs)
12 Nm (106 in-lbs)
engine, or one which has not been broken in properly, may require an
overhaul very early in its life.
3
Exhaust smoke and excessive oil consumption are both indications that piston rings and/or valve guides are in need of attention.
Make sure oil leaks are not responsible before deciding that the rings
and guides are bad. Refer to Chapter 1 and perform a cylinder compression check to determine for certain the nature and extent of the
work required.
4
If the engine is making obvious knocking or rumbling noises, the
connecting rod and/or main bearings are probably at fault.
5
Loss of power, rough running, excessive valve train noise and
high fuel consumption rates may also point to the need for an overhaul,
especially if they are all present at the same time. If a complete tune-up
does not remedy the situation, major mechanical work is the only solution.
6
An engine overhaul generally involves restoring the internal parts
to the specifications of a new engine. During an overhaul the piston
rings are replaced and the cylinder walls are bored and/or honed. If a
rebore is done, then new pistons are also required. The main and connecting rod bearings are generally replaced with new ones and, if necessary, the crankshaft is also replaced. Generally the valves are serviced as well, since they are usually in less than perfect condition at
this point. While the engine is being overhauled, other components
such as the carburetors and the starter motor can be rebuilt also. The
end result should be a like-new engine that will give as many trouble
free miles as the original.
7
Before beginning the engine overhaul, read through all of the
related procedures to familiarize yourself with the scope and requirements of the job. Overhauling an engine is not all that difficult, but it is
time consuming. Plan on the motorcycle being tied up for a minimum
of two weeks. Check on the availability of parts and make sure that any
necessary special tools, equipment and supplies are obtained in
advance.
8
Most work can be done with typical shop hand tools, although a
number of precision measuring tools are required for inspecting parts
to determine if they must be replaced. Often a dealer service department or motorcycle repair shop will handle the inspection of parts and
offer advice concerning reconditioning and replacement. As a general
rule, time is the primary cost of an overhaul so it doesn't pay to install
worn or substandard parts.
9
As a final note, to ensure maximum life and minimum trouble from
a rebuilt engine, everything must be assembled with care in a spotlessly clean environment.
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Engine - removal and installation

Note: Engine removal and installation should be done with the aid of an
assistant to avoid damage or injury that could occur if the engine is
dropped. A hydraulic floor jack should be used to support and lower
the engine if possible (they can be rented at low cost).

Removal
Refer to illustrations 5.12, 5.23a, 5.23b, 5.24a and 5.24b
1
Support the bike securely so it can't be knocked over during this
procedure. Place a support under the swingarm pivot and be sure the
motorcycle is safely braced.
2
Drain the engine oil and remove the oil filter (see Chapter 1).
3
Drain the coolant (see Chapter 1).
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5.12 Drive chain sprocket bolts (left arrows) and gearshift
linkage pinch bolt (right arrow)

5.23a To detach the front of the engine from the frame, remove
these nuts and bolts (arrows) from the right s i d e . . .

4
Remove the seat and side covers (see Chapter 8).
5
Disconnect the cable from the negative battery terminal (see
Chapter 9).
6
Remove the fuel tank (see Chapter 4).
7
Remove the air cleaner housing cover and the filter element (see
Chapter 1).
8
Remove the air cleaner chamber and the carburetors (see Chapter 4).
9
Disconnect all four spark plug caps and set the spark plug leads
aside.
10 Remove the exhaust pipe protectors and the exhaust pipes (see
Chapter 4).
11 Remove the left rear engine cover (see Chapter 7).
12 Detach the gearshift arm from the gearshift spindle (see illustration).
13 Remove the countershaft sprocket and remove the drive chain
(see Chapter 7).
14 Disconnect the electrical leads from the oil pressure and neutral
switches (see Chapter 9). Detach the switch leads from all clamps on
the engine and frame and set the leads safely aside.
15 Disconnect the starter motor cable and ground cable from the
1
starter motor (see Chapter 9).
16 Detach the clutch cable bracket from the engine and disconnect
the cable from the clutch lifter arm (see Section 17).
17 Detach the right footpeg, footpeg bracket and brake pedal from
the frame (see Chapter 8). Disconnect and remove the middle brake

rod (see Chapter 7).
18 Disconnect the electrical connector for the ignition pulse generators) (see Chapter 5) and detach the wire harness from the engine and
frame.
19 Disconnect the electrical connector for the alternator (see Chapter 9) and detach the wire harness from the engine and frame.
20 Disconnect and remove the coolant hoses between the radiator
and the water pump, and the hoses between the thermostat and the
cylinder heads (see Chapter 3).
21 Place a floor jack or a special motorcycle lift beneath the engine.
Be sure to place a block of wood between the jack and the engine to
protect the aluminum crankcase.
22 On 1988 and 1989 and 1991 through 1996 VT600 models, remove
the rear wheel (see Chapter 7) and the swingarm (see Chapter 6).
23 Remove the nuts and bolts from the upper and lower front engine
mounting brackets (see illustrations) and remove the upper and lower
front engine mounting brackets.
24 Remove the nut and bolt that attaches the rear engine mounting
bracket to the frame and remove the two bolts that attach the rear
mounting bracket to the engine (see illustrations) and remove the rear
mounting bracket.
25 On 1997 and later VT600 and 1998 and later VT750 models,
remove the swingarm pivot cap and remove the swingarm pivot nut,
locknut, pivot bolt and collars (see Chapter 6).
26 Remove the engine from the right side of the frame. Protect the
frame rails from scratches with duct tape.

5.23b . . . and this bolt (arrow)
from the left side

5.24a To detach the rear of the engine
from the frame, remove this bolt (arrow)
and nut (not visible)...

5.24b . . . remove these two bolts (one
bolt hidden) and the rear
mounting bracket
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6.2a A selection of brushes is required for
cleaning holes and passages in the
engine components

Engine, clutch and transmission

6.2b Type HPG-1 Plastigage is needed to
check the connecting rod oil clearances

Installation
27 Installation is the reverse of removal. Note the following points:
a) Don't tighten any of the engine mounting bracket nuts and bolts
until all of them have been installed.
b) Use new gaskets at all exhaust pipe connections.
c) Tighten the engine mounting bracket nuts and bolts securely.
d) Adjust the rear brake pedal height and freeplay, adjust the clutch
cable freeplay and adjust the throttle cable freeplay (see Chapter 1).
e) Be sure to add engine oil and coolant (see Chapter 1) before starting the engine.

6

Engine disassembly and reassembly - general
information

Refer to illustrations 6.2a, 6.2b and 6.3
1
Before disassembling the engine, clean the exterior with a
degreaser and rinse it with water. A clean engine will make the job easier and prevent the possibility of getting dirt into the internal areas of
the engine.
2
In addition to the precision measuring tools mentioned earlier,
you will need a torque wrench, a valve spring compressor, oil gallery
brushes, a piston ring removal and installation tool, a piston ring compressor and a clutch holder tool (which is described in Section 16).
Some new, clean engine oil of the correct grade and type, some engine
assembly lube or moly-based grease, and a tube of RTV (silicone)
sealant will also be required. Plastigage (type HPG-1) should be used
for checking bearing oil clearances (see illustrations).

6.3 An engine stand can be made from
short lengths of lumber and lag
bolts or nails

3
An engine support stand made from short lengths of lumber
bolted together will facilitate the disassembly and reassembly procedures (see illustration). The perimeter of the mount should be just big
enough to accommodate the crankcase when it's laid on its side for
removal of the crankshaft and transmission components. If you have
an automotive-type engine stand, an adapter plate can be made from
a piece of plate, some angle iron and some nuts and bolts. The adapter
plate can be attached to the engine mounting bolt holes.
4
When disassembling the engine, keep "mated" parts together
(including gears, cylinders, pistons, etc.) that have been in contact with
each other during engine operation. These "mated" parts must be
reused or replaced as an assembly.
5
Engine/transmission disassembly should be done in the following
general order with reference to the appropriate Sections.
Remove the cylinder head covers
Remove the rocker arm assemblies
Remove the camshafts and timing chain sprockets
Remove the cylinder heads
Remove the timing chain tensioners
Remove the cylinders
Remove the pistons
Remove the flywheel and starter clutch assembly
Remove the clutch assembly
Remove the primary drive gear
Remove the external gearshift mechanism
Separate the crankcase halves
Remove the crankshaft and connecting rods
Remove the shift drum and forks
Remove the transmission shafts and gears
Remove the oil pump
6
Reassembly is accomplished by reversing the general disassembly sequence.
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Cylinder head cover - removal and installation

1
Drain the coolant (see Chapter 1).
2
Remove the fuel tank (see Chapter 4).
3
Remove the steering head covers (see Chapter 8).
4
Remove the air cleaner housing cover and filter element (see
Chapter 1).
5
Remove the air cleaner chamber and the carburetors (see Chapter 4).
6
Detach the spark plug caps from the spark plugs (see Chapter 1)
and set the high tension leads aside.

VT600
7.7 Detach the breather hose (arrow) from the
cylinder head cover (VT600 models)

models

Refer to illustrations 7.7, 7.8, 7.9a and 7.9b
1
Detach the breather hose from the front or rear cylinder head

2-10 Chapter 2 Engine, clutch and transmission

7.8 Remove the coolant hose and cylinder
head cover bolts (arrows) (VT600 models)

7.9a To detach a coolant pipe from the
cylinder head, remove the hold-down
bolt (arrow)...

cover (see illustration).
8
Detach the coolant hose from the cylinder head (see illustration).
9
Remove the coolant pipe (see illustrations).
10 If you're removing the rear cylinder head cover on a 1995 or later
model, remove the exhaust valve adjusting cover (see Section 17 in
Chapter 1).
11 If you're removing the rear cylinder head cover on a pre-1995
model, unclamp the wiring harness above the cover and push it aside

7.9b . . . and pull the pipe straight up
(engine removed for clarity)
(VT600 models)

to provide sufficient clearance for cover removal. If you're removing
the rear cover on a 1995 or later model, align the wire harness above
the cover with the valve adjustment hole.

1/7750 models
Refer to illustrations 7.14a and 7.14b
12 If you're removing the front cylinder head cover, remove the subair cleaner housing (see Chapter 4); if you're removing the rear cylinder
head cover, remove the three breather cover bolts and remove the
breather cover.
13 Remove the two cylinder head cover outer cover bolts and
remove the outer cover. If you're removing the outer cover from the
rear cylinder head cover, don't lose the cable guide attached to the
right bolt.
14 Remove the cylinder fins from both sides of the cylinder head
(see illustrations).
15 If you're removing the front cylinder head cover, remove the thermostat housing mounting bolt (see Chapter 3) and push the thermostat
housing up to provide clearance.

All models

7.14a On VT750 models, the cylinder fins are attached to the
cylinder head by four Allen bolts per side, two inner bolts (arrows)
(left side of cylinders shown)...

7.14b . . . and two outer bolts (arrows)
(right side of rear cylinder shown)

Refer to illustrations 7.16a and 7.16b
16 Remove the cylinder head cover bolts (see illustration 7.8).
Remove the cylinder head cover and gasket (see illustration). If the
cover sticks, gently pry it loose at the prying points (see illustration).
Caution: Do NOT pry the cylinder head cover anywhere except the
prying points or you may damage the cover, the head or the gasket.
Once the cover has been removed, don't drop anything into the cam

7.16a Try simply lifting the cylinder head
cover from the head with your hands
(VT600 shown)

7.16b If the cover is stuck to the head,
carefully pry it loose at one of the prying
points (arrow); the F or R mark indicates
front or rear cylinder head
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8.4a There are two wedges (arrow) at the
upper end of the cam chain tensioner: the
thinner wedge is next to the head, the
thicker one is nearer the cam chain

8.4b To determine whether the cam chain
should be replaced, measure how far the
thick wedge projects above the top of the
chain tensioner

chain tunnel (the opening below the camshaft sprocket). If you do, it
might end up in the crankcase and you might have to split the cases to
get it out! Stuff clean shop towels into the cam chain tunnel so nothing
accidentally falls into the engine.
17 Pull the old gasket out of its groove in the cylinder head cover and
discard it. Clean out the gasket groove, apply a thin coat of Honda
Bond A, or a similar contact cement, and install the new gasket into the
groove. Apply a thin coat of sealant to the gasket.
18 Separate the rubber grommets from the cylinder head cover bolts
and washers and inspect the grommets. Replace them if they're dried
out, cracked or torn, or otherwise damaged.
19 Install the cylinder head cover. Make sure that the gasket is not
pinched, kinked or otherwise distorted. If it is, the cylinder head cover
will leak. Install the cylinder head cover bolts and washers and tighten
the bolts to the torque listed in this Chapter's Specifications.
20 The remainder of installation is the reverse of removal.

8

Camshaft, sprocket and rocker arms - removal,
inspection and installation

Note: The following procedure applies to the front and rear camshaft
and rocker arm assemblies.

Removal
Refer to illustrations 8.4a, 8.4b, 8.5a, 8.5b, 8.6a, 8.6b, 8.8a, 8.8b, 8.8c,
8.9a and 8.9b
1
Remove the cylinder head cover (see Section 7).
2
Remove the crankshaft hole cap and the timing hole cap (see
Section 17 in Chapter 1).

8.5a Before removing the camshaft, pull
up the thin w e d g e . . .

3
Rotate the crankshaft counterclockwise with a socket until the FT
mark on the flywheel is aligned with the index mark on the left
crankcase cover. This places the front piston at top dead center (TDC)
on its compression stroke. To verify that the front piston is at TDC on
its compression stroke, wiggle the tip of each rocker arm. If the front
piston is at TDC on its compression stroke, the valves are fully closed,
so the rocker arms are not pushing against the valves, so they should
feel a little loose. If the front piston is not at TDC on its compression
stroke, rotate the crankshaft counterclockwise another 360 degrees
and re-align the FT mark on the flywheel with the index mark on the left
crankcase cover.
4
Before proceeding, determine cam chain wear as follows. There
are two wedges, one behind the other, at the upper end of the cam
chain tensioner: a thicker wedge adjacent to the chain and a thinner
wedge next to the head (see illustration). To determine whether the
cam chain should be replaced, measure the height that the wedge near
the chain projects above the top of the tensioner (see illustration) and
compare your measurement to the maximum allowable height listed in
this Chapter's Specifications. If the indicated height exceeds the specified maximum height, replace the cam chain (see Section 21).
5
Holding down the thicker cam chain tensioner wedge with a
screwdriver, pull up the thinner cam chain tensioner wedge with a pair
of pliers (see illustrations) and insert a paper clip through the hole in
the thinner wedge to keep it up (see illustration).
6
Remove the bolts from the camshaft end holder (the smaller
holder at the sprocket end of the cam), remove the end holder and
remove the dowel pins (see illustrations). Put the dowel pins in a plastic bag so you don't misplace them.
7
Remove the camshaft sprocket bolts (see illustration 8.6b). After
removing the first bolt, rotate the crankshaft 360 degrees to access the

8.6b . . . then remove the end holder and
dowel pins (arrows)
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8.8a Remove the nut and three bolts (arrows), remove the oil
guide p l a t e . . .

8.8b . . . remove the camshaft holder/rocker arm assembly.

8.8c . . . and remove the dowel pins (arrows)

other bolt (the camshaft will rotate 1/2 turn for each full turn of the
crankshaft).
8
Remove the camshaft holder bolts and nut, the oil guide plate, the
camshaft holder and the dowel pins (see illustrations).
9
Remove the camshaft and the camshaft sprocket (see illustrations). Secure the cam chain with a piece of wire or string to prevent it
from falling into the crankcase. Caution: Do NOT rotate the crankshaft
while either or both camshafts are removed.

8.9b . . . and remove the camshaft sprocket

8.9a Remove the camshaft...

Inspection
Camshaft
Refer to illustrations 8.10, 8.12a, 8.12b, 8.14, 8.16a and 8.16b
Note: Before replacing camshafts because of damage, check with local
machine shops specializing in motorcycle engine work. A machine
shop might be able to weld, regrind and harden the cam lobes for less
than the price of a new camshaft.
10 Inspect the cam bearing surfaces in the camshaft holder, the cam
end holder and the cylinder head (see illustration). Look for signs of

8.10 Inspect the camshaft bearing surfaces (arrows) in the
cylinder head (and their corresponding upper surfaces in the
camshaft holder and end holder) for signs of scoring or spalling
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8.12a Inspect the lobes of the camshaft
for wear; here's a good example of
damage that will require replacement or
repair of the camshaft

8.12b Measure the height of the cam
lobes with a micrometer

scoring (scratches or grooves in the bearing surfaces) and spalling (a
pitted appearance), both of which are usually caused by dirty or insufficient oil. If either holder is damaged or worn, replace it; if the cylinder
head is worn or damaged, replace it (see Section 10).
11 Support the camshaft on V-blocks and measure the camshaft
runout with a dial indicator and compare your measurement to the
runout listed in this Chapter's Specifications.
12 Check the camshaft lobes for heat discoloration (blue appearance), score marks, chipped areas, flat spots and spalling (see illustration). Measure the height Qf each lobe with a micrometer (see illustration) and compare the results to the minimum lobe height listed in
this Chapter's Specifications. If damage is noted or wear is excessive,
replace the camshaft.
13 Measure the camshaft bearing oil clearances. Clean the
camshaft, the bearing surfaces in the cylinder head, and the cam
holder and end holder, with a clean lint-free cloth, then lay the cam in
place in the cylinder head. Secure the cam by installing the cam
sprocket and chain so the camshaft doesn't turn as the holder nut and
bolts are tightened.
14 Cut strips of Plastigage (type HPG-1) and lay one piece on each
bearing journal, parallel with the camshaft centerline (see illustration).
Make sure that no oil hole in any journal is facing up; if Plastigage is
laid across an oil hole, it will not produce an accurate representation of
the actual clearance. Install the cam holder and the end holder in their
proper positions and install the nut and bolts. Tighten the nut and bolts
evenly in a criss-cross pattern until the specified torque is reached.
While doing this, don't let the camshaft rotate.
15 Now unscrew the nut and bolts a little at a time, and carefully lift

8.16a To calculate the clearance, compare
the width of the crushed Plastigage to the
scale printed on the Plastigage container

8.14 Lay a strip of Plastigage along each
camshaft journal, parallel with the
centerline but not across an oil hole

off the cam holder and end holder.
16 To determine the oil clearance, compare the crushed Plastigage
(at its widest point) on each journal to the scale printed on the Plastigage container (see illustration). Compare the results to this Chapter's Specifications. If the oil clearance is greater than specified, measure the diameter of the cam bearing journal with a micrometer (see
illustration). If the journal diameter is less than the specified limit,
replace the camshaft and recheck the clearance. If the clearance is still
excessive, replace the cylinder head and holders.
17 Inspect the visible portion of the cam chain for obvious wear or
damage. Except in cases of oil starvation, the chain wears very little. If
the chain has stretched excessively, the tensioner cannot maintain
correct chain tension; replace the chain (see Section 21).
18 Inspect the cam sprocket for wear, cracks and other damage. If
any damage or wear is evident, replace the sprocket. If the sprocket is
severely worn, the cam chain is probably worn too (see Section 21).
19 Using a flashlight, inspect the condition of the cam chain tensioner and the cam chain guide. If either of them looks worn or damaged, remove it for a better look (tensioner, see Section 9; guide, see
Section 13).

Camshaft holder/rocker arm assembly
Refer to illustrations 8.20 and 8.23
20 To disassemble the camshaft holder/rocker arm assembly, tap
the rocker arm shafts with a soft hammer, separate the shafts from the
holders, and remove the rocker arms and wave washers from the
shafts (see illustration). Note the location of the wave washers on the
shafts; they must be reassembled in this exact order.

8.16b If cam journal diameter is less than
the specified minimum, replace
the camshaft

8.20 To disassemble the camshaft
holder/rocker arm assembly, tap out the
rocker shafts (arrows) with a soft hammer
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rocker shaft has a hole in each end for the cam holder bolts; the
exhaust rocker shaft has notches, instead of holes, for the holder bolts
(see illustration). The washers for the intake rocker arms go between
the rocker arms and the middle boss of the camshaft holder; the
washer for the exhaust rocker goes between the right side of the
rocker (with the exhaust rocker arm and shaft facing toward you) and
the right holder boss (which is marked by a D.) Position the grooves in
the rocker arm shafts vertically to align the holes in the intake rocker
shaft and the notches in the exhaust rocker shaft (look through the bolt
holes in the holder to verify that the notches on the exhaust shaft are
aligned; if they aren't, rotate the exhaust shaft 180 degrees).

Valve timing and camshaft installation
24

Remove the crankshaft and timing hole caps.

Valve timing

8.23 Camshaft holder/rocker arm assembly details
Camshaft holder
Intake rocker arm shaft
Intake rocker arm
Wave washer
Wave washer

6
7
8
9

Intake rocker arm
Exhaust rocker arm shaft
Exhaust rocker arm
Wave washer

21 Clean the rocker arm components with solvent and dry them off.
Blow through the oil passages in the rocker arms with compressed air.
Inspect the rocker arm slipper faces (the friction surfaces that ride on
the cam lobes) for pits, spalling, score marks and rough spots. Check
the rocker arm-to-shaft contact areas and the adjusting screws. Look
for cracks in each rocker arm. If the slipper faces are damaged, the
rocker arms and the shafts should be replaced as a set. If the slipper
faces are worn or damaged, look closely at the corresponding cam
lobes; they're probably also worn and they may be damaged.
22 Measure the inside diameter of each rocker arm, then measure
the diameter of the rocker arm shafts in the area where each rocker
arm rides. Calculate the difference between the inside diameter of
each rocker arm and the diameter of the shaft where it rides. The difference is the oil clearance. Compare your measurements with the oil
clearance listed in this Chapter's Specifications. If the clearance is
beyond the specified limits, replace the rocker arms and shafts as a
set.
23 Apply a coat of molybdenum disulfide oil to the rocker arm shafts
and install the rocker arm shafts, rocker arms and wave washers in the
camshaft holder. Don't mix up the rocker arms: The exhaust rocker
arm has a larger slipper face than the intake rocker arms. Don't switch
the two rocker arm shafts; they're not interchangeable. The intake

8.26 The front and rear camshafts are identified by an "F"
(shown) or "R"; the notch above the F or R indicates TDC
when it's upward

Both camshafts removed
Refer to illustration 8.26
25 If both camshafts were removed, install the front cylinder
camshaft first.
26 The camshafts are not interchangeable. Look for the "F" (front
cylinder camshaft) or "R" (rear cylinder cam) on the sprocket end of
each cam (see illustration). The index notch on the camshaft (right
above the F or R) indicates TDC.
27 Turn the crankshaft counterclockwise, align the FT mark on the
flywheel with the index mark on the crankcase cover (see Section 17 in
Chapter 1) and verify that the front cylinder piston is at TDC.
28 Install the front cylinder camshaft (go to Step 43).
29 Turn the crankshaft counterclockwise 232 degrees and align the
RT mark on the flywheel with the index mark on the crankcase cover
(see Section 17 in Chapter 1).
30 Install the rear cylinder camshaft (go to Step 43).
Rear camshaft only removed
31 If the rear cylinder camshaft was removed, but the front cam wasn't, remove the front cylinder head cover (see Section 7) and verify that
the front cylinder camshaft is correctly positioned as follows. The front
cylinder camshaft will be used as a reference for correct installation of
the rear cylinder camshaft.
32 Remove the front cylinder camshaft end holder (see Step 6).
33 Turn the crankshaft counterclockwise, align the FT mark on the
flywheel with the index mark on the crankcase cover (see Section 17 in
Chapter 1) and verify that the camshaft TDC mark is facing up (see
illustration 8.26).
34 If the TDC mark is facing up, turn the crankshaft counterclockwise
232 degrees and align the RT mark on the flywheel with the index mark
on the crankcase cover.
35 If the TDC mark is facing down, turn the crankshaft counterclockwise 592 degrees (360 degrees + 232 degrees) and align the RT mark
on the flywheel with the index mark on the crankcase cover.
36 Install the rear cylinder camshaft (go to Step 43).
Front camshaft only removed
37 If the front cylinder camshaft was removed, but the rear cam wasn't, remove the rear cylinder head cover (see Section 7). Verify that the
rear cylinder camshaft is correctly positioned as follows. The rear cylinder camshaft will be used as a reference for correct installation of the
front cylinder camshaft.
38 Remove the front cylinder camshaft end holder (see Step 6).
39 Turn the crankshaft counterclockwise, align the RT mark on the
flywheel with the index mark on the crankcase cover (see Section 17 in
Chapter 1) and verify that the camshaft TDC mark is facing up (see
illustration 8.26).
40 If the TDC mark is facing up, turn the crankshaft counterclockwise 488 degrees (360 degrees + 128 degrees) and align the FT mark
on the flywheel with the index mark on the crankcase cover.
41 If the TDC mark is facing down, turn the crankshaft counterclockwise 128 degrees and align the FT mark on the flywheel with the index
mark on the crankcase cover.
42 Install the camshaft (go to Step 43).

2-10

Chapter 2 Engine, clutch and transmission

8.43 Install the camshaft sprocket with the "IN" facing toward the
valve springs and the timing marks (arrows) aligned with the
gasket mating surface

8.45 Make sure the timing marks on the sprocket are still aligned
with the gasket mating surface after bolting the sprocket to
the camshaft

Camshaft installation

51 Adjust the valve clearances (see Chapter 1).
52 Install the cylinder head cover (see Section 7).
53 If you removed both camshafts, return to Step 29 to install the
remaining camshaft.

Refer to illustrations 8.43 and 8.45
43 Place the camshaft sprocket in position with the "IN" mark (see
illustration) facing toward the valve springs and align the timing marks
on the sprocket with the gasket mating surface of the cylinder head.
44 Install the camshaft with the TDC mark facing up (see illustration,
8.26). Install the camshaft holder dowel pins. Lubricate each rocker
arm slipper face with molybdenum oil and install the camshaft
holder/rocker arm assembly. Install the oil guide plate. Install the
camshaft holder bolts and nut and tighten them to the torque listed in
this Chapter's Specifications.
45 Install the camshaft sprocket on the camshaft flange and verify
that the timing marks are still aligned with the gasket mating surface of
the head (see illustration).
46 Clean the threads of the sprocket bolts, coat them with a threadlocking agent, align the holes in the cam sprocket with the holes in the
camshaft sprocket flange and install the upper bolt.
47 Rotate the crankshaft counterclockwise 360 degrees and install
the other sprocket bolt. Tighten the second bolt to the torque listed in
this Chapter's Specifications.
48 Rotate the crankshaft counterclockwise 360 degrees and tighten
the first bolt to the torque listed in this Chapter's Specifications.
49 Remove the paper clip from the cam chain tensioner. Don't drop
the paper clip into the cam chain tunnel!
50 Install the dowel pins, the camshaft end holder and the end holder
bolts. Tighten the end holder bolts to the torque listed in this Chapter's
Specifications.

9.3 To remove the chain tensioner, remove these two bolts;
discard the old sealing washers

9

Cam chain tensioner - removal, inspection and
installation

Refer to illustrations 9.3, 9.4 and 9.5
Note: The following procedure applies to the front and rear cam chain
tensioners.
1
Remove the cylinder head cover (see Section 7).
2
Remove the camshaft, sprocket and rocker arms (see Section 8).
3
Remove the cam chain tensioner mounting bolts (see illustration) and discard the sealing washers.
4
Remove the cam chain tensioner (see illustration).
5
Clean the chain tensioner in solvent and blow dry it with compressed air. Inspect the friction surface of the tensioner (see illustration) for wear and damage. If the friction surface is worn or damaged,
replace the tensioner.
6
Install the chain tensioner. Using new sealing washers, install the
chain tensioner mounting bolts and tighten them to the torque listed in
this Chapter's Specifications.
7
Install the camshaft, sprocket and rocker arms (see Section 8).
8
Install the cylinder head cover (see Section 7).

9.4 Remove the chain tensioner from the cam chain tunnel
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9.5 Replace the chain tensioner if the friction surface
is scored or worn

10 Cylinder head - removal and installation
Note: The following procedure applies to the front and rear cylinder
heads. However, if the rear cylinder is to be removed, the engine must
be removed from the frame.

Removal
Refer to illustrations 10.6, 10.7 and 10.8
1
Detach the exhaust pipe from the cylinder head (see Chapter 4).
2
If you are removing the rear cylinder head, remove the engine (see
Section 5).
3
Remove the cylinder head cover (see Section 7).
4
Remove the camshaft, sprocket and rocker arms (see Section 8).
5
Remove the cam chain tensioner (see Section 9). Secure the
chain so it can't fall into the crankcase.
6
Loosen the cylinder head nuts and bolts evenly in several stages
(see illustration). Remove the nuts, bolts and washers.
7
Lift the cylinder head off the studs (see illustration). If it's stuck,
tap it gently with a rubber or plastic mallet, being careful not to break
the cooling fins. Don't pry against the gasket surfaces or they will be
gouged.
8
Remove the dowel pins (see illustration) and the old gasket.
9
Inspect the cylinder head gasket and the mating surfaces on the
cylinder head and the cylinder for leakage, which could indicate

Ю.7 Try to remove the cylinder head with your hands; if it's stuck,
tap it loose with a small plastic or rubber mallet

10.6 To detach the cylinder head, remove these four nuts and two
bolts (arrows) gradually and evenly, in a criss-cross pattern
warpage. Measure the flatness of the cylinder head (see Section 12).
10 Clean all traces of old gasket material from the cylinder head and
block. Stuff clean shop rags into the cylinder bore and the cam chain
tunnel to prevent gasket material from falling into the engine. Be careful not to let any debris fall into the crankcase, the cylinder bore or the
011 passages.
11 Remove and inspect the cam chain guide (see Section 13).
12 Loosen the hose clamp screw and remove the carburetor insulator from the head.

Installation
13 Make sure that all old gasket material is removed from the cylinder head-to-cylinder mating surfaces.
14 Install the cam chain guide (see Section 13).
15 Install the dowel pins and the new cylinder head gasket.
16 Install the carburetor insulator on the head and tighten the hose
clamp screw securely. Make sure the slot on the insulator is correctly
engaged with the boss on the head. On 1991 and later California
VT600 models, make sure that the pin on the outer clamp (the one
nearer the carburetor) is aligned with the slot on the insulator. Tighten
the clamp screws securely.
17 If you removed both cylinder heads, note the identification mark
on the heads: the front cylinder head is marked with an "F" (see illustration 10.6) and the rear cylinder head is marked with an "R".
18 Install the cylinder head. Install the cylinder head mounting wash-

10.8 Remove the dowel pins (arrows) and the cylinder head
gasket; if some of the gasket material sticks to the
cylinder, carefully scrape it off
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12.7a Compress the valve springs and
remove the keepers, release the
spring compressor...

12.7b . . . remove the spring retainer and
the spring(s)...

ers, nuts and bolts and hand tighten them. Then tighten them gradually
and evenly, in a criss-cross fashion, to the torque listed in this Chapter's Specifications.
19 Install the cam chain tensioner (see Section 9).
20 Install the camshaft, sprocket and rocker arms (see Section 8).
21. Install the cylinder head cover (see Section 7).
22 Install the engine, if removed (see Section 5).
23 Install the exhaust pipe (see Chapter 4).

11 Valves/valve seats/valve guides - servicing
1
Because of the complex nature of this job and the special tools
and equipment required, servicing of the valves, the valve seats and
the valve guides (commonly known as a valve job) is best left to a professional.
2
The home mechanic can, however, remove and disassemble the
head, do the initial cleaning and inspection, then reassemble and
deliver the head to a dealer service department or properly equipped
motorcycle repair shop for the actual valve servicing.
3
The dealer service department will remove the valves and springs,
recondition or replace the valves and valve seats, replace the valve
guides, check and, if necessary, replace the valve springs, spring
retainers and keepers, install new valve seals and reassemble the valve
components.
4
After the valve job has been performed, the head will be in likenew condition. When the head is returned, be sure to clean it again
very thoroughly before installation on the engine to remove any metal
particles or abrasive grit that may still be present from the valve service
operations. Use compressed air, if available, to blow out all the holes
and passages.

12.7c . . . push on the valve stem . . .

Disassembly
Refer to illustrations 12.7a through 12.7e
3
Remove the cylinder head (see Section 10).
4
Before the valves are removed, scrape away any traces of gasket
material from the head gasket sealing surface. Work slowly and do not
nick or gouge the soft aluminum of the head. Gasket removing solvents, which work very well, are available at most motorcycle shops
and auto parts stores.
5
Carefully scrape all carbon deposits out of the combustion chamber area. A hand held wire brush or a piece of fine emery cloth can be
used once the majority of deposits have been scraped away. Do not
use a wire brush mounted in a drill motor, or one with extremely stiff
bristles, as the head material is soft and may be eroded away or
scratched by the wire brush.
6
Label three plastic bags, one for each valve spring/valve assembly, so it can be installed in the same valve guide from which it's
removed.
7
Compress each valve spring assembly with a spring compressor
(see illustration) and remove the keepers. Do not compress the spring
any more than is absolutely necessary. If the keepers stick to the
groove in the valve stem, use a magnet or a pair of tweezers to pull
them off. Carefully release the valve spring compressor and remove
the retainer (see illustration) and the spring(s) (VT600 models have an
inner and an outer spring; VT750 models use a single spring). Push on
the vaive stem (see illustration), pull on the valve head (see illustration) and remove the valve from the head. If the valve binds in the
guide, push it back into the head and deburr the area around the
keeper groove with a very fine file or whetstone (see illustration).

12 Cylinder head and valves - disassembly, inspection
and reassembly
Note: If the bearing surfaces in the cylinder head are damaged, a shop
might be able to repair them. A new cylinder head is expensive, so
explore your options before discarding the old head.
1
Valve servicing and valve guide replacement should be done by a
dealer service department or motorcycle repair shop (see Section 11).
However, disassembly, cleaning and inspection of the cylinder head
and valves can be done at home, with the right tools.
2
To disassemble the valve components safely, a valve spring compressor is absolutely necessary. If you don't own a valve spring compressor, you should be able to rent one at a local tool rental yard. If
you're unable to obtain a valve spring compressor, leave the following
procedure to a dealer service department or motorcycle repair shop.

12.7d . . . pull on the valve head and remove the valve
from the cylinder head
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8
Once the valve and valve spring assembly have been removed,
labeled and stored, pull off the valve stem seal and discard it (the old
seals should never be reused), then remove the lower spring seat and
store it with the other valve spring parts.
9
Repeat the previous two Steps for the other two valves. Be sure
to keep the parts for each valve assembly in separate plastic bags so
they won't be mixed up.
10 Clean the cylinder head with solvent and dry it thoroughly. Compressed air will speed the drying process and ensure that all holes and
recessed areas are clean.
11 Clean all of the valve springs, keepers, retainers and spring seats
with solvent and dry them thoroughly. Do one valve assembly to keep
the original parts together.
12 Scrape off any deposits that may have formed on the valve, then
use a motorized wire brush to remove deposits from the valve heads
and stems. Again, make sure the valves do not get mixed up.

Inspection
Refer to illustrations 12.14, 12.16, 12.17, 12.18, 12.19a and 12.19b
13 Inspect the head very carefully for cracks and other damage. If
cracks are found, a new head will be required. Inspect the cam bearing
surfaces for wear and evidence of seizure. Check the camshaft and
rocker arms for wear as well (see Section 8).
14 Using a precision straightedge and a feeler gauge, check the
head gasket mating surface for warpage (see illustration). Lay the
straightedge lengthwise, across the head and diagonally (corner-tocorner), intersecting the head bolt holes, and try to slip a feeler gauge
under it, on either side of each combustion chamber. The gauge
should be the same thickness as the cylinder head warp limit listed in
this Chapter's Specifications. If the feeler gauge can be inserted
between the head and the straightedge, the head is warped and must
either be machined or, if warpage is excessive, replaced with a new

'' 12.16 Measure the valve guide inside diameter with a small hole
gauge, then measure the hole gauge with a micrometer

12.14 Check the cylinder head for warpage with a
straightedge and feeler gauge
one. Minor surface imperfections can be cleaned up by sanding on a
surface plate in a figure-eight pattern with 400 or 600 grit wet or dry
sandpaper. Be sure to rotate the head every few strokes to avoid
removing material unevenly.
15 Examine the valve seats in each of the combustion chambers. If
they are pitted, cracked or burned, the head will require valve service
that's beyond the scope of the home mechanic. Measure the valve
seat width and compare it to the seat width listed this Chapter's Specifications. If it is not within the specified range, or if it varies around its
circumference, valve service work is required.
16 Clean the valve guides to remove any carbon buildup, then measure the inside diameters of the guides (at both ends and the center of
the guide) with a small hole gauge and a 0-to-1-inch micrometer (see
illustration). Record the measurements for future reference. These
measurements, along with the valve stem diameter measurements, will
enable you to compute the valve stem-to-guide clearance. This clearance, when compared to the Specifications, will be one factor that will
determine the extent of the valve service work required. The guides are
measured at the ends and at the center to determine if they are worn in
a bell-mouth pattern (more wear at the ends). If they are, guide
replacement is an absolute must.
17 Carefully inspect each valve face for cracks, pits and burned
spots. Check the valve stem and the keeper groove area for cracks
(see illustration). Rotate the valve and check for any obvious indication that it is bent. Check the end of the stem for pitting and excessive
wear and make sure the bevel isn't worn away. The presence of any of
the above conditions indicates the need for valve servicing.

12.17 Check the valve face (A), stem (B) and keeper groove (C) for
signs of wear and damage
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18 Measure the valve stem diameter (see illustration). By subtracting the stem diameter from the valve guide diameter, the valve stemto-guide clearance is obtained. If the stem-to-guide clearance is
greater than listed in this Chapter's Specifications, the guides and
valves will have to be replaced with new ones.
19 Check the end of each valve spring for wear and pitting. Measure
the free length (see illustration) and compare it to this Chapter's
Specifications. Any springs that are shorter than specified have
sagged and should not be reused. Stand the spring on a flat surface
and check it for squareness (see illustration).
20 Check the spring retainers and keepers for obvious wear and
cracks. Any questionable parts should not be reused, as extensive
damage will occur in the event of failure during engine operation.
21 If the inspection indicates that no service work is required, the
valve components can be reinstalled in the head.

Reassembly
Refer to illustrations 12.23, 12.24, 12.28a and 12.28b
22 Before installing the valves in the head, they should be lapped to
ensure a positive seal between the valves and seats. This procedure
requires coarse and fine valve lapping compound (available at auto
parts stores) and a valve lapping tool. If a lapping tool is not available,
a piece of rubber or plastic hose can be slipped over the valve stem
(after the valve has been installed in the guide) and used to turn the
valve.
23 Apply a small amount of coarse lapping compound to the valve
face (see illustration), then slip the valve into the guide. Note: Make
sure the valve is installed in the correct guide and be careful not to get

E
:
W>!
12.18 Measure the valve stem diameter with a micrometer
any lapping compound on the valve stem.
24 Attach the lapping tool (or hose) to the valve and rotate the tool
between the palms of your hands. Use a back-and-forth motion rather
than a circular motion. Lift the valve off the seat and turn it at regular
intervals to distribute the lapping compound properly. Continue the
lapping procedure until the valve face and seat contact area is of uni-

12.19a Measure the free length of the
valve springs

12.19b Check the valve springs
for squareness

12.23 Apply the lapping compound very
sparingly, in small dabs, to the valve
face only

12.24 After lapping, the valve face should
have a uniform, unbroken contact
pattern (arrow)

12.28a A small dab of grease will hold the
keepers in place on the valve while the
spring is released

12.28b The small ridge near the top of
each keeper locks the keeper into the
groove in the valve stem (valve
springs removed for clarity)
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13.5 Remove the cam chain guide from
the cam chain tunnel and inspect it for
wear and damage

13.7a Make sure that the cam chain guide
tabs are correctly seated in the cylinder...

form width and unbroken around the entire circumference of the valve
face and seat (see illustration).
25 Carefully remove the valve from the guide and wipe off all traces
of lapping compound. Use solvent to clean the valve and wipe the seat
area thoroughly with a solvent soaked cloth.
26 Repeat the procedure with fine valve lapping compound, then
repeat the entire procedure for the remaining valves.
27 Lay the spring seats in place in the cylinder head, then install new
valve stem seals on each of the guides (see illustration 12.7c). Use an
appropriate size deep socket to push the seals into place until they are
properly seated. Don't twist or cock them, or they will not seal properly
against the valve stems. Also, don't remove them again or they will be
damaged.
28 Coat the valve stems with assembly lube or moly-based grease,
then install one of them into its guide. Next, install the springs and
retainers, compress the springs and install the keepers. Note; Install
the springs with the tightly wound coils at the bottom (next to the
spring seat). When compressing the springs with the valve spring compressor, depress them only as far as is absolutely necessary to slip the
keepers into place. Apply a small amount of grease to the keepers (see
illustration) to help hold them in place as the pressure is released from
the springs. Make certain that the keeper ridges are securely locked in
the retaining groove in the valve stem (see illustration).
29 Support the cylinder head on blocks so the valves can't contact
the workbench top, then very gently tap each of the valve stems with a
soft-faced hammer. This will help seat the keepers in their grooves.
30 Once all of the valves have been installed in the head, check for
proper valve sealing by pouring a small amount of solvent into each of
the valve ports. If the solvent leaks past the valve(s) into the combustion chamber area, disassemble the valve(s) and repeat the lapping
procedure, then reinstall the valve(s) and repeat the check. Repeat the
procedure until a satisfactory seal is obtained.

13.7b . . . and that the lower end of the
guide is correctly seated against its stop
on the crankcase (front cam chain guide
shown; rear similar)

illustration) and the lower end of the guide is correctly seated against
the lower guide stop in the crankcase (see illustration).
8
Install the cylinder head (see Section 10).
9
Install the cam chain tensioner (see Section 9).
10 Install the camshaft, sprocket and rocker arms (see Section 8).
11 Install the cylinder head cover (see Section 7).

14 Cylinder - removal, inspection and installation
Note: The following procedure applies to the front and rear cylinders.
However, the engine must be removed from the frame before the rear
cylinder can be removed.

Removal
Refer to illustrations 14.5a, 14.5b, 14.5c, 14.6, 14.7a and 14.7b
1
Remove the cylinder head cover (see Section 7).
2
Remove the camshaft, sprocket and rocker arms (see Section 8).
3
Remove the cam chain tensioner (see Section 9).
4
Remove the cylinder head (see Section 10) and the cam chain
guide (see Section 13).
5
Coolant passes from the front cylinder to the rear cylinder through
a pair of pipes, one on each cylinder, which are connected by a sliding
collar locked into position by a pair of retaining clips (see illustration).
Remove the retaining clips (see illustration) and slide the collar away
from the cylinder you're removing, far enough to expose the O-ring
and the end of the coolant pipe (see illustration).

13 Cam chain guide - removal, inspection and installation
Refer to illustrations 13.5, 13.7a and 13.7b
Note: The following procedure applies to the front and rear cam chain
guides.
1
Remove the cylinder head cover (see Section 7).
2
Remove the camshaft, sprocket and rocker arms (see Section 8).
3
Remove the cam chain tensioner (see Section 9).
4
Remove the cylinder head (see Section 10).
5
Remove the cam chain guide (see illustration).
6
Inspect the cam chain guide for wear and damage. Replace the
guide if it's worn or damaged.
7
Install the guide in the cam chain tunnel. Make sure that the guide
mounting tabs are correctly seated in the grooves in the cylinder (see

14.5a These two retaining clips (arrows) lock the coolant pipe
collar (lower arrow) in position
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14.5b To unlock the collar, remove the
two retaining clips . . .
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14.5c . . . and slide the collar away from
the oylinder you're removing, until the
coolant pipe and O-ring are exposed

6
If you're removing the front cylinder, detach the coolant hose
adapter (see illustration).
7
Lift the cylinder straight up to remove it (see illustration). If it's
stuck, tap around its perimeter with a soft-faced hammer, taking care
not to break the cooling fins. Don't attempt to pry between the cylinder
and the crankcase, as you will ruin the sealing surfaces. Remove the
old base gasket and discard it. Note the location of the dowel pins
(see illustration), then remove them. Be careful not to let the dowels
drop into the engine.
8
Stuff clean shop towels into the cavity beneath the piston and
carefully remove all traces of old gasket material from the mating surfaces of the cylinder and crankcase. Don't allow any gasket material to
fall into the crankcase.

Inspection
Refer to illustrations 14.9, 14.10 and 14.13
Note: If the following inspection indicates that a cylinder is warped, it
can be resurfaced or replaced independently of the other cylinder.
However, if a rebore is indicated for either cylinder, that cylinder will
require an oversize piston, so BOTH cylinders must be rebored to
accept the same size pistons, in order to maintain correct balance.
9
Measure the top of the cylinder for flatness (see illustration) and
compare your measurements to the allowable warpage listed in this
Chapter's Specifications.
10 Inspect the cylinder wall thoroughly for scratches and score
marks. Using a cylinder bore gauge or a telescoping snap-gauge and

14.7a Lift the cylinder straight up off the studs

14.6 If you're removing the front cylinder,
remove these two bolts (arrows) and
detach the coolant hose adapter
from the cylinder

micrometer, measure the cylinder diameter. Make three pairs of measurements (six in all), parallel and perpendicular to the crankshaft axis,
at the top, middle and bottom of the cylinder (see illustration). First,
determine cylinder bore diameter. Take the largest measurement and
compare it to the cylinder bore diameter listed in this Chapter's Specifications. Next, determine whether the cylinder is round. Compare the
readings in one direction to the readings in the other direction, subtract
the smaller readings from the larger readings and compare any differences to the allowable out-of-round listed in this Chapter's Specifications. Finally, determine whether the cylinder is tapered. Compare the
largest reading to the smallest reading in each direction, subtract the
two and compare the difference to the allowable taper listed in this
Chapter's Specifications. Note: If you do not have access to a cylinder
bore gauge or a three-inch telescoping snap-gauge and three-inch
micrometer, have a dealer service department or motorcycle repair
shop measure the cylinders).
11 If the cylinder walls are worn, out-of-round or tapered beyond
their specified limits, or badly scuffed or scored, have the cylinder
rebored and honed by a dealer service department or a motorcycle
repair shop. Remember, even if only one cylinder must be rebored, the
other cylinder will also have to be rebored to the same diameter, so
that both cylinders have the same oversize pistons, to maintain balance.
12 If the cylinder is in reasonably good condition and not worn
beyond the limits, and if the piston-to-cylinder bore clearance (see
Section 15) is still within the allowable range, then the cylinder does

14.7b Note the locations of the dowel pins (arrows),
then remove them
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14.10 Measure the cylinder
bore at the specified
distance from the top of
the cylinder (1); measure
parallel to the crankshaft
centerline, then
at right angles to it

Installation
14.9 Measure the top of the cylinder for flatness
in the indicated directions
not have to be rebored; honing is all that is necessary.
13 To hone the cylinder, you will need the proper size flexible hone
with fine stones, or a "bottle brush" type hone, plenty of light oil or
honing oil, some shop towels and an electric drill motor. Hold the cylinder block in a vise (cushioned with soft jaws or wood blocks) when
performing the honing operation. Mount the hone in the drill motor,
compress the stones and slip the hone into the cylinder. Lubricate the
cylinder thoroughly, turn on the drill and move the hone up and down
in the cylinder at a pace which will produce a fine crosshatch pattern
on the cylinder wall with the crosshatch lines intersecting at approximately a 60-degree angle (see illustration). Be sure to use plenty of
lubricant and do not take off any more material than is absolutely necessary to produce the desired effect. Do not withdraw the hone from
the cylinder while it is running. Instead, shut off the drill and continue
moving the hone up and down in the cylinder until it comes to a complete stop, then compress the stones and withdraw the hone. Wipe the
oil out of the cylinder and repeat the procedure on the remaining cylinder. Remember, do not remove too much material from the cylinder
wall. If you do not have the tools, or do not desire to perform the honing operation, a dealer service department or motorcycle repair shop
will generally do it for a reasonable fee.
14 Wash the cylinders thoroughly with warm soapy water to remove
all traces of the abrasive grit produced during the honing operation. Be
sure to run a brush through the bolt holes and flush them with running
water. After rinsing, dry the cylinders thoroughly and apply a coat of
light, rust-preventative oil to all machined surfaces.

15 Lubricate the cylinder bore and piston with plenty of clean engine
oil. If both cylinders were removed, look for the F or R mark that indicates front or rear cylinder (see illustration 7.16b).
16 Place a new cylinder base gasket on the crankcase. Make sure
the two dowel pins are in position (see illustration 14.7b).
17 Attach a piston ring compressor to the piston and compress the
piston rings. Or use a large hose clamp; make sure it doesn't scratch
the piston and don't tighten it too much.
18 Install the cylinder over the piston and carefully lower it down until
the piston crown fits into the cylinder liner. While doing this, pull the
camshaft chain up, using a hooked tool or a piece of coat hanger. Also
keep an eye on the cam chain guide to make sure it doesn't wedge
against the cylinder. Push down on the cylinder, making sure the piston doesn't get cocked sideways, until the bottom of the cylinder liner
slides down past the piston rings. A wood or plastic hammer handle
can be used to gently tap the cylinder down, but don't use too much
force or the piston will be damaged.
19 Remove the piston ring compressor or hose clamp, being careful
not to scratch the piston.
20 Install a new O-ring on the coolant pipe, lubricate the O-ring with
coolant to allow the collar to slide over it without damaging it. Position
the collar in the middle (covering the O-rings of both coolant pipes) and
install the retaining clips.
21 If you're installing the front cylinder, install a new O-ring in the
groove inside the coolant hose adapter, install the adapter and tighten
the adapter bolts securely. If the coolant hose was detached from the
adapter, reattach the hose and tighten the hose clamp securely.
22 Install the cam chain guide (see Section 13).
23 Install the cylinder head (see Section 10).
24 Install the cam chain tensioner (see Section 9).
25 Install the camshaft, sprocket and rocker arms (see Section 8).
26 Install the cylinder head cover (see Section 7).

15 Piston - removal, inspection and installation
Note: The following procedure applies to the front and rear pistons.
1
The pistons are attached to the connecting rods with piston pins
that are a slip fit in the pistons and rods.
2
Before removing the pistons from the rods, stuff a clean shop
towel into each crankcase hole, around the connecting rods. This will
prevent the circlips from falling into the crankcase if they are inadvertently dropped.

Removal

14.13 Move the hone rapidly up-and-down without stopping

Refer to illustrations 15.3a, 15.3b, 15.4a, 15.4b, 15.4c, 15.5a and
15.5b
3
Using a sharp scribe, scratch the location of each piston (front or
rear cylinder) into its crown (or use a felt pen if the piston is clean
enough). Each piston should also have an IN mark on its crown; this
mark faces the intake side of the cylinder when the piston is installed
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15.3a The IN mark on the piston must be
on the intake side of the cylinder

15.3b Wear eye protection when pulling
out the circlips; they can pop out of the
piston with sufficient force to cause an
injury if they hit your eye

(see illustration). If not, scribe an arrow into the piston crown before
removal. Support the first piston, grasp the circlip with a pointed tool
or needle-nose pliers (see illustration) and remove it from the groove.
4
Push the piston pin out from the opposite end to free the piston
from the rod, then pull it out (see illustration); if it's too slippery, jam a
pair of snap-ring or needle-nose pliers into the pin and pull it out (see
illustration). You may have to deburr the area around the groove for

15.4a Push the piston pin partway out,
then pull it out the rest of the way

the circlip to allow the pin to slide out (use a triangular file for this procedure). If the pin won't come out, remove the other circlip. Fabricate a
piston pin removal tool from threaded stock, nuts, washers and a piece
of pipe (see illustration).
5
Remove the oil jet (see illustration). Pull it straight up (see illustration) and discard the old O-ring.

15.4c The piston pins should come out with hand pressure
if they don't, this removal tool can be fabricated from
readily available parts
Bolt
2) Washer
Pipe (A)
3)
Padding (A)
4)
5) Piston
Washer (B)
6)
1)

15.4b If the piston pin is slippery or difficult to pull out, insert a
pair of needle nose pliers into the pin and work it out of the piston
with a back-and-forth twisting motion

15.5a There's an oil jet (arrow) for each
cylinder inside the crankcase

15.5b To remove an oil jet, pull it straight
up; remove and discard the old O-ring
and blow out the oil passage in the jet;
install the jet with a new O-ring

7)
A
В

Nut (B)
Large enough for piston
pin to fit inside
Small enough to fit
through piston pin bore

15.6 Remove the piston rings with a ring
removal and installation tool
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15.14 Measure the piston diameter
with a micrometer
15.11 Check the piston pin bore and the
piston skirt for wear, and make sure the
internal holes are clear (arrows)

15.13 Measure ring side clearance with a
feeler gauge

Inspection
Refer to illustrations 15.6, 15.11, 15.13, 15.14 and 15.15
6
Using a piston ring installation tool, carefully remove the rings
from the pistons (see illustration). Do not nick or gouge the pistons in
the process.
7
Clean the piston thoroughly. Scrape all traces of carbon from the
top of the piston. A hand-held wire brush or a piece of fine emery cloth
can be used once most of the deposits have been scraped away. Do
not, under any circumstances, use a wire brush mounted in a drill
motor to remove deposits from the piston; the piston material is soft
and will be eroded away by the wire brush.
8
Use a piston ring groove cleaning tool to remove any carbon
deposits from the ring grooves. If a tool is not available, a piece broken
off the old ring will do the job. Be very careful to remove only the carbon deposits. Do not remove any metal and do not nick or gouge the
sides of the ring grooves.
9
Once the deposits have been removed, clean the pistons with
solvent and dry them thoroughly. Make sure the oil return holes below
the oil ring grooves are clear.
10 If the pistons are not damaged or worn excessively and if the cylinders are not rebored, new pistons will not be necessary. Normal piston
wear appears as even, vertical wear on the thrust surfaces of the piston
and slight looseness of the top ring in its groove. New piston rings, on
the other hand, should always be used when an engine is rebuilt.
11 Carefully inspect each piston for cracks around the skirt, at the
pin bosses and at the ring lands (see illustration).
12 Look for scoring and scuffing on the thrust faces of the skirt,
holes in the piston crown and burned areas at the edge of the crown. If
the skirt is scored or scuffed, the engine may have been suffering from
overheating and/or abnormal combustion, which caused excessively
high operating temperatures. The oil pump should be checked thoroughly. A hole in the piston crown, an extreme to be sure, is an indication that abnormal combustion (pre-ignition) was occurring. Burned
areas at the edge of the piston crown are usually evidence of spark
knock (detonation). If any of the above problems exist, the causes
must be corrected or the damage will occur again.
13 Measure the piston ring-to-groove clearance by laying a new piston ring in the ring groove and slipping a feeler gauge in beside it (see
illustration). Check the clearance at three or four locations around the
groove. Be sure to use the correct ring for each groove; they are different. If the clearance is greater than specified, new pistons will have to
be used when the engine is reassembled.
14 Check the piston-to-bore clearance by measuring the cylinder
bore (see Section 14) and the piston diameter. Make sure that the pistons and cylinders are correctly matched. Measure the piston across
the skirt on the thrust faces at a 90-degree angle to the piston pin, at
the distance from the bottom of the skirt listed in this Chapter's Specifications (see illustration). Subtract the piston diameter from the bore
diameter to obtain the clearance. If it is greater than specified, the
cylinders will have to be rebored and new oversized pistons and rings

A
В

Specified distance from bottom of
piston
Piston diameter

installed. If the appropriate precision measuring tools are not available,
the piston-to-cylinder clearances can be obtained, though not quite as
accurately, using feeler gauge stock. Feeler gauge stock comes in 12inch lengths and various thicknesses and is generally available at auto
parts stores. To check the clearance, select a feeler gauge of the same
thickness as the piston clearance listed in this Chapter's Specifications
and slip it into the cylinder along with the appropriate piston. The cylinder should be upside down and the piston must be positioned exactly
as it normally would be. Place the feeler gauge between the piston and
cylinder on one of the thrust faces (90-degrees to the piston pin bore).
The piston should slip through the cylinder (with the feeler gauge in
place) with moderate pressure. If it falls through, or slides through easily, the clearance is excessive and a new piston will be required. If the
piston binds at the lower end of the cylinder and is loose toward the
top, the cylinder is tapered, and if tight spots are encountered as the
feeler gauge is placed at different points around the cylinder, the cylinder is out-of-round. Repeat the procedure for the remaining pistons
and cylinders. Be sure to have the cylinders and pistons checked by a
dealer service department or a motorcycle repair shop to confirm your
findings before purchasing new parts.
15 Apply clean engine oil to the pin, insert it into the piston and
check for freeplay by rocking the pin back-and-forth (see illustration).
If the pin is loose, new pistons and pins must be installed. For a more
precise assessment of piston/piston pin wear, measure the diameter of
the piston pin and compare your measurement to the piston pin diameter listed in this Chapter's Specifications. Replace the pin if it's excessively worn. Next, measure the inside diameter of the piston pin holes
in the piston, subtract the diameter of the piston pin and compare your
measurement to the piston pin-to-piston clearance listed in this Chapter's Specifications. If the clearance exceeds the specified maximum,
replace the piston and/or the piston pin (depending on whether the pin
diameter is acceptable). Finally, measure the inside diameter of the
small end of the connecting rod, subtract the diameter of the piston pin
and compare your measurement to the piston pin-to-connecting rod
clearance listed in this Chapter's Specifications. If the clearance
exceeds the specified maximum, replace the piston pin and/or the
connecting rod (depending on whether the pin diameter is acceptable).
16 Install the rings on the piston (see Section 16).
e
15.15 Slip the pin into
the piston and try to
wiggle it back-and-forth;
if it's loose, replace the
piston and pin
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15.18a Slip the circlip into its bore with its
gap away from the piston cutout...

15.18b . . . and push the circlip all the way
into its groove; make sure it's
securely seated

Installation
Refer to illustrations 15.18a and 15.18b
17 Install a new O-ring on the oil jet and install the oil jet by pushing it
firmly back into the crankcase until it's fully seated.
18 Install the piston with the IN mark pointing toward the intake side
of the cylinder (see illustration 15.3a). Lubricate the pins and the rod
bores with clean engine oil. Install new circlips in the grooves in the
inner sides of the pistons (don't reuse the old circlips). Push the pins
into position from the opposite side and install new circlips. Compress
the circlips only enough for them to fit in the piston. Make sure the circlips are correctly seated in the grooves (see illustrations).

16 Piston rings - installation
Refer to illustrations 16.3, 16.5, 16.9a, 16.9b, 16.11a, 16.11b, 16.12
and 16.15
1
Before installing the new piston rings, the ring end gaps must be
checked.
2
Lay out the pistons and the new ring sets so the rings will be
matched with the same piston and cylinder during the end gap measurement procedure and engine assembly.
3
Insert the top (No. 1) ring into the bottom of the first cylinder and
square it up with the cylinder walls by pushing it in with the top of the
piston (see illustration). The ring should be about one inch above the
bottom edge of the cylinder. To measure the end gap, slip a feeler

16.5 If the end gap is too small, clamp a
file in a vise and file the ring ends (from
the outside in only) to enlarge the
gap slightly

16.3 Measure ring end gap with
a feeler gauge

gauge between the ends of the ring and compare the measurement to
this Chapter's Specifications.
4
If the gap is larger or smaller than specified, double check to
make sure that you have the correct rings before proceeding.
5
If the gap is too small, it must be enlarged or the ring ends may
come in contact with each other during engine operation, which can
cause serious damage. The end gap can be increased by filing the ring
ends very carefully with a fine file (see illustration). When performing
this operation, file only from the outside in.
6
Excess end gap is not critical unless it is greater than 0.040 in. (1
mm). Again, double check to make sure you have the correct rings for
your engine.
7
Repeat the procedure for each ring that will be installed in the first
cylinder and for each ring in the remaining cylinder. Remember to keep
the rings, pistons and cylinders matched up.
8
Once the ring end gaps have been checked/corrected, the rings
can be installed on the pistons.
9
The oil control ring (lowest on the piston) is installed first. It is
composed of three separate components. Slip the expander into the
groove, then install the upper side rail (see illustrations). Do not use a
piston ring installation tool on the oil ring side rails as they may be
damaged. Instead, place one end of the side rail into the groove
between the spacer expander and the ring land. Hold it firmly in place
and slide a finger around the piston while pushing the rail into the
groove. Next, install the lower side rail in the same manner.
10 After the three oil ring components have been installed, check to
make sure that both the upper and lower side rails can be turned
smoothly in the ring groove.

16.9a Install the oil ring expander first

16.9b Installing an oil ring side rail - don't
use a ring installation tool to do this
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TOP RING

SECOND RING

16.11a Install the middle ring with its
identification mark up

16.11b The top and middle rings can be
identified by their profiles

11 Install the second (middle) ring next (see illustration). Do not mix
the top and middle rings. They can be identified by their profiles (see
illustration), as well as the fact that the top ring is thinner than the
middle ring.
12 To avoid breaking the ring, use a piston ring installation tool and
make sure that the identification mark is facing up (see illustration). Fit
the ring into the middle groove on the piston. Do not expand the ring
any more than is necessary to slide it into place.
13 Finally, install the top ring in the same manner. Make sure the

16.15 Arrange the ring gaps
like this
1)
2)
3)
4)

17.1 Push the clutch lifter arm forward
and disengage the clutch cable; widen the
gap if necessary with a screwdriver

Top compression ring
Oil ring lower rail
Oil ring upper rail
Second compression
ring

16.12 The top and middle rings have
identification marks (arrows); these must
be up when the rings are installed

identifying mark is facing up.
14 Repeat the procedure for the remaining piston and rings. Be very
careful not to confuse the top and second rings.
15 Once the rings have been properly installed, stagger the end
gaps, including those of the oil ring side rails (see illustration).

17 Clutch cable - replacement
Refer to illustrations 17.1,17.2 and 17.3
1
Push the clutch lifter arm forward and disengage the clutch cable
from the lifter arm clevis (see illustration). Note: If necessary, pry open
the lifter arm gap slightly with a screwdriver so the cable can pass
through it
2
Loosen the locknut and adjustment nut (see illustration) and disengage the cable from the bracket on the engine.
3
Up at the handlebars, pull back the cable rubber dust boot, back
off the locknut and adjuster (see illustration) and disengage the cable
from the clutch lever.
4
Note the routing of the cable and remove it.
5
Installation is the reverse of removal. Make sure the cable is
routed correctly, with no kinks.
6
Adjust the clutch cable freeplay (see Chapter 1).

17.2 Loosen the cable locknut and
adjuster nut (arrows) and disengage
the clutch cable from the bracket

17.3 Peel back the dust boot, back off the
locknut (middle arrow), turn the adjuster
(left arrow) all the way in (toward the
lever), align the slots in the adjuster and
locknut with the cable, pull out the cable
and disengage the cable plug from the
slot in the lever
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18.4a To separate the right crankcase cover from the engine,
loosen the bolts (arrows), 1/4-turn at a time, in a criss-cross
pattern; one upper bolt secures the bracket for the clutch cable

18.4b If the clutch cover sticks to the crankcase, carefully tap it
loose at the bosses provided for that purpose; don't pry on the
crankcase cover or you will damage the gasket mating surface

18 Clutch - removal, inspection and installation

Removal
Refer to illustrations 18.4a, 1Q.4b, 1Q.4c, 18.5a, 18.5b, 18.7, 18.8,
18.9a, 18.9b, 18.10, 18.11, 18.12a, 18.12b, 18.13, 18.14a, 18.14b,
18.14c, 18.15a, 18.15b and 18.17
1
Drain the engine oil (see Chapter 1).
2
Disengage the clutch cable from the clutch lifter arm (see Section 17).
3
On 1988 and 1989 VT600 models, remove the oil pipe bracket
and remove the oil pipe banjo bolt and sealing washers from the right
crankcase cover.
4
Loosen the right crankcase cover bolts (see illustration). Once
they're all loose, remove the bolts and take off the cover. If the cover is
stuck, gently tap on one or more of the cover bosses provided for this
purpose (see illustration). Don't pry on the cover; prying will damage
the gasket surface. Remove the dowel pins (see illustration) and store
them in a plastic bag. Remove the old gasket and discard it. Carefully
remove any gasket material that's stuck to the crankcase or the cover.
5
Remove the clutch lifter piece from the lifter arm (see illustration). Remove the snap-ring and return spring from the lifter arm (see
illustration).
6
Pull the lifter arm out of the right crankcase cover and set aside

18.5a Remove the clutch lifter piece from the lifter arm

18.4c Right crankcase dowel pin location
the parts for the lifter arm assembly for later inspection. Store the lifter
piece, snap-ring and return spring in a plastic bag so you don't misplace them.

18.5b Remove the snap-ring and return spring (arrow)
from the lifter arm
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18.7 Place a penny between the gear
teeth of the clutch housing and the
primary drive gear, then loosen the
primary drive gear bolt and the oil
pump driven sprocket bolt (arrow)

18.8 Remove the pressure plate bolts
(arrows), gradually and evenly,
in a criss-cross pattern

18.9a Remove the pressure plate
and bearing . . .

'(Щ0

18.9b . . . and remove the four clutch
springs (arrows)

18.10 Unstake the clutch center locknut

7
If you're planning to remove the oil pump drive chain and sprockets (see Section 19) and/or the primary drive gear (see Section 20), put
a penny between the clutch housing gear teeth and the primary drive
gear teeth and loosen the primary drive gear bolt and/or the oil pump
driven sprocket bolt (see illustration).
8
Remove the clutch lifter plate bolts (see illustration), gradually
and evenly, in a crisscross pattern.
9
Remove the clutch lifter plate/bearing and the clutch springs (see
illustrations).

18.12a Remove the clutch center locknut
and lockwasher (arrow); the OUT SIDE
mark faces outward on installation...

18.11 To loosen the clutch center locknut,
immobilize the center with the special
Honda tool or a strap wrench

10 Unstake the clutch center locknut (see illustration).
11 Using the factory clutch center holder tool or equivalent (see
illustration), loosen the clutch center locknut.
12 Remove the clutch center locknut and the spring washer (see
illustrations). Discard the old locknut and washer.
13 Remove the clutch center (see illustration).
14 Before disassembling the clutch pack, take a moment to study
how it's assembled (see illustration). First, note that the tabs of the

18.12b . . . and remove the backup
washer (if equipped)

18.13 Remove the pressure plate
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18.14a Remove the outer friction disc,
judder spring and spring seat (the two
narrow metal rings installed concentric
with the outer friction disc)...

18.14b . . . remove the first metal p l a t e . . .

18.14c . . . then alternately, the remaining
friction discs and metal plates

Ш
18.15a Remove the washer...

18.15b . . . and the clutch housing

outer friction disc are not aligned with the tabs of the other friction
discs, but are instead seated in their own cutouts in the clutch housing.
Also note that the spring seat and judder spring fit within this outer friction disc, which has a slightly larger diameter than the other friction
discs. (This outer friction disc is identified as friction disc "B" in the
Specifications.) Remove the outer friction disc, the spring seat and the
judder spring. Note that the concave face of the judder spring faces
out, toward the spring seat and the clutch center. After removing the
outer friction disc, the spring seat and the judder spring, you'll see the
first steel plate (see illustration). After removing this steel plate, you'll
see the first friction disc (see illustration). Remove all the steel plates

and all the friction discs. On VT600 models, there are six steel plates
and six friction discs (not counting the outer friction disc described
above); on VT750 models, there are eight steel plates and seven friction discs (not counting the outer friction disc).
15 Remove the clutch housing washer and the clutch housing (see
illustrations).
16 Remove and inspect the oil pump drive chain and sprockets (see
Section 19).
17 Remove the clutch housing guide (see illustration) from the
mainshaft.
18 Remove and inspect the primary drive gear (see Section 20).

18.17 Remove the clutch housing guide

18.19 The clutch lifter piece fits in this notch in the lifter arm
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18.20 Inspect the lifter arm seal for
cracks, tears and excessive wear; if it's
worn or damaged, pry it out with a
screwdriver and drive a new seal
into place with a socket

18.22 Measure the clutch spring
free length

18.23 Inspect the splines on the clutch
center; if any wear is evident,
replace the center

Inspection
Refer to illustrations 18.19, 18.20, 18.22, 18.23, 18.24, 18.25a, 18.25b,
18.26 and 18.28
19 Inspect the lifter arm and the clutch lifter piece (see illustration)
for damage and wear. Make sure the lifter arm isn't bent. The clutch
lifter piece should slide in and out of its bore in the right crankcase
cover without binding. Inspect the return spring and snap-ring for
fatigue and other damage. If any part of the lifter arm assembly is damaged, replace it.
20 Inspect the lifter arm seal (see illustration) in the right crankcase
cover. If it's cracked, torn or worn, remove it and install a new seal.
21 Inspect the lifter plate bearing for wear and damage. Turn the
bearing inner race with your finger; it should turn smoothly and quietly.
Make sure that the bearing outer race fits tightly into the lifter plate. If
the bearing is damaged or worn, replace the lifter plate and bearing.
(The bearing can be replaced separately but it's a good idea to replace
the lifter plate and bearing as a set to maintain a tight fit between the
two.)
22 Measure the free length of the clutch springs (see illustration).
Replace the springs as a set if any one of them is not within the values
listed in this Chapter's Specifications.
23 Examine the inner and outer splines on the clutch center (see
illustration). If any wear is evident, replace the clutch center.
24 Inspect the judder spring and spring seat (see illustration) for
distortion, wear and damage. Replace them if necessary.
25 If the lining material of the friction discs is burned or glazed,

18.25a Measure the thickness of the friction discs

18.24 Inspect the spring seat (left) and the judder spring (right)
for distortion and wear; if either of them is damaged
or worn, replace it
replace the friction discs. If the metal clutch plates are scored or discolored, replace them. Measure the thickness of each friction disc (see
illustrations) and compare your measurements to this Chapter's
Specifications. If any are near the wear limit, replace the friction discs
as a set.

18.25b The friction disc around the judder spring (B) is
narrower than the other friction discs (A)
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18.26 Check the metal plates for warpage
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18.28 Check for wear in the slots, driven
gear teeth and center bushing or
needle bearing

26 Lay the metal plates, one at a time, on a perfectly flat surface
(such as a piece of plate glass) and check for warpage by trying to slip
a gauge between the flat surface and the plate (see illustration). The
feeler gauge should be the same thickness as the warpage limit listed
in this Chapter's Specifications. Do this at several places around the
plate's circumference. If the feeler gauge can be slipped under the
plate, it is warped and should be replaced with a new one.
27 Check the tabs on the friction discs for excessive wear and mushroomed edges. They can be cleaned up with a file if the deformation is
not severe.
28 Check the edges of the slots in the clutch housing (see illustration) for indentations made by the friction plate tabs. If the indentations
are deep they can prevent clutch release, so the housing should be
replaced with a new one. If the indentations can be removed easily
with a file, the life of the housing can be prolonged to an extent.
29 Check the primary driven gear teeth on the clutch housing (see
illustration 18.28) for wear or damage. If the teeth are worn or damaged, replace the clutch housing. If the primary driven gear teeth are
damaged, the primary drive gear teeth may also be damaged. Inspect
the primary drive gear and, if necessary, replace it (see Section 20).
30 On VT600 models, inspect the bushing in the clutch housing hub.
On VT750 models, inspect the needle bearing in the clutch housing
hub. If the bushing or bearing is worn or damaged, have it replaced by
a dealer or by a motorcycle machine shop.
31 Measure the inside and outside diameters of the clutch outer
guide and compare your measurements to the dimensions listed in this
Chapter's Specifications. If the guide inside or outside diameter is
worn beyond the specified limit, replace the guide.

Installation
Refer to illustration 18.35
32 Lubricate the clutch outer guide with molybdenum disulfide
grease and install the guide on the mainshaft.
33 Install the oil pump drive sprocket, chain and driven sprocket (see
Section 19).
34 Install the primary drive gear (see Section 20).
35 Coat the clutch housing bearing surface with clean engine oil, slip
the clutch housing onto the outer guide, align the clutch housing hub
with the oil pump drive sprocket (see illustration) and push the clutch
housing onto the outer guide.
36 Coat the thrust washer with clean engine oil and install it on the
mainshaft.
37 Lay the clutch center face down, with the splines facing up, and
install the spring seat, then the judder spring, in that order, on the
clutch center; make sure that the concave face of the judder spring
faces away from the spring seat, i.e. toward the other discs and plates,
then install the outer friction disc.
38 Coat the friction discs and the steel plates with engine oil and
install them on the clutch center, alternating between steel plates and
friction discs. Start with a steel plate next to the outer friction disc, then

18.35 Be sure the teeth or pins on the oil
pump drive sprocket align with the
notches or holes in the clutch housing

install a friction disc, then a steel plate, then another friction disc, etc.,
and, finally, install the pressure plate. On VT600 models, there are six
friction discs and six steel plates; on VT750 models, there are seven
friction discs and eight steel plates (which means you will begin with a
steel plate and end with one too).
39 Install the clutch pack assembly on the mainshaft. The tabs on all
the clutch friction discs (except the outer friction disc) should fit into
the slots in the clutch housing (the tabs on the outer friction disc fit into
their own cutouts between the slots).
40 Install the new spring washer with the OUTSIDE facing out.
41 Install the new clutch center locknut, install the clutch center
holder and tighten the locknut to the torque listed in this Chapter's
Specifications. Remove the holder and stake the locknut. Be careful
not to damage the threads on the mainshaft.
42 Install the clutch springs, the lifter plate and the lifter plate bolts.
Tighten the lifter plate bolts to the torque listed in this Chapter's Specifications.
43 If the oil pump driven sprocket or primary drive gear was
removed, put a penny between the primary drive gear teeth and the
primary driven gear teeth (see illustration 18.7) and tighten the
sprocket retaining bolt and/or primary drive gear bolt to the torque
listed in this Chapter's Specifications.
44 Clean all traces of old gasket material from the right crankcase
cover and its mating surface on the crankcase. Install a new gasket on
the crankcase and install the dowel pins (see illustration 18.4c).
45 Install the right crankcase cover and install the 14 bolts finger
tight. Don't forget to reattach the clutch cable bracket.
46 Tighten the bolts in stages, using a criss-criss pattern, to the
torque listed in this Chapter's Specifications.
47 On 1988 and 1989 VT600 models, install the oil pipe banjo bolt
with new sealing washers and tighten the banjo bolt to the torque
listed in this Chapter's Specifications. Install the oil pipe bracket.
48 Reattach the clutch cable to the clutch lifter arm (see Section 17)
and adjust the clutch cable (see Chapter 1).
49 Fill the crankcase with the recommended type and amount of
engine oil (see Chapter 1).

19 Oil pump drive chain and sprockets - removal,
inspection and installation
Removal
Refer to illustrations 19.2 and 19.3
1
Remove the clutch (see Section 18). When you get to Step 7 in
Section 18, loosen the oil pump driven sprocket bolt (see illustration 18.7).
2
Remove the oil pump driven sprocket bolt (see illustration).
3
Remove the oil pump drive sprocket, chain and driven sprocket
(see illustration).
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Inspection
4
Inspect the drive chain rollers and side plates and the sprocket
teeth for damage and wear. If the chain or either sprocket is damaged
or worn, replace it. (It's a good idea to replace the sprockets and chain
as a set.)
5
Measure the inside diameter of the drive sprocket and compare
your measurement to the drive sprocket inside diameter listed in this
Chapter's Specifications. If the inside diameter of the sprocket
exceeds the limit, replace the drive sprocket. (Again, it's a good idea to
replace the sprockets and chain as a set.)

Installation
6
Lubricate the clutch outer guide with clean engine oil, install the
driven sprocket first, with the IN facing toward the engine, then slide
the driven sprocket onto the guide. Install the driven sprocket retaining
bolt and tighten it until the sprocket starts to turn.
7
Install the clutch (see Section 18). When you get to Step 43,
tighten the driven sprocket retaining bolt to the torque listed in this
Chapter's Specifications. Finish the clutch installation procedure.

19.2 Remove the oil pump driven sprocket retaining bolt

20 Primary drive gear • removal, inspection and
installation
Refer to illustrations 20.3, 20.4 and 20.5
1
Remove the clutch (see Section 18). When you get to Step 7 in
Section 18, loosen the primary drive gear bolt (see illustration 18.7).
2
Remove the ignition pulse generators) (see Chapter 5).
3
Remove the primary drive gear bolt and washer (see illustration).
4
Remove the ignition pulse generator rotor (see illustration).
5
Remove the primary drive gear (see illustration).
6
On VT600 models, inspect the teeth of the primary drive gear for
wear and damage. If the teeth are worn or damaged, replace the primary drive gear.
7
On VT750 models, disassemble the primary drive gear and the
sub gear. Note the relationship of the parts to one another as you take
the assembly apart. Inspect the teeth on both the primary drive gear
and the sub-gear. Inspect the three primary drive gear springs and the
friction spring (washer) for wear and damage. If anything is damaged
or worn, replace the primary drive gear. Reassemble the primary drive
gear and sub-gear. Make sure the three holes on the sub-gear and the
primary drive gear are aligned.
8
On VT600 models, install the primary drive gear with the OUT facing out; the gear will only go on one way because of the extra wide
spline (see illustration 20.5).
9
On VT750 models, install the primary drive gear with the sub-gear

20.3 Remove the primary drive gear
retaining bolt and washer

19.3 Remove the oil pump drive sprocket, chain and
driven sprocket as a set
side facing out. The gear will only go on one way because of an extra
wide spline.
10 Install the ignition pulse generator rotor. Again, the rotor will only
go on one way because of the extra wide spline.
11 Install the primary drive gear bolt and washer. Install the clutch
(see Section 18). When you get to Step 43, tighten the primary drive
gear bolt to the torque listed in this Chapter's Specifications. Finish the
clutch installation procedure.

20.4 Remove the ignition pulse generator
rotor; the extra wide spline (arrow) allows
the rotor to be installed only one way

20.5 Remove the primary drive gear; note
the OUT, which must face out when the
primary drive gear is installed; and again,
note the extra wide spline (arrow) which
means the primary drive gear can
only be installed one way
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21.8 Loosen the cam chain tensioner set
plate bolt (arrow) and swing the plate out
of the way (set plate at left end of crank
shown; right set plate similar)

Engine, clutch and transmission

21.9 Remove the cam chain from the
drive sprocket and pull the chain up
through the cam chain tunnel (front
cylinder cam chain shown; rear
cylinder cam chain similar)

21 Cam chains and rear cam chain drive sprocket
removal, inspection and installation
Note: This procedure applies to the front and rear cam chains and to
the rear cam chain drive sprocket on VT600 models (the front cylinder
cam chain drive sprocket on VT600 models and both cam chain
sprockets on VT750 models are part of the crankshaft.)

Removal
Refer to illustrations 21.8, 21.9 and 21.10
1
Remove the cylinder head cover (see Section 7).
2
Remove the camshaft, sprocket and rocker arms (see Section 8).
3
Remove the cam chain tensioner (see Section 9).
4
Remove the cylinder head (see Section 10). If you're removing the
rear cylinder head, remove the engine first (see Section 5).
5
Remove the chain guide (see Section 13).
6
If you're removing the front cylinder cam chain, remove the left
crankcase cover and remove the alternator rotor (see Chapter 9).
7
If you're removing the rear cylinder cam chain, remove the right
crankcase cover and the clutch (see Section 18) and remove the primary drive gear (see Section 20).
8
Remove the cam chain tensioner set plate (see illustration).
9
Remove the cam chain from the drive sprocket (see illustration)
and pull it up through the cam chain tunnel.
10 If you're removing the rear cam chain on a VT600 model, the drive
sprocket should be removed from the crankshaft (see illustration) and
inspected. (The front cam chain drive sprocket on VT600 models and
both sprockets on VT750 models are not removable; they're part of the
crank.)

Inspection
11 Clean the cam chain in solvent and dry it with compressed air.
Inspect the rollers and side plates for wear. Replace the chain if it's
worn or damaged.
12 If the cam chain is worn, inspect the drive sprocket on the
crankshaft and the driven sprocket on the camshaft (see Section 8). If
the drive sprocket for the rear cylinder cam chain on a VT600 is worn,
replace it; if any other drive sprocket is worn, replace the crankshaft.

Installation
13 If you removed the drive sprocket for the rear cam chain on a
VT600, install it on the crankshaft.
14 Drop the cam chain through the cam chain tunnel and install it on
the drive sprocket at the crank. Wire up the cam chain so it can't fall
back into the crankcase and install the parts and components removed.
15 If you're installing the front cylinder cam chain, install the alterna-

21.10 On VT600 models, the cam chain
drive sprocket for the rear cylinder can be
removed from the crankshaft (the drive
sprocket for the front cylinder cam chain
on VT600 models, and both sprockets on
VT750 models, are not removable)

tor rotor and the left crankcase cover (see Chapter 9).
16 If you're installing the rear cylinder cam chain, install the primary
drive gear (see Section 20) and the clutch and the right crankcase
cover (see Section 18).
17 Install the chain guide (see Section 13).
18 Install the cylinder head (see Section 10).
19 If you removed the rear cylinder head, install the engine (see Section 5).
20 Install the cam chain tensioner (see Section 9).
21 Install the camshaft, sprocket and rocker arm assembly (see Section 8).
22 Install the cylinder head cover (see Section 7).

22 Gearshift linkage - removal, inspection and installation
Removal
Gearshift linkage
Refer to illustrations 22.3, 22.5a and 22.5b
1
Support the bike securely so it can't be knocked over during this
procedure.
2
Remove the left rear cover (see Chapter 7).
3
Look for the index marks on the gearshift lever and the end of the
gearshift spindle (see illustration). These marks must be aligned when
the shift lever is installed again. If you can't find any marks, make your
own punch marks to ensure correct realignment during installation.
4
Remove the lever pinch bolt (see illustration 22.3). Pull the lever
off the spindle.
5
Unbolt the left footpeg assembly from the frame and remove the
gearshift pedal, shift rod and shift lever as a single assembly (see illustrations).

External shift mechanism
Refer to illustrations 22.8a, 22.8b, 22.9a, 22.9b, 22.10, 22.11a and
22.11b
6
Disconnect the shift lever from the gearshift spindle (Steps 1
through 4).
7
Remove the right crankcase cover and the clutch (see Section 18)
and the oil pump drive chain and sprockets (see Section 19).
8
Remove the oil pipe bracket and mainshaft bearing set plate bolts
(see illustration). Pull the oil pipe out of the mainshaft bearing set
plate and out of the oil pump and remove the oil pipe and bearing set
plate (see illustration). Remove and discard the O-ring from the lower
end of the oil pipe.
9
Unhook the shifter arm from the gearshift cam plate (see illustration) and pull the gearshift spindle out of the crankcase (see illustration).
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22.3 Check for alignment marks on the
spindle and lever, then remove the
*
pinch bolt (arrow) completely and
pull the lever off the spindle

22.5a To detach the footpeg bracket from
the frame, remove these bolts (arrows)...

22.8a To remove the oil pipe bolt, remove the mainshaft bearing
set plate bolts (upper arrows) and the oil pipe bracket bolt
(lower arrow)...

' 22.9a Unhook the shifter arm from the gearshift cam plate (note
how the return spring pin on the crankcase is positioned
between the two ends of the return spring)...

22.5b . . . and remove the
footpeg/bracket/gearshift pedal, shift
rod and shift lever as a single assembly

22.8b . . . separate the oil pipe from the set plate and from the
oil pump, and remove the O-ring (arrow) from the lower
end of the oil pipe

22.9b . . . and pull the gearshift spindle out of the crankcase

Chapter 2
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22.10 Remove this bolt (arrow) and
remove the washer, gearshift drum
stopper, bushing and spring
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22.11a Remove this bolt (arrow)...

22.11b . . . and remove the gearshift cam
plate; the dowel pin (upper arrow) drum
and hole (lower arrow) must align
when installed

10 Remove the bolt, washer, gearshift drum stopper, bushing and
spring (see illustration).
11 Remove the bolt and gearshift cam plate (see illustrations).

Inspection
Gearshift linkage
Refer to illustrations 22.12 and 22.13
12 Unbolt the shift pedal from the footpeg bracket (see illustration).
13 Disassemble the shift pedal assembly, wipe off all grease and dirt
and inspect the dust seals and the bushing (see illustration) for wear
and damage. If any of these parts are worn or damaged, replace them.
14 Inspect the shift rod. Make sure that the rod is straight and the
locknuts at both ends are tight. If the shaft is bent, replace it.
15 Lubricate the bushing and the dust seal lips with multipurpose
grease and reassemble the shift pedal assembly. Tighten the shift
pedal bolt securely.

External shift mechanism
22.12 Remove this bolt (arrow) and remove the gearshift pedal,
bushing and dust seals

Refer to illustrations 22.16, 22.17, 22.18, 22.19a and 22.19b
16 Inspect the gearshift spindle and return spring (see illustration).
If the spindle is damaged, replace the gearshift spindle assembly. If the
spring is fatigued, replace it.
17 Inspect the gearshift drum stopper, bushing and spring (see illustration). If the stopper is worn where it contacts the gearshift cam
plate, replace the stopper. If the spring is distorted, replace it.

22.13 Clean and inspect the gearshift pedal assembly; if the dust
seals or bushing are damaged or worn, replace them
1
2
3
4

Gearshift pedal pivot bolt
Dust seal
Bushing
Dust seal

5
6

Gearshift pedal and shift
rod
Footpeg bracket

22.16 Inspect the gearshift spindle and return spring (arrows);
make sure the spindle is straight and the spring isn't fatigued
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22.17 Shift drum stopper details
, 1
2

Drum stopper bolt
Drum stopper

3
4

Bushing
Spring

18 Remove the three pins from the gearshift cam plate and inspect
the pins and the-holes for the pins in the cam plate (see illustration). If
the pins or holes are worn or damaged, replace the gearshift cam
plate. Reassemble the gearshift cam plate assembly.
19 Inspect the gearshift spindle seal. If it's leaking, remove the countershaft sprocket (see Chapter 7), remove the countershaft bearing set
plate (see illustration) and remove the seal (see illustration). It's a
good idea to replace the seal whenever the gearshift spindle is
removed. To replace the seal, pry it out with a screwdriver or seal
removal tool and tap a new seal into place with a deep socket.

Installation
20 Install the gearshift cam plate. Make sure the positioning hole on
the cam plate is aligned with the dowel pin on the shift drum (see illustration 22.11b).
21 Clean the bolt threads of the cam plate bolt, apply a thread locking agent to the threads, install the bolt and tighten it to the torque
listed in this Chapter's Specifications.
22 Install the bushing, spring, gearshift drum stopper, washer and
bolt. Tighten the gearshift drum stopper bolt to the torque listed in this
Chapter's Specifications.
23 Install the gearshift spindle assembly. Make sure that the dowel
pin on the crankcase fits between the two ends of the return spring
(see illustration 22.9a).
24 Apply clean engine oil to the new oil pipe O-ring and install the
O-ring on the oil pipe. Install the mainshaft bearing set plate and the oil

22.19a Replace the gearshift spindle seal if it's leaking

22.18 Inspect the cam plate pin holes for wear or damage
pipe, install the set plate and oil pipe bracket bolts and tighten them
securely.
25 Install the gearshift pedal and footpeg bracket and tighten the
bracket bolts securely.
26 Install the shift lever on the gearshift spindle. Make sure the
punch marks on the shift lever and the spindle are aligned. Install the
shift lever pinch bolt and tighten it to the torque listed in this Chapter's
Specifications.
27 Install the left rear engine cover (see Chapter 7).

23 Crankcase - disassembly and reassembly
1
To examine and repair or replace the oil pump, crankshaft, connecting rods, bearings, or transmission components, the crankcase
must be split into two parts.

Disassembly
Refer to illustrations 23.17, 23.18, 23.19a, 23.19b and 23.20
2
Remove the engine from the frame (see Section 5).
3
Remove the cylinder head covers (see Section 7).
4
Remove the camshafts, sprockets and rocker arms (see Section 8).
5
Remove the cam chain tensioners (see Section 9).
6
Remove the cylinder heads (see Section 10).
7
Remove the cam chain guides (see Section 13).
8
Remove the cylinders (see Section 14).
9
Remove the pistons (see Section 15).

22.19b Gearshift spindle seal (right arrow) and
countershaft seal (left arrow)
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23.17 Remove these bolts (arrows) from the left crankcase half;
loosen the two 6 mm bolts first, then loosen the other four
(8 mm) bolts, gradually and evenly, in a criss-cross pattern
10 Remove the left crankcase cover and the alternator (see Chapter 9). Remove all electrical harnesses from the left side of the engine.
11 Remove the right crankcase cover and the clutch (see Section 18).

23.19b Once you've broken the seal, carefully
separate the crankcase halves

23.18 Remove these bolts (arrows) from the right crankcase half;
loosen the three 6 mm bolts first, then loosen the other eight
(8 mm) bolts, gradually and evenly, in a criss-cross pattern
(two right-hand bolts hidden)
12 Remove the oil pump driven chain and sprockets (see Section 19).
13 Remove the ignition pulse generator(s) (see Chapter 5).
14 Remove the primary drive gear (see Section 20).
15 Remove the cam chains (see Section 21).
16 Remove the oil pipe, mainshaft bearing set plate, gearshift spindle, gearshift drum stopper, gearshift cam plate and countershaft bearing set plate (see Section 22).
17 Remove the bolts from the left crankcase half (see illustration).
First, loosen the two 6 mm bolts, then loosen the four 8 mm bolts.
Working in a criss-cross pattern, loosen the bolts gradually and evenly.
18 Remove the bolts from the right crankcase half (see illustration).
First, loosen the three 6 mm bolts, then loosen the eight 8 mm bolts.
Working in a criss-cross pattern, loosen the bolts gradually and evenly.
19 With the engine lying on its left crankcase half, carefully separate
the crankcase halves by prying gently and evenly at the pry points
around the crankcase seam (see illustrations). Using a soft hammer,
tap alternately on the transmission shafts and the engine mounting
bosses. If the halves won't separate easily, double check to make sure
that all fasteners have been removed. Don't pry against the crankcase
mating surfaces or they'll leak.
20 Look for the dowels (see illustration). If they're not in one of the
crankcase halves, locate them.

23.20 Remove both dowel pins (arrows) from the left crankcase
half (front dowel is missing in this photo; it came off with the
other crankcase half) and store them in a plastic bag
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> * 25.3a To remove the oil relief pipe, remove its bolt (lower arrow)
(the other two bolts are the oil pump mounting bolts)...

21 Remove all traces of sealant from the crankcase mating surfaces.
22 Refer to Sections 25 through 30 for information on servicing the
internal components of the crankcase.

Reassembly
23 Make sure the oil pump, crankshaft and transmission shafts are
correctly installed in the upper crankcase half (see Sections 25, 28 and
29, respectively).
24 Pour some engine oil over the transmission gears, the crankshaft
main bearings and the shift drum. Also pour oil into the exposed internal oil passages. Don't get any oil on the crankcase mating surfaces.
25 Make sure the dowels are in place (see illustration 23.20).
26 Apply a thin, even bead of sealant to the crankcase mating surfaces. Caution: Don't apply an excessive amount of sealant. Make sure
that no sealant is applied to oil passages.
27 Carefully assemble the crankcase halves over the dowels. Caution: The crankcase halves should fit together completely without
being forced. If they're slightly apart, DO NOT force them together by
tightening the crankcase bolts.
28 Install the right crankcase bolts in their holes (see illustration
23.18). Make sure you don't install a 6 mm bolt in an 8 mm hole, or vice
versa. Tighten the bolts gradually and evenly, in a criss-cross fashion,
to the torque listed in this Chapter's Specifications. Note: There are
different torque settings for the 8 mm bolts and the 6 mm bolts.
29 Turn the engine over and install the left crankcase bolts in their
holes {see illustration 23.17). Make sure you don't install a 6 mm bolt
in an 8 mm hole, or vice versa. Tighten the bolts gradually and evenly,
in a criss-cross fashion, to the torque listed in this Chapter's Specifications. Note: There are different torque settings for the 8 mm bolts and
' the 6 mm bolts.
30 Turn the crankshaft, the mainshaft and the countershaft to make
sure they turn freely.
31 Install the gearshift cam plate (see Section 22). Rotate the shift
cam by hand to make sure the transmission shifts into the different
gear positions.
32 The remainder of assembly is the reverse of disassembly.
33 Be sure to refill the engine oil (see Chapter 1).

25.3b . . . and lift the pipe off
2
Remove the oil jets (see illustrations 15.5a and 15.5b). All oil
passages should be blown out with compressed air.
3
All traces of old gasket sealant should be removed from the mating surfaces. Minor damage to the mating surfaces can be cleaned up
j with a fine sharpening stone or grindstone. Caution: Be very careful
not to nick or gouge the crankcase mating surfaces or leaks will result.
Check both crankcase halves very carefully for cracks and other damage.
4
If any damage is found that can't be repaired, replace the
crankcase halves as a set.

25 Oil pump - removal, inspection and installation
Removal
Refer to illustrations 25.3a, 25.3b, 25.4 and 25.5
1
Remove the engine (see Section 5).
2
Disassemble the engine and separate the crankcase halves (see
Section 23).
3
Remove the oil relief pipe bolt and remove the oil relief pipe (see
illustrations).
4
Remove the oil pump mounting bolts (see illustration 25.3a) and
remove the pump (see illustration).

24 Crankcase components - inspection and servicing
1
After the crankcases have been separated and the oil pump, the
« , crankshaft, the shift drum and forks, and the transmission shafts have
, been removed, the crankcases should be cleaned thoroughly with new
solvent and dried with compressed air.

25.4 Remove the oil pump from the crankcase
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25.5 The collars, O-rings, and dowel (arrows) may stay in the
engine or come out with the oil pump; be sure to remove and
install all of them

25.6 If the O-ring isn't on the end of the pipe, it's in the pump
passage (arrow)

25.7a Remove the cover bolts (arrows)...

25.7b . . . remove the pump c o v e r . . .

25.7c . . . and locate the dowels

5
Remove the oil pump collars, O-rings and dowels (see illustration).

Disassembly
Refer to illustrations 25.6, 25.7a,, 25.7b, 25.7c, 25.8, 25.9, 25.10a,
25.10b and 25.10c
6
Remove the oil pipe and discard the old O-rings and seal (see
illustration).

25.8 Oil pump details
1
2
3

Pump cover
Washer
Driveshaft -

4
5

Drive pin
Inner rotor

6
7

Outer rotor
Pump body

7
Remove the pump cover bolts, lift off the cover and remove the
dowel pins (see illustrations).
8
Remove the washer, the driveshaft, the drive pin, the inner rotor
and the outer rotor (see illustration) from the pump body.
9
Pull off the strainer (see illustration). Discard the old O-ring.
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25.9 Pull off the strainer and discard
the old O-ring

25.10a Pull out the pressure relief valve
and discard the old O-ring

25.10b Remove the snap-ring from the
pressure relief valve . . .

25.13a Measure the
clearance between
the outer rotor and
pump body

25.10c . . . and disassemble the pressure relief valve
1
2

Snap-ring
Washer

3
4

Spring
Piston

5

Pressure
relief valve

25.13c Measure the clearance between rotors and the cover
25.13b Measure the clearance between the inner and outer rotors
10 Pull out the pressure relief valve (see illustration). Remove the
snap-ring and remove the washer, spring and piston from the relief
valve (see illustrations). Discard the old O-ring.

/Inspection
- 'Refer to illustrations 25.13a, 25.13b and 25.13c
11 Wash the oil pump parts in solvent and dry them off.

12 Check the pump body and rotors for scoring and wear. If any
damage or uneven or excessive wear is evident, replace the pump;
(individual parts aren't available. (If you are rebuilding the engine, it's a
good idea to install a new oil pump anyway.)
13 Measure the clearance between the inner and outer rotors and
between the outer rotor and housing (see illustrations). Replace the
pump if the clearance is excessive.
14 Inspect the piston and the bore of the relief valve for scoring or
other damage. Inspect the spring for fatigue. If any of the relief valve
parts are worn or damaged, replace the oil pump.
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25.16 Install the outer rotor with the punch mark (arrow) facing out
(toward the cover)

25.17 Center the drive pin in the driveshaft, then push the
driveshaft into the inner rotor until the drive pin is seated in the
grooves in the inner rotor

25.22a Install a new seal on the oil pipe before pushing the pipe
into the pump body

25.22b Use new O-rings on the ends of the oil pipe which are
seated in the cases

Reassembly
Refer to illustrations 25.16 and 25.17
15 If the pump is good, make sure all the parts are spotlessly clean,
then lubricate everything with clean engine oil or assembly lube.
16 Install the inner and outer rotors in the pump body. Make sure the
outer rotor is installed with the punch mark facing out, toward the
cover (see illustration).
17 Install the washer and driveshaft in the inner rotor. Make sure that
the pin is centered in the driveshaft so it will align with the slot in the
inner rotor (see illustration).
18 Install the pump cover and tighten the cover bolts securely.
19 Install the piston, spring and washer in the pressure relief valve
and secure them with the snap-ring. Using a new O-ring, install the
pressure relief valve in the pump body.
20 Using a new O-ring, install the strainer in the pump body.

Installation
Refer to illustrations 25.22a and 25.22b
21 Make sure the dowel, collars and O-rings are in position (see
illustration 25.5).
22 Make sure that the T-shaped oil pipe has a new seal on the end
that fits into the pump and new O-rings on the two ends that fit into the
cases (see illustrations). And make SURE that the old oil pipe seal
and O-rings are not still in their respective bores in the pump body or
the cases (which they sometimes are).
23 Install the pump, install the mounting bolts and tighten them
securely.

24 Install the oil relief pipe, install the oil relief pipe bolt and tighten it
securely.
25 Installation is otherwise the reverse of removal.

26 Main and connecting rod bearings - general note
1
Even though main and connecting rod bearings are generally
replaced with new ones during the engine overhaul, the old bearings
should be retained for close examination as they may reveal valuable
information about the condition of the engine.
2
Bearing failure occurs mainly because of lack of lubrication, the
presence of dirt or other foreign particles, overloading the engine
and/or corrosion. Regardless of the cause of bearing failure, it must be
corrected before the engine is reassembled to prevent it from happening again.
3
When examining the bearings, remove the rod bearings from the
connecting rods and caps and lay them out on a clean surface in the
same general position as their location on the crankshaft journals. This
will enable you to match any noted bearing problems with the corresponding side of the crankshaft journal. The main bearings are pressed
into the crankcase halves and are only removed if they need to be
replaced.
4
Dirt and other foreign particles get into the engine in a variety of
ways. It may be left in the engine during assembly or it may pass
through filters or breathers. It may get into the oil and from there into
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27.3 Measure the side clearance between
the rods and the crankshaft weights
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27.7 Slip the piston pin into the rod and
rock it back-and-forth to check
for looseness

the bearings. Metal chips from machining operations and normal
engine wear are often present. Abrasives are sometimes left in engine
components after reconditioning operations such as cylinder honing,
especially when parts are not thoroughly cleaned using the proper
cleaning methods. Whatever the source, these foreign objects often
end up imbedded in the soft bearing material and are easily recognized. Large particles will not imbed in the bearing and will score or
gouge the bearing and journal. The best prevention for this cause of
bearing failure is to clean all parts thoroughly and keep everything
spotlessly clean during engine reassembly. Frequent and regular oil
and filter changes are also recommended.
5
Lack of lubrication or lubrication breakdown has a number of interrelated causes. Excessive heat (which thins the oil), overloading (which
squeezes the oil from the bearing face) and oil leakage or throw off (from
excessive bearing clearances, worn oil pump or high engine speeds) all
contribute to lubrication breakdown. Blocked oil passages will also
starve a bearing and destroy it. When lack of lubrication is the cause of
bearing failure, the bearing material is wiped or extruded from the steel
backing of the bearing. Temperatures may increase to the point where
the steel backing and the journal turn blue from overheating.
6
Riding habits can have a definite effect on bearing life. Full throttle
low speed operation, or lugging the engine, puts very high loads on
bearings, which tend to squeeze out the oil film. These loads cause the
bearings to flex, which produces fine cracks in the bearing face (fatigue
failure). Eventually the bearing material will loosen in pieces and tear
away from the steel backing. Short trip driving leads to corrosion of
bearings, as insufficient engine heat is produced to drive off the condensed water and corrosive gases produced. These products collect in
the engine oil, forming acid and sludge. As the oil is carried to the
engine bearings, the acid attacks and corrodes the bearing material.
7
Incorrect bearing installation during engine assembly will lead to
.bearing failure as well. Tight fitting bearings which leave insufficient
bearing oil clearances result in oil starvation. Dirt or foreign particles
trapped behind a bearing insert result in high spots on the bearing
which lead to failure.
8
To avoid bearing problems, clean all parts thoroughly before
reassembly, double check all bearing clearance measurements and
lubricate the new bearings with engine assembly lube or moly-based
grease during installation.

27 Connecting rods and bearings - removal, inspection
and installation
Removal
, tRefer to illustration 27.3
1
Separate the crankcase halves (see Section 23).
»-

27.12 Make sure the tab (arrow) on the
bearing is aligned with the notch (arrow)
in the rod or cap

2
Lift the crankshaft out, together with the connecting rods, and set
them on a clean surface.
3
Before removing the connecting rods from the crankshaft, measure the connecting rod side clearance. Insert a feeler gauge between
each side of the big end of each connecting rod and the crankshaft
(see illustration) and compare your measurements to the side clearance listed in this Chapter's Specifications. If the side clearance
between either rod and the crank is greater than the specified side
clearance, replace that rod.
4
Using a center punch or a laundry marker pen with indelible ink,
mark the position of each rod and cap, relative to its position on the
crankshaft (left or right) to ensure that the same rod removed from
each crankpin will be reinstalled on the same crankpin.
5
Unscrew the bearing cap nuts, separate the cap from the rod,
then detach the rod from the crankshaft. If a rod cap is stuck, tap on
the ends of the rod bolts with a soft-faced hammer to free it.
6
Roll the bearing inserts sideways to separate them from the rods
and caps. Keep them in order so they can be reinstalled in their original
locations. Wash the parts in solvent and dry them with compressed air,
if available.

Inspection
Refer to illustrations 27.7, 27.12, 27.13 and 27.15
I
Check the connecting rods for cracks and other obvious damage.
Lubricate the piston pin for each rod, install it in the proper rod and
check for play (see illustration). If it wobbles, measure the outside
diameter of the piston pin, the inside diameter of the connecting rod,
and the inside diameter of the pin bore in the piston (see Section 15).
Replace the piston (see Section 15), the pin and/or the connecting rod
(see Step 20) as necessary.
8
Examine the connecting rod bearing inserts. If they are scored,
badly scuffed or appear to have been seized, new bearings must be
installed. Always replace the bearings in the connecting rods as a set.
If they are badly damaged, check the corresponding crankshaft journal. Evidence of extreme heat, such as discoloration, indicates lubrication failure. Be sure to inspect the oil pump and pressure relief valve
(see Section 25) as well as all oil holes and passages before reassembling the engine.
9
Have the rods checked for twist and bending at a dealer service
department or other motorcycle repair shop. If a rod must be replaced,
refer to Step 20.
10 If the bearings and journals appear to be in good condition, check
the oil clearances as follows:
I I Start with the rod for one cylinder. Wipe the bearing inserts and
the connecting rod and cap clean, using a lint-free cloth.
12 Install the bearing inserts in the connecting rod and cap. Make
sure the tab on the bearing engages with the notch in the rod or cap
(see illustration).
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27.13 Lay a strip of Plastigage on the journal, parallel to the
crankshaft centerline

27.15 Place the Plastigage scale next to the flattened Plastigage
to measure the bearing clearance

13 Wipe off the connecting rod journal with a lint-free cloth. Lay a
strip of Plastigage (type HPG-1) across the top of the journal, parallel
with the journal axis (see illustration).
14 Referring to the marks you made prior to disassembly, position
the connecting rod on the correct journal, then install the rod cap and
nuts. Tighten the nuts to the torque listed in this Chapter's Specifica-

tions, but don't allow the connecting rod to rotate at all.
15 Unscrew the nuts and remove the connecting rod and cap from the
journal, being very careful not to disturb the Plastigage. Compare the
width of the crushed Plastigage to the scale printed in the Plastigage
envelope to determine the bearing oil clearance (see illustration).
16 If the clearance is within the range listed in this Chapter's Specifications and the bearings are in perfect condition, they can be reused. If
the clearance is greater than the wear limit, replace the bearing inserts
with new inserts that have the same color code, then check the clearance once again. Always replace all of the inserts at the same time.
17 If the clearance is greater than the maximum clearance listed in
this Chapter's Specifications, measure the diameter of the connecting
rod journal with a micrometer. To determine whether the journal is outof-round, measure the diameter at a number of points around the journal's circumference. Take the measurement at each end of the journal
to determine if the journal is tapered.
18 If any journal is tapered or out-of-round or bearing clearance is
beyond the maximum listed in this Chapter's Specifications (with new
bearings), replace the crankshaft (see Section 28).

Connecting rod bearing selection

27.19a The number code on the connecting rod and the letter
code on the crankshaft weight are used to determine the color
(size) of the rod bearing insert; the code letter on the rod is used
to determine the connecting rod weight

Refer to illustrations 27.19a and 27.19b
19 Each connecting rod has a "1" or "2" stamped on it (see illustration); this is the code for the connecting rod inside diameter. Next to
that, on the crank weight, is an "A" or a B"; this is the code for the
crankpin outside diameter. The bearings are color-coded brown, black
or blue. To determine the correct bearing color, match the connecting
rod I.D. code (left column) to the crankpin O.D. code (upper row) and
note the'corresponding color code in the following chart. For example,

Crankpin O.D. code

Code "AH
39.982 to 39.990 mm
(1.5741 to 1.5744 inches)

Code "B"
39.974 to 39.981 mm
(1.5738 to 1.5741 inches)

Connecting rod I.D. code

Bearing insert thickness

Bearing insert thickness

Code'T
43.000 to 43.007 mm
(1.6929 to 1.6935 inches)

"C" (Brown)
1.487 to 1.491 mm
(0.0585 to 0.0587 inch)

"B" (Black)
1.491 to 1.495 mm
(0.0587 to 0.0589 inch)

Code "2"
43.008 to 43.016 mm
(1.6932 to 1.6935 inches)

"B" (Black)
1.491 to 1.495 mm
(0.0587 to 0.0589 inch)

"A" (Blue)
1.495 to 1.499 mm
(0.0589 to 0.0590 inch)

27.19b Connecting rod
bearing selection chart
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23 When you're sure the rods are positioned correctly, lubricate the
threads of the rod bolts and the surfaces of the nuts with molybdenum
disulfide grease and tighten the nuts to the torque listed in this Chapter's Specifications. Snug both rod cap nuts evenly, then gradually and
evenly tighten them to the specified torque in several steps.
24 Turn the rods on the crankshaft. If either of them feels tight, tap
on the bottom of the connecting rod caps with a hammer - this should
relieve stress and free them up. If it doesn't, recheck the bearing clearance.
25 As a final step, recheck the connecting rod side clearances (see
Step 3). If the clearances aren't correct, find out why before proceeding with engine assembly.

28 Crankshaft and main bearings - removal, inspection
and installation
27.21 Coat the bearings with assembly lube or
moly-based grease
a code 2 on the connecting rod and an A code on the crank weight
would indicate a black color-coded rod bearing (see illustration). The
color codes are painted on the edges of the bearings.

Matching the connecting rods to the crankshaft
20 The connecting rods and the crankshaft are "select fitted." If a
connecting rod must be replaced, make sure you select a new rod with
the same weight code as the rod being replaced. Each connecting rod
has an "A," a "B" or a "C" stamped on the side of the rod (see illustration 27.19a). This is the connecting rod weight code.

Installation
Refer to illustrations 27.21 and 27.22
21 Wipe off the bearing inserts, connecting rods and caps. Install the
inserts into the rods and caps, using your hands only, making sure the
tabs on the inserts engage with the notches in the rods and caps (see
illustration 27.12). When all the inserts are installed, lubricate them
with engine assembly lube or moly-based grease (see illustration).
Don't get any lubricant on the mating surfaces of the rod or cap.
22 Install each connecting rod on the correct journal, referring to the
marks you made prior to disassembly. Make sure that the connecting
rod code number stamped on the side of the rod across the rod/cap
seam fits together perfectly when the rod and cap are assembled (see
illustration). If it doesn't, the wrong cap is on the rod. Fix this problem
before proceeding.

27.22 If the halves of the number stamped on the rod and cap
don't fit together perfectly, the wrong cap is on the rod
(or the cap is on backwards)

Crankshaft

removal

1
Separate the crankcase halves (see Section 23).
2
Lift out the crankshaft and connecting rods and set the assembly
on a clean surface.
3
Mark, remove and inspect the connecting rods and rod bearings
(see Section 27).

Inspection
Refer to illustration 28.6
4
Clean the crankshaft with solvent, using a rifle-cleaning brush to
scrub out the oil passages. Dry off the crank with compressed air.
Inspect the main and connecting rod journals for uneven wear, scoring
and pits. Rub a copper coin across the journal several times - if a journal picks up copper from the coin, it's too rough. Replace the
crankshaft.
5
Inspect the teeth on the cam chain drive sprocket(s) on the
crankshaft. If the sprocket teeth are damaged or worn, replace the
crankshaft. (The rear cylinder cam chain sprocket on VT600 models is
removable; the front cylinder cam chain sprocket on VT600 models
and both sprockets on VT750 models are part of the crankshaft.) If
there's sprocket wear or damage, inspect the cam chains too (see
Section 21). Inspect the rest of the crankshaft for cracks and other
damage. Have it magnafluxed by a dealer service department or
motorcycle machine shop; magnafluxing will reveal any hidden cracks.
6
Set the crankshaft on V-blocks and measure the crank runout at
the bearing surfaces with a dial indicator (see illustration). Compare
your measurement with the runout listed in this Chapter's Specifications. If the runout exceeds the limit, replace the crank.

28.6 Place the crankshaft in V-blocks or a holding fixture and
check for runout with a dial indicator
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28.7a Measure journal diameter with a micrometer

28.7b Measure main bearing diameter with a hole gauge . . .

Main bearing selection
Refer to illustrations 28.7a, 28.7b and 28.7c and 28.10
7
Measure the diameter of the main bearing journals with a micrometer (see illustration). Measure the inside diameter of the main bearings with a hole gauge and micrometer (see illustrations). The difference between these two measurements is the bearing clearance. It
should be within the range listed in this Chapter's Specifications.
8
If the clearance is greater than the service limit listed in this Chapter's Specifications but journal diameter is within specifications, press
out the old bearings. If you do not have a hydraulic press and the cor-

rect bearing driver, have the main bearings replaced at a dealer service
department or a motorcycle machine shop.
9
The main journal outside diameter code number, a "1" or a "2," is
stamped on the crankshaft weights (see illustration 27.19a).
10 Measure the inside diameter of the main bearing bores in the
crankcase (with the bearings removed). Record your measurements and
compare them to the two crankcase I.D. size ranges listed in the accompanying chart to determine whether the crankcase I.D. is a code "A" or a
code "B." Cross reference the crankcase I.D. code to the main journal
O.D. code to select the correct main bearing color (see illustration).

Matching the crankshaft to the connecting rods

28.7c . . . then measure the gauge diameter with a micrometer

28.10 Main bearing
selection chart

13 The crankshaft and the connecting rods are "select fitted" (see
Section 27). Some crankshafts have an "L" or an "H" stamped on the
outside face of the right crank weight; this is the crankshaft weight
code. On most cranks, you will not find an "L" or "H" stamped on the
crank weight; that's because most cranks have no weight code. To
select the correct crankshaft, refer to the accompanying chart. If the
front and rear connecting rods have an "A" stamped on them, select
an "L" crank; if the rods have a "C" on them, select an "H" crank. Aside
from these two combinations, select a crank with no weight code.
Select the correct crankshaft as follows:
a) If both connecting rods have an "A" stamped on them, select an
"L" crank.
b) If both connecting rods have a "C" on them, select an "H" crank.
c) If both connecting rods have a "8" on them, select a crank with no
weight code.
d) If the two connecting rods have different letters, select a crank
with no weight code.

Main journal O.D. code

Code "1"
44.992 to 45.000 mm
(1.7713 to 1.7717 inches)

Code "2й
44.984 to 44.991 mm
(1.7710 to 1.7713 inches)

Crankcase I.D. code

Bearing insert thickness

Bearing insert thickness

Code "A"
48.990 to 49.000 mm
(1.9287 to 1.9291 inches)

"C" (Brown)
1.993 to 2.003 mm
(0.0785 to 0.0789 inch)

"В" (Black)
1.998 to 2.008 mm
(0.0787 to 0.0791 inch)

Code "B"
49.000 to 49.010 mm
(1.9291 to 1.9295 inches)

"В" (Black)
1.998 to 2.008 mm
(0.0787 to 0.0791 inch)

"A" (Blue)
2.003 to 2.013 mm
(0.0789 to 0.0793 inch)
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28.14 The main bearing I.D. code (arrow)
is stamped into the left case half
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29.3a Firmly grasp the end of the shift
fork s h a f t . . .

29.3b . . . and carefully pull it out of the
case and out of the shift forks

29.5 Remove the shift drum

29.4 Remove the washer and 1st gear from the countershaft and
set them aside

Matching the crankshaft to the crankcase

Installation

Refer to illustration 28.14
14 The crankshaft and the crankcase are also select fitted. There is a
"1" or a "2" stamped on the crank weights (see illustration 27.19a);
this is the main journal outside diameter code number. An "A" or a "B"
is stamped into the case (see illustration); this is the main bearing
inside diameter code. A "1" crankshaft must be matched with an "A"
crankcase; a "2" crankshaft must be matched with a "B" crankcase.

15 Install the connecting rods on the crankshaft (see Section 27).
16 Lubricate the main bearings with engine assembly lube or molybased grease.
17 Carefully lower the crankshaft/connecting rod assembly into the
left crankcase half. Align the connecting rods with the cylinders.
18 Assemble the crankcase halves (see Section 23) and check to
make sure the crankshaft and the transmission shafts turn freely.

29 Transmission - removal, inspection and installation
Removal

29.6 Remove the mainshaft assembly

Refer to illustrations 29.3a( 29.3b, 29.4, 29.5, 29.6, 29.7and29.8
1
Remove the engine (see Section 5) and separate the crankcase
halves (see Section 23).
2
On 1988 and 1989 and 1991 through 1995 VT600 models,
remove the mainshaft, countershaft, shift fork shaft and shift drum as a
single assembly.
3
On 1996 and later VT600 models and on all VT750 models,
remove the shift fork shaft from the shift fork (see illustrations).
4
Remove the first gear washer and first gear from the countershaft
(see illustration).
5
Remove the shift drum (see illustration).
6
Remove the mainshaft assembly (see illustration).
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29.7 Remove the shift forks

29.8 Remove the countershaft assembly

29.10 Inspect the grooves in the shift drum and the tips
and pin guides of the shift forks

29.13 Transmission details (four-speed shown; five-speed similar)

Shift drum
Shift fork

3
4

Shift fork
Shift fork shaft

Remove the shift forks (see illustration).
Remove the countershaft assembly (see illustration).

Inspection
9
Thoroughly wash the transmission components in clean solvent
and dry them off with compressed air.

Shift drum, shift forks and shift fork shaft
Refer to illustration 29.10
10 Inspect the shift drum (see illustration) for evidence of insufficient lubrication and inspect the edges of the grooves in the shift drum
for excessive wear. If the drum is worn or damaged, replace it. Measure the diameter of the left shift drum journal and compare your measurement to the journal diameter listed in this Chapter's Specifications.
If it's smaller than the limit, replace the shift drum.
11 Inspect the shift forks for distortion and wear, especially the fork
tips. If they're discolored or severely worn they are probably bent. If
damage or wear is evident, check the shift fork groove in the corresponding sliding gear as well. Inspect the guide pins too. If the fork tips
or the guide pins are worn or damaged, replace the forks. Measure the
inside diameter of the shift fork shaft bore and the fork tip thickness of
both forks and compare your measurements to the dimensions listed

A
В
С
D
E
F
G
H
1

Mainshaft
Thrust washer
Mainshaft second gear
Bushing
Splined thrust washer
Snap-ring
Mainshaft third gear
Snap-ring
Splined thrust washer

J
К
L
M
N
0
P
Q

Mainshaft fourth gear
Thrust washer
Countershaft first gear
Countershaft second gear
Countershaft third gear
Lock washer and stop
washer
Countershaft fourth gear
Countershaft

in this Chapter's Specifications. If the shift fork shaft bore is bigger
than the limit or the tips are thinner than the limit, replace the shift
fork(s).
12 Inspect the shift fork shaft for excessive wear, evidence of poor
lubrication and straightness (roll it on a flat surface). See if the shift
forks slide freely and smoothly on the shaft. Measure the diameter of
the shaft and compare your measurement to the shift fork shaft diameter listed in this Chapter's Specifications.

Countershaft and mainshaft
Refer to illustrations 29.13, 29.19» 29.20, 29.21, 29.22a, 29.22b,
29.22c, 29.23a and 29.23b, 29.25 and 29.26
13 Disassemble the transmission shafts. You'll need snap-ring pliers
to remove some of the parts from the shafts. It's a good idea to discard
all old snap-rings and install new ones when reassembling the transmission. Carefully study each part before removing it from the shaft; if
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> / 29.19 Inspect the bearings (arrows) for the shift drum, the
mainshaft and the countershaft; if a bearing is rough or
noisy or loose, replace it (or have it replaced by a
dealer or by a machine shop)

29.20 Install the C4 gear on the countershaft

29.21 Install the stopper ring on the countershaft and seat it
in its groove in the shaft adjacent to the C4 gear

29.22a Install the lock washer first, then the stop washer,
on the countershaft

the two sides of a part are not the same, make sure you know which
side faces which way before removing that part. There are various
ways to do this. One way to ensure that the parts retain their correct
relationship to one another is to "stack" them on a long dowel, extension, etc. or to "thread" them on a piece of wire, as they're removed. If
you're still in doubt, label the bigger parts to indicate which side faces
left or right. Once you're confident that you know how the transmission
•goes back together, carefully lay out the parts in the order in which
they were removed (see illustration).
14 Inspect the gears. Check the gear dogs, gear dog holes and gear
teeth for cracks, excessive wear and other obvious damage. If a gear is
obviously worn or damaged, replace it, and replace its corresponding
gear on the other shaft too. Measure the inside diameter of each gear
and compare your measurements to the inside diameters for the various gears listed in this Chapter's Specifications. If the inside diameter
of a gear is excessive, replace the gear.
15 Inspect the gear bushings. Check the surface of the inner diameter of each bushing for scoring or heat discoloration or signs of poor
lubrication. If a gear or bushing is obviously damaged or worn, replace
it. Measure the inside and outside diameters of each bushing and
compare your measurements to the I.D. and O.D. dimensions for the
, bushings listed in this Chapter's Specifications.
,16 Inspect the mainshaft and countershaft. Check the splines and
sliding surfaces for wear and damage. If either shaft is worn or dam-

aged, replace it. Measure the diameter of each shaft at the gear and
bushing sliding surfaces. Compare your measurements to the mainshaft and countershaft diameters listed in this Chapter's Specifications. If either shaft is worn below the limit, replace it.
17 To calculate the gear-to-mainshaft clearance, subtract the shaft
diameter from the inside diameter of each gear. Compare your measurements to the gear-to-shaft clearances listed in this Chapter's
Specifications. If the clearance is excessive, replace the gear and/or
the shaft, depending on which part is causing the excessive clearance.
Calculate the-bushing-to-shaft clearances the same way and replace
the bushing(s) and/or shaft accordingly.
18 Repeat Step 17 for the gear-to-countershaft clearance.
19 Inspect the bearings for the shift drum and the transmission
shafts (see illustration). Make sure they rotate smoothly and quietly. If
they're rough or noisy or loose, press them out of the cases and press
in new bearings, or have them replaced at a dealer service department
or motorcycle machine shop.
20 Install the C4 gear on the countershaft (see illustration).
21 Install the stopper ring on the countershaft (see illustration).
22 Install the lock washer and stop washer on the countershaft (see
illustration). Position the lock washer and stop washer so that the bigger tabs of the lock washer are aligned with the bigger grooves of the
stop washer and so that both washers are located at their groove in
the shaft (see illustrations).
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29.22b Position the lock washer and the stop washer so that the
bigger tabs of the lock washer are aligned with the bigger
grooves of the stop washer...

29.22c . . . and so that both washers are in their
groove in the shaft

29.23a Install the stop washer first, then the lock washer,
for the C3 gear . . .

29.23b . . . and align them the same way you aligned the
washers for the C4 gear

29.25 The mainshaft assembly should look like this
when it's reassembled

29.26 The transmission assembly should look like this
when it's reassembled

23 Install the stop washer, then the lock washer, for the C3 gear, and
align them the same way you aligned the stop washer and lock washer
for the C4 gear (see illustrations).
24 Reassembly of the countershaft is otherwise the reverse of disassembly.
25 Reassembly of the mainshaft is the reverse of disassembly (see
illustration).

26 When you're done this is how the two assembled shafts should
look (see illustration).

Installation
Refer to illustration 29.27
27 Installation of the transmission in the left case half (see illustration) is the reverse of removal, noting the following points:
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nect the wires and turn the switch to On.
3
Make sure there is fuel in the tank, then turn the fuel tap to the On
position and operate the choke.
4
Start the engine and allow it to run at a moderately fast idle until it
reaches operating temperature.
5
Check carefully for oil leaks and make sure the transmission and
controls, especially the brakes, function properly before road testing
the machine. Refer to Section 30 for the recommended break-in procedure.
6
Upon completion of the road test, and after the engine has cooled
down completely, recheck the valve clearances (see Chapter 1).

31 Recommended break-in procedure

/ 29.27 Install the transmission shafts in the left case half; before
installing the other case half, make sure that the shift forks are
correctly engaged with their respective shafts
a) Install a new countershaft seal in the left crankcase half (see illustration 22.19b).
b) Lubricate all parts with engine oil before installing them.
c) Use the letters on the forks to position them correctly. The forks
are identified by a "C" (center) or an "R" (right), starting from the
left side of the engine. The letters face the right side of the engine
when installed.
d) Engage the guide pin on each shift fork with the groove in the shift
drum as you insert the shift fork shaft through the forks.
e) After reassembling the case halves, make sure that both shafts
turn freely and the shift drum and shift forks function correctly.

30 Initial start-up after overhaul
1
Make sure the engine oil level is correct, then remove the spark
plugs from the engine. Place the engine kill switch in the Off position
and unplug the primary (low tension) wires from the coils.
2
Turn on the key switch and crank the engine over with the starter
several times to build up oil pressure. Reinstall the spark plugs, con-

1
Any rebuilt engine needs time to break-in, even if parts have been
installed in their original locations. For this reason, treat the machine
gently for the first few miles to make sure oil has circulated throughout
the engine and any new parts installed have started to seat.
2
Even greater care is necessary if the engine has been rebored or a
new crankshaft has been installed. In the case of a rebore, the engine
will have to be broken in as if the machine were new. This means
greater use of the transmission and a restraining hand on the throttle
until at least 500 miles have been covered. There's no point in keeping
to any set speed limit - the main idea is to keep from lugging the
engine and to gradually increase performance until the 500 mile mark
is reached. These recommendations can be lessened to an extent
when only a new crankshaft is installed. Experience is the best guide,
since it's easy to tell when an engine is running freely. The following
recommendations can be used as a guide:
a) 0 to 90 miles (0 to 150 km): Keep engine speed below 3,000 rpm.
Turn off the engine after each hour of operation and let it cool for
5 to 10 minutes. Vary the engine speed and don't use full throttle.
b) 90 to 300 miles (150 to 500 km): Don't run the engine for long
periods above 4,000 rpm. Rev the engine freely through the gears,
but don't use full throttle.
c) 300 to 600 miles (500 to 1000 km): Don't use full throttle for prolonged periods and don't cruise at speeds above 5,000 rpm.
d) At 600 miles (1,000 km): Change the engine oil and filter. Full
throttle can be used after this point.
3
If a lubrication failure is suspected, stop the engine immediately
and try to find the cause. If an engine is run without oil, even for a short
period of time, severe damage will occur.
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Notes

