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SERIES 60 SERVICE MANUAL

3.1 OVERVIEW OF LUBRICATING SYSTEM

The lubrication system consists of the following components:

Oil pump

Pressure regulator valve
Pressure relief valve
Oil filters

Qil filter adaptor

Qil cooler

Oil level dipstick

Qil pan

Ventilating system

OOo0ooopocooo
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3.1  OVERVIEW OF LUBRICATING SYSTEM

A schematic of the lubricating system is shown in the following illustration. See Figure 3-1.
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Figure 3-1 Schematic Diagram of Current Lubrication System
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SERIES 60 SERVICE MANUAL

Oil leaving the pump is forced through the full-flow filters to the oil cooler and bypass passage
and then into the oil gallery in the cylinder block. From there the oil is distributed to the various
engine bearings and moving parts. Prior to 1993, a bypass type, spin-on filter was used in addition
to the two full-flow oil filters. A portion of the oil is continually fed through the bypass filter and
returned to the engine oil pan. Drains from the cylinder head and other engine parts return oil
back to the oil pan.

Oil from the cooler is directed to a longitudinal main oil gallery on the cooler side of the cylinder
block. See Figure 3-1. This gallery distributes the pressurized oil to the main bearings and to

a horizontal, transverse passage at each end of the cylinder block. From each of these two
horizontal passages, oil flows into two vertical bores (one at each end of the cylinder block) to
vertical passages in the cylinder head.

These passages in the cylinder head deliver oil from the cylinder block to the No. 1 and 7 lower
camshaft bearing saddles. From there, the oil is directed upward (through the enlarged stud
hole) to the No. 1 and 7 upper camshaft bearing caps. A drilled passage in each of these caps
exits at the rocker arm shaft seat area, where it indexes rocker arm bushings and intermediate
upper camshaft bearings. Some of the oil supplied goes to the rocker arm camshaft follower,
roller pin and bushing.

The rocker is also drilled to supply oil to the valve adjusting screw, valve button, retainer clip,
intake and exhaust valve stems and the fuel injector follower. The No. 4 camshaft cap is Y

drilled, forming an oil path connection between the front and rear rocker arm shafts, to ensure
complete lubrication. The oil then drains through passages in the cylinder head and block, and

back to the oil pan.

Oil for lubricating the connecting rod bearings, piston pins and for cooling the piston dome is
provided through the drilled crankshaft from the adjacent forward main bearings.

All information subject to change without notice.
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3.1  OVERVIEW OF LUBRICATING SYSTEM

‘Two holes in the bull gear recess area of the cylinder block are drilled into the cylinder block

front-cross oil gallery, and supply oil to the bull gear bearings, bull gear and camshaft idler gear
and hub. See Figure 3-2.

ADJUSTABLE IDLER
GEAR HOLE

LUBRICATION
GALLERY

ADJUSTABLE IDLER GEAR
LUBRICATION OIl. HOLE

BULL GEAR AND CAMSHAFT IDLER

GEAR LUBRICATION OIL HOLES 20220

Figure 3-2 Gear Train Oil Supply Holes

Excess oil from the bull gear lubricates the crankshaft timing gear and oil pump drive gear. A hole
at the top, front of the block, drilled into the block front-cross oil gallery, mates with an oil passage
in the gear case that directs oil to the adjustable idler gear assembly. See Figure 3-2. Excess oil
from the adjustable idler gear lubricates the accessory drive and water pump drive gears. The
bearings and shafts of these two drive assemblies are splash-fed oil through holes in their housings.

A flexible, external oil line runs from a threaded hole at the top, front corner of the left side of the
cylinder block, which is tapped into the main oil gallery. The flexible line runs to a fitting at the
air compressor assembly.

Qil drains from the air compressor through a hole in the air compressor drive housing into the
gear case.

NOTE:

On early Series 60 engines, there was a "T" fitting in the air compressor drive assembly.
A flexible external oil line ran from the cylinder block to this "T" fitting and another line
ran from the "T" fitting to the air compressor assembly.

Al inf { bject to ge without notice.
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A flexible, external oil line feeds oil from the oil filter adaptor housing pressure gallery to the
turbocharger bearings and shaft. This oil is returned through an external line to the block near the
block oil pan split line and then back to the oil pan.

Use the proper viscosity grade and type of heavy-duty oil. Refer to section 5.2.1.

Series 60 engines use red dye to detect lube oil system leaks during engine testing at the factory.
Customers receiving new engines may notice some residual dye remaining in the lube oil systems.
This dye should be quickly dispersed after the first few hours of engine operation, and will have
no detrimental affect on the engine.

All information subject to change without notice.
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3.2  OIL PUMP

3.2 OIL PUMP

The gear-type oil pump is mounted to the cylinder block and is gear driven from the front end
of the crankshaft. See Figure 3-3.

OIL PUMP OUTLET PIPE PICK-UP SCREEN
OIL PUMP

OIL PUMP INLET PIPE
1991 AND LATER ENGINES

OIL. PUMP OUTLET PIPE
OlL PUMP

\
PICK-UP SCREEN OIL PUMP INLET PIPE

PRE-1991 ENGINES
20429

Figure 3-3 Oil Pump Mounting

Effective with 1991 model year engines, the design of the oil pump has been changed. The current
oil pump is smaller, and contains a relief valve. See Figure 3-4. On both current and former
design oil pumps, the helical gears rotate inside a housing. See Figure 3-5for the former oil pump.

The drive gear is pressed on the drive shaft, which is supported inside the housing on two
bushings. The driven gear is pressed on the driven gear shaft, which is supported inside the
housing on two bushings.

All information subject to change without notice.
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32 OIL PUMP

1. Bolt 12. Oil Pump Outlet Tube
2. Bracket 13. Spring Seat
3. Gasket 14. Spring
4. Bushing 15. Relief Valve
5. Drive Shaft and Gear Assembly 16. Pin
6. Dowel 17. Relief Valve Housing
7. Gear 18. Oil Pump Outlet Elbow
8. Oil Pump Body 19. Nut
9. Shim 20. Washer
10. Oil Pump Housing Cover 21, Tube and Screen Assembly
11. Seal Ring 22. Driven Shaft and Gear Assembly
Figure 3-4 Lubricating Oil Pump and Parts - 1991 & Later Engines

All information subject to change without notice.
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20431
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3.2

OIL PUMP

© 0O ~N O O A W N <

B T S S S T S
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Figure 3-5

An inlet pipe assembly, with screen, is attached to the inlet opening in the pump body. The screen

. Bolt, Oil Pump Cover (4)

. Bushing, Qil Pump Cover (2)

. Cover, Oil Pump Housing

. Bolt, Screen Bracket-to-inlet Pipe (2)

. Bolt, Inlet Pipe Bracket-to-Cylinder Block (2)
. Pipe and Screen Assembly, Inlet

. Drive Shaft and Gear Assembly

. Washer, Screen Bracket-to-Inlet Pipe (2)

. Nut, Screen Bracket-to-Inlet Pipe (2)

Bracket, Inlet Pipe (2)

. Bolt, inlet Pipe-to-Pump Body (2)

. Gasket, Inlet Pipe-to-Pump

. Boit, Pump Body-to-Block

. Dowel, Oil Pump Locating (Round)

. Dowel, Oil Pump Locating (Diamond)
16.

Bushing, Oil Pump Housing (3)

17.
18.
19.
20.
21,
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.

Gear, Oil Pump Drive

Gasket, Outlet Pipe-to-Oil Pump

Bolt, Outlet Pipe-to-Oil Pump Housing (2)
Pin, Retaining

Spring, Relief Valve

Spring, Seat

Valve, Relief

Bolt, Oil Relief Valve-to-Oil Pump Housing (2)
Body, Relief Valve

Gasket, Relief Valve-to-Oil Pump

Pipe, Outlet

Bolt, Outlet Pipe-to-Cylinder Block (2)
Body, Oil Pump

Gasket, Outlet Pipe-to-Cylinder Block

Driven Shaft and Gear Assembly

Lubricating Oil Pump Parts (Pre-1991 Engines)

end of the inlet pipe assembly is supported with brackets mounted to the cylinder block.

The inlet screen is located below the oil in the pan and serves to strain out any foreign material

which might damage the pump.
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SERIES 60 SERVICE MANUAL

3.2.1 Repair or Replacement of Oil Pump

To determine if repair is possible or replacement is necessary, perform the following procedure.
See Figure 3-6.

DRAIN
OIL PUMP

:

REMOVE
OIL PUMP

:

DISASSEMBLE]
OlL PUMP

!

CLEAN INSPECT OIL PUMP

BUSHING
EXCEEDS
LIMITS

REUSE

2N

v

REPLACE 'REPLACE REPLACE

| '

ASSEMBLE
OIL PUMP
TEST INSTALL
OIL PUMP OlL PUMP
21748
Figure 3-6 Flowchart for Repair or Replacement of Oil Pump
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3.2 OIL PUMP

3.2.2 Removal of Oil Pump

Remove the oil pump as follows:
1. Remove the drain plug from the oil pan and drain the oil. Refer to section 13.13.1.

2. Remove the oil pan bolts, isolators, sleeves and washers, and oil pan.
Refer to section 3.11.2.

NOTICE:

The thru-bolts must be loosened first to prevent twisting the oil
pick-up tube. Failure to do this could cause eventual stress-crack
damage at the pick-up tube to flange joints.

3. Loosen but do not remove the thru-bolts securing the oil pump bracket to the pick-up tube.

Remove the two bolts that secure the oil pump pick-up tube support bracket to the
cylinder block.

Remove the two bolts securing the oil pump pick-up tube to the oil pump.
Tap the pick-up tube gently to loosen it from the gasket and remove the pipe.

Remove the two bolts securing the outlet pipe to the pump and cylinder block.

®© N W

Tap the outlet pipe gently to loosen it from the gaskets and remove the pipe.

NOTICE:

If removing the oil pump from the vehicle, loosen the bolts;
but leave them in place to prevent the pump from falling,
before the mechanic removes the oil pump.

9. Remove the four bolts retaining the oil pump to the cylinder block.

10. If necessary, pry gently on the oil pump assembly to loosen it from the block.

NOTE:
Remove and save the shims, if used, between the oil pump mounting feet and the
cylinder block. The shims are used to adjust the oil pump drive gear-to-crankshaft timing

gear lash.

bject to ch without notice.
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3.2.3

Disassembly of Oil Pump

Observe the position of all parts including the oil pick-up tube and outlet pipe during disassembly
to facilitate reassembly of the pump.

Disassemble the oil pump as follows:

1.
2.

AL

Remove the two bolts securing the oil pressure relief valve to the oil pump housing.

Tap the relief valve lightly to loosen it from the gasket and the oil pump housing (pre-1991
engines only).

Use a two-jaw puller to remove the oil pump drive gear from its shaft.
Remove the four oil pump cover bolts.
Remove the oil pump cover.

Remove the drive gear and shaft assembly, and the driven gear shaft and assembly from
the oil pump housing.

3.2.3.1 Inspection of Oil Pump

Inspect the oil pump as follows:

1.
2.

A CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)

and do not exceed 40 psi (276 kPa) air pressure.

Wash all parts in clean fuel oil and dry them with compressed air.

Remove any gasket material from the oil pump housing at relief valve, inlet pipe and
outlet pipe mating surfaces.

a CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

3. Clean the outlet and inlet pipe and screen assembly in clean fuel oil and blow dry with

compressed air.

All information subject to change without notice.
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OIL PUMP

4.

3.2.4

Measure the bushing clearance in the pump body and cover.

[a] If the shaft-to-pump cover bushing clearance exceeds 0.089 mm (0.0035 in.), replace
bushing.

[b] If the shaft-to-pump cover bushing clearance is within 0.089 mm (0.0035 in.), reuse
the bushing.

NOTICE:

The use of excessively worn gears will result in low engine oil
pressure that, in turn, may lead to serious engine damage.

Visually inspect the oil pump gear. Check to see if the gear turns freely in the pump
housing.

[a] If the gear binds, replace it with a new gear.
[b] If the gear does not bind, reuse the gear.

Visually inspect gear teeth on drive shaft bushing contact areas. Check for worn contact
areas on gear teeth and drive shaft.

[a] If area is worn, replace gear and drive shaft with new parts.

[b] If the area is not worn, reuse the parts.

Assembly of Oil Pump (1991 and Later Engines)

Assemble the oil pump as follows:

1.
2.
3.

Lubricate the drive shaft bushing with clean engine oil.
Insert the drive shaft and gear assembly into the pump body. See Figure 3-4.

Position the oil pump assembly on a press, pump body down, supporting the drive shaft.
The pump body should be free of the press bed supported by the pump gear contacting
the bottom of the pump cavity.

Coat the bore of the drive gear with a light film of Lubriplate (or equivalent).

5. Position drive gear squarely on the end of the shaft.

All Information subject to change without notice.
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6. Press the drive gear onto the shaft until a clearance of 1.00 mm (0.039 in.) is obtained
between the inner face of the gear and the pump body. See Figure 3-7.

20432

Figure 3-7 Oil Pump Drive Gear Installation

X?n.ll.rimum press load of 6.7 kN (1,515 Ib) must be obtained when pressing the gear
onto the shaft. When completed, an end play of 0.84-1.12 mm (0.033-0.044 in.) must be
obtained.

7. Lightly coat the driven gear bushing with clean engine oil.

Insert the drive shaft and gear assembly into the pump body. See Figure 3-4.

9. Lightly coat both bushings in the pump cover with clean engine oil.

10. Index them with the shafts.

11. Install the four cover bolts and hand-tighten.

12. Rotate the oil pump by hand. The oil pump must turn freely without binding.

NOTICE:

The cause of oil pump binding must be corrected before installation
is complete or severe engine damage may result.

13. If binding occurs, stop assembly and disassemble until the cause can be detected and
corrected. Refer to section 3.2.3.

14. Torque the four cover bolts to 30-38 N-m (22-28 1b-ft).

All information. subject to change without notice.
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3.2 OIL PUMP

3.25 Assembly of Oil Pump (Pre-1991 Engines)

Assemble the oil pump as follows:
1. Lightly coat the drive shaft bushings with clean engine oil. See Figure 3-7.
2. Insert the drive shaft and gear assembly into the pump body.

3. Position the oil pump assembly on a press, pump body down, supporting the drive shaft.
The pump body should be free of the press bed supported by the pump gear contacting
the bottom of the pump cavity.

4. Coat the bore of the drive gear with a light film of Lubriplate (or equivalent).
Position drive gear squarely on the end of the shaft.

6. Press the drive shaft until a clearance of 0.38 mm (0.015 in.) is obtained between the inner
face of the gear and the pump body. See Figure 3-8.

NOTE:
A minimum press load of 8.9 kN (2,000 Ib) must be obtained when pressing the gear
on the shaft. When completed, an end play of 0.25-0.51 mm (0.010-0.020 in.) must be

obtained.

7. Lightly coat the driven gear shaft bushing with clean engine oil.
8. Insert the driven shaft and gear assembly into the pump body. See Figure 3-5.

Figure 3-8 Oil Pump Drive Gear Installation (Pre-1991 Engines)

9. Lightly coat both bushings in the pump with clean engine oil.

' All information subject lo change without notice.
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10.
11.
12.

13.

14.

Index them with the shafts.
Install the four cover bolts and hand-tighten.

Rotate the pump by hand. The oil pump must turn freely without binding.

NOTICE:

The cause of oil pump binding must be corrected before installation
is complete or severe engine damage may result.

If binding occurs, stop assembly and disassemble until the cause can be detected and
corrected. Refer to section 3.2.3.

Torque the four cover bolts 30-38 N-m (22-28 Ib-ft).

3.2.5.1 Test Assembled Oil Pump

Test oil pump as follows:

1.

Rotate the pump by hand. Check for binding.
fa] If binding occurs, disassemble oil pump again, refer to section 3.2.3.
[b] If no binding occurs, reuse the pump.

With a dial indicator mounted on the pump mounting surface, rotate the gear and check
the gear run-out. The run-out specification is 0.08 mm (0.003 in.).

[a] If run-out exceeds 0.08 mm (0.003 in.), disassemble oil pump. Refer to section 3.2.3.

[b] If run-out is within specifications, reuse the pump.

All information subject to change without notice.
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32 OIL PUMP

3.2.6 Installation of Oil Pump

Install the oil pump to the cylinder block as follows:

NOTICE:

If shims were used between the pump mounting feet and the
engine block and a new drive gear was NOT installed, the same
shims (cleaned) or the same number of new (identical) shims
should be installed. If necessary, adjust shims to obtain the
proper clearance between gear teeth. However, if a new drive
gear has been installed, a different number of shims may be
required under the mounting feet. In either case, the pump
must be tightened to the cylinder block BEFORE the clearance
between the gear teeth is measured. Gear lash measurements
must be done with the engine in the upright position.

1. Position the oil pump on the cylinder block so that the drive gear of the oil pump meshes
with the crankshaft drive gear. The two dowels in the oil pump mounting feet should be
positioned in the mating holes in the cylinder block.

2. Install the four bolts through the mounting feet of the pump into the cylinder block. Torque
the bolts to 58-66 N-m (43-49 Ib-ft) using the torque sequence shown. See Figure 3-9.

1991 AND LATER ENGINES PRE-1991 ENGINES

Figure 3-9 Oil Pump Bolt Torque Sequence

All information subject to change without notice.
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3. Fasten a dial indicator and magnetic base to the cylinder block so that the indicator tip
rests on a tooth of the oil pump drive gear. See Figure 3-10.

20435

Figure 3-10 Oil Pump Drive Gear-to-Crankshaft Gear Lash Measurement

[a] Proper clearance between the crankshaft gear and the oil pump drive gear is
0.051-0.229 mm (0.002-0.009 in.).

NOTE:

This gear clearance measurement must be done with the engine in upright position.
When adjusting for gear tooth clearance by installing or removing shims, the same
number of shims must be changed under each foot so that the pump will always be
level on the engine block. |

[b] Remove or install shims as necessary to obtain proper gear lash. The insertion or
removal of one 0.127 mm (0.005 in.) shim will change the gear tooth clearance by
approximately 0.089 mm (0.0035 in.).

4. Install the oil pressure regulator valve to the block. Refer to section 3.3.5.

When attaching the pump outlet pipe to the oil pump housing and the cylinder block, none
of the bolts should be tightened until all of the bolts have been started.

6. Install new gaskets and seals between the oil pump housing and outlet pipe and between
the outlet pipe and cylinder block.

7. Torque the elbow-to-block bolts first then the elbow-to-pump bolts to 30-38 N-m (22-28
1b-ft).

8. Install a new gasket between the oil pump housing and pick-up tube.

All information subject to change without rotice.
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9. Install and torque the two bolts, with washers attached, to 30-38 N-m (22-28 1b-ft).

NOTICE:

The thru-bolts must remain loose until last, to prevent twisting
the oil pick-up tube. Failure to do this could cause eventual
stress-crack damage at the pick-up tube to flange joints.

10. Install and torque the two pick-up tube support bracket-to-engine block bolts to 58-73
N'm (43-54 1b-ft).

11. Torque the two thru-bolts at the inlet pipe to support bracket to 58-73 N-m (43-54 1b-ft).

12. Recheck all bolts for tightness to ensure there will be no leaks in the oil pump and pipe
mounting connections.

13. Install the oil pan. Refer to section 3.11.4.
14. Fill the crankcase to the proper level with the recommended oil. Refer to section 5.2.1.

15. Refer to section 11.3 for verification of proper oil pump installation.

All information subject to change without notice.
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3.3 OIL PRESSURE REGULATOR VALVE

An oil pressure regulator valve maintains stable Iubricating oil pressure within the engine,
regardless of the oil temperature. Oil leaving the pump under pressure passes into the pressure
relief valve body. The valve is installed in the end of a vertically drilled passage in the cylinder
block, located on the oil cooler (right) side of the block, that connects with the main cylinder

block oil gallery. See Figure 3-11.

OIL PRESSURE REGULATOR VALVE
(45 Ibfin.2) 310 kPa
OIL PRESSURE
RELIEF VALVE
(105 Ib/in.2)
724 kPa
1991 AND LATER ENGINES
OIL PRESSURE
OIL PRESSURE RELIEF VALVE
REGULATOR VALVE (105 Ib/in.2)
(45 Ib/in.2) / 724 kPa
310 kPa
PRE-1991 ENGINES
20436
Figure 3-11 Oil Pressure Regulator Valve Mounting

All information subject to change without notice.

6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

3-23




3.3  OIL PRESSURE REGULATOR VALVE

The oil pressure regulator valve consists of a valve body, a hollow, piston-type valve, a spring, a
spring seat and a pin to retain the valve assembly within the valve body. See Figure 3-12.

7
20437
1. Pin 5. Valve
2. Pressure Relief Pin Location 6. Spring
3. Pressure Regulator Valve Pin Location 7. Spring Seat
4. Vaive Body
Figure 3-12 Oil Pressure Regulator Valve Parts and Relief Valve Details

The valve is held on its seat by the spring, which is compressed by the pin in back of the spring
seat. The entire assembly is bolted to the lower flange of the cylinder block and sealed against
leaks by a gasket between the block and valve body. When conditions are such that the oil
pressure at the valve exceeds 310 kPa (45 1b/in.2), the valve begins to be forced from its seat and
oil from the engine gallery is bypassed to the engine oil pan. Thus, stable lubricating oil pressure
is maintained at all times.

Al inf i bject to change without notice.
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3.3.1 Repair or Replacement of Oil Pressure Regulator Valve

To determine if repair is possible or replacement is necessary, perform the following procedure.
See Figure 3-13. :

DRAIN
OlL

l

REMOVE
OIL PAN

l

REMOVE OIL
PRESSURE
REGULATOR
VALVE &
GASKET

DISASSEMBLE
OIL PRESSURE
REGULATOR
VALVE

INSPECT OIL PRESSURE REGULATOR VALVE

CLEAN /

1

SCORED PITTED OR
REGULATOR VALVE OR
VALVE BINDS VALVE FR@F?;K%ED REUSE
BODY |
YES YES YES
CLEAN WITH
EMERY
REPLACE CLOTH REPLACE
OTHERWISE
REPLACE
REMOVE OLD
REGULATOR M R
VALVE SURFACES 21750
Figure 3-13 Flowchart for Repair or Replacement of Oil Pressure Regulator

Valve

All information subject to change without notice.
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3.3  OIL PRESSURE REGULATOR VALVE

3.3.2 Removal of Oil Pressure Regulator Valve

Remove the oil pressure regulator valve as follows:
1. Drain the lubricating oil and remove the oil pan. Refer to section 3.11.2.
2. Remove the two regulator-to-cylinder block attaching bolts and washers.
3. Tap the regulator body lightly to loosen it from the gasket and cylinder block.
4

Remove the oil pressure regulator valve and gasket.
3.3.3 Disassembly of QOil Pressure Regulator Valve

Disassemble the oil pressure regulator valve as follows:

a CAUTION:

To avoid injury from flying parts when working with
components under spring tension, wear adequate eye
protection (face shield or safety goggles).

1. Clamp the regulator in the soft jaws of a bench vise and remove the spring seat retaining
pin from the regulator body.

2. Remove the spring seat, spring and valve from the regulator body.

All inf i bject to ge without notice.
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3.3.3.1 Inspection of Oil Pressure Regulator Valve

Inspect the oil pressure regulator valve as follows:

1. Clean all of the oil pressure regulator valve components in fuel oil.

a CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

2. Dry the components with compressed air.

3. Inspect the oil pressure regulator valve for movement. Check to see if the oil pressure
regulator valve moves freely in the valve body.

[a] If oil pressure regulator valve binds, replace it with a new part.
[b] If oil pressure regulator valve does not bind, reuse part.

4. Inspect the components for wear or damage. Check to see if valve or the valve body
are scored.

[a] If the valve or valve body parts cannot be cleaned up with a fine emery cloth,
replace with new parts.

[b] If the valve or valve body parts can be cleaned up with a fine emery cloth, reuse parts.
5. Inspect spring for pitting or fractures.
[a] If spring is damaged, replace it.

[b] If spring is not damaged, reuse the component.

All information subject to change without notice.
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OIL PRESSURE REGULATOR VALVE

3.3.4

Assembly of Oil Pressure Regulator Valve

Assemble the oil pressure regulator valve as follows:

1.

DA A

Apply clean engine oil to the outer face of the valve. See Figure 3-14.

Slide valve into the regulator body, closed end first. See Figure 3-14.

Insert the spring in the valve and install the spring seat.

While compressing the spring, install the retaining pin behind the spring seat.
Press the pin flush to 0.254 mm (0.010 in.) below the surface of the valve body.

NOTE:

The valve body has two retaining pin holes. See Figure 3-14. Install the pin in the
outermost hole for the regulator valve. The retaining pin must be positioned correctly so
the proper valve opening pressure will be obtained. Although the same casting is used
for both the pressure regulator and relief valves, the regulator valve has a slightly larger
opening machined into the side. See Figure 3-14.

PRESSURE

RELIEF VALVE PIN LOCATION

PRESSURE

REGULATOR
VALVE
20438
Figure 3-14 Comparison of Pressure Regulator and Relief Valve Assemblies

All inf i bject to change without notice.
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3.3.5 Installation of Oil Pressure Regulator Valve

Install the oil pressure regulator valve as follows:

1. Remove all traces of old gasket material from the mating surfaces of the regulator body
and the cylinder block.

2. Secure the oil pressure regulator valve assembly to the cylinder block with two bolts.
Torque the bolts to 30-38 N-m (22-28 1b-ft).

3. Refer to section 11.3 for verification of proper oil pressure regulator installation.

All information subject to change without notice.
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34 OIL PRESSURE RELIEF VALVE

Oil leaving the pump under pressure passes into the pressure relief valve body. The spring-loaded
valve opens when the pressure exceeds 724 kPa (105 1b/in.?) and directs the excess oil to the oil
pan. The pressure relief valve is attached to the oil pump outlet tube (on 1991 and later engines),
or the oil pump body (on pre-1991 engines). See Figure 3-11.

The pressure relief valve consists of a valve body, a hollow, piston-type valve, a spring, spring
seat and a pin to retain the valve assembly within the valve body.

The relief valve assembly is composed of the same parts as the regulator valve assembly with
the exception of the body. See Figure 3-12.

The valve is held on its seat by the spring, which is compressed by the pin in back of the spring
seat. The entire assembly is bolted to the lower flange of the cylinder block and sealed against
leaks by a gasket between the block and valve body. When conditions are such that the oil
pressure at the valve exceeds 689 kPa (100 1b/in.?), the valve begins to be forced from its seat
and oil from the engine gallery is bypassed to the engine oil pan. Thus, stable lubricating oil
pressure is maintained at all times.

All inf i bject to ch notice.
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3.4.1 Repair or Replacement of Oil Pressure Relief Valve

To determine if repair is possible or replacement is necessary, perform the following procedure.

See Figure 3-15.
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Figure 3-15

Flowchart for Repair or Replacement of Oil Pressure Relief Valve

All information subject to change without notice.
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3.4.2 Removal and Cleaning of Oil Pressure Relief Valve

Remove the oil pressure relief valve as follows:
1. Remove the two bolts and washers securing the relief valve to the cylinder block.
2. Tap the oil pressure relief valve body lightly to loosen it from the gasket and cylinder block.

3. Remove the oil pressure relief valve and gasket.
343 Disassembly of Oil Pressure Relief Valve

Disassemble the oil pressure relief valve as follows:

1. Clamp the oil pressure relief valve in the soft jaws of a bench vise.

“ CAUTION:

To avoid injury from flying parts when working with
components under spring tension, wear adequate eye
protection (face shield or safety goggles).

2. Remove the spring seat retaining pin from the oil pressure relief valve body.
See Figure 3-12.

3. Remove the spring seat, spring and valve from the oil pressure relief valve body.
See Figure 3-12.

3.44 Cleaning the Oil Pressure Relief Valve

Ferform the following steps to clean the oil pressure relief valve:

1. Clean all of the oil pressure relief valve components in fuel oil.

“ CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

2. Dry the components with compressed air.

All inf t bject to change without notice.
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3.4.4.1 Inspection of Oil Pressure Relief Valve

Inspect the oil pressure relief valve as follows:

1. Inspect the oil pressure relief valve for movement. Check to see if the oil pressure relief
valve moves freely in the valve body.

[a] If relief valve binds, replace it with a new part.
[b] If relief valve did not bind, reuse the component.

2. Inspect the components for wear or damage. Check to see if valve or the valve body
are scored.

[a] If the valve and valve body parts cannot be cleaned with a fine emery cloth, replace
with new parts.

[b] If the valve and valve body parts can be cleaned with a fine emery cloth, reuse
the parts.

3. Inspect spring for pitting or fractures.
[a] If spring is damaged, replace the component.

[b] If spring is not damaged, reuse the component.

All infi i bject to change without notice.
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3.4.5 Assembly of Oil Pressure Relief Valve

The oil pressure relief valve body has two retaining pin holes. See Figure 3-16. Install the pin
in the outermost hole for the regulator valve.

7
20437

1. Pin 5. Valve

2. Pressure Relief Pin Location 6. Spring

3. Pressure Regulator Valve Pin Location 7. Spring Seat
4. Valve Body

Figure 3-16 Location of Oil Pressure Regulator Valve and Relief Valve Pin
Al inf i bject to change without notice.
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Assemble the relief valve as follows:
1. Apply clean engine oil to the outer face of the valve.
2. Slide valve into the oil pressure regulator body, closed end first. See Figure 3-16.

3. Insert the spring in the valve and install the spring seat.

NOTICE:

The retaining pin must be positioned correctly so the proper
valve opening pressure will be obtained. Although the same
casting is used for both the pressure regulator and relief
valves, the regulator valve has a slightly larger opening
machined into the side. See Figure 3-16.

4. While compressing the spring, install the retaining pin behind the spring seat.
5. Press the pin flush to 0.254 mm (0.010 in.) below the surface of the valve body.

3.4.6 Installation of Oil Pressure Relief Valve

Install the oil pressure relief valve as follows:

1. Remove all traces of old gasket material from the mating surfaces of the oil pressure
relief valve body and the cylinder block.

Place a new gasket onto the relief valve body.

Secure the oil pressure relief valve assembly to the cylinder block with two bolts. Torque
the bolts to 30-38 N-m (22-28 Ib-ft).

4. Refer to section 11.3 for verification of proper oil pressure relief valve installation.

All information subject to change without notice.
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3.5 OIL FILTER

Two full-flow type lubricating oil filters are used on current Series 60 engines. The oil filters are
mounted in a downward position. The filters are throw away, spin-on type. Prior to 1993 the
Series 60 engines also had a bypass filter. See Figure 3-18.

NOTE:

Certain pleasure craft marine engines use a single, high capacity, remote-mounted
lubricating oil filter. When installed, adaptor plates drilled and tapped for hose
connections are used to seal the spin-on filter openings in the englne-mounted oil filter
adaptor. See Figure 3-17.

ion subject to change without notice.
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5
37029

1. Lube Oil Return Tube 8. Adaptor-to-Oil Cooler Seal Ring (2)
2. Lube Qil Supply Tube 9. Remote-mounted Filter Adaptor
3. Spin-on Lube Qil Filter 10. Seal Washer (2)
4. Filter Adaptor Insert 11. Remote-mounted Adaptor Special Stud
5. Elbow 12. Adaptor Cap Seal Ring (2)
6. Spin-on Lube Oil Filter Adaptor 13. Cap (2)
7. Connector (2)

Figure 3-17 Remote-mounted Lubricating Oil Fliter

All i bject to ige without notice.
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Figure 3-18 Spin-on Oil Filters

Oil supplied by the engine oil pump passes through the full-flow filters before reaching the
various moving parts of the engine. The oil is forced by pump pressure through a passage in the
filter adaptor and into the elements. Impurities are filtered out as the oil passes through the
elements and out through another passage in the filter adaptor.

Al information subject to change without notice.
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3.5.1 Replacement of Oil Filter

Install new, full-flow, spin-on oil filters at the following (maximum) intervals or each time the
engine oil is changed, whichever comes first;

[J  Truck and Parlor Coach — 15,000 Miles (24,000 Km)

O Transit Coach — 6,000 Miles (9,600 Km)

O Industrial, Agricultural, Generator Set — 150 Hours or one year, whichever comes first
O Marine — 250 Hours, or one year, whichever comes first

3.5.2 Installation of Qil Filter

Install oil filter as follows:
1. Fill new oil filters with clean engine oil and lightly coat the filter seal.

2. Install new filters onto the adaptors, turning them until they contact the gasket fully with
no side movement. Then turn an additional 2/3 turn by hand or as indicated on the filter.

A CAUTION:

Diesel engine exhaust and some of its constituents are
known to the State of California to cause cancer, birth
defects, and other reproductive harm.
1 Always start and operate an engine in a well ventilated
area.
O If operating an engine in an enclosed area, vent the
exhaust to the outside.
[0 Do not modify or tamper with the exhaust system or
emission control system.

3. Start the engine and check for oil leaks.

Make a visual inspection of all lubricating oil lines for wear and/or chafing. If any indication
of wear is evident, replace the oil lines and correct the cause.

If the engine has not been operated for a prolonged period or the turbocharger has been removed
or replaced, prelubricate the turbocharger. Refer to section 6.6.6.

bject to change without notice.
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3.6 OIL FILTER ADAPTOR

The oil filter adaptor is located on the right side of the engine and is attached to the oil cooler.

The 1991 and later engines have a separate oil filter bypass adaptor. See Figure 3-19.

All information subject to change without notice.
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20440
1. Qil Filter Adaptor 8. Snap Ring
2. Bypass Oil Filter Adaptor* . 9. Valve, Bypass
3. Insert, Bypass Filter-to-Adaptor* 10. Spring, Bypass
4. Oil Filter, Bypass* 11. Pipe Plugs (5)
5. Bolt, Adaptors-to-Block (6)" 12. O-ring, Adaptor-to-Block
6. Insert, Full-Flow Filter-to-Adaptor 13. O-ring, Adaptor-to-Block
7. Oil Filter, Full-Flow 14. O-ring, Adaptor-to-Block*
*Not used after 1992.
Figure 3-19 Oil Filter Adaptors, Bypass Valve and Related Parts (1992 & Later)

A bypass valve in the filter adaptor opens at approximately 124-145 kPa (18-21 1b/in.?) pressure
differential, and will bypass the oil should the full-flow filters become plugged.

All ik / bject to change without notice.
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3.6.1 Repair or Replacement of Oil Filter Adaptor

To determine if repair is possible or replacement is necessary, perform the following procedure.
See Figure 3-20.
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OIL FILTER
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CLEAN

INSPECT OIL FILTER ADAPTOR

BYPASS PITTED OR
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ADAPTOR SPRING
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YES YES YES
CLEAN WITH
REPLACE EMERY REPLACE
OR REPLACE
ASSEMBLE
OIL FILTER
ADAPTOR
INSTALL
21753

Figure 3-20 Flowchart for Repair or Replacement of Oil Filter Adaptor
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3.6.2 Removal of Oil Filter Adaptor

Precleaning is not necessary.

Remove the oil filter adaptor as follows:

A CAUTION:

To avoid injury from flying parts when working with
components under spring tension, wear adequate eye
protection (face shield or safety goggles).

1. Remove the snap ring, using J 23432.
2. Withdraw the spring and bypass valve (engines built prior to 1993). See Figure 3-19.
3. Remove the pipe plugs.

3.6.3 Cleaning the Oil Filter Adaptor

Clean the oil filter adaptor as follows:

1. Clean all of the oil filter adaptor components in fuel oil.

“ CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

2. Dry the parts with compressed air.

Al information subject to change without notice,
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3.6.3.1 Inspection of Oil Filter Adaptor

Inspect the oil filter adaptor as follows:

1.

Inspect the bypass valve for movement. Check to see if the bypass valve moves freely
in the adaptor.

[a] If the bypass valve binds, replace it with a new part.
[b] If the bypass valve does not bind, reuse the part.

Inspect the components for wear or damage. Check to see if the valve or the filter adaptor
bore are scored.

[a] If the valve and the filter adaptor bore parts cannot be cleaned with a fine emery
cloth, replace with new parts.

[b] If the valve and the filter adaptor bore parts can be cleaned with a fine emery cloth,
reuse the parts.

Inspect the spring for damage. Check for pitting or fractures.
[a] If spring is damaged, replace the component.

[b] If spring is not damaged, reuse the component.

3.6.4 Assembly of Oil Filter Adaptor

Assemble the oil filter adaptor as follows:

1.

2
3.
4

AN

Install bypass spring and bypass valve into the oil filter adaptor.
Install snap ring using J 23432.

Install oil filter adaptor inserts, if removed.

Install the pipe plugs:

[a] Apply a sealant such as, Loctite® 620, (or equivalent) to the threads that will engage
the adaptor.

[b] Wipe off any sealant remaining exposed on the threads.
[c] Torque all three pipe plugs to 129-161 N-m (95-119 1b-ft).
Coat new O-rings with petroleum jelly.

Install the O-rings in the recesses in the oil filter adaptor.

All information subject to change without notice.
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3.6.5 Installation of Qil Filter Adaptor

Install oil filter adaptor as follows:

NOTICE:

Failure to tighten oil filter adaptor mounting bolts to the required
torque may lead to a loss of lubricating oil during engine operation.
Inadequate lubrication can result in severe engine damage.

“ CAUTION:

To avoid injury from fire, contain and eliminate
leaks of flammable fluids as they occur. Failure to
eliminate leaks could result in fire.

1. Install the oil filter adaptor to the cylinder block and fasten as follows:

[a] Torque the four M10 mounting bolts on current two-element oil filter adaptor to
58-73 N-m (43-54 1b-ft).

[b] Torque the six M8 mounting bolts on former three-element oil filter adaptor to
30-38 N-m (22-28 1b-ft).

2. [Install full-flow oil filter(s). Refer to section 13.13.13.

Refer to section 11.3 for verification of proper oil filter adaptor installation.

All information subject to change without notice.
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3.7 THERMATIC OIL CONTROL VALVE

A dual spin-on lube oil filter adaptor assembly with a temperature-sensitive thermatic oil control
valve is available on Series 60, 11.1L low compression (15:1) industrial and automotive engines
and certain 12.7L engines. See Figure 3-21.

27334
1. Thermatic Qil Control Valve 5. Insert, Full-Flow to Adaptor
2. O-ring, Adaptor to Block 6. Qil Filter, Full-Flow (2)
3.- O-ring, Adaptor to Block 7. Qil Filter Adaptor
4. Pipe Plugs (5)
Figure 3-21 Thermatic Oil Control Valve
All i to ch without notice.
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The thermatic oil control valve is installed in the oil filter adaptor assembly where it operates like
a thermostat to control the flow of lube oil through the engine and oil cooler. The thermatic oil
control valve operates in the following manner: See Figure 3-22.

FULLY OPEN

STARTS TO OPEN

27778

Figure 3-22 Thermatic Qil Control Valve Operation

At lube oil temperature below 104°C (220°F) the thermatic oil valve stays in the bypass mode.
Filtered engine oil bypasses the oil cooler and flows directly to the main oil gallery. With no oil
passing through the oil cooler, engine oil warms up rapidly. When oil temperature is between 104°
-108°C (220° -227°F) the thermatic oil valve begins to open. The valve senses oil temperature
and modulates oil both through and around the oil cooler. At oil temperatures of 114°C (237°F)
the thermatic oil valve is fully open, and all oil flows through the oil cooler. To test the valve
refer to section 3.7.2.2.

Use of the thermatic oil control valve allows the engine lube oil to reach its normal temperature
range quickly, reducing the amount of time during which the engine operates on heavier cold
engine lube oil. During light load engine operation, the thermatic valve keeps the oil within the
proper temperature range for optimum lubrication. By maintaining the engine oil temperature
within the 104° -114°C (220° -237°F) range, friction and pumping losses are minimized, resulting
in more efficient engine operation.

All information subject to change without notice.
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3.7.1 Repair or Replacement of Thermatic Oil Control Valve

To determine if repair is possible or replacement is necessary, perform the following procedure.

See Figure 3-23.
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27857
Figure 3-23 Flowchart for Repair or Replacement of Thermatic Oil Control

Valve
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3.7.2 Removal and Cleaning of Thermatic Oil Control Valve

Remove the thermatic oil control valve as follows:

NOTICE:

Use care when removing oil filter adaptor assembly so as
not to drop thermatic oil control valve from inside of oil filter
adaptor assembly, if engine is so equipped.

1. Remove the oil filter adaptor. Refer to section 3.6.2.
2. Remove the thermatic oil valve from oil filter adaptor.

3. Clean the thermatic oil control valve in clean fuel oil.

a CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

4. Dry thermatic oil control valve with compressed air.

3.7.2.1 Inspection of Thermatic Qil Control Valve

»

Inspect the thermatic oil control valve as follows:
1. Inspect the thermatic oil control valve for wear or damage.
[a] If damage is found, replace the thermatic oil control valve.

[b] If no damage is found, reuse the thermatic oil control valve.

All Information subject to change without nolice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

349



3.7 THERMATIC OIL CONTROL VALVE

3.7.22 Testing Thermatic Oil Control Valve

Check the operation of the thermatic oil control valve as follows:

NOTICE:

Ensure thermatic oil control valve is operational. If the thermatic
oil control valve motion becomes impaired, engine overheating
may result. An engine that has overheated may also cause the
thermatic oil control valve to become inoperative. A thermatic oil
control valve that does not fully open may cause overheating.

A thermatic oil control valve stuck in the open position may
cause poor fuel economy in cold starting conditions.

1. Immerse a thermometer and the thermatic oil control valve in a container with clean
engine oil. Do not allow thermometer or thermatic oil control valve to touch the sides of

the container. See Figure 3-24.

FULLY OPEN

STARTS TO OPEN

27778

Figure 3-24 Checking Thermatic Oil Control Valve Operation

All information subject to change without notice.
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“ CAUTION:

To avoid injury from fire caused by heated
lubricating-oil vapors:
O Keep those people who are not directly involved
in servicing away from the engine.
[0 Stop the engine immediately if an oil leak is
detected.
O Do not allow open flames or smoke when working
on an operating engine.
O Wear adequate protective clothing (face shield,
insulated gloves, apron, etc.) to avoid burns.
O To prevent a buildup of potentially volatile vapors,
keep the engine area well ventilated during operation.
Lubricating oil is relatively harmless at ambient temperatures.

“ CAUTION:

To avoid injury from oil spray, wear adequate eye
protection (face shield or safety goggles) when
performing the oil test procedure.

2. While slowly agitating the clean engine oil to maintain an even temperature, apply heat to
the container. Allow at least 10 minutes for the thermatic oil control valve to react before
determining if it is opening at the correct temperature range.

A CAUTION:

To avoid injury from scalding, use lifting tools
and wear heat-resistant gloves when retrieving the
thermostat from boiling water.

3. As the mixture is heated, the thermatic oil control valve should begin to open. (The
normal opening temperature is stamped on the thermostat.) The start-to-open temperature
range is 104-107°C (220-225°F). The thermostat is fully opened to 8.13 mm (0.320 in.)
at 114°C (237°F).

4. If the thermatic oil control valve does not operate properly, replace.

All information subject to change without notice.
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A CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

5. If the thermatic oil control valve operates properly, dry with compressed air and apply a
thin coat of lubricating oil to protect surfaces from corrosion.

3.7.3 Installation of Thermatic Oil Control Valve

Install the thermatic oil control valve as follows:

NOTE:

If the thermatic oil control valve dislodges from the oil filter adaptor during installation
and falls to the ground, ensure valve is undamaged and is free of dirt and debris before
continuing with installation.

1. Apply light coating of petroleum jelly on underside of thermatic oil control valve upper
lip to aid in installation.
2. Insert beveled end of thermatic oil control valve into oil filter adaptor.

Install oil filter adaptor onto block. Be careful not to dislodge thermatic oil control valve
from oil filter adaptor. Refer to section 3.6.4.

4. Refer to section 11.3 for verification of proper oil filter adaptor installation.

All information subject to change without notice.
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3.8 OIL COOLER (1991 AND LATER ENGINES)

To perform its functions satisfactorily, the lubricating oil must be kept within the proper
temperature limits. If the oil is too cold, it will not flow freely. If the oil is too hot, it cannot
support the bearing loads, and it cannot carry away enough heat. As a consequence, oil pressure
may drop below acceptable limits and oil consumption may become excessive.

While performing its lubricating and cooling functions, the oil absorbs a considerable amount of
heat, and this heat must be dissipated by an oil cooler.

The lubricating oil cooler is mounted on the right side of the cylinder block near the water pump.
See Figure 3-25.

1993 AND LATER
LUBRICATING CIL COOLER

~ea- —F
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LUBRICATING
UBRICATING
l(-)ILBCOOLER OIL. COOLER
1991 AND 1992 ENGINES PRE-1992 ENGINES
20441
Figure 3-25 Lubricating Oil Cooler (1991 and Later Engines)
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To ensure continued engine lubrication if the oil cooler becomes plugged, a bypass passage,
located at the oil inlet to the cooler, allows oil to bypass the cooler and flow directly directly to
the oil gallery in the cylinder block.

Cooling water is circulated through the oil cooler housing completely surrounding the oil cooler
core. Therefore, whenever an oil cooler is assembled, care must be taken to have the proper
gaskets in place and the retaining bolts tight to ensure good sealing.

A design change was made to the oil cooler housing and the mounting of Series 60 engines built
after 6R37023. Because of this change, there are differences in the servicing of the two designs.

All inf i bject to change without notice.
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The oil cooler housing coolant outlet uses one large rubber O-ring seated in a groove in the
outlet neck. See Figure 3-26.

20442
1. Pipe Plugs (5) 9. O-ring
2. Fitting 10. Bolt, Oil Cooler Housing-to-Adaptor (7)
3. O-rings (2) 11.  Gasket, Oil Cooler-to-Housing
4, OQil Cooler 12.  Qil Filter Adaptor
5. Bolt, Oil Cooler Housing-to-Adaptor (3) 13. O-ring
6. Oil Cooler Housing 14.  O-ring
7. Pipe Plugs (4) 15. Bolt, Oil Filter Adaptor-to-Block (5)
8. Pipe Plug
Figure 3-26 Oil Cooler Housing and Related Parts (1991 and Later Engines)
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Two small O-rings are positioned in oil filter adaptor counterbores to seal the lubricating oil
passages between the oil filter adaptor and the cooler core.

The oil cooler housing is attached to the oil filter adaptor. The flow of oil is from the oil pump,
through a vertical passage in the cylinder block, through the full-flow oil filters and then through
the oil cooler core and the cylinder block main oil galleries.
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3.8.1 Repair or Replacement of Oil Cooler

To determine if repair is possible or replacement is necessary, perform the following procedure.

See Figure 3-27.
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Figure 3-27 Flowchart for Repair or Replacement of Oil Cooler
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3.8.2 Removal of Oil Cooler

Remove the oil cooler core and housing as follows:

1. Drain the cooling system by opening the drain cocks at the right rear of the cylinder block,
and in the bottom of the water pump housing.

Disconnect the hose from the water pump at the lower neck of the oil cooler housing.
Match-mark the oil cooler core and housing to ensure correct reinstallation,

Remove the bolts that attach the oil cooler housing and core to the oil filter adaptor.

SIS

Place a pry bar between the oil cooler housing and cylinder block, just below the upper
neck. Gently pry the oil cooler housing from the cylinder block and the oil filter adaptor.

6. Use a gasket scraper or chisel and a fiber mallet or plastic hammer to separate the oil
cooler core and housing.

7. Remove all traces of gasket material from the oil cooler and housing.
3.8.3 Cleaning of Oil Cooler

Clean the oil cooler core prior to inspection as follows:

1. Remove the core from the oil cooler.
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CAUTION:

—

To avoid injury from chemical burns, wear a face shield and
neoprene or PVC gloves when handling sensor hoses.

CAUTION:

—

To avoid injury from improper use of chemicals, follow the
chemical manufacturer’s usage, handling, and disposal
instructions. Observe all manufacturer’s cautions.

CAUTION:

—

To avoid injury when using chemical substances, it
is essential to observe the manufacturer’s instruction
for use, safety, and waste disposal.

CAUTION:

—

To avoid injury when using caustic cleaning agents,
follow the chemical manufacturers usage, disposal,
and safety instructions.

NOTICE:

Do not attempt to clean an oil cooler when an engine failure
releases metal particles from worn or broken parts into

the lubricating oil. The oil cooler core must be replaced.
Otherwise, severe engine damage may result.

2. Circulate a solution of 1,1,1-trichloroethylene through the core passages with a force
pump to remove the carbon and sludge.
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3.8 OIL COOLER (1991 AND LATER ENGINES)

3. Clean the core before the sludge hardens.

4. If the oil passages are badly clogged, circulate an alkaline solution through the core
and flush thoroughly with clean, hot water.

A CAUTION:

To avoid injury from improper use of chemicals, follow the
chemical manufacturer’s usage, handling, and disposal
instructions. Observe all manufacturer’s cautions.

A CAUTION:

To avoid injury when using chemical substances, it
is essential to observe the manufacturer’s instruction
for use, safety, and waste disposal.

Clean the outside of the core:

1. Mix the following solutions: Add one-half pound of oxalic acid to each two and one-half
gallons of solution composed of one third muriatic acid and two-thirds water.

2. Immerse the core in the solution.

Watch the process carefully. When bubbling stops (this usually takes from 30 to 60
seconds), remove the core from the cleaning solution.

Thoroughly flush it with clean, hot water.
5. Dip the core in light oil.
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3.8.3.1 Inspection of Oil Cooler

Inspect oil cooler as follows:

NOTICE:

In cases where a leaking oil cooler core has caused contamination
of the engine, the engine must be immediately flushed to prevent
corrosion to its internal components. Refer to section 13.13.4.

1. Make a suitable plate and gasket using oil cooler as a template. Use a gasket made from
rubber to insure a tight seal.

2. Drill and tap the plate prior to mounting to permit an air hose fitting to be attached at
the inlet side of the core. See Figure 3-28.

PLATE

AIR HOSE

GASKET
OIL COOLER
CORE

20444

Figure 3-28 Preparing Oil Cooler Core for Pressure Test
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3.8 OIL COOLER (1991 AND LATER ENGINES)

3. Attach plate to flanged side of oil cooler core using suitable nuts, washers and bolts.

A CAUTION:

To avoid injury from failure of a fitting, hose, or oil cooler core,
wear a face shield or goggles when conducting a pressure test.

4. Attach an air hose to the air hose fitting.

Regulate air pressure to 517-690 kPa (75-100 1b/in.?) and submerge the oil cooler and
plate assembly in a container of water heated to 82°C (180°F).

[a] Check for leaks as indicated by air bubbles in the water.
[b] If leaks are indicated, replace the core.

6. After the pressure check is completed, remove the plate and air hose from the cooler core.

“ CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

7. Dry the core with compressed air.
3.8.4 Installation of Oil Cooler

Install the oil cooler core as follows:
1. Lubricate new O-rings with a light coat of petroleum jelly. See Figure 3-26.
2. Install the new O-rings in the counterbores in the oil filter adaptor.
3. Coat the O-ring with ethylene glycol (coolant).
4. Install a new O-ring in the groove on the oil cooler housing outlet neck.
5

Install a new gasket on the face of the core that will contact the housihg.
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NOTICE:

Use care when installing the oil cooler housing to prevent
damaging the outlet neck O-rings on the sharp edges of
the opening in the cylinder block. Some cleaning of the
block opening is usually needed.

Install the core to the housing and install the assembly on the oil filter adaptor.

Align the oil cooler housing assembly to the oil filter adaptor. Install the ten oil
cooler housing bolts and torque to 30-38 N-m (22-28 Ib-ft) using the correct sequence.
See Figure 3-29.

20445

Figure 3-29 Oil Cooler Housing Bolt Torque Sequence

8. Position the hose and clamps in place at the lower neck of the oil cooler housing, ensure
the clamps are positioned inside the lip on both the housing and tube. Tighten the clamps.

9. Close the draincocks in the cylinder block and water pump housing. Fill the cooling
system. Refer to section 13.13.4.

10. Fill the lubricating system. Refer to section 13.13.1.

11. Refer to section 11.3 for verification of proper oil cooler installation.
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3.9 OIL COOLER (PRE-1991 ENGINES)

To perform its functions satisfactorily, the lubricating oil must be kept within the proper
temperature limits. If the oil is too cold, it will not flow freely. If the oil is too hot, it cannot
support the bearing loads, and it cannot carry away enough heat. As a consequence, oil pressure
may drop below acceptable limits and oil consumption may become excessive.

While performing its lubricating and cooling functions, the oil absorbs a considerable amount of
heat, and this heat must be dissipated by an oil cooler.

Pre-1991 engines use 4, 6, 7, or 8 plate oil coolers, depending on the horsepower. Ensure that the
correct oil cooler is used.

The lubricating oil cooler is mounted on the right side of the cylinder block near the water pump.
See Figure 3-25.

To ensure continued engine lubrication if the oil cooler becomes plugged, a bypass passage
located at the oil inlet to the cooler, allows il to bypass the cooler and flow directly to the oil
gallery in the cylinder block.

Cooling water is circulated through the oil cooler housing completely surrounding the oil cooler
core. Therefore, whenever an oil cooler is assembled, care must be taken to have the proper
gaskets in place and the retaining bolts tight to ensure good sealing.

A design change was made to the oil cooler housing and the mounting on Series 60 engines built
after 6R37023. Because of this change, the two designs are serviced differently.
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The coolant outlet 0il cooler housing uses two large rubber O-rings seated in a groove in the
outlet neck. See Figure 3-30.
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1. Bolt, Qil Cooler Housing-to-Block (10) 5. O-rings, Large (2)

2. Gasket, Oil Cooler-to-Housing 6. Qil Cooler Housing

3. O-rings, Small (2) 7. Pipe Plugs (2)

4. Oil Cooler
Figure 3-30 Oil Cooler Housing and Related Parts (Pre-1991 Engines)

Two small O-rings are positioned in cylinder block counterbores to seal the lubricating oil
passages between the block and the cooler core.

The oil cooler housing is attached to the cylinder block. The flow of oil is from the oil pump,
through a vertical passage in the cylinder block, through the full-flow oil filters and then through
the oil cooler core and the cylinder block main oil galleries.
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3.9.1 Repair or Replacement of Oil Cooler

To determine if repair is possible or replacement is necessary, perform the following procedure.
See Figure 3-31.
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Figure 3-31 Flowchart for Repair or Replacement of Oil Cooler
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3.9.2 Removal of Oil Cooler

Remove the oil cooler core and housing as follows:

“ CAUTION:

To avoid injury from improper use of chemicals, follow the
chemical manufacturer’s usage, handling, and disposal
instructions. Observe all manufacturer’s cautions.

A CAUTION:

To avoid injury when using chemical substances, it
is essential to observe the manufacturer’s instruction
for use, safety, and waste disposal.

“ CAUTION:

To avoid injury when using caustic cleaning agents,
follow the chemical manufacturers usage, disposal,
and safety instructions.

NOTICE:

Do not attempt to clean an oil cooler when an engine failure
releases metal particles from worn or broken parts into

the lubricating oil. The oil cooler core must be replaced.
Otherwise, severe engine damage may resuit.

1. Drain the cooling system by opening the drain cocks at the right rear of the cylinder block,
and in the bottom of the water pump housing.
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Disconnect the hose from the water pump at the lower neck of the oil cooler housing.
Match-mark the oil cooler core and housing to ensure correct reinstallation.

Remove the bolts that attach the oil cooler housing and core to the cylinder block.

b

Place a pry bar between the oil cooler housing and cylinder block, just below the upper
neck. Gently pry the oil cooler housing straight out from the cylinder block. Avoid
bending the cooler housing neck that connects into the cylinder block.

6. Use a gasket scraper or chisel and a fiber mallet or plastic hammer to separate the oil
cooler core and housing.

7. Remove all traces of gasket material from the oil cooler and housing.

3.9.3 Cleaning of Oil Cooler

Clean the oil cooler prior to inspection as follows:
1. Remove the core from the oil cooler.

2. Circulate a solution of 1,1,1-trichloroethylene through the core passages with a force
pump to remove the carbon and sludge.

3. Clean the core before the sludge hardens.

4. If the oil passages are badly clogged, circulate an alkaline solution through the core
and flush thoroughly with clean, hot water.
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Clean the outside of the core:

A CAUTION:

To avoid injury from improper use of chemicals, follow the
chemical manufacturer’s usage, handling, and disposal
instructions. Observe all manufacturer’s cautions.

A CAUTION:

To avoid injury when using chemical substances, it
is essential to observe the manufacturer’s instruction
for use, safety, and waste disposal.

A CAUTION:

To avoid injury when using caustic cleaning agents,
follow the chemical manufacturers usage, disposal,
and safety instructions.

1. Mix the following solutions: Add one-half pound of oxalic acid to each two and one-half
gallons of solution composed of one third muriatic acid and two-thirds water.

2. Immerse the core in the solution.

Watch the process carefully. When bubbling stops (this usually takes from 30 to 60
seconds), remove the core from the cleaning solution.

4. Thoroughly flush it with clean, hot water.
Dip the core in light oil.

Al information subject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

369



3.9  OIL COOLER (PRE-199] ENGINES)

3.9.3.1 Inspection of Oil Cooler

Inspect the oil cooler as follows:

NOTICE:

In cases where a leaking oil cooler core has caused contamination
of the engine, the engine must be immediately flushed to prevent
corrosion to its internal components. Refer to section 13.13.4.

1. Make a suitable plate and gasket using the oil cooler as a template. Use a gasket made
from rubber to ensure a tight seal.

2. Drill and tap the plate prior to mounting to permit an air hose fitting to be attached at
the inlet side of the core. See Figure 3-32.

PLATE

AIR HOSE

GASKET
OIL COOLER
CORE

20444

Figure 3-32 Preparing Oil Cooler Core for Pressure Test
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3. Attach plate to flanged side of oil cooler core using suitable nuts, washers and bolts.

a CAUTION:

To avoid injury from failure of a fitting, hose, or oil cooler core,
wear a face shield or goggles when conducting a pressure test.

4. Attach an air hose to the air hose fitting.

Regulate air pressure to 517-690 kPa (75-100 1b/in.?) and submerge the oil cooler and
plate assembly in a container of water heated to 82°C (180°F).

[a] Check for leaks as indicated by air bubbles in the water.

[b]l If leaks are indicated, replace the core.
6. After the pressure check is completed, remove the plate and air hose from the cooler core.

a CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

7. Dry the core with compressed air.
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3.9.4 Instaliation of Oil Cooler

Install the oil cooler core as follows:
1. Lubricate the new O-rings with a light coat of petroleum jelly.
‘Install the O-rings in the counterbores in the cylinder block.
Replace the O-rings on the oil cooler housing outlet neck.
Coat the O-ring with ethylene glycol (coolant).
Install the O-ring in the groove on the oil cooler housing outlet neck.

Install the guide studs, J 35786, into two threaded holes in the cylinder block.
See Figure 3-33.

D Uos W

20446

Figure 3-33 Oil Cooler Guide Stud Installation

NOTICE:

Use care when installing the oil cooler housing to prevent
damaging the outlet neck O-rings on the sharp edges of
the opening in the cylinder block. Some cleaning of the
block opening is usually needed.

7. Install a new gasket on the face of the core that will contact the housing.
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Install the core to the housing and install the assembly on the guide studs.

9. Use a fiber mallet or plastic hammer to seat the oil cooler assembly by striking the snout
and lower area with several sharp blows.
10. Install at least two oil cooler housing-to-cylinder block bolts and finger-tighten.
11. Remove the guide studs.
12. Install the remaining bolts. Torque the ten bolts to 30-38 N-m (22-28 Ib-ft) using the
proper sequence. See Figure 3-34.
20447
Figure 3-34 Oil Cooler Housing Bolt Torque Sequence
13. Coat the threads of the pipe plug with Loctite® Pipe Sealer with Teflon® PT-7260 (or
equivalent) before installation.
14. Position the hose and clamps in place at the lower neck of the oil cooler housing, ensure
the clamps are positioned inside the lip on both the housing and tube. Tighten the clamps.
15. Close the drain cocks in the cylinder block and water pump housing.
16. Fill the cooling system. Refer to section 13.13.4.
17. Fill the lubricating systém. Refer to section 13.13.1.
18. Refer to section 11.3 for verification of proper oil cooler installation.

All information subject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

373



3.10 OIL LEVEL DIPSTICK ASSEMBLY

3.10 OIL LEVEL DIPSTICK ASSEMBLY

A steel ribbon-type oil level dipstick may be used to check the level of oil in the engine oil
pan. The dipstick is located in a tube attached by a threaded adaptor to an opening in the oil
pan. See Figure 3-35.

20448
1. Dipstick Gage 3. Copper Seal
2. Dipstick Tube Assembly 4. Adaptor
Figure 3-35 Oil Level Dipstick Location

Snap action dipsticks have locking tangs and an O-ring seal in the tee-handle. A copper sealing
ring between the adaptor and dipstick tube insures a tight seal.
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NOTICE:

Maintain the oil level between the full and low marks on the
dipstick. Never allow it to drop below the low mark. No advantage
is gained by having the oil level above the full mark. Overfilling
may cause the oil to be churned by the balance shafts and
crankshaft throws, causing foaming or aeration of the oil.
Operation below the low mark may expose the pump pickup,
causing aeration, loss of pressure and engine damage.

Check the oil level after the engine has been stopped for a minimum of 20 minutes to permit oil in
the various parts of the engine to drain back into the oil pan.

NOTE:
Engine oil capacity can vary, depending on the oil pan used and the engine application.

For total oil capacity refer to the engine application manual or contact an authorized Detroit
Diesel distributor.

Dipsticks are normally marked for use only when the equipment the engine powers is on a level
surface. Improper oil levels can result if the oil level is checked with the equipment on a grade, or
if insufficient time is allowed for oil to drain back to the sump.

The current dipstick adaptor has a thicker wall than the former adaptor and requires a copper seal
between the adaptor and the nut on the oil gage tube assembly. See Figure 3-35.
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3.10.1 Repair or Replacement of Oil Dipstick Assembly

To determine if repair is possible or replacement is necessary, perform the following procedure.

See Figure 3-36.
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Figure 3-36

Flowchart for Repair or Replacement of Oil Dipstick Assembly

ithout notice.
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3.10.2 Removal of Oil Dipstick Assembly

Precleaning is not necessary.
Remove oil dipstick assembly as follows:
1. Remove dipstick from dipstick adaptor.

2. Remove oil tube assembly, copper seal, and dipstick adaptor from cylinder block. Discard
copper seal.

3.10.2.1 Inspection of Oil Dipstick Assembly.

Inspect oil dipstick assembly as follows:

1. Inspect dipstick assembly for any damaged parts. Check components for any broken or
pinched parts.

[a] If any components are damaged, replace with new parts.

[b] If components are not damaged, reuse the parts.
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3.10.3 Installation of Oil Dipstick Assembly

Assemble oil dipstick assembly as follows:
1. Install dipstick adaptor into cylinder block. Torque to 22 N-m (16 Ib-ft). See Figure 3-37.

20448
1. Dipstick Gage 3. Copper Seal
2. Dipstick Tube Assembly 4. Adaptor
Figure 3-37 Dipstick Adaptor with Seal

2. Insert the new copper seal and thread the oil gage tube assembly nut into the adaptor.
3. While holding the adaptor with a wrench, properly align the oil gage tube assembly.
4. Tighten the nut on the tube securely.

5. Install dipstick.
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3.11 OIL PAN

The oil pan used on the Series 60 engine is made of plastic (epoxy vinyl ester) or aluminum. For
engines built after April 1999, a one-piece bolt assembly is used with the improved plastic front
sump and rear sump oil pans and isolator seal. For engines built prior to April 1999, a reusable
isolator seal is used between the oil pan and engine block. See Figure 3-38.

NOTE:

To expedite oil pan seal installation, use a soapy water solution to assist in installing the
seal into the groove of the pan. When installing a new pan on an engine prior to serial
number 6R490000 (built March 1, 1999), shift the pan toward the front of the engine
before tightening the bolts. This will help eliminate the potential for any interference
between the flywheel housing and the oil pan.

B 10
4
5
OR
6
36089
1. Drain Plug 6. Bolt
2. Nut 7. Plug
3. lIsolator Seal 8. Insert
4. Sleeve 9. Seal
5. lIsolator and Washer 10. Bolt ASM, Replaces 4, 5, 6
Figure 3-38 Typical Oil Pan Assembly
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The plastic oil pan has side plugs that are threaded into a special stainless steel insert which is
restrained by a nut inside the pan. Sealing is provided by a fluoroelastomer seal ring that fits into
a groove machined on the flange of the insert. See Figure 3-39.
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2

3
/ l |
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1. Plug 4. Nut
2. Insert 5. Oil Pan
3. Seal
Figure 3-39 Side Plug Detail

Rubber isolator-washer assemblies and sleeves are used for attaching the oil pan. The metal
sleeve spacer is inserted through the isolator and limits the travel of the oil pan bolts to prevent
over-tightening and damaging the oil pan and isolator.

Effective August 1995, isolators made of an improved vibration-absorbing material were released
to reduce noise emissions. In addition, isolator bolt sleeve length was increased by 0.8 mm (0.032
in.) to accommodate the slightly longer isolators.

When installing a pipe plug, coat the threads with Loctite® PT 7271 sealant (or equivalent), hold
the insert to keep it from turning, and torque the plug to 45-56 N-m (33-41 1b-ft).
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3.11.1  Repair or Replacement of Oil Pan

To determine if repair is possible or replacement is necessary, perform the following procedure.
See Figure 3-40.
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Figure 3-40 Flowchart for Repair or Replacement of Oil Pan
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3.11.2 Removal of Oil Pan

Precleaning is not necessary.

NOTICE:

Do not support the engine on the oil pan. Damage to
the oil pan or engine could result.

NOTE:
On almost all engine applications it is possible to remove the oil pan without removing

the engine.

If the engine is to be removed from the vehicle, the oil pan should be left in place until the engine
is removed.

The procedure for removing the oil pan will vary with each installation. However, the following
procedures will generally apply.

NOTICE:

When removing a side plug, hold the flats of the insert with a
2-1/8 in. open end or large adjustable wrench to keep it from
turning. If the insert is loosened, it may be necessary to remove
the oil pan and tighten the nut to prevent a possible oil leak. If
required, torque the nut to 186-199 N-m (137-147 Ib-ft).

Remove the oil pan as follows:
1. Remove the drain plug and drain the engine oil.

2. Remove the ten oil pan bolts, washers, isolators and sleeves. Remove the counter bolts
on each side last.

Remove the oil pan, taking care not to damage the oil pump inlet pipe and screen.

4. Remove the oil pan isolator seal and discard.
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3.11.3 Cleaning of Oil Pan

Clean the oil pan prior to inspection as follows:

1. Clean the oil pan and attaching hardware with clean fuel oil.

“ CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

2. Dry with compressed air.

NOTICE:

Do not use solvents to clean isolators. Damage to
the isolator will resuit.

3. Clean the surfaces of the cylinder block, gear case and flywheel housing where they
mate with the oil pan.

3.11.3.1 Inspection of Oil Pan

Inspect the oil pan, inserts, oil and bolt isolators as follows:
1. Check for dryness, cracks or tears.
[a] If isolator is damaged, replace with new part.
[b] If isolator is not damaged, reuse the part.
2. Check oil pan inserts and nut assemblies for tightness.
[a] If inserts and nut assemblies are loose, torque to 183-197 N-m (135-145 1b-ft).
3. Check oil pan for major dents, cracks and other damage.
fa] If oil pan is damaged, replace with new part.

[b] If oil pan is not damaged, reuse the part.
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3.11.4 Installation of Qil Pan

Install the oil pan as follows:
1. Insert the raised lip portion of the isolator seal into the groove in the oil pan.

2. Press down on the isolator seal and insert it completely around the oil pan. Be careful
not to stretch or bunch the seal. For best results, install the seal at each corner, then at
points half way between the corners. Continue in this manner, halving the distance and
seating the seal.

3. Insert a metal sleeve spacer into each isolator.
4. Install the ten oil pan bolts into isolator assemblies.

Ensure the joint surfaces of the gear case and the cylinder block, the gear case cover and
gear case, and the flywheel housing and the cylinder block are cleaned and there is no

damage to prevent sealing.
6. Apply a3 mm (1/8 in.) bead of RTV across joints shown. See Figure 3-41.

GEAR CASE TO-CYLINDER
BLOCK JOINT SURFACES

FLYWHEEL HOUSING TO-CYLINDER
BLOCK JOINT SURFACES

GEAR CASE COVER
TO-GEAR
CASE JOINT SURFACE

20451

Figure 3-41 RTV Application

7. Install the oil pan assembly in position on the cylinder block.

All inforration subject to change without notice.
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8. Ensure that the isolator seal has not been disturbed. Torque the ten oil pan bolt assemblies

to 24-30 N-m (18-22 1b-ft), using the proper sequence. See Figure 3-42.

BOTTOM VIEW
7 3 /_]\ 5 9
v N N
@\ O O O @
F ]
R R
o] E
N © :
T R
) %9)
= e NP
10 6 2 4 8
TORQUE SPECIFICATION
25-30 N-m (18-22 Ibt) 20452
Figure 3-42 Oil Pan Bolt Sequence

9. Install and torque the 3/4 in.-14 square, magnetic, oil drain plug to 45-56 N-m (33-41 1b-ft).

10. Install and tighten any other plugs that were removed from the oil pan.

NOTE:

When installing a pipe plug, coat the threads with Loctite® PT 7271 sealant (or

equivalent).

11. Refill the crankcase with lubricating oil. Refer to section 13.13.1.

12. Refer to section 11.3 for verification of proper oil pan installation.

Al i jon subject to change without notice.
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3.12  VENTILATING SYSTEM

3.12 VENTILATING SYSTEM

Vapors, formed within the engine, are removed from the crankcase, gear train and valve
compartment by a continuous pressurized ventilating system.

A slight pressure is maintained in the engine crankcase by the normal seepage of a small amount
of air and combustion gases past the piston rings. These gases are swept up through the engine
and pass through a crankcase breather. On vehicle and industrial engines the gases are then
vented to the atmosphere.

Breather extension hoses may be required on certain Series 60 engines used in on-highway vehicle
applications. Under certain conditions, the vapors from an operating engine may be circulated
through the battery charging alternator by the alternator cooling fan. Excessive ingestion of
vapors may lead to alternator malfunction. This can occur if the internal components of the
alternator become coated with oil-laden dust or road grit.

To minimize the potential for this condition, check the length of the engine breather tube and add
an extension hose, if necessary. For proper dissipation of vapors, the end of the breather hose
must extend at least 12 inches below the oil pan rail.

Series 60 pleasure craft marine engines and certain commercial marine engines use a closed
crankcase ventilation system. In this system, engine vapors are piped from the valve rocker
cover breather into the air separator/air silencer assembly, where they mix with incoming air for
combustion. The vapors are not vented to the atmosphere, as on vehicle and industrial engines.
Any oil droplets contained in the vapor are trapped within the air separator and drain back to the
crankcase. Refer to section 6.3 for air seperator information.

A wire mesh element is located inside the valve cover, or in a separate housing on the valve cover
cap or at the gear case cover. This element traps excess engine oil particles in the vapor and
returns them to the crankcase. See Figure 3-43.

NOTE:
The Series 60G automotive engine uses a closed crankcase breather system.

Refer to section 6.5 for more information.

All information subject to change without notice.
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4
ONE-PIECE
VALVE COVER CAP
TWO-PIECE LOW PROFILE
VALVE COVER CAP
TWO-PIECE
VALVE COVER CAP 20453
1. Two-piece Valve Cover Cap 6. Baffle
2. Retainer Clip 7. Retainer
3. Wire Mesh Element 8. Valve Cover Cap
4. One-piece Valve Cover 9. Seal
5. Screws 10.  Breather Housing
Figure 3-43 Wire Mesh Elements

The former baffle, installed on engines between 6R128446 and 6R134254, has been replaced with
the current baffle to redirect oil splash from the rocker arms. This prevents oil from contaminating
the breather element.

All information subject to change without notice.
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3.12  VENTILATING SYSTEM

3.12.1

Repair or Replacement of Ventilating System

To determine if repair is possible or replacement is necessary, perform the following procedure.

See Figure 3-44.

REMOVE
VALVE COVER
& BREATHER

)

CLEAN

INSPECT CRANKCASE

/ BREATHER SYSTEM

1
BROKEN
PINCHED OR \NO
WORN REUSE
COMPONENT
i
:
REPLACE
" NEW
GASKET
INSTALL

21758

Figure 3-44

Flowchart for Repair or Replacement of Ventilating System
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SERIES 60 SERVICE MANUAL

3.12.2 Removal of Ventilating System

Precleaning is not necessary.

Remove ventilating system as follows:

Remove the valve cover. Refer to section 1.6.2 for one-piece, refer to section 1.6.3 for

1.
two-piece, and refer to section 1.6.5 for three-piece rocker cover.
2. If the engine is equipped with a gear case cover breather, remove as follows:
[a] Remove the five bolts that secure the breather-oil fill housing to the gear case cover.
See Figure 3-45.
1=y i
Q Q
N
4 8 g
N
I 3
~
©
f
o
0/ 1
-
20455
Figure 3-45 Breather-Oil Fill Housing Bolt Location

hange without notice.
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3.12  VENTILATING SYSTEM

[b] Remove the three bolts that secure the retainer to the housing. See Figure 3-46.

20454
1. Breather Housing 4. Bolts (3)

2. Wire Mesh Element 5. Bolts (5)

3. Retainer
Figure 3-46 Gear Case Cover-Mounted Breather Housing

[c] Remove the retainer and wire mesh element from the breather housing.

All information subject to change without notice.
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3. If the engine is equipped with a breather mounted on the housing, remove as follows:

[a] Remove the three screws, baffle, and end retainer on the breather housing.
See Figure 3-47.

ONE-PIECE
ROCKER COVER CAP

TWO-PIECE LOW PROFILE
ROCKER COVER CAP
TWO-PIECE
ROCKER COVER CAP 20093
1. Two-piece Valve Rocker Cover 6. Baffle
2. Retainer Clip 7. Retainer
3. Wire Mesh Element 8. Rocker Cover Cap
4. One-piece Rocker Cover 9. Seal
5. Screws 10. Breather Housing
Figure 3-47 Breather Housing-Mounted Breather

[b] Remove the breather housing seal and wire mesh element.

All information subject to change without notice.
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312 VENTILATING SYSTEM

4. 1If the engine is equipped with a valve cover mounted breather, remove as follows:

[a] Press the center of the spring steel retaining clip outward and disengage the straight
end from the valve cover. Rotate the clip upward and remove clip.

[b] Remove the wire mesh element from the valve cover.
3.12.21 Inspection of Ventilating System

Inspect the ventilating system as follows:

1. Inspect the ventilating system for damaged parts. Check components for pinched, broken,
worn, and unclean parts.

[a] If any components are damaged, replace with new parts.

[b] If components are not damaged, reuse the parts.
3.12.3 Cleaning the Ventilating System

Clean the wire mesh element components prior to inspection as follows:

1. 'Wash the components in clean fuel oil.

A CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

2. Blow dry with compressed air.

All inf bject to ge without notice.
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3.12.4 Installation of Ventilating System

Install the ventilating system as follows:
1. Install the gear case cover mounted breather as follows:
[a] Install the wire mesh element in breather housing.

[b] Install the three screws and retainer to breather housing. Torque the screws to 2.5
N-m (22 1b-in.).

[c] Install new gasket, breather and oil fill housing and five bolts on gear case cover.
‘Torque bolts to 30-38 N-m (22-28 Ib-ft), using the proper torque sequence.
See Figure 3-45.

2. Install the breather housing mounted breather as follows:
fa] Install the wire mesh element in breather housing.
[b] Install breather housing in valve cover.
[c] Install retainer on valve cover.
[d] Place the baffle on the retainer with three flat bolting flanges against the retainer.

NOTE:
The baffle must be installed with bolting flanges against the retainer to permit proper

engine breathing.
[e] Install the three screws into baffle and torque to 2.5 N-m (22 1b-in.).
3. Install the valve cover mounted breather as follows:
[a] Install wire mesh element in valve cover.

[b] Install retaining clip in valve cover by engaging curved end in valve cover and then
engaging straight end.
4. Install valve covers. Refer to section 1.6.8for one-piece, refer to section 1.6.9 for
two-piece or three-piece valve rocker cover.

bject to change without notice.
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3.A ADDITIONAL INFORMATION

Description Page
SPECIFICATIONS ...ttt ettt 3-96
Torque Specification Exceptions - Fasteners ..........cccoeeeeveiiienveervensceeeeennn 3-96
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SPECIFICATIONS

This section contains the exceptions to the fastener torque specifications.

Torque Specification Exceptions - Fasteners

The proper bolt and nut torque is dependent on its size. The proper torque for metric nuts and
bolts are listed in Table 1-34 in the "General Information" section. The exceptions to standard

fastener is listed in Table 3-1.

FASTENER SIZE Torque, N-m (Ib-ft)
Bolt, Ol Pan-to-Block M10 x 15 24-30 (18-22)
Table 3-1 Exceptions To Standard Fastener Torque Specifications

bject to change without notice.
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4.1 COOLING SYSTEM OVERVIEW

The cooling system consists of the following components (see Figure 4-1):

0 Water pump
[0 Pressure control cap
O Thermostat
O Engine cooling fan
[0 Coolant filter and conditioner
O Radiator or heat exchanger
O Charge air cooler raw water pump
3
2 4
e R0 5
e .
\ 0o e
3
iy .
10 ! -
QY L
s A € d1
. %y N
. :" \. (
P
- ?
1. 6
TV
(I " ®
1 7 20515
1. Oil Cooler Housing 5. Water Bypass Tube
2. Thermostat Housing 6. Water Pump
3. Vent Line Outlet 7. Water Inlet
4. Water Qutlet (To Radiator)
Figure 4-1 Cooling System Components

All information subject to change without notice.
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4.1  COOLING SYSTEM OVERVIEW

An OEM supplied radiator along with a factory installed and thermo-modulated fan are used to
effectively dissipate the heat generated by the engine. A centrifugal-type water pump is used to
circulate the engine coolant.

Two full blocking-type thermostats are used in the water outlet passage to control the flow of
coolant, providing fast engine warm-up and regulating coolant temperature. Listed in Table 11-2
are the normal cooling system operational parameters,

The pressurized engine coolant is drawn from the lower portion of the radiator by the water pump
and is forced through the oil cooler and into the cylinder block. See Figure 4-2.

: THERMOSTAT ~
@ BYPASS
DRAIN TUBE
CYLINDER
HEAD
<= R RECOVERY
ﬁ A TANK
4= D
CYLINDER !
BLOCK A
<= T
/ 0
DRAIN ﬁ ) R
OIL COOLER
FAN
WATER PUMP
<= <=
C=> COOLANT FLOW
mp AR FLOW DRAIN 515
Figure 4-2 Coolant Flow Schematic for Vehicle and Industrial Engines
All info ion subject to change without notice.
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On marine engines, coolant from the fresh water pump flows through the engine in three circuits:
Coolant flowing into the oil cooler passes through the cylinder block, the cylinder head, and the
thermostat housing before moving on to the heat exchanger. See Figure 4-3 and see Figure 4-4.
Coolant going to the water-cooled exhaust manifold flows directly back to the thermostat
housing and then into the heat exchanger, where it is cooled. Coolant going to the water-cooled
turbocharger flows into the bypass (rapid warm-up) cooling circuit and back to the pump.

»| WATER-COOLED
TURBOCHARGER
WATER-COOLED
»  EXHAUST
MANIFOLD
Y
FRESH OIL CYLINDER THERMOSTAT
WATER BLOCK & > HOUSING
PUMP COOLER LOCK
I T
| |
' ’
|
- <------ <-- BYPASSCIRCUIT -4~ ----- ¢ -~-=~-~ '
HEAT
EXCHANGER
TANK
35404
Figure 4-3 Coolant Flow Schematic for Heat Exchanger-Cooled Marine
Engine
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FRESH
olL CYLINDER THERMOSTAT
WATER |—» > —
PUMP COOLER Bl'-_%%& HOUSING
4 2 :

i |

I A

! |

'------- < BYPASS CIRCUIT - €- - - - - - ~<----!

y
KEEL
COOLER
36037
Figure 4-4 Coolant Flow Schematic for Keel-Cooled Marine Engine
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On keel-cooled marine engines, fresh water coolant flow is similar to the flow on vehicle engines,
except that it passes through a keel cooler instead of a radiator. See Figure 4-5and see Figure 4-6.

WATER »| CHARGE o HEAT
PUMP COOLER EXCHANGER
MARINE EXHAUST
FUEL SE GEAR OIL OUTLET
COOLER [Y WareR COOLER ELBOW

! l

35405
Figure 4-5  Raw Water Flow on Heat Exchanger-Cooled Marine Engine
RAW CHARGE AIR
WATER
PUMP COOLER
SEA
WATER
36038
Figure 4-6 Raw Water Flow on Keel-Cooled Marine Engine
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4.1  COOLING SYSTEM OVERVIEW

When the engine is at normal operating temperature, the coolant passes from the cylinder block
up through the cylinder head, through the thermostat housing and into the upper portion of the
radiator. The coolant then passes through a series of tubes where the coolant temperature is
lowered by the airflow created by the revolving fan and the motion of the vehicle.

Upon starting a cold engine or when the coolant is below operating temperature, the closed
thermostats direct coolant flow from the thermostat housing through the bypass tube to the water
pump. Coolant is recirculated through the engine to aid engine warm-up. When the thermostat
opening temperature is reached, coolant flow is divided between the radiator inlet and the bypass
tube. When the thermostats are completely open, all of the coolant flow is to the radiator inlet.

The function of the engine coolant is to absorb the heat, developed as a result of the combustion
process in the cylinders, from component parts such as the valves and pistons which are
surrounded by water jackets. In addition, the heat absorbed by the oil is also removed by the
engine coolant in the oil-to-water oil cooler. Coolant recommendations for the Series 60 engine
are listed in Table 11-2.

A pressurized cooling system permits higher temperature operation than a non-pressurized
system. It is essential that the cooling system is kept clean and leak-free, that the filler cap and
pressure relief mechanisms are properly installed and operate correctly, and that the coolant
level is properly maintained.

All information subject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

4-8



SERIES 60 SERVICE MANUAL

As the engine temperature increases, the coolant and air in the system starts to expand and build
pressure. The valve in the radiator pressure cap unseats and allows the coolant to flow into the

coolant recovery tank. See Figure 4-7.

COOLANT
RECOVERY TANK

G oFE

VALVE OPENED BY

S [

.....

PRESSURE

20457

Figure 4-7

Coolant Expansion
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4.1  COOLING SYSTEM OVERVIEW

When the engine starts to cool down, the air and coolant contract, causing a void and creating a
vacuum in the system. The vacuum unseats another valve in the pressure cap, allowing the coolant
to flow back into the expansion tank, radiator or heat exchanger tank. See Figure 4-8.

FULL HOT __|

VALVE OPENED BY
S VACUUM

-
.

COOLANT
RECOVERY TANK

20458

Figure 4-8 Coolant Recovery
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4.2 WATER PUMP (GEAR CASE MOUNTED - 1991 AND LATER) (GCM)

The centrifugal-type water pump circulates the engine coolant through the cooling system.

The pump is mounted on the rear of the gear case on units built after 6R37023, engines and is
driven by the water pump drive gear. See Figure 4-9. The water pump drive gear meshes with
the bull gear. The pump was mounted on the front of the gear case cover on units built prior to
and including 6R37023. See Figure 4-37 Refer to section 4.3

INLET (FROM RADIATOR)
20460

Figure 4-9 Water Pump Mounting (1991 and Later Model)

An impeller is pressed on one end of the stainless steel drive shaft. The other end of this shaft has
internal threads, and a retaining bolt secures the water pump drive gear to the shaft. Two tappered
roller bearing assemblies are used to support the shaft. See Figure 4-10.

An O-ring, located in a groove in the water pump housing, seals the water pump to the gear case.
An O-ring, located under the water pump cover, seals the cover to the water pump housing.

The water pump bearings are lubricated by splash oil through a passage from the front of the
pump housing.

An oil seal is located behind the bearing assemblies, and a unitized, spring-loaded, face-type
water seal is used behind the impeller. This seal prevents water from leaking down the shaft and
into the gear case. It also prevents lubricating oil from entering the cooling system. The water and
oil seals cannot be replaced without removing the water pump from the engine.

All information subject to change without notice.
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4.2 WATER PUMP (GEAR CASE MOUNTED - 1991 AND LATER) (GCM)

20461
1. Retaining Bolt 11. Oil Seal
2. Washer 12. O-ring Seal
3. Gear, Water Pump Drive 13. Drain Cock
4. Snap Ring 14. Housing, Water Pump
5. Bearing Race 15. Pipe Plug, Water Pump Housing
6. Roller Bearing, Small 16. Water Seal
7. Spacer Rings (2) 17. Impeller
8. Roller Bearing, Large 18. O-ring, Water Pump Cover
9. Bearing Race 19. Water Pump Cover
10. Drive Shaft 20. Snap Ring, Water Pump Cover
Figure 4-10 Water Pump Details and Relative Location of Parts (Gear Case

Mounted (GCM)

All information subject to change without nofice.
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4.2.1

To determine if repair or replacement is necessary,

See Figure 4-11.

Repair or Replacement of Water Pump (GCM)

perform the following procedure.

DRAIN
ENGINE

'

REMOVE
WATER PUMP

l

DISASSEMBLE
WATER PUMP

I

CLEAN
PARTS

l YES

INSPECT WATER PUMP

REPLACE

REUSE

[

)
ASSEMBLE

TEST WATER PUMP

NEW

WATER PUMP

SEALS

BEARINGS
TURN
FREELY

SLIP

IMPELLER
DOES NOT

GEAR
RUN-OUT
IN LIMITS

' | '
REPLACE REPLACE REPLACE
BEARING IMPELLER GEAR
| ] I INSTALL
WATER PUMP
21996

Figure 4-11

Flowchart for Repair or Replacement of Water Pump (GCM)
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4.2 WATER PUMP (GEAR CASE MOUNTED - 1991 AND LATER) (GCM)

422 Draining and Removal of Water Pump (GCM)

Drain the cooling system as follows:

Open the drain cocks located at the right rear corner of the engine, at the bottom of the water
pump and in the bottom of the thermostat housing.

Remove the water pump as follows:
1. Loosen the hose clamps and remove the coolant hoses from the water pump housing.

2. Loosen and remove the three water pump housing-to-gear case bolts. Remove the water
pump from the engine by pulling it straight out of the gear case.

4.2.3 Disassembly of Water Pump (GCM)

Disassemble the water pump as follows:

“ CAUTION:

To avoid injury from flying parts when working with
components under spring tension, wear adequate eye
protection (face shield or safety goggles).

1. Remove water pump cover snap ring with snap ring pliers, J 22380 or equivalent. Remove
water pump cover and seal ring.

NOTICE:

When clamping gears, use soft jaws on vise to prevent
damage to the gear teeth.

2. Clamp the water pump drive gear in a vise, with the impeller facing up. Use a two-screw
gear puller and remove the water pump impeller from the shaft, using the two threaded
holes in the impeller.

All information subject to change without notice.
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3. Hold square end of water pump shaft and remove water pump drive gear retaining bolt and
washer. See Figure 4-12.

:
i

WATER PUMP
DRIVE GEAR

20594

Figure 4-12 Water Pump Drive Gear Retaining Bolt Removal (GCM)

4. Use a two-jaw gear puller to remove the water pump drive gear from the drive shaft.

All ink i bject to change without notice.
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5. Remove the snap ring from the water pump housing. See Figure 4-13.

20463

Figure 4-13 Snap Ring Removal (GCM)

6. Support the water pump housing, using steel blocks or plates, to allow at least 76 mm
(3in.) of clearance between the pump housing and the press bed.

7. Press the drive shaft and bearings assembly out through the front (engine side) of the water
pump housing, until both bearing races are clear of the housing.

NOTE:
Once the bearing assemblies are pressed out of the water pump housing, they must be
replaced with new assemblies.

bject to ch without notice.
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NOTICE:

Do not allow brass drift to score housing bore when
tapping out seals. A scored bore will cause coolant
leaks and can damage engine.

“ CAUTION:

To avoid injury from chemical burns, wear a face shield and
neoprene or PVC gloves when handling fluoroelastomer
O-rings or seals that have been degraded by excessive heat.
Discard gloves after handling degraded fluoroelastomer parts.

8. Remove both the water and oil seals from the housing using a brass drift and hammer.

9. Support the drive shaft assembly on two steel blocks, at the bearing inner race.

Ail information subject to change withou! notice.
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4.2  WATER PUMP (GEAR CASE MOUNTED - 1991 AND LATER) (GCM)

10. Insert J 35988-3A , part of tool set J 35988-B, in end of drive shaft. See Figure 4-14.

J 35988-3A

20464

Figure 4-14 Removing Bearing Assemblies

11. Press the drive shaft out until it is clear of both bearing and race assemblies. Discard the
used bearings, races and the two spacer rings located between the bearing packs.

All information subject to change without notice.
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4.2.3.1 Inspection of Water Pump (GCM)

Inspect the water pump parts as follows:
1. Visually inspect the parts for cracks, wear or other damage.
[a] If parts are cracked, worn, or other damage is evident, replace damaged or worn parts.

[b] If no damage is found, reuse remaining components.
424 Cleaning of Water Pump (GCM)

Clean the water pump as follows:

1. 'Wash all of the pump parts in clean fuel oil.

A CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

2. Dry the parts with compressed air.

Al inf { bject to change without notice.
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425 Assembly of Water Pump (GCM)

Assemble the water pump as follows:

1. Coat the bearing bores of the water pump housing and the drive shaft bearing surfaces
with clean engine oil.

NOTICE:

Although the bearings are identical, the bearings and
races are matched parts, and should be installed as they
are removed from the box. Parts that are not matched
will cause damage to the water pump.

2. Assemble the new bearing packs, as follows:
[a] Place the small spacer ring on the inner bearing race. See Figure 4-15.

SMALL SPACER RING

LARGE SPACER RING

20465

Figure 4-15 Bearing Pack Assembly (GCM)

[b] Place the larger spacer ring on the outer bearing race.

All i bject to ge without notice.
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3. Install J 35988-18 into the center of J 35988-2, parts of tool set J 35988-B. See Figure 4-16.

J 35988-18

J 35988-2

20466

Figure 4-16 Bearing Installation Set-up (GCM)

4. Install ] 35988-3A part of tool set J 35988-B, on the end of the water pump shaft. Install
the assembled bearing packs to the drive shaft. See Figure 4-17.

J 35988-3A

J 35988-18

J 35988-2

20467

Figure 4-17 Bearing Placement (GCM)

All informetion subject to change without notice.
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4.2  WATER PUMP (GEAR CASE MOUNTED - 1991 AND LATER) (GCM)

5. Center the small end of J 35988-1A, part of tool set J 35988-B, on the bearing inner race.
Press the bearing pack onto the shaft until it contacts the shoulder of the shaft. Remove the
tool used to pilot the bearings. See Figure 4-18.

J 35988-1A

J 35988-3A

J 35088-18

Figure 4-18 Bearing Installation (GCM)

6. Remove the shaft and bearing assembly from the press.

Al I i bject to change without notice.
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4.2.5.1 Test Bearing Assembly

Test bearing assembly as follows:
1. Turn bearings to ensure they turn freely.

2. If bearings bind, disassemble water pump and replace bearing assembly.
Refer to section 4.2.3.

4.2.6 Assembly of Water Pump (GCM) - cont’d

Continue assembling the water pump, as follows:

1. Coat the oil seal contact area of the water pump housing with a thin film of clean engine
oil. See Figure 4-19.

OIL. SEAL
CONTACT AREA

20469

Figure 4-19 Oil Seal Contact Area Lubrication (GCM)

All i jon subject to ge without notice.
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4.2  WATER PUMP (GEAR CASE MOUNTED - 1991 AND LATER) (GCM)

2. Install a new oil seal into the water pump housing from the front (gear side).
See Figure 4-20.

OIL SEAL

20470

Figure 4-20 Qil Seal Positioning (GCM)

All inf ) subject to change without notice.
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NOTICE:

The contact surface of the oil seal is coated with a special
sealant. Do NOT remove this sealant before installing the oil
seal. If sealant is removed, leakage can occur.

3. Place the small end of tool J 35988-1A, part of tool set J 35988-B, into the water pump
housing until it contacts the oil seal. See Figure 4-21.

J 35088-1A

40695

Figure 4-21 Oil Seal Installation (GCM)

All i bject to ge without notice.
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4.2  WATER PUMP (GEAR CASE MOUNTED - 1991 AND LATER) (GCM)

4. Press the oil seal into the housing until the seal lip is bottomed in the pump housing.
Remove the tool J 35988-1A, part of tool set J 35988-B.

5. Coat the bearings with clean engine oil.

6. Place the water pump housing, with the gear side up, on a press bed.

7. Install the drive shaft, with bearings installed, to the water pump housing. See Figure 4-22.
NOTE: .

During the bearing installation, the water pump housing must be parallel to the press
bed or table surface.

DRIVE SHAFT

20472

Figure 4-22 Drive Shaft Insertion (GCM)

8. Place the large end of tool J 35988-1A, part of tool set J 35988-B, over the drive shaft so
that the lip of the tool rests squarely on the outer bearing race. See Figure 4-23.

All inf ject to change without notice.
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NOTICE:

The drive shaft must be installed using the outer bearing race only.
Any other attempt at installation may damage the bearings.

Figure 4-23 Drive Shaft Installation (GCM)

9. Press the drive shaft and bearing assembly into the water pump housing, using tool
J 35988-1A , part of tool set J 35988-B, until it is seated firmly against the shoulder in
the housing.

All information subject to change without notice.
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4.2  WATER PUMP (GEAR CASE MOUNTED - 1991 AND LATER) (GCM)

10. Install the snap ring to the water pump housing. See Figure 4-24.

SNAP RING

20474

Figure 4-24

Snap Ring Installation (GCM)

All information subject to change without notice.
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NOTICE:

Apply sealant sparingly. Use of excess sealant may result
in seal failure due to contamination of the sealing faces,
which may cause pump leakage.

11. Turn the water pump housing over and check to make sure no residual sealant remains
in the water seal bore or on the seal flange contact surface. Remove any residual
sealant found in these areas. Working through the rear, apply a new coating of aviation
Form-A-Gasket Number 3 or equivalent to the area where the water pump seal case
contacts the pump body. See Figure 4-25.

20475

1.Seal Bore 2.Water Pump Housing

Figure 4-25 Water Pump Housing Seal Bore (GCM)

bject to ch. without notice.
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4.2 WATER PUMP (GEAR CASE MOUNTED - 1991 AND LATER) (GCM)

12. Install J 35988-3A , part of tool set J 35988-B, to the fixture tool. See Figure 4-26.

J 35888-3A

J 35986-2

Figure 4-26 Support Installation (GCM)

All information subject to change without notice.
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NOTICE:

The extension must contact and support the shaft when installing
the water seal and impeller to prevent damage to the bearings.

13. Install the water pump housing assembly to the fixture. See Figure 4-27.

WATER PUMP
HOUSING ASSEMBLY

20477

Figure 4-27 Water Pump Impeller Installation Set-up (GCM)

14. Turn the adjustor wheel to raise the extension until it contacts the drive shaft in the water
pump housing.

15. Apply Loctite® primer (Locquic Primer N, Part No. 764) by swabbing onto the 1.D.
of the rotor of the seal.

All information subject to change without notice.
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4.2  WATER PUMP (GEAR CASE MOUNTED - 1991 AND LATER) (GCM)

16. Install a new water seal over the drive shaft and seat it in the water pump housing.
See Figure 4-28.

WATER SEAL

20478

Figure 4-28

Water Seal Insertion (GCM)
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17. Position J 35517-1 or J 35988-1A, part of tool set J 35988-B over the water seal.
See Figure 4-29.

34501

Figure 4-29 Water Seal Installation (GCM)

18. Press the water seal into the housing until the flange of the seal case contacts the water
pump housing a full 360 degrees. Remove tool J 35517-1 or J 35988-1A , part of tool
set J 35988-B.

All infy ion subject to change without notice.
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4.2 WATER PUMP (GEAR CASE MOUNTED - 1991 AND LATER) (GCM)

NOTICE:

The shaft should not be turned, moved from vertical or the
seal pressure tested for at least two hours. Do not exceed
172 kPa (25 Ib/in.?) when pressure testing. Sealant requires
curing to prevent leaks and damage to engine.

NOTICE:

The Loctite® 290 sealant must not be allowed to spill over the side
of the water pump seal. Damage to the seal may occur.

19. Apply only one drop of Loctite® 290 sealant to the drive shaft where it contacts the water
seal. The sealant will wick around the shaft making a complete seal. Wipe off excess
~ sealant. See Figure 4-30.

20480

Figure 4-30 Sealant Installation (GCM)

20. With the shaft in the vertical, position apply Locquic Primer Non top of the Loctite®
290 by swabbing.

NOTE:
Due to time required for curing, DDC recommends keeping a pump built up in parts for
immediate use when needed. A pump removed from an engine could be rebuilt and

placed in storage for later use.

All inf bject to change without nolice.
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21. With the water pump housing still housed in tool J 35988-2, part of tool set J 35988-B, and
located on a press bed, position the impeller over the square end of the drive shaft with
the vanes of the impeller facing down. See Figure 4-31.

IMPELLER

DRIVE SHAFT

20481

Figure 4-31 Water Pump Impeller Installation (GCM)

Al information subject to change without notice.
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4.2  WATER PUMP (GEAR CASE MOUNTED - 1991 AND LATER) (GCM)

NOTICE:

During this procedure, the drive shaft must be supported by
the extension tool J 35988-3A, part of tool set J 35988-B.
Failure to support the drive shaft while installing the
impeller may result in bearing damage.

22. Using the impeller installation tool J 35988-14, part of tool set J 35988-B, press the
impeller on until the tool is flush against the water pump body. See Figure 4-32.

J 35088~14

Figure 4-32 Water Pump Impeller Location (GCM)

Al information subject to change without notice.
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23. Turn the housing over and place it face (impeller side) down on the fixture J 35988-2 , part
of tool set J 35988-B. See Figure 4-33.

NOTICE:

If the gear has a press fit, turn the adjustor wheel to raise the
extension J 35988-3A, part of tool set J 35988-B, until it contacts
and supports the shaft. This is necessary to prevent damage

to the bearings when pressing the gear onto the shaft.

WATER PUMP
DRIVE GEAR

20483

Figure 4-33 Water Pump Drive Gear Installation (GCM)

24. Install the water pump drive gear to the drive shaft.

NOTE:
The water pump drive gear may have a slip fit. This is due to manufacturing tolerances

and is acceptable.

jon subject to ige without notice.
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4.2  WATER PUMP (GEAR CASE MOUNTED - 1991 AND LATER) (GCM)

25. Using the small end of tool J 35988-1A, part of tool set J 35988-B, press the drive gear
down onto the drive shaft until it touches the bearings. See Figure 4-34.

J 35988-1A

Figure 4-34 Water Pump Drive Gear Installation (GCM)

26. Install the retaining bolt and washer. Hold the square end of the drive shaft and torque the
retaining bolt to 101-126 N-m (75- 93 1b-ft).

4.2.6.1 Assembly Integrity Test

Verify the assembly integrity as follows:

1. Turn the pump over and install the water pamp impeller slip and lash tester, J 35687-1,

into the tapped holes provided in the impeller.
NOTICE:

When clamping gears, use soft jaws on vise to prevent
damage to the gear teeth.

2. Clamp the water pump drive gear in a vise, with the impeller facing up.

3. Using a 1/2 in. drive torque wrench in the hole provided in the center of the slip and lash
tester J 35687-1, apply 68 N-m (50 1b-ft) torque in either direction. The impeller must
withstand 68 N-m (50 Ib-ft) torque without slipping.

[a] If the torque specification is not satisfied, disassemble water pump and replace the
impeller. Refer to section 4.2.3.

[b] If the torque specification is satisfied, reuse the part.

All inf jon subject to ch without notice.
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4. Using a dial indicator with magnetic base, measure the total run-out of the water pump
drive gear at four places, at 90° intervals. Maximum allowable run-out is 0.0635 mm

(0.0025 in.). See Figure 4-35.
[a] If this value is exceeded, disassemble the water pump and check for burrs or foreign
particles. Refer to section 4.2.3.

[b] If the valve is not exceeded, reuse the part.

DIAL
INDICATOR MAGNETIC
WATER PUMP BASE
DRIVE GEAR
o
»)
)

20485

Figure 4-35 Measuring Water Pump Drive Gear Runout (GCM)

5. Remove dial indicator and magnetic base.

All information subject to change without notice.
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WATER PUMP (GEAR CASE MOUNTED - 1991 AND LATER) (GCM)

4.2.7

Assembly of Water Pump (GCM) - cont’d

Continue assembly of the water pump as follows:

4.2.8

A CAUTION:

To avoid injury from flying parts when working with
components under spring tension, wear adequate eye
protection (face shield or safety goggles).

Install seal ring, water pump cover, and snap ring with the beveled side of snap ring
facing out. Tap around the inside rim of the snap ring with a brass drift and hammer
to seat snap ring in groove fully.

installation of Water Pump (GCM)

Install the water pump as follows:

1.
2
3
4.
5. Install the three water pump housing-to-gear case bolts. Tighten the bolts alternately

Coat the water pump seal ring with clean engine oil.

. Install the seal ring to the groove in the water pump housing.

Coat the water pump drive gear with clean engine oil.

Install the water pump to the engine, meshing the water pump drive gear with the bull gear.

and evenly to draw the water pump straight into the engine. Torque the bolts to 58-73
N-m (43-54 1b-ft).

6. Measure the gear backlash. Refer to section 1.21.2.1.

Install water bypass tube. If using a spring type hose clamps, refer to step 8. If using
worm screw drive, liner type hose clamps, refer to step 9

All information subject to change without notice.
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A CAUTION:

To avoid injury from flying parts when working with
components under spring tension, wear adequate eye
protection (face shield or safety goggles).

8. If spring type hose clamps are used, fasten the bypass tube to the water pump bypass outlet
and thermostat housing water inlet as follows:

[a] Using hose clamp installer tool J 41454, install two hose clamps onto the water
bypass tube; then push a connecting hose onto each end of the bypass tube.
See Figure 4-36. Using hose clamp installer tool J 41454, open the clamps and slide
them over the hoses to secure them in place on the tube.

26418J

Figure 4-36 Clamp Installer Tool

NOTE:
Ensure the clamps are seated against the beads on the bypass tube neck and are at
least one-half inch from the hose ends.

[b] Using tool J 41454 (if required), install one clamp over the water bypass outlet on the
water pump and one clamp over the thermostat housing water inlet.

All i bject to change without notice.
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4.2  WATER PUMP (GEAR CASE MOUNTED - 1991 AND LATER) (GCM)

[c] Push one end of the bypass tube and hose assembly onto the water pump bypass
outlet and the other end onto the thermostat housing water inlet, ensuring the tube is
properly oriented to avoid interference.

[d] Using installer tool J 41454, open the clamps and slide them over the hoses to secure
them in place on the water pump bypass outlet and the thermostat housing inlet.

NOTE:
Ensure the clamps are seated against the beads on the water pump bypass outlet and
the thermostat housing water inlet and are at least one-half inch from the hose ends.

[e] Proceed to step 10

9. If worm screw drive, liner type clamps are used, fasten the bypass tube to the water pump
bypass outlet and the thermostat housing water inlet as follows:

[a] Install two hose clamps onto the water bypass tube and push connecting hoses onto
the ends of the tube.

[b] Push the hoses on the ends of the bypass tube onto the thermostat housing water inlet
and the water pump bypass outlet, ensuring the tube is properly oriented to avoid
interference.

[c] Secure the clamps onto the hoses and secure the hoses to the bypass tube, thermostat
housing water inlet, and water pump bypass outlet by tightening the clamp screws.

NOTE:

Ensure the clamps are seated against the beads on the bypass tube neck; the thermostat
housing water inlet, and the water pump bypass outlet, are at least one-half inch from
the hose ends.

10. Fasten the water transfer tube to the water pump and oil cooler housing as follows:

[a] Install four worm screw drive hose clamps onto the water transfer tube and push
connecting hoses onto the ends of the tube.

[b] Push the hoses on the ends of the transfer tube onto the oil cooler water inlet and the
water pump outlet, ensuring the tube is properly oriented to avoid interference.

[c] Secure the ends of the hoses to the transfer tube, oil cooler inlet, and water pump
outlet by tightening the clamp screws.

11. Refer to section 11.3.5 for verification of proper water pump installation.

All information subject to change without notice.
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4.3 WATER PUMP (FRONT MOUNTED) (FM)

The centrifugal-type water pump circulates the engine coolant through the cylinder block, cylinder
head, radiator and the oil cooler. See Figure 4-37.

The pump is mounted on the front of the engine gear case cover on units built prior to 6R037024
and is driven by the water pump drive gear. The water pump drive gear meshes with the bull gear.

Ol waTER

COOLER  ‘pymp INLET
(FROM RADIATOR) 20486
Figure 4-37 Front Mounted Water Pump

An impeller is pressed on one end of the stainless steel drive shaft. The other end of this shaft has
internal threads, and a retaining bolt secures the water pump drive gear to the shaft. Two identical
roller bearing assemblies are used to carry the shaft See Figure 4-38.

All information subject to change without notice.
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4.3  WATER PUMP (FRONT MOUNTED) (FM)

20487
1. Locknut 12. Drive Shaft
2. Gear, Water Pump Drive 13. Water Seal
3. Snap Ring 14. Impeller
4. Bearing Race 15. Seal Ring, Water Pump Cover
6. Roller Bearing, Larger 16. Bolt, Cover-to-housing
6. Spacer Rings (2) 17. Water Pump Cover
7. Roller Bearing, Small 18. Bolt, Pump Housing to Gear Case Cover
8. Bearing Race 19. Woodruff Key
9. Oil Seal 20. Small Pipe Plug, Water Pump Housing
10. Seal Ring, Water Pump Housing 21. Large Pipe Plug, Water Pump Housing
11. Housing, Water Pump 22. Drain Cock
Figure 4-38 Front Mounted Water Pump Details and Relative Location of Parts
without notice.
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A rectangular rubber ring, located in a groove in the water pump housing, seals the water pump to
the gear case cover. A smaller rectangular rubber ring, located in a groove in the water pump
cover, seals the cover to the water pump housing. Engines built before October, 1989, are
equipped with rubber O-ring seals on the water pump housing and cover. See Figure 4-38.

An oil seal is located behind the bearing assemblies, and a unitized, spring-loaded, face-type
water seal is used behind the impeller. This seal prevents water from leaking down the shaft and
into the gear case. It also prevents lubricating oil from entering the cooling system. The water and
oil seals cannot be replaced without removing the water pump from the engine.

The pump bearings are lubricated by splash oil through a passage from the front of the pump
housing. :

All information subject to change without notice.
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4.3 ~ WATER PUMP (FRONT MOUNTED) (FM)

4.3.1

Repair or Replacement of Water Pump (FM)

To determine if repair or replacement of the water pump is necessary, perform the following
procedure. See Figure 4-39.

DRAIN
COOLING
SYSTEM

}

REMOVE
WATER PUMP

1

DISASSEMBLE
WATER PUMP

I

CLEAN
PARTS

INSPECT WATER PUMP

EQUIPPED
WITH RELIEF
SLOTS

X

LIS REPLACE REUSE
" v
WATER PUMP ol Sl s TEST WATER PUMP
/

]

BEARINGS IMPELLER GEAR
TURN DOES NOT RUN-OUT
FREELY SLIP IN LIMITS

REPLACE REPLACE REPLACE
BEARING IMPELLER GEAR
1 ] 1 COMPLETE
ASSEMBLY
!
INSTALL
WATER PUMP

21997

Figure 4-39

Flowchart for Repair or Replacement of Water Pump (FM)
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4.3.2 Draining and Removal of Front Mounted Water Pump

Drain the cooling system as follows:

Open the drain cocks located at the right rear corner of the engine, at the bottom of the water
pump and in the bottom of the thermostat housing.

Remove the water pump as follows:
1. Loosen the hose clamps and remove the coolant hoses from the water pump housing.

2. Loosen and remove the three water pump housing-to-gear case bolts. Remove the water
pump from the engine by pulling it straight out of the gear case.

433 Disassembly of Front Mounted Water Pump

Disassemble the water pump as follows:

1. Loosen and remove the two water pump cover-to-pump housing bolts. Remove the water
pump cover by pulling it straight out of the water pump housing, to prevent possible
damage to the seal ring.

NOTICE:

If a vise is used to secure the water pump drive gear for locknut or
impeller removal, use soft jaws on the vise and exercise extreme
caution to prevent damage to the water pump drive gear teeth.

2. Clamp the water pump drive gear in a vise, with the impeller facing up. Use a two-screw
puller and remove the water pump impeller from the shaft, using the two threaded holes in

the face of the impeller.

All information subject to change without notice.
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4.3  WATER PUMP (FRONT MOUNTED) (FM)

3. Place the water pump face down on a press bed. Using J 35988-5, part of tool set
J 35988-B, and two breaker bars, loosen the locknut that secures the water pump drive
gear to the shaft. Remove the locknut. See Figure 4-40.

Figure 4-40 Water Pump Drive Gear Locknut Removal (FM)

4. Use a two-jaw puller to remove the water pump drive gear from the drive shaft.

NOTE:
Use care not to lose the Woodruff key.

All information subject to change without notice.
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“ CAUTION:

To avoid injury from flying parts when working with
components under spring tension, wear adequate eye
protection (face shield or safety goggles).

5. Remove the snap ring from the water pump housing. See Figure 4-41.

20490

Figure 4-41 Snap Ring Removal (FM)

6. Support the water pump housing, engine side down, using steel blocks or plates, to allow
at least 76 mm (3 in.) of clearance between the pump housing and the press bed.

7. Press the drive shaft and bearings assembly out through the back (engine side) of the water
pump housing, until both bearing races are clear of the housing.

NOTICE:

Use care not to damage the housing. Damaged housing bore
will cause coolant leaks and damage to the engine.

8. Remove both the water and oil seals from the housing using a brass drift and hammer.

All information subject to change without notice.
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4.3  WATER PUMP (FRONT MOUNTED) (FM)

9. Support the drive shaft assembly on two steel blocks, at the bearing inner race.
See Figure 4-42,

gL DRIVE SHAFT

ASSEMBLY

20491

Figure 4-42 Removing Bearing Assemblies (FM)

10. Press the drive shaft out until it is clear of both bearing and race assemblies. Discard the
used bearings, races and the two spacer rings located between the bearing packs.

All inf bject to change without notice.
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4.3.3.1 Inspection of Front Mounted Water Pump

Inspect the water pump parts as follows:
1. Visually inspect the parts for cracks, wear or other damage.

[a] If parts are cracked, worn or have other damage, replace damaged or worn parts.
Refer to section 4.3.5.

[b] If parts are not cracked, worn or damaged, reuse remaining components.

2. Inspect the water pump housing for relief slots in the water seal cavity. If pump is
without the relief slots, modify the area in which the impeller rides to add the slots.
See Figure 4-43.

NOTE:

The gear case cover mount water pumps have two cast slots in the water seal cavity.
Effective with Engine Serial Number 6R2807 machined relief slots were added to the
pump. The relief slots ensure coolant flow to the seal faces.

LOCATION

BEFORE
MACHINING

Figure 4-43 Water Pump Body Modification (FM)

All information subject to change without notice.
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4.3  WATER PUMP (FRONT MOUNTED) (FM)

NOTICE:

If a vise is used to secure the water pump drive gear for locknut or
impeller removal, use soft jaws on the vise and exercise extreme
caution to prevent damage to the water pump drive gear teeth.

[a] Lock the water pump body securely in the soft jaws of a bench vise.

[b] Using a die grinder (if possible, have professionally machined), remove 38.1 mm
(1.5 in.) of material in the 10 o’clock and 4 o’clock positions of the raised belt that
surrounds the water pump impeller. See Figure 4-43. Enough material should be
removed so that, when machined, the slot is flush with the rest of the casting.

[c] After machining, wash the pump housing and all other pump parts in clean fuel oil.

A CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

[d] Dry with compressed air.
4.3.4 Cleaning of Front Mounted Water Pump

Clean the water pump parts as follows:

1. Wash all of the pump parts in clean fuel oil.

a CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

2. Dry the parts with compressed air.

All information subject to change without notice.
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4.3.5 Assembly of Front Mounted Water Pump

Assemble the water pump as follows:

1. Coat the bearing bores of the water pump housing and the drive shaft bearing surfaces
with clean engine oil.

NOTICE:

Although the bearings are identical, the bearings and
races are matched parts, and should be installed as they
are removed from the box. Parts that are not matched
will cause damage to the water pump.

2. Assemble new bearing packs. See Figure 4-44.

LARGE SPACER RING

Figure 4-44 Bearing Pack Assembly (FM)

All information subject to change without notice.
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4.3  WATER PUMP (FRONT MOUNTED) (FM)

3. Install the drive shaft into the center of the fixture using) 35988-18 andJ 35988-2 , parts
of tool set J 35988-B. See Figure 4-45.

DRIVE SHAFT

J 36988~-18

20493
Figure 4-45 Bearing Installation Set-Up (FM)
4. Install the assembled bearing packs to the drive shaft. See Figure 4-46.
BEARING PACKS
DRIVE SHAFT
20494

Figure 4-46 Bearing Placement (FM)

All information subject to change without noljce.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

4-54



SERIES 60 SERVICE MANUAL

5. Press the bearing pack onto the shaft until it contacts the shoulder of the shaft using
J 35988-1A, part of tool set J 35988-B. See Figure 4-47.

BEARING AND SEAL
INSTALLER J 35988-1A

40602

Figure 4-47 Bearing Installation (FM)

6. Remove the shaft and bearing assembly from the press.
4.3.5.1 Test Bearing Assembly (FM)

Check bearing assembly as follows:
1. Turn bearings to ensure they turn freely.

[a] If bearings bind, disassemble water pump and replace bearing assembly.
Refer to section 4.3.3.

[b] If bearings do not bind, reuse the part.

All information subject to change without nolice,
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4.3 ~ WATER PUMP (FRONT MOUNTED) (FM)

4.3.6 Assembly of Water Pump (FM) - cont’d

Continue assembling the water pump, as follows:

1. Coat the new oil seal contact area of the water pump housing with a thin film of clean

engine oil. See Figure 4-48.

OIL SEAL
CONTACT AREA

20496

Figure 4-48

Oil Seal Contact Area Lubrication (FM)

without notice.
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2. Install the oil seal to the water pump housing from the rear (gear side). See Figure 4-49.

OIL SEAL
POSITIONING

20497

Figure 4-49 Oil Seal Positioning (FM)

All information subject to change without nolice.
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4.3  WATER PUMP (FRONT MOUNTED) (FM)

3. Place the small end of tool J 35988-1A, part of tool set J 35988-B, into the water pump
housing until it contacts the oil seal. See Figure 4-50.

g J 35988-1A

\\\w

Figure 4-50 Oil Seal Installation (FM)

NOTICE:

The contact surface of the oil seal is coated with a special
sealant. Do NOT remove this sealant before installing the oil
seal. If sealant is removed, leakage can occur.

4. Press the oil seal into the housing until the seal lip is bottomed in the pump housing.
Remove the tool] 35988-1A, part of tool set ] 35988-B.

Coat the bearings with clean engine oil.

Place the water pump housing, face down (gear side up), on a press bed.

Al inf i bject to change without notice.
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7. Install the drive shaft, with bearings installed, to the rear of the water pump housing.
See Figure 4-51.

NOTE:

During the bearing installation, the water pump housing must be parallel to the press
bed or table surface.

WATER PUMP
HOUSING

Figure 4-51 Drive Shaft Insertion (FM)

All information subject to change without notice.
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4.3  WATER PUMP (FRONT MOUNTED) (FM)

8. Place the large end of tool J 35988-1A, part of tool set J 35988-B, over the drive shaft so
that the lip of the tool rests squarely on the outer bearing race. See Figure 4-52.

J 35988-1A
»

Figure 4-52

Drive Shaft Installation (FM)

NOTICE:

The drive shaft must be installed pressing on the outer bearing race
only. Any other attempt at installation may damage the bearings.

9. Press the drive shaft and bearing assembly into the water pump housing, using the tool
J 35988-1A, part of tool set J 35988-B, until it is seated firmly against the shoulder in

the housing.

All info

i ject to ige without notice.
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10. [Install the snap ring to the water pump housing. See Figufe 4-53.

SNAP RING

20501

Figure 4-53 Snap Ring Installation (FM)

All inf ion subject to change without notice.
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4.3  WATER PUMP (FRONT MOUNTED) (FM)

NOTICE:

Form-a-Gasket Sealer must be used sparingly, and kept from the
shaft and bearing surfaces. Excessive amounts of Form-a-Gasket
Sealer could cause plugging of radiator or cooler core.

11.  Turn the water pump housing over. Working through the front, apply a coating of Aviation
Form-a-Gasket, Form-a-Gasket No. 3 or equivalent to the area where the water pump seal
case contacts the pump body. See Figure 4-54.

20502

Figure 4-54 Sealer Installation

All inf bject to change without notice,
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12. Install J 35988-3A , part of tool set J 35988-B, to the fixture tool. See Figure 4-55.

EXTENSION
J 35988-3A

20503

Figure 4-55 Support Installation (FM)

All { bject to change without notice.
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4.3  WATER PUMP (FRONT MOUNTED) (FM)

13. Install the water pump housing assembly to the fixture. See Figure 4-56.

—J 35088-2

20504

Figure 4-56 Water Pump Impeller Installation Set-Up (FM)

NOTICE:

The extension must contact and support the shaft when installing
the water seal and impeller to prevent damage to the bearings.

14. Turn the adjustor wheel to raise the extension until it contacts the drive shaft in the water
pump housing.

15. Apply Loctite® primer (Locquic Primer N, Part No. 764) by swabbing onto the L.D.
of the rotor of the seal.

Al ink ion subject o change without notice.
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16. Install a new water seal over the drive shaft and seat it in the water pump housing.
See Figure 4-57.

WATER SEAL

20505

Figure 4-57 Water Seal Insertion (FM)

17. Position tool J 35517-1, part of tool set J 35988-B, over the water seal. See Figure 4-58.

J 35517-1

20506

Figure 4-58 Water Seal Installation (FM)

All ion subject to change without notice.
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4.3  WATER PUMP (FRONT MOUNTED) (FM)

18. Press the water seal into the housing until the flange of the seal case contacts the water
pump housing a full 360°. Remove toolJ 35517-1, part of tool set J 35988-B.

NOTICE:

The sealant must not be allowed to spill over the side of the
water pump seal. Damage to the seal may occur.

19. Apply only one drop of Loctite® 290 sealant to the drive shaft where it contacts the water
seal. The sealant will wick around the shaft making a complete seal. See Figure 4-59.
Wipe off excess sealant.

20507

Figure 4-59 Sealant Installation (FM)

All i jon subject to change without notice.
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NOTICE:

The shaft should not be turned, moved from vertical or the seal
pressure tested for at least two hours. Do not exceed 172 kPa

(25 Ib/in.?) when pressure testing. Sealant requires time to cure
to prevent coolant leaks and possible engine damage.

20. With the shaft in the vertical position apply Locquic Primer N on top of the Loctite®
290 by swabbing.

NOTE:

Due to time required for curing, DDC recommends keeping a pump built up in parts for
immediate use when needed. A pump removed from an engine could be rebuilt and
placed in storage for later use.

21. With the water pump housing still housed in toolJ 35988-2, part of tool set J 35988-B,
and located on a press bed, install the water pump impeller to the end of the drive shaft.
Position the impeller so that the machined end is parallel with the housing machined
face. See Figure 4-60.

WATER PUMP
IMPELLER

J 35988-2

20508

Figure 4-60 Water Pump Impeller Installation (FM)
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4.3  WATER PUMP (FRONT MOUNTED) (FM)

22. Press the impeller on until it is flush with the end of the drive shaft. See Figure 4-61.

DRIVE SHAFT

IMPELLER
20509

Figure 4-61 Water Pump Iimpeller Location (FM)

23. Turn the housing over and place it face (impeller side) down on fixture] 35988-2 , part of
tool set J 35988-B.

All infc Z bject to change without notice.
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24. Install the Woodruff key to its slot in the drive shaft. Tap the key with a brass hammer to
seat it squarely in the slot. See Figure 4-62.

WOODRUFF KEY

20510

Figure 4-62 Woodruft Key Installation (FM)

25. Install the water pump drive gear to the drive shaft, indexing the slot in the gear with
the Woodruff key.

NOTICE:

Extension tool J 35988-3, part of tool set J 35988-B, must
support the shaft. This is necessary to prevent damage to the
bearings when pressing the gear onto the shaft.

26. Turn the adjustor wheel to raise the extension tool] 35988-3, part of tool set J 35988-B,
until it contacts the shaft.

Al inf it bject to change without nolice.
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4.3  WATER PUMP (FRONT MOUNTED) (FM)

27. Using the small end of tool] 35988-1A, part of tool set J 35988-B, press the drive gear
down onto the drive shaft until it touches the bearings. See Figure 4-63.

J 35988-1

FIXTURE
J 35988-2

20511

Figure 4-63 Water Pump Drive Gear Installation (FM)

28. Install locknut to the drive shaft threads. See Figure 4-64.

LOCKNUT

20512

Figure 4-64 Locknut Installation (FM)

All information subject to change without notice.
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29.

Using J 35988-5, part of tool set ] 35988-B, with a breaker bar to hold the gear and shaft,
tighten the locknut with a torque wrench to 203-230 N-m (150-170 Ib-ft) torque.

4.3.6.1 Assembly Integrity Test

Verify the assembly integrity as follows:

1. Turn the pump over and install J 35687 into the tapped holes provided in the impeller.
2. Clamp J 35988-5 , part of tool set J 35988-B, (legs up) in a vise and position the lightening
holes in the drive gear over the legs of the tool.
3. Using a 1/2 in.-drive torque wrench in the hole provided in the center of J 35687, apply 68
N-m (50 Ib-ft) torque in either direction.
[a] The gear and impeller must withstand 68 N-m (50 Ib-ft) torque without slipping.
[b] If the torque specification is not satisfied, disassemble water pump and replace the
impeller. Refer to section 4.3.3.
4. Using a dial indicator with magnetic base, measure the total run-out of the water pump
drive gear at four places, at 90 degree intervals. Maximum allowable run-out is 0.0635
mm (0.0025 in.). See Figure 4-65.
DIAL INDICATOR
WATER PUMP
DRIVE GEAR MAGNETIC
BASE
20513
Figure 4-65 Measuring Water Pump Drive Gear Runout (FM)
[a] If specifications are exceeded, disassemble the water pump and check for burrs or
foreign particles. Refer to section 4.3.3.
[b] If specifications are with limits, reuse part.
All i ion subject to change without notice.
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4.3

WATER PUMP (FRONT MOUNTED) (FM)

4.3.7

Installation of Front Mounted Water Pump

Install the water pump as follows:

1.

Coat the two seal rings with clean engine oil. Install the larger seal ring to the groove in
the water pump housing. Install the smaller seal ring to the groove in the water pump
cover. Coat the water pump drive gear with clean engine oil.

Install the water pump to the engine, meshing the water pump drive gear with the bull gear.

3. Install the three water pump housing-to-gear case cover bolts. Tighten the bolts alternately

and evenly to draw the water pump straight into the engine. Torque the bolts to 30-38
N-m (22-28 Ib-ft).

Measure the gear backlash. Refer to section 1.21.2.1.

Install the water pump cover to the water pump with two bolts. Torque the bolts alternately
and evenly to draw the cover straight into the water pump housing. Torque the bolts to
30-38 N-m (22-28 1b-ft).

Slide the coolant hoses into position and tighten the hose clamps.

7. Fill the cooling system. Refer to section 13.13.4 of engine maintenance.

All i i bject to ch without notice.
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4.4 CHARGE AIR COOLER RAW WATER PUMP (KEEL-COOLED
COMMERCIAL MARINE)

The centrifugal-type water pump circulates raw water through the charge air cooler (CAC) on
keel-cooled marine engines. The drive end of the pump shaft is supported by a sealed double-row
combination radial and thrust ball bearing. The pump shaft serves as the inner race of the bearing.

The pump is mounted to the rear end of the gear case on the intake side of the engine. The drive
coupling, pressed on the end of the pump shaft, has an integral oil thrower that shrouds the flange
end of the pump body and deflects the oil away from the bearing. See Figure 4-66.

36015
1. To Charge Cooler 5. Bolt
2. Hose 6. Water Pump
3. Pump Cover 7. Inlet Flange
4. Drain Cock 8. Clamp
Figure 4-66 CAC Water Pump Mounting

NOTE:
The high capacity water pump has a shaft bearing assembly, unitized seal assembly,
drive coupling, and ceramic insert.

All information subject to change without notice.
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44  CHARGE AIR COOLER RAW WATER PUMP (KEEL-COOLED COMMERCIAL MARINE)

441 Replacement of CAC Water Pump

To determine if repair or replacement is necessary, perform the following procedure.

See Figure 4-67.

DRAIN
RAW WATER
SYSTEM

!

REMOVE
WATER PUMP

]

DISASSEMBLE
WATER PUMP

I

CLEAN
PARTS

WORN OR
DAMAGED
PARTS

| YES

NO

INSPECT WATER PUMP

REPLACE REUSE
1 I
)
ASSEMBLE NEW
WATER PUMP SEALS

TEST WATER PUMP

BEARINGS
TURN
FREELY

IMPELLER
DOES NOT
SLIP

DRIVE
COUPLING
DOES NOT
SLIP

v v v
REPLACE REPLACE REPLACE
BEARING IMPELLER COUPLING
l l l INSTALL
WATER PUMP

36014

Figure 4-67

Flowchart for Repair or Replacement of CAC Water Pump
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4.4.2

Removal of CAC Water Pump

Remove the water pump as follows:

1.

Drain the raw water from the charge air cooler system and open the drain cock in the
pump body.

Loosen the hose clamps and slide the water pump inlet hose back onto the charge cooler
inlet pipe.

Remove the nuts and bolts that attach the pump to the raw water supply pipe.

Remove the bolts and lock washers that attach the pump mounting flange to the drive
assembly.

Withdraw the pump and remove the gasket.

to change without notice.
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4.4  CHARGE AIR COOLER RAW WATER PUMP (KEEL-COOLED COMMERCIAL MARINE )

4.4.3 Disassembly of CAC Water Pump

Disassemble the water pump as follows:
1. Remove the pump cover and gasket.
NOTE:

Clean any corrosion from around the impeller and shaft before separating the shaft and
bearing assembly from the impeller, seal, and pump body.

NOTICE

Shaft bearing damage may occur on the water pump if an
excessive thrust load is applied to the bearing assembly
during pump disassembly for seal replacement. For this
reason DDC recommends replacing the shaft and bearing
assembly of the water pump whenever the seal is replaced
and /or at time of water pump overhaul.

2. Support the pump on its mounting flange in an arbor press. See Figure 4-68. Place a
short steel rod on the end of the shaft and press the shaft and bearing assembly from the
impeller, seal, and pump body.

27988
1. Steel Bar 3. Shaft and Bearing Assembly
2. Impelier
Figure 4-68 Pressing Pump Shaft from Impeller
to change without notice.
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3. Remove the impeller and seal assembly from the pump body.

4. Remove the pump drive coupling from the shaft with tool J 1930. See Figure 4-69.

27989

1. Steel Bar 3. Steel Rod
2. Drive Coupling

Figure 4-69 Removing Pump Drive Coupling from Shaft

4.4.3.1 Inspection of CAC Water Pump

Inspect the water pump as follows:
1. Visually inspect the parts for cracks, wear, or other damage.
{a] If parts are cracked, worn, or other damage is evident, replace damaged or worn parts.

[b] If no damage is found, reuse remaining components.

All ir i bject to change without notice.
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44  CHARGE AIR COOLER RAW WATER PUMP (KEEL-COOLED COMMERCIAL MARINE)

4.4.4 Assembly of CAC Water Pump

Assemble the water pump as follows:

NOTICE

To avoid possible engine damage, the sealed pump shaft bearing
must not be immersed in a cleaning fluid, since dirt may be
washed in and fluid cannot entirely be removed.

Clean all of the parts, except the shaft and bearing assembly.
2. Replace the shaft and bearing assembly and the seal assembly.

Support the pump body on the bed of an arbor press, impeller end down. Insert the long
(impeller) end of the shaft and bearing assembly into the body.

NOTICE

The shaft and bearing assembly will be damaged if it is installed
by applying pressure to the shaft or inner race.

4. Press against the outer race of the bearing until the bearing is flush with the end of the
pump body.

5. To eliminate possible coolant leakage, apply a light coat of Loctite® 290 sealant to the
outside diameter of the new seal.

All inf i bject to change without notice.
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6.

Invert the pump so that the impeller end faces up. See Figure 4-70.

J 22437

29820

1. Shaft Support 2. Impeller

Figure 4-70 Installing Water Pump Impeller

7.

10.

With the pump body and bearing shaft properly supported, place a fresh unitized seal over
the shaft. Tool J 38858 must be used to set the seal to its proper installed height. Using
tool J 38858, press the seal into place.

Ensure the mating surfaces of the water seal and impeller are free of dirt, metal particles,
and oil film. '

NOTICE

The bearing shaft end must be supported during this
operation. Do not press against the outer race of the
bearing. This can damage the bearing.

Support the bearing end of the shaft on the bed of an arbor press. Using tool J 22347,
press the impeller onto the shaft. The distance between the end of the shaft and the face of
the impeller hub is 0.0078 — 0.083 mm (0.031 - 0.033 in.).

Invert the pump. With the impeller end of the shaft properly supported on the arbor press,
press the drive coupling onto the shaft until it is flush with the end of the shaft.

NOTE:
When installed, the drive coupling must hold 41 N-m (30 Ib-ft) minimum torque.

All information subject to change without notice.
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4.4  CHARGE AIR COOLER RAW WATER PUMP (KEEL-COOLED COMMERCIAL MARINE)

11. Rotate the shaft by hand to ensure the rear faces of the impeller blades do not rub against
the pump body.

12. If previously removed, install the drain cock in the pump body.
445 Installation of CAC Water Pump

Install the water pump as follows:
1. Ensure the intermediate shaft coupling is secure.

[a] If it was previously removed, insert the splined end of the coupling into the mating
splines in the drive assembly.

[b] Install the bolts and lockwashers, then draw the coupling in place with the bolts.
[c] Torque the bolts to 20 — 26 N-m (15 — 19 1b-ft).

2. Slide the charge cooler inlet hose in place and secure it with the hose clamps.

3. Close the pump drain cock.

4. Remove and check the condition of the raw water pump electrodes (zincs). Replace if
required.

5. Fill the raw water cooling system.

“ CAUTION:

Diesel engine exhaust and some of its constituents are
known to the State of California to cause cancer, birth
defects, and other reproductive harm.
O Always start and operate an engine in a well ventilated
area.
O If operating an engine in an enclosed area, vent the
exhaust to the outside.
O Do not modify or tamper with the exhaust system or
emission control system.

6. Start the engine and check for leaks.

All information subject to change without notice.
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4.5 THERMOSTAT

The temperature of the engine coolant is controlled by two blocking-type thermostats located in a
housing attached to the right side of the cylinder head. See Figure 4-71.

4
20033
1. Thermostat (2) 6. Hose, Coolant
2. Pipe Plug 7. Thermostat Housing
3. Bolt, Thermostat Housing-to-Cylinder Head (4) 8. Drain Cock
4, Bypass Tube 9. Seal, Thermostat Housing (2)
5. Hose Clamp (2) 10. Cylinder Head
Figure 4-71 Thermostat and Related Parts

All information subject to change without notice.
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4.5 THERMOSTAT

In addition to a rubber seal that is part of the thermostat, there is a lip-type seal for each thermostat
that is installed in a bore in the thermostat housing. See Figure 4-72.

20514

1. Connection Opening, Vent Line 4. Thermostat Housing

2. Seal, Thermostat (2) 5. Seals, Thermostat Housing (2)
3. Thermostat (2)

Figure 4-72 Thermostat Seals

All information subject to change without notice.
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At coolant temperatures below approximately 86 - 89°C (186 - 193°F) for vehicle, industrial, and
keel-cooled marine engines or 69 — 73°C (156 — 163°F) for heat exchanger-cooled marine engines,
the thermostat valves remain closed and block the flow of coolant from the engine to the radiator
or heat exchanger. During this period, all of the coolant in the system is recirculated through the
engine and is directed back to the suction side of the water pump via a bypass tube. As the
coolant temperature rises above 86 - 89°C (186 - 193°F) for vehicle, industrial, and keel-cooled
marine engines or 69 — 73°C (156 — 163°F) for heat exchanger-cooled marine engines, the
thermostat valves start to open, restricting the bypass system, and allowing a portion of the
coolant to circulate through the radiator or heat exchanger. When the coolant temperature reaches
approximately 97°C (207°F) (or 82°C [179°F] for heat exchanger-cooled marine engines), the
thermostat valves are fully open, the bypass system is blocked off, and the coolant is directed
through the radiator or heat exchanger. See Figure 4-73.

3
2\ ‘ 4
e RO 5
‘—0 owﬂ__ 000j L~ -~
//1’ \,/
|. |} o |
5 ¢ rc 1 <@

~
"

N

=Y

2
3.
4. Water Outlet (To Radiator)

- .._—-SQ. o ?
78 \‘. X _,:_— \ (&~
W .—::—.’ . v
@\{3 v 5 P
\ Bl
/3

1

20515

Qil Cooler Housing

. Thermostat Housing

Vent Line Outlet

5. Water Bypass Tube
6. Water Pump
7. Water Inlet

Figure 4-73 Cooling System Operation

Properly operating thermostats are essential for efficient operation of the engine. If the engine
operating temperature deviates from the normal range of 86 - 99°C (186-210°F) (or 69 — 82°C .
[156 — 179°F] for heat exchanger-cooled marine engines), inspect and replace the thermostats, if
necessary.
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4.5 THERMOSTAT

4.5.1 Repair or Replacement of Thermostats

To determine if repair or replacement of the thermostat is necessary, perform the following
procedure. See Figure 4-74.

DRAIN
THERMOSTATS

I

REMOVE
THERMOSTATS

I

INSPECT THERMOSTATS

-

CLEAN
THERMOSTATS
]

DAMAGED
SEALS

DAMAGED
PARTS

i v

REPLACE REUSE
' |

REPLACE

—[//TESTTHEHMOSDQS

PROPER
OPERATING
RANGE

REUSE
REPLACE
NEW
B SEALS
INSTALL
THERMOSTATS

21998

Figure 4-74

Flowchart for Repair or Replacement of Thermostats
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4.5.2

Draining and Removal of Thermostats

Drain the thermostats as follows:

L
2.
3.

A CAUTION:

To avoid injury from the expulsion of hot coolant, never
remove the cooling system pressure cap while the engine is
at operating temperature. Remove the cap slowly to relieve
pressure. Wear adequate protective clothing (face shield

or safety goggles, rubber gloves, apron, and boots).

Slowly open the coolant pressure control (radiator) cap.
Open the drain cock located on the bottom of the thermostat housing.

Drain the cooling system so that the coolant is below the thermostat level.

Remove the thermostats as follows:

1.

N s LoD

Loosen the hose clamps on the coolant hoses connected to the thermostat housing.

Slide the hoses off the housing.

Disconnect the vent line and any other lines which are connected to the thermostat housing.
Remove the four thermostat housing-to-cylinder head attaching bolts.

Remove the thermostat housing assembly from the engine.

Remove the thermostats from the thermostat housing.

Remove and discard the thermostat housing seals.

Al inf

lion subject to change without notice.
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4.5 THERMOSTAT

45.2.1 Inspection of Thermostats

Inspect thermostats as follows:
1. Visually inspect all parts for wear or damage.
[a] If wear or damage is found, replace parts.
[b] If wear or damage is not found, reuse parts.
2. Visually inspect thermostat body seal for damage, cracks or nicks.
[a] If any damage is noted, replace seal.

[b] If no damage is found, reuse parts.
4.5.3 Cleaning of Thermostats

Clean the thermostats as follows:

1. Clean all of the parts in clean fuel oil.

A CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

2. Dry all parts with compressed air.

All information subject to change without notice.
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454 Testing Thermostat

Check the operation of a thermostat as follows:

NOTICE:

Ensure thermostat is operational. If thermostat motion becomes
impaired, overheating may result. An engine which has overheated
may also cause the thermostats to become inoperative. A
thermostat stuck in the open position may not allow the engine to
reach normal operating temperature. The incomplete combustion
of fuel due to cold operation will result in build-up of carbon
deposits on the pistons, rings and valves. A thermostat that
does not fully open may cause engine overheating.

1. Immerse the thermostat in a metal container of water. See Figure 4-75.

FULLY OPEN
(92°C/197°F)

STARTS TO OPEN
(80°C/177°F)

25779

Figure 4-75 Checking Thermostat Operation

2. Place a thermometer in the container using care not to allow the thermometer to touch the
bottom or sides of the container.

3. While slowly agitating the water to maintain an even temperature, apply heat to the
container, Allow at least 10 minutes for the thermostats to react before determining if the
thermostats are opening in the correct temperature range.

All information subject to change without notice.
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CAUTION:

To avoid injury from the expulsion of hot coolant, never
remove the cooling system pressure cap while the engine is
at operating temperature. Remove the cap slowly to relieve
pressure. Wear adequate protective clothing (face shield

or safety goggles, rubber gloves, apron, and boots).

4. As the water is heated, the thermostat should begin to open. The nominal opening
temperature (stamped on the thermostat), the start-to-open temperature range, and the full
open temperature are listed in Table 4-1.

Nominal Opening Temperature
(Stamped on the Thermostat)

Thermostat Start-to-Open
Temperature Range

Fully Open Temperature

160°F (71°C)

156-163°F (69-73°C)

179°F (82°C)

180°F (82°C)

176-183°F (80-84°C)

197°F (92°C)

190°F (88°C)

186-193° (86-89°)

207°F (97°C)

Table 4-1 Thermostat Nominal, Start-to-Open, and Fully Open Temperatures

5. If thermostat does not operate properly replace.

ion subject to change without notice.
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4.5.5 Installation of Thermostat and Seal

Install new thermostats as follows:
1. Position a new seal onto seal installer, J 8550, and handle, J 7079-2. See Figure 4-76.

THERMOSTAT
HOUSING SEAL

20617

Figure 4-76 Positioning the Seal onto Seal Installer

All inf ion subject to change without notice.
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2. Support the thermostat housing on a work bench so that it is level. See Figure 4-77.

20518

Figure 4-77 Thermostat Housing Seal Insertion

3. Insert the seal driver with seal installed, into the thermostat housing.

All information subject to change without notice.
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4. Drive the seal into the bore with a hammer, until the installation tool bottoms on the
housing. Rotate the tool during installation to ensure the seal is installed straight. Remove
tools J 7079-2 and J 8550. See Figure 4-78.

J 7079-2

20519

Figure 4-78 Thermostat Housing Seal Installation

5. Repeat step 1 through step 4 for the other seal.
6. Coat the lip of the seals with clean engine oil.

7. Place the thermostats, spring up, into the thermostat housing.

All information subject to change without notice.
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4.5° THERMOSTAT
8. Press down on the thermostats to seat them. See Figure 4-79.
M\
THERMOSTATS
THERMOSTAT
HOUSING
20520
Figure 4-79 Seating Thermostats
9. Ensure the machined surface of the thermostat housing, where it contacts the cylinder
head, is clean and dry.
10. Install the thermostat housing to the cylinder head with the four attaching bolts. Torque
the bolts to 58-73 N-m (43-54 1b-ft).
11. Install the coolant hoses to the thermostat housing. Tighten the hose clamps.
12.  Apply a coating of Loctite® Pipe Sealer with Teflon, PT-7260, or equivalent to the threads
of the drain cock if it was removed from the bottom of the thermostat housing.
13. Install and tighten the drain cock.
14. Install any other components removed for this operation.
15. Close the drain cocks in the water pump housing and at the right rear of the cylinder block.
16. Install the thermostat housing vent line and any other lines that were removed from the
housing.
17. Fill the cooling system. Refer to section 13.13.4.
18. Refer to section 11.3.5 for verification of thermostat installation. Listed in Table 11-2are

the normal cooling system operational parameters.

Al inf it bject to change without notice.
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4.6 COOLANT PRESSURE CONTROL CAP

The radiator or heat exchanger (or expansion tank) has a pressure control cap with a normally
closed valve. The cap is designed to permit a pressure in the cooling system equal to the rating
stamped on the top of the cap. A cap with a 9 on the top allows the cooling system to develop 62
kPa (9 Ib/in.?) before the valve opens. See Figure 4-80. This system pressure raises the boiling
point of the coolant and reduces coolant loss. The maximum allowable coolant temperature,
regardless of the pressure cap used, is 99°C (210°F).
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Figure 4-80 Pressure Control Cap (Pressure Valve Open)
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To prevent collapse of hoses and other parts which are not internally supported, a second valve in
the cap opens under vacuum when the system cools. See Figure 4-81. It also permits coolant to
flow from coolant recovery bottle (when used) to the radiator tank.

]

o

/>~ COOLANT

VALVE OPENED BY PRESSURE
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Figure 4-81 Pressure Control Cap (Vacuum Valve Open)
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4.6.1 Repair or Replacement of Pressure Control Cap
Refer to the OEM guideline for pressure control cap service procedure.
4.6.2 Removal and Cleaning of Pressure Control Cap

Remove the pressure control cap as follows:

“ CAUTION:

To avoid injury from the expulsion of hot coolant, never
remove the cooling system pressure cap while the engine is
at operating temperature. Remove the cap slowly to relieve
pressure. Wear adequate protective clothing (face shield

or safety goggles, rubber gloves, apron, and boots).

1. Wipe the outside area on the pressure control cap clean before removal.

2. Push down on pressure control cap while turning counterclockwise.

Al ink i bject to change without notice.
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4.6.2.1 Inspection of Pressure Control Cap

Detroit Diesel does not offer pressure control (radiator) caps as original equipment on Series 60
engines, except on marine engines.

A CAUTION:

To avoid injury from the expulsion of hot coolant, never
remove the cooling system pressure cap while the engine is
at operating temperature. Remove the cap slowly to relieve
pressure. Wear adequate protective clothing (face shield

or safety goggles, rubber gloves, apron, and boots).

Clean and inspect cap periodically. Check operation of both valves using test kit J 24460-01 or
equivalent. Replace if necessary. Inspect and clean filler neck. Replace if damaged.

It is recommended that all Series 60 on-highway vehicle and keel-cooled marine engines use a
minimum 62 kPa (9 1b/in.?) pressure control cap. If the pressure valve does not open between 55
kPa (8 1b/in.?) and 69 kPa (10 1b/in.?) or the vacuum valve does not open at 4.3 kPa (.625 Ib/in.2)
(differential pressure), replace the pressure control cap.

Series 60 heat exchanger-cooled marine engines require a 48 kPa (7 1b/in.?) pressure control cap.
If the pressure valve does not open between 41 kPa (6 1b/in.?) and 55 kPa (8 1b/in.?), replace the

pressure control cap.
4.6.3 Installation of Pressure Control Cap

Refer to vehicle or equipment manufacturer instructions for installation procedures.

Refer to section 11.3.5 for verification of proper pressure control cap installation.

All information subject to change without notice.
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4.7 ENGINE COOLING FAN

The engine cooling fan can be mounted at the front of the engine and is belt driven from the
crankshaft pulley. See Figure 4-82.

THERMOSTATICALLY
CONTROLLED
ENGINE FAN

Y e |

20523

Figure 4-82 Engine Cooling Fan Location

On most applications, the fan is thermostatically controlled. This fan assembly is designed to
regulate the fan speed and maintain an efficient engine coolant temperature regardless of the
variations in the engine load or outside air temperature. No adjustment of the thermostatic
control is necessary.

All Information subject to change without rotice.
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4.7  ENGINE COOLING FAN

The three-groove pulley hub uses a matched set of three drive belts. On some units equipped
with an air conditioning compressor, an additional pulley and retaining plate are attached to the
three-groove pulley. See Figure 4-83.

CURRENT DRIVE - 1.06 AND 0.93 DRIVE RATIOS

20524
1. Bolt, Fan Retaining (6) 4. Retaining Plate
2. Fan Pulley 5. Bolt, Air Conditioning Retaining
3. Drive Pulley, Air Conditioning Compressor 6. Fan Hub Assembly
Figure 4-83 Air Conditioning Compressor Drive Pulley and Related Parts

Whenever it is necessary to replace one of the crankshaft pulley-to-fan hub drive belts, all
three belts must be replaced as a matched set. Refer to section 13.13.10 for belt adjustment or

replacement information.

All information subject to change without notice.
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The fan hub is supported by a front roller bearing and a rear ball bearing. Internal snap rings are
used to retain the bearings in the housing and on the shaft. A single lip grease seal is mounted in
the fan hub housing. A hub cap seals the bearing cavity at the rear of the housing. See Figure 4-84.

20525
1. Drive Shaft, Fan 9. Ball Bearing, Rear
2. Race, Front Bearing inner 10. Snap Ring, Rear Bearing Retaining
3. Snap Ring, Inner Race Retaining 11. Spacer
4. Grease Seal 12. Pin
5. Snap Ring, Front Bearing Retaining 13. Bolt, Spacer-to-drive
6. Bearing, Front Roller 14. Hub Cap
7. Housing, Fan Hub 15. Bolt, Fan Hub Mounting (4)
8. Pipe Plug 16. Hardened Washer (4)
Figure 4-84 Fan Hub and Related Parts

All information subject to change without notice.
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The fan hub utilizes four elongated mounting holes and a single threaded rod for adjustment. The
fan hub is mounted to the fan support bracket with four bolts. See Figure 4-85.

ADJUSTING SCREW

FAN HUB MOUNTING BOLTS
AND HARDENED WASHERS

20526

Figure 4-85 Fan Hub Mounting

The bearings and the cavity between the bearings are packed with grease at the time the fan hub is
assembled. Refer to section 13.5 for the maintenance schedule.

All information subject to change without notice.
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4.7.1 Repair and Replacement of Engine Cooling Fan

To determine if repair is possible or replacement of the engine cooling fan is necessary preform
the following procedure. See Figure 4-86.

REMOVE
COOLING FAN

l

DISASSEMBLE
COOLING FAN

INSPECT COOLING FAN
CLEAN
COOLING FAN /

| ]

FAN

FAN
DRIVE
PULLEY SHAFT

DAMAGE ROUGH GALLED

FAN
BLADES
DAMAGED

YES

REPLACE REPLACE SMOOTH REPLACE REUSE
‘ y v y

ASSEMBLE

COOLING FAN
INSTALL
COOLING FAN
21999
Figure 4-86 Flowchart for Repair or Replacement of Engine Cooling Fan
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ENGINE COOLING FAN

4.7.2

Removal of Engine Cooling Fan

Remove the engine cooling fan as follows:

NOTICE:

Before removing the fan, check the blades for alignment or
damage. Do not rotate the fan by pulling on the fan blades.
Engine damage and radiator damage could resuit.

The fan blades must rotate in a vertical plane parallel with and a sufficient distance from the
radiator core. Cracked, deformed or otherwise damaged fan blades may reduce the efficiency of
the cooling system, throw the fan out of balance, or damage the radiator cores.

1.

N v oA woN

4.7.3

If equipped with air conditioning, loosen the air conditioning compressor mounting bolts.
Remove the compressor drive belt.

Loosen the four fan hub-mounting bolts. See Figure 4-85.

Turn the adjusting rod counterclockwise enough to allow slack in the drive belts.
Remove the fan attaching bolts and remove the fan, fan drive belts and fan pulley.
Remove the adjusting rod from the housing by unscrewing it.

Remove the four fan hub-mounting bolts. Remove the fan hub assembly.

Disassembly of Engine Cooling Fan

Disassemble the engine cooling fan as follows:

1.

Remove the hub cap at the rear of the housing by piercing the cap with a punch and
prying the cap out of the housing.

NOTICE:

If a vise is used to secure the fan hub, use wood or
leather between hub and vise. Exercise extreme caution

to prevent damage to the fan hub.

Secure the fan hub in a vise. Loosen and remove the bolt, securing the spacer to the shaft.

Remove the spacer.

4. Place the housing, fan mounting surface down, on a press bed on wood blocks high

enough to allow the shaft to be removed. Press the shaft to remove it from the housing.

Allinformation subject to changs without notics.
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A CAUTION:

To avoid injury from flying parts when working with
components under spring tension, wear adequate eye
protection (face shield or safety goggles).

5. Remove the roller bearing inner race snap ring from the shaft using snap ring pliers.

6. Remove the roller bearing inner race using a two-jaw puller.

NOTE:

Any time the shaft is removed from the housing, the ball bearing assembly (rear bearing)
must be replaced. Any time the roller bearing inner race is removed from the shaft or
the roller bearing assembly is removed from the housing, the roller bearing assembly

must be replaced.

7. Remove the grease seal from the housing and discard the seal.

8. Remove the bearings from the housing as follows:

[a]
[b]

[c]

[d]

[e]

4.7.3.1

Remove the rear ball bearing snap ring using snap ring pliers.

Support the housing, fan side up, on two wood blocks spaced far enough apart to
permit removal of the rear bearing from the housing.

Remove the bearing from the housing by tapping alternately around the rear face of
the bearing outer race with a small brass rod and hammer.

Reverse the housing on the wood blocks. Remove the front bearing snap ring using
snap ring pliers.

Remove the front bearing from the hub in the same manner as the rear bearing. Refer
to step 8[a] through step 8[d].

Inspection of Engine Cooling Fan

Inspect the engine cooling fan as follows:

1. Visually examine the fan blades for cracks or other damage.

[a] If the blades are cracked or deformed, replace the fan.

[b] If the fan blades are not cracked or deformed, reuse parts.

2. Visually inspect fan pulley for wear or damage to grooves.

[a] If fan pulley grooves are damaged or severely worn, replace the pulley.

[b] If fan pulley grooves are not damaged or severely worn, reuse the pulley.

3. Inspect fan pulley for rust or rough spots.

4. Remove any rust or rough spots in the grooves of the fan pulley.

All information subject to change without notice.
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5. Visually inspect the fan drive shaft for galling, pitting, scoring or cracks.
[a] If galling, pitting, scoring or cracks are found, replace parts as necessary.

[b] If no galling, pitting, scoring or cracks are not found, reuse parts.
4.7.4 Cleaning of Engine Cooling Fan

Clean the engine cooling fan as follows:

1. Clean the fan, fan hub, and related parts with clean fuel oil.

A CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

2. Dry the fan, fan hub, and related parts with compressed air.
4.7.5 Assembly of Engine Cooling Fan

Assemble the engine cooling fan as follows:

1. Install the roller bearing inner race to the fan hub shaft. Support the shaft (fan side down)
on a press bed. Use tool, J 36310-A, part of tool set J 36310-A, to press the race on the
shaft firmly against the shoulder.

NOTE:
The identification number side of the race should be against the tool.

“ CAUTION:

To avoid injury from flying parts when working with
components under spring tension, wear adequate eye
protection (face shield or safety goggles).

2. Using snap ring pliers, install the inner race retaining snap ring on the shaft.

NOTE:
Be sure the snap ring is fully seated in the groove.

3. Using Mobilgrease® HP or equivalent lithium base multipurpose grease, pack the roller
bearing.

All information subject to change without notice.
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4. With the fan drive housing on a press bed (fan side up) install the roller bearing into the
housing. Using J 36310-2, part of tool set J 36310-A, press the bearing firmly against the
shoulder in the housing.

5. Install the roller bearing retaining snap ring.

NOTE:
Be sure the snap ring is fully seated in the groove in the housing.

NOTICE:

Care must be taken to only apply enough pressure to seat the seal
against the snap ring. Excess pressure will deform the seal case.

6. Using the opposite (smooth) side of tool J 36310-2, part of tool set J 36310-A, press the
oil seal into the housing against the snap ring.

Using Mobilgreasee or equivalent lithium-base multipurpose grease, pack the ball bearing.

Using the wider end of tool] 36310-1, part of tool set J 36310-A, to press on the outer race
of the bearing; turn the fan hub housing over (fan side down) on the press bed and install
the ball bearing assembly into the housing.

9. Press the bearing firmly against the shoulder in the housing.
10. Install the ball bearing retaining snap ring in the housing.

NOTE:
Be sure the snap ring is fully seated in the groove.

11. Pack the housing with Mobilgrease® HP or equivalent lithium
base multipurpose grease. Do not overfill the housing.
Mobilgrease® is a registered trademark of Mobil Oil Corporation.

NOTE:
The housing should be between 1/2 to 2/3 full.
12. Coat the lip of the new oil seal with clean engine oil.

13.  With the fan hub shaft (fan side down) supported on a press bed, carefully install the
housing over the shaft.

14. Using the narrow end of tool] 36310-1, part of tool set J 36310-A, press the inner race of
the ball bearing onto the shaft until it is firmly seated against the shoulder on the shaft.

15. Secure the fan hub shaft in a vice with soft (brass) jaws.

16. Index the locating pin in the shaft with its mating hole in the spacer and install the spacer.
17. Install the spacer retaining bolt and torque to 58-73 N-m (43-54 1b-ft).

18. Coat the edge of the hub cap with a sealant such as Loctite® 620 or equivalent.

19. Install the cap into the end of the housing.

All information subject to change without notice.
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20.

Using the flat side of tool J 36310-2, part of tool set J 36310-A, press the cap into the
housing.

NOTE:
The raised center section of the cap should be flush with the surface of the housing.

4.7.6

Installation of the Engine Cooling Fan

Install the engine cooling fan as follows:

1.

Install the fan hub assembly to the support bracket using the four bolts and hardened
washers. Do not tighten the bolts.

Install the adjusting rod in the housing.

If removed, install the air conditioning compressor drive pulley and retaining plate to the
fan drive pulley. Torque the retaining bolts to 30-38 N-m (22-28 1b-ft).

Install the fan drive pulley on the fan hub assembly.
Install the fan to the fan drive pulley. Align the holes in the fan, drive pulley and drive shaft.

Install the attaching bolts through the fan and pulley and thread them into the tapped holes
in the fan hub. Torque the bolts in a crisscross pattern to 47-53 N-m (35-39 1b-ft).

Install the drive belts to the fan pulley and crankshaft pulley.
Adjust the drive belts to provide the proper tension. Refer to section 13.13.10.
Torque the fan hub-mounting bolts to 101-126 N-m (75-93 1b-ft).

All information subject to change without notice.
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4.8 COOLANT FILTER AND CONDITIONER

The engine cooling system filter and conditioner is a compact bypass type unit with a replaceable
spin-on type element. See Figure 4-87. The factory-installed coolant filter is mounted on the
gear case cover.

COOLING SYSTEM FILTER
AND CONDITIONER
20528

Figure 4-87 Coolant Filter

A correctly installed and properly maintained coolant filter and conditioner provides a cleaner
engine cooling system, greater heat dissipation, increased engine efficiency through improved
heat conductivity and contributes to longer life of engine parts.

The filter provides mechanical filtration by means of a closely packed element through which the
coolant passes. Any impurities such as sand and rust particles suspended in the cooling system
will be removed by the straining action of the element. The removal of these impurities will
contribute to longer water pump life and proper operation of the thermostat.

The filter also serves to condition the coolant by softening the water to minimize scale deposits,
maintain an acid-free condition and act as a rust preventive.

Corrosion inhibitors are placed in the element and dissolve into the coolant, forming a protective
rustproof film on all of the metal surfaces of the cooling system. Refer to section 5.4.3.

All information subject to change without notice.
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4.8.1 Repair or Replacement of Coolant Filter and Conditioner
Replace filters at regularly scheduled maintenance intervals. Refer to section 13.13.16.
4.8.1.1 Inspection of Coolant Filter and Conditioner

Detroit Diesel does not offer coolant filter and conditioners as original equipment on Series
60 engines.

4.8.2 Installation of Coolant Filter and Conditioner

Refer to OEM guidelines for coolant filter and conditioner installation procedure.

All inf J bject to changa without notice.
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49 RADIATOR
The radiator is an OEM supplied component. Follow OEM guidelines.
4.9.1 Repair or Replacement of Radiator

If it is determined that your radiator is plugged, use the following procedure to reverse flush
the radiator:

1. Remove scale in cooling system by using a descaling solvent. Follow OEM instructions.
Neutralize the system with a neutralizing agent. Follow OEM instructions.

Drain the cooling system. Refer to section 13.13.4.

Remove the radiator inlet and outlet hoses.

Remove the water pump inlet and outlet hoses.

Attach a hose to the top of the radiator to lead water away from the engine.

Attach a hose at the bottom of the radiator and insert a flushing gun in the hose.

Connect the water hose of the gun to the water outlet and the air hose to the compressed
air outlet.

® N s woN

NOTICE:

Apply air gradually. Do not exert more than 138 kPa (20 Ib/in.?2) air
pressure. Too great a pressure may rupture a radiator tube.

9. Turn on the water and when the radiator is full, turn on the air in short blasts, allowing
the radiator to fill between blasts.

10. Continue flushing until only clean water is expelled from the radiator.
11. Remove flushing gun and hoses from radiator.

12. Attach the water pump inlet and outlet hoses.

13. Attach the radiator inlet and outlet hoses.

14. Fill cooling system. Refer to section 13.13.4.

15. Refer to section 11.3.5 for verification of installation.

All information subject to change without notice.
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4.10 KEEL COOLING SYSTEM (COMMERCIAL MARINE)

In the keel cooling system, the engine coolant is drawn by the engine water pump from the keel
cooler mounted on the hull of the vessel and is forced through the engine oil cooler, cylinder
block and head to the thermostat housing. Then it flows back to the keel cooler, completing its
cooling circuit. A bypass from the thermostat housing to the inlet side of the water pump permits
circulation of coolant through the engine when the thermostats are closed. When the thermostats
open, the coolant flows into the surge tank and through the coils of the keel cooler to be cooled.
See Figure 4-88.

The heat of the engine coolant is transferred through the keel cooler coils to the surrounding

sea water.
CYLINDER THERMOSTAT KEEL COOLER
HEAD HOUSING (SURGE)
TANK
ENGINE VESSEL
CYLUINDER e WATER KEEL
PUMP COOLER
35476
Figure 4-88 Schematic of the Keel Cooling System (Raw Water Cooled)
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4.11 HEAT EXCHANGER COOLING SYSTEM (PLEASURE CRAFT MARINE)

In the heat exchanger cooling system, the coolant is drawn by the engine water pump from the
heat exchanger and is forced through the engine oil cooler, cylinder block, cylinder heads and
exhaust manifolds to the thermostat housings. A bypass from the thermostat housings to the inlet
side of the water pump permits circulation of coolant through the engine when the thermostats are
closed. See Figure 4-89 and see Figure 4-90.

When the thermostats are open, the coolant flows through the heat exchanger where it is cooled.

An engine driven raw water pump circulates raw water (sea water) through the heat exchanger to
lower the temperature of the engine coolant.

»| WATER-COOLED
TURBOCHARGER
WATER-COOLED
> EXHAUST
MANIFOLD
= _ oL CYLINDER _ | THERMOSTAT
COOLER »| BLOCK & >1 HOUSING
PUMP HEAD
X 7 :
{ |
i v
| [
B <- - BYPASS CIRCUIT - 4--~---~ ~----- !
v
HEAT
EXCHANGER
TANK
35404
Figure 4-89 Schematic of the Heat Exchanger-Cooled Pleasure Craft Marine
Engine
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RAW CHARGE HEAT
WATER AR EXCHANGER
PUMP COOLER
/
MARINE EXHAUST
FUEL SEA GEAR OIL OUTLET
COOLER <———WATER COILER ELTW
35405
Figure 4-90 Raw Water Flow on Heat Exhanger-Cooled Marine Engine
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4.12 HEAT EXCHANGER (PLEASURE CRAFT MARINE)

The heat exchanger used on the Series 60 marine engine is a stacked plate cooler design assembly.
In this type of assembly, heat exchanger membranes or plates are stacked side-by-side with
special gaskets between the plates. The plates and gaskets are then compressed in a bundle to
provide sealing. The sides of the heat exchanger plates are exposed for enhanced heat rejection
and to make it easier to detect coolant leaks, which could lead to a low coolant level and engine
overheating. The system operates as follows:

Hot engine coolant from the thermostat housing flows into the heat exchanger tank and through
the plate stack. See Figure 4-91. As this is taking place, sea water from the raw water pump flows
into the charge air cooler and then into the plate stack. See Figure 4-92. Sea water flows through
the plate stack on one side of the plates, while engine coolant flows through on the opposite side,
reducing the temperature of the engine coolant inside. This lower temperature coolant then flows
back to the fresh water pump and is disbursed again throughout the engine.

NOTE:
The heat exchanger tank is mounted onto six isolators to minimize the effects of normal

engine vibration. These isolators must be replaced whenever the heat exchanger is
removed.
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Figure 4-91 Fresh Water Flow on Heat Exchanger-Cooled Pleasure Craft

Marine Engine
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Figure 4-92 Raw Water Flow on Heat Exchanger-Cooled Marine Engine
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4.12.1  Repair or Replacement of the Heat Exchanger

To determine if repair is possible or replacement of the heat exchanger is necessary, perform the
following procedure. See Figure 4-93.

REMOVE
Exc':&?\JTGER INSPECT HEAT EXCHANGER

EAT
EXCHANGER
PLATES

FITTINGS

I
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COOLANT I
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REUSE
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EXCHANGER INSPECT HEAT EXCHANGER
COMPONENTS

SPLITS, DAMAGE
DENTS. TO NITRILE prereD:
DAMAGE TO INLET/QUTLET
COOLING SEALS OR

FITTINGS
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REPLACE REPLACE REPLACE REUSE
ASSEMBLE
INSTALL
36012
Figure 4-93 Flowchart for Repair or Replacement of Heat Exchanger

*
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4.12.2 Removal of the Heat Exchanger

Remove the heat exchanger from the engine as follows:

A CAUTION:

To avoid injury from the expulsion of hot coolant, never
remove the cooling system pressure cap while the engine is
at operating temperature. Remove the cap slowly to relieve
pressure. Wear adequate protective clothing (face shield

or safety goggles, rubber gloves, apron, and boots).

1. With the engine at ambient temperature, place a suitable container beneath the heat
exchanger. Open the fresh water drain cock and drain the engine coolant from the tank.
Close the drain cock.

NOTE:

If the coolant is to be reused, cover the container and place in a protected area
away from possible contaminants. If the coolant is not to be reused, dispose of
it in an environmentally friendly manner according to state and/or federal (EPA)
recommendations.

2. Place a suitable container beneath the heat exchanger. Open the sea water drain cock and
drain the raw water from the tank. Close the drain cock and discard the raw water.

NOTICE:

The heat exchanger is fastened to the mounting bracket with
six (6) M8 mounting bolts, four on the bottom and two on the
back. When removing the heat exchanger, do not remove
any of the bolts on the heat exchanger itself. These bolts are
used to hold the components of the heat exchanger assembly
together. Removing them will result in loosening of the core
membrane plates and coolant leakage,which could lead to
overheating and severe engine damage.

3. Loosen the hose clamps holding the raw water inlet and outlet tubes to the heat exchanger.
Slide the hoses along the tubes and disconnect the tubes from the tank.

4. Loosen the hose clamps holding the engine coolant inlet and outlet tubes to the heat
exchanger. Slide the hoses along the tubes and disconnect the tubes from the tank.

Remove two (2) mounting bolts holding the heat exchanger to the back isolator brackets.

6. Remove four (4) mounting bolts holding the heat exchanger to the isolators on the bottom
bracket.

7. Using a suitable chain hoist and sling, lift the heat exchanger from the engine.

All information subject to change without notice.
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4,12.2.1 Inspection of the Heat Exchanger

Inspect the heat exchanger assembly as follows:

1. With the engine at ambient temperature and cool to the touch, inspect ends of the heat
exchanger plates for any signs of fresh water coolant or raw water coolant leaks. Leaks
can be detected by feeling beneath the core or by visually checking the floor beneath
the heat exchanger.

2. Inspect raw water and fresh water coolant fittings on the back of the heat exchanger
assembly. If fresh water or raw water is found leaking from the plate bundle, the
heat exchanger must be disassembled, the plates and gaskets must be inspected for
serviceability, and the heat exchanger must be reassembled with new gaskets or plates, as
required.

4.12.3 Disassembly of the Heat Exchanger

Disassemble the heat exchanger assembly as follows:

NOTE:
It is not necessary to remove the heat exchanger assembly from the engine for
disassembly and repair.

1. With the engine at ambient temperature, place a suitable container beneath the heat
exchanger. Open the fresh water drain cock and drain the engine coolant from the tank.
Close the drain cock.

NOTE:

If the coolant is to be reused, cover the container and place in a protected area
away from possible contaminants. If the coolant is not to be reused, dispose of
it in an environmentally friendly manner according to state and/or federal (EPA)
recommendations.

All inf jon subject to ge without nofice.
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2. Remove the M12 1.75 X 130 mm left-center and right-center bolts (bolt locations 9 and 10
see Figure 4-94) from the front cover plate of the heat exchanger. Install M12 1.75 X 180
mm bolts and spacers in their place. Tighten bolts securely.

(O o 0 0)

3 5 8 1

09 100

2 7 6 4
\O O O O)

FRONT VIEW OF COVER
35492
Figure 4-94 Front Cover Plate Bolt Location and Torque Sequence‘

3. Alternating from top to bottom, gradually loosen and then remove the M12 1.75 X 130
mm top and bottomn bolts from the front cover plate. Do not remove the M12 1.75 X

180 mm left-center and right-center bolts just installed. As bolts are loosened, the plate
bundle will expand forward.

o ge without notice.

All information subject &
6SEA483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

4-119



4.]12 HEAT EXCHANGER (PLEASURE CRAFT MARINE)

4. With the expanded plate bundle resting only on the center bolt/spacers, support the plate
bundle by hand and carefully remove the center bolts until the bundle can be pulled away
from the tank/back plate. Remove the raw water inlet and outlet fittings. See Figure 4-95.

35494
1. Bushing 5. Plates
2. Retaining Bolt 6. Sight Glass
3. Washer 7. Heat Exchanger Tank
4. Front Plate 8. Raw Water Inlet Fitting
9. Spacer
Figure 4-95 Location of Heat Exchanger Components
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CAUTION:

—

To avoid injury from improper use of chemicals, follow the
chemical manufacturer’s usage, handling, and disposal
instructions. Observe all manufacturer’s cautions.

CAUTION:

To avoid injury when using chemical substances, it
is essential to observe the manufacturer’s instruction
for use, safety, and waste disposal.

CAUTION:

—

To avoid injury when using caustic cleaning agents,
follow the chemical manufacturers usage, disposal,
and safety instructions.

A CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

5. Using pure mineral spirits or a mild commercial cleaning solvent, remove any residual
sealing material from the tank/back plate and from the cast front cover plate. Blow-dry
with compressed air.

All information subject to change without notice.
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4.12.3.1 Inspection of the Heat Exchanger Components

Inspect the heat exchanger assembly components as follows:

1. Inspect cooling plates carefully for pinholes, splits, dents, or distortion. Replace any
plate showing obvious signs of damage.

2. Inspect gaskets on plates. Replace any gaskets showing signs of leakage, such as tears,
cracks, or erosion.

3. Inspect for buildups of deposits on plates and remove, if found.

NOTE:

There are small balls welded into the gasket groove of each plate and corresponding
holes in the gaskets. Gaskets are easily replaced, since they simply snap into place
on the plates. A "4—corner" gasket is used on the sealing (first) plate and "standard"
gaskets are used on the core plates and the closure (final) plate. Replacement plates
and gaskets are available from authorized Detroit Diesel parts distributors.

4. Inspect raw water inlet and outlet fittings for dents, distortion, or damaged sealing areas on
the flanges, and replace if required.

5. Inspect gasket contact surfaces on the tank/backplate for smoothness. If required, carefully
smooth any rough areas that will come in contact with the gaskets on the plates.

Afl info. ion subject to change without notice.
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412.4 Assembly of the Heat Exchanger

Assemble the heat exchanger assembly as follows:

1. Install two M12 1.75 X 180 mm long bolts, each with two spacers, into the center right and
center left holes in the heat exchanger tank/backplate (locations 9 and 10 see Figure 4-96).
The spacers will properly align the plates during assembly.

(O O O 0O)
3 5 8 1
09 100
2 7 6 4

\O O O @

FRONT VIEW OF COVER

35492

Figure 4-96 Heat Exchanger Bolt Hole Location

2. Install raw water inlet and outlet fittings. Install the curved fitting (elbow) on the right
side (as viewed from the rear of the heat exchanger tank), and angle it 3 degrees down
from horizontal (pointing right).

All information subject to change without notice.
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3. See Figure 4-97and install the first (sealing) plate, onto the center bolt/spacers. Install this
plate with the gasketing side facing the tank and the letter "N" on the left-hand side as
viewed from the rear of the heat exchanger tank.

CLOSURE OR FINAL PLATE

O < o)

O O,

NS

COOLING PLATE

(7 ® O\
N
\O Oj

SEALING OR FIRST PLATE

NOTE: WHEN INSTALLED, ALL GASKETING WILL FACE THE TANK.

36087

Figure 4-97 Gasket Faces and Orientation of Heat Exchanger Plates
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4. Install a core plate onto the center bolt/spacers with gasketing side against the smooth
back of the sealing plate and the letter "N" on the right-hand side.

5. Invert the next core plate and install with gasketing side against the smooth back of the
previous core plate and the letter "N" on the left-hand side.

6. Continue inverting and installing the remaining core plates, alernating the "N" locations
right and left side until all core plates are installed.

NOTE:
Plates are correctly installed if the bent fins on the sides and ends touch each other,
forming a honeycomb pattern, and not running parallel to each other. See Figure 4-98.

/ / \_/ \ /S S \
/S /S / / S \
CORRECT PATTERN INCORRECT PATTERN
OF PLATE ASSEMBLY OF PLATE ASSEMBLY
35493
Figure 4-98 Correct and Incorrect Pattern of Heat Exchanger Plate Assembly

7. Install the closure plate (no openings) with gasketing against the smooth back of the
last core plate.

8. When all cooler plates are stacked, install the cast aluminum front cover plate.

NOTE:
The wider web sections of the front cover plate are positioned toward the top (tank)

side. Secure with four (4) long M12 1.75 X 180 bolts, spacers, and washers in positions
2,5, 6 and 1. See Figure 4-95.

9. Position angled raw water outlet fitting three degrees below horizontal, facing outboard.

All information subject to change without notice.
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10.

11.

12.

13.

Use M12 1.75 X 180 mm bolts and spacers at locations 2, 5, 6 and 1 for initial tightening.
Alternating from side to side, tighten 180 mm long bolts uniformly and evenly until
shorter M12 1.75 X 130 mm bolts will reach the threads. When plates are compressed to
allow use of 130 mm bolts, install the shorter bolts with washers and spacers in positions
3,7, 8, and 4. Snug bolts, but do not tighten.

Remove 180 mm bolts from locations 2, 5, 6, and 1. Install 130 mm bolts with washers
and spacers. See Figure 1-274. Snug bolts, but do not tighten.

Remove 180 mm bolts and one spacer from the center hole locations 9 and 10 and replace
with 130 mm long bolts, spacers, and bushings.

See Figure 1-274for torque pattern and gradually snug up all bolts evenly so as not to
warp or distort the plates. When bolts are bottomed against spacers, torque to 108 N-m
(80 1b-ft) using the torque pattern shown.

4.12.5 Installation of the Heat Exchanger

Install the heat exchnager as follows:

L.

If previously removed, install heat exchanger mounting bracket onto the gear case cover
with four (4) M14 mounting bolts. Torque to 190 N-m (140 Ib-ft). Install battery-charging
alternator; refer to section 8.2.

Six synthetic rubber vibration isolators are used with the heat exchanger mounting

bolts. Each isolator is installed with four No. 10— 24 X 0.5 in. L. slotted head screws.

If previously removed, install four isolators onto the bracket base using four screws per
isolator. Install the two remaining isolators onto the isolator mounting brackets attached to
the gear case cover and the accessory drive cover plate.

NOTICE:

Before assembling the heat exchanger tank to the bottom
support and engine fromt cover, make sure the isolators are
positioned with their high sides against the tank. Failure to
observe this precaution may result in component misalignment
and greatly degraded isolator performance.

Using a suitable chain hoist and sling, carefully lower the heat exchanger onto the
mounting bracket. Line up the holes in the isolators with the bolt holes in the bottom
and back of the heat exchanger tank. Install six (6) M8 bolts through the isolators and
torque to 35 N-m (26 Ib-ft.).

All information subject to change without notice.
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4. Using required blue connector hoses and hose clamps, attach the raw water inlet and outlet
tubes to the heat exchanger tank. See Figure 4-99.

36088

Figure 4-99 Back of Heat Exchanger Showing Piping

5. Using required blue connector hoses and hose clamps, attach the fresh water inlet and
outlet tubes to the heat exchanger tank.

Fill the fresh water cooling system with the required coolant.

Prime the raw water pump, if required.
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“ CAUTION:

Diesel engine exhaust and some of its constituents are
known to the State of California to cause cancer, birth
defects, and other reproductive harm.
O Always start and operate an engine in a well ventilated
area.
U If operating an engine in an enclosed area, vent the
exhaust to the outside.
{0 Do not modify or tamper with the exhaust system or
emission control system. |

8. Start the engine and check for leaks.
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4.13 JABSCO® ENGINE COOLING RAW WATER PUMP (MARINE)

A positive displacement pump circulates raw water through the heat exchanger to lower the
engine coolant temperature. See Figure 4-100. The pump is attached to a drive assembly bolted
to the gear case on the left side of the engine and driven by the bull gear. A hub bolted to the
opposite end of the drive assembly meshes with the gear on the pump drive shaft to drive the
pump. See Figure 4-101.

35445
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4.13  JABSCO® ENGINE COOLING RAW WATER PUMP (MARINE)
1. Hex Bolt 16. Hex Head Screw, 3/8—-16 x 1" (6)
2. Flat Washer, 1/2 (4) 17. Lock Washer, 3/8 (6)
3. End Cover 18. Bearing Housing
4. O-ring Seal 19. Seal
5. Seal Spling 20. Bearing
6. Impeller 21. Shaft
7. O-ring 22. Woodruff Key
8. Cam Liner 23. Retaining Ring
9. Dowel Pin 24. Gear
10. Wear Plate 25. Flat Washer (1)
11. Retaining Ring 26. Lock Washer, 5/8
12. Seal Mechanical 27. Hex Nut, 5/8 — 18
13. Body 28. Gasket
14. Lock Washer, 5/16 (4) 29. Adaptor
15. Hex Head Screw, 5/16~18 x 3/4
Figure 4-100 Raw Water Pump Assembly
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36036

4, Raw Water Outiet Elbow

5. Raw Water Inlet Elbow

1. Raw Water Pump Drive Assembly

2. Mounting Flange/Adaptor

3. Raw Water Pump Assembly

Raw Water Pump Mounting

Figure 4-101

6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION
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The gear-driven pump drive shaft is carried on a double-row ball bearing located in the pump
housing flange end.

NOTICE:

The pumped water lubricates the impeller. To avoid possible
impeller damage, do not run the impeller dry for longer than
normally required for the pump to prime itself.

The raw water pump has an impeller that rotates against a polyurethane cam and liner inside the
pump body (housing). A wear plate, on the inboard end of the impeller, is used to prevent pump
housing wear. Slots in the plate register with dowel pins in the pump housing, cam and liner,
preventing the plate from rotating with the impeller.

The wear plate can be reversed if plate wear becomes excessive. A rotary-type seal assembly
seals against leakage along the shaft. The shielded type double-row ball bearing is filled with
lubricant when assembled. No further lubrication is required.

The pump can operate clockwise or counterclockwise. On the Series 60 marine engine, raw water
is drawn into the pump through the opening at the bottom of the pump housing.

NOTICE:

Always prime the raw water pump before starting the engine.
Since water acts as a lubricant for the impeller, failure to prime the
pump (or at least wet the impeller vanes to induce a self-priming
suction) can result in severe impeller damage when the engine

is started. Insufficient raw water flow into the heat exchanger
can lead to overheating and engine damage.

Prime a raw water pump as follows:

1. Remove the pipe plug or zinc electrode from the water inlet elbow. This is the elbow
mounted on the lower pump opening.

2. Pour in at least a pint of water.

3. Replace the plug or electrode.

All information subject to change without notice.
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4.13.1  Repair or Replacement of the Jabsco Raw Water Pump

To determine if repair is possible or replacement of the Jabsco® raw water pump is necessary,
perform the following procedure. See Figure 4-102.

DRAIN REMOVE DISASS
RAW WATER RAW WATER RAW vaMrgléE
SYSTEM PUMP PUMP
CLEAN INSPECT RAW
WATER PUMP

WORN ' NEOPREN
OR DAMAGED BEARINGS IMPELLER LINER
PARTS BIND DOES NOT TOO THIN

BOND

REPLACE REPLACE REPLACE REPLACE

ASSEMBLE
RAW WATER REUSE
PUMP

INSTALL
RAW WATER
PUMP

FILL
RAW WATER
SYSTEM

36016

Figure 4-102 Flowchart for Repair or Replacement of Raw Water Pump
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4.13.2 Removal of the Jabsco Raw Water Pump

Remove the raw water pump as follows:

NOTE: - : _ '
Seal parts can be removed and replaced without removing the pump from the engine.
Refer to section 4.13.3 for seal removal procedures.

Drain the raw water system. ,

Loosen the hose clamps at the outlet elbow and slide the hose along the tube.

Loosen the hose clamps at the inlet elbow and slide the hose along the tube.

U~

Remove the bolts and lock washers holding the inlet and outlet elbows to the pump, and
lift the elbows from the pump.

Remove the gaskets.
Remove the five bolts holding the pump to the drive assembly.

Tap the pump body with a soft hammer to loosen the pump from the drive assembly.

© N o W

Withdraw the pump straight out from the drive assembly while disengaging the drive
gear from the coupling. '

9. Cover the pump opening in the flywheel housing with a clean cloth to prevent foreign
matter from entering.

' . All inf i bject to change without notice.
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. 4.13.3 Disassembly of the Jabsco Raw Water Pump

Disassemble a raw water pump with a polyurethane or phenolic cam and liner as follows:

1. Remove the end cover screws and end cover. See Figure 4-103.

35445

All information subject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

4-135



4.13  JABSCO® ENGINE COOLING RAW WATER PUMP (MARINE)

1.Hex Bolt 16. Hex Head Screw, 3/8-16 x 1” (6)
2.Flat Washer, 1/2 (4) 17. Lock Washer, 3/8 (6)
3.End Cover 18. Bearing Housing
4.0-ring Seal 19. Seal
5.Seal Spling 20. Bearing
6.Impeller 21.Shatft
7.0-ring 22 Woodruff Key
8.Cam Liner 23. Retaining Ring
9.Dowel Pin 24, Gear
10.Wear Plate 25. Flat Washer (1)
11.Retaining Ring 26. Lock Washer, 5/8
12.Seal Mechanical 27. Hex Nut, 5/ — 18
13.Body 28. Gasket
14.Lock Washer, 5/16 (4) 29. Adaptor

15. Hex Head Screw, 5/16-18 x 3/4

Figure 4-103 Raw Water Pump Details (Synthetic Cam and Liner Design)
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2.
3.

Remove the end cover O-ring seal from the pump body.

Grasp hub of impeller with pliers, and remove it from the impeller bore.

NOTE:
The spline seal will come off with the impeller. If the impeller O-ring remains on the
shaft, remove it.

4.

L ® N awm

10.
11.
12.
13.

Remove cam liner from pump body.

Remove inner wear plate.

Remove the seal retaining ring. Take care not to scratch the shaft.

Remove the carbon portion of the mechanical seal with tension spring attached.
Remove bolts securing adaptors elbows to pump inlet and outlet ports.

Hold the pump body securely, and remove the four 5/16 in. screws and lock washers
holding the pump body to the bearing housing.

Remove pump body from the bearing housing and shaft subassembly.
Remove any residual gasket material from port adaptors.
Remove slinger O-ring from the shaft.

>From the drive end of the pump body, press out the remaining mechanical seal parts
(boot and ceramic seat).

Remove and disassemble the pump bearing housing on raw water pumps with polyurethane or
phenolic cam and liners as follows:

1.

With housing held securely, remove the six 3/8 in. screws and lock washers in the
housing flange.

Remove the bearing housing and shaft subassembly by pulling straight out from the
adaptor. Place the bearing housing on a clean bench surface.

Prevent the shaft from rotating by holding it with a wrench on the shaft flats of the impeller
end. Then, remove the drive gear retaining nut, lock washer, and retaining flat washer.

Remove drive gear from the shaft. A punch and small mallet may be used to gently tap the
underside of the drive gear teeth to loosen the gear from the shaft.

Remove the Woodruff key.
Remove the retaining ring securing the bearing in the bearing housing.

Press against the impeller end of the shaft to remove the shaft and bearing subassembly
from the bearing housing.

All information subject to change without notice.
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Support the inner race of the bearing, and press the shaft out of the bearing.
9. Remove the retaining ring securing the second bearing in the bearing housing.
10. Press against the impeller end of the shaft to remove the shaft and bearing subassembly
from the bearing housing.
11.  Support the inner race of the second bearing, and press the shaft out of the bearing.
12. >From the pump end of the bearing housing, push the oil seal out of the housing. Discard

the seal.

Prior to inspection, clean all the raw water pump parts as follows:

1.

NOTICE:

To avoid bearing damage, do not wash the shielded
bearing. Dirt may be washed in and cleaning fluid may
not wash out of the bearing.

Wipe the bearing clean with a dry cloth.

2. Wash parts in clean fuel oil.

A CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

3. Dry parts with compressed air.

All information subject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

4-138



SERIES 60 SERVICE MANUAL

4.13.3.1 Inspection of the Jabsco Raw Water Pump

Perform the following steps to inspect the Jabsco raw water pump:

1.

Inspect the bearing as follows:

[a] Hold the inner race, and revolve the outer race slowly.
[b] Replace the bearing if it is worn or does not roll freely.
Inspect the seal assembly as follows:

[a] Examine the seal assembly components.

fb] Replace worn or damaged parts.

Inspect the oil seal contact shaft surfaces as follows:

[a] Inspect the shaft surfaces that contact the oil seal for scratches and grooves.
[b] If scratched, smooth the surface with a crocus cloth dampened in fuel oil.
[c] If grooved, replace the shaft.

Inspect the impeller as follows:

[a] Ensure the neoprene bonds to the metal.

[b] Inspect the impeller blades.

[c] If the blades have a permanent set, replace the impeller.
Inspect the wear plate as follows: |

[a] Examine the wear plate for burrs and excessive wear.
[b] If burred, remove the burrs from the plate.

[c] If slightly worn, reverse the plate.

[d] If excessively worn, replace the plate.

Inspect a polyurethane or phenolic cam liner as follows:

[a] Check the cam liner thickness.

[b] If the thickness is 3/8 or less at its thickest section, replace the cam liner.

bject to change without notice.
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4.13  JABSCO® ENGINE COOLING RAW WATER PUMP (MARINE)

4.13.4 Assembly of the Jabsco Raw Water Pump

Replace the seal as follows:

1. If removed, place the gasket and seal seat over the shaft, and press them into position
in the seal cavity.

2. Assemble the carbon seal, seal ring, and washer in their proper positions, and slide them
over the shaft and against the seal seat.

NOTE:
Ensure the seal ring is contained snugly within the ferrule, gripping the shatft.
Install the Marcel washer next to the flat washer.

4. Compress the impeller blades to clear the offset cam, and press the impeller onto the
splined shaft.

Install the spline.

6. Turn the impeller several turns in its normal operating direction to properly position
the blade.

7. Use a new gasket; install the cover on the housing.
Assemble the raw water pump with polyurethane or phenolic cam and liners as follows:
1. Install new slinger O-ring on the shaft near the bearing housing.

2. Install mechanical seal components. Do not allow seal components to become soiled
during assembly.

3. Lubricate ceramic seal seat boot with water only, and press into pump body seal bore.
4. Install ceramic seal seat. Exposed ceramic surface should face toward impeller bore.

Slide the pump body over the shaft, taking care not to dislodge seal seat as body is moved
toward (and aligned with) bearing housing.

6. Attach the pump body to the bearing housing with four 5/16 in. screws and lock washers.
Torque to 19-22 N-m (14-15 1b-ft).

7. Install the carbon portion of mechanical seal with tensioning spring and spring washer
shaft, and position it in seal bore with carbon face against ceramic seal seat.

8. Slide seal retaining ring over shaft against seal thrust ring, and position it in retaining ring
- groove.

9. Install inner wear plate in pump body, aligning notch in wear plate with pin in body.
10. Lubricate body bore with water pump grease.
11. Align the hole in top of cam liner with pin in pump body, and push cam liner into body.
12. Liberally coat inside of cam liner with water pump grease.

13. Insert impeller O-ring in groove in impeller recess.

B
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14.

15.

16.
17.
18.
19.

With O-ring end of impeller facing the pump housing, rotate the impeller in its operating
direction to bend vanes under the cam, and push into bore until impeller insert flats align
with shaft flats.

Push impeller completely into the impeller bore. The impeller end should be
approximately even with cam liner.

Install the rubber spline plug into the impeller end.
Place new end cover seal ring into the groove in the pump body.
Install the end cover.

Install four 1/4 in. hex-head bolts in end plate cover. Torque to 9 N-m (80 Ib- in). Do
not over-torque.

Assemble the pump bearing housing as follows:

1.
2.

© ® N o

10.

11.

Lightly coat the outside diameter of a new oil seal with clean engine oil.

>From the drive end of the bearing housing, press new oil seal into seal bore. Seal lip
must point to drive end of housing.

With pressure applied to inner race of bearings, press bearings onto shaft.

With pressure applied to outer race of outer bearing, install bearing and shaft subassembly
into bearing housing.

Install bearing retaining ring in bearing housing, ensuring ring is securely seated in the
ring groove.

Insert Woodruff key into groove on shaft end.
Gently tap drive gear onto shaft with a small plastic-face mallet.
Install flat washer, lock washer, and retaining nut onto shatft.

Hold shaft with a wrench on shaft flats at impeller end, and torque retaining nut to 33-41
N-m (24-30 1b-ft). '

Install new adaptor flange gasket; secure pump assembly to adaptor with four mounting
bolts. Torque to 24-31 N-m (18-23 Ib-ft). Use wrench J 35948 to torque the upper inside
bolt to 24-31 N-m (18-23 1b-ft).

Using new gaskets, attach raw water pump inlet and outlet adaptors.

Al information subject to change without notice.
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4.13

JABSCO® ENGINE COOLING RAW WATER PUMP (MAR)NE )

4.13.5 Installation of the Jabsco Raw Water Pump

" Install the raw water pump as follows:

NOTE:

Seal parts can be removed and replaced without removing the pump from the engine.
Refer to section 4.13.3 for seal removal procedures.

1.
2.

¥ ® N o w s

Remove the clean cloth covering the pump opening.

Install the pilmp straight into the drive adaptor assembly while engaging the drive gear to

- the coupling.

Tap the edge of the bearing housing flange with a soft hammer to secure the pump into the

" adaptor.

Install the adaptor-to-adaptor bolts and lock washers.

Iﬁstall new gaskets to the inlet and outlet elbows and install the elbows on the pump;
Secure the inlet and outlet elbows to the pump with bolts and lock washers.

Slide the hose onto the inlet tube, and tighten the hose clamps at the inlet elbow.
Slide the hose onto the outlet tube, and tighten the hose clamps at the outlet elbow.

Close drain cocks, and fill the raw water system. Prime the raw water pump by removing
the pipe plug or zinc electrode from the water inlet elbow and powering at least a pint of
water into the pump housing. Replace the plug or zinc electrode.

ion subject to change without notice.
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4.A ADDITIONAL INFORMATION

Description Page
SPECIFICATIONS ...ttt sttt te st e e sse e s ee s es s ar e smae s 4-144
Torque Specification Exceptions - Fasteners ..........cccccvcevveviiecccicnneecesneeen. 4-144
EXCEPTIONS TO STANDARD FASTENER TORQUE SPECIFICATIONS ....... 4-144
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SPECIFICATIONS

This section contains the exceptions to the fastener torque specifications.
Torque Specification Exceptions - Fasteners

The proper bolt and nut torque is dependent on its size. The proper torque for metric nuts and
bolts are listed in Table 1-34 in the "General Information" section at the beginning of this manual.
The exceptions to this rule are listed in Table 4-2. Standard (nonmetric) nut and bolt torque
specifications are listed in Table 1-36 in the "General Information" section at the beginning

of this manual.

EXCEPTIONS TO STANDARD FASTENER TORQUE SPECIFICATIONS

Bolt and Size, mm Torque, N - m Torque, b . ft
M24 X 1.0 203-230 150-170
Table 4-2 Exceptions - Metric Fastener Torque Specifications
NOTE:

The water pump drive gear retaining nut is M24 X 1.0.

All information subject to change without notice.
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5.1 FUEL

The quality of fuel used is a very important factor in obtaining satisfactory engine performance, -
long engine life, and acceptable exhaust emission levels. The Series 60 engine was designed to .
operate on most diesel fuels marketed today. In general, fuels meeting the properties of ASTM
Designation D 975 (Grades 1-D and 2-D) have provided satisfactory performance. The ASTM D
975 specification, however, does not in itself adequately define the fuel characteristics necessary
to assure fuel quality. The properties listed in Table 5-1, Diesel Fuel Specification Table, prov1de

~ optimum engine performance.

tion subject to chang
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General Fuel Classification ASTM Test No. 1-D No. 2-Di#
API Gravity, @ 60°F D 287 40 - 44 34 - 38
Specific Gravity, @ 60°F D 1298 0.806 - 0.825 0.835 - 0.855
Flash Point, °C, Minimum D 93 38 52
Viscosity, Kinematic - ¢St @ 40°C D 445 13-24 19 - 4.1
Sulfur wt% Maximum for On-Road D 2622 0.05 0.05
Use t
Cloud Point °F (°C) t D 2500 See Note See Note
Cetane No., Minimum 1 D 613 45 45
Cetane Index, Minimum + D 4737 40 40
Distillation % Vol. Recaovery, °C (°F) D86 - -
- IBP, Typical* - 350 (177) 375 (191)
- 10% Typical* - 385 (196) 430 (221)
- 50% Typical* - 425 (218) 510 (256)
- 90% Maximum - 500 (260) 625 (329)
- 95% Maximum* - 550 (288) 671 (355)
- Recovery Volume, % Minimum* - 98 98
Water & Sediment, % Maximum D 2709 0.05 0.05
Ash, % Maximum D 482 0.01 0.01
Carbon Residue on 10%, wt%, D 524 0.16 0.35
Maximum
Copper Corrosion, Maximum 3h D 130 No. 3 No. 3
Accelerated Storage Stability, D 2274 15 mg/L 15 mg/L
Maximum*
Dupont Pad Test, Rating Maximum* TM-F21-61 || 7 7
Lubricity, gm, Minimum* SLWT § 2800 2800

* Not specified in ASTM D 975
1 Differs from ASTM D 975

¥ The sulfur content of diesel fuel for off road use is 0.5% maximum. This fuel is dyed red.

§ Scuffing load, ball on cylinder wear test, higher values indicate less wear and greater lubricity.

|| Alternate test method predicting fuel stability. The visual rating is related to amount of particulate collected, on a scale of 1

(clean) to 20 (dirty).

# No. 2 diesel fuel may be used in city coach engine models which have been certified to pass Federal and California emission

standards.

Note: The cloud point should be 10°F (6°C) below the lowest expected fuel temperature to prevent clogging of fuel filters by

wax crystals.

Table 5-1

Diesel Fuel Specifications

Al infc (
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5.1.1 Fuel Lubricity

Fuels such as those containing kerosene and jet fuel and some low sulfur fuels have characteristics
which may cause operational concerns in some engine designs. The fuel injection systems used on
VM and natural gas Detroit Diesel manufactured engines has demonstrated trouble-free operation
on a wide variety of fuels without the need for supplemental additives.

5.1.2 Biodiesel Fuels

Biodiesel fuels may be produced from a wide variety of sources and may be used in all DDC
engines provided (1) they are derived from soy methyl ester (SME) and/or rape methyl ester
(RME) and (2) are blended to a maximum of 20% by volume in diesel fuel. The resulting blend
must meet the properties listed in Table 5-1.

Although such blends purport to reduce exhaust emission particulates, they increase the nitrogen
oxides in engine exhaust. They also tend to have poorer thermal stability and may deteriorate
engine oil TBN more rapidly than wholly petroleum-based diesel fuels. These fuel blends have
not been fully evaluated relative to diesel fuel system durability or engine oil effects.

All information subject to change without notice.
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513 Other Fuels

In addition to the diesel fuels listed in Table 5-1, customers have used other fuels successfully,
including fuels marketed as premium diesel fuels, kerosene-based jet fuels, and other fuels
listed in Table 5-2. These fuels have provided economic and availability advantages for some
applications, particularly where 1-D type fuels are required, and may be used in all Detroit Diesel
engines. These fuels should be accompanied by exhaust emission data demonstrating emission
equivalency to 1-D for those engines requiring 1-D fuel. Fuel type specifications and applications
are listed in Table 5-3.

Property Jet A/A-1 JP-5 JP-8 CONUS CONUS OCONUS
D 1655 DF-1 DF-2 DF-2
API Gravity, 44.3 411 45.6 42.3 34.2 38.5
@ 605F
Flash Point, 3 62 45 50 74 70
5C
Viscosity, Kin., - 1.5 12 1.6 2.8 3.0
cSt @ 405C
Cloud Point -40 -46 -47 -41 -12 -19
5C
Sulfur, % 0.3 Max. 0.4 Max. 0.4 Max. 0.05 Max. 0.05 Max. 0.3 Max.
mass
Cetane - 42 45 44 47 49
Number

Distillation % - - - - - -
Vol. Recovery,

5C
IBP - 180 157 174 190 176
10% 205 191 175 196 222 219
Typical
50% Report 215 200 219 265 365
Typical
90% Max. Report 242 236 246 313 311
Final Boiling 300 - - - - -
Point, Max.
Temp.
Heat Content, 123,608 125,270 123,069 125,960 131,207 127,820
Btu/gal., Net

Table 5-2 Selected Typical Fuel Properties

All information subject to change without notice.
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Type NATO Spec. Mil Spec. Application
JP-4 F-40 Mil-T-5624 Jet Fuel, Contains
50% Gasoline, Not
Recommended
JP-5 F-44 Mil-T-5624 Jet Fuel, Kerosene Based
JP-8 F-34 Mil-T83133 Jet A-1 with De-icer and
Corrosion Inhibitor
Jet A None None Industry Standard Jet Fuel
Jet A-1 F-35 None Jet Fuel, ASTM D 1655
DF-1/DF-2 F-54 VVF-800 CONUS Specified Military Use
Inside Continental U.S.
DF-2 F-54 VVF-800 OCONUS Specified Military Use

Outside Continental U.S.

Table 5-3 Fuel Type Specifications and Applications

Lower density fuels, such as those listed in Table 5-2 and "winter blended" diesel fuels, have a
lower volumetric heat content than the standard 2-D fuel listed in Table 5-1. Operating with these
fuels will result in reduced engine output and reduced fuel mileage, compared to standard 2-D
fuel. Reductions of 5% are not unusual and may be as high as 10%. A good rule of thumb is: The
engine power is proportional to the heating value of the fuel.

Lower density fuels also tend to have lower viscosity and poor lubrication characteristics.

All information subject to change without notice.
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514 Fuel Cleanliness

Fuel should be clean and free of contamination. Storage tanks and stored fuel should be inspected
regularly for dirt, water, or water-emulsion sludge, and cleaned if contaminated. Storage
instability of the fuel can lead to the formation of varnish or sludge in the tank. The presence

of these contaminants from storage instability must be resolved with the fuel supplier. If fuel is
stored on site, the following is recommended:

NOTICE:

Do not use a fuel storage tank or lines made from galvanized
steel. The fuel will react chemically with the galvanized coating
to form powdery flakes that will quickly clog fuel filters and
cause damage to the fuel pump and injectors.

Keep the storage tank filler cap covered to prevent contamination by rain water.
2. Keep the tank clean, especially around the filler cap and tap areas.

Position the tank so that it tilts slightly toward the bottom drain. This will make it easier to
drain accumulated water and sediment.

4. Minimize condensation by keeping the tank reasonably filled at all times.

After filling the fuel storage tank, wait a few hours before filling equipment tanks. This
will allow contaminants to settle.

5.1.5 Cold Weather Operation

In cold weather, diesel fuel will form wax crystals that can restrict flow and clog filters. Fuel
suppliers approach this problem several ways. Some provide a specially refined product, while
others may use flow improving additives or winter blends. Winter blended fuel will likely contain
kerosene or 1-D fuel, which provide good cloud point temperatures but will result in a lighter
fuel with a lower heat content. The use of such fuels is acceptable but may result in reduced

engine power and/or fuel mileage.

All information subject to change without notice.
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5.1.6 Prohibited Fuel Additives

Used Lubricating Oil: Detroit Diesel specifically prohibits the use of drained lubricating oil in
diesel fuel. Used lubricating oil contains combustion acids and particulate materials which erode
injector components, resulting in loss of power and increased exhaust emissions. In addition, the
use of drained lubricating oil will increase maintenance requirements due to filter plugging and
combustion deposits. Refer to the section 5.1.6for recommendations on proper used oil disposal.

“ CAUTION:

To avoid injury from fire, keep all potential ignition sources
away from diesel fuel, open flames, sparks, and electrical
resistance heating elements. Do not smoke when refueling.

NOTE:
Do not add gasoline to diesel fuel.

Besides creating a serious fire hazard, the presence of gasoline in diesel fuel will reduce fuel
cetane number and increase combustion temperatures. Tanks which contain such mixtures should

be drained and cleaned as soon as possible.

Gasoline: The addition of gasoline to diesel fuel will create a serious fire hazard. The presence
of gasoline in diesel fuel will reduce fuel cetane number and increase combustion temperatures.
Tanks which contain such mixtures should be drained and cleaned as soon as possible.

All information subject to change without notice.
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5.1.7 Waste Oil Disposal and Rerefined Oils

With over one billion gallons of waste oil generated annually in the U.S. alone, disposal of
waste oil has become a serious environmental concern. Rerefining waste oils provides an
environmentally viable way of handling this material. Detroit Diesel favors the recycling of waste
oil and permits the use of rerefined oils in all engine product lines, provided the rerefined oil
meets the SAE Viscosity and API specifications previously mentioned.

“ CAUTION:

To avoid injury from fire caused by heated
lubricating-oil vapors:
O Keep those people who are not directly involved in
servicing away from the engine.
O Stop the engine immediately if an oil leak is detected.
[0 Do not allow open flames or smoke when working on
an operating engine.
0 Wear adequate protective clothing (face shield,
insulated gloves, apron, etc.) to avoid burns.
O To prevent a buildup of potentially volatile vapors, keep
the engine area well ventilated during operation.
Lubricating oil is relatively harmless at ambient temperatures.

Consideration for the disposal of waste oil should begin when negotiating the purchase of new oil.
Oil supplier selection criteria should include a proposal for handling waste oil. It is important

to know exactly how the oil will be disposed of since it is the generator, not the hauler, that is
ultimately responsible for its proper disposal.

All inf 1/ bject to ch ithout notice.
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5.1.8

Specifications for Natural Gas Engine

Listed in Table 5-4 are the natural gas specifications for Detroit Diesel engines.

Property

Limit

ASTM Test Method

Hydrocarbon MethaneEthane-
PropaneC4 and Higher

mole percent88% Minimum6%
max.1.7% max.0.3% max.

D 1945

Other Gaseous Species
HydrogenCarbon dioxide + Nitrogen
+ OxygenOxygenCarbon Monoxide
Other Species MethanolSulfur, Total

mole percent0.1% max.5.0%
max.0.5% max.0.1% max.0% mass
max.1.0 grains / 100 SCF, max.(32
ppm mass, max., ||)

D 2650D1945D-1945D 2650No
Test MethodASTM D 5504

Performance Related Properties
Motor Octane NumberWobbe
Number

115 Minimum1280-1380 BTU/SCF

*D 2623D 3588

Contaminates

Temperature, max.

Pressure Water Dew D 1142
PointTemperature, max.
Pressure Hydrocarbon DewPoint % Below which will form1% D 1142

condensate

Odorant

§

* Test Method D 2623 was obsoleted by ASTM in 1991. Wobbe Index (WI), also known as Wobbe Number, is a measure of fuel
energy flow rate through a fixed orifice under given inlet conditions. Numerically, Wi= (dry, higher heating value)/ (Specific gravity).
1t The compressed natural gas shall not contain dust, sand, dirt, gums, oils, or other substances in an amount sufficient to be

injurious to the fuel station equipment or the vehicle being fueled.
1 The water and hydrocarbon dew point at fuel pressure shall be at least 10°F below the 99.0% winter design temperature listed in

Chapter 24, Table 1, Climatic Conditions for the United States, in American Society of Heating, Refrigerating and Air Conditioning

Engineer's (ASHRAE) Handbook, 1989 fundamentals volume. Testing for water and hydrocarbon vapor shall be in accordance

with ASTM D 1142, utilizing the Bureau of Mines apparatus.

§ The natural gas at ambient conditions must have a distinctive odor potent enough for its presence to be detected down to a
concentration in air of 1% by volume. || For Genset applications, when using fuel containing sulfur in excess of 16 ppm, the oil
change interval must be reduced. Refer to item 1 in the Lubrication and Preventive Maintenance Intervals sections.

Table 5-4

Natural Gas Specifications for Detroit Diesel Natural Gas Engines

All information subject to change without notice,
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5.2 LUBRICATING OIL (DIESEL)

The selection of the proper lubricating oil is important for achieving the long and trouble-free
service Detroit Diesel Series 60 engines are designed to provide. Only oils displaying the
American Petroleum Institute (API) Symbol shown below are recommended. This symbol
assures that the lubricant meets the minimum performance levels necessary for proper engine
performance and durability.

5.2.1 Lubricant Requirement — All Diesel, Except Pleasure Craft Marine
Lubricants meeting these criteria have provided maximum engine life when used in conjunction

with recommended oil drain and filter maintenance schedules. For the API symbol for this,
see Figure 5-1.

20567

Figure 5-1 API Symbol

All information subject to change without notice.
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Lubricants meeting these criteria have provided maximum engine life when used in conjunction
with specified oil drain and filter maintenance schedules. Only oils licensed by API may be used
in Detroit Diesel engines. Lubricants meeting API Service category CH-4 are intended for use
primarily with low (0.05%) sulfur fuel and may be used in all Detroit Diesel Series 60 engines.

API CG-4 and CF-4 oils may be used when CH-4 oils are not available; however, their use may
require a reduction in oil drain interval depending upon the application and the fuel sulfur level.

At ambient temperatures below -20°C (-4°F) when sufficient starter speed cannot be achieved
with SAE 15W-40 oils, the use of SW-XX and 10W-XX oils, where XX is 30 or 40, may be used
to improve startability provided they are API CH-4 and have demonstrated field performance in
DDC engines. These oils must possess a HT/HS of 3.7 minimum.

When the use of high sulfur fuel (greater than 0.5% mass sulfur) is unavoidable, higher alkalinity
lubricants are recommended. High sulfur fuels require modification to oil drain intervals. For
further information refer to the section titled "The Use of High Sulfur Fuels."

All information subject to change without notice.
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5.2.2 Lubricant Requirement — Heat Exchanger-Cooled Pleasure Craft
Marine

Lubricants meeting these criteria have provided maximum engine life when used in conjunction
with recommended oil drain and filter maintenance schedules. For the API symbol for this,
see Figure 5-2.

NOTICE:

Do not use 15W-40 lubricating oil in Series 60 pleasure craft
marine engines. 15W-40 lubricating oil is not suitable for use in
engines with closed crankcase ventilating systems.

37028

Figure 5-2 APl Symbol — Heat Exchanger-Cooled Pleasure Craft Marine

Lubricants meeting these criteria have provided maximum engine life when used in conjunction
with specified oil drain and filter maintenance schedules. Only oils licensed by API may be used
in Detroit Diesel engines. Lubricants meeting API Service category CF—2 are intended for use
primarily with low (0.05%) sulfur fuel and should be used in Detroit Diesel Series 60 pleasure

craft marine engines.

All inf i bject to change without notice.
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5.2.3 Oil Change Interval

The length of time an engine may operate before changing oil depends on the lubricant and fuel
used, engine oil consumption, and operating cycle. The maximum interval the engine may operate
before changing oil is listed in Table 5-5. Oil analysis may be used to determine whether this
interval should be shorter, but should not be used to lengthen the interval.

Application Oil Drain Schedule
Highway Truck and Motor Coacht 15,000 miles (24,000 km)
City Transit Coach, Pick-up and Delivery, 6,000 Miles (9,600 km) or 3 Months*
Stop-and-Go, Short Tript
Fire Fighting, Crash/Rescue, and Emergency Vehicle 6,000 Miles (9,600 km) or 300 Hours*
Industrial and Agricultural 250 hours or 1 year*
Stationary Generator, Prine Power or Continuous 300 hours or 1 year*
Stationary Generator, Standby 150 hours or 1 year*

Note: Change both full-flow filters when lube oil is changed.
" *Whichever comes first.
1Drain intervals shown apply to pre-1998 model year engines. 1998 and newer engines

Table 5-5 Maximum Oil Drain Intervals

NOTE:
The use of fuels with sulfur content above 0.5% will require a shorter drain interval,

and/or the use of a higher TBN oil. Refer to DDC Publication 7SE270, Lubricating Oil,
Fuel, and Filter Recommendations, for details.

Extending Oil Drain Intervals: Some oil companies may promote engine lubricants with a
claimed useful life that would allow customers following certain maintenance and operating
parameters to elect to extend oil drain intervals beyond the recommended periods. The ability of
such lubricants to maintain their protective qualities over a longer period and the acceptability of
maintenance and operating parameters must be established by the oil company and the customer.
Claims for engine failure attributable to the inadequacy of the lubricant are not covered under the
terms of the engine’s limited warranty.

All information subject to change without notice.
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5.24 Statement of Policy on Supplemental Fuel and Lubricant Additives

The Series 60 engine will operate satisfactorily on the commercial fuels and lubricants of good
quality regularly provided by the petroleum industry through retail outlets.

Supplementary additives include all products marketed as fuel conditioner, smoke suppressants,
masking agents, deodorants, tune-up compounds, top oils, break-in oils, graphitizers, and
friction-reducing compounds. The regular and continued use of supplementary additives in fuels
and lubricants is not recommended.

NOTE:

DDC is not responsible for the cost of maintenance or repairs due to lack of required
maintenance services performed or the failure to use fuel, oil, lubricants and coolant
meeting DDC-recommended specifications. Performance of required maintenance and
use of proper fuel, oil, lubricants and coolant are the responsibility of the owner. See
the OEM’s guidelines for details.

5.2.5 Filter Selection and Change Intervals for Series 60 Engine

The engine oil and fuel filters recommended for use on the Series 60 engine are as follows:

0 Engine Oil Filter:
(0  Full Flow - DDC Part No. 23527033
O  Single full flow, large diameter, high capacity — DDC Part No. 5361840001
O Fuel Filters, Spin-on:
O Primary- DDC Part No. 23518481
O Primary w/Separator - DDC Part No. 23512317
OO Primary w/Separator - DDC Part No. 23514654 *
0 Secondary- DDC Part No. 23518482
O Fuel Filters, Fuel Pro®:
0O Fuel Pro 321 - DDC Part No. 23518482
O Fuel Pro 380, 380E - DDC Part No. 23521528
O Fuel Filters, Sea Pro®:
O Sea Pro 150 or 300 - DDC Part No. 23518168 (30 micron)
(0 Sea Pro 152 or 511 - DDC Part No. 23521528

*Requires installation of reusable plastic bowl.

Fuel Pro® and Sea Pro® are registered trademarks of Davco Manufacturing, L.L.C.

All informati bject to ch without notice.
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The change intervals for oil and fuel filters are listed in Table 5-6.

Application Replacement Intervals (Fuel Sulfur Content
Less Than 0.5 wt.%)
Highway Truck and Motor Coacht 15,000 Miles (24,000 Km)
City Transit Coacht 6,000 Miles (9,600 Km), 300 hours or 3 months*

Fire Fighting Apparatus, Emergency Vehicles 6,000 Miles (9,600 Kmy), 300 hours, or 1 year*

Industrial, Agricultural, and Marine 250 hours or 1 year*

Stationary Electrical Generator Sets, Continuous 250 hours or 3 months*

Stationary Electrical Generator Sets, Standby 150 hours or 1 year*

* Whichever comes first.

1Drain intervals shown apply to pre-1998 mode! year engines. 1998 and newer engines may require a modification to these
intervals based on used oil analysis. Refer to publication "Lubricating Oil, Fuel, and Filters", form 7SE270 (9901), available from
authorized Detroit Diesel distributors.

Table 5-6 Maximum Lubricating Oil and Fuel Filter Replacement Intervals

NOTE:

The spin-on fuel filter replacement intervals listed in Table 5-5 do not apply to Fuel Pro
filter elements, which must be replaced when the fuel level in the see-through cover
reaches the top of the element or after one year of service, whichever comes first.

All information subject to change without notice.
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5.2.6 Used Lubricating Oil Analysis Guidelines

These values indicate the need for an immediate oil change, but do not necessarily indicate
internal engine problems requiring engine teardown. Characteristics relating to lubricating oil
dilution should trigger corrective action to identify and find the source(s) of leaks, if the values

listed in Table 5-7 are realized. Contact your DDC distributor or dealer regarding oil analysis
services.

Warning Limits ASTM Designation Condition Measured Series 60 Limit
Viscosity at 40 °C ¢S D-445 Engine & Oil 40.0
Maximum Increase-% 15.0
Maximum Decrease-%

Carbon (Soot) Content, E-1131 or LEMSM * Engine Combustion 1.5
Maximum - Mass %
Pentane Insolubles - D-893 Engine Combustion 1.0
Mass % '
Total Base Number (TBN) D 4739D 2896 QilCil 1.0
Minimum 2.0
Water Content (Dilution), D 1744 Engine 0.30

Maximum - Vol. %

Fuel Vol., % Maximum D 3524 Engine 25

Antifreeze Maximum D2982 Engine Neg.

Iron Content, Maximum D 5185 Engine Wear 150
- ppm (Fe)

Copper Content, Maximum D 5185 Engine Wear 30
- ppm (Cu)

* LEMSM is a patented soot measurement process by Analysts, Inc.
NOTE: These limits are intended to be used for guidance when a single oil sample is tested. Actual limits are dependent on engine,
application, and oil type. Refer to DDC Publication 7SE398 to determine the warning limits specific to your application.

Table 5-7 Used Lubricating Oil Analysis Guidelines for Inmediate Oil Change

5.2.7 Miscellaneous Fuel and Lubricant Information

A list of "brand" name lubricants distributed by the majority of worldwide oil suppliers can be
purchased from the Engine Manufacturers Association (EMA). The publication is titled EMA
Lubricating Oils Data Book for Heavy-Duty Automotive and Industrial Engines. The publication
shows the brand names, oil performance levels, viscosity grades, and sulfated ash contents of
most "brands" marketed.

ENGINE MANUFACTURERS ASSOCIATION
401 NORTH MICHIGAN AVE.
CHICAGO, ILLINOIS 60611-4267

All information subject to change without notice.
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5.3 LUBRICATING OIL FOR THE SERIES 60G ENGINE

Lubricants formulated for use in natural gas fueled engines must provide adequate engine
lubrication, minimal thermal degradation, and good deposit control. Currently there is not an API
- category for natural gas engine oils. Therefore, selection of the proper engine oil is limited to
the two lubricants listed in Table 5-8. These oils have demonstrated adequate performance in
these engines.

Viscosity Grade, SAE 15W40
Sulfated Ash Content, % max. 0.50%
Phésphorous, ppm max. 800 ppm max.

Table 5-8 Series 60G Engine Lubricating Oil Specifications

While Detroit Diesel does not maintain an approved list for these lubricants, other lubricants may
be selected by the customer provided the oil supplier can demonstrate equivalent performance
with the two oils identified. Detroit Diesel will not determine this equivalency.

All information subject to change without notice.
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5.3 LUBRICATING OIL FOR THE SERIES 60G ENGINE

5.3.1 Oil Change Intervals for Series 60 Natural Gas Engine

During engine operation, lubricating oil deteriorates due to combustion by-products and
contamination. Oil change intervals may vary depending on engine operation, fuel quality, and
lubricant quality. The oil drain intervals are listed in Table 5-9and listed in Table 5-10.

Application

Oil Drain Interval

City Transit Coach

6,000 miles (9,600 km) or 3 months*

Pick-up and Delivery Stop and Go

6,000 miles (9,600 km) or 3 months*

* Whichever comes first.

Table 5-9 Maximum Recommended Oil Drain Intervals (Normal Operation) for

Series 60 Diesel Engine

Application

QOil Drain Interval

Stand-by Continuous/Prime

250 hours or 12 months* 250 hours or 3 months*

Stand-by 1 Continuous/Prime t

200 hours or 6 months* 200 hours or 3 months*

Stand-by ¥ Continuous/Prime £

150 hours or 3 months* 150 hours or 3 months*

1 Fuel with total sulfur greater than 17 ppm, but less than 24 ppni.
T Fuel with total sulfur greater than 24 ppm, but less than 32 ppm.

* Whichever comes first.

Table 5-10  Series 60 Natural Gas Generator Set Engine

NOTE:

Operation with fuels having total sulfur greater than 32 ppm, on a mass basis, may result
in engine damage, and is not recommended by Detroit Diesel Corporation.

All information subject to change without notice.
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5.3.2 Used Lubricating Oil Analysis for the Series 60G Engine

A used lubricating oil analysis, such as Detroit Diesel’s "Power Trac," is recommended for
monitoring crankcase oil in all engines. The application of used engine oil analysis to natural
gas fueled engines can help to identify contamination from excessive wear metals and foreign
substances and monitor oil degradation through oxidation. If any abnormal conditions are
identified, the oil should be changed immediately. Warning limits are listed in Table 5-11.

Viscosity Increase, % from new, max. (ASTM D 445) 10%
Kinematic @ 100_C
Total Base Number decrease, max. (ASTD D 4739) 3
Total Acid Number increase, max. (ASTM D 664) 2
Iron Content, ppm 150 max.
Oxidation/Nitration, Infrared Spéctroscopy 25 absorbance units

Table 5-11 Used Oil Analysis Warning Limits for Series 60G Engine

All information subject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION
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5.4 COOLANT

The coolant provides a medium for heat transfer and controls the internal temperature of the
engine during operation. In an engine having proper coolant flow, some of the heat of combustion
is conveyed through the cylinder walls and the cylinder head into the coolant. Without adequate
coolant, normal heat transfer cannot take place within the engine, and engine temperature rapidly
rises. Therefore, coolant must be carefully selected and properly maintained.

The following terms are used throughout this section and must be understood.

Coolant - The fluid mixture circulating in the engine cooling system.

IEG - Full strength (non-diluted) Inhibited Ethylene Glycol meeting applicable heavy-duty
formulation specifications.

IPG - Full strength (non-diluted) Inhibited Propylene Glycol meeting applicable
heavy-duty formulation specifications.

SCA - Supplemental Coolant Additives. Used to prevent corrosion, cavitation, and the
formation of deposits.

Initial fill - Any time the cooling system is empty, then filled with new coolant.
Precharged IEG - Also referred to as a fully formulated IEG. Contains the proper amount
of SCA. Additional SCA must not be used with a precharged IEG at initial fill.
Precharged IPG - Also referred to as a fully formulated IPG. Contains the proper amount
of SCA. Additional SCA must not be used with a precharged IPG at initial fill.

O Dropout - Sludge or deposit formation in or on cooling system components.

o oo 0O o OO

Using a coolant with the appropriate concentrations of SCA is one of the most important aspects
of quality engine maintenance. To achieve the chemical balance needed to protect a cooling
system, certain coolant basics must be understood.

This section provides the directions and information required to ensure cooling system protection
for Detroit Diesel Series 60 engines. These recommendations are general rules and reflect the
current technology. Specific concerns not covered should be addressed to your local Detroit
Diesel representative.

The coolant used in Detroit Diesel Series 60 engines must meet the following basic requirements:

Provide an adequate heat transfer medium.

Protect against cavitation damage.

Provide a corrosion/erosion-resistant environment.

Prevent formation of scale or sludge deposits.

Be compatible with cooling system hose and seal materials.
Provide adequate freeze protection.

poooog

A properly maintained coolant can be used up to the intervals listed in Table 5-22. At this time the
cooling system must be drained, thoroughly cleaned and filled with new coolant.

To achieve these requirements, coolants are mixtures of good quality water, SCA and often
an IEG or IPG for freeze protection. The rest of this bulletin will describe the requirements
and usage of the water, SCA, IEG, and IPG.

bj ithout notice.

All information subject to chang
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5.4.1 Water

Water is the best practical medium for heat transfer. However, water alone can cause corrosion
and inherently contains minerals that can produce scale deposits on internal cooling system
surfaces. Chlorides, sulfates, magnesium, and calcium dissolved in the water can cause scale
deposits, sludge deposits and/or corrosion.

Distilled or deionized water is preferred to minimize the adverse effects of minerals in water. The
maximum allowable limits for minerals in water are listed in Table 5-12. For the procedure for
evaluating the quality of water, see Figure 5-3.

Mineral Limit - ppm Limit - grains per gallon
Chlorides 40 25
Sulifates 100 5.8
Total dissolved solids 340 20
Total Hardness: Magnesium 170 10
& Calcium

Table 5-12 Maximum Allowable Limits for Minerals in Water

All information subject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

5-23



54  COOLANT
DETERMINE THE CONCENTRATIONS
OF CHLORIDES, SULFATES,
AND TOTAL DISSOLVED SOLIDS
IN THE WATER
[
A | 1
CHLORIDES UNDER 40 PPM CHLORIDES OVER 40 PPM
AND OR
SULFATES UNDER 100 PPM SULFATES OVER 100 PPM
AND OR
TOTAL DISSOLVED SOLIDS TOTAL DISSOLVED SOLIDS
UNDER 340 PPM OVER 340 PPM
T 1
DETERMINE TOTAL DISTILL, DE-MINERALIZE OR
HARDNESS OF THE WATER DE-IONIZE THE WATER
l .
| |
TOTAL HARDNESS TOTAL HARDNESS WATER SUITABLE FOR
UNDER 170 PPM OVER 170 PPM USE IN COOLANT
I I
SOFTEN THE WATER PLUS INHIBITORS
|
|
WATER SUITABLE FOR
USE IN COOLANT
|
PLUS INHIBITORS
20868
Figure 5-3 Water Evaluation Procedure
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5.4.1.1 Antifreeze, Inhibited Ethylene Glycol

Ethylene glycol is used for freeze protection of the coolant. IEG, commonly referred to as
antifreeze, also contains chemicals that provide a limited protection against corrosion. The use of
an IEG product with a low silicate formulation that meets either the GM 6038-M formulation
(GM1899-M performance) or ASTM D 4985 requirements is recommended.

5.4.1.2 Antifreeze, Inhibited Propylene Glycol

An IPG/water mixture provides freeze protection.

Propylene glycol must meet the performance requirements of ASTM D 4985 and the
physical/chemical requirements of ASTM D5216. The maintenance procedures for propylene
glycol are the same as for IEG. All references to IEG will also apply to IPG for the Series 60
engines.

For best overall performance, a 50% concentration of IEG (1/2 IEG, 1/2 water) is recommended.
An IEG concentration over 67% (2/3 IEG, 1/3 water) is not recommended because of poor heat
transfer, reduced freeze protection, and possible silicate dropout. An IEG concentration below
33% (1/3 1IEG, 2/3 water) offers little freeze or corrosion protection and is not recommended
(see Figure 5-4, see Figure 5-5, and see Figure 5-6).

IEG coolants require the addition of SCA to provide cooling system corrosion and deposit
protection. The SCA added should match the chemistry of the additive package included in the
coolant. If this precaution is not observed, coolant monitoring can become difficult, making
over-inhibiting more likely. IEG formulations available in the market may contain from zero to
the full amount of the required SCA. A basic IEG with no SCA must have additional SCA added
at the time of initial fill. A Fully Formulated or Precharged IEG such as Detroit Diesel Power
Cool® already contains the required SCA (listed in Table 5-13). Overconcentration will result if
SCAs are added to a fully formulated IEG coolant at the time of initial fill. This can result in
solids dropout and the formation of deposits.

Power Cool - DDC Part Number Size
23512138 1 gallon
23512139 55 gallons
23512140 bulk

Table 5-13 Power Cool Fully Formulated/Precharged IEG

All information subject to change without notice.
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Figure 5-6 Coolant Freezing and Boiling Temperature vs. Inhibited Ethylene
Glycol Concentration (Sea Level)
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5.4.2 Coolants Not Recommended

Methyl alcohol-based antifreeze should not be used in Detroit Diesel Series 60 engines because
of its effect on the non-metallic components of the cooling system and its low boiling point.
Similarly, methoxy propanol-based antifreeze should not be used in Detroit Diesel Series 60
engines because it is not compatible with fluoroelastomer seals found in the cooling system.
Glycol-based coolants formulated for heating/ventilation/air conditioning (HVAC) should not
be used in Detroit Diesel Series 60 engines. These coolants generally contain high levels of
phosphates, that can deposit on hot internal engine surfaces and reduce heat transfer.

5.4.3 Supplemental Coolant Additive
SCAs provide protection for the cooling system components. The coolant must have the proper

concentration of SCAs. Detroit Diesel Maintenance products are recommended for use in Detroit
Diesel Series 60 engines.

NOTICE:

Excessive amounts of chemicals in the engine coolant can cause
a gel-type or crystalline deposit that reduces heat transfer and
coolant flow. The deposit, called dropout takes the color of the
coolant when wet, but appears as a white powder when dry. It can
pick up solid particles in the coolant and become gritty, causing
excessive wear of water pump seals and other cooling system
components. The wet gel can be removed by non-acid (alkali) type
heavy-duty cleaner, Detroit Diesel Maintenance Product cleaner
DD-2001 (sodium nitrite/sodium tetraborate). If the gel is allowed
to dry, it is necessary to disassemble the engine and clean with a
caustic solution or mechanically clean individual components.

The proper application of SCA will provide:

O A pH control to prevent corrosion.
[0 Water-softening to deter formation of mineral deposits.
O Cavitation protection to reduce the effects of cavitation.

All information subject to change without notice.
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The proper dosage for initial cooling system fill is listed in Table 5-14. Maintenance cooling
system fill is listed in Table 5-15, initial coolant inhibitor element size requirements for IPG
and IEG plus water coolant mixtures are listed in Table 5-16. Coolant inhibitor element size
requirements, initial dosage for water-only systems, are listed in Table 5-17. The proper

maintenance dosages are listed in Table 5-18.

Coolant

Coolant Element

Liquid *

Precharged IEG and Water

NONE

NONE

IEG and Water

Select Element listed in Table 5-16.

3% by volume, or 1 pint per 4 gallons

Water only Select Element listed in Table 5-17. 6% by volume, or 1 quart per
4 gallons
*1 gallon = 3.785 L; 2 pints = 1 quart; 4 quarts = 1 gallon
Table 5-14 Initial Fill SCA Dosage
Coolant Element Liquid *

Select element listed in Table 5-18.

0.6% by volume or 1 pint per 20 gallons

*1 gallon = 3.785 L; 8 pints = gallon
Table 5-15

Maintenance Fill SCA Dosage

Cooling System Capacity, Quantity DDC Part Number
Gallons (L)
9-12 (34-45) 1 23508426
13-16 (49-61) 1 23507189
Table 5-16  Coolant Inhibitor Element Size Requirements-Initial Fill Dosage for
IEG or IPG plus Water Coolant Mixtures
Cooling System SCA Element Quantity Detroit Diesel SCA Additional SCA Liquid
Capacity Gallons (L) Element Part Number Required
7 (26) 1 23508426 None
10 (38) 1 23507189 None
15 (57) 2 23508426 None
Table 5-17  Coolant Inhibitor Element Size Requirements-Initial Dosage for

Water-Only System

Al information subject to change without notice.

6SEA83 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

529



5.4 COOLANT

Cooling System Fiter Quantity Filter Part Number Liquid Only Number
Capacity, Gallons (L) of Pints
9-12 (34-45) 1 23507545 1/2 - 3/4
13-16 (49-61) 1 23507545 3/4 - 1

Table 5-18  Coolant Inhibitor Element Size Requirements-Maintenance Dosage

for IEG, IPG, Precharged, and Water-Only Coolant Mixture

The concentration of SCA will gradually deplete during normal engine operation. Check the SCA
concentration at the regular intervals listed in Table 5-19. Additional SCA must be added to the
coolant when it becomes depleted below a specified level (listed in Table 5-20). Maintenance
dosage of SCA must only be added if nitrite concentration is less than 800 ppm. If nitrite
concentration is greater than 800 ppm, do not add additional SCA. Due to the elevated fire deck
temperatures in the Series 60G engine, it is very important that the phosphorus (P) level remain
below the maximum. Operation of the Series 60G engine with phosphorus levels above the
maximum will lead to phosphorus dropout on the hot firedeck surfaces. This dropout will form an
insulation layer between the fire deck and coolant, and lead to eventual engine damage.

Inhibitor Test Interval
205,000 miles (32,000 km)

6,000 miles (9,600 km) or three months,
whichever comes first.

Service Application

On-highway Trucks and Motor Coaches

City Transit Coaches, Pick-up and Delivery, Short
Trip, and Emergency Vehicles

Industrial, Continuous Duty Generator Set, Marine 500 hours or yearly, whichever comes first.

and all other applications

Standby Generator Set 200 hours or yearly, whichever comes first.

Required Coolant Inhibitor Test Intervals

Table 5-19

SCA Minimum SCA ppm Maximum SCA ppm

Boron (B) 1,000 1,500

Nitrite (NO,) 800 2,400

Nitrates (NO,) 1,000 2,000

Silicon (Si) 50 250

Phosphorus (P) 0 500

pH 8.5 10.5

Table 5-20

SCA Limits with GM6038-M or ASTM-D 4985 (50/50 Coolant/Water
Mixture)

All Infe bisct

tic f lo chang
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5.4.4 Soluble Oils

Soluble oil additives are not approved for use in the Detroit Diesel Series 60 engine cooling
systems. A small amount of oil adversely affects heat transfer. A 1.25% concentration of soluble
oil increases the fire deck temperature 6%. A 2.50% concentration increases the fire deck
temperature 15%.

5.4.5 Chromate

Chromate additives are not approved for use in the Detroit Diesel Series 60 engine cooling
systems. Chromate additives can form chromium hydroxide, commonly called green slime. This,
in turn, can result in engine damage due to poor heat transfer. Cooling systems operated with
chromate-inhibited coolant must be chemically cleaned with Power Cool 2015 cooling system
cleaner and conditioner (or equivalent sulfamic acid/sodium carbonate cleaner) and flushed.

Some coolant filter elements with magnesium internal support plates have caused engine damage.
The coolant dissolves the magnesium and deposits it on the hot zones of the engine where heat
transfer is most critical. The use of elements with these plates is not approved.

5.4.6 Detroit Diesel Cooling System Maintenance Products

Detroit Diesel Maintenance Products with SCA are water-soluble chemical compounds. These
products are available in coolant filter elements, liquid packages, and a fully formulated IEG.

5.4.7 Coolant Inhibitor Elements

Replaceable coolant inhibitor elements (spin-on canisters) are available in various sizes suitable
for cooling systems of varying capacity. If a fully formulated IEG or IPG coolant is not used,

a pre-charge element must be installed. Selection of the proper element size is vital when
precharging the coolant system at initial fill. If a coolant inhibitor element is used, it is important
to make sure that the coolant inlet/outlet valves on the element adaptor head are fully opened
prior to filling the cooling system with coolant.

NOTE:
A fully formulated IEG or IPG must NOT have SCA added at initial fill.

The need for maintenance clements is determined by the results of the SCA concentration test
performed at each cooling system service interval.

5.4.8 Supplemental Coolant Additive Test Procedures
Nitrite concentration is an indication of the SCA concentration in the coolant. Nitrite test kits and

test strips are commercially available. The coolant must be tested for required inhibitor levels at
the intervals listed in Table 5-19. SCA levels must be within the ranges listed in Table 5-20.

All information subject to change without notice.
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5.4.8.1 Liquid Supplemental Coolant Additive

Detroit Diesel Cooling System Maintenance Procedures SCA and Cleaners are available in liquid
form and are listed in Table 5-21.

Product Size * DDC Part No.
Power Cool 2000 - Liquid SCA 1 pint (12 per case) 23507858
Power Cool 2000 - Liquid SCA half gallon (6 per case) 23507859
Power Cool 2000 - Liquid SCA 5 gallons 23507860
Power Cool 2000 - Liquid SCA 55 gallons 23507861
Power Cool 3000 t - Liquid SCA 1 pint (12 per case) 23507854
Power Cool 3000 t - Liquid SCA half gallon (6 per case) 23507855
Power Cool 3000 1 - Liquid SCA 5 gallons 23507856
Power Cool 3000 t - Liquid SCA 55 gallons 23507857
Power Cool 2001 ON-LINE half gallon (6 per case) 23507862
CLEANER
Power Cool 2001 ON-LINE 5 gallons 23507863
CLEANER
Power Cool 2001 ON-LINE 55 gallons 23507864
CLEANER
Power Cool 2015, Twin Pac, Dry 2 per case 23507867
Chemical Cleaner/Conditioner

* 1 gallon = 3,785 L; 8 pints = gallon

1 Power Cool 3000 is more compatible with hard water than Power Cool 2000. Use Power Cool on-line cleaner for light deposits. Use

Power Cool dry chemical cleaner conditioner for heavy deposits or scale.

Table 5-21

Liquid SCA and Additional Coolant Treatment Products

All information subject to change without notice.
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5.4.8.2 Test Kit Procedures

Use Detroit Diesel Powertrac® 2-Way Coolant Test Strips (part number 23515917) to measure
nitrite and glycol concentrations. Cavitation/corrosion protection is indicated on the strip by the
level of nitrite concentration.

NOTICE:

Do not use Detroit Diesel Power Cool™ test strips to determine
the inhibitor levels of coolant with non-DDC approved additive
packages. Incompatible chemicals and variance in inhibitor levels
in the additive packages may cause inaccurate interpretation

of test strip readings. This can lead to under-inhibiting the
coolant, which may result in cavitation erosion.

Freeze and boil over protection is determined by glycol concentration. Use the test strips as
follows:

1. Dip the strip into coolant for one second. Remove and shake briskly to eliminate excess
fluid.

2. Immediately compare end pad (% glycol) to the color chart.

Sixty seconds (one minute) after dipping, compare the nitrite pad to the chart contained
within the kit.
For best results make the tests while the coolant is between 50 and 140°F (10 - 60°C). Wait at

least 60, but not longer than 75 seconds before reading the nitrite level. Promptly replace and
tighten container cap after each use. Discard unused strips if they have turned light pink or tan.

A factory coolant analysis program is also available through authorized Detroit Diesel service
outlets under part number 23508774.

All information subject to change without notice. !
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5.4.9 Summary of Coolant Recommendations

Coolant recommendations may be summarized as follows:

“ CAUTION:

To avoid injury from the expulsion of hot coolant, never
remove the cooling system pressure cap while the engine is
at operating temperature. Remove the cap slowly to relieve
pressure. Wear adequate protective clothing (face shield

or safety goggles, rubber gloves, apron, and boots).

NOTE:
Propylene glycol meeting ASTM D 4985, and ASTM D 5216, is approved for use in
Series 60 engines.

Always maintain the engine coolant to meet Detroit Diesel specifications.

2. Only use water that meets Detroit Diesel specifications. Distilled or deionized water is
preferred.

3. The proper dosage of SCA must be included in the coolant at initial fill for all Detroit
Diesel Series 60 engines.This dosage can be either included in part or entirely in the
IEG used, or it may need to be added. Dosage is also dependent on whether water or
IEG is used. The user is urged to refer to the full text of this bulletin to determine the
proper dosage. Mixing of different manufacturers’ inhibitors (SCAs) could cause cooling
system problems.

4. Maintain the SCA to the prescribed concentration. Test the nitrite concentration by using
a titration kit or Detroit Diesel 2-Way Coolant Test Strips. Add SCA only if the nitrite
concentration is below 800 ppm.Do not use another manufacturer’s test kit to measure the
SCA concentration of Detroit Diesel Maintenance Products.

5. Pre-mix coolant makeup solutions at the proper concentration before adding to the coolant
system.

6. Where antifreeze/boilover protection is required, use only ethylene glycol coolant (low
silicate formulation) meeting GM 6038-M, GM 1899-M, or ASTM D 4985. Propylene
glycol meeting ASTM D 4985, and ASTM D 5216 is also approved for use in Series 60
engines.

7. Always maintain proper coolant level.

A properly maintained cooling system can be operated for up to intervals
listed in Table 5-22, listed in Table 5-23 and listed in Table 5-24. The cooling system must
be thoroughly cleaned and the coolant replaced at these intervals.

All information subjact to change without notice.
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Coolant

Interval - Whichever comes first

Action

Antifreeze/Water + SCA Inhibitor
(DDC Power Cool)

A 20,000 miles (32,000 km)
or 3 months
B 3 months or 500 hours

Test nitrite concentration with
test strip. Add SCA or dilute
coolant as needed.

A 300,000 miles (480,000 km)
B 2 years or 4,000 hours

Drain and clean system. Replace
with new coolant.

Ethylene Glycol Antifreeze/Water
+ SCA Inhibitor

A 20,000 miles (32,000 km)
or 3 months
B 3 months or 500 hours

Test nitrite concentration with
test strip. Add SCA or dilute
coolant as needed.

A 300,000 miles (480,000 km)
B 2 years or 4,000 hours

Drain and clean system. Replace
with new coolant.

Propylene Glycol Antifreeze/Water
+ SCA Inhibitor

A 20,000 miles (32,000 km)
or 3 months
B 3 months or 500 hours

Test nitrite concentration with
test strip. Add SCA or dilute
coolant as needed.

A 300,000 miles (480,000 km)
B 2 years or 4,000 hours

Drain and clean system. Replace
with new coolant.

Ethylene Glyco! Antifreeze/Water
+ NOAT Inhibitor

A 300,000 miles (480,000 km)
or 2 years
B 5,000 hours

Add Power Cool Plus Extender

A 600,000 miles (960,000 km})
B 4 years or 10,000 hours

Drain and clean system. Replace
with new coolant.

Propylene Glycol Antifreeze/Water
+ NOAT Inhibitor

A 300,000 miles (480,000 km)
or 2 years
B 5,000 hours

Add Power Cool Plus Extender

A 600,000 miles (960,000 km)
B 4 years or 10,000 hours

Drain and clean system. Replace
with new coolant.

Water only+ SCA Inhibitor

A 20,000 miles (32,000 km)
or 3 months
B 3 months or 500 hours

Test nitrite concentration with
test strip. Add SCA or dilute
coolant as needed.

A 300,000 miles (480,000 km)
B 2 years or 4,000 hours

Drain and clean system. Replace
with new coolant.

Water only+ NOAT Inhibitor

A 300,000 miles (480,000 km)
or 2 years
B 2 years or 5,000 hours

Add Power Cool Plus Extender

A 600,000 miles (960,000 km)
B 4 years or 10,000 hours

Drain and clean system. Replace
with new coolant.

A On Highway Trucks and Motor Coaches, City Transit Coaches, Pick up and Delivery, Short Trip, and Emergency Vehicles.

B Industrial, Generator Set, and other applications.
Note: Detailed marine engine coolant fill options and maintenance intervals are listed in Table 5-23 and listed in Table 5-24.

Table 5-22

Cooling System Cleaning Intervals
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5.4  COOLANT

em Water Solution Antifreeze Solution Premixed
Coolant with Water
Products POWER COOL® 3000 (P/N POWER COOL® (P/N 23518918)
23507855)
Initial Fill 3% by Volume POWER COOL® 3000

100% by Volume POWER COOL®

Maintenance

Check with PowerTrac test strip
every 250 hours or 1 year, whichever
comes first. Add POWER COOL®
3000 to maintain 3% by volume
concentration.

Check with PowerTrac test strip
every 250 hours or 1 year, whichever
comes first. Add SCA or dilute
coolant as needed.

Maintenance — Drain and Fill

Drain, clean system, and replace
with new coolant every 2 years or
4,000 hours, whichever comes first.

Drain, clean system, and replace
with new coolant every 2 years or
4,000 hours, whichever comes first.

Table 5-23 Coolant Initial Fill Options and Maintenace Intervals — Commercial
Marine Engines
Item Water Solution Antifreeze Solution Premixed
(See Notes) Coolant with Water
Products POWER COOL® Plus 6000 POWER COOL® Plus Marine
Initial Fill 10% by Volume POWER COOL® 100% by Volume POWER COOL®

Plus 6000 in water.

Plus Marine.

Maintenance

Check with PowerTrac test strip
every 250 hours or 1 year, whichever
comes first. Add 2% by volume
POWER COOL® Plus 6000 (P/N
23522128) every 2 years.

Check with PowerTrac test strip
every 250 hours or 1 year, whichever
comes first. Add 0.6% by volume
POWER COOL® Extender (P/N
23519400) every 2 years.

Maintenance — Drain and Fill

Drain, clean system, and replace
with new coolant every 4 years or
10,000 hours, whichever comes first.

Drain, clean sysiem, and replace
with new coolant every 4 years or
10,000 hours, whichever comes first.

Table 5-24

Craft Marine Engines

Coolant Initial Fill Options and Maintenace Intervals — Pleasure
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SERIES 60 SERVICE MANUAL

9. Do not use the following in Detroit Diesel engine cooling systems:
Soluble oil

Chromate SCA

Methoxy propanol-base coolant

Methyl alcohol-base coolant

Sealer additives or coolant containing sealer additives

HVAC coolant

ogooogono
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SERIES 60 SERVICE MANUAL

6.1 AIR INTAKE SYSTEM OVERVIEW

The air intake system consists of the following components:

Air cleaner or air silencer

Gas mixer (Series 60 gas engine)
Turbocharger

Charge air cooler

Throttle actuator (Series 60 gas engine)
Intake manifold

Air dryer

ooooooo
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6.1  AIR INTAKE SYSTEM OVERVIEW

The turbocharger supplies air under pressure to the CAC and then to the intake manifold. The air
enters the turbocharger after passing through the air cleaner or air silencer. Power to drive the
turbocharger is extracted from energy in the engine exhaust gas. The expanding exhaust gases
turn a single stage turbocharger wheel, which drives an impeller, thus pressurizing intake air. This
charge air is then cooled by an air-to-air or air-to-water (marine engine) intake manifold before
flowing into the cylinders for improved combustion efficiency. See Figure 6-1.
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Figure 6-1 Air Intake System Schematic (Series 60 Diesel Engine)

On vehicle and industrial engines, charge air cooler (CAC) is mounted ahead of the engine coolant
radiator. The pressurized intake charge is routed from the discharge side of the turbocharger,
through the CAC to the intake manifold, which directs the air to ports in the cylinder head,
through two intake valves per cylinder, and into the cylinder. At the beginning of the compression
stroke, each cylinder is filled with clean air.
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SERIES 60 SERVICE MANUAL .

On heat exchanger-cooled pleasure craft marine engines, the raw water-cooled charge air
cooler/air intake manifold is mounted on the intake side of the engine. The pressurized intake
charge is routed from the discharge side of the turbocharger, through the CAC/intake manifold,
which directs the air to the ports in the cylinder head. See Figure 6-2.
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Figure 6-2 Air Intake System Schematic — Heat Exchanger-Cooled Marine
Engine
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6.1  AIR INTAKE SYSTEM OVERVIEW

On keel-cooled commercial marine engines, the charge air cooler (CAC) is mounted at the front
of the engine. The pressurized intake charge is routed from the discharge side of the turbocharger,
through the CAC to the intake manifold, which directs the air to ports in the cylinder head,
through two intake valves per cylinder, and into the cylinder. At the beginning of the compression
stroke, each cylinder is filled with clean air. See Figure 6-3.
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Figure 6-3 Air Intake System Schematic — Keel-Cooled Marine Engine

Repair and replacement procedures for the individual components of the air intake system are
contained in this section.
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6.1.1 Air System for Series 60G Engine (Low Pressure Natural Gas)

The air system components on the Series 60G engine with low pressure fuel system are similar to
the diesel engine air system except for the addition of a gas mixer and throttle, see Figure 6-4.
The turbocharger for this engine is similar to the diesel turbocharger. The features are described
in more detail in the turbocharger section. Refer to section 6.7.
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Figure 6-4 Air Intake System Schematic Series 60G (Low Pressure)

On genset engines, which have the low pressure fuel system, air is drawn into the gas mixer
ahead of the turbocharger. A precisely controlled flow of natural gas is mixed with the air and
flows into the turbocharger where it is compressed before flowing through the charge air cooler.
This combustible air fuel mix then passes through the throttle and into the intake manifold. The
throttle controls the flow of air-fuel mixture to the intake manifold there by providing control
over the power output of the engine.
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6.1  AIR INTAKE SYSTEM OVERVIEW

6.1.2 Air System for Series 60G (High Pressure)

The air system components on the Series 60G engine with high pressure fuel system are similar to
the diesel engine air system except for the addition of a gas mixer and throttle, See Figure 6-5.
The turbocharger for this engine is also different and features a turbine bypass (wastegate) and
compressor recirculation valve. These features are described in more detail in the turbocharger
section. Refer to section 6.5.
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Figure 6-5 Air Intake System Schematic 60G (High Pressure)

In this system, air leaving the charge air cooler enters the mixer assembly and is mixed with a
precisely controlled flow of natural gas. This combustible air fuel mixture then passes through
the throttle and into the intake manifold. The throttle controls the flow of air-fuel mixture to the
intake manifold there by providing control over the power output of the engine.
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6.2 AIR CLEANER

Air cleaners are designed to remove foreign matter from the air and pass the required volume of
air for proper combustion. Manufacturers guidelines should be consulted to maintain efficient
operation for a reasonable period of time before requiring service.

The importance of keeping dust and grit-laden air out of the engine cannot be overemphasized,
since clean air is essential to satisfactory engine operation and long engine life. Should dust in
the air supply enter the engine, it would be carried into the cylinders and, due to its abrasive
properties, cause premature wear of the moving parts. Dirt, which is allowed to build up in the air
cleaner passages, will eventually restrict the air supply to the engine and result in heavy carbon
deposits on the valves and pistons due to incomplete combustion. The air cleaner must have a
capacity large enough to retain the material separated from the air to permit operation for a
reasonable length of time before cleaning is required.

NOTICE:

Detroit Diesel is aware of attempts to use air cleaner elements
made of foam or fabric batting material soaked with a sticky
substance to improve dirt-holding capability. In some installations
this substance has been found to transfer from the filter media,
coating the inside surfaces of air ducts and engine air inlet
systems, blowers, and air boxes. The result has been reduced
engine performance and a change in engine operating conditions.

Only oil bath type and dry paper element type air cleaners are recommended for use on all
Detroit Diesel Series 60 engines. Alternate types of air filtration systems may be available in the
after-market. Detroit Diesel does not recommend use or extend warranty to cover damage or
malfunction of engine components as a result of usage on Detroit Diesel Series 60 engines.

If a foam or fabric air cleaner element soaked with a sticky, dirt-holding substance was previously
installed, check for the presence of coated engine components. Remove and clean coated engine
components as required. Refer to section 1.1.2.
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6.2  AIR CLEANER

6.2.1 Repair or Replacement of Air Cleaner
Refer to the OEM guidelines for air cleaner service procedures.
6.2.2 Removal and Cleaning of Air Cleaner

Detroit Diesel does not offer air cleaners as original equipment on Series 60 engines.

NOTICE:

Always vacuum check air intake restriction indicators after
cleaning to ensure proper operation. Failure to observe this
step may result in faulty indicator readings, which may lead
to inefficient engine operation and/or damage.

Refer to OEM guidelines for removal and cleaning procedures.
6.2.3 Air Cleaner Installation

Refer to OEM guidelines for installation and verification procedures.
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SERIES 60 SERVICE MANUAL

6.3 AIR SEPARATOR

The breather system consists of an air separator assembly mounted to the inlet side of the
turbocharger, along with an oil drain tube(s), check valve(s), required breather piping and
mounting hardware.See Figure 6-6.

35497

1. Turbine Housing 3. Air Separator Assembly

2. Compressor Housing

Figure 6-6 Typical Air Separator System

The system performs three functions:

O Collects the crankcase vapors normally emitted to atmosphere and separates particles of oil
from the vapors. Any oil collected in this manner drains back to the crankcase, while the
remaining fumes are mixed with the turbocharger air flow. This system virtually eliminates
crankcase fumes from the engine room.

O Filters the outside air entering the turbocharger. The oil-coated filter element removes dirt
and salt particles from the incoming air.

O Serves as an air silencer to reduce air induction noise.

All info i bject t )ge without notice.
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6.3  AIR SEPARATOR

6.3.1 Repair or Replacement of Air Separator Filter Element

Refer to OEM for repair procedures.

NOTICE:

| Failure to clean the air separator filter and the vacuum
regulator/limiter will affect the operation of the air separator
and may cause reduced engine performance and/or engine
damage caused by engine overheating.

Refer to section 13.14, preventive maintenance for change intervals and cleaning and replacement
procedures.
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6.4 INTAKE MANIFOLD

On diesel engines, the intake charge air is routed to the individual cylinders by an intake manifold
that is bolted to the cylinder head with seven bolts. The mating surface of the manifold and
cylinder head is machined. The intake manifold is sealed to the cylinder head with three 2-port
graphite coated gaskets. If the manifold is removed, new gaskets must be installed to maintain
seal under higher boost pressure. A turbo-boost pressure sensor is mounted to the intake manifold
with two bolts. An O-ring seals the boost sensor where it enters a hole in the manifold. On
DDEC III/IV engines there is an air temperature sensor located on the bottom of the manifold.
See Figure 6-7. and see Figure 6-8. The intake manifold air inlet is attached to the CAC ducting
and the air compressor using flexible hose and clamps.
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6.4  INTAKE MANIFOLD

20410

1. Intake Manifold Inlet

. Bolt (2)

. Cylinder Head
. Bolt (5)

Figure 6-7

2
3. Intake Manifold Gasket
4
5

. Air Temperature Sensor

6
7. Turbo Boost Sensor Bolt
8. Turbo Boost Sensor

9

. O-ring
10. Intake Manifold

Intake Manifold and Related Parts — All Diesel (Except Heat
Exchanger-Cooled Pleasure Craft Marine) Engine
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1. Hose 8. Gasket
2. Elbow 9. CAC Matrix
3. Gasket 10. Housing Lower
4. Sleeve 11. Sensor
5. Seal Ring 12. Seal Ring
6. Bolt 13. Air Temperature Sensor
7. Housing Upper 14. Bracket
15. Bolt
Figure 6-8 Intake Manifold and Related Parts — Heat Exchanger-Cooled

Pleasure Craft Marine Engine

On Series 60 Gas engines a pipe thread hole is provided for mounting the air inlet pressure sensor.
The Series 60G engines are throttled and therefore require a wide range boost sensor capable of
measuring both negative and positive pressures in the intake manifold. In natural gas engines the
intake manifold contains a combustible air-fuel mixture. See Figure 6-9.

All information subject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

6-15



6.4  INTAKE MANIFOLD

A CAUTION:

The air inlet manifold contains combustible gas. To avoid
injury from explosion, do not connect the air inlet manifold
to any devices or lines external to the manifold.

6
27856
1.Intake Manifold 5.Pipe Plug
2.Air/Gas Inlet 6.Manifold Boit
3.Intake Manifold Gasket 7.Air Temperature Sensor (Low Pressure System Only)
4.Cylinder Head 8.Air Inlet Pressure Sensor
Figure 6-9 Intake Manifold and Related Parts Series 60 Gas Engine
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6.4.1 Repair or Replacement of Intake Manifold

To determine if repair is possible or replacement of the intake manifold is necessary perform the
following procedure. See Figure 6-10.
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Figure 6-10 Flowchart for Repair or Replacement of Intake Manifold
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6.4  INTAKE MANIFOLD

6.4.2 Removal of Intake Manifold

Remove the intake manifold as follows:

1. Disengage the locking tang on the turbo-boost pressure sensor connector. Grasp the
connector body and pull it straight out of the turbo-boost pressure sensor.

2. Remove the turbo boost sensor. Refer to section 2.22.2.
Remove air temperature sensor. Refer to section 2.26.2.

4. If servicing a DDEC III/IV engine, disengage the locking tang on the air temperature
sensor connector. Grasp the connector body and pull it straight out of the air temperature
Sensor.

5. Loosen the hose clamps connecting the hose coupling between the intake manifold and
the CAC ducting. Slide the clamps and hose away from the intake manifold (diesel), or
the elbow from the throttle (natural gas).

6. Remove the air compressor intake air line from the bottom of the intake manifold if used.
Refer to section 10.1.5.

Remove the seven bolts that retain the intake manifold to the cylinder head.
Tap the intake manifold lightly to separate the intake manifold from the cylinder head.
Remove and discard manifold seals.

NOTE:
Units built prior to 6R0135846 may not have gasket seals.

10. Remove the intake manifold.

All inf. i bject to change without notice.
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6.4.3 Cleaning of Intake Manifold

Clean the intake manifold, prior to inspection as follows:

NOTICE:

When removing and cleaning the intake manifold and cylinder
head, J 36571 must be used. Failure to do so may damage
the intake manifold, cylinder head or both.

1. Remove loose gasket material from the cylinder head and intake manifold mating surfaces.

2. To clean the intake manifold mating surface and the head port area, use the surface
conditioning set J 36571. See Figure 6-11.

[a] To clean steel surfaces use a coarse grit disc (brown), part of the surface conditioning
set, J 36571 with an electric or air powered hand drill operating at a speed of
15,000-18,000 r/min. The pads are easily interchangeable using the disc holder
provided in the set.

[b] To clean aluminum surfaces use a medium grit disc (maroon), part of the surface
conditioning set, J 36571 with an electric or air powered hand drill operating ata
speed of 15,000-18,000 r/min. The pads are easily interchangeable usmg the disc
holder provided in the set.

— J 36571

21457

Figure 6-11 Cleaning the Manifold
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6.4 INTAKE MANIFOLD

3. Wash all of the parts in clean fuel oil.

“ CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

4. Blow dry with compressed air.
6.4.3.1 Inspection of Intake Manifold

Inspect the intake manifold as follows:

1. Visually inspect the manifold for any cracks, dents or other damage. Pay particular
attention to the bolt areas.

[a] If a crack is found, replace the intake manifold. Refer to section 6.4.4.
[b] If no cracks are found, reuse the intake manifold. Refer to section 6.4.4.

2. Inspect the manifold mating surface for imperfections that could affect its sealing to
the cylinder head.

[a] If the manifold mating surface has imperfections, replace the intake mainfold.
[b] If the manifold mating surface is not damaged, reuse part. Refer to section 6.4.4.

3. Check the mating ports for warpage, using a 0.5 m (14 in.) long by 6 mm (1/4 in.) wide
straight edge bar laying the bar across the manifold

fa] If all port flange area measurements are less than 0.127 mm (0.005 in.), the manifold
is reusable and can be reinstalled with new gaskets. Refer to section 6.4.4 for
installation.

[b] If the manifold does not meet this requirement the manifold must be resurfaced.
Refer to section 6.4.4 for installation.

All information subject to change without notice.
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6.4.4 Installation of Intake Manifold

Install the intake manifold as follows:

NOTICE:

Itis necessary to completely seal the intake manifold to the cylinder
head, due to the high pressure of the intake charge provided by the
turbocharger. The arrow on the gasket must point to the front of

the engine. Gasket eliminator can not be used with intake manifold
seals. Failure to seal this interface will reduce engine performance.

1. Install three new manifold gaskets to the mating surfaces of the intake manifold with the
arrow on the gasket pointing to the front of the engine. See Figure 6-12.

INTAKE MANIFOLD
GASK\E:
ARROW TO FRONT
O OF ENGINE O
FRONT
<«—— OF
ENGINE
21425
Figure 6-12 Intake Manifold Gasket Orientation

2. Install bolts six and seven through the intake manifold and into the cylinder head and
hand-tighten. See Figure 6-13.

All information subject to change without notice.
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6.4

INTAKE MANIFOLD

Install the five remaining bolts through the intake manifold and into the cylinder head.
Torque all of the intake manifold retaining bolts to 58-73 N-m (43-54 Ib-ft) in the proper
torque sequence. See Figure 6-13.
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20049
Figure 6-13 Intake Manifold Bolt Position and Torque Sequence
4. Plug in the turbo-boost pressure sensor wiring connector by pressing the connector into
the body of the sensor until the locking tang snaps into place.
5. If servicing a DDEC III/IV engine, plug in the air temperature sensor wiring connector by

pressing the connector into the body of the sensor until the locking tang snaps into place.

NOTICE:

Do not use any type of lubricant on the inside of any air inlet
hose or on the hose contact surfaces of the turbocharger
compressor housing, CAC, CAC ducting or the intake
manifold. Use of lubricant can cause the hose to blow off

when the turbocharger builds boost pressure.

Slide the hose over the intake manifold and position it to its original location.

Slide the hose clamps into place and tighten them alternately. Insure that hose clamps are
installed away from the cast bead on the manifold inlet to prevent separation of the joint.

Al information subject to change without notice.
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CAUTION:

The air inlet manifold contains combustible gas. To avoid
injury from explosion, do not connect the air inlet manifold
to any devices or lines external to the manifold.

8. Reattach air line to air compressor, if used, and tighten clamp. Refer to section 6.4.4.

9. Refer to section 11.8 for verification of proper intake manifold installation.

All information subject to change without notice.
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6.5  CLOSED CRANKCASE BREATHER FOR SERIES 60G AUTOMOTIVE ENGINES

6.5 CLOSED CRANKCASE BREATHER FOR SERIES 60G AUTOMOTIVE
ENGINES

Closed breathers are required for natural gas automotive engines in 1998. The Series 60G engine
uses a remote mount Racor CV4500 Crankvent breather/filter. See Figure 6-14.

FILTER
O-RING

BREATHER
FILTER

35357

Figure 6-14 Crankvent and Breather Filter

The Crankvent contains a coalescing filter to remove liquid from the blowby gas. The liquid that
is coalesced from the blowby is drained back to the ground. The blowby gas is routed out of the
rocker cover, through the filter element and returns to the inlet side of the turbo.

All information subject to change without notice.
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6.5.1 Replacement of the Closed Crankcase Breather

The Crankvent coalescing filter is a nonservicable component but should be changed in
conjunction with oil service intervals. Refer to section 13.10.3.

6.5.2 Removal of Closed Crankcase Breather

Remove the closed crankcase breather as follows:

1. Release latches on the side of the breather assembly and lower canister away from the
assembly.

2. Remove the filter from the assembly.
Dispose of the used filter in an environmentally responsible manner.

4. Clean the filter canister with a clean lint-free cloth.
6.5.3 Installation of the Closed Crankcase Breather Filter

Install the closed crankcase breather filter as follows:

1. Insert new filter into the top of the assembly, ensuring the new filter contains the top
O-ring. See Figure 6-14.

2. - Replace the lower canister ensuring the larger O-ring is secure in the top half of the
assembly.

3. Secure the latches on the side of the can.

There are two O-rings in the system. One on the filter element itself and one that seals
between the lower canister and the upper body. Ensure both O-rings are secure before
reassembling the crankvent.

All information subject to change without notice.
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6.6 TURBOCHARGER (DIESEL)

6.6 TURBOCHARGER (DIESEL)

The turbocharger is designed to increase the overall power and efficiency of the engine. Power to
drive the turbocharger is extracted from the energy in the engine exhaust gas.

A turbocharger can be broken down into three basic pieces; a compressor cover, a center housing
rotating assembly (CHRA), and a turbine housing.

The compressor cover provides a hose connection for the compressor inlet, and a V-band ‘
connection for the compressor outlet. The compressor cover is secured to the compressor side of
the CHRA, and encloses the compressor wheel.

The CHRA contains a turbine wheel and shaft assembly, piston ring(s), thrust spacer, compressor
wheel, and wheel retaining nut. This rotating assembly is supported on two pressure-lubricated
bearings that are retained in the center housing by snap rings. Internal oil passages are drilled

in the center housing to provide lubrication to the turbine wheel shaft bearings, thrust washer,
thrust collar, and thrust spacer.

The turbine housing is a heat-resistant steel alloy casting that encloses the turbine wheel and
provides a flanged engine exhaust gas inlet and an axially located turbocharger exhaust gas outlet.
The turbine housing is secured to the turbine end of the center housing.

The Garrett (formerly Airesearch) family of turbochargers look similar. The model TV51
turbocharger is used on all Series 60 diesel engines through the 1989 models. The TV45
turbocharger is used on 1991 and later 11.1 liter displacement diesel engines. See Figure 6-15.

V-BAND COMPRESSOR
COUPLING ~ HOUSING

TURBINE
HOUSING

CENTER HOUSING 20593

Figure 6-15 TV45, TV51 Turbocharger Assembly
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A turbocharger with a water-cooled turbine housing is installed on all heat exchanger-cooled
marine engines. This turbocharger is similar to "dry" turbochargers, except that it incorporates a
water-jacketed turbine housing. The coolant supply line is located at the bottom of the turbine
housing, and the return/bypass line is located at the top. The water-cooled turbocharger operates
as follows:

Coolant from the fresh water pump flows through the supply line into the turbine housing. As
it circulates through the housing, it picks up heat from the exhaust gasses used to drive the
turbocharger. The heated coolant then passes into the thermostat housing and flows back to
the heat exchanger, thus lowering its temperature. See Figure 6-16. Pressurized air from the
turbocharger compressor outlet passes directly into the raw water-cooled charge air cooler/air
intake manifold assembly, providing charge air for combustion. See Figure 6-17.
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Figure 6-16 Fresh Water Cooling Circuit
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36013
1. Gasket 5. Hose
2. End Plate 6. Air Inlet Tube
3. Bolt 7. Clamps, Marmon - Style
4. Clamps, Hose 8. Water-Cooled Turbocharger
9. Charge Air Cooler/Air Intake Manifold Assembly
Figure 6-17 Typical Heat Exchanger-Cooled Pleasure Craft Marine
Turbocharger and Charge Air Cooler/Air intake Manifold
Installation
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The TMF turbocharger is used on 1990 and later 12.7 liter displacement engines, except heat

exchanger-cooled pleasure craft marine engines. See Figure 6-18.
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Figure 6-18 TMF Turbocharger Assembly
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6.6 TURBOCHARGER (DIESEL)

The turbocharger is mounted on the exhaust outlet flange of the engine exhaust manifold. After
the engine is started, the exhaust gases flow from the engine and through the turbine housing
causing the turbine wheel and shaft to rotate. See Figure 6-19.
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AIR FLOW COMPRESSOR
WHEEL
mmp FRESH AIR 20418
Figure 6-19 Schematic Air Flow Diagram

The gases are discharged into the exhaust system after passing through the turbine housing.

The compressor wheel, in the compressor housing, is mounted on the opposite end of the turbine
wheel shaft and rotates with the turbine wheel. The compressor wheel draws in clean air,
compresses it, and delivers high pressure air through the intake manifold to the engine cylinders.
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Oil for' lubricating the turbocharger is supplied under pressure through an external oil line
extending from the oil filter adaptor to the top of the center housing. See Figure 6-20.

)
W

20030
1. Elbow, Oil Drain Tube 10. Connector, Oil Supply Tube
2. Bolt, Mounting Bracket 11. Tube Assembly, Turbo Oil Supply
3. Bolt, Oil Drain Tube Clip 12. Clip, Oil Supply Tube
4. Tube, Turbo Qil Drain 13. Bolt, Oil Supply Tube Clip
5. Bolt, Oil Drain Tube Mounting 14. Connector, Oil Supply Tube (to turbocharger)
6. Gasket, Turbo Qil Drain Tube 15. Gasket, Turbo Exhaust Inlet
7. Nut, Turbo Mounting 16. Clip, Oil Drain Tube
8. Washer, Turbo Mounting 17. Bracket, Oil Drain Tube Clip Mounting
9. Turbocharger Assembly 18. Nut, Oil Drain Tube Clip
Figure 6-20 Turbocharger Oil Lines — All Engines (Except Heat

Exchanger-Cooled Pleasure Craft Marine)
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From the oil inlet in the center housing, the oil flows through the drilled oil passages in the housing
to the shaft bearings, thrust ring, thrust bearing, and backplate or thrust plate. See Figure 6-21.
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1. Compressor Wheel 6. Shaft
2. Thrust Bearing 7. Turbine Wheel
3. Backplate 8. Shaft Bearings
4. Oil Inlet 9. Oil Outlet
5. Center Housing
Figure 6-21 Turbocharger Oil Flow Diagram
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The oil returns by gravity to the engine oil pan through an external oil line extending from the
bottom of the turbocharger center housing to the cylinder block. See Figure 6-20.

If the turbocharger is water-cooled, the coolant supply line is connected to the bottom of the
turbine housing, and the coolant return/bypass line is connected to the top. Coolant from the fresh
water pump flows through the supply line into the turbine housing, passes into the thermostat
housing then flows back to the heat exchanger, thus lowering its temperature.
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6.6.1 Repair or Replacement of Turbocharger

To determine if repair is possible or replacement of the turbocharger is necessary perform the
following procedure. See Figure 6-22.
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Figure 6-22 Flowchart for Repair or Replacement of Turbocharger
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6.6.2 Removal and Cleaning of Turbocharger

Cleaning the turbocharger is not necessary before removal.

a CAUTION:

To avoid injury from hot surfaces, allow engine to cool before
removing any component. Wear protective gloves.

A CAUTION:

To avoid injury from contact with rotating parts when an
engine is operating with the air inlet piping removed, install
an air inlet screen shield over the turbocharger air inlet.
The shield prevents contact with rotating parts.

Many Series 60 engines use turbochargers with ceramic turbine (exhaust) wheels. To avoid
ceramic wheel damage, care must be taken to remove debris after servicing the air intake and
exhaust systems on these engines.

All information subject to change without notice.
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NOTICE:

If the ceramic wheel becomes damaged or bursts, Detroit
Diesel recommends replacing the exhaust system muffler
if positioned in such a way that debris will fall back into
the turbine housing. This precaution will prevent damage
to the turbocharger at engine start-up.

Prior to removal, visually check for:

1.
2
3
4.
5

6.

Missing or loose nuts and bolts.

Loose or damaged intake and exhaust ducting.
Damaged oil supply and drain lines.

Cracked or deteriorating turbocharger housings.
External oil leakage or coolant leakage, if water-cooled.

Replace damaged parts with new parts.

To remove the turbocharger, perform the following:

NOTICE:

Do not attempt to remove carbon or dirt buildup on the compressor
or turbine wheels without removing the turbocharger from the
engine. If chunks of carbon are left on the blades, an unbalanced
condition will exist and subsequent failure of the bearings will
result if the turbocharger is operated. However, it is not necessary
to disassemble the turbocharger to remove dirt or dust buildup.

Disconnect and remove the CAC ducting at the compressor housing.

Disconnect and remove the air inlet hose attached to the compressor housing.
Refer to section 6.10.2.

Disconnect the exhaust outlet pipe from the turbine housing of the turbocharger. For
proper operation, the turbocharger rotating assembly must turn freely. Whenever the
exhaust ducting is removed, spin the turbine wheel by hand.

Remove the inlet oil line from the top of the center housing.
Remove the oil drain line from the bottom of the center housing.

If turbocharger is water-cooled, drain coolant into a suitable container until engine
coolant level is below the turbine inlet flange. Remove coolant inlet and outlet hoses

from turbocharger.
Attach a chain hoist and a suitable lifting sling to the turbocharger assembly.

Remove the nuts securing the turbocharger assembly to the exhaust manifold. Then, lift
the turbocharger assembly away from the engine and place it on a bench.

All information subject to change without notice.
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9. Cover the end of the oil drain line, the oil outlet line, coolant inlet and outlet hoses (if
water-cooled turbocharger), the air inlet and the exhaust outlet openings on the engine
and turbocharger, to prevent the entry of foreign material.

A CAUTION:

To avoid injury from improper use of chemicals, follow the
chemical manufacturer’s usage, handling, and disposal
instructions. Observe all manufacturer’s cautions.

10. Clean the exterior of the turbocharger with a non-caustic cleaning solvent before
disassembly.

6.6.3 Disassembly of Turbocharger

Prior to disassembly, the exterior of the turbocharger must be cleaned. Refer to section 6.6.2,
step 10

Disassemble the turbocharger as follows:

1. Mark the related positions of the compressor housing, center housing and turbine house
with a punch or scribe to assure reassembly in the same relative position.

NOTICE:

Exercise care when removing the compressor housing and turbine
housing to prevent damage to the compressor and turbine wheels.

2. Loosen the V-band coupling securing the compressor housing to the backplate assembly
and remove the compressor housing and V-band.

All information subject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

6-37



6.6 TURBOCHARGER (DIESEL)

3. Perform the following steps to disassemble the TV45 or TV51 turbocharger:
See Figure 6-23.
[a] Loosen the V-band coupling securing the turbine housing to the center housing.

[b] Remove the turbine housing from the center housing.

3. Turbine Housing
4. V-band Couplings

1. Compressor Housing
2. Compressor Housing and Rotating Assembly

Figure 6-23 Typical Turbocharger
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4. Perform the following steps to disassemble the TMF turbocharger. See Figure 6-24.

fa] Remove the four bolts securing the turbine housing to the center housing. If they are
3/8 in. hex-head bolts, discard them and replace with new 5/8 in. hex-head bolts.

[b] Remove the turbine housing from the center housing.

40691

1. Compressor Housing 4. Bolt
2. V-band Coupling 5. Turbine Housing
3. Center Housing Rotating Assembly

Figure 6-24 Series TMF Turbocharger
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6.6.3.1 Inspection of Turbocharger

Inspect the disassembled turbocharger, discarding any damaged parts, in the following manner:
1. Visually check for nicked, crossed or stripped threads.
2. Visually check the turbine wheel shroud and turbine wheel for signs of rubbing.

3. Visually check the compressor wheel for signs of rubbing or damage from foreign
material. The wheel must be free of dirt and other foreign material.

4. Check the bearing axial end play:

[a] Clamp the center housing assembly in a bench vise equipped with soft jaws.
See Figure 6-25.

[b] Fasten the dial indicator and magnetic clamp, part of magnetic base dial indicator set,
J 7872, to the center housing so that the indicator tip rests on the end of the rotating
shaft on the compressor side. See Figure 6-25.

20423

Figure 6-25 Checking Bearing Axial End Play

[c] Move the shaft axially back and forth by hand. The total indicator reading (thrust
float) should be 0.004-0.009 in. (0.1016-0.2286 mm) for TMF turbochargers. The
total indicator reading should be 0.003 to 0.010 in. (0.0762-0.254 mm) for TV45
and TV51 turbochargers. If the total dial indicator readings do not fall within the

specified limits, replace the rotating assembly.
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5. Check the shaft radial movement as follows:

[a] Install the turbo shaft checker, J 39164, to the oil drain opening of the center section.
The special curved end of the tool must contact the wheel shaft through the oil outlet
port and an internal opening in the center section casting. See Figure 6-26.

20424

Figure 6-26 Checking Shaft Radial Movement

[b] Install a dial indicator. See Figure 6-26.

[c] Place the swivel adaptor, part of magnetic base dial indicator set, against the scribed
line of the turbo shaft checker, J 39164.

[d] Grasp each end of the rotating assembly and, applying equal pressure at each end,
move the rotating shaft first toward and then away from the dial indicator, creating
a transverse movement in the shaft. The total indicator reading (radial movement)
should be 0.005 -0.007 in. for TMF turbochargers. The total indicator reading should
be 0.005 -0.0065 in. (0.127-0.165 mm) for TV45 and TVS51 turbochargers. If the total
indicator readings do not fall within the specified limits, replace the rotating assembly.
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6.6.3.2 Checking Wastegate Calibration

Check the wastegate calibration as follows:

NOTE: ‘
Turbochargers used on some engines do not have wastegates.
1. Remove hose from wastegate actuator.

2. Setup an indicator at the end of the wastegate actuator adjusting rod to measure actuator
rod travel. The indicator should have a minimum travel of 0.100 in.

All inf bject to change without notice.
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3. Connect regulator and pressure gage setup to wastegate actuator. See Figure 6-27.

33410
1. Hose to Wastegate Actuator 4. Supply Air Shutoff Valve
2. Pressure Regulator 5. Pressure Gage
3. Shop Air Supply 6. Vent Valve
Figure 6-27 Checking Wastegate Calibration
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4. Apply specified calibration pressure as listed in Table 6-1, to the wastegate actuator.

Model Rating Set Pressure Travel at
0.04 in. Rod

111 L 330-350 Hp 27 Ib/in.? (186 kPa)

127 L 360-500 Hp 31 ib/in.2 (214 kPa)

Table 6-1 Wastegate Calibration Pressure at 0.04 Inch Rod Travel

5. Close air supply shutoff valve. The pressure should hold at the specified pressure. If not,
check air hose and fitting connections for leaks. If none are found, replace wastegate
actuator. Refer to section 6.6.4.

6. Open vent to relieve pressure. Check gage for zero pressure reading. Adjust regulator to
zero pressure and close vent valve.

Adjust dial indicator so it just contacts the actuator rod end and adjust to zero reading.

Open air supply shutoff valve and slowly adjust regulator until dial indicator reads 0.040
in. Switch pressure on and off, opening and closing supply air and vent valves, to ensure
dial indicator travel is from 0.00 in. to 0.040 in. and that the pressure reading is consistent.

9. For currently calibrated wastegate actuator, a pressure within + 0.50 Ib/in.? (3.4 kPa)
of the value listed in Table 6-1, will be required to obtain precisely 0.040 in. actuator
travel. If the pressure required is outside this range, wastegate adjustment is necessary.
Refer to section 6.6.5.1.

Al inf tion subject to change without notice.
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6.6.4

Removal of Wastegate Actuator

Remove the wastegate actuator as follows:

1.

6.6.5

Remove actuator hose from top side of actuator can. See Figure 6-27. With the pressure
gage setup, apply enough pressure to the actuator can until the rod begins to move. Lifting
the wastegate valve off its seat.

Remove the retaining clip that holds the actuator rod end on the worm pin. Lift rod off
the wastegate lever pin.

NOTICE:

Never remove the rod end from the wastegate lever pin
without applying pressure to the top side actuator port, or

damage to the actuator diaphragm may resulit.

Remove the locknuts that secure the actuator can to the base of the actuator bracket and
remove the can from the turbocharger assembly.

Installation of Wastegate Actuator

Further adjustment of the actuator will be necessary to achieve the correct pressure setting,
listed in Table 6-1.

Install the wastegate actuator as follows:

1.
2.

Install actuator can on bracket; tighten locknuts.

Using pressure gage setup, apply enough pressure to the new service actuator can until
the rod begins to move.

Adjust actuator rod end by turning either clockwise or counterclockwise on rod so that
the rod end hole lines up with the wastegate lever arm. While wastegate is held shut,
slip rod over pin.

Before installing retaining clip, the rod end will need to be adjusted to the correct setting.
Refer to section 6.6.5.1.
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6.6.5.1 Setting the Wastegate

Before following this procedure, check the actuator set pressure to see if adjustment is needed.
Refer to section 6.6.3.2.

Set pressure adjustment as follows:

1. Loosen the jam nut that secures the rod end on the actuator rod. If locking collar is present
on the actuator rod, remove and discard collar. See Figure 6-28.

1
3 2
33411
1. Wastegate Actuator Assembly 4, Adjusting Rod End
2. Locking Collar 5. Retainer Clip
3. Jam Nut 6. Wastegate Lever and Pin Assembly
Figure 6-28 Wastegate Adjustment
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Remove the retaining clip that holds the actuator rod end on the wastegate lever arm pin.

Using pressure gage setup, apply enough pressure to the top side actuator can port until
the rod begins to move, lifting the wastegate valve off its seat. See Figure 6-28.

Slip rod end off the wastegate lever arm pin.

Adjust rod as needed:

[a] To INCREASE pressure setting at 0.04 in., turn rod end CLOCKWISE.

[b] To DECREASE pressure setting at 0.04 in., turn rod end COUNTERCLOCKWISE.
With pressure still applied to actuator, replace rod end on wastegate lever arm.

Check actuator set pressure again. Refer to section 6.6.3.2.

[a] If actuator is still out of adjuststment, repeat this procedure.

[b] If actuator is within specified set pressure, install retaining clip on wastegate lever
arm pin.

Tighten jam nut to secure rod end.

jon subject to Ige without notice.
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6.6.6 Assembly of Turbocharger

Use the following procedure to assemble the turbocharger:

NOTICE:

As the parts are assembled, cover the openings to prevent entry of
dirt or other foreign material, which may cause component damage.

1. Cover all openings.

2. Position the turbine housing as marked at disassembly against the center housing and
secure it in place.

3. If a TMF turbocharger is to be assembled, proceed to step 7.

NOTICE:

Failure to properly orient the Tee-bolt end of the clamp can result
in an exhaust leak, turbine wheel damage or both.

4. To assemble the TV45 and TV51 turbochargers, position the V-band coupling between the
turbine housing and center housing so that the Tee-bolt end does not interfere with the
turbine housing. Then tighten the V-band coupling nut, as follows:

[a] Lubricate the toggle bolt threads with a high temperature anti-seize compound.

[b] Tighten the nut on the V-band toggle bolt to approximately 18 N-m (160 1b- in.)
torque.

NOTE:
Do not pull a misaligned turbine housing into alignment with the V-band coupling. The
parts must be aligned and seated first.

[c] Loosen the V-band coupling nut to approximately 6 N-m (50 1b- in.) torque, then
torque the nut to 12-15 N-m (106-130 1b- in.).

5. Position the compressor housing as marked at disassembly against the backplate assembly
and secure it in place with the V-band coupling.

6. Lightly lubricate the threads of the toggle bolt with engine oil and tighten the nut to
12-15 N-m (106-130 1b- in.) torque. This completes the assembly of TV45 and TVS51

turbochargers.

All information subject to change without notice.
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NOTICE:

The 5/8 in. hex-head turbine housing bolts replaced
3/8 in. hex-head bolts. The 5/8 in. hex-head bolts are
required to ensure sufficient clamp load.

7. Secure the TMF turbine housing with four 5/8 in. hex-head bolts.
8. Tighten the bolts to 34 N-m (300 Ib- in.) torque.

6.6.7 Installation of Turbocharger

To install the turbocharger:
1. Attach a chain hoist and a suitable lifting sling to the turbocharger assembly.

2. Remove any covers that were placed over the openings of the air inlet and exhaust outlet
openings on the engine and turbocharger when the turbocharger was removed.

3. Remove any covers on the oil inlet and drain lines, and the oil inlet and drain openings
on the turbocharger.

4. Place the turbocharger assembly into position on the exhaust manifold. Use a new gasket
between the exhaust manifold and the turbine housing flange.

5. Secure the turbocharger to the exhaust flange. Tighten the nuts just enough to hold the
turbocharger in place.

6. Slide the charge air cooler air inlet tube hose over the compressor housing outlet opening
and secure it in place with the hose clamps.

All information subject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

649



6.6 TURBOCHARGER (DIESEL)

“ CAUTION:

To avoid injury from the sudden release of a high-pressure
hose connection, wear a face shield or goggles.

NOTE:
Do not use any type of lubricant on the inside of any air inlet hose or on the hose contact
surfaces of the turbocharger compressor housing, CAC ducting or the intake manifold.

7. Tighten the turbocharger to exhaust manifold locknuts to 58-73 N-m (43-54 1b-ft) torque.

Install the oil drain line, using a new gasket, between the opening in the bottom side of the
turbocharger center housing and the drain hose that runs to the cylinder block. Tighten the
bolts to 30-38 N-m (22-28 1b-ft) torque.

9. If turbocharger is water cooled, install the coolant supply and return hoses.

10. Refer to section 11.1.3 for verification of proper turbocharger installation.
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6.7 TURBOCHARGER SERIES 60 GAS ENGINES (GENSET)

The turbocharger is designed to increase the overall power and efficiency of the engine. Power to
drive the turbocharger is extracted from the energy in the engine exhaust gas.

A turbocharger can be broken down into 3 basic pieces; a compressor cover, a center housing
rotating assembly (CHRA), and a turbine housing.

The compressor cover is an aluminum alloy casting that encloses the compressor wheel and
provides a V-band connection for the compressor outlet, and a hose connection for the compressor
inlet. The compressor cover is secured to the compressor side of the CHRA.

The CHRA contains a turbine wheel and shaft assembly, piston ring(s), thrust spacer, compressor
wheel, and wheel retaining nut. This rotating assembly is supported on two pressure-lubricated
bearings that are retained in the center housing by snap rings. Internal oil passages are drilled

in the center housing to provide lubrication to the turbine wheel shaft bearings, thrust washer,
thrust collar, and thrust spacer.

The turbine housing is a heat-resistant steel alloy casting that encloses the turbine wheel and
provides a flanged engine exhaust gas inlet and an axially located turbocharger exhaust gas outlet.
The turbine housing is secured to the turbine end of the center housing.

All information subject to change without notice.
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All Series 60G, 60 Hz Genset engines use a model K33 turbocharger, manufactured by 3K
turbosystems. See Figure 6-29.

27854
1. Compressor Inlet 4. Turbine Housing
2. Compressor Housing 5. V-Band Clamp
3. Turbine Housing Bolt 6. Compressor Outlet Adapter
Figure 6-29 K33 Turbocharger Assembly (1996 Model)
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This turbocharger is similar in appearance to the diesel turbochargers.

For the 1996 model year, the compressor cover has an adaptor cone on the compressor outlets,
attached with a V-clamp. This compressor cover is attached to the CHRA with a bolted joint. For
the 1997 model, a new compressor cover with the correct compressor outlet dimensions will be
introduced, eliminating the adapter cone. The new cover will be secured to the CHRA with a
V-band clamp. These compressor covers will not be interchangeable. See Figure 6-30.

27875

1. Compressor Inlet 4. Turbine Housing
2. Compressor Housing 5. Compressor Outlet

3. Turbine Housing Bolt

Figure 6-30 K33 Turbocharger Assembly (1997 and later Model)
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The turbocharger is mounted on the exhaust outlet flange of the engine exhaust manifold. After
the engine is started, the exhaust gases flow from the engine and through the turbine housing
causing the turbine wheel and shaft to rotate. See Figure 6-31.
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Figure 6-31 Schematic Air Flow Diagram (Series 60G Engine, low pressure

fuel system)

The gases are discharged into the exhaust system after passing through the turbine housing.

The compressor wheel, in the compressor housing, is mounted on the opposite end of the turbine
wheel shaft and rotates with the turbine wheel. The compressor wheel draws in clean gas and air,
compresses it, and delivers high pressure air and gas through the throttle and intake manifold to

the engine cylinders.
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SERIES 60 SERVICE MANUAL

Qil for lubricating the turbocharger is supplied under pressure through an external oil line
extending from the oil filter adaptor to the top of the center housing. See Figure 6-32.

27876

1. Coupling Hose Clamp 4. Flexible Coupling
2. Charge Air Cooler Outlet Duct 5. Turbocharger
3. Charge Air Cooler 6. Charge Air Cooler Inlet Duct
7. V-Band Clamp
Figure 6-32 Turbocharger Oil Lines Series 60 Gas Engine (Low Pressure

System)
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6.7 TURBOCHARGER SERIES 60 GAS ENGINES (GENSET)

From the oil inlet in the center housing, the oil flows through the drilled oil passages in the housing
to the shaft bearings, thrust ring, thrust bearing, and backplate or thrust plate. See Figure 6-33.

9
8
=» PATH OF OIL FLOW
20419
1. Compressor Wheel 6. Shaft
2. Thrust Bearing 7. Turbine Wheel
3. Backplate 8. Shaft Bearings
4. Oil inlet 9. Oil Outlet
5. Center Housing
Figure 6-33 Turbocharger Oil Flow Diagram (Series 60G Engine)
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SERIES 60 SERVICE MANUAL

The oil returns by gravity to the engine oil pan through an external oil line extending from the
bottom of the turbocharger center housing to the cylinder block.

Listed in Table 6-2are the diagnostic codes.

Parameter Identification Character (PID): A PID is a single byte character used in J 1587
messages to identify the data byte(s) that follow. PIDs in the range 0-127 identify single byte
data, 128-191 identify double byte data, and 192-253 identify data of varying length.

Failure Mode Identifier (FMI): The FMI describes the type of failure detected in the subsystem
and identified by the PID. The FMI and the PID combine to form a given diagnostic code defined
inJ 1587 within PID 194.

DDR Description

Voltage

PID

FMI

Information

AIR INLET
PRESSURE

HIGH

106

Indicates that the MAP has detected that engine
intake manifold pressure has exceeded the
recommended operating range.

AIR INLET
PRESSURE

HIGH

106

Indicates that the MAP input to the ECM has
exceeded 95% (normally >4.75 volts) of the
sensor supply voltage. This diagnostic condition
is typically detected when there is an open
sensor return circuit or the sensor signal circuit
is shorted to the sensor +5 volt supply.

AIR INLET
PRESSURE

Low

106

Indicated that the MAP input to the ECM has
dropped below 5% (normally, 0.25 volts) of the
sensor supply voltage. This diagnostic condition
is typically detected when there is:- An open
sensor signal circuit- An open sensor signal circuit
opens sensor +5 volt supply circuit- The sensor
signal is shorted to the sensor return circuit or
ground- The sensors +5 volt supply is shorted
to sensor return circuit or to ground.

Table 6-2 Air Inlet Pressure Diagnostic Codes for the Series 60G Engine
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6.7

TURBOCHARGER SERIES 60 GAS ENGINES (GENSET)

6.7.1

Repair or Replacement of Turbocharger (Series 60 Gas Engine)

To determine if repair is possible or replacement of the turbocharger is necessary perform the

following procedure. See Figure 6-34.
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REPLACE
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Figure 6-34
60 Gas Engine)

Flowchart for Repair or Replacement of Turbocharger (Series
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SERIES 60 SERVICE MANUAL

6.7.2 Cleaning and Removal of Turbocharger (Series 60G Engine)

Cleaning the turbocharger is not necessary before removal.

a CAUTION:

To avoid injury from hot surfaces, allow engine to cool before
removing any component. Wear protective gloves.

Prior to removal, visually check for:
1. Missing or loose nuts and bolts.
2. Loose or damaged intake and exhaust ducting.
3. Damaged oil supply and drain lines.
4. Cracked or deteriorating turbocharger housings.
5. External oil leakage.
6. Replace damaged parts with new parts.

To remove the turbocharger, perfo