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How This Manual Is Compiled

• This manual is compiled by classifying various systems into certain groups.

• Each group contains specifications; troubleshooting; maintenance service standards; tightening torque; 
lubricant, fluid and sealant; special tools; and service procedure.

• Page enumeration is independent by every group where first page is always 1.

ii

HOW TO READ THIS MANUAL

Group No. Group denomination Contents

00 General General specifications, engine No. and name plate, precautions for 
maintenance operations, table of standard tightening torques

11 Engine Engine body

12 Lubrication Lubrication system

13 Fuel and engine control Fuel system

14 Cooling Cooling system

15 Intake and exhaust Intake and exhaust system, intercooler

54 Electrical system Alternator, starter, preheating system, engine start system, automatic 
stop system

61 Special equipment Air compressor



Connector pin fall out inspection
Damaged connector pin stoppers can cause poor engagement of the
terminals (male and female pins) even if the connector body is secured,
and might cause some pins to fall out. Check if the pins have fallen out
from the connector by pulling each harness gently.

Inspection Procedures for Blown Fuses
Remove fuse B and measure resistance between the loaded side of the
fuse and ground.
Turn on all circuit switches (connected to the fuse). If the resistance
value reading is approximately 0, a short has occurred between the
switch and the loaded point. A value of other than zero may indicate
that the fuse was blown by a temporary short but the short is no longer
present.

The major causes of a short circuit are as follows:
• Harness stuck onto the vehicle body.
• Harness sheath damaged by friction or heat.
• Water in connectors or circuits.
• Mistakes (accidental short circuits)

A: Battery
B: Fuse
C: Loaded switch
D: Load
E: Short circuit

Precautions for Handling Alternator
When servicing the alternator, pay attention to the following:
• Do not connect the alternator with battery polarities reversed.

If the alternator is connected with reversed polarities, a large current
flow from the battery to the alternator occurs, and the diode or
regulator might be damaged.

00-10

PRECAUTIONS FOR MAINTENANCE OPERATION

02594

02596

04746
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2. Inspecting and Adjusting Valve Clearances

Service standards Unit: mm (in.)

Tightening torques Unit: N·m (kgf·m) [lbf·ft]

Valve clearances should be checked and adjusted when the engine is cold.

[Inspection]
• Bring piston No. 1 or piston No. 6 to the top-dead-centre (TDC)

position of its compression stroke. To do this, crank the engine until
the “1.6” mark inscribed on the flywheel is aligned with the pointer A
in the flywheel housing inspection window.

NOTE
Pistons whose push rods are not pushing up their rockers are at
top-dead-centre (TDC) of their compression strokes.

• When piston No. 1 or piston No. 6 is at the TDC position of its
compression stroke, measure the clearance B of every valve
marked “ ” in the following table.

NOTE
To measure the clearance, insert a feeler gauge 1. The gauge
should be able to move in the gap, albeit not loosely. Accurate
measurements cannot be taken if the gauge moves loosely in the
gap.

ON-VEHICLE INSPECTION AND ADJUSTMENT

Location Maintenance item Standard value Limit Remedy

– Valve clearance (when cold) 0.4 (0.0158) – Adjust

Location Parts to be tightened Tightening torque Remarks

2, 3 Rocker arm adjusting screw lock nut 34 (3.5) [25.1] –

Piston No. 1 2 3 4 5 6

Valve arrangement In. Ex. In. Ex. In. Ex. In. Ex. In. Ex. In. Ex.

No. 1 piston at TDC of compression
stroke

No. 6 piston at TDC of compression
stroke

01940

11620
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CYLINDER HEAD AND VALVE MECHANISM

[Installation]
Install the valve guides 15, 16 using the Valve Guide Installer.
Strike the Valve Guide Installer until it sits snugly on the cylinder head
20.

CAUTION
• The valve guides 15, 16 must be pressed in to the specified

depth. Be sure to use the Valve Guide Installer for this
operation.

• Exhaust valve guides 15 are longer than inlet valve guides 16.
Be sure to install the correct type of guide in each location.

Valves and valve seats
[Inspection]
• Apply an even coat of minium to the valve seats 17, 18 surface A

that makes contact with the valves 7, 8.
• Using the Valve Lapper, strike the valves 7, 8 against the valve

seats 17, 18 once. Do not rotate the valve during this operation.
NOTE

Carry out these inspections after inspecting the valves and valve
guides.

• If the minium deposited on the valves 7, 8 indicate a poor contact
pattern, rectify the contact pattern as follows:

[Refacing]
Lap the valve in accordance with the following procedure:
• Apply a thin, even coat of lapping compound to the surface A of the

valves 7, 8 that makes contact with the valve seats 17, 18.

CAUTION
Ensure that no compound adheres to the stem B of the valves
7, 8.

NOTE
• Start with intermediate-mesh compound (120 to 150 mesh) and

finish with fine-mesh compound (200 mesh or more).
• The addition of a small amount of engine oil makes lapping

compound easier to apply.

181787

02220

01968

01969

01970

Contact Corrective action

Minor defect Lapping

Serious defect Reface or replace valve and valve seat



11-42

PISTONS, CONNECTING RODS, AND CYLINDER LINERS

Piston pin-to-piston clearance
If the clearance exceeds the specified limit, replace the defective
part(s).

Connecting rod bend and twist
• Fit the connecting rod bushing 3 and piston 2 in their respective

positions of the connecting rod 4.
• Measure the extent of bending A and twisting B in the connecting

rod 4.
• If either measurement exceeds the specified limit, replace the

connecting rod 4 or rectify it.

C: Connecting rod 4 aligner (measurement device)

NOTE
• Before mounting the connecting rod 4 on the connecting rod

aligner C, install the upper and lower connecting rod bearings in
their respective positions.

• Measurements must be made with the connecting rod cap
mounting nuts tightened to their specified torque. P.11-31

4

82

02016

02040

02039



11-58

● Pre-disassembly inspection
P.11-60

NOTE
• Do not remove the engine speed sensor 1 unless defects are evident.
• Do not remove the camshaft gear 8 unless defects are evident.

● Assembly sequence
Reverse the order of disassembly.

CAMSHAFT

18061

● Disassembly sequence
1 Engine speed sensor 

<models with electric speed sensor>
2 Adapter <models with electric speed sensor>

Tachometer drive case 
<models with mechanical tachometer>

3 O-ring
4 Pulse rotor <models with electric speed sensor>

Tachometer drive coupling
<models with mechanical tachometer>

5 Side cover
6 Camshaft assembly
7 Bolt

8 Camshaft gear
9 Thrust plate

10 Key
11 Camshaft
12 No. 4 camshaft bushing
13 No. 3 camshaft bushing
14 No. 2 camshaft bushing
15 No. 1 camshaft bushing

*: Crankcase P.11-66
: Non-reusable part



GROUP 12   LUBRICATION

SPECIFICATIONS.................................................................................... 12-2

STRUCTURE AND OPERATION.............................................................. 12-3
1. Lubrication System (Oil Flow) .............................................................................. 12-3
2. Oil Pump ............................................................................................................... 12-4
3. Oil Filter................................................................................................................. 12-4
4. Oil Cooler .............................................................................................................. 12-5
5. Engine Oil Pressure Switch, Regulator Valve ...................................................... 12-6
6. Lubrication of Related Parts ................................................................................ 12-7

TROUBLESHOOTING ............................................................................. 12-11

ON-VEHICLE INSPECTION AND ADJUSTMENT.................................... 12-12
1. Oil Filter Replacement .......................................................................................... 12-12
2. Engine Oil Replacement ....................................................................................... 12-15
3. Oil Pressure Measurement ................................................................................... 12-16

OIL PAN, OIL JET, AND OIL LEVEL SENSOR......................................... 12-18

OIL PUMP AND OIL STRAINER.............................................................. 12-20

OIL FILTER .............................................................................................. 12-24
<Spin-on Type> ......................................................................................................... 12-24

OIL COOLER ........................................................................................... 12-28
<6D16>....................................................................................................................... 12-28
<6D16-TLE> ............................................................................................................... 12-30

REGULATOR VALVE................................................................................ 12-32
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<6D16-TLE>
Service standards Unit:  MPa (kgf/cm2) [psi]

Tightening torque Unit:  N·m (kgf·m) [lbf·ft]

Sealant

• Remove engine oil pressure gauge unit 1.

2: Oil cooler

• Fit adapter 3 into the opening from which the engine oil pressure
switch has been removed. Install an oil pressure gauge onto the
adapter.

• Run the engine until oil temperature reaches 70 to 90°C. (158 to
194°F).

• Measure the oil pressure at both no-load minimum and maximum
speeds.  If either of the measured values is below the limit
pressures, overhaul the lubrication system.

• Fit engine oil pressure switch 1 and tighten it to the specified torque.

NOTE
Installation of engine oil pressure switch 1 must be performed
while the engine is cold.

Location Maintenance item Standard value Limit Remedy

– Oil pressure At no-load minimum speed 0.1 (1.0) [14.5] Up to Adjust
[at oil temperature or higher 0.1 (1.0) [14.5]
70 to 90 °C

At no-load maximum speed 0.2 to 0.6 Up to
(158 to 194 °F)]

(2.0 to 6.1) 0.2 (2.0) [29.0]
[29.0 to 87.0]

Location Parts to be tightened Tightening torque Remarks

1 Engine oil pressure switch 15 to 22 (1.5 to 2.2) [11.1 to 16.2] Check with engine cold

Location Points of application Specified sealant Quantity

1 Wrap around thread of engine oil pressure switch Teflon tape 3 1/2 turns

11112P

11113P



GROUP 13   FUEL AND ENGINE CONTROL

SPECIFICATIONS.................................................................................... 13-2

STRUCTURE AND OPERATION.............................................................. 13-4
1. Fuel System .......................................................................................................... 13-4
2. Fuel Filter .............................................................................................................. 13-5
3. Injection Pump...................................................................................................... 13-5
4. Governor ............................................................................................................... 13-8
5. Feed Pump ........................................................................................................... 13-9
6. Automatic Timer ................................................................................................... 13-10
7. Boost Compensator ............................................................................................. 13-11
8. Injection Pump Drive ............................................................................................ 13-12
9. Injection Nozzles .................................................................................................. 13-12

TROUBLESHOOTING ............................................................................. 13-14

ON-VEHICLE INSPECTION AND ADJUSTMENT.................................... 13-18
1. Checking and Adjusting Injection Timing ............................................................ 13-18
2. Checking and Adjusting Minimum and Maximum No-load Speeds.................... 13-22
3. Cleaning Fuel Feed Pump Gauze Filter................................................................ 13-23

FUEL FILTER........................................................................................... 13-24

INJECTION PUMP .................................................................................. 13-26
<Oldham’s Coupling Type>....................................................................................... 13-26
<Laminated Coupling Type> ..................................................................................... 13-28

INJECTION PUMP DRIVE ....................................................................... 13-34
<Oldham’s Coupling Type>....................................................................................... 13-34
<Laminated Coupling Type> ..................................................................................... 13-38

INJECTION NOZZLE............................................................................... 13-42
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3. Thermostat

1 Thermostat cover
2 Thermostat
3 Thermostat case

A: To radiator
B: With low coolant temperature
C: With high coolant temperature
D: From cylinder head
E: To water pump

Thermostat 2 is a bottom bypass type that uses wax-
charged pellets as its regulating element.  As the wax
changes from solid to l iquid in l ine with temperature
increases, the total wax volume changes.  As a result, the
position of the valve, changed by the coolant temperature,
regulates the flow of coolant to the radiator and water pump
(bypass side) and controls the coolant temperature.

14-4

STRUCTURE AND OPERATION

06361



GROUP 15   INTAKE AND EXHAUST

SPECIFICATIONS.................................................................................... 15-2

STRUCTURE AND OPERATION.............................................................. 15-4
Turbocharger ............................................................................................................. 15-4

TROUBLESHOOTING ............................................................................. 15-6

TURBOCHARGER................................................................................... 15-8
<T04E (6D16-TLE)>.................................................................................................... 15-8

INTERCOOLER ....................................................................................... 15-20
<6D16-TLE> ............................................................................................................... 15-20

INTAKE MANIFOLD................................................................................. 15-22
<6D16>....................................................................................................................... 15-22
<6D16-TLE> ............................................................................................................... 15-24

EXHAUST MANIFOLD............................................................................. 15-26
<6D16>....................................................................................................................... 15-26
<6D16-TLE> ............................................................................................................... 15-27
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[Inspection]
(1) Bend of shaft
• Using the dial indicator, measure at the illustrated position.
• If the reading exceeds the limit, replace the turbine wheel 23.

(2) Outside diameters of journal and hub
If any reading exceeds the limit, replace the turbine wheel 23.

A: Journal
B: Hub

(3) Width and outside diameter of piston ring groove
If any reading exceeds the limit, replace the turbine wheel 23.

A: Width
B: Outside diameter

Installation of piston ring
Insert the Piston Ring Inserter into the turbine wheel 23 and install
the piston ring 24.

Back plate
[Installation]
Slowly install the back plate 27 on the center housing 35, while lining
up the alignment marks made before disassembly, and tighten the bolt
26 to the specified torque.

27

24

13655

18305

18306

18307

18308
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STRUCTURE AND OPERATION

<24V–40A (without vacuum pump), 12V–80A>

08644

1 Rectifier
2 Rotor assembly
3 Stator assembly
4 Fan
5 Pulley
6 Front bearing

7 Front bracket
8 Field coil
9 Rear bracket

10 Regulator
11 Rear bearing

B: Terminal B
E: Terminal E
L: Terminal L
P: Terminal P
R: Terminal R
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ON-VEHICLE INSPECTION AND ADJUSTMENT

(4) Checking output voltage at terminal L
(where no charge lamp is provided)

• Connect the voltmeter 7 as shown.
• Place the starter switch 3 in the ON posit ion and

measure the voltage.
• If the reading is out of the standard value, replace the

safety relay 6.
If the reading is close to the battery voltage, check the
alternator 5 and wiring, and replace if defective.

18472

1753517534
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ALTERNATOR <24V–50A>

● Removal sequence
1 Adjust bolt
2 V-belt
3 Alternator assembly P.54-40
4 Adjust plate

*: Alternator bracket

WARNING
Before removing the alternator 3, be sure to disconnect the negative terminal of the battery and insulate it
with a tape or something else.  If the negative terminal is not disconnected, the battery voltage is always
available at terminal B and is dangerous.

● Installation sequence
Reverse the order of removal.

● Adjustment after installation
Adjust the tension of the V-belt 2.  Gr 14

Service standards

*:  “When hot” refers to the state of the engine after 30 minutes of maximum output operation at 5000 rpm at a
normal ambient temperature.

46896P

Location Maintenance item Standard value Limit Remedy

3 Alternator output current Alternator 1500 rpm 24A or more – Check
(* When hot, when 27V is speed

2500 rpm 38A or more –
generated)

5000 rpm 45A or more –

Regulator regulated voltage (5000 rpm, loads 5A or less) 28.5 ± 0.5V – Replace
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STARTER <24V–5kW>

(5) Outside diameter of commutator
If the reading is more than the limit, replace the armature assembly
16.

(6) Depth of mold between segments
Before inspection, clean the mold portions.
• If the reading is less than the limit, repair or replace the armature

assembly 16.

F: Depth of mold

• Make repairs by grinding the illustrated portion G.

• If the mold portion is as shown, repair or replace the armature
assembly 16.

Removal of gear shaft and internal gear assembly
Remove the E-rings 27 and then the gear shaft and internal gear
assembly 28 from the overrunning clutch 32.
Proceed as follows if the assembly 28 cannot be removed due to
interference of the splined section A of gear shaft assembly 29 with
internal parts of the overrunning clutch.
• Press the gear shaft assembly 29 against the overrunning clutch 32.
• Turn the gear shaft assembly 29 approx. 1/8 of a turn to change the

position of splined section A.

28

02474P

16078P

02476P

16917P

16915P



● Reassembly sequence
Reverse the order of disassembly.

Service standards Unit: mm (in.)

61-11

61

● Disassembly sequence
1 Nut
2 Lock washer
3 Compressor gear
4 Spacer
5 Bolt
6 Coupling
7 Bolt
8 Connector
9 Gasket

10 Snap ring
11 Unloader valve
12 Unloader valve spring
13 Unloader valve guide
14 Suction valve holder
15 Suction valve spring
16 Suction valve
17 Suction valve seat

18 Suction valve gasket
19 Nut
20 Delivery valve holder
21 Suction valve gasket
22 Delivery valve
23 Delivery valve spring
24 Spring holder
25 Gasket
26 Cylinder head
27 Bolt
28 Cylinder liner
29 O-ring
30 1st compression ring
31 2nd compression ring
32 3rd compression ring
33 Oil ring
34 Snap ring

35 Piston pin
36 Piston
37 Nut
38 Lock washer
39 Connecting rod
40 Bearing
41 Bolt
42 Connecting-rod cap
43 Crankshaft
44 Bolt
45 Plate
46 Bearing
47 Crankcase

: Non-reusable parts

: Locating pinP

Location Maintenance item Standard value Limit Remedy

15 Suction valve spring load 2.3 N 1.3 N Replace
[Installed length:  9 mm (0.354 in.)] (0.23 kgf) (0.13 kgf)

[0.52 lbf] [0.29 lbf]
23 Suction valve spring load 3.2 N 2.4 N Replace

(0.33 kgf) (0.24 kgf)
[0.72 lbf] [0.54 lbf]

29, 36 Clearance between piston and Top 0.27 to 0.33 0.35 Replace
cylinder liner (0.016 to 0.0130) (0.0138) cylinder

Skirt 0.11 to 0.17 0.19 liner
[Basic diameter:  80 mm (3.15 in.)] (0.00433 to 0.00670) (0.00748)

30 to 33 Piston ring gap (as measured inside Compression – 1.0 Replace
cylinder liner) ring (0.0394)

Oil ring – 1.0
(0.0394)

30 to Clearance between piston ring and Compression – 0.08 Replace
33, 36 piston groove ring (0.00315)

Oil ring – 0.08
(0.00315)

35, 36 Clearance between piston pin and piston – 0.08 Replace
[Basic diameter:  16 mm (0.630 in.)] (0.00315) piston pin

35, 39 Clearance between piston pin and – 0.07 Replace
connecting-rod small end (0.00276) connecting
[Basic diameter:  16 mm (0.630 in.)] rod

39 Connecting rod end play – 0.5 Replace
(0.0197) connecting

rod
42, 43 Clearance between connecting-rod bearing and – 0.1 Replace

crankshaft (0.0394)
[Basic diameter:  34 mm (1.34 in.)]

43 Crankshaft end play – 1.0 Replace
(0.0394) crankshaft

43, 47 Clearance between crankshaft and crankcase – 0.12 Replace
bushing I.D. (0.00472) crankshaft
[Basic diameter:  76.5 mm (3.01 in.)]
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