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Section 01: Engine

1. ENGINE

1.1 Description

This vehicle is powered by a 6-cylinder, four-cycle, Detroit Diesel series 60 engine, equipped with an
electronic control system (DDEC lll). Two volumes of charge are used In the engine: 11 liters or 12.7 liters.
Summary information on the Electronic Control System is given in this section. Complete maintenance and
repair information on the engine will be found in the current DDEC Ill Service Manual #6SE483. Engine
controls, accessories and related components are covered in the applicable sections of this maintenance
manual. Engine removal and installation procedures are given at the end of this section. The DDEC system is
self-diagnostic. It can identify faulty components and other engine-related problems by providing the
- technician with a diagnostic code. Refer to DDEC Troubleshooting Guide # 6SE492 for more complete
information on diagnosis of components and system problems published by Detroit Diesel.

DDEC Il (Detroit Diesel Electronic Control) controls the timing and amount of fuel injection by the electronic
unit injectors (EUI). The system also monitors several engine functions using electrical sensors which send
electrical signals to the Electronic Control Module (ECM). The ECM computes the electrical signals and
determines the correct fuel output and timing for optimum power, fuel economy and emissions. The ECM
also has the ability to display wamnings or shut down the engine completely (depending on option selection) in
the event of damaging engine conditions, such as low oil pressure, low coolant, or high oil temperature.

The system components are divided in two categories: engine-mounted components and engine-related
components.

2. ENGINE-MOUNTED COMPONENTS

NOTE: COOLANT LEVEL SENSOR IS MOUNTED ON COOLANT SURGE TANK, LOCATED ON UPPER L H. SIDE OF ENGINE COMPARTMENT,
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Figure 1: Detroit Diesel Series 60 Engine 01015




Section 01: Engine

Engine-mounted components are as foliows:

« Electronic Control Module

+ Electronic Unit Injector

» Synchronous Reference Sensor
+ Timing Reference Sensor

+ Turbo Boost Pressure Sensor

+ Coolant Temperature Sensor

¢ Fuel Temperature Sensor

« Air Temperature Sensor

s Qll Pressure Sensor

» Qil Temperature Sensor

2.1 Electronic Control Module

The Electronic. Control Module is mounted, on the
starter side of the engine (see fig. 2). It is
considered the "Brain” of the DDEC il system
because it provides overall monitoring and control
of the engine by comparing input data from the
various sensors to a set of calibration data stored
in the EEPROM (Electrically Erasable,
Programmable, Read-Only Memory) within the
Efectronic Control Module. After comparing the
input data with the calibrations data, the ECM
sends high cument command pulses to the
Electronic Unit Infectors (EUI) to initiate fuel
injection. The ECM also receives feedback
regarding the start and end of injection for a given
cylinder.

The EEPROM within the Electronic Contro!
Module is factory programmed by Detroit Diesel.
Reprogramming must be done at a Detroit Diesel
authorized service center. However, some
changes may be performed to the cruise control
and road speed limit using a diagnosiic data
reader (see 4. DDEC Ill Diagnostic Codes in this
section).

lgure : Electronic Control Module (ECM) oo

2.2 Electronic Unit Injector

The Electronic Unit Injector is a compact unit that
injects diesel fuel directly into the combustion
chamber (Fig. 3). The amount of fuel injected and
beginning of injection timing is determined by the
Electronic Control Module (ECM). The ECM
sends a command pulse which activates the
injector solenoid. The EUI performs four functions:

« Creates the high-fuel pressure required for
efficient injection

« Meters and injects the exact amount of fuel
required to handle the load

¢ Atomizes the fuel for mixing with the air in the
combustion chamber

e Pemmnits continuous fuel flow for component
cooling
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Figure 3: Electronic Unit Injector Cross-Section

2.3 Synchronous Reference
Sensor

The Synchronous Reference Sensor (SRS) is an
electronic component that is mounted to the rear
of the gear case (Fig. 4). The SRS sensor
extends through a hole in the gear case and is
positioned near the rear of the bull gear. A bolt,
inserted through a hole in the SRS bracket,
secures the SRS assembly to the gear case. The
SRS connector is black. The SRS sends a signal
to the ECM. This signal is generated by a raised
metal pin on the rear of the bull gear (Fig. 5).

Figure 4: SRS Location 01020

BULL GEAR PiN
Figure 5: Bull Gear o102

The bull gear pin passes by the SRS as the
number one piston reaches 45° before Top-Dead-
Center. This information is used by the ECM to
determine engine speed.

The SRS is non-serviceable and must be
replaced as a unit. No adjustment is required.
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2.4 Timing Reference Sensor

The Timing Reference Sensor (TRS) is an
electronic component that is mounted on the left
side of the gear case, near the crankshaft center
line (Fig. 6).

01022
Figure 6: Timing Reference Sensor and Related
Parts

The TRS sensor extends through an opening in
the gear case and is positioned near the timing
wheel gear teeth. A bolt, inserted through a hole
in the TRS bracket, secures the TRS assembly to
the gear case. The TRS connector is gray.

The TRS sensor sends a signal to the ECM. This
is generated by a series of evenly spaced teeth on
the timing wheel, rotating by the crankshaft. A

tooth passes by the TRS as each cylinder
reaches 10° before Top-Dead-Center. These
signals are used by the ECM to determine injector
solenoid operation time. The TRS i non-
serviceable and must be replaced as a unit. No
adjustrent is required.

2.5 Turbo Boost Pressure
Sensor

The Turbo Boost Pressure Sensor is mounted to
the intake manifold with two bolts. A rubber O-ring
is used to seal the sensor to the manifold (Fig. 7).
This device is a pressure sensor that sends an
electrical signal to the ECM. The ECM uses this
information to compute the amount of air entering
the engine. Fuel supply is regulated by the turbo
boost sensor information to control engine
exhaust. The turbo boost sensor is non-
serviceable and must be replaced as an
assembly. No adjustment is required.

Figure 7: Turbo Boost Pressure Sensor 0023

2.6 Coolant Temperature
Sensor

The coolart terperature sensor is mounted on
the engine, on the radiator side of the engine
(Fig. 1). The sensor protects the engine in case of
overheating by sensing coolant temperature.

2.7 Fuel Temperature Sensor

The fue! Temperature Sensor (FT3) is installed on
the secondary fuel filter (Fig. 8). The FTS sends
an electrical signal to the ECM indicating fuel inlet
temperature. The ECM uses this information to
calculate fuel consumption.
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The FTS is non-serviceable and must be replaced
as a unit. No adjustment is required.

FUEL TEMPERATURE SENSOR

Figure 8: Engine Fuel Temperature Sensor  o1ees

2.8 Air Temperature Sensor

The Air Temperature Sensor (Fig. 1) located on
the engine (starier side) near the intake manifold
provides input data to vary hot idle speed and
injection timing. This helps to improve cold starts
and reduces white exhaust.

2.9 Oil Pressure Sensor

The Qii Pressure Sensor (OPS) is installed in the
main engine oil gallery. A typical location is the left
rear comer of the cylinder block (Fig. 9).

The OPS sends an electrical signal to the ECM
indicating the engine oil pressure at any given
speed. A low oil pressure signal exceeding seven
seconds is used by the ECM to begin the stop
engine or waming function. The OPS is non-
serviceable and must be replaced as a unit. No
adjustment is required.

OIL TEMPERATURE SENSOR

01025
Figure 9: Engine Oil Pressure and il
Temperature Sensor

2.10 Oil Temperature Sensor

The Oil Temperature Sensor (OTS) is installed on
the main engine oil gallery. A typical location is the
left rear comer of the cylinder block as shown in
Figure 9. The OTS sends an electrical signal to
the ECM indicating engine oil temperature. The
ECM uses this information to modify engine speed
for better cold weather starts and faster warm-
ups. Oil temperatures exceeding engine
specifications for two seconds or more will
illuminate the Check Engine Light. The OTS is
non-serviceable and must be replaced as a unit.
‘No adjustment is required.

3. ENGINE-RELATED
COMPONENTS

Engine-related companents:
s Cooiant Level System (CLS)

¢ Electronic Foot Pedal Assembly (EFPA) and
Throttle Position Sensor

¢ Cruise Contro! Swilch (CCS)

+ Diagnostic System Accessories (DSA)
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3.1 Coolant Level System
(CLS)

The coolant level system consisits of a
conductivity probe mounted in the surge tank and
an electronic interface module located, inside the
rear junction box. Coolant level is determined by
the change in impedance of the probe and its
brass mount when it is immersed in coolant. The
electronic device in the module conditions the
signal to levels compatible with DDEC. Low
coolant level will trigger the waming engine
functions. The probe and the electronic interface
module are non-serviceable items and if found
defective, they should be replaced as units. No
adjustment is required.

3.2 Electronic Foot Pedal
Assembly (EFPA) & Throttle
Position Sensor

The Electronic Foot Pedal Assembly (EFPA)
connects the accelerator pedal to a Throttle
Position Sensor (TPS). The (TPS) is a device that
sends an electrical signal to the Electronic Control
Module (ECM) that varies in voltage, depending
on how low the pedal is depressed. The system is
instalied in the space nommally occupied by-the
mechanical foot pedal. The (EFPA) has maximum
and minimum stops that are buitt info the unit
during manufacturing (Fig. 10).

The (TPS) converts the operator's foot pedal input
into a signal for the ECM. The (EFPA) is shown in
Figure 10.

When installed by the equipment manufacturer,
the TPS should not require adjustment. If the TPS
is suspected of being misadjusted, confirm that
the sensor is installed in accordance with the
manufacturer's specifications. It is recommended
that the idle count be at 50 or higher with a full
throttle count of up to 200.

The TPS is seli-calibrating and therefore has no
cptimum closed throtlle or wide open throtile
count value. If the counts are within the 50 to 200
range, the sensor is properly set.

Figure 10: Electronic Foot Pedal Assembly 01026

Monitor the (TPS) as the controls move it through
its full stroke. Be sure there is no misalignment or
obstruction preventing the smooth movement of
the TPS through the full stroke. Using a diagnostic
data reader, check that the idle and full throttle
position counts do not fall within the error zones.
The error zones occur when the idle position is
less than 14 counts, or when the ful throttle
position is more than 233 counts. Should these
conditions occur, the ECU will signal diagnostic
codes of 21-12 for idle error and 21-23 for wide
open throttle error.

3.3 Cruise Control Switches
(CCS)

The four cruise control swilches are located in the
driver's area on the L.H. side control panel.

1. Cruise On/Off: This is the main switch that
actuates the ECM memory in order to use the
speed regulating mode.

2. Cruise Set: This switch is used to set the
cruise control speed or to decrease the set speed
by 2 MPH at each application.
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Note: Cruise control system will not accept
speed settings, nor will the “Resume" switch
operate below 20 mph (32 km/) and the
engine speed must be above 1100 RPM.

3. Cruise Resume: Each time this switch is
actuated, the speed will be increased by 2 mph
(3,5 knvh). This switch allows the driver return to
the last regulated speed following a brake or
"DECEL" switch application.

Note: On-off switch must be in the "ON"
position in order to return to the last regulated

speed,

4. Cruise Decel: Wil cancel the cruise
temporarily like a brake application but without
actuating brake light. Set speed is still in memory
for resume.

For additional information, see your "Operator's
Manual

3.4 Diagnostic System
Accessories (DSA)

The DDEC II! engine Diagnostic System
Accessories include the following:

Check Engine warning light;

Stop Engine waming light;

Stop Engine Override switch; and
Diagnostic Data Link {DDL) connectors.

-
.

Check Engine Warning Light: This
light, mounted on the central dashboard
panel, iluminates to indicate that a
problem is cumently being detected and
that a code has been stored in the ECM
memory. This light also has a 5-second
bulb check when the ignition is first tumed
on. The Check Engine Light illuminates
when the temperature at coolant sensors
exceeds 217°F (103°C) and the
temperature at oll sensors exeeds 260°F
(127°C). When sensors reach those
temperatures, engine power starns to
decrease linearly.

2 Stop Engine Warning Light: This light,
also mounted on the central dashboard
panel, iiluminates to indicate that a major
engine problem is occurring (with the
exception of a 5-second bulb check when
the ignition is first tumed on). The Stop
Engine Light iluminates when
temperature at coolant sensors exceeds
222°F (106°C) and the temperature at oil
sensors exceeds 239°F (115°C). When
sensors reach those temperatures, the
engine will shut down after 30 seconds.
This 30-second delay period may be
repeated using the OVERRIDE switch.

Note: Once engine is stopped, it can not be
reslarted until the maffunction is corrected.

3. Stop Engine OVERRIDE Switch: This
switch, mounted on the LH. lower control
panel, is used when the Stop engine
waming light is ilfluminated. Push down
the switch 1o allow a 30-second delay
period (non cumulative) in the shutdown
procedure. This switch can be repeatedly
depressed, i.e. one {1) pulse is sufficient
for each 30 second period, in order to

move the vehicle out of traffic.

Note: The stop engine override switch will be
operative only if it has been depressed before
the end of the 30 second delay period.

Caution: The OVERRIDE switch must be
used only in emergency cases, such as to
move the vehicle out of traffic. Excessive use
of this switch could cause serious damage to
the engine.

4, Diagnostic Data Link (DDL)
Connectors: A connector is mounted on
the LH. Lower Control Panel. Another
connector is located in the rear electric
compartiment. They allow to connect the
Diagnostic Data Reader (DDR) and to
read the codes or to access pertinent
data on the engine condition. This
enables a more complete analysis of any
defect found in the DDEC system
operation. For more information, see
Defroit Diesel Troubleshooting Guide
#6SE492.
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4. DDEC . Il DIAGNOSTIC
CODES

4.1 Reading Diagnostic Codes
- Flash Method:

DDEC Il makes use of two types of codes: Active
and inactive. The difference between the two
types of codes are as follows:

1. Aclive Codes: These are the codes which
are currently keeping the Check Engine or
Stop Engine light illuminated. Active codes
are flashed via the Stop Engine Light when
check with override switch.

2. Inactive Codes: These are all the codes
logged in the ECM {whether or not they are
currently turning on the Stop or Check Engine
Light). Inactive codes are flashed via the
Check Engine light when checked with
override switch.

In most instances, only the DDR can provide the
information necessary for a quick diagnosis of the
problem. I you just need to read out codes,
however, and do not have a DDR available, the
following procedure will let you read out codes.
Make sure the rear starting switch (located in the
engine compartment) is in the nomal posttion.
Momentarily depress the Stop Engine Override
switch (located on the L.H. lower control panel)
with the ignition ON, the engine idling or engine
shut-off. Active codes wili be flashed on the stop
engine telitale (located on the central dashboard),
followed by the inactive codes being flashed on
the check engine telltale (located on the central
dashboard). The cycle repeais itself until the
operator depresses the Stop Engine Override
Switch. A code "43" consists of four flashes,
followed by a short pause, then three fiashes in
quick succession.
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4.2 DDEC lil Diagnostic Codes List

DDC Code DDC Code
Number Description Number Description
(Flashed) (Flashed)
11 Variable speed govemor sensor 12 Variable speed govemnor sensor
voltage low voltage high
13 Coolanteve! circuit failed low 14 Intercooler temperature circuit
failed high
14 Coolant temperature circuit failed 14 Oil temperature circuit failed high
high
15 Intercooler temperature failed low 15 Coolant temperature circutt failed
low
15 Oil temperature circuit failed fow 16 Coolant leve! circuit failed high
17 Bypass position circuit failed high 18 Bypass position circuit failed low
21 EFPA circuit failed low 22 EFPA circuit failed low
23 Fuel temperature circuit failed high 24 Fuel temperature circuit failed low
25 Resetved for "no codes”™ 26 Aux. shutdown #1 active
26 Aux. shutdown #2 active 27 Air temperature circuit failed high
28 Air temperature circuit failed low 31 Aux. output #3 open circuit (high
side)
3i Augx. output #3 short to ground 31 Aux. output #4 open circuit (high
¢high side) side)
3 Aux. output #4 short to ground 32 SEL open circuit
(high side)
32 SEL short to battery 33 Turbo boost pressure circuit failed
: high
34 Turbo boost pressure circuit failed 35 Oil pressure circuit failed high
low
36 Qil pressure circuit failed high 37 Fuel! pressure circuit failed high
38 Fuel pressure circuit failed low 41 Too many SRS {missing TRS)
42 Too few SRS (missing SRS) 43 Coolant level low
44 Intercooler temperature high 44 Coolant temperature high
44 Oil temperature high 45 Qil pressure low
45 Battery voltage low 47 Fuel pressure high

10
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PDC Code DDC Code
Number Description Number Description
(Flashed) {Flashed)
48 Fuel pressure low 52 A/D conversion falil
53 Nonvolatile checksum incorrect 53 EEPROM write error
54 Vehicle speed sensor fault 55 J1939 data fink fault
55 Proprietary link fault (master) 55 Proprietary link fault (receiver)
56 J1587 data link fault 57 J1922 data link fault
58 Torque overload &1 Response time long
62 Aux. output #1 shori to battery 62 Aux. output #1 open circuit
62 Aux. output #2 short to battery 62 Aux. output #2 open circuit
62 Aux. output #5 short to battery 62 Aux. output #5 open circuit
62 Aux, output #6 short to battery 62 Aux. output #6 open circuit
62 Aux. output #7 short to battery 62 Aux. output #7 open circuit
62 Aux. output #8 short to battery 62 Aux. output #8 open circuit
63 PWM #1 short to battery 63 PWM #1 open circuit
63 PWM #2 shori to battery 63 PWM #2 open circuit
63 PWM #3 short to battery 63 PWM #3 open circuit
63 PWM #4 short to battery 63 PWM #4 open circuit
64 Turbo speed circuit failed 65 Reserved for air filter differential
pressure circuit failed high
65 Reserved for air filter differential 66 Reserved for oil fitter differential
pressure circuit failed low pressure circuit failed high
66 Reserved for oil filter differential 67 Coolant pressure circuit failed high
pressure circuit failed low
g7 Coolant pressure circuit failed low €8 | Idle validation circuit fault
(grounded circuit)
68 Idte validation circuit fault (open 71 Injector response time shornt
circuit)
72 Vehicle overspeed 72 Reserved for vehicle overspeed
(absolute)
73 Reserved for air differential 74 Qi differential pressure high

pressure high

i1
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DDC Code DDC Code
Number Description Number Description
(Flashed) (Flashed)
75 Battery voltage high 76 Engine overspeed with engine
_ brake

77 All other faults not listed B1 Timing actuator {dual fuel) failed
high

81 Qil level circuit failed high 81 Crankcase pressure circuit failed

. high
82 Timing actuator (dual fuel) failed 82 Qil level circuit failed low
low
82 Crankcase pressure circuit failed 83 Qil level high
low:

83 Crankcase pressure high 84 Qil level low

84 Crankcase pressure low 85 Engine overspeed

86 Pump pressure circuit failed high 86 .| Barometric pressure circuit failed
high

87 Pump pressure circuit failed low 87 Barometric pressure circutt failed
high

88 Coolant pressure low - CEL short to battery

- CEL open circuit - Clock Module failure

-- Clock module abnormal rate

12
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5. ENGINE OIL LEVEL

Check the oil level daily with the engine stopped.
If the engine has just been stopped and is warm,
wait at least 10 minutes to allow the oil to drain
back to the o¢il pan before checking. Wipe the
dipstick clean, then check oil level. The level
should always be within the safe range on the
dipstick (Fig. 11) . Add the proper grade of il to
maintain the correct level on the dipstick. All diesel
engines are designed 1o consume some oil, so a
periodic addition of oil is normal,

Warning: Touching a hot engine can cause
serious burns.

Caution: Do not overtill. Oil may be blown
out through the crankcase breather i the
crankcase is overfilled.

Caution: Ciean end of tube before removing
the dipstick to prevent oil contamination.

_ > SAFE RANGE
Figure 11: Engine Qil Level Dipstick o027

Caution: If the oil level is constantly above
normal and excess lube oil has not been
added to the crankcase, consult with an
authorized Detroit Diesel service outlet for the
cause. Fuel or coolant dilution of lube oil can
resuft in serious engine damage.

The vehicle is provided with an oil reserve tank in
the engine compartment which is used for the
engine. To adjust oil level, open the oil reserve
tank valve and allow oil to discharge into the
engine until reaching the "Full” mark on the
dipstick, then close the valve. Check oil reserve
tank leve! through the levet sight tube on the side
ot the tank and pour oil in the reserve tank if
necessary {Fig. 12).

13

01028

Figure 12

6. ENGINE OIL AND FILTER
CHANGE '

Both the oil and fitter should be changed every
12,500 mites (20 000 km) or once a year,
whichever comes first. However, more frequent
changes may be required when the engine is
subject to high level of contamination and/or
overheating. Change intervals may be decreased
or gradually increased with experience on specific
lubricants until the most practical service condition
has been established. Always refer to the.
lubricant  manufacturer's  recommendations
(analysis of drained oil can be helpful).

Caution: Do not use solvent to dilute the
engine oil when draining oil. Dilution of the
fresh oil can occur which may be detrimental
to the engine.

Change engine oil with the vehicle on a flat and
level surface and with the parking brake applied. It
is best to drain the oil when the engine is siill
walmm.

1. From under the vehicle, remove the
engine drain plug on the oil pan. Allow oil
to drain (Fig. 13).




Section 01: Engine

Warning: Hot engine oil can cause serious
burns. Wear coveralls with sleeves pulled
down and gloves to protect hands.

2, Reinstall the drain plug.

Figu 13 ) 01029
3. Remove the spin-on filter cartridge using
a 1/2" drive socket wrench and extension.

4. Dispose of the used oil and filter in an
environmentally responsible manner in
accordance with state andfor federal
(EPA) recommendations.

5. Clean the filter adaptor with a clean rag.

6. Lightly coat the filter gasket (seal) with
clean engine cil,

7. install the new filter on the adaptor and

tighten manually until the gasket touches
the mounting adaptor head. Tighten full-
flow filters an additional two-thirds of a
turn manually. Then, tighten bypass fifter
one full turn manually.

Caution: Overtightening may distort or crack
the filter adaptor.

8. Remove the engine oil filler cap and pour
oil in the engine until it reaches the
"FULL" mark on the dipstick (Fig.12).

9. Start and run the engine for a short period
and check for leaks. After any leaks have
been comected, stop the engine long
enough for oil from various parts of the
engine to drain back to the crankcase
(approximately 20 minutes).
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Add oil as required to bring the level
within the safe range on the dipstick (Fig.
11).

7. RECOMMENDED ENGINE
OIL TYPE

To provide maximum engine life, lubricants shall
meet the following specifications:

SAE Viscosity Grade: 15W-40
AP! Classification: CF~4
HT/HS Viscosity: 3.7 cP minimum

Note: Monograde oils should not be used in
these engines regardiess of AP! Service
Classification.

Note: The use of supplemental oil additives
are discouraged from use in Detroit Diesel
Engines.

Synthetic oils

Synthetic oils may be used in Detroit Diesel
engines provided they are API licensed and meet
the performance and chemical requirements of
non-synthetic oils outlined previously. Synthetic
oils does not permit extention of recommended oil
drain intervals,

Lubricant Selection World Wide

Qils meeting AP1 CD or CC specifications may be
used if they also meet military specification MiL-L-
2104 D or E. Oit which meet European CCMC D4
specfifications may also be used. Modification of
drain interval may be necessary, depending on
fuel quality. Contact Detroit Dieset Corporation for
further guidance.

8. WELDING PRECAUTION

Caution: Precautions must be taken to
prevent damage to the DDEC electronic
control system when welding. Disconnect
battery power, ground cables and the 6-pin
power connector at the ECM (Electronic
Control Module) before welding. Failure to
isolate the DDEC system from high current
flow can result in severe ECM damage.
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9. POWER PLANT ASSEMBLY
REMOVAL (AUTOMATIC AND
MANUAL)

To access 1the engine or engine-related
components, the vehicle power plant assembly
must be removed as a whole unit by means of a
slide-out cradle. The power plant assembly
includes the engine, transmission (including
retarder if so equipped), air compressor, altemator
and transmission oil cooler.

Remove the power plant assembly as follows:

Caution: Tag hoses and cables before
disconnecting in order io facilitate
reinstallation. Plug all openings to prevent
dirt from entering the system.

Note: No parts within the ECM are
serviceable. If found defective, replace the
complete ECM unit.

1. Disconnect the battery or batteries from
the starting system by removing one or
both of the battery cables from each
battery system. With the electrical circuit
disrupted, accidental contact with the
starter button will not produce an engine
start. in addition, the Electronic Unit
Injectors  (EUR  will be disabled,
preventing any fuel delivery to the injector
tips.

Warning: Due to the heavy load of the rear
bumper assembly, it must be adequately
supported before atternpting to remove it.

2. Remove the rear bumper assembly from
the vehicle. Refer to Section 18, Body,
under heading "Rear Bumper Removal
and Installation”.

3. Drain the engine cooling system. Refer to
Section 05, Cooling under heading
"Draining Cooling System".

Figre 14 " - . 05035

4, Locate the belt tensioner control valve

(Fig. 14). Tum handle counterclockwise in
order to reverse pressure in beit tensioner
air bellows and release tension on belis.

Remove belts.

5. Exhaust afl air from the air system. (if
necessary, refer fo Section 12, Brakes &
Air System).

Figure 15 o:

6. Disconnect and remove the engine air
intake duct mounted between air cleaner
housing and turbocharger inlet (3, Fig 15).
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Caution: To avoid damage to turbocharger,
cover the turbocharger inlet opening to
prevent foreign material from entering.

7. Disconnect and remove the air intake
duct mounted between the air cooler
outlet and the intake engine (2, Fig. 15).

Figure 16 01031

8. Disconnect and remove section of coolant
pipe assembly mounted between the
radiator outlet and the water pump inlet

(8, Fig. 15).

9. Disconnect the coolant delivery hose
located inside of engine close to the water
pump.

10. Disconnect the connector for electric fan

clutch close to the water pump (1, Fig. 16).

11. Dismantie the air bellow of the upper
bracket tensioner for the fan drive
assembly. Remove the upper bracket
(7, Fig. 15).

12, If necessary, remove the fan drive of the
motor compartment by removing the four
retaining bolts, washers and nuts
securing the fan drive to the radiator floor.

13. Disconnect and remove the air intake
duct mounted between the turbocharger
outlet and the air cooler inlet.

14. Disconnect two vent hoses from the
thermostat housing and from the coolant
pipe assembly.

15.

16.

17.

18.

19.

Disconnect and remove section of
coolant pipe assembly mounted between
the thermostat housings and the radiator
inlet,

Disconnect and remove the small hose
connected to the heater line valve and to
the water pump.

Disconnect the small heater hose located
on the cylinder head at the back of the
engine.

Disconnect temperalure sensor for the
pyrometer located above the exhaust
pipe, close to the turbocharger {optional).

Disconnect and remove the exhaust pipe
mounted between the turbocharger outlet
and the exhaust bellows. If necessary,
refer to Section 4, under heading
"Exhaust System". ‘

Caution: To avoid damage to turbocharger,

cover the turbocharger oulet opening to .

prevent foreign material from entering.

20.

21,

23,
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Disconnect the block heater connector
above the power steering pump (on the
right side).

Disconnect the steel-braided air line from
the A/C compressor air bellows.

Disconnect the engine oil pressure steel-
braided hose from the mechanical oil
pressure gauge and the cable of the
gauge water temperature {4 and 5, Fig. 15).

Disconnect the oil delivery hose from the
valve located at the reserve tank exit.
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24,

25.

26.

27.

28.

28.

30.

3.

32,

33.

Disconnect the power steering pump
supply and discharge hoses. Cap hose
openings immediately to limit fluid loss.
Remove retaining clips from cradle.

Close engine fuel supply shutoff vaive on
primary fuel fitter. Disconnect the fuel line
connected to inlet port. On wvehicles
equipped with the optional water
separator fuel filter, disconnect the
connector and remove cable ties from
cradle.

Disconnect the air compressor discharge,
governor steel-braided air fines and the
manual filing air lines from compressor.
Remove:retaining clips.

Disconnect the hose connecting the
compressor head to the septic reservoir,

Disconnect ground cables from rear
subframe ground stud, located close 1o
the starting motor.

Disconnect positive cable (red terminal)
from starting motor solenoid.

Disconnect the power plant wiring
hamess main connectors from EMC and
remove retaining clips from engine
compartment back wall.

On vehicles equipped with an automatic
transmission provided with a hydraulic
output retarder, disconnect steel-braided
air line from pressure regulator output.
The pressure reguiator is mounted in the
upper section of engine compariment
back wall.

Disconnect fuel return line from bulk head
fixed on engine cyfinder head end.

Cn vehicles equipped with an electrically
operaied cold starting aid, disconnect the
delivery hose from the starting aid
cylinder solenoid valve. Remove cable
ties securing hoses.
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35.

36.

37.

Disconnect turbo boost pressure gauge
air line (if vehicle is so equipped) from
engine air intake.

{Only if the vehicle is equipped with a
retarder). Remove the transmission
rubber damper assembly above
transmission by removing: nut, bushing,
rubber damper, rubber damper guide, bolt
and washer. Remove the rubber damper
bracket from transmission

Disconnect connectors from -
transmission. On the left side, four on rear
side with one close to yoke. On right side,
look close to the solenoid valve of the
output retarder.

From under the vehicle, disconnect the
propeller shaft as detailed in Section 09,
under heading "Propeller Shaift”.

Manual Transmission:

38.

39.

Disconnect gear shift linkage.

Remove clutch slave cylinder from
transmission without disconnecting the
hydraulic hose.

Inspect the power plant assembly to
ensure that nothing will interfere when
sliding out the cradle.

Remove the six retaining bolts, washers
and nuts securing the power plant cradle
to the vehicle rear subframe (Fig. 18).

Note: Check if any spacer(s) have been
installed between power plant cradle and
vehicle rear subframe, and if so, note position
of each washer for reinstallation purposes.
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40. Using & forklift, with a minimum capacity
of 4,000 lbs (1 800 kg), slighlly raise the
power plant cradle. Pull engine out slowly
from the engine compartment. Make sure
all lines, wiring and controls are
disconnected and are not tangled.

Caution: Due to the minimum clearance
between the power plant equipment and the
top of the engine compartment, extreme care
should be used fo raise the power plant
cradle, just enough to free the cradle.
Clearance between power plant cradle and
mounting rail should range between 1/4" and
12" (6-12 mm).

10. POWER PLANT
ASSEMBLY INSTALLATION
(Automatic and Manual)

To instali a power plant assembly, follow the same
procedure as In 9. Power Plant Assembly
Removal" except in a reverse order. Then
procede with the following:

1. Torque the power plant cradle mounting
bolts to 113-144 Ibfeft (153-195 N-m).

2. (only if the vehicle is equipped with an
automatic transmission and a retarder).

+ Install the bracket from transmission (torque
screw to 71-81 [bfft [96-1 10 Nem]}.

e« nstall the transmission rubber damper
assembly above transmission by assembling:
bolt, washer, rubber damper guide, rubber
damper, bushing and nut. Respect rubber
damper tolerance (Fig. 17).

Figure 17: Rubber Damper Tolerance 67014

3.
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if fan drive has been removed, reinstall
and align as per Section 05, Cooling
System, under heading "Fan Drive
Alignment".

Refitl cooling system with saved fiuid
(refer to Section 05, Coclant System).

After engine fuel system has been
drained, it will aid restarting if fuel filiers
are filled with fuel oil (refer to Section 03,
Fuel System).

After work has been completed start
engine for a visual check. Check fuel, oil,
cooling, pneumatic and hydraulic system
connections for leakage. Test operation
of engine controls and accessories.




11. ENGINE MOUNTS

The power plant assembly is mounted to the
cradle by means of four rubber mounts on a
vehicle powered with a series 60 engine.

Two rubber mounts are used at the front of the
engine while other two are mounted on each side
of the fiywheel housing, on vehicles equipped with
automatic and manual transmissions (Fig.18).

It is recommended that new rubber mounts be
installed at each major overhaul.

12. JAKE BRAKE

Refer to both "The Jake Brake Troubleshooting
and Maintenance Manual” and “Installation
Manual for Models 760/760A/765 Engine
Brakes” for troubleshooting and installation
procedures. They are annexed to the end of this
section.
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113-144 Ibf A (153-195 N.m)
26-34 Ibf.ft (36-46 N.m) _\

POWER PLANT CRADLE—.
RETAINING BOLTS
113-144 1bf.ft (153-195 N.rmy)

NN 2 POWER PLANT CRADLE
s . RETAINING BOLTS
ot - 113-144 IbfL.A (153-195 N.m)

ENGINE : =)

RETAINING BOLTS

113-144 Ibf.m\l
Figure 18: Power Plant Cradle Installation o032
13. SPECIFICATIONS
Make ..o s reetereatereberebree i e Ee e ETA NS e beneseaee e e aneans et anrerseeattentnenatatessnernnsrane Detroit Diesel
TP it st et e e s ea et b e e e e et e et saea Diese! four cyclefin-line engine
DeSCHIPHON...cveee s crerecenaesaesseis st areene e e rersees Freeeseee ettt e e sneas s e amasnta e seerane Turbo/Air to air charge cooled
NO. OF CYIINUBIS ...ci ittt ree s ens s st st sases e st s e s smses e asass e brssvssmansmr s s sassrmsstessastassmbu s snsssnna anaes 6
ODETANNY FANQE. ...cuivirrecisicremsiirss st sessressssns s cosesesssaressssassasessssssiesmsnsseebessrssebsabas sassbosemsss 1200-2100 RPM
MEXGMUITE RPIM ..ttt st res e s s sesaasasse st sres et s sesss s e s sas s b prant e b smesmeeamesmmrenees erranns 2100
Mode! 11.1 Liter
BOre & SHOKE ... ceecreeeiccerceermree e rserseneans ettt et e rraeaataeeesenearasaeeaaeesrenaans 512X 547in (130 X 139 mm)
HOPSEPOWET BENGE ..o ittt e e e ses e sas s s e e s sasat st smesessonness e seesansensesnesnean 300-365 BHP
Model 12.7 Liter
BOTE & SHOKE ..ot rteccns it asa s sememe s ss s sesns s ssss s ta sttt enenas 5 12 X 6.30in (130 X 160 mm)
HOISEPOWET RANGE ......eoee e e ntnecerser s ssnsrn e st st sesea s e ser s st sae st st ee e s enen s reventeamesessesessessnsnsens 370-470 BHP
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Lubricant

Heavy-duty engine oil SAE Viscosity Grade 15W-40, API Ciassification CF-4, HT/HS Viscosity 3.7 ¢P and
meeting MiL-L-2104 D or E specifications. Synthetic oil may be used if it meeis the performance and
chemical requirements of non-synthetic oils outlined previously. Some engine operating conditions may
require exceptions to this recommendation.

Capacity
O FESEIVE TANK ..vvieitiicticit i e rorseseeeeesree s sra s re b e menrat st e sn e e ea e e ena s pe s tb s st st sesermsnesm et s 10USqis(9.51)
Engine oil level quantity
26 quAns 10 the LOW MarK ... iiiicrnsnictinesssiin e ssesstesssssersosssssesssssssestonsesesssonssssensasssansnesees Without oil -ﬁlters
32 quarts 10 the FULL MATK .......covrrerrirrcrecer e rrrseesecste et s e snsss e smssesesssssessesssesssssasasemsnmsssans Without oil filters
41 QUANS O the LOW MIAIK ..ot sis s st s s s e e e et s btas bbbt s With oil filters installed

Lubricating oil filter elements

MEKE v et et sa e br bbb s s bbbt se e b ererererananrs AC Rochester Div. GMC # 25014505
Make ....cooeereeceinirrinnens Buees st taotn e rees4tetre et b v e e bt rhe s eAASrae e e s m R anasat et enaevaeaes sananasennnaes AJC Filter # PF-2100
R)Y] o[- eaeteieerrreertarrrrrasereerranereasserasare et e et e bR e AR e s A s mesnan e Full Flow
PravOST NUIMDET ... ettt serct s s ere s s s e e s st brn e s e s s be kb bnsnbvanan brnsmrrrasssrrbnbembasnasstasbsnssnnans 51-0458
Torque specification

ENGIng Ol filer ..ottt st e e s s e Tighten 2/3 of a tumn after gasket contact
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PREVOST

SERVICE BULLETINS AND SERVICE
INFORMATION DOCUMENTS

Service Bulletins and Service Information Documents will be issued from time to time to aquaint users
with the latest service procedures. The number, date and title of publications pertaining to this section
should be noted below as soon as received. These should then be filed for future reference.

Number Date Subject
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'DETROIT DIESEL

 SERIES &0 Service Information

NUMBER: 11-60-95 - S.M. REF.: 13.9.1

ENGINE: 60 DATE: March 1995

SUBJECT: CG—4 LUBRICATING OILS RECOMMENDED

INTRODUCTION

In January of 1995, the AP| {American
Petroleum Institute) began voluntary licensing of
API Service CG-4 lubricating oils for use in
on-highway truck engines. To conform with this
change, Detroit Diesel now recommends the use
of CG-4 oils in Series 60 engines.

DETAILS AND REASON

Oils meeting the new CG-4 classification were
developed for on-highway, emission-controlled
engines operating on low sulfur fuel in
applications where AP! CF-4 lubricants were
formerly used. To conform with this AP]
licensing change, Detroit Diesel now
recommends the use of CG-4 oils in Series 60
engines and in all other DDC four-cycle
products.

NOTICE:

To avoid possible engine damage, do not use
single grade (monograde) lubricants in Detroit
Diesel four-cycle Series 50 and 60 engines,
regardless of API| classification.

The recommended viscosity grade continues to
be 15W-40. See Figure 1 for the APl symbol
required on CG-4 lubricants.

SERVICE

The phase-in of APl CG-4 oils will not.be
immediate. Therefore, APl CF-4 lubricants may
continue to be used until CG-4 products
become available. The use of CG-4 oils does not
permit extension of oil drain intervals. Required
oil drain and filter change intervals must be
strictly observed when using either CG~-4 or
CF-4 lubricants.

For oil drain intervals and additional information
on lubricating cils, refer to publication 7SE270,
Engine Requirements: Lubricating Oil, Fuel, and
Filters, available from authorized Detroit Diesel
Distributors.

ADDITIONAL SERVICE INFORMATION

Additional service information is available in the
Detroit Diesel Series 60 Engine Service Manual,
6SE483. The next revision to the Series 60
Engine Service Manual will include this
information.

—Qver-
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FIGURE1  API Symbol

DETROIT DIESEL

13400 Outer Drive, West / Detroit, Michigan 48239-4001
Telsphone: 313-592-5000
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SEhIES 66 FEATURES AND BENEFITS

The Series 60 Engine. Designed and manufactured by Detroit Diesel Corporation for the
North American Heavy Duty truck market. Let's look at the Features and Benefits the Series 60
engine makes available 1o you as a customer in today's demanding trucking industry.

The Series 60 engine is a 4 cycle in-line 6 cylinder diesel engine with integral electronic
controls. It is the most advanced on-highway heavy duty diesel engine in the market today.
The design started in 1980 with a desire to develop a fully electronic controlled diesel engine
that would take the trucking industry through the 90's and beyond.

Thatis why the Series 60 engine is a.completely new design and not an attempt to rework
an existing product. '

Detroit Diesel listened to the customers needs, looked at the future stringent emission
standards, and added their own objectives during the development stages of the Series 60
engine. They quickly realized that improvements on existing technology and the development
of new technology was necessary to méet their objectives.

The end result is an Eréc_:t_r_onically controlled governing system that helps the Series 60
engine meet the stringent emission regulations of the 1990's and beyond. The -nplistic
design and dependable electronic controls improve reliabllity, durability, and offer reduced
engine maintenance.

Detroit Diesel offers the Series 60 with two (2) engine displacements. The 11.1 liter and
12.7 liter versions. Both displacements have the same cylinder diameter with a longer piston
stroke for the 12.7 liter engine. The horsepower range of the Series 60 is from the 11.1 liter at
285 hp to the 12.7 liter at 450 hp.

Both the 11.1 liter and the 12.7 liter look physicaliy the same because they both use the
same extemnal parts like the cylinder block, the cylinder head, the rocker cover and oil pan. In
fact there are only eight parts that are different between the 285 hp 11.1L and the 450 hp 12.7L
engine. :

Those parts include the crankshatt, connecting rod, oil cooler, vibration damper, and
crankshaft gear to build the larger bore engine, with different camshaft, injectors, and
turbocharger for engine performance.

Each engine displacement has two (2) families of engine power ratings. The 11.1 liter
ratings are from 285 to 350 hp, while the 12.7 liter ratings are from 365 to 450 hp.

)




With-in an engine family the horsepower can be changed by reprogramming the ECM.
The cost for this programming change is minimal and can increase the residual value of the
vehicle. Just contact your local Detroit Diesel Distributor for the simple re-programming of the
electronic control module. Make sure the engine support systems such as the radiator and
drive train components have sufficient capacity to handle any increased horse power and peak
torque changes.

Now lets look at a performance curve of the Series 60 engine. Here is an 1 1.1 liter, 320
hp, 1800 RPM engine. Notice the engine peak torque is at 1200 RPM's. Also notice that the
fuel curve stays almost flat throughout the operating range of the engine. This feature offers
more consistent fuel economy throughout the engine performance range, 2 wider operating
range for the truck, and less shifting for the driver.

The electronic engine control offers cruise control similar to a passenger car. Detroit
Diesel expanded this feature to offer Cruise Power. This feature offers engine horse power
chosen for normal truck operation and a higher horsepower during the cruise control
operation,

For example, the 11.1 liter offers a 320/350 hp cruise power option. This means that 320
hp is available during normal engine operations and 350 hp is available while operating in
cruise control, This option éives'the driver more power for climbing hills, more power for
fighting head winds, and more power means less shifting. Feed back from the drivers indicate
they really like this fealure and operating the vehicle in cruise conirol promotes better fuel
economy.

As you know the Series 60 has a reputation for being an efficient and reliable engine.
Some physical features which contribute to this success include:

Air to air charge cooling. Cooler, denser intake air helps engine efficiency.

‘The cylinder block has a simple, clean design. This design includes serpentine external
walls for noise reduction. The absence of push rod cavities in the block allows for a more
evenly spaced bolt hole pattern around each cylinder bore. This gives the engine a more
uniform cylinder head bolt clamp load.

The cylinder head is a one piece casting. It holds the overhead camshaft, the
thermostats, and provides more rigidity to the cylinder block. The 38 cylinder head boits create
1,000,000 Ibs clamp load to the cylinder head gasket The fire deck of the cylinder head has
machined siots between the cylinders to provide thermal stress relief.




The overhead camshaft eliminates the need for push rods and related hardware. The
sturdy rocker arm assemblies operate directly off the camshaft making it possible to have very
high fuel injection pressures. These high injection pressures are necessary for maximum fuel
economy and reducing engine exhaust emissions. However, engines with push rods also
require higher injection pressures to meet todays stringent emission standards.

The crankshaft is very strong, is very durable, and has the largest main and rod bearing
journal diameters of any diesel engine manufactured in the United States. For this reason, the
rod bearings and main bearings do not have a recommended change interval. Under normal
operaling conditions the bearings will last until engine overhaul.

The piston assembly is a Detroit Diesel cast iron cross-head, two piece design. The fire
ring groove is near the top of the piston to minimize dead space during cormbustion. The piston
assembly has a dome, a skirt, a piston pin and piston pin bearing, The top two rings are
keystone design to prevent sticking. The skirt has tin plating to assist break-in and eliminate
scuffing during test. The piston pin holds the entire assembly together with the connecting rod
bolted directly to the pin.

Jacobs Manufacturing designed an engine brake specificaily for the Series 60 engine.
The braking system is electrically linked to the electronic control Module, and offers responsive
and exceltent braking performiance to the driver.

A very important component in the Series 60 engine is the electronic unit injector.
Detroit Diesel used a mechanical unit injector since they started building engines in 1938. it
was redesigned to include a solenoid which operates a valve inside the injector. The vaive will
regulate fuel injection duration and injection timing with electrical commands from the
Electronic Control Module or ECM.

Diagnosing the injector is simple with the ECM and a hand held Diagnostic Data Reader
or a DDR. Using this equipment will eliminate any guess work as to the performance of any
injector in the engine,

Some additional premium features of the Series 60 engine include the use of grade eight
(8) cylinder head bolts, durable roller bearings for the accessory drives, silicone hoses for
the cooling system, and viton o-rings to seal between the liner and block and the injector
lube areas of the engine. The block and head casting are also pre-painted to maintain a
¢lean and rust free engine appearance.

As you can see the Series 60 is truly a world class diesel engine that incorporates state of
the art technology and assembly procedures. Now lets look at the other major contributing
factor that makes the Series 60 engine so successful. The Detroit Diesel Electronic Control
system,

"




The DDEC system consists of the ECM, the Electronic unit injectors, various engine
mounted sensors, a coolant level sensor in the radiator, and an electronic foot pedal assembly
located in the Vehicle. The ECM micro processor will compile data from the sensors and
control engine operation as conditions change for maximum engine performance.

These are the engine sensors that the ECM uses to maintain engine performance. Notice
that DDEC monitors fuel temperature, oil temperature, and the engine coolant level, The Turbo
boost sensor monitors boost to control engine acceleration smoke.

Another feature of the DDEC system is the programmable options available to the
custormner. These options include:

* Engine protection shutdown features,
* Programmable governor RPM droop which makes the engine_more driver friendly.

* Engine idle time from 1 to 100 minutes. When activated this option can help reduce fue!
costs and engine wear from excessive idling.

* High engine idle is available with a PTO switch or with the cruise control switch system. In
this mode DDEC is a variable speed governor throughout the engine operating range.

* Road speed governing and Cruise control tailor the vehicle road speed to the customers
needs. DDEC will caiculate vehicle speed from the axle ratio, transmission top gear ratio,
tire revolutions per mile, and vehicle speed sensor. From these calculations DDEC can now
control the vehicle road speed while operating in high gear. Cruise Control is available in all
gears above 1200 engine RPM.

The DDEC system offers many benefits to you as a customer. These beriefits include:

An Engine protection feature that stops a running engine when sensors detect a
condition that could cause engine damage. A red stop engine light and a yellow check engine
light on the vehicle instrument panel will appear while DDEC will identify the problem with a
code logged in its non-volatile memory. An audible waming system may be available from
your OEM.




The ECM diagnostics offer: an active code display from the DDR with a check engine
warning light on the vehicle dash board, Historical diagnostic codes stored in von-volatile
memory for future retrieval, Engine performance checks, injector cylinder cutout, and an active
engine sensor data display from the DDR. DDEC Reduces Maintenance by eliminating the
high and low idle spring adjustments of a mechanical governor, the adjustments of smoke
control devices like throttle delay or fuel modulator, the injector rack adjustment, the governor
gap settings, compensations for mechanical governor wear, and adjustments with mechanical
throtile Iinka_ge connections.

The DDR will also display the basic engine data such as engine serial number or the
programmable option features of the engine. (26) The DDR hardware includes a housing with a
Hquid crystal display and a removable carridge for any custom EPROM upgrades to the DDEC
software system. ‘

The engine protection feature of the DDEC system will shut the engine down in 30
seconds if the radiator coolant level is too low, if the oil pressure is too low for the engine
speed or, if the qil temperature is too high. Should one of these conditions occur, the historical
data will record the engine hours of the first occurrence, the number of occurrences, and the
total time the engine ran in this condition.

During the engine shutdown sequence the driver can use an engine shutdown override
switch. This switch gives the driver a repeatable thirty seconds to move the vehicle into a safe
location. However, the historical data will reveal how many times the driver used the override
switch,

Reprogramming, upgrading or changing engine performance is a very simple
procedure with the DDEC system. Just contact your local Detroit Diesel Distributor. From their
location they can access the main frame computer which stores the DDEC engine calibrations
of every Detroit Diesel engine. The Distributor uses a P.C., a modem, and ECM plug-in
hardware to reprogram the DDEC system. The fee for these changes is minimal and can help
increase residual value at time of trade-in.

This presentation is a brief overview of the Series 60 features and benefits. Detroit Diesel
is proud of the Series 60 engine product line and its acceptance in the marketplace. The
Series 60 engine is our commitment to your future, by providing the trucking industry with a
durable and reliable engine with excellent fuel economy,

We are confident that once you try the Series 60 you will realize the importance of
selecting the right product for your business future. The Series 60 engine is the product that
will take you through the 90's and beyond. The Series 60, a commitment 1o the future.
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Introduction - .

Jacobs Engine Brakes are manufactured to the high-
est standards of quality. Care has been taken in every
step of manufacture to produce a product capable of
functioning reliably at ncrmal and peak performance.
This manual has been prepared to assist the operator
and mechanic in correct maintenance and trouble-
shooting procedures that ensure satisfactory engine
brake operation.

Troubleshooting, as discussed in Section 1, is a step-
by-step procedure to determine the cause of mal-
functions and problems interfering with satisfactory
engine brake operation. Malfunctions and/or prob-
lems occuming in the Jake Brake can be classified as
Electrical or Hydraulic/Mechanical in nature. To effec-
tively troubleshoot the engine brake system, the
mechanic must have a working knowledge of these
two systems.

Section 1 describes the basic operation of engine
brakes and components, and recommends proce-
dures to follow when troubleshooting.

Proper maintenance, as discussed in Section 2, will
assure maximum engine brake performance and a
reliable service life.

Safety Precautions

The following symbols in this manual signal poten-
tially dangerous conditions to the mechanic or equip-
ment. Read this manual carefully. Know when these
conditions can exist. Then, take necessary steps to
protect personnel as well as equipment.

This symbo! wams of possible personal injury.

Acaumon

This symbuol refers to possible equipment damage,

Do not work on this equipment when mentally or
physically fatigued. Always wear eye protection.

Fuels, electrical equipment, exhaust gases and mov-
ing parts present potential hazards that could result
in personal injury. Take care when installing an en-
gine brake. Always use cormect tools and proper
procedures.

The Jake Brake is a vehicle slowing device, not a
vehicle stopping device. It is not a substitute for the
service braking system. The vehicle's service brakes
must be used to bring the vehicle to a complete stop.

Jacobs Service Letters should be consulted for addi-
tional applications and updated information.

Engine Brake Part Replacement

Each engine brake housing assembly has an identifi-

- cation tag showing model number and part number.

A packaged housing assembly has a different part
number than the housing assembly inside the pack-
age. When ordering a replacement housing assem-
bly, the packaged housing assembly part number
must be used.

The Installation Manual should be used in conjunc-
tion with the Jacobs Parts Manual when additional
replacement part information is required. The-Parts
Manual can be obtained from your Jacobs distributor.

For more information on driving with the Jake Brake,
read your Jacobs Driver Manual,

-~ Automatic Transmissions

For vehicdles with automnatic transmission, refer to
Jacabs Service Letters or contact your nearest dis-
tributor.
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1.1 Electrical System

Electric and Electronic Controls

Advancements in vehicle and engine controls have
demanded changes to Jacobs Engine Brake control
systems. New engine control systems include the
following:

" Caterpillar: PEEC Cummins: CELECT
Detroit Diesel: DDEC Mack: V-MAC

Section 1.1 Electrical System covers basic information
and troubleshooting of electric and electronic contro!

systems.

Electrical power to energize the Jake Brake should
always come from a terminal on the vehicle ignition
switch that is energized when the switch is tumed
“on”. This drcuit must be protected by a 10 amp fuse
or circuit breaker. The circuit is then connected to the
on/off switch, clutch switch, fuel pump (buffer)
switch, and then to the solencid valves.

Refer to the wiring diagram for spec:ﬁc englne brake
models being worked on.
NOTE

A diode is incorporated in the system at the fuel
pump (buffer) switch. The dicde prevents high volt-
age spikes that occur each time the solenoids are
de-energized, This pments internal damage to the
switches,

Required Tools

The following tools should be available to trouble-
shoot electrical problems:

1. Volt/OHM/AMP Meter (Digital Readout)
2. Continuity Tester
3. Test Light

Preliminary Electrical Checks

1. Vehicle Electrical Power. Using a voltmeter, check
to see that the supply voitage is at least 12- 14
VDC or 24 - 28 VDC. Verify that wiring follows
the comect Jacobs Engine Brake wiring sche-
matic.

if the truck is factory pre-wired and the power
source is from a breaker panel, make sure the
dircuit breaker is correctly reset. Make certain
power is not drawn from a source with an addi-
tional ON - OFF switch or power draw for other
components.

2. Jacobs’ Switches. Using a voltmeter, check the
dash switch, clutch switch and throttle switch for
a voltage drop across each switch with the
switch closed. Replace the switch if a voitage
drop is 0.4 VOC or greater.

Inspect switches for correct adjustment. Check
the throttle and clutch return springs for comrect
adjustment and operation.

3. Wirng. Check for short circuit in the wiring. Re-
place any broken, brittle, chafed, scorched or
melted wires. It is recommended that all under-
hood or under-doghouse wiring be covered by
Jacabs’ Auto-Loom or similar good quality loom.
Replace Jacobs in-line fuse (10 amps).

The following procedures are recommended:

Wire-end terminals should be securely attached
to wires, If not, replace terminal. Wire size should
be no smailer than 16 gauge.

Wire-end terminals should be attached tightly to
space connectors. If not, remove and replace, or
if necessary, re-crimp and reattach.

Hamess wire or loom should be carefully routed
and should not contact moving equipment such
as throttle, dlutch or transmission linkage.

Hamess wire or loom should not contact high
temperature engine components such as ex-
haust manifold or turbo housings.

Hamess should be secured in place with tie-
wraps at regular intervals.

ELECTRICAL SYSTEM




Clutch Switch .

Adjust the switch by moving the switch along the
mounting bracket. The actuator arm should be de-
flected 1.0 - 1.5 inches (25 - 38 mm), measured at
the tip of the actuator, when the clutch pedal is in
the up (clutch engaged) position.

Check installation by moving the clutch pedal. The
switch should click from the open to closed position
of the switch contacts in the free-play motion of the
dutch pedal before actual dlutch disengagement
takes place.

Fig.1.1.2
Diode Protection

Note:

Switch contacts ate protected against arcing by a
small diode connected between the load side
switch terminal and ground, The engine brake must
be connected to the load side terminal. If the ve-
hicle has a positive ground electrical system, re-
verse the direction of the diode (Fig. 1.1.3).

Fig. 1.1.1

Acavrion

Exceeding 1.5-inch deflection of the actuator arm
may cause switch damage, resuiting in engine brake
malfunction.

Fuel Pump Switch (Cummins PT Fuel
Pump)

Move the throttle to the low idle position and insert a
0.05-inch (1.27 mm) feeler gauge between the
switch plunger and actuating lever (Fig. 1.1.2). Push Fig. 1.1.3
the switch lever against the switch plunger until the _
plunger bottoms. Tighten the cap screw to 7 Ibft.

(10 Nem).

After installing the actuating arm, check the fuel
pump throttle shaft to be sure the throtite pedal
will move the shatt to the full fuel pasition. Failure
to do so may result in restricted engine control. H
the restricted movement is found, correct the prob-
lem and readjust the actuating lever.

ELECTRICAL SYSTEM




Butfer Switch Adjustment
Buffer Switch - Detroit Diesel

Fig. 1.14

1. Start the engine and allow to warm up. Record
the idle RPM and maximum no load RPM.

2. With the idle speed set, adjust the buffer switch
as follows:

a. Tum the buffer switch in until it contacts the
connecting link as lightly as possible and
eliminates engine roll (Fig. 1.1.4).

NOTE:

Engine idle speed with the buffer switch must not
increase more than 15 RPM from the reading re-
. corded in Step 1.

b. Hold switch in this position and tighten
locknut,

/\caution

Do not tighten locknut more than 60 Ibin. (7 Nem).
Switch failure wiil result from over-torquing.

¢. Check'maximum no-load speed. If the in-
crease is more than 25 RPM from the read-
ing recorded in Step 1, back off buffer switch
until increase is less than 25 RPM.

3. Shut down engine.

Early style buffer switches are polarity sensitive,
Attach NEGATIVE lead (load side) to tin-plated
terminal and the POSITIVE lead (power side) to
the brass-colored terminal of the switch.

Current style buffer switches include a two-diode
system for switch protection. The two-diode type
switch is not polarity sensitive and electrical
connections can be made to either terminal (see
Fig. 1.1.5).

CONNECTIONS

Fig. 1.1.5

Fuel Pump Switch Adjustment - CAT

1.

Start engine and check low idle RPM. Disconnect
the throttle linkage and adjust the idle per Cater-
pillar specification by tuming the switch clock-
wise to increase and counterclockwise to de-
crease engine RPM (Fig. 1.1.6).

Fuel Pump Switch - Caterpillar 3406
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2. When proper RPM is set, advance the throttle
lever to increase éngine speed and then return
to idle. Check to be sure the idle RPM setting did
not change. Readjust if necessary,

3. Hold the Jacobs switch and tighten locknut to
5 Ibft. (7 Nem). Reconnect throttle linkage.

if the fuel pump switch has a letter “D" or lower
suffix after the part number, this switch is polarity
sensitive. Connect the white wire from the en-
gine hamess to the silver terminal. Connect the
orange wire from the engine hamess to the

brass (load side) contact. This ensures diode
protection of the switches.

If the fuel pump switch has a letter “E” or greater
suffix after the part number, hamess wires can
be connected to either switch terminal. These
switches have two diodes for protection and are
not polarity sensitive,

A\caurion

Check to be sure that the gavemor operating lever
moves freely from low idle to high idle position and
releases without binding. .

Foot Switch

Optional Jacobs Foot Switch provides added driver
convenience and control. Jacobs offers three different
systemns for engine brake control. Besides the stan-
dard semi-automatic system used with Caterpillar,
Cummins and Mack engines, the customer now has
the choice of two added options: fully automatic
control with a “low speed” shut-off or fully manuai
control with a “foot switch”. :

The foot switch is installed on the cab floor within
easy reach of the operator's left foot. After installa-
tion, light foot pressure on the top plate is all that is
needed to operate the Jake Brake. The throttle
switch, or buffer switch, remains in the system to
ensure that fueling and engine braking do not occur
at the same time,

Foot Switch Diagram

SINGLE DASH SWITCH

FUSE

FUEL PUMP SWITCH

DASH SWITCH
S

l TO BRAKE HOUSINGS

ONIQFF DASH SWITCH

72 )|

-
il

FOOT SWITCH

FUSE

THREE-POSITION
DASH SWITCH

q FUEL PUMP SWITCH
r'l

l |—. TO BRAKE HOUSINGS

Fig. 1.1.7
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Solenoid Vaive

The Solenoid Valve cannot be overhauled or repaired
in the field. If any problem other than seal ring-re-
lated exists, the Solenoid Valve must be replaced.

Operation Check

The best way to examine a solenoid valve coil for
correct operation is with a volt/amp/ohm meter and
then compare the readings for each solenoid with
the proper specifications. If the proper meters are not
available, a secondary check of proper solenoid valve
operation can be made as follows: '

Do not touch the electrical connection when a sole-
noid is energized. Electrical shock could result

SPRING
HAETAINING
SCREW

Fig. 1.1.8

1. Apply a 12-volt source to the solenocid electrical
terminal.

2. When electrical power is supplied, make sure
each solenoid valve cap depresses. If the cap
does not depress, replace the solenoid.

RESISTANCE CURRENT DRAW PULL IN VOLTAGE
(OHMS) (AMPS) (MINIMUM)
P/N VOLTAGE COoLD HOT COLD HOT COLD HOT

016440 { 12VDC |975t010.75 | 11.8t0143 | 1.12t0 1.23 | 0.84t0 1.02 75 185
016441 | 24VDC | 31510385 [382t050.0 | 06210069 047t0055 ]| 170 | 21

S/L
016442 | 24VDC |31.5t0385 |38210500{069t0062|047t0055| 170 | 21

D/L )

1018674 | 12VDC | 9.5ta 105 11.5t014.0 | 1.15t0 1.25 | 0.86 to 1.04 9.5 11.9to 127
013472 | 24VDC | 34910387 [4331t051.3 | 06210 0.69 | 047 to 055 18.0 22t024
003784, | 12VDC | 19810220 (24.0t0295]{054t00.61 | 0.4t0 05 20 |s98to12l
004205, -

003433,
002689
003784, | 24VDC | 19810220 (24010295 1.08t01.22] 08to 1.0 90 j198tol2]
004205,
003433,
002689
Fig. 1.19
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Jacobs Model 346 B/C/D with Caterpillar PEEC* Controls

« 17V LINE THAT CLUTCH
IS OH WHER ENGIRE SWITCH TO AEAR
15 RUNNIMG. LinE ENGINE
MUST BE PROTECTED BRAKE
. WITH A 10 AW FUSE 10 FRONY
- OR CERCIAT BREAKER ENGINE

) ) BRAKE

CIACUTT BAEAXEN
BOX
HARNESS P $759¢
RED —_
CONNECT ALL GROUNDS
TO A COMMON BOLT OR
EA CAUT{QN] GOOD CHASSIS GROUND

POIMT UNDER THE DASH

USING RING TERMINALS.
THE CONTROL MODULE
MUST HAVE A Goop
GROUND FOR PROPER
OPERATION,

( JJL GREEN

014183
HARNESS

| SR

OREY
o

Fig. 1.1.10

* Information on Caterpillar electronics (PEEC IIl) Cat & Caterpillar are trademarks of Caterpillar Inc,
applications is not covered here and will be cov-
ered in separate documents,
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Troubleshooting: CAT PEEC Controls

Problem: Engine Brake is Inoperable

Probable Cause: No electrical power.

Correction: Conriect VOM positive (+) probe to
common (lower) terminal of on/off switch and
negative (-) probe to ground (Fig. 1.1.11). With
ignition switch on, VOM should read +12 voits. If
not, check circuit breaker or fuse and wiring to
switch and repair/replace as needed.

Prabable Cause: Dash switch{es) inoperative.

Fg. 1.1.11
Correction:

A Connect positive (+) probe of VOM to center
terminal of on/off switch and negative (-) probe
to ground, With system energized and switch off,
reading should be 0 volts, With switch on, read-

- ing should be 12 volts. If these readings are not
obtained, replace on/off switch.

B. Connect positive (+) probe to center terminal of
hiflo switch and negative (-) probe to ground.
With on/off switch on and hi/lo switch in lo

position, reading should be 12 volts, If not, check

switch jumper wire and connections and repair/
replace as needed.

C.  Connect positive (+) lead to lower terminal of
hi/lo switch and negative (-) probe to ground.
With hi/lo switch in lo position and on/off switch
on, reading should be 9 volts. With hi/lo switch
in hi position, reading should be 12 volts. If

. these readings are not obtained, replace hi/lo
switch.

Probable Cause: Control module defective.

Fig. 1.1.12

Correction: De-energize the system and disconnect
the hamess, P/N 014383, from the ALIPS hamess.
Using the three clip leads, : :connect the brown, tan
and pink wires. Connect the positive (+) probe to the
tan wire and the negative (-) probe to the brown
wire (Fig.1.1.12). With the system energized and
dutch engaged (pedal up), reading should be 5 volts.
If not, replace the control module,

ELECTRICAL SYSTEM




Probable Cause: ALIPS sensor inoperative.

N 0.020 In.{0.51mm) GAP

\

Fig. 1.1.13

- Correction: If the previous reading was 5 volts, con-

nect the positive (+) probe to the pink wire and the

negative (-) probe to the brown wire. With the accel-
erator in the low idle position, the VOM should read
0 volts. If the reading is not 0 volts, the clearance
between the magnet and sensor may be too large or
the magnet may not be in line with the sensor. If
necessary, realign the magnet and sensor and read-
just the clearance to 0.02 inches (0.51 mm)

(Fig. 1.1.13). if the volt meter still does not read

0 volts, replace the sensor assembly.

With the accelerator depressed, the reading should
be 5 volts. if not, replace the ALIPS sensor assembly.

If the ALIPS sensor assembly functions properly,
remove the dip leads and reconnect the hamess.

Probable Cause: Clutch switch inoperative.

Correction; Connect the negative (-) prabe to the
common ground point and the positive (+) probe to
the white lead in the main hamess (Fig. 1.1.14).
Energize the system. With the dutch engaged (pedal
up), VOM should cause a reading of 5 volts. if these
readings are not obtained, check adjustment of
clutch switch. Switch should actuate in the top travel
portion of the pedal. Readjust if necessary.

If these checks are not OK, disconnect the wires at
the clutch switch. Check continuity between the
switch terminals, There should be 0 Ohms resis-
tance with the switch activated (contacts closed)
and infinite resistance with the switch relaxed
(contacts open). If these conditions do not exist,
replace switch.

Probable Cause: Service brake pressure switch
inoperative,

Fig. 1.1.14

Fig. 1.1.15

Correction: Connect the positive (+) probe of the
VOM to the nommally open (NO) contact of the brake
pressure switch and the negative (-) probe to

ground. With the system activated, sufficient air pres-
sure to activate the brake pressure switch, cruise
control switch on, and clutch pedal up, the volt meter
should read 5 volts (Fig. 1.1.15). With the service
brake pedal depressed, the voit meter should read 0
volts. If these readings are not obtained, replace the
service brake pressure switch.
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Probable Cause: Control madule inoperative.

|
|
|

Fig. 1.1.16

Correction: If all of the above procedures do not
locate the problem, disconnect the wire harness at
the engine brake spacers. Set the selector switch in
high, accelerator in low idle, cruise control switch off
and clutch switch activated, both blue and yellow
wires should read 12 valts (Fig. 1.1.16). Depressing
the clutch should cause the voltage at each wire to
drop to 0 volts. if these readings do not occur, re-
place the control module.

Probable Cause: Solenoid Valve

adl

Fig. 1.1.17

Correction: With the blue and yellow wires discon-
nected at the engine brake spacers, connect one
probe of the VOM to the solenoid terminal and the
other probe to ground at the solenoid body

(Fig. 1.1.17).

Reading should be 9.75 to 10.75 Ohms for current
solenoid valves, P/N 016640. For early style solenoid
valves, P/N 004205, the resistance should be 19.8 to

" 22 Ohms. if not, replace the solenoid valve.

If solenoid resistance is OK, check continuity of sole-
noid lead wires. No reading from solenoid to connec-
tion at spacer indicates an open circuit and wire
must be replaced.

ELECTRICAL SYSTEM
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DDEC Il Electronic Control Group
Troubleshooting for Models 760/
760A/765 and 71/92A Engine Brakes

The Jacobs Electronic Control Module, P/N 017179,
is a sealed electronic device and is not field service-
able. The Control Module can be operated using the
standard dash toggle switches or the Jacobs Dash
Switch Module, P/N 017328 or 017346. To test if
this device requires replacement, follow the step-by-
step procedures within the troubleshooting guide.

Equipment Required for Testing:

Voltmeter with 20,000 Ohmy/volt input impedance,
minimum. Keep the voltmeter on the 20 VDC/div
scale for the 12-volt control and 200 VDC/div scale
for the 24-volt control for all test measurements.

NOTE:

This control can be used for 12- or 24-valt opera-

tions. Use +12/24 vaolts when referring to the (+)

battery voltage. This guide will make reference to a

12-volt operation. Actual battery voltage may vary

up to 2 voits, .
If measuring the voltage at the solenoid valves, make
sure that all wiring hamesses are connected. If the
voltage at the output of the control is measured
without the solenoid valves connected, both the
BLUE and YELLOW wires will measure approximately
+1 volt. These are intemal voltages established by
the control module when the output wires are dis-
connected. :

Operation Function

+ The in-line switch module (if used) is connected
to the power input side of the control. This is the
hamess with the RED and GREEN wires,

P/N 015708,

« The ON/OFF power switch connects the RED wire
to the +12 volt vehicle electrical system providing
power to the control module.

* The PURPLE and GRAY inputs select which one of
the DK BLUE or YELLOW outputs will be active.
The (AUX LO) GRN/YEL, (AUX HI) ORANGE,
(#508) BROWN, and (CLUTCH SWITCH) BLACK
and WHITE inputs control when the DK BLUE and
YELLOW will be active. To allow the ou*puts to be
active, the following must be true;

1. The clutch switch closed connecting the
BLACK and WHITE wires together.

2. The (AUX LO) GRN/YEL wire connected to
ground {0 VDC).
3. The (#508) BROWN wire switches to ground
(0 VDC). _
The (AUX HI) ORANGE wire should be insulated.

Before active troubleshooting is begun, check the
integrity of all wiring and hamess connections to
verify that connections are tight and that wires are
not pinched or have scraped insulation,

ELECTRICAL SYSTEM
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Troubleshooting: DDEC Controls

Problem: Engine Brake will not
activate
Probable Cause: Check supply voltage

Zann grounc

GREES

QRANGE 5

GRN.‘YELE-
13 negalve Baln =
D81 0f ergine '| |' | I_-'

l:ame rag e - N

|7 £ %

nEL A8 anT 2 5

¢! srange w.oe [
Fig. 1.1.20

Correction: With the ignition switch on, disconnect
the P/N 015708 hamess from the control module
connector. Measure the voltage at the RED wire.
Place the positive probe (+) of the volimeter on the
terminal of the RED wire and the negative probe (-)
to ground. The voltmeter should read +12 VDC

(Fig. 1.1.20). If this condition is not present, check
that system is energized and check power supply.

Probable Cause: Check switches and connections

Correction:

Optional Selector Switch: Disconnect P/N 015708
hamess from control moduie. Measure voltage at
both PURPLE and GRAY wires. With selector switch in
Hi position, both wires should read +12 VDC

(Fig. 1.1.21). if this condition is not present, check
power supply, connections and switches. Repair or
replace as required.

*12Y O————m——RED

01 —1
5708 HARNESS @ !
|

|

|

- ]

1

ip—— GREEN
} prll OHANGE
Connect ground GRANATEL
10 negative bar.
post or engne
framargl ——e] w
=& %
Insulate end E 5 ==
of orange wite | -

Fig. 1.1.22

Jacobs Switch Group: Disconnect P/N 017263
(017370) hamess from Jacobs control module. Mea-
sure the voltage at the RED wire. The voltmeter
should read +12 VDC when the main power supply
is ON and 0 VDC with main power supply OFF

(Fig. 1.1.22). if these conditions are not present,
check power supply and connections.

ELECTRICAL SYSTEM
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017263 HARNESS

Eﬁj
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FEU
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/
/
e

"

7T T

Fig. 1.1.23

(Fig. 1.1.23) With main power supply ON and selec-
tor switch in LO, the PURPLE wire should read +12
VDC and GRAY wire 0 VDC. With selector switch in

MED position, GRAY wire should measure +12 VDC;

PURPLE wire 0 VDC. With selector in HI position,
both PURPLE and GRAY wires should measure +12
VDC. if these conditions are not present, check con-
nections, check wiring schematic for proper position
of wires to switch and/or replace switch.

Probable Cause: Check clutch switch.

HARNESS
15700 {17378)

Fig. 1.1.24

Correction: With the P/N 015709 (017378) harness

connected to the control module, measure the volt-
age at the terminal of the WHITE wire. With the
dutch engaged (pedal not depressed), a reading of
0 VDC should be measured. With the clutch disen-
gaged (pedal depressed) a reading of +5 VDC +/-
0.5 VDC should be measured (Fig. 1.1.24). I this
condition does not exist, check continuity of clutch
switch and BLACK and WHITE wires.

Probable Cause: Check engine brake enable
signal.

Fig. 1.1.25
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Correction: Disconnect 015709 (017378) harness
from 017179 module. Start the engine. Tum the
engine brake switch OFF. Place the positive probe of
the voltmeter at the terminal of the BROWN wire
and the negative probe on ground (Fig. 1.1.25).
Increase engine RPM to rated engine speed. The
voltmeter should measure +12 VDC. Release
throttle; voltage should drop to 0 VOC. When the
engine reaches idle, the voltage should again read
+12 VDC. If the voltage does not change, check
connections and wiring. if problem continues, have
the engine ECM checked.

Probable Cause: Check output.

ENGINE BRAKE HOUSINGS

Fig. 1.1.26

Correction: Inspect DK BLUE and YELLOW wires
leading to solenoid valve connectors. Check for loose
contacts, pinched wires or scraped insulation. Start
the engine, turn the engine brake switch ON and
select HI. Advance the throttle to rated speed and
then release the throttle. Voltage at both YELLOW
and DK BLUE wires should measure +12 VDC
(Fig. 1.1.26). '
NOTE: -

When measuring voltage, check that all hamess

connections are tight. if the voltage is measured

with the harness from the solencid loose or discon-

nected, both the DK BLUE and YELLOW wires will

measure approximately +1 VDC. This is an intemal
voltage established by the control module for refer-

ence.

Probable Cause: Check Jacobs control module.

015708 HARNESS

+12¥ O————eeeee RED

10 negativa ban.
PAst or enging
frame rail

Fig. 1.1.27

Comrection: Measure the voltage at the ORANGE wire
of the control module. With system power ON, the
voltage should measure +5 VDC +/- 0.5 VDC

(Fig. 1.1.27). If this condition is not present, replace
module,

Problem: Engine Brake performance
erratic/intermittent
Probable Cause: Check ground connection.

Fig. 1.1.28

Comection: The resistance between the engine black
and the negative terminal of the battery must be less

than 1 ohm (Fig. 1.1.28). The resistance between the
GREEN wire of the engine brake control module and

the negative terminal of the battery must be less than
5 chms for proper module operation (Fig. 1.1.29).

ELECTRICAL SYSTEM
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if vehicle is not equipped with ABS system:

The GREEN/YELLOW wire miist be grounded,
preferably to the same point as the GREEN wire.

These wires should be isolated from other system

ground wires. The ORANGE wire must not be
grounded and must be insulated.

Probable Cause: Check undercover witing.

015708 HARNESS

o negatve batt.
POt of engine
Iame ral ~J4o
I=g
Insulate end » E
of orange wire I

Fig. 1.1.29

Comrection: Make sure solenoid wires are securely
attached to the solenoid valves.

Probable Cause: Check for solenoid failure,

Fig. 1.1.30

Comection: Measure resistance of each solenoid
valve (Fig. 1.1.30). Solenoid valves not within correct
values must be replaced.
NOTE:

Resistance may increase significantly when sofe-

noid valves are above 100 degrees F. See Fig. 1.1.9,

page 1.1.5, for electrical requirements.
Probable Cause: Check Allison ATEC automatic
transmissions.
Correction: Check that the BLUE/WHITE wire from
the control module is connected to the ATEC ECM
wire #211, The WHITE wire from the control module
is connected to ATEC ECM wire #213, The BLACK
wire from the control module must be insulated,

1116
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Low Engine Speed Retarder Cutoff

WED/HIGH SELECTOR SWITCH (GRAY) i
LOWMRGH SELECTOR SWITCH (PURPLE)
(mITE)
anuu—ct
( AUX. HIGH [ORLANGE)
+BATTERY {RED)
s
PH.OTEYTT
‘______..-%IE CHART FOR I
i . 1]
Lss°°",' {msnco | IGHITION | I
| SELECTOR
| SwITCH
‘ 10 AMP
REAR CENTEA FRONT CiRCUTY
SEE mﬂé HOUSING HOUSING HOUSIMG j GREAKER | “25wren
CUART FOR | WOCWLE
TRARNG Theor, = JUMPED cTcx ) NSO
(1 | FUEL PUNP swee Jaa
\ SwircH
——— WIAE HARNESS WIRE 1 [ i
i1 ‘rAcuanonm HARNESS ] ] |
LESRCO PN, 018175 TWOFF SWITCH 1
L exsmma saxE srans wima — —
ALTERNATE
FUEL PUMP
SWITCH
'~ FHNED LEAD
nremmas v, APPLICATION CHART
F ENGDE AY. | CUT-OFF
MAKE & WHEEL |SPEED | TRMM REQLARED
MODE., TEETH | (RPM)
MACK, CUT BOTH
cusmms nr| 119 30 &mmow AND
CUT BOTH
SSUTER |mws  [ss0  |cREEN/YELLOW AND
cat CUT BOTH
3408 113 o QREENIYELLOW AND
BLUE/WHITE
g-:; 13 1080 [ CUT GREEN/YELLOW ONLY
CAT 132 o CUT GREEN/TELLOW ONLY
308
Car ONLY
1o 158 950 GUT BLUE/WHITE
Reterlng to the chart above, select the engine make and madel and
iha desirad eutoff speed (RPM) and cut the Control Module wires
accordingly. tnstall capa en the ends of wires fur nsulation.

Fig. 1.1.31
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Troubleshooting Instructions
Low Engine Speed Retarder Cut-off

Problem: Engine Brake will not
operate.

Probable Cause: Power supply wire (red) discon-
nected, not energized.

12V

AUX. HIGH (ORANGE)
+BATTERY (RED)

[¢]

[e]

Fig. 1.1.32

Correction: Check that the connector between the
vehicle power supply and the red line to the Jacobs
control module is tight and free of any corosion or
oil. With the vehicle ignition tumed on, +12 VDC
must be measured at the red wire (Fig. 1.1.32). If
not, continue with checks.

Probable Cause: Blown fuse or circuit breaker.

Correction: Replace fuse (10 amp) or reset dircuit
breaker. Search for cause of blown condition.

Probable Cause: Disconnected or bad fuel pump
switch.

Fig. 1.1.33

Correction: Check that connections are made and
are tight. Check for corrosion on terminals and clean
as required. Check function of fuel pump switch.
With the switch open, the VOM should register an
“O.L" condition (Fig. 1.1.33). With the switch closed
(plunger released), the VOM should register continu-
ity. Replace as needed.

Probable Cause: Disconnected or failed clutch
switch.

Fig. 1.1.34

Correction: Check that connections are tight on the
clutch switch terminals. Check that there is no corro-
sion on connectors. Clean or replace as required.
Check the clutch switch. With ignition ON and the
Jacobs ON/OFF switch ON, measure the voltage at
“A” (Fig. 1.1.34). VOM shouid read +12.5 VDC. At
position “B” with switch closed, VOM should mea-
sure +122.5 VDC; with switch open, 0 VDC at position
HBI’. .

Probable Cause: Disconnected or failed selector
switch.

Correction: Selector switch LO: 12.5 +/- 1 VDC must
be applied to the purple wire to activate the blue
solenoid output wire,

Selector switch MED/HI: 12.5 +/- 1 VDC must be
applied to the gray wire to activate the yellow sole-
noid output wire.

1.1.18
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Prabable Cause: Orange wire grounded

Correction: ABS (Aux) connection High: Orange wire
for normal operation is not used. If connected to
VOM, reading should be +5 VDC If connected to
ground, engine brake will not operate.

Probable Cause: Pink/white wire not grounded.

MEDMIGH

e LOW/HIGH
e—=. {PINKIWHITE}
5=, GROUND —<(GREEN]
RS —— AUX, HIGH (ORANGE)
l D’ /2 «BATTERY (RED)

E'__. )

Fig. 5
—_—
Fig. 1.1.35

Correction: ABS connection LOW: Pink/white wire is,
for most applications, connected to ground with the
green wire. If not connected to ground, brakes will
not operate. VOM reading when not connected
should be +5 VDC (Fig. 1.1.35).

Probable Cause: Green wire not grounded or
inadequately grounded.

Correction: Ground reference must be 1 ohm or less
measure with VOM,

Probable Cause: Trim wires not properly aut.

Correction: Check application chart (Fig. 1.1.31) for
proper wires to be cut.

Probable Cause: Failed or disconnected tach
sender.

Fig. 1.1.36

Correction: Check that connections are tight with no
evidence of corrosion, Disconnect harness at the

- control module. Measure resistance between tach

sender wires; 50 - 300 ohms is a good reading
(Fig. 1.1.36). The Motorola 7EP2033 or Volvo/White
13603-0013 will read 245-255 chms.

Readings outside the accepted range indicate a short
circuit or broken wire.

The sensor must be properly adjusted to manufactur-
ers’ specifications to generate the proper signal.

Probable Cause: Bad contro! madule.

Correction: If all the above steps check OK, replace
control moduie,

Problem: Brake modulation does not
work properly.

Probsble Cause: Gray and purple input wires not
connected or improperly connected to switch.

Correction: Check for tight connections and no
corrosion.

s Gray wire to MED/HIGH selector position.
+ Purple to LO selector position.

ELECTRICAL SYSTEM
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Probable Cause: Selgctpr switch failure.

\‘ MEO/HIGH SELECTOR SWITCH (GRAY;
N\ LOW/MHIGH SELECTOR SWITCH (PURPLE)
(PINKWHITE)
GROUKD
_th-asanq

AUK. HIGH (ORANGE)
«BATTEAY (RED)

Fig. 1.1.37

Correction: With the selector switch ini LO position,
ignition ON and ON/OFF switch ON, measure voltage
output at purple wire (Fig. 1.1.37). Proper reading
should be 12.5 +/- 1 VOC. Measure output at gray
wire. Output should be 0 VDC Select Hi position on
selector, VOM should read 12.5 +/- 1 VDC at each
output terminal.

Probable Cause: Blue and yellow output wires
disconnected or reversed.

Correction: Check to be sure connectors are tight
and there are no signs of corrosion. Check that the
blue wire is attached to the center housing (3-hous-
ing installation) or the rear housing (2-housing in-
stallation). Insure the yellow hamess is attached to
the front or first and third housings.

With the engine operating, transmission in neutral,
dash switch on, selector switch on high, accelerate
engine to high idle and then release throttle, The
VOM readings at the blue and yeilow wires should
be 12 VDC (Fig. 1.1.38).

Check that 12 VDC is present at housing
connector(s). If engine brake does not operate,
remove valve cover(s).

Probable Cause: Solenoid valve does not function.

Fig. 1.1.38

Fig. 1.1.39

Correction: Check to be sure solenoid hamess is
properly connected.

With electrical power OFF, check resistance of sole-
noid coil. VOM should read 9.75 - 10.75 ohms
(Fig. 1.1.39). If it does not, replace solenoid valve,

Problem: Engine Brake operation
erratic.

Probable Cause: Improper ground.

Correction: Using the VOM, measure the resistance
from the point the green wire if grounded to the
engine block Resistance must be no greater than 1

ohm. I resistance is greater than 1 ohm, the ground
wire must be repositioned to the engine block

The green ground and the pink/white wire must be

grounded alone. Grounding with other components

at a common point may lead to “phantom” signals .
causing emratic operation.

1.1.20
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Probable Cause: [mproper or insufficient tach Correction: With engine running, measure AC volt-
signal. . age signal between 500-800 RPM and record read-

| ing (Fig. 1.1.41), Above 1000 RPM, the VAC should

l be greater. If it is not, replace the sending unit
Probable Cause: Insufficient tach ground

Fig. 1.1.40 e,

—t—

Correction: Disconnect Weather Pack connector
from Jacobs control module, Measure the resistance
between the two wires from the tach sender

(Fig. 1.1.40). An acceptable reading will be from 50
to 300 ohms. The Motorola 7EP2033 or Volvo/White
13603-0013 will read between 245-255 ohms.

Fig. 1.1.42

Correction: Measure the resistance of each tach
sender wire to ground (Fig. 1.1.42). The one wire
with a reading of 0 ohms is at ground potential. This

Readings outside this range indicate a short circuit or T )
broken wires. wire should be cut and the two ends insulated. If the
rablem continues, add a separate sendi it fo
Probable Cause: Check that the tach sender is P m n asep g unit tor
" the low speed signal.
properly adjusted.

Fig. 1.1.41
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Wiring Diagrams for Cummins CELECT

ENGINE

OEM C.

:

2
————— gy

CAB

NT-855 and |N-M Engines

Fig. 1.1.43

ENGINE

J;l 138

CAB

isfi'j ! = o
%—mn
TRLCW
Pln 74
p:-‘n
L10 CELECT Engines

Fig. 1.1.44
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PIN 30 F%?

Ud,ug | —PIN 87 D

GRAY
. B%T A o (o A
E ~——PIN G§7A ,) @ @
OFF Lo

NOT USED
PIN 85
BRI
HARNESS PN 18403 § RED = +12YDC
4 :

TO PIN v CAT.
BROWN TERFACE
CONNECTOR

FRONT
HOUSING

Wiring Diagram for Jake Brake Applications
with Caterpitlar PEEC lll Fuel Controls

Fig. 1.1.45
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Rear TWO-DASH SWITCH
CONFIGURATION
] E Fuel Pump
T et
l—Front 12VDC
HWLO ON/OFF
, Three-Position 12VDe
Switch HI-LO- OFF
- 4/& 4/ Circult Breaker
Fuei Pump Clutch Switch
Switch
— T
| I
Rear Front
Engine Brake Housings
Basic Wiring Diagram for
Non-electronic 2-mode System
Three-Posilion Dash Switch
On/Off Dash Switch
pur 9 9
=_ /O—/ | - Circuit
Fuel Pump Switch (s:lmch d Breaker
witch
ke -
|
_, 12 vDC
Rear Geonter Front
Engine Brake Housings
Basic Wiring Diagram for
Non-electronic 3-mode System
Fig. 1.1.46
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1.2 Hydraulic/Mechanical

Theory of Operation

When an engine brake is energized, a power-
producing diesel engine is converted into a power-
absorbing air compressor. As shown in the schematic
diagrams below, this is accomplished by the motion
of a master-sfave piston arrangement. Near the top
of the nomal compression stroke, the cylinder ex-
haust valves open releasing a compressed, cylinder
charge to the exhaust system, preventing the engine
from producing positive power,

Operational Sequence
Step 1 (Fig. 1.2.1)

The main components of the hydraulic system are
the solenoid valve, the control valve, the master
piston and the slave piston. The control valve and the
solenoid valve regulate the flow of the engine oil
which acts as the Jake's hydraulic fluid. As shown in
this figure, when the Jake is not in operation, the
solenoid valve is closed, preventing engine oil from
entering the system and allowing oil to drain to the
sump from the previous operation.

EXHAUST VALVE

Fig. 1.2.1

Step 2 (Fig. 1.2.2)

When the solenoid valve is actuated, oil fills the
passageway to the control valve. This exerts enough
force to raise the control valve inside its bore and
unseat the check ball inside the control valve. Engine
oil then flows out through the control valve cross-
port, fills the passageway between the slave and
master pistons, and forces the master piston down
against the injector rocker lever adjusting screw, or
in some engines, the exhaust rocker lever adjusting
screw of an altemate cylinder. This sequence con-
nects engine camshaft motion to engine brake
timing.

Fig. 1.22

Step 3 (Fig. 1.2.3)

When the rocker lever adjusting screw contacts the
master piston, oil pressure increases and seats the
check ball in the control valve. This creates a closed
hydraulic system between the slave and master
pistons. The oil pressure in the closed system
inceases and forces the slave piston down against
the exhaust valve crosshead (bridge). The exhaust
valves then open just before the engine piston
reaches top dead center, releasing compressed air
from the cylinder.

HYDRAULIC/MECHANICAL
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When electrical power is discontinued to the sole-
noid valve, engine lube oil is blocked from entering
the brake housing. The inner control valve spring

forces the control valve to the bottom of the control
valve bore. The entrapped oil from the master pis-
ton/slave piston circuit can now escape from under
the contre| valve cover,-ending the engine brake
cycle,

il

Fig. 123

Brake Housings and Rocker Groups

In
1.

spection
Before inspecting the brake housings and rocker

groups, remove over-engine equipment such as
air intake and turbocharger crossover pipes, plus

4. In Models 53/71/92 series, Models 59/903,
336 and Model 404, check all oil connector
screws and seals to ensure that oil is being
transferred to the adjacent housings and
screws are not loose or broken,

b.  Inspect the nylock plugs on housing ends
where applicable to make sure none are
leaking,

€ Assolenoid cap is depressed, check master
piston assemblies to ensure that no binding
occurs and all drop from their respective
bores evenly and immediately.

NOTE:
In some cases, idle oil pressure is not adequate to

operate the engine brake (see Fig 1.2.5 for oil pres-
sure requirements),

if this condition exists, raise the RPMs by using the

thrattle, Release the throttle and then manually

depress the solenoid.

d. Look for any cracks in the engine brake
housings.

e. Look for leaks from the solenoid upper seal
area,

2. Release solencid cap and check for:

a. Immediate shut off. Check the condition of
oil exhausted from the contro! valve cover. If
exhausted oil has bubbles or is foamy in
appearance, air is present in the system.
Repeat this procedure several times, if aera-
tion continues, the source of aeration must
be determined before continuing with diag-

the valve mechanism upper covers. With the
valve covers removed, start the engine and lat
the engine warm up to operating temperature,

Manually depress the solenoid cap and make the

following checks

Wear eye protection and do not expose your face
over engine area. Take precautions to prevent oil
leakage down on the engine.

Whenever engine is running and valve covers are
remoaved, oil splashing in the engine brake area
<could cause personal injury.

nostic procedures. Aeration causes a spongy
brake because of reduced piston travel,

b. Quick and complete master piston retrac-
tion,

Engine Brake Housing Oil Pressure

To properly troubleshoot the engine brake, the
mechanic must know the supply oif pressure reading

. to the engine brake housing. The mechanic must

understand that the oil pressure reading on the
instrument panel gauge is not the same as at the
engine brake housings.

1.2.2

HYDRAULIC/MECHANICAL




Insufficient oil pressure to compress the control valve
return spring or to cause deflection of the master
piston return spring will prevent the brake from
working. Partial or incomplete compression and
deflection of these springs from marginal oil pressure
supply will produce marginal, if any, brake perfor-
mance.
NOTE:
When making oil pressure checks an Jacobs Modals
401,404 and 760 (not 760A or 765), it is necessary
to start at idle speed and then gradually increase
RPMs. The one way check valve in the housing en-
trance prevents the total escape of engine oil. Jf full
RPM oil pressure is taken first, that pressure is ac-
curate. However, when the RPMs are lowered, there
is enough entrapped oil to give an artificially higher
reading. To correct this condition, loosen the sole-
noid adapters and allow the pressure to bleed
down, then retighten the adapter and record the
pressure. Shut down the engine before loosening
the solenoid.

If oil pressure is insufficient for engine brake opera-
tion, the engine should be examined by an autho-
rized facility. Oil may be leaking past cam bearings,
rocker bushings, or other oil-pressure-fed engine
bearings, if wom. This can produce insufficient oil
supply to operate engine brakes. Brakes could oper-
ate an higher RPM levels, but fade out at lower RPM
levels.

On some of today’s new diese! engines which oper-
ate at lower average regulated oil pressures, oil pres-
sure values below 1000 RPM are not of great con-
cem. Below this engine speed, the engine brake is
least efficient. The old standard that the engine brake
should stall the engine at idle as a troubleshooting
technique is now outdated.

High oil pressure or “over pressure” can also cause
poor braking by forcing the control valves to shut off
the engine brake units. This can occur on models
that have the control vaive double spring over-pres-
sure system. The double spring system allows the
control valve to shut off the engine brake before oil
pressure reaches a level which can cause the slave
piston to jack.

See Fig. 1.2.5 for spedific oil pressure requirements
for the control valve springs used in the brake model
you are working on.

8
!
. j
Fig. 1.2.4
Oil Pressure Test Kit, P/N 018280
fll. No. Part Name
i Pressure Gauge
2 Body, Control Valve - Pressure Test
3 Solenoid Valve - Pressure Test
4 Adaptor - Pressure Test
5 Solenoid Seal Ring
6 Solenoid Seal Ring
7 Solenoid Seal Ring
8 Control Valve Cover Removal Teol
NI Tool Box
NI Instructions - Pressure Test
NI Chart, Oil Pressure

The tools in this kit can be used to determine engine
oil pressute available for operation of any model
Jacobs engine brake. Complete instructions are
contained in the kit

To prevent personal injury, wear safety glasses and
use caution when working on an engine. When
engine is running, cover open areas with towels to
reduce cii spray.

HYDRAULIC/MECHANICAL
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Preliminary Checks
1. Before starting engine, check the following:

a. Oil fevel on dipstick. Overfull or underfull
condition in crankcase will cause aeration in
the engine brake hydraulic system,

If oil level is questionable, refer to
manufacturer’s charts for correct dipstick
calibration. Re-calibrate if necessary.

b.  Condition of engine lubricating oil for pres-
ence of fuel or water or both. This indicates
engine prablems and must be cormrected.

2. Check engine brake slave piston setting and
engine valve injector settings. See applicable
installation and service literature.

3. Weak, intermittent or no engine braking may be
due to electrical, avdraulic or mechanical prob-
lemns. Prior to using the test kit, check all eiectri-
cal components, switches, wising and slave
piston adjustments.

Control Valve Component Inspecﬁon

Remove control valve covers carefully. Control valve
cavers are under load from the control valve
Springs. Remove with care to avoid personal injury.

1. it any of the above problems are found, inspect
the control valve components of the question-
able cylinder for the following:

a. Broken control valve springs.

b. Smooth movement of the control valve in its
bore.

¢ Spring tension and check ball seating in the
base of the controi valve body,

2. Apply pressure to the control valve cover and
slowly remove the hex head capscrew or snap
ring. Slowly raise the cover until all spring pres-
sure is relieved.

3. Remove the control valve springs and other
components, if applicable.

4. Using needle-nose pliers or fingertips, reach into
the bore and grasp the stem of the control valve.
Pull the vaive straight up and out of its bore. If
binding oceurs, clean or replace i necessary.

SNGLE SFRING DOUELE SPeameG.
é 1 I e T
d
& =
courROL—?——‘%
VALYE
Fig. 1.25 fig- 127
NOTE: Current Production
Components used with the control valves in various '
engine brake models may differ (see Fig. 1.2.5), Be
sure all parts are reinstalled in the same order as
removed. Refer to installation manuals for specific
models in question. :
Early Production P/N 001200 P/N 011930
-lgﬁi - ' ..l:‘; I.-
P/N 001521 P/N 011283 P/N 018434
Fig. 126 Fig. 1.2.8

1.2.4

HYDRAULIC/MECHANICAL




Engine Brake Oil Pressure Requirements

[\cauTion

D¢ not intermix spring combinations.

| Current Production Engine Brake Models

Control Control Valve Full Flow Over Pressure
Madel Valve Springs Ps! Psl
317B/C 018434 018179/011253 18-50 75
C336 011930 007500/010843 16-80 a5
346D 011930 071435/011434 16-78 100
349/A 011930 011823/011434 20-87 95
404BG 011283 011823/011253 20-53 75
404D 011283 007500/011253 25-56 78
425A 011930 007500/001519 22-53 65
430 011930 007500/010843 16-80 95
440/445 011930 007500/011253 25-65 70
680A 011930 003109/010843 35-90 10
6308 011930 011823/010843 25-85 a0
71/92A 011930 007500/011434 15-77 ) 85
760A/765 011930 001518/001519 25-56 78
122 011930 011823/010843 2085 " 100
Past Product Engine Brake Models
C317A 011283 001518/011253 25-56 78
346 001200 001518 25+ N/A
C346B/C 011930 011435/011434 16-78 100
20 001200 001012 20-58 N/A
30/25B 001521* 001518/001519 25-56 78
20E 011283 007500/001519 15-54 €6
59/59A 001521 003109/003110 35.78 92
598 001521 003109/010843 35-104 Ho
903 001200 001518 25+ N/A
K200 001200 003410 6+ ' N/A
K1150 001200 006536 16+ N/A
K1200 001521 007500/001519 15-54 66
400,400H 011283 007500/001519 15-54 66
401A/8B/C 007505* 007500/011253 15-46 65
404/404B 011283 011823/011253 20-53 75
404C 011283 007500/011253 25-56 78
4257420 011930 007500/001519 22-53% 65
675 001200 001518 25+ N/A
675A 011930 011435/011434 16 - 78 100
53A 011930 001012/001519 22-53 65
760 011930 001518/001519 25-56 78
*  The Jacobs control valve, P/N 007505, has been superseded by F/N 011283, The Jacobs

control valve, P/N 001521, has been superseded by P/N 011930,

Fig. 1.29
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1.3 General Problem Analysis

Tools and Parts Available for

Servicing and Maintaining Jacobs Engine Brakes

Tool Box

Tool Box for All Models: P/N 017469

Toal Boxes for Engine Familjes:
Caterpillar: P/N 017465
Cummins: P/N 017468
Detroit Diesel: P/N 017466
Mack: P/N 017467

Tool Box only: P/N 017471

Oil Pressure Test Kit

Use for all Jake Brake models to troubleshoot weak
and/or no engine brake conditions.

Check engine oil supply pressure at the engine brake
sclenoid valve and the control valve.

Pressure gauge, three adaptors, seals and control
valve cover release tool packaged in a sturdy case.

Includes laminated chart with specifications for all
past and current models.

Tune-up Kits
Genuine Jacobs replacement parts.

Everything needed for a complete tune-up in one
convenient package.

Complete step-by-step instructions.

All parts include the latest Jacobs design improve-
ments,

All parts backed by full Jacobs replacement parts
warranty. '

S

- . "
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Problem: Engine fails to start

Probable Cause: Solenoid valve stuck in “on”
position.

Correction: Ensure that electrical current is off to
engine brakes. If solenoid valve remains “on” (cap
down) with current off, replace solenoid valve.

Problem: Engine brake will not
operate
Probable Cause: Blown fuse, open electrical leads.

Correction: Look for short circuit in wiring. Replace
any broken, brittle of chafed wires. Check solenoid
tab for signs of shorting; replace if necessary. Replace
fuse (10 amp).

Probable Cause: On/off switch, clutch switch,
throttle switch or multi-position switch out of
adjustment or defective.

Cormrection: Use a volt/ohm meter to make certain
that there is electrical current available at both termi-
nals of each switch. Readjust if needed or replace if
voltage will not pass through switch. :

Do not touch electrical connection when system is
energized.

Probable Cause: Incorrect electrical power source. -

Correction: Power supply must be a minimum of 12
VDC Recommended power source if from the key
switch “on” position. Ensure that power is not taken
from a source with an additional on/off switch, i.e.,
light switch. Make sure wiring is in accordance with
Jacobs installation manual for brake model.

Probable Cause: Low engine oil pressure.

Correction: Determine oil pressure at engine brakes
using procedures given in this manual (see Section
1.2 for oil pressure requirements). if oil pressure js
below specifications, engine should be repaired in
accordance with manufacturers’ procedures,

Problem: Engine brake activates -
with switches open (off)

Probable Cause: Center solenoid vaive seal ring
damaged.

Correction: Remove solenoid. Replace all seal rings.
Probable Cause: Engine brake improperly wired.

Correction: Check wiring in accordance with Jacobs
wiring diagrams.

Problem: Engine brake slow to
operate or weak in effect

Probable Cause: Lube oil cold and thick.

Correction: Allow engine to warm before operating
brakes.

Probable Cause: Improper slave piston adjust-
ment or slave piston binding in bore.

Corvection: Readjust in accordance with Jacobs

procedures for model brake in question. Ensure that

slave piston responds smoothly to the adjusting

screw by loosening jam nut and screwing the screw

through its full travel for full slave piston motion. i
Make sure piston travels full range without binding

or sticking.

Remove slave piston carefully when disassembly is
necessary. Use either an arbor press or “C” damp.
Slave piston springs are under heavy compression,
Probable Cause: Lower solenoid seal damaged,
allowing oil to exit housing.
Correction: Remove solenoid vaive and replace all
seal rings.
Probable Cause: Solenoid screen clogged, stop-
ping supply of oil to brake.
Correction: Remove solenoid valve and clean or
replace screen.

1.3.2
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Problem: Enginebrake slow to
operate or weak in effect (cont.)

Probable Cause: Master piston not moving in
bore.

Correction: Inspect master piston and bore for scor-
ing or burrs. If any present, clean surface with crocus
cloth. If unable to remove burrs, replace piston or
housing. Inspect lube oil for signs of contaminants. If
any are present, replace oil and filters and correct
cause of contamination.

Probable Cause: Control valves binding in housing
bore.

Correction: Remove control valve, If body is scored,
replace control valve. Check for contaminants in lube
oil. Clean housing and control valve, If binding con-
tinues, replace housing.

Probable Cause: Control valve defective.

Correction: Remove cantrol vaive. Make sure check
ball is seated in bore and can be moved off seat.
Make sure there is spring pressure against ball, Flush
in cleaning solvent. Replace if necessary.

Probable Cause: Switch operation sluggish. Check
dash switches, clutch switch, throttle switch.

Correction: Readjust or replace switch. Check throttle
or clutch retum springs for proper operation. On 71/
92A, ensure engine is going to “no fuel” position and
governor riser bearing is allowing free govemnor op-
eration,

Probable Cause: Solenoid valve operation ematic
Correction: Check solenoid valve using electrical
specifications explained in this manual or, with key
on, brake switches on, and engine off, activate sole-
noid electrically. Ensure solenoid cap depresses

Do not touch electrical connection when system is
energized.
Probable Cause: Engine brake housing plugs leak-
ing.
Correction: Check plugs for signs of leaks. I leaks are
present, remove plug, clean threads and install at
100 Ibin. (11 Nm) torque. Use Jacobs plugs.

Probable Cause: Outer control valve spring bro-
ken, or engine oil pressure extremely high (see
Section 1.2).

Correction: Outer control valve spring broken, allow-
ing control valve to over-index. Problem is engine
lube system. Consult appropriate engine repair
manual for causes of high lube oil pressure.

Problem: Oil pressure dropping
below minimum required for engine
brake operation

Probable Cause: Upper solenoid seal ring dam-
aged.

Correction: Remove solenoid. Inspect seal ring and
replace all seal rings.

Probable Cause: Damaged oil supply seals under
or between housings.

Correction: Remove housing and replace seals.
Inspect for cracked or broken oil connectors, replace
seals.

Probable Cause: Aeration of lubricating oil.

Correction: Check for aeration of the oil. Activate,
then deactivate engine brake. Watch escape oil com-
ing from contro! valve cover. If oil has bubbles or if
foamy, air is present in system, Aeration can be
caused by an overfull or underfull crankcase, crack in
oil pickup tube or leaks in oil suction tube or hose.
Correct in accordance with manufacturer’s proce-
dures.

Probable Cause: Lubricating oif being diluted by
fuel oil.

Correction: Have an oil analysis of lube oil to deter-
mine if fuel is present. Correct per engine
manufacturer’s procedures.

Probable Cause: Low engine oil level.

Correction; Consult engine manual for specifications.
Add oil or re-calibrate dipstick as required.

Probable Cause: Worn engine racker lever bush-
ings.

Comrection: Replace bushings in accordance with
engine manufacturer's procedures.

Probable Cause: Oil leaking from around cylinder
head.

Cotrection: Repair causes of leaks.

GENERAL PROBLEM ANALYSIS
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Probable Cause: Restrictions in the oil passages
leading to engine biake. - _

Correction: inspect all the passageways, remove any
itemns restricting oil flow,

Probable Cause: Models 401, 404 and 760 only
(not 760A or 765). Check ball valve assembled
inversely or more thar one spring is used.

Correction: Remove check ball valve, Check number
of springs used. Reassemble, using one spring, the
following order. First insert spring. Then, replace ball,
washer and retaining ring.

Problem: One or more cylinders fail
to stop braking or engine stalls.
Probable Cause: Control valve inner spring bro-
ken.

Correction: Replace inner spring.

Probable Cause: One or more control valves stuck
in “on” or up position.

Correction: Check control valves for binding. Remove

and clean or replace if necessary. Inspect lube oil for
“contaminates,

Probable Cause: Solenoid valve sticking in “on”
position.

Correction: If solenoid valve cap remains down with
no electric current being supplied, replace solenoid
valve.

Probable Cause: Center solenoid seal ring dam-
aged. Allows oil to enter brake with solenoid valve
closed.

Correction: Remove solenoid and replace all seal
rings.
Probable Cause: Solenoid valve exhaust plugged.

Correction: Remove any restrictions at exhaust (bot-
tom) of solenoid vaive.

Probable Cause: Clutch switch or throttle switch
stuck in “on” position or out of adjustment.

Correction: Check for proper operation. Readjust or
replace as needed.

Problem: Engine misses or loses
power.
Probable Cause: Stave piston adjustment too tight

Correction: Readjust slave piston clearance in accor-
dance with appropriate Jacobs installation manual.

Probable Cause: Insufficient dearance between
exhaust crosshead and underside of exhaust
tocker lever (Cummins engine applications only).

Correction: Pass a 0.020-inch wire gauge between
back section of ¢rosshead and underside of rocker
lever. If 0.020-inch clearance cannot be obtained,
change crosshead with another cylinder and re-
measure. !f clearance still cannot be obtained, check
for bent crosshead guide pin or enlarged rocker
lever. Replace as required.

Probable Cause: Auto-Lash® plunger in full ex-
tended position (Cummins engine applications
only).

Correction: Check for aver-torque of locknut. Re-

torque to 25 Ibft maximum. if condition continues,
replace Auto-Lash.

Problem: Sudden drap in engine
lube oil pressure,

Probable Cause: Qil inlet supply sea missing or
damaged.

Correction: Replace seal.

Probable Cause: Upper solenoid valve seal miss-
ing or damaged.

Correction: Rernove solenoid and replace upper seal
fing.

Probable Cause: Models 71/92 and 534, rapid
dilution of lube oil caused by loose or cracked
fuel pipes.

Correction: Inspect fuel pipes for proper torque (10
Ibft) or eracks at flare ends. Start engine. Pressure
check heads for signs of more pipe leakage. Replace
any showing signs of leakage.

Probable Cause: External oil supply hoses or fit-
tings cracked and leaking.

Correction: Inspect all hoses and fittings for tight-
ness, chafes or cuts. Replace or repair as necessary.
Probable Cause: Oil connectors between housings
(where applicable) broken or leaking.

Correction: inspect all oil connectors for cracks and
broken or loose screws. Look for missing seals and
seals that are brittle split or damaged. Replace as
required.

1.3.4
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1.4 Engine Brakes for Cummins Engines
Two-valve Design

. Fig. 1.4.1
Current Production Models

Mode! $30/440A Model 430 Mode! 425A
91 N14 STC and N14 CELECT 88/89 NT All NT 855 cu. in. except 88/89 NT
Fig. 1.42
Former engine brake models for Cummins NT-855 cu. in. engine applications:
25 258 30 I0E
30 SN (Spray Nozzle) 400 400H

The former Models 401A/B/C single-valve design were also used for Cummins 855 CID engines (see
Page 1.4.3). i

For proper application information, refer to Jacabs Distributor or Jacobs Field Representative.
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Special Features

Auto-Lash?®: Used in Jacobs Engine Brakes for
.Cummins Engines with two-valve operation only.

The Auto-Lash adjusting screws are designed to
provide optimum exhaust valve opening during
engine brake operation. Each engine brake model
uses a different Auto-Lash; the distinguishing feature
is the amount of piunger protrusion. The plunger
protrusion amount is directly related to engine brake
timing advancement.

ACAU‘HON

Auto-Lashes cannot be intermixed.

PLUNGER
PROTRUSION

P

AUTO-LASH
ASSEMBLY

Fig. 1.4.3
Part Number Identification & Matrix

Refer to specific engine brake mode! parts manual
for proper Auto-Lash.
Operation (example only)

Engine brake in “OFF” mode. Static setting of 0.018”
clearance for normal engine operation,

HIGH PRESSURE

" OIL PASSAGE
SLAVE PISTON )
\ AUTO-LASH
i PLUNGER
0.018" CLEARANCE RETRACTED
CROSSHEAD’Eu\D_

Fig. 1.4.4

Engine brake in “OPERATING” mode. Clearance of
0.009" fer more valve opening.

13
b .
Z4~HIGH PRESSURE
AUTO-LASH OlL PASSAGE
PLUNGER
EXTENDED //
4
s 2
0.009" CLEARANCE — &
—
Fig. 1.4.5
Engine brake in “OPERATING” mode.
AUTO-LASH
PLUNGER EXTENDED
(M HIGH PRESSURE
( 1 ~—OlL PASSAGE

.
] —f——SI AVE PISTON

ﬁ FULLY DOWN

Fig. 1.46

During engine brake operation, the spring inside the
Auto-Lash assembly moves the plunger out to its
lowest position. Oil under pressure enters the Auto-
Lash body through the hole in the plunger and
“locks” the plunger in its extended position. This
reduces the slave piston clearance from 0.018” to
0.009" (Model 400 Auto-Lash exampie) for most
effective engine brake operation for this engine/
engine brake model.

When the engine brake is shut off, the oil bleeds off
and the plunger retracts from the force of the slave
piston spring. The slave piston clearance returns to
0.018" for normal engine operation.
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Slave Piston Configuration
. !

I
1
1
]
v

|
E
|
i
.f
!
!
!
1

i
i
!
!
i

*Domed **Elat
Models Models
30E to 400 25,258, 30

425A to 430
440 to 440A
Fig. 1.4.7

Short Slave Piston Part Numbers for
Reworked Cylinder Heads and Exhaust Valves

440/
Domed* Flat** 425A 430  440A

Stand. 007623 001484 014864 014864 017409
Short 007696 001486 017078 017078 017728

Short slave pistons may be required where cylinder
heads and exhaust valves have been reworked. Valve
stems may protrude too high above cylinder head to
allow for sufficient slave piston-to-crosshead clear-
ance

Single-valve Design

Models 401A, 401B and 401C

Fig. 1.4.8

Some early model engine brakes for 855 CID engines used a single-valve operating system. Only one exhaust
valve per cylinder is opened during engine braking. The two-valve operation opens two exhaust valves.
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Models 404, 404B, 404BG, 404C and 404D

Fig. 1.49

The major difference between the brake models is
the diameter of the master piston. Neither the master
pistons nor the housings are interchangeable.

_ Master Piston
Model Diameter
401A 0.938 inch
401B 0.875 inch
401C 1.000 inch
404 0.875 inch
404B 0.875 inch
404BG Q.875 inch
404C 0.6875 inch
404D 0.6875 inch
Special Features
Guideless Crossheads

Ali 91110 and later engines use guideless qossheads
(Fig. 1.4.10).

Fig. 1.4.10

A. Jacobs retained actuator pin
B. Jacobs guideless crosshead assembly

Acaurion

Do nat disassemble the actuator pin from the

Jacobs crosshead. The assembly is made up of

matched parts and must not be field serviced.
Lubricate the actuator pins and valve stems with
engine oil and install the Jacobs crossheads over the
exhaust valves. Locate the actuator pins on the ex-
haust valves closest to the rocker shaft.

The crosshead should move freely from side to side,
pivoting on the side without the actuator pin. No
adjustment is required with guideless crossheads.

1.4.4
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Crosshead Screw-and Pin Assembly

The crosshead pin assembly is a key component in
the single-valve system. The pin assembly allows for
only one valve to be opened by the engine brake
slave piston. It allows for the re-use of the Cummins
exhaust crosshead; simplifying installation. The pin
assembly replaces the Cummins crosshead adjusting
screw and nut and can be adjusted using Cummins
procedures. The pin assembly requires nc specific
maintenance.

C1T

]
a0 H L ProTON STEW

ADIUSTING SCREW p— scruameen
MOST EXTREME

im

™ crossreap
OEE

Fig. 1.4.11

Check Ball Valve: Used in Models 401 and 404

Fig. 1.4.12

oo*

Fig. 1.4.13

The check ball mechanism in the single-valve engine
brake is used to prevent the high-pressure oil that is
passing through the slave piston drillings from leav-
ing the engine brake housing. If the cil did escape
from the housing the nomnal engine oif supply
would be insufficient to make up the loss of il and
the engine brake performance would be greatly
reduced,

During reassembly, pay spedial attention to the
proper sequence of reinstalled parts and make sure
that the proper parts are used.

ENGINE BRAKES FOR CUMMINS ENGINES
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Reset Mechanism: Used in Models 401 and 204

Reset Design

N

Fig. 1.414

The purpose of the reset mechanism is (1) to allow
the opening of a single exhaust valve during engine
brake operation; and (2) after the energy is released
from the cylinder, to close the exhaust valve that was
open before the normal exhaust rocker motion be-
gins. This prevent excessive side loading on the
engine’s crosshead guide pin.

ADJUSTING
SCREW

SOTUNG ¢ o 0O
S 8
PLUNGER o
o Jo
g o
SPRING #2 o
Q

o)

SLAVE PISTONg - *
Fig. 1.4.15

The main components are the screw body, the
plunger and two springs. Spring #1, on top of the
plunger, holds the plunger lightly against the slave
piston upper hold, preventing the oil from flowing
out too early in the engine brake cycle. Spring #2
Pops the plunger off the slave piston when the reset
mechanism activates. This uncovers the upper slave
piston hole and aliows the oil to flow to the bottomn
of the control valve bore,

1.46
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Reset Operation -

Initially, the top spring holds the reset plunger
against the slave piston and covers a hole in the top
of the slave piston. When the engine brake is acti-
vated and engine oil pressure moves the master
piston down against the injector adjusting screw, the
rocker upward motion starts building high hydraulic
pressure in the engine brake high-pressure circuit.
The slave piston moves down against the Jacobs
crosshead pin assembly and the engine exhaust
valve stemn. The oit in the housing high-pressure
circuit build pressure rapidly, producing the force
reguired to open the exhaust vaive,

Since the area above the reset plunger is greater
than the area under it, the plunger is forced down
with the slave piston, keeping the top hole sealed.

As the slave piston moves down on the exhaust
valve stem, the reset plunger follows the slave piston
and compresses Spring #2. At this time, the high oil
pressure above the reset plunger is greater than
pressure from Spring #2, and the plunger continues
following the slave piston.

When the exhaust valve is opened and the com-
pressed air leaves the cylinder, the high pressure in
the housing drops rapidly. When the oil pressure
drops below the force of Spring #2, the spring forces
the plunger back into the screw body and the hole in
the top of the slave piston is uncovered. The oil
passes through the hole in the top of the slave pis-
ton, out through the crosshole and into the passage
to the bottom of the control valve bore, Since this oil
is still at a relatively high pressure, it moves the con-
trol valve upward. This reduces the pressure to nearly
that of how-pressure supply oil.

With oil pressure reduced, the slave piston springs
return the slave piston to the start position and the
engine exhaust valve closes. The engine valve is
closed before nommal engine exhaust motion begins.
The engine exhaust rocker pushes against the cross-
head with both exhaust valves opening together.

The engine brake is now ready for another cycle.

1
i
|
© RESET PLUNGER JUST POSPED BAC |

My Pressice Deopong Rassety) l
!

B EXHAUST VALVE BEING CRACKED OPEN
(g Hygrauis Presare)

LYY

LY. Y3

L

CO0 OO

i

¢o0000

3

Z
7

‘

Fig. 1.4.16

Short Slave Piston Part Numbers for
Rewaorked Cylinder Heads and Exhaust Valves

404 -
401 404/BG/C/D 404BG
Standard 009439 016774 011377
Short 012397 017260 012419

Short slave pistons may be required where cylinder
heads and exhaust valves have been reworked. Valve
stems may protrude too high above cylinder head to
allow for sufficient clearance between slave piston -
and crosshead screw and pin assembly.

ENGINE BRAKES FOR CUMMINS ENGINES

147




NOTES

148

ENGINE BRAKES FOR CUMMINS ENGINES



1.5 Engine Brakes for Caterpillar Engines

SLAVE PISION

Fig. 1.5.1

Caterpillar 3406/B/C Engines

Master-Slave Circuit Relationship
Listed in Engine Firing Order

Location of Location of

Master Piston Slave Piston
Actuates

No. 1 Pushrod No. 3 Exhaust Valve
No. 5 Pushrod No. 6 Exhaust Valve
No. 3 Pushrod No. 2 Exhaust Valve
No, 6 Pushrod . No. 4 Exhaust Valve
No. 2 Pushrod No. 1 Exhaust Valve
No. 4 Pushrod No. 5 Exhaust Valve

ENGINE BRAKES FOR CATERPILLAR ENGINES
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Special Features
Exhaust Rocker Adjusting Screw

11

CAT C-348A C-346B/C/D

Fig. 152

The large headed screws can be used with C-346A
and C-346 housings. If large-headed screws are used
on C-346A and C-346 housings, Model C-346B8/C/D
master piston retumn springs must also be used. See
parts manual for part numbers.

Slave Piston Adjusting Screw

B |

The piston used in the early production C-346B also
has a 0.025-inch (0.64 mm) diameter bleed hole
located to the side of the center hole.

The Model C-346A uses a solid adjusting screw and
a solid slave piston (ro hole through the top).
NOTE:

iT IS RECOMMENDED THAT C-346A HOUSING BE

CONVERTED TO INCLUDE NEW ADJUSTING SCREWS

AND SLAVE PISTONS, THESE PARTS ARE ONES CUR-
" RENTLY USED IN C-336D HOUSINGS.

Meaunon

SOLID ADJUSTING SCREWS MUST NOT BE USED IN
MODEL C-346, C-346B, 346C AND 346D HOUSINGS
BECAUSE THE HOLE IN THE TOP OF THE SLAVE PIS-
TON WILL NOT BE SEALED AND ENGINE BRAKING
WILL BE LOST. EXCESS OIL WILL BE SPILLED IN THE
OVERNEAD.

Meavrion

DO NOT READIUST OR TAMPER WITH THE ADIUST-
ING SCREW ASSEMBLY. ENGINE DAMAGE COULD
RESULT.

NOTE:

"FOR C-3458 APPLICATIONS, A "B+ UPGRADE KIT"
CAN BE INSTALLED TO IMPROVE RETARDING PER-
FORMANCE SEE A JACOBS DISTRIBUTOR OR
DEALER FOR DETAILS,

346 C-346A C346B
C346B (late) (earty)
C-346C
C-346D
Fig. 1.5.3

The Models C-346B and C-346 use an adjusting
screw with a spring loaded valve at the slave piston
end. Note that the adjusting screws are different and
have different part numbers and are not interchange-
able. The adjusting screw valve seals the center hole
in the slave piston during engine brake operation.

Fig. 1.54
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Model 349A Engine Brake

|
|
|
|

Fig. 1.5.5

The Model 349A Jake Brake Engine Retarder is de-
signed and approved for use on Caterpillar 34068
ATAAC (Air-to-Air After-cooled) engines with PEEC or
mechanical fuel controls. The Model 349A replaces
the former Model 349,

NOTE:"

THE MODEL 349A IS NOT TO 8E INSTALLED ON
3406B ENGINES WITH SERIAL NUMBERS LOWER
THAN 7FB39279 OR ANY 3406 ENGINES WITH THE
92U SERIAL NUMBER PREFIX.

#

Model 339A Operating Schematic

e e Y T T D N TP YT
’

F
”
H
H
H
1

T T T T

CYUNDER Neo. 3 (Typical)

Fig. 1.5.6
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Master-Slave Cir_cu'rt Re|aﬁonship 5. The magter p_iston moves upw.ard and at the
Listed in Engin e Fil'ilig Order appropriate time, opens the trigger valve,

6. High pressure oil flows from the delay piston

Location of Location of . ;
Master Piston Slave Piston through the trigger valve to the slave piston.
- 7. The slave piston moves down, contacts the
Actuates exhaust valve bridge and opens the exhaust
vaives releasing compressed cylinder air to the
No. 1 Pushrod No. 3 Exhaust Valve exhaust manifold.
No. 5 Pushrod No. 6 Exhaust Valve
‘ 8. Compressed air escapes to atmosphere,
No. 3 Pushrod No. 2 Exhaust Valve completing a compression braking cycle.
No. 6 Pushrod No. 4 Exhaust Valve .
No. 2 Pushrod No. 1 Exhaust Valve Slave Piston Adjustment
No. 4 Pushrod No. 5 Exhaust Valve For correct slave piston adjustment procedures and
settings, refer to specific installation manual and
Exhaust Blowdown current service publications.
The braking cycle is accomplished by utilizing the Trigger Valve Adjustment
pushrod motion of an exhaust valve of another NOTE:
cylinder during its normal exhaust cycle. Referring to REMOVE TRIGGER CAPS AND SPRINGS FROM ALt
the chart above, Cylinder No. 1 exhaust pushrod CYLINDERS BEFORE ADJUSTING TRIGGER.
opens the exhaust valves of Cylinder No. 3 in this Trigger valve travel adjustment is set according to the
sequence: settirigs shown in the following chart: -
1. The energized solenoid valve permits engine Trigger Adjustment (inches)
lube oil to flow under pressure through the : Post 1990
control valve to both the master piston and the Cylinder  Pre-1991 1991and later
slave piston, No. Model Year 400 HP  All Others
2. Qil pressure causes the master piston to move ! 0.100 0.130 0.100
down, coming to rest on the corresponding 2,3,45,6 0.100 0.095 0.100
exhaust rocker amm adjusting screw. See the All adjustments are + 0.003 inch
accompanying chart for master/slave operation
relationship.
_ Acauron
3. The exhaust rocker pushrod begins upward CYLINDER NO. 1 TRIGGER VALVE SETTING ON 1981
travel (as in normal exhaust cycle} forcing the MODEL YEAR ENGINES WITH 400 HP IS DIFFERENT
master piston upward and creating a high THAN FOR THE OTHER CYLINDERS ON THAT EN-
pressure oil flow to the delay piston. GINE.
NOTE:
4. The delay-pistop moves and compresses the TRIGGER VALVE ADJUSTMENT AS WELL AS SLAVE
plenum oil to high pressure, The delay piston PISTON ADJUSTMENT MUST BE MADE ANY TIME
and plenum act as a high pressure “spring” to THE BRAKE HOUSINGS ARE REMOVED AND RE-
PLACED. -

activate the slave piston at the appropriate time.

After the valves and slave pistons are adjusted on all
cylinders, the trigger valves should be adjusted using
the trigger adjusting group shown in Fig. 1.5.7.
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' A\ cauTion

MAKE THIS ADJUSTMENT CAREFULLY AND ACCU-
RATELY TO ASSURE MAXIMUM ENGINE BRAKE PER-
FORMANCE AND TO PREVENT POSSIBLE ENGINE
DAMAGE. THE JACOBS TRIGGER ADJUSTMENT
GROUP IS REQUIRED FOR THIS ADJUSTMENT.

Fig. 1.59

Indicator extension will contact the trigger valve
and push the master piston down slightly (see
Fig.1.5.10).

NOTE:.
THE MASTER PISTON MUST NOT COME IN CONTACT
WITH THE EXHAUST ROCKER ADJUSTING SCREW AT
Fig. 157 THIS TIME.

1. Remove trigger caps and springs from ALL ¢ylin-
ders before adjusting the trigger. Do not remove
trigger valve (see Fig. 1.5.8).

The first trigger adjustment should be made on
the cylinder last adjusted for slave piston lash.

Fig. 1.5.10

3. Set the indicator to zero.

4. Rotate the engine crankshaft stowly in the direc-
tion of rotation. The exhaust rocker adjusting
screw will contact the master piston and the dial

Fig. 1.5.8 indicator needle will begin to move. Record the
the dial ind bly maximum travel of the indicator.
2. Install the dial indicator assembly into the trigger . .
. Travel must be set according to Trigger
valve bore (see Fig.1.5.9). Hand tighten, metal to Adj ent Chart on page 1.5.4.

metal cantact only.
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5. Use the following procedure to adjust the trigger C. Push down on the hex key wrench. This unlocks
travel, The indicator travel must be within +0.003 the adjusting screw from the hex pin (see Figs.
inch of specific trigger adjustment as shown in 1.5.13 and 1.5.14).
the chart on page 1.5.4.

If necessary to further adjust trigger travel:

A.  Remove the dial indicator/adapter assembly and
insert a long 5/32-inch hex key wrench through
the trigger vaive bore and into the master piston
assembly (see Fig.1.5.11).

/1_AdJusting
Scrow

—Hex Pin
’-Spﬂng

Fig. 1.5.13

B. Insert the Jacobs master piston holding wedge
between the master piston and exhaust rocker
adjusting screw. Push the wedge in until the
master piston bottoms in its bore (see
Fig. 1.5.12). This wiil prevent the master piston
from tuming while the trigger adjustment is
being made.

Fig. 15.14

Fig. 1.5.12
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D. Refer to the original recorded travel found in . Reinstall dial indicator assembly. Re-check travel

Step 4 on previous page and adjust be pressing by rotating engine crankshaft back and forth.
hex key wrench against spring pressure. Maintain Repeat setting procedure, if necessary.
pressure while tuming clockwise to decrease F. Replace trigger spring and cap. Tighten cap to

travel or counterclockwise to increase travel.

Each hex (60 degrees) equals approximately
0.005-inch trigger travel. - G. Continue adjustment of remaining cylinders in

E. Remove hex key wrench. Adjusting screw must the engine firing order. Re-check tarque on afl six
be locked. trigger caps.

35 Ibft. (47 Nm).

NOTE:

SPRING PRESSURE ON THE HEX PIN SHOULD LOCK
THE ADJUSTING SCREW IN POSITION WHEN PRES-
SURE ON THE HEX KEY WRENCH 15 REMOVED. IF
ADJUSTING SCREW IS NOT LOCKED (SCREW CAN
TURN), ROTATE SCREW SLIGHTLY UNTIL HEX PIN
SNAPS INTO ADJUSTING SCREW. SCREW IS NOW
LOCKED IN POSITION.

Models C317, C317A, 317B and 317C Engine Brakes

Fig. 1.5.15
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Power-Lash™

To ensure optimum exhaust valve opening during
engine brake operation, a2 Power-Lash assembly is
incorporated in the slave piston adjusting screw.

A The hole in the slave piston is sealed by a
plunger in the Power-Lash. A spring holds the
plunger extended for the desired travel of the
slave piston (Fig. A).

B. When the desired travel of the slave piston and
exhaust valve opening is achieved, the hole js

uncovered and the high pressure oil escapes to
the area below the control valve (Fig. B).

The control valve moves up, compressing the
stop (large) spring, providing a small volume of
“stored” oil, ready for the next engine brake
cycle. The reduced oil pressure allows the slave
piston to return to its starting position, against
the slave piston screw (Fig. ).

L]

N\

TO CONTROL VALVE = —

T\.-.E
N

N\

A B

Fig. 1.5.16

1.5.8 ENGINE BRAKES FOR CATERPILLAR ENGINES




The Model 317B Jake Brake engine retarder has
been designed and approved for use on 1991 and
pre-1991 model year 3176 Caterpillar engine and
replaces the Models 317 and C317A as the produc-
tion model.

The Model *17C is designed and approved for use
on 1992 model year 3176C Caterpillar engines with
senal numbers 7LG7500 and higher.

Mounting methods for the C317A and 317 hous-
ings are different because of the height difference
shown in Figs. 1.5.17 and 1.5.18, See brake housing
installation section for spedific installation proce-
dures,

Zih

Fig. 1.5.17
T ]
150 |o ' il e
l g *={J

Fig. 1.5.18

Housing Assembly Differences
Models C317/C317A

The clip valve, P/N 014811, and Power-Lash, P/N
018168A, originally used for the C317 and C317A
housings have been superseded by Power-Lash, P/N
018168B. Use only Power-Lash, P/N 0181688, for
replacement parts. Part numbers are located on the
top of the screw body.

Models 317B/317C

The Power-Lash part number for Mode! 3178 is
018168B. The Power-Lash part number for Model
317Cis 018422,

The master piston assembly for 3178 and 317C is
shown in Fig. 1.5.19. Master piston assembly for
Models C317 and C317A is shown in Fig..1.5.20.
Master pistons and housings are not interchange-
able.

Fig. 1.5.19
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NOTE:

TO ADJUST THE INJECTORS AND VALVES, THE
ENGINE BRAKE HOUSINGS MUST BE REMOVED AND
THE ROCKER ASSEMBLY SEGURED WITH CATER-
PILLAR ROCKER PEDESTAL CAPSCREWS OR JACOBS
P/N 014800 CAPSCREW WITH 2-INCH SPACES,
JACOBS P/N 017535. TORQUE TO 70 LBET. {9 Nem),

Fig. 1.5.20 Fig. 1.5.22

Model C317 Only o 1. After injectors and valves have been adjusted,
NOTE: remove the extended studs, or for new instalfa-
: tions, remove the Caterpillar rocker pedestal
THE FOLLOWING SIX STEPS APPLY TO MODEL C317 capscrews.
HOUSINGS ONLY AND NOT TO THE C317A.

Extended stud, P/N 016088, has been replaced by 2. Install the engine brake housing on the rocker

bolt, P/N 014800, It is recommended when servicing pedestals.
or installing the C317 engine brake, the extended 3. Install the Jacobs boit P/N 014800 (2 per hous-
stud, P/N 016088, be replaced by bolt, P/N 014800. ing) into the housing and rocker pedestals.
:Jz_e the following procedure for C317 housing instal- 4. Install the Jacobs balt through the housing into
ation. the spacer on the cylinder head bolt.
3. Tighten bolt at the rocker pedestals to 70 Ibft.
(95 N*m).
6. Tighten the bolt at the head bolt spacer to
G- D 41 Ibft. (55 Nem).
Extendad Stud P/N 016088 (Obsclete) For Models C317A/317B/317¢
@i . Install the mounting stud assemblies in the racker
brackets and torque to 70 Ibft. (95 Nem). Adjust the
injectors and valves per Caterpillar spedfications.
Bok P/N 014800 Adjust the engine brake slave piston clearance with
the valves closed to the dearance shown below:

Fig. 1.5.21 Slave Piston Adjustment

For correct slave piston adjustment procedures and
settings, refer to specific installation manual and
current service publications.
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Model- 6336_ and 336A Engine Brakes

Fig. 1.5.23
The Model C336 Jake Brake Engine Brake is ap- Master-Slave Circuit Relationship
proved for use on Caterpillar 3306B engines with . . . .
serial numbers greater than 6323300 and 3306 Listed in Engine Firing Order
engines with serial numbers greater than 76R6115. Location of Location of
The Madel 336A Jake Brake Engine Brake is ap- Master Piston Slave Piston
proved for use on Caterpillar 3306C engines with
serial number 7RI001 16 or greater only. Actuates
No. 1 Pushfod No. 3 Exhaust Valve
No. 5 Pushrod No. 6 Exhaust Valve
No. 3 Pushrod No. 2 Exhaust Vaive
No. 6 Pushrod No. 4 Exhaust Valve
No. 2 Pushrod No. 1 Exhaust Valve
No. 4 Pushrod No. 5 Exhaust Valve

C336 REARHSG 336 FRONT HSG
§ MASTER PISTON

Mgb M5 Mgd M3 M2 M1
Wf M(wv&w
S'6 S'g sY4 33§.2 S99 4 stave piaTon

Fig 1.5.24
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Exhaust Valve Stem Caps

The valve cap shown in Fig. 1.5.25 is cumently used
for Models C336 and 336A engine brakes. it can be
used as a replacement part, when necessary, for the
former cap used with the Model C336. The valve cap
shown in Fig. 1.5.26 was previously used in the
Model C336 engine brake

Slave Piston Clearance Settings
Model C336 only:

The C336 uses the adjusting gauge shown in
Fig. 1.5.27. See Installation Manual and current ser-
vice publications for slave piston clearance setting.

3
y

U

Fig. 1.5.26

Acaumon

THE VALVE CAP SHOWN IN FIG. 1.5.26 MUST NOT
BE USED IN MODEL 336A ENGINE BRAKES. SERIGUS
ENGINE DAMAGE MAY RESULT.

Fig. 1.5.27

1.5.12
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Model 336A only: - _

Place the Jacobs lash ad]'us'ting- gauge (slave piston
adjustment 0.135 inch), P/N 018989, between the
valve cap and slave piston foot (see Fig. 1.5.28).

/A\caution

8E SURE THAT THE FEELER GAUGE IS FULLY
ENGAGED UNDER BOTH SLAVE PISTON FEET (SEE
FIG. 1.5.29), FAILURE TO PROPERLY USE TOOL MAY
RESULT IN INCORRECT SLAVE LASH WHICH WiLL
LEAD TO POOR PERFORMANCE AND/OR ENGINE/
ENGINE BRAKE DAMAGE.

Turn the adjusting screw, P/N 014351, clockwise
until a slight drag is detected. Hold screw in this
position and tighten locknut to 25 [bft (35 Nem).

The cumrent mounting stud used with Model C336
and 336A housings is P/N 017156 (see Fig. 1.5.30).
Bolt, P/N 016895, and spacer, P/N 012804, was
previously used with the Model C336. P/N 016895
and 012804 are available as senvice parts.

Stud, P/N 016809, formerly used with the Model
C336, has been superseded by stud, P/N 017156.

i

(&)

Fig. 1.5.28

3 O

CORRECT

Fig. 1.5.29

Fig. 1.5.30
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1.6 Engine Brakes for Detroit Diesel Engines

General Application Information

+ 71A/92A (Fig. 1.6.1): Used on all 4, 6, 8, 12 and
16 oylinder engines whether naturally aspirated,
turbocharged, TA or TTA engines

.
2

o
- NN

My,

Fig. 1.6.1

+ 53A (Fig. 1.6.2): Used on the following Detroit
Dieset Engine Models: 3-53, 4-53, 6V-53, 8V-53

Fig. 1.6.2

Adjustment of Engine Brake Slave
Pistons

LARGE PAD AREA SMALL

>

CURRENT EARLY

ROCKER BRACKETS

Fig. 1.63

Acaumon

Follow engine brake adjustment procedures care-
fully to prevent engine damage by piston to valve
contact. Before making slave piston adjustments,
make sure exhaust valves are dosed and injector is
in the delivery position.

Slave Piston Settings Mod. 71/92A

Slave piston dearance must be set according to type
of housing and rocker brackets. See Fig. 1.6.3. Refer
to the following chast:

Slave Piston

Housing/Bracket Type Setting
Rocker Brackets with large pad  0.05% inch
area and 71A/92A engine
brake housings
All other combinations of 0.064 inch
brackets and housings

Mcaumon

Do not use the 0.059 inch setting with the former
Detroit Diese! rocker brackets or with the earlier
Model 71/92 engine brake. Engine or engine brake
failures will result Those applications must con-
tinue to use the 0.064 inch slave piston setting.

ENGINE BRAKES FOR DETROIT DIESEL ENGINES
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Slave Piston Adjustment: Model 53A

The Model 53A slave ;;ision-a'd-justment is done by a
turns method. See the Mode! 53A Installation
Manual for procedures.

Special Features/Procedures
Exhaust Valve Bridges

71A

Fig. 1.6.4

The differences in the profile shape and the distance
between valve stem contact points {for Models 71A
and 92A engine brake bridges can be seenin

Fig. 1.6.4. Models 71A and 92A engine brake kits are
identical except for bridge differences.

DDEC Fue! Pipes

DDEC fuel pipes (Fig. 1.6.5) must be removed prior
to engine brake housing removal, Check fuel pipes
for damage especially at the fitting area and replace
if necessary. Fuel pipes may be reused if in good
condition

Fuel Pipes - Non DDEC Engines

P
’

Fig. 1.6.6

The former flare type fuel pipes (Fig. 1.6.6) are not
reusable. New O-ring style fuel pipes with attaching
parts, must be installed in place of the flare type fuel

pipes. :
Fuel Pipe installation

NOTE:
It is necessary to remove injectors which have been
operated in an engine before replacing filter caps.
Non-DDEC Engines

Replace flate style fuel pipes with O-ring style fuel
pipes. In the following instructions, numbers in
parentheses refer to Fig. 1.6.7 and Fig. 1.6.8,

162

ENGINE BRAKES FOR DETROTT DIESEL ENGINES




Fig. 1.6.8

1. Remove injectors according to instructions in the
DDC engine service manual. Remove fuel connec-
tors from cylinder head.

Install the new connectors (3) with washers (5)
into the cylinder head (2 per oylinder). See

Fig. 1.6.9. Torque the connectors to 40 - 45 Ibft.
(54 - 61 N'm).

. Remove injector filter caps, washers, gaskets/fuel
inlet filters.

. Install the new filter (7) into the inlet port of the
injector, grooved side up. The injector inlet port is
located above the control rack. See Fig. 1.6.10.

Fig. 1.6.10

. Install the new fuel injector caps (4) and gaskets

(6) into the inlet and retum ports of the injector.
Torque the caps to 60 - 70 |bft. (82 - 95 Nem).
Use a deep well socket and torque wrench.

. Install and adjust the fuel injectors according to

instructions in the DDC engine service manual.

. Remove the protective caps from the fuel pipes.

NOTE: )
The O-rings {8) must be installed on the fuel pipes.

. Lubricate the O-rings with dean lube oil and

install the short (inlet) (2) and long (retum) (1)
fuel pipes.

/\caumon

Set the pipe ends into the fittings. Hand tighten the
fuel pipe nuts. Do not bend fuel pipes. See Fig
1.6.11. if the connections do not fit easily into the
fittings or, if there is interference with the engine
brake housing, replace the fuel pipes. Bending the
fuel pipes may result in fuel leakage and severe
engine damage.

ENGINE BRAKES FOR DETROIT DIESEL ENGINES
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9. Torque the fuel pipe nuts to 160 - 200 Ibin, (18 -
23 Nem) using a fue! pipe nut socket and torque
wrench. o

Fast Idle Buffer Switch

This type of switch is installed to retain the fast idle
feature and automatic engine brake operation.

Follow the standard buffer screw plunger and switch
assembly installation.

Fig. 1.6.12

1. Attach the fast idle switch assembiy to the buffer
screw attaching nut.

2. Adjust the switch bracket clamp to line up with
the Detroit Diese! housing-to-blower bolt
(Fig. 1.6.13).

3, Remove the bolt and washer and secure the

switch by placing the mounting bracket between
the washer and boit.

4, Tighten the bolt and clamp.

5. Install the air tube elbow into the inlet plug and
attach the air tube between the elbow and the
fast idle limiting air cylinder on top of the gover-
nor housing.

With the fast idle buffer switch properly installed, the

engine brake will operate only during deceleration

and will autoratically shut off when fast idle activa-
tion occurs.

Fig. 1.6.13

Oil Connectors

Poor performance problems may be caused by
improperly installed or broken oil connectors. Pay
particular attention to this area during troubleshcot-

ing.

Fig. 1.6.14

1. Reposition the seal ring in the head of the oil
connector to make sure it fits into the recessed
hex head of the connector screw (Fig. 1.6.14).

2. Screw out the oil connector until metal-to-metal
contact is made with the adjacent housing.

3. Then, back off one-third of a tum, or two flats of
the hex Backing off is necessary to provide for
movement of rocker and brake assemblies.

1.64
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Fig. 1.6.15

4. Hold the oil connector in this position and care-
fully lock the lock nut. Use two short open end
wrenches (Fig. 1.6.15). Remember, too much
torque on these connectors will cause them to
crack.

Clevis for Injector Rocker Lever

CURRENT

SPRING PART NUMBER 9505
PREVIOUS
FORK ASSEMALY PART NUMBER 3823

SPRING PART NUMBER 3939

Fig. 1.6.16

In 1978, Detroit Diesel began using a larger clevis for
the injector rocker lever. This clevis and the standard
Jacobs fork assembly made an overall height greater
than acceptable, Interference with the bottom of the
engine brake housing could be damaging and an
engine brake power loss could result

When instaliing an older engine brake on a new
engine or using older spare parts, special attention
must be given in this area. The current fork assembly,
P/N 003337, and spring, P/N 009505, can be used
on both the high and standard clevises. It is strongly

‘recommended that old housings be updated to the.

P/N 003337 fork and P/N 009505 spring combina-
tion,
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1.6.5



Two-Valve Head

Fig. 1.6.17

Detroit Diesel also makes a two-valve cylinder head
design. For this design, the Jacobs exhaust bridge is
replaced with 3 Jacobs valve stem cap.

Fig. 1.6.18

1. On engines equipped with high mount injector
clamps, remove the clamp by removing the bolt
and special washer. Replace with a Jacobs high
mount clamp and use the same washer and bolt
(Fig. 1.6.18). Tighten the bolt to 25 Ibft. (35 Nem),
The Jacabs clamp can be identified by a small
milled section on one side. This provides clear-
ance for the exhaust valve stem cap.

Fig. 1.6.19

+ Instail Jacobs valve stem caps on right-hand ex-

haust valves (one per cylinder) (Fig. 1.6.19). Press
caps firmly over valve springs. Hexagon cover
studs must bg removed if located near this valve.

Fig. 1.6.20

. Using the Jacobs clamping tool, back off the
thumb screw. Install the tool squarely over the
valve stem cap with its feet under the exposed coil
of the valve spring (Fig. 1.6.20). Tighten the thumb
screw to seat the cap. Remove the tool.

1.66
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Models 760/760A/765 Engine Brakes

: Fig. 1.6.21
Engine Identification

Fig. 1.6.22

Engine model identification is on the name tag lo-
cated on the side of the valve cover and stamped on
the cylinder block beneath the intake manifold. A “G”
in the model number indicates 12.7 liter displace-
ment; a “W" indicates 11.1 liter displacement. A “4~
indicates pre-1991 model year; a “6” indicates 1991 -
model year. See typical number below: :

eosmLuso soe7u|vu4o
127 Liter 1.1 ’
L Model Year
1991 Pre-1991

Slave Piston Adjustment

Models 760/760A/765 require a single-blade feeler
gauge for slave piston adjustment. For correct adjust-
ment procedures, clearance settings and feeler gauge
part numbers, see Jacobs installation and parts
manuals and service publications.

Housing Mounting Bolts
4,00 mm 4.00 mm
(161n.) {(-161n)
_ 1 2 l
—F= =
110 mm
(4.30 In} 120 mm
{4.75n)
PIN1624S ' PN 12985
Fig. 1.6.23
£ \CAUTION

It is imperative that the cotrect Jacobs bolts be used
for the engine brake housing being installed. Instal-
lation of incorrect bolts will result in engine and
engine brake damage.
Model 760: Use one P/N 012995 (120 mm) bolt and
two P/N 016345 (110 mm) bolts for each
housing.

Models 760A and 765: Use three P/N 016345
(110 mm) bolts for each housing.

Follow the instructions in the Installation Manual,
P/N 014328, for comect application and torque infor-
mation.
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Ball Check Valve - Model 760 Only

. - VENDOR
- . Remove the plug to remove the ball check valve and
_ 3 spring. inspect parts for wear or damage and replace,
obC if necessary. Reinstall the parts in the proper
LO—GO__ szgmm sequence. See Fig. 1.6.25.
: _i
119mm l
{3.201n) |
|
|
a2
OETRAOIT OIESEL BOLT
PN 8329587
Fig. 1.6.24
The Detroit Diese! rocker arm shaft bolt used on’

Series 60 engines has a shoulder that is much longer Fig. 1.6.25
than the Jacobs boit and has the lago (spinning :

arrows) and vendor ID (F-C) on its head (Fig. 1.6.24).

This bolt MUST NOT be used for the engine brake

housing hold down.

caurion

if the Detroit Diesel bolt is mistakently used for en-
gine brake hold down, the longer shoulder on the

bolt will restrict oil supply to the housing and pre-
vent proper brake operation.
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1.7 Engine Brakes for Mack Engines

SOLENOID VALVE

SLAVE PISTON

Model 675A

Fig. 1.7.1

Models 680A and 680B

Fig. 1.7.2

1.7.1
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General Application Information

The Model 5808 Jake Brake er{gine retarder is de-
signed and approved for use on Mack * E7 engines.

The Model 680A Jake Brake engine retarder is de-
signed and approved for use on Mack * E6 engines
with four-valve cylinder head configuration,

The Model 675A Jake Brake engine retarder is de-
signed and approved for use on all Mack 6 cylinder
672 and 711 CID automotive engines: E6, EC6, EM6
and EMC6. The Mode! 675A replaces the Model 675
in the Jacobs engine brake product line,

Special Features/Procedures
Valve Stem Caps: Models 675 and 675A

Fig. 1.7.3

NOTE:

CURRENT ENGINES HAVE 0.345-INCH (11.1 MM)
DIAMETER VALVE STEMS. USE JACOBS VALVE STEM
CAP, P/N 009263, ON THESE ENGINES. MACK EN-
GINES WITH SERIAL NUMBERS BELOW 9VE755 CAN
HAVE LARGER DIAMETER EXHAUST VALVE STEMS,
0.486-INCH (12.3 MM). JACOBS VALVE STEM CAP,
P/N 002032, MUST BE USED ON THESE EARLIER
ENGINES.

Place the Jacobs valve stem caps on top of each
exhaust valve.

Slave Piston Adjusting Screw

' E

TR NERREER }

Fig. 1.74

NOTE:
MODEL 675 USES AN ADJUSTING SCREW WITH A
SPRING-LOADED PISTON AT THE SLAVE PISTON.
END. THE PLASTIC PISTON SEALS A HOLE IN THE
TOP OF THE SLAVE PISTON BURING ENGINE BRAKE
OPERATION.

MODEL 675A USES A SOLID ADJUSTING SCREW
AND A SOLIP SLAVE PISTON (NO HOLE THROUGH

THE TOP).

Fig. 1.75

/A\cauTion

S0LID ADJUSTING SCREWS MUST NOT BE USED IN
MODEL 675 HOUSINGS BECAUSE THE HOLD IN THE
TOP OF THE SLAVE PISTON WILL NOT BE SEALED
AND ENGINE BRAKING WILL BE LOST. EXCESS OiL
WILL BE SPILLED IN THE OVERHEAD.

i.7.2
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Inspect the plastic plunger in the Model 675 adjust-
ing screw. It should move freely-in the screw. Clean
or replace the entire screw if the plunger does not
move freely. :

Oil Supply Screw: Models 675 and
675A

NOTE:

ENGINES MANUFACTURED PRIOR TO MARCH, 1986,
HAVE A 1/4-20 THREADED HOLE FOR THE ROCKER
SHAFT LOCKING SCREWS (SEE FIG. 1.7.6). THESE
ENGINES REQUIRE JACOBS OIL SUPPLY SCREW,

P/N 014043, AND WASHER, P/N 014104,

Models 680A and 6808 require a single-blade feeler
gauge for slave piston adjustment.

For correct adjustment procedures, clearance settings
and feeler gauge part numbers, see Jacobs’ installa-
tion and parts manuals and service publications.

Exhaust Valve Yoke Replacement

Jacobs’ exhaust valve yokes for 680A and 6808 are
the same. The adjusting screw threads are SAE and
Jacobs’ adjusting screw, P/N 011426, and nut,

P/N 001026, can be used. The screw and nut used
for the E6 engine (SAE threads) may aiso be used.

o (-
g A
- - =
d U
CURRENT STYLE EARLY STYLE
3/8-16 THREAD 1/4-20 THREAD :
680A and 680B
Fig. 1.7.6 Fig. 1.7.7
Slave Piston Adjustment

Models 675 and 675A require a fork-type feeler
gauge for slave piston to valve cap cearance setting.
This is required to be sure the valve stem cap is level
with the slave piston when adjustment is made.
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2 Preventative Maintenance

Introduction

The Jacobs Engine Brake is a relatively trouble-free
and maintenance-free device. However, periodic
inspection, cleaning and part replacement will need
to be made from time to time, The time, mileage or
hours shown in Fig. 2.1.1 are presented as a guide
and should be included in the maintenance schedule

of the engine/vehicle.

Severe driving conditions, types of roads, and driving
areas will greatly affect the length of time between
scheduled maintenance. Engines exposed to severe
applications and operating environments may re- -
quire more frequent preventative maintenace which
would shorten engine brake maintenance intervals.

The recommended Maintenance Schedule shown in
Fig. 2.1.1 is applicable to all engine brake models.

Recommended Maintenance Schedule

Part

6 Months
50,000 Miles

12 Months

100,000 Miles
3,000 Hours

24 Months
200,000 Miles
5,000 Hours

48 Months
400,000 Miles
10,000 Hours

Wiring/Termina! Connections
Clutch/Throttle/Buffer SW
Solenoid Hamess

Solenoid Seal Rings

Control Valve Springs

|
A

|
A
|

- AR DP> -

- I T

Control Valves

Qil Seal Rings

Master Piston Retumn Springs
Terminal Lead Out

Safety Valve Screw Assembly

o a— -

—_——— 0 —

XMW o

Solenoid Valves

Reset/Auto-Lash® Assembly
Crosshead Pin Assembly
Crosshead/Bridges/Valve Stem Caps
Injector/Exhaust Rocker Arm Screws

.

Master Piston/Fork Assembly
Slave Pistons

External Hose Assembly
Housings

Fuel! Pipes

0 -0 - -

| =Inspect/correct as required
A= Adjust
R=Replace

Fig. 2.1.1
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2.

1 Inspection Criteria

Safety Valve Screw Assembly
Inspection -

4. Ensure that the hole in the slave piston is visible
through the threaded screw hole in the housing
and aligns with the plunger.

NOTE:

The screw assembly cannot be disassembled in the
field.

Exhaust Crosshead/Bridge or Valve
Stem Cap Inspection

2.

Fig. 2.1.2

Check the plunger in the safety valve screw. The
plunger should protrude from the bottom of the

screw, have light spring pressure apparent when

depressed, and should move freely.

Inspect the area of the plunger which contacts
the slave piston. The area should be flat and
smooth.

7

3. Cleanin an approved cleaning solvent and apply

Fig. 213

clean engine oil at reinstallation.

Fig. 214

1. Check the hardened surface on the jacobs ex-
haust crosshead/bridge/valve stem cap for ex-
cessive wear at either the point of rocker lever
contact or slave piston contact. If the wear is
0.004" deep or more, the crosshead/bridge/cap
must be replaced.

PREVENTATIVE MAINTENANCE
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Inspect the area of the valve stem cap that sur-
rounds the valve stem for cracks or excessive
wear. If any of these defects are visible, replace
the vaive stem cap.

Check the crosshead/bridge bore and valve stem
contact areas. Ensure that they comply with
applicable engine manufacturer’s service para-
meters.

Master Piston Inspection

Remove the master piston from the bore using
needle nose pliers. The master piston should
move smoothly in the bore. If binding oceurs,
check for burrs or contaminants in the oil. The
sides of the master piston may shown some
polish but should not show extensive scoring,
grooving or wear.

inspect the hard face surface. Pitted, chipped,
cracked or galled pistons should be replaced.

Coat the master piston with clean engine oil
before reinstalling.

Injector/Exhaust Rocker Arm
Adjusting Screw Inspection

Fig.2.1.8

Check both the hex head and spherical (ball)
end surface of the adjusting screws. The spheri-
<al end should be checked for proper contour
and smooth appearance,

2. Check the hex head for excessive wear. If a de-

pression, 0.005” or deeper, is found in the top of
the hex head, or if the pattem of “wipe” extends
beyond the hex, replace the adjusting screw.
Also replace the companion master piston.

2.1.2
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Slave Piston Inspection

Wear safety glasses, Follow instructions carefully
The slave piston is retained by a spring under heavy
compression, if instructions are not followed and
proper tools are not used. the spring could be dis-
charged with enough force to cause personal injury.

Fig. 2.1.10

Fig. 2.1.11

1. Check for nicks or burrs that could cause binding.
Clean the piston in an approved cleaning sol-
vent. Replace the piston if the ground surface on
the outside diameter looks questionable.

2. Run a small wire through the bleed holes in the
single-valve and Caterpillar and Mack engine
. brakes.

Crosshead Screw and Pin Assembly
Inspection (Single-valve Opening)

Fig. 2.1.12

PREVENTATIVE MAINTENANTF




Inspect the crosshead pin assembly for the following:

1. Snap ring or grip ring present. -

2. Cracks in screw body.

3. Wear on pin where valve stem is contacted.,

4. Wear on screw where valve stem is contacted.
5. Bent pin.

6. Cracksin pin.

If any of these conditions are found, the pin assem-
bly must be replaced. Also examine the slave piston
for signs of wear at the contact point with the pin
assembly.

Slave Piston Adjusting Screws
Inspection

Fig. 2.1.14

2. inspect the slave piston adjusting screw, The

plunger should have light spring pressure appar-
ent when depressed and should move freely. Be
sure the retaining fing is fully engaged in its
groove.

3. Clean in an approved dleaning solvent. Replace

the entire screw if necessary.

Acaumon

Make no attempt to readjust ar tamper with the
adjusting screw. This could result in engine dam-

age.
Control Valve Inspection
LONGER STEM TWO HOLES
Fig. 2.1.13
1. Inspect Auto-Lash™for proper plunger protru-
sion. Inspect for strong spring resistance when S
depressing plunger. Look for cracks in the screw
body and replace the Auto-Lash if any cracks are
found.
001521
001200 CONTROL VALVE
CONTROL VALVE
FOUR HOLES
3
0075061011283
FULL FLOW CONTROL VALVE
Fig. 2.1.15
PREVENTATIVE MAINTENANCE
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SINGLE SPRING © DOUBLE SPAING

|
-0 U U U]
o040

Fig. 2.1.16

1. Check to see that control valves move freely in
their bores,

2. Wash control valves with an approved deaning
solvent insert a wire in the entrance hole in the
base of the control valve to make sure the check
ball is free and has light spring pressure.

Col

Fig. 2.1.17

Dip the control valves in clean lube oil.

Hold the valve at the top of its bore and release,
When released, the vaive should slowly settle
under its own weight to the bore bottom. If
binding occurs or the check ball is stuck, replace
the control valve.

PREVENTATIVE MAINTENANCE







DETROIT DIESEL

Automotive
370-500 BHP

)

RIES 80°

Q

General Specifications

Turbocharged Air-to-Air Charge Cooling
DDEC :

$.12in x 6.30in (130 mm x 160 mm)
778 cuin (12.7 liters)

26301bs (1193 Kg)

Peak Torque @ RPM

Basic Engine 4 cycle

Model 6067GKE0

Number of Cylinders 6 Inline

Air System

Contro!

Bore and Stroke

Disolacement

Compression Ratio 150101

Length 57 in (1448 mm)

Wigth 34.n {864 mm)

Height 50 in (1273 mm)

Weight (dry)

Rated Power Output
Maximum BHP @ RPM

430HP FAMILY

370HP (276 kW) @ 1800
400HP (298 xW) @ 1800
430HP {320 kW) @ 1800
370/400HP (2761208 kW) @ 1800

1450 Ib. ft (1966 Nem) @ 1200
1450 1. ft. (1966 Nem) @ 1200
1450 1b. . (1966 Nem) @ 1200
1450 Ib. . (1968 Nem) @ 1200 CP

370HP (276 KW) @ 1800
4G0HP (298 kW) @ 1800
430HP {320 KW) @ 1800

3701430HP (276/320 kW) @ 1800

1450 [6. ft. (1966 Nem) @ 1200
1450 Ib, fi. (1966 Nem) @ 1200
1450 1b. ft, (1966 Nem) @ 1200
1450 b, i {1966 Nem) @ 1200 CP

370HP (276 KW) @ 2100
40CHP {298 kW) @ 2100
430HP {320 kW) @ 2100
370/430HP (276/320 kW) @ 2100

1450 Ib. ft. { 1966 Ner) @ 1200
1450ib. ft. (1266 Nem) @ 1200
1450 Ib. ft. (1966 Nem) @ 1200
1450 Ib. fi. {1966 Nem) @ 1200 CP

370HP (276 XW) @ 1800
400HP (298 kW) @ 1800
430HP (320 kW) @ 1800
370/430HP (3761320 KW} @ 1800

1550 1b. fi. (2101 Nem}@ 1200
1550 Ib. ft. (2101 Nem) @ 1200
1550 |b. &t. (2101 Nem) @ 1200
1550 Ib. 4. {2101 Nem) @ 1200 CP

430HP (320 kW) @ 1800
430/470HP (3204350 kW) @ 1800

1350 b R (2101 Nem) @ 1200
13501b. ft. (2101 Nem) @ 1200 CP

430HP {320 kW) @ 2100
430/470HP (3201350 kW} @ 2100
470HP FAMILY

470HP {350 kW) @ 1800"

470HP (350 kW) @ 2100"

1550 Ib. fi. (2101 Nem) @ 1200
1550 lo. ft. (2101 Nem) @ 1200 CP

1550 1b. ft. (2101 Nem) @ 1200
1550 1b. &. (2101 Nem) & 1200

+OHP (350 KW) @ 2100"

1450 Ip. ft. (2101 Nem) @ 1200

500HP @ 1800RPM"
S00HP @ 2100RPM”

T

49 STATE RATINGS

1550 [b. f1. {2101 Nem) @ 1200
1550 Ib. #1. (2101 Nem) @ 1200

Protcgraph dlustrates a lypical automotive engine

Raung cordtions of SAE. 77°F (25°C) an6 29.31 in Hg (99 kPa) Baromeler {Dry)

Equipment Specifications

DDEC—Derroit Diesel Etectronic Controls are standard on all Series 60
engines. This electronic unit fue! injector and engine management control
system is the most advanced system available in the industry. ODEC
includes state-of-the-art diagnostics for critical engine functions.

Overhead Camshaft—is design optimizes intake and
exhaust air passages in the cylinder head for easier breathing, and
minimizes valve lrain losses by efiminating the need for push rods

Short Ports—Tne cylinder head has very shont intake and exhaust
pons for efficient air flow, low pumping losses and reduced heat transfer.

ron Crosshead Pistons—Tre top ring can be placed much
closer to the top of the iron crosshead piston. This reduces the dead
volurne above the top ring and improves fuel economy.

Injector Rocker Arm with Ceramic Rollers—ne
cam loliower roller in the Series 60 injector rocker amn is made of sificon
niride. The low wear properties of this ceramic makes it possible 1o
operate at very high injeclion pressures while maintaining long life of the
roller. High injection pressure is one way Detroit Diesel is able 1o meet the
stringent particulate and smoke emission standards without
aftertreatments.

Bearings—The Series 60 features large main and connecting rod
bearings for long iife.

Eight Head Bolts per inder—The head bolts provide a
uritorm load on the gasket and liner to reduce siress on the liner flange
and bleck counlerbore. :

High Efficiency Turbocharger—Combined with a puise-
recovery exnaust mamifold, the high efficiency turbocharger provides an
efficient transter of energy for improved fuel économy,

Cruise Power—nis feature allows you to take advantage of
additional toraue and better performance when aperating your truck in
cruise control. The full rated torgue is available when operaling in cruise
conirel. or in the PTO mode 1o improve performance, The higher torque
improves driveability in hilly terrain and can improve fuel economy
because fewer shifts are required and the engine operates closer (o iis
optimum efficiency.

Top Liner Cooling—e Series 60 features top liner cooling. This
has been accomplished by machining a coolant channel high up on the
block, so that the Lop of the liner is surrounded by coolant, resuiting in
fonger ring Ife. '

For & complele lisung of siandard and optional equipment. consull your
~-striduter or authonzed Delront Diesel Corporation representative.




Performance Curves

FAX: 313.592-7258

Deiront Dieset®, ine spinning arrows ano Senes 609 are reqisiesed rademarks of Detron Diese! Corporation

35A353 9504

Asg iechnical agvancements continge. specifications will change. Printed 0 U S.A.
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Rating Explanation . :
RATED BHF -5 the power raling lor variable speed and load applications where THIS RATING does not include power requirements for accessory ang
ulr power s required intermittently, standard equipmenl.
FUEL CONSUMPTION CURVE shows luel used in pounds per brake
harsepower hour.
Air-to-Air Charge Cooling—To enhance fue! economy,
lhe Series 60 has been designed 1o use air-lo-air charge cooling.
Air-to-air offers fuel economy gains of 2-5% over traditional intake air
cooling systems. Incoming air is compressed by the turbocharger
and direcied 1o a finned heat exchanger in front of the vehicle's
radiator. The heat exchanger uses no liquid coolant bul relies instead
onram air for cooling the charge air resuiting in lower intake air
lemperature from approximately 300°F(149°C) to below 100°F{38°C).
This cooler air aids combustion, thereby increasing fuel economy.
B Hot Air
Series 60 1Cool Air
24 Hour Hot Line
Phone 1-800-445-1980
DETROIT DIESEL ®
= ) 150\
CORPORATION ‘
13400 Quter Drive. West / Detroit, Michigan 48239-4001 °Wf
Telephone: 313-592-5000 ot |‘
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he Deiroit Diesel Series 60
engine has been a success
from the start of production
. in 1987. The Series 60 was
the first fully integrated heavy duty
diese! engine with electronic con-
rols in the world, Since then, the
Series 60 continues 1o set the
standard with innovative technolo-
gy and superior fuel economy in
the competitive heavy duty diesel
engine market.

The DDC Series 60 engine has
become the most popular in the
class 8 truck market. We continue
to increase our rate of production
io satisfy market demand. Our
team of engineering, manufactur-
ing, and sales personnel strive o
regeh 7 goals:

E Do it right the first time
Lower operating costs

B Undersiand and respond to
our customer needs

E Establish long-term relations
with suppliers

E Generate a high level of
guality and productivity

B Provide outstanding engine
performance

Improve on all these goals

SERIES 60
A Success Story

Series 60 Horsepower

The Series 80 engine offers a wide
range of horsepower and torque
options to ratch your vehicle voca-
jion, The ratings governed at 1800
' ’ - rpm offer excelient fuel economy.
O I ivrsqfiro R b yuisny S S e £ While the engines governec at
R A e e e e T 2100 rom previde a wider operaling
' range for owner/cperators anc spe-
cialty applications using automaic
transmissions. The extended torgue

. e a_ = = T I L WL I )




in our engine calibration allows the
driver to pull hills withoui shifting
gears. This strong performance
makes the Series 60 appealing to
vehicle operators.

Detroit Diesel's Electronic
Controls {DDEC) offers many fea-
tures. Including a feature that
allows a total of four horsepower
ratings to be stored in one engine.
The advantage to this is that
horsepower can be changed for
resale or as needed by just plug-
ging the diagnostic data reader
(DDR) into the vehicle dash. This
feature enhances resale and is
password protecied.

Cruise Power

Cruise power allows you to take
advantage of additional torque and
better performance when operat-
ing your truck in cruise control. Full
rated torque is available when
operating in cruise control to
improve performance, The higher
torque improves driveability in hilly
terrain and can improve fuel econ-
omy because fewer shifts are
reguired and the engine operates
closer to its optimum efficiency.

Production Ramp-Up

I
<
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verhead Camshaft

DDC engineers optimized

the design of the engine

by incorperating an over-
head camshaft. This eliminates
push rods, lifters and 40 wear
surfaces. The benefits of this
design are:

B Stronger overhead design

W Fewer parts

B Easier to service

@ ower exhaust emissions

B Less internal engine friction
B Better fuel economy

Top Liner Cooling

Detroit Diesel has a patented
teature called top liner cooling.
This is a channel machined in
the top portion of the liner and !
block ihat allows engine coolant to
flow around the liner. Why is this
important?

m Cooler cylinder temperatures

B |onger ring life

B | onger piston life

Pistons

The two piece cast iron crosshead
piston has small clearances to the
plateau honed cast iron cylinder
finer. This is possible since both

parts are made of the same material.
The benefiis are;

® Stronger parts

B Less wear at cold start up
B Reduced noise

B [ower exhaust emissions

B W P
e T T




Cylinder Head Design

With the overhead cam design,
the Series 60 has 8 headbolts
per cylinder evenly spaced to
provide a uniform clamping
load. This design provides a
one million pound clamping
force to hold the head to the
block, which eliminates head
gasket leaks.

Intake and Exhaust

Our engineers kept the design of
the intake and exhaust ports sim-
ple. Using an overhead cam and 4
valves per cylinder allows the
engine to breathe freely. Air flows in
one side of the engine and out the
other. Why is this important?

® Cooler running engine
B More efficient, so horsepower
losses are lower

Ceramic Rollers

The cam follower roller in the Series
60 injector rocker arm is made of
sificon nitride. This ceramic material
has high strength and low wear
properties. The advantages are:

® More durable
B | onger life

3
E
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"he Series 60 features inte-
gral electronic controls
called Detroit Diesel
e Flectronic Controls (DDEC iii).

Its major components are the
Electronic Control Module (ECM),
the Electronic Unit Injectors (EUI),
and the engine sensors. The ECM
is the computer that receives elec-
tronic inputs from the driver as well
as engine mounted sensors.
Engine speed information is used
to control both the quantity of fuel
injected and injection timing.

The EEPROM chip (Electronically
Erasable Programmable Read
Only Memory) is located in the
ECM and contains the operating
software. This software controlsthe |
horsepower, torque, and maximum
engine speed. Additional software
is programmed into the EEPROM
to control the engine protection
devices, vehicle speed limiting, and -
cruise control that can be set with
a Diagnostic Data Reader (DDR) to
optimize specific fleet require-
ments. A list of DDEC Ill sensors
and features are shown in the chart
on the next page.

Detroit Diesel
. 'Electronic Controls
- ‘DDEC Il |

Diagnostic Data Reader




The Leader In
Electronic Injectors

The electronic unit injector works
on the same basic principle as the
mechanical unit injector with the
simple addition of an electronically
controlled solenoid vaive that
meters fuel input,

Qur electronic injectors are self-
compensating and greatly reduces
the need for tune-ups.

With electronic controls, fuel
economy is improved and the
exhaust emissions are kept low in
the following ways:

B The electronic governor limits
maximum RPM to a preset
vaiue. This allows for precise
control over maximum vehicle
speed.

W Variable injection timing pro-
vides exceptional fuel economy,
by taking into consideration
the temperature, load, speed
and turbo boost.

B Electronic diagnostic proce-
dures can be used to help
locate specific problems.

B Since electronics control injec-
tion timing, as well as the quan-
tity of fuel, the Series 60 can
start unaided at 10°F (-12°C),

B The ECM controls the maxi-
mum vehicle speed within the
most efficient engine operat-
ing range.

Electronic Unit Injector

DDEC ill ECM

DDEC lli sensors:

® Cgolant temperature

u Qil temperature

u Oil pressure

m Coolant level

K Throttle position

B Speed, timing

B Air temperature (air intake manifold)
m Fuel pressure

B Turbo boost

B Vehicle speed

DDEC lll software features:

u Cruise contro!

® Cruise power

= Confrols on/off fans

® Controls engine braking

B Engine fan braking

® Vehicle speed limiting

B Cruise controf automatic resume
with double clutching

B Low DDEC voitage light
W Low coafant light
B Vehicle power shutdown
= |dle timer shutdown
¥ Manual fan control override
m [dle adjustment
B Customer password
W Horsepower password
B Maximum security
- Locks out all changes to ECM
® Communication tinks
SAE J1587, J1922, J1939
® Progressive shifting
B Pressure govemor
m Starter lockout
® Engine protection
W Starter lockout deceleration light
W Firetruck controls
B Ether start controls
& Optimized idle
®m Air temperature shutdown




DDEC - -
. Don’t Be Left- - .
" Behind...
- Step Into
‘The Age Of
Electronics

“he DDEC ECM provides
state-of-the-art contro! and
monitoring, as well as a

- Stored summary of engine
performance. ProDriver™ takes the
process further by providing the
driver and fleet manager with
access to the vital data provided by
DDEC via the SAE diagnostic data
fink. The concept is further extend-
ed with the Data Logger™, which
provides monitoring of the engine
and other electronic systems,
combined with substantial storage
capacity, fuel tax data collection,
flexible data extraction and
communication capabilities.
ProManager™ PC software
extracts and analyzes data from the
DDEC ECM, ProDriver and Data
Logger systems. This compre-
hensive "expert” analysis allows
managers to take action immedi-
ately, instead of spending hours
trying to analyze the situation.

_ DETROIT DIESEL

¢ Distance
-t Fuel

: Economy

. 1dle

Data Hub Family of Products
2 TRAC sofiware

2 ProDriver

E Data Logger

ECM Data Pages
ProManager software

(I B




1,000,000 Miles

Most Series 60 engines that have
accumuiated over half a million
miles have encountered few prob-
lems. Durability was substantiated
when a Series 60 with over
1,000,000 miles was torn down
and inspected. What was revealed
at teardown?

E Cylinder block and head had
no distress or cracks.

Gear case, oil pan, and major
castings are reusable.

B |iners showed original
honing marks.

Liner seals showed no leakage.

# Pistons had no cracks or dis-
tress and minimal wear,

E Crankshaft was reusable.

B Gear frain was in excellent
reusable condition.

Camshaft had no distress and
only required grinding on one
lobe.

Valves showed very low wear.

]

&l

The Series 60 manufacturing
process contributes to the high
level of quality and durability of the
Series 60.




Max BHP @ RP Peak Torque @ RPM
‘. B30HP EAMILY
" 400KP 2 1800RP} 1150FT-LB & 12008PM
330HP 4 1800RPL T150F[-LB @ 1200RPRA
- J00-330HP 4 1800RP1)  1150FT-LB 4. 120QRPL; CP
- 330HP 2 1600RPM 1250FT-LB @ 1200RFi
3504P & 18C0RPH) 1250FT-L& 2: 1200RPM
330:350HP @ 1200RPK _1250FT-LB % 1200RP} CP
- . . _350HP 4 F100RPL 1250FT-LB @ 1200RP14
- 323HP @ 2100RPI™" 1350FI-LB % 12G0RPIA
325°350HP & 2100RPLA™ " 13307T-LB & 1200RPM
< 330HP & 21G0RFL 13507 T-LB % 1200RPH

365HP FAMILY

330HP & 18C0RPI 1350FT-LB @ 1200RPM
350HP @ 18C0RPLY 1330FT-LB 2 1200RPiA
365HP & 180IRPM 13507T-LB @ 1200RPM
J30'350HP @ 1809RBAT  1350FT-LB @ 1200RPM GP
330HP & 1800RPI 1350:T-LB & 1200RPI:
350HP & 1800RPM 1350FT-LB @ 1200RP1A
365HP & 18DIRPM 1350FT-LB 2 1200RP1
330/385HP % 1800RPY,  1350FT-LB 2 1200RPI3 CP

430HP FAMILY

370HP @ 18CIRPA 1450FT-LB & 1200RP
400HP @ 1800RPM 1450FT-LB & 1200RFM
430HP 2 1800RPM 14507718 2 1200RPM
370407 & 1800RPM 1430FT-1B @ 1200RPM CP
370HP @ 1800RPM 14507T-LB Z 1200RPMA
40GHF @ 1800RPM 1450FT-LB & 1200RPM
430HP & 1800RPM 145057-LB & 1200RPM
370430 & 1830RPM 1450FT-L8 & 1200RPH GP
370HP & 2100RP 1450FT-LB & 1200RP)
400HP - 2100RPM 1450FT-LB & 1200RPM
430HP & 2100RPM 14307T-LB & Y200RPH
370'430 & 2100RPII 1450FT-LE & 1200RPL CP
370HP 2 1300RPH 1550FT-L8 & 1200RPH
400HP % 1300RPM 1550FT-LB @ 1200RPH
430HP 2 1800RPM 1550FT-LB 2 1200RPA
370:430 & 1300RPM 1550FT-LB 4 1200RPM CP
430HP & 1800RPM 1530FT-LB @ 1200RPM
430/370 % 18003PM 155077-LB @ 1200RPM CP
430HP @ 21G0RPM 1550FT-LB @ 1200RPH)
43074704 2100RPMT < 1550FT-LB @ 1200RPY; CP

d70HP FAMILY

470HP G 1800RPM- 1550F7-LB & 1260RPMS
470HP 7 2100RPI~ 1350FT-L8 & 1200RPM
47CHP % 2100RPM” 1450FT-LB & 1200RP
S00HP % 2100RPM" " 1430FT-LB @ 1200RP}
S00HP & 18CORFMA 1550FT-LB 4 1200APN
5001P & 2100RPM" 1350FT-L8 & 1200RP1S

49 STATE RATINGS
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Parts and Training Support

proper application, care and
maintenance of your Series 60
engine.

You can participate in an exten-
sive engine maintenance and
overhaul training program in our
training facilities. You will leave

Your dealer maintains a stock of
quality Detroit Diesel parts and is
ready o respond to your needs.
Service personnel have been
trained by our DDC distributors or
at our world class training head-
quarters, They are experts in the

. 1
R

Detroit Diesel Farts Center, Canton, Ohio

Detroit Diesel Training Center, Redford, Michigan

Series 60
24 Hour Hot Line

Phone 1-800-445-1980

DETROIT DIESEL

CORPODRATION

Q

13400 Outer Drive, West / Deiroit, Michigan 48238-4001

Telephone: 313-592-5000
FAX: 313-692-7288

with the insight and skills needed
to diagnose and troubleshoot
almost any engine malfunction on
the spot.

Detroit Diesel Corporation is
committed to providing excellent
service for customers. Nowhere
is this commitment more evident
than in our Series 60 engine.

We Back What We Build

To show our confidence, the
Series 60 engine carries a two-
year, unlimited mileage warranty.
In addition, you can purchase
extended service coverage up to
five years/500,000 miles. For
complete warranty detail see your
authorized DDC distributor or
dealer.

AT,
égp DIQ%\
Q, (s
CERYTIFIED ORGANIZATION
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1. CLUTCH

1. Description

Vehicles equipped with a manual transmission are
provided with the "Spicer” Angle-Spring cluich.
The clutch assembly consists of a 15.1/2" dry disc
two-plate model. It is a pull-lype design with
riveted organic wear surface facing on driven
discs. It is manually adjustable to compensate
wear, hydraulically operated and pneumatically
assisted. A torque limiting clutch brake as well as
a positive separator pin system are also provided.
One type of clutch is installed regardless of
transmission (6 or 7 speeds).

Refer to the Spicer, Service manual annexed to
the end of this section for the following subjects:

« Transrnission Removal

Note: For more details, refer to section 07
"Transmission".

Note: Disconnect the clutch operating
cylinder external linkage and remove cylinder
assembly (without disconnecting hydraulic
hose), to permit the release yoke to turn up
and pull free of the release bearing thrust
pads, then disconnect the transmission shift
finkage.

« Clutch Removal

« Engine and Transmission Alignment (Inspection)
« Clutch Installation

« Transmission Installation

Note: For more details, refer to Section 07
"Transmission

Note: Position the torque limiting clutch
brake on the main drive gear of the
transmission, then shift transmission into
gear so that the input shaft can be rotated
during assembly to align with clutch-driven
disc hub splines.

Note: Rotate clutch release bearing housing
so that flat section is on top.

Note: Rotate clutch release yoke so that
refease yoke fingers clear the pads on the
release bearing housing. Use a suitable
transmission jack to support and maintain the
engine-to-transmission  alignment  while
installing the transmission. Use care to avoid
having the weight of the transmission bearing
on the clutch or forcing the transmission into
the clutch or flywheel housing. Such abuse
can cause bent or "sprung” driven discs and
prevent the clutch from releasing. Rolate
clutch release yoke into proper position as
transmission is moved into place.

Note:  Start all transmission bell housing
cap screws and tighten progressively around
the housing to 45 ibfeft (61 Nem).

Note: Connect the transmission shift
linkage. Install the clutch operating cylinder
and its linkage, then proceed with the clutch
adjustment in accordance with paragraph 2,

2. CLUTCH ADJUSTMENT

Note: if for any reason, air is present inside
clutch hydraulic line, bleed clutch in
accordance with paragraph 3.1.

2.1 Clutch Pedal Adjustment

Adjust clutch pedal as follows:

1. Free play adjustment is made by
loosening nut (1, Fig. 1) and moving bolt
in slot. The pedal moves down allowing a
/4" (6 mm) of free play before the
master cylinder (5, Fig. 1) starts o move.

2. Keep this adjustment by tightening nut (1,
Fig. 1).
3. Push the clutch pedal until the master

cylinder piston touches the cylinder
bottom.
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4. Loosen the adjustment boft (2, Fig. 1)
until it touches the pedal wall support
(3, Fig. 1).

5. Loosen the adjustment bott (2, Fig. 1) for

another 1-1/2 tum. Lock in position by
tightening nut (4, Fig. 1).

3-/’;’EDAL FREE PLAY

Figure 1: Free Play Adjustment OEH3IBT16

Note: Clean reservoir internal pieces with
Jjet air to eliminate dirt.

2.2 Internal Clutch Adjustment

1. Remove inspection cover at bottom of
clutch housing (Fig. 4).

2. Measure the release travel (clearance
between release bearing housing and
clutch brake). Refer to figure 2. The
clearance should be between 1/2" and
9/16" (13 and 14 mm).

3. Ii clearance is incorrect, release the
clutch by depressing the clutch peda! to
end of pedal travel. Insert a 3/4" socket
(12 points) or a 3/4" box-end wrench
through  inspection hole. Depress
square-head bolt to adjust clutch (Fig. 3
and 4).

The "Kwik-Adjust" will re-engage at a

. quarter of a turn. The flat surface on the

bolt head will align with the flat edge of
the bracket.

Note: If clearance between release bearing
housing and clutch brake is less than 1/2" (13
mm), rotate the adjusting ring
counterclockwise to move the release bearing
towards the engine. If clearance is greater
than 9/16" (14 mm), rotate the adjusting ring
clockwise to move the release bearing
towards the transmission.

4, Ensure "Kwik-Adjust” is engaged in the
locked position. Release the clutch pedal
to engage clutch.

RELEASE YOKE

TOROUE LIMITING
l == (| (;TCH BRAKE

RELEASE TRAVEL BETWEEN
/2" AND 916" (13 AND 14 MM)

e FREE TRAVEL 1/8" (3MM)
BETWEEN YOKE AND WEAR PADS

RELEASE BEARING

MA3E0223
Figure 2: Release Travel And Free Play Travel
Adjustment

>

'(!
&

<\l Up—
ATl TS X
\ ﬁ ~
Figure 3: Square Head Bolt MA3EG224
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2.3 Free Travel Setting

1. Check free travel as shown in figure 2.
The clearance should be 1/8" (3 mm).

2. If clearance is incorrect, adjust bolt until it
touches the shaft lever and locks in
position with nut {Fig. 4).

SERVO UNIT

INSPECTION HOLE GCREASE FITTINGS

Figure 4: Ciutch Installation 02001

Note: The return springs do not require any
fension adjustment. :

2.4 Air Pressure Regulator

The air pressure regulator is located in engine
R.H. side door (Fig. 5). To adjust, remove dust
cap from regulator. Attach a pressure gauge to
pori. Loosen adjusting screw lock nut. Tum screw
to adjust pressure to 40 psi. Tighten lock nut,
then reinstall dust cap. Refer to Section 12,
Brake and Air System, page 8, Figure 5.

Figue 5: Air Pressure Regulator 02003

3. RENEW CLUTCH
HYDRAULIC LINE

3.1 Bleeding

The clutch hydraulic system must be bled
whenever air enters it. Unlike hydrautic fluid, air is
compressible. This means that instead of
transmitting pedal pressure through the hydraulic

. line, the master cylinder will compress air in the

line. This results is a spongy fee! in the pedal,
incomplete cluich disengagement and hard

 shifting.

Note: Two people are required to bleed air
from the hydraulic lines. One to operate the
clutch pedal and the other to open and close
the bleed vaive.

Warning: Wear safety glasses during the
following operation.

1. Locate the bleed valve mounted at the
end of servo unit. Remove dust cap {Fig.
4 and 6).

2. Atiach a plastic tube to the bleeding valve

{Fig. 6). Dip the cther end of the tube in a
jar containing several inches of clean
brake fluid.
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Note: Do not allow the end of the tube out of
the brake fluid during bleeding. This could
allow air into the hydraulic system, requiring
that the bleeding procedure be done over.

3. Press the clutch pedal as far as it will go 2
or 3 times, then hold it down.

4. With the cluich pedal down, open the
bleeding valve untit the pedal goes to the
floor, then close the bleeding valve. Do
not let the pedal up until the bleeding
valve is closed.

5. Let the pedal back up slowly.

6. Repeat steps 4-6 until the fluid entering
the jar is free of air bubbles.

3.2 Filling

1. Remove the master cylinder reservoir
cap.

2. Slightly loosen teflon flexible hydraulic

hose connector from adaptor mounted on
extremity of servo unit (Fig. 6).

BLEEDING VALVE

PNEUMATIC HOSE
CONNECTION

\

HYDRAULIC HOSE \ SERVO UNIT
CONNECTION
Figure 6: Servo Unit 02002
3. Remove the plastic tube on the bleeding

valve. Make sure the bleeding valve is
open. Force fluid {meeting DOT 3
specifications) through the bleeding valve
opening. Tighten teflon flexible hose
connector when fluid is free of air

bubbles. Continue to force brake fluid
until it enters master cylinder reservoir
and flows free of air bubbles.

Note: A 40 psi (275 kPa) pressure allows
filling hydraulic line in reasonable time.

4. Tighten bleeding valve and reinstall dust
cap.
5. Fill master cylinder reservoir.
6. install the master cylinder reservoir cap.

Note: To make the filling procedure easier to
perform, the reservoir support may be
unbolted and reservoir moved closer to you.

Caution: Never re-use brake fluid which has
been bled from the system. Discard old brake
fluid and use a fresh supply.

4. LUBRICATION

The clutch components should be lubricated
every 6,250 miles (10 000 km) or twice a year,
whichever comes first {refer 1o previous Fig. 4 to
identify the clutch component grease fittings). The
clutch release bearing (one grease fitting) and the
clutch control cross shaft {three grease fittings,
two on the operating cylinder side and one on the
other side) shouid be lubricated with a good
quality lithium-based soap or equivalent E.P.
grease meeting N.L.G.I. grades 1 or 2.
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5.TROUBLESHOOTING

Poor Clutch Release or Poor Engagement

Probable cause

Corrective action

Clutch adjustment incorrect.

Recheck adjustment as per instructions.

Air in clutch hydraulic line.

Bleed clutch hydraulic line as per instructions.

Flywhee! pilot bearing too tight in flywheel or on end
of drive gear.

Free pilot bearing with a light push. If bearing is
rough, replace it.

Damage clutch release bearing.

Replace bearing. Lubricate with recommended

lube.

Clutch release shaft projecting through release
yoke.

Relocate release shaft so that it does not project.
Check bell housing bushing and release yoke

for wear.

Release yoke contacting cover assembly at full

release position,

Replace release yoke with proper yoke.

Release yoke not aligned properly with release

bearing.

Check flywheel. Probably has been resurfaced

more than the 0.060" (1,52 mm) recommended.

Intermediate plate sticking on drive lugs

Check that drive pins are 90° square to flywheel
surface and that there is a minimum .006"
(0,152 mm) clearance between drivepins and
intermediate plate slots.

Pressure piate not retracting.

a. Check pressure plate drive lugs for 0.008"
(0,152 mm) clearance.

b. Check pressure plate retumn springs for
proper tension.

C. Check amount of release travel.

d. Lever nose out of groove.

Driven disc distorted.

Should be straight within 0.015" (0,381 mm).

Replace if distortion cannot be corrected.
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Poor Clutch Release or Poor Engagement (contd)

Probable cause

Corrective action

Worn splines on drive gear of transmission.

Check drive gear and driven disc hubs for

excessive wear.

Disc facings gummed with oil or grease.

Replace facings or entire disc. Cleaning not

recommended. Check for leak causing gumming.

Broken intermediate plate.

Replace entire intermediate plate/driven disc
assembly. Damage such as this is almost always

caused by abusive use of clutch.

Clutch Slipping

Probable Cause

Corrective action

Pedal has no free play

Re-adjust as per instructions.

Release mechanism binding.

Check release mechanism and linkage. Lube if
necessary.

Worn clutch facings.

Replace facings or complete disc, if

necessary.

Grease or oil on facings.

Replace facings.

Weak pressure springs.

Replace springs

Overloaded ciutch

Check to assure that proper clutch has been
specified.

Noisy Clutch

Probable Cause

Corrective action

Clutch release bearing dry or damaged.

Lubricate bearings or replace.

Flywheel pilot bearing dry or damaged.

Lubricate bearings or replace.

Clutch release bearing housing striking flywheel

ring.

Adijust clutch. Also check wear on cross
shafts, bell housing bushings and reiease yoke

ﬁngers.' Replace if necessary.

Improper clearance between drive slots and drive

lugs on pressure plates.

Clearance should be at least 0.006"
{0,152 mm)}.
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6. SPECIFICATIONS

Clutch Adjustment

PEUAITEE PIAY ...t ive s see et seeco e resese e s s ses st eeeesen e 1/4 £1/8" (623 mm)
Internal clUtch adJUSIMENE ...t ceeseeseeseeeseseeensesssetss e e een between 1/2-9/16" (13-14 mm)
FrEE traVEl SEHING.....uuvvs e ssitiristinneeerecssensersrsssssiasssssssseesnsesssossessmseesessssase s s sessse et et seeees s 1/8" {3 mm)
Clutch brake setting (between stopper and adjusting bolt} ............oeeoeeeeervereoverseesns between 1/4-3/8" (6-9 mm)
Clutch Assembly

MIBKE et s st een et et e bt DANA Cormp. (Spicer)
SUPDIEE RUMDBET .o .ottt ceemcenreesesenensesisss e sssess s ss st sesesesensensesmsessses et o s e e e e eees e s ee s seenese 108391-78
PPEVOST NUHIMIDEN c...ceot sttt s omsases s ersssessssss s seenesm s s sasesssaees e e e e ettt e eees e s 52-0147
NMOGEL . s sese b resesseeseaeee st et e e e e Easy Pedal
TYPC ettt e s ssr st e et Dry, two-plate, pull-type, manually adjustable (Kwik- Adjust)
SIZE o.utusrarmremrnsnrsssss st tsb s b res s ese s et b s E et e e et et et et e ee s e e eene 15 1/2" (394 mm)
Plate LOAA CAPACHY ..vvcerrnesssrienssaersecesnrenrrasssesesmasesssssssssnsseesesssesssssssssmnsssosesss e sesemsseeeeeeeeeen 4000 lbs (17 792 N)
Maximum TOrQUE CAPECHY .......oevvreerrremrmserseesssonemoeeseessssssesssssscsss s eessessss s seess e e 1450 ibfft (1966 N+m)
DiISC FACING THICKNESS ....vuvvieicerrnereenise e ssssssssessssessssseessnssseeseessessessssesssssessossseseess e s e eeeess 0.487/0.452
HUD Spline Size (N, SPINES) wuuuceecereeeemeeremtuescersasesieeee s eeeeseesesesemseeeesssees s sseeeseeseee e eee e e ees e 2" (10)
Disc Assembly Max. RUNOUL (T.LR.)......cuimeemeceeceeeseeeeseneseessessese s se e s seeeenss 0.015" (0,381 mm)
Disc Assembly Max. OUE-OF-FIAL .........ccemeeerrereeeine e sceeseeess s eesessseesss et teese e eee 0.020" {0,508 mm)
Release Sleeve BUShing DIa. (NBW) ....cuvvveveeseereeeeeeeeesene e sesesessss e ssse e 2.010/2.008" (51,054/51,003 mm)
Intermediate Plates, driving lugs to slot clearance (New Min.) ... oo vvveeeveeeeoseeee e, 0.008" (0,152 mm)
intermediate Plates, driving lugs fo slot clearance (max. wom).................... 0.015 10 .021" (0,381 to 0,508 mm)
Pressure Plates, driving lugs 10 slot clearance (NeW).........ovvevevuevrevcereesonno 0.003 to .010" (0,076 to 0,254 mm)
Pressure Plates, driving lugs to slot clearance (max. WOrn) ........o.vveveveveovevrnenns 0.016/.021" (0,406/0,533 mm)
Intermediate Plates & Pressure Plates: Out-0f-Flat..........ccovenn. 0.000 to .004 Concave (0,000 to 0,102 mm)
Scoring - Max. depth that can be re-USed..........oo.ecveeeeeeeeeeee e evereereenres e nes 0.015" (0,381 mm)
Release Sleeve Retainer, driving lugs to slot clearance (max. WOmM).........evev.eeeeveesreennne.n.. 0.020" (0,508 mm)
MaXimUM ENGING RPM ..o emeussssesssessteesseseess e sesesseesssees et e e eeeeeseeeeee s eseeeeeeeen 2600
Master Cylinder

MBHE e sttt et et et ettt ee et e eeeens Kongsberg Automotive
SUPPHET NUIMIDEI ..ottt cerceseesseessssss s esesesinssseses seceeasseessessessmeeseesss st es e seems e e eese e eee e eese 624409-P01
PIEVOST NUMDBET «..ovviteeeetts e semr s st ee s seesseseaesaessese s et e e sese et et seeeeene e 52-0139

VIBKE ot e s st et e e e et et ettt Kongsberg Automotive
SUPPHET NUMDBB.c.oevtcter sttt eesne s eesis e e esssess s s oeeeees s e s eee e et ese et eeee oo ee e 624410-P01
PIEVOST NUITIDET ... .ot seeera e e ssssessss e eseeeses e ensss st eee e e e e 52-0138
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Service Bulletins and Service Information Documents will be issued frorm time fo time to aquaint users
with the latest service procedures. The number, date and titie of publications pertaining to this section
should be noted below as soon as received. These should then be filed for future reference.
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1. FUEL SYSTEM

1.1 Description

A schematic of the fuel system is shown in figure 1. Fuel is drawn from the fuel tank through a manual shut-
off valve, the primary fuel filter or water separator and enters the fuel pump. Leaving the pump under
pressure, the fuel flows through the secondary fuel filter, a shut-off valve to cylinder head. The fue! flows to
injectors in the cylinder head through passages integral with the head. Surplus fuel exits at the rear of the
head just above the inlet, through a restrictive retum fiting which maintains fuel pressure in the system.
Finally, the fuet flows through the check valve and retums back to the fuel tank. Two preheaters are
available: 40 000 BTU or 80 000 BTU. If the vehicle is equipped with the 40 000 BTU preheater, the fuel is
drawn from the tank through the fuel pump to the preheater. If the vehicle is equipped with the 80 000 BTU
preheater the fuel is drawn from the fuel tank through a fuel fitter to the preheater. Excess fuel returns to the
fuel tank.

/—CHECKVALVE
TANK FILLER NECK
'_‘\:| —— COVERFLOW TUBE /
O |
H — £ FUEL TANK
i = ;
/
r
/
-_!
S — N R
[
. DRAIN PLUG ’
/- SHUT-OFF VALVE _\
] ’ : ‘;"
— . m SECONDARY FUEL FSLTER =7 Qé : J PRESSURE
. ' ' . ;] RELIEF VALVE
: . . /
: ' ' - PRIMING !
: e~ + SYSTEM ;
: L ! / ! (OPTIONALY | meyummime ———— 3 T
H ' ’: H A——————— " ENGNE SUPPLY LNE
! ' f —————— PREHEATER SUPPLYLNE oo
: ' '
. PRy - PREMEATER RETURN LINE —rve—ip --
P : SITEmoRIET ..
] ' ,
1 : !
e s =
Ly a
\._,l L
'
' . TANK FILLER NECK
N

= OVERFLOW TUBE

OO

PREHEATER LINE FUEL PUMP —/
WITH THE 40 000 BTU PREHEATER

PREHEATER FUEL FILTER

.E WITH THE 80 000 BTU PREHEATER
-_T : SRARLTIELEER GO 500 T 0560 600 B
ENGINE
Figure1: Fuel System Schematic 03005
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2. Fuel Lines and Flexible -
Hoses

Make a visual check for fuel leaks at all engine-
mounted fuel lines and connections and at the fuel
tank suction and return lines. Since fuel tanks are
susceptible to road hazards, leaks in this area
may best be detected by checking for
accumulation of fuel under the tanks. Engine
performance and auxiliary equipment is greatly
dependent on the ability of flexible hoses to
transfer lubricating oil, air, coolant and fuel oil.
Diligent maintsnance of hoses is an important
step in ensuring efficient, economical and safe
operation of engine and related equipment.

Check hoses daily as part of the pre-start-up
inspection. Examine hoses for leaks and check all
fitings, clamps and ties carefully. Make sure that
the hoses are not resting on or touching shaits,
couplings, heated surfaces, including exhaust
manifolds, any shamp edges or other obviously
hazardous areas. Since all machinery vibrates
and moves fo a cerain extent, clamps and ties
can fatigue with age. To ensure continued proper
suppont, inspect fasteners frequently and tighten
or replace them as necessary., Refer to the
schematic diagram of the fuel system (Fig. 1).

Caution: Oil level above the dipstick full
mark or a decrease in lube oil consumption
may indicate internal fuel leaks. Check oil level!
frequentiy.

3. Fuel Valves

Manual shut-off valves on engine fuel supply line
are located on the R.H. side of engine
compartment (Fig. 2). A manual shut-off valve is
located at the inlet side of the primary fuel filter
(fuel filter/water separator, if wvehicle is so
equipped) under the air compressor. Another
manual shut-off valve is located at the oulet side
of the secondary fuel filter, under the starter. No
manual valve is required on preheater fuel supply
line, since the positive-displacement fuel pump
(located close to the fuel tank) will shut off line
when it is not activated.

FUEL FILTERWATER SEPARATOR

03006
Figure 1: Location of Manual Shut-off Valves

4. Filters and Water Separator

The fuel system is equipped with primary and
secondary fuel filters for additional protection of
the injectors. A fuel filter/water separator can be
installed as an option. With this option, the primary
filter is removed and it is replaced by the fuel
filter/water separator (Fig. 2).

Note: The service intervals of the
filter/water separator element and the
secondary fuel filter cartridge are determined
by the operating conditions and cleanliness of
type of fuel used.
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4.1 Fuel Filter/Water Separator
Servicing

The fuel filter/water separator is located on the
RH. side of the engine compartment, on the
engine below the air compressor. The water
separator must be drained periodically or when
the indicator light on the central dashboard panel
is illuminated.

Replace the water separator element as follows.

1, Drain the fuel filter/water separator as
stated previously.

2. With engine off and engine fuel supply
line valves closed, remove the fitter
element from mounting head with bowl
connected (see subject "3. Fuel Valves”
of this section for valve location).

3. Remove bow] from filter element. Clean
bowl and O-ring gland.

Note: Bowlis reusable, do not discard,

4, Lubricate O-ring with clean diesel fusl or
motor oil and place it in bowl gland.

Caution: Do not use tool to tighten bowl.
Tighten by hand only.

5. Spin bowl onto new filter element snugly
by hand.
6. Lubricate filter to seal with clean diesel

fuel or motor ail.

7. Fill filter element/bowl assembly with
clean diesel fuel and attach onto
mounting head. Hand tighten an
additional 1/3 to 1/2 turm after full seal
contact is made.

8. Open valves of the engine fuel supply
line.

8. Run the engine and check for leaks.

Caution: If the water separator
continuously requires draining, it is possible
that water or sediment is accumulated in the
fuel tank. To correct this situation, open the
drain plug under the tank when the fuel gauge
indicates tank is 1/4 full in order to drain any
contaminant,

4.2 Fuel Filter Servicing
(Primary and Secondary)

The primary and secondary fue! filters are located
on the R.H. side of the engine compartment. The
primary filter is installed on the engine below the
air compressor. The secondary fuel filter is also
installed on the engine but below the starter.
They are of a spin-on type and must be replaced
every 12,000 miles (20 000 km) or once a year,
whichever comes first. :

A method of determining when filters are plugged
to the extent that they should be changed is
based on the fuel pressure at the cylinder head
fuel inlet fitting and the inlet restriction at the fuel
pump. In a clean system, the maximum pump inlet
restriction should not exceed 6 inches of mercury
(20.3 kPa) and must not exceed 12 inches of
mercury (41 kPa) with a dirty system.

At normal operating speeds and with the standard
0.080" restriction fittings, the fue! pressure at the
cylinder head inlet is 50-75 psi (345-577 kPa).
Change the fuel fiters whenever the inlet
restriction at the fuel pump reaches 12 inches of
mercury (42 kPa) at normal operating speeds and
whenever the fuel pressure -at the cylinder head
inlet fitting falls to the minimum fuel pressure given
above.

Change the filter cartridge(s) as follows.

Note: Use a suitable band wrench or filter
wrench, such as J22775, to remove the filters.

1. Stop engine, shut off the engine fuel
supply line valves (See "3. Fuel Valves"
for valve location). Unscrew and discard
filters,




Section 03: FUEL SYSTEM

2. Fill new filter replacement cartridge(s)
with clean fuel oil, about two thirds (2/3).
Apply a thin coat of clean fuel oil on
gasket.

3. install new filters. Tighten until filter is
snug against the gasket, with no side
movement. Rotate an additional 1/2 turn
by hand.

4, QOpen engine fuel supply line valves.

Caution: Mechanical tightening of the fuel
filters is not recommended and may result in
seal and/or cartridge damage. Tighten the fuel
filters by hand only.

5. Start the engine and check for leaks.

Note: There is a fuel system shut-off valve
on the discharge side of the secondary fuel
filter. This check valve is designed to prevent
loss of fuel at time of filter replacement.

4.3 Preheater Fuel Filter

The preheater fuei filter is installed on the vehicle
only with the optional 80 00 BTU preheater. The
filter is located in the rear electric compartment.
Replace the filter every 50,000 miles (80 000 km)
or once a year, whichever comes first.

5. FUEL TANK

The vehicle is equipped with a welded stainless
steel fuel tank with a capacity of 230 US gal (871
liters). The tank is located next to the last baggage
compartment, between condenser and HVAC unit
compartiments (Heating, Ventilation and Air
Conditicning).

Dual filler necks are provided to refuel from either
side of vehicle; the left side fuel filler neck is
accessible through a fuel filling access door, while
access 1o the right fifler neck is possible through
the refrigerant dryer access door {see "Operator's
Manual”for details).

- A pressure relief valve in the tank relieves high

pressure buildup, and an air vent allows offset air
in the tank to escape during filling. A drain plug,
accessible from under the vehicle, is fitted at the
bottom of the tank.

5.1 Tank Removal/Installation

Note: Prior to removal, the fuel tank should
be completely drained by unscrewing the
drain plug. Ensure that the container used
has a capacity equal to the amount of fuel
remaining in the tank.

1. Open the condenser door (refer to
“Operator's Manual” for details). Remove
the fuel access panel. Locate the fuel
tank line connections (Fig. 3).

2. Unscrew the fuel engine return line,
engine supply iine fittings and the air vent
clamps. If applicable, unscrew the
preheater supply line and the preheater
return iine clamps.

] OEH3IBE22

Figure 2: Fuel Tank Access Panel Location

3. Disconnect all fuel and air vent fines,
alarms and fuel gauge connectors.

4. Unscrew the fuel tank filler neck tube
clamps. Disconnect tubes.
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Warning: Before removing the bofts
securing the tank to the frame, make sure that
the tank is supported adeguately. Failure to
do so could result in injury as well as damage
to the tank.

5. From under the vehicle, on the R.H. side,
unscrew the four bolts {two on each side)
retaining the tank support to the frame

bracket,

6. From under the vehigle, on the LH. side,
unscrew the six bolts (three on each
side) refaining the tank support to the
frame bracket. Remove the two mounting
plates located between the tank support
and frame brackets. Carefully remove
tank frorm under the vehicle.

7. Installation is the reverse of removal.

6. PRIMING FUEL SYSTEM

The problem with restarting an engine that has
run out of fuel, is that after the fuel is exhausted
from the tank, it is pumped from the primary fuel
filter or the fuel fiter/water separator, if vehicle is
so equipped, and sometimes partially removed
from the secondary filter resulting in an insufficient
fuel supply to sustain engine firing. The primary
fuel fiter or fuel filter/water separator and
secondary filler must be free of air in order for the
systems to provide adequate fuel for the injectors.
When the engine runs out of fuel, the following
operations must be performed before restarting.

Fill fue! tank with the recommended fuel oil, If only
partial filing is possible, add a minimum of 10
gailons (38 liters) of fuel.

If the vehicle may be prime equipped with an
optional priming pump (see Fig. 1).

Start the priming pump. The switch is located in
the engine compartment and mounted on a small
box above the engine (between the starter button
and the starter selector switch). Start the engine
and check for leaks.

If the vehicle is not equipped with a priming
pump.

1. Unscrew the cap on the priming valve located
on the secondary filter.

2. Direct fuel under pressure 25 psi (172 kPa) to
the priming vaive using a quick coupling.

3. Start the engine and check for leaks.

7. FUEL PUMP INSTALLATION

The fuel pump is attached to a drive assembly
mounted on the rear side of the gear case.

1. If removed, install inlet and outlet fittings
in the cover of the fuel pump.

Note: New fittings have sealant already
applied. If reusing fittings, coat the threads
lightly with Loctite Pipe Sealant, Detroit Diesel
number J 26558-92, or equivalent, before
installing. To prevent sealant from enlering
fuel system, do not apply it to the first two 2)
threads of the fitting. Do not use teflon tape or
paste on the fittings.

2. Install drive coupling in drive hub of the
fuel pump. Install 2 new gasket to the
mounting flange of the pump.

3. Align the drive coupling with the coupling
on the fuel pump drive assembly pump
mounting bolt holes with those in the fuel
pump drive assembly.

4, Seat the pump squarely against the drive
assembly. Install three (3) fuel pump
mounting bolts and tighten them to 22-28
[bfsft (30-38 Nsm).

5. Connect the fuel inlet and outlet lines to
the fuel pump and tighten.

6. Prime engine fuel system before starting
engine to ensure pump seal lubrication
and prompt engine starting.
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8. FUEL OIL SPECIFICATIONS

The quality of fuel oil used for high speed diesel
engine operaticn is a very important factor in
oblaining satisfactory engine performance, long
engine life and acceptable exhaust emission
levels. The fuel oil should meet ASTM designation
D 975. Grade 1-D is recommended, but grade 2-D
is also acceptable.

Note: These fuel grades are very similar to
grade DF-1 or DF-2 of Federal Specifications
VV-F-800. For detailed fuel recommendations,
refer to publication "Engine Requirements-
Lubricating Oil, Fuel, and Filters" #75E270
available from Detroit Diesel Distributors.

9. AIR CLEANER (dry type)

H3 vehicles are equipped with a two-stage,
dry-type, replaceable element air cleaner, located
in the engine compartment. To service the air
cleaner, open the R.H. side engine compartment
door. Engine air enters the air cleaner through an
intake duct integrated to the R.H. side of the rear
cap, next to the last window of vehicle, then flows
through a pre-cleaner and finally through the air
cleaner. The pre-cleaner removes dust and
moisture from air and drains dust and moisture by
means of a discharge tube at the boitom of the
pre-cleaner. The pre-cleaner is in series with a
replaceable impregnaled paper filter element (air
cleaner) (Fig. 4).

Figure 3 : Air Cleaner owtin m 3007
9.1 Pre-Cleaner Servicing

The pre-cleaner is designed to be self-cleaning;
however, it should be inspected and any
accumulated foreign material removed during the
periodic repiacement of the impregnated paper
filter element.

9.2 Air Cleaner Servicing

Stop the engine, open the R.H. side engine
compariment door, and lcosen the wing nut
retaining the air cleaner element to the air cleaner.
Remove the element by pulling on the handle in
the center of the air cleaner element.

Install cleaner element as follows:

1. Inspect the gasket sealing surface inside the
air cleaner. It must be smooth, flat and clean.

2. Install the air cleaner element.
3. Make sure that the element seals securely.

4. Inspect element cover gasket and replace if
necessary.

Whenever it becomes necessary t0 remove the
air cleaner assembly (dry type) for maintenance or
other repair in this area, great care should be
taken when installing air cleaner assembly.




Section 03: FUEL SYSTEM

The pre-fitter should be installed snugly in the air
duct and clamped tightly to the air cleaner inlet to
prevent any dust infiltration into the air cleaner.

9.3 General
Recommendations

The following maintenance procedures will ensure
efficient air cleaner operation:

1. Keep the air cleaner housing tight on the
air intake pipe.
2. Make sure the correct filters are used for
replacetment.
3. Keep the air cleaner properly assembled
- 50 the joints are air-tight.
4, Immediately repair any damage to the air

cleaner or related parts.

5. inspect, clean or replace the air cleaner
or elements as operating conditions
warrant. Whenever an element has been
removed from the air cleaner housing the
inside surface of the housing must be
cleaned with a soft clean cloth,

6. Periodically inspect the entire system.
Dust-laden air can pass through an
almost invisible crack or opening which
may eventually cause damage to an
engine.

7. Never operate the engine without an
element in the air cleaner assembly.

8. Do not ignore the waming given by the air
restriction indicator. This could result in
serious engine damage.

9, Store new elements in a closed area free
from dust and possible damage.

9.4 Air Cleaner Restriction
Indicator

A resettable restriction indicator is installed on the
engine air intake duct near the turbocharger in the
engine compartment, to constanlly monitor the
level of vacuum between the air cleaner and
engine in order to detect and indicate an abnormal
increase in vacuum due to a dit-laden and
therefore restricted air cleaner element.

When the red signal flag locks in full view, the air
cleaner element must be inspected and replaced
if necessary. The indicator flag must be reset by
pressing on its extremity (Fig. 5).

/

Flag
Figure 5: Air Cleaner Restriction Indicator ozxssra
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10. SPECIFICATIONS

Primary/Water Separator (optional)
May be used instead in place of the primary filter {(never use with a primary filter).

VK ot b b arseneere e s see e e e st e st e bt e o e seeeeeee e eervens Racor
Ty vt se ettt esm e e e snen st st gpen en e S At esr TR TR e R A e A se Rt AR ERee S aE e SR SRS e RE S e sme e e e nan e senrmenae Spir-on
SUPDNET TIUMDE «.e.cvsriis sttt vaeesesrare s rs et ses s arasassesssas s s ba b b b e em e e aermsaenaemneennsenseasassesans 53202
PTEVOSE MUMDET ..ottt asas s e s e st sms s e ane s e s s s a8 sstmname s see st sense st me e smeemese e seansssnnestasasen 53-1390
Primary Fue! Filter

B .. ettt e sttt et et e s e e s e e e At ne st ame s e bn b aes e na et an ettt emtamen b sememsesesmen o AC
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Pre-Cle@aner PreVOST NUMDET ......o..ouecceeecereseeseerstseresssssss s sesssessssesresssvessersssessastsssastsnsnsssssmsssmseessmsesesesensons 53-0207
MIBKE .o et e s e e e s e e ve s e b s e e e e e £ RS R e eeem e ee e eem st e emt e epeeeemeeenes Donaldson
MOGEL...ce ettt et re s s v s s s ess e ses e s e s s ea b et st b e es s sem et e aeenneseomesesssenssessesesesastn PVHOO1220
Air Restriction Indicator
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THE RACOR 20 SERIES SPIN-ON
FUEL FILTER/WATER SEPARATCRS
CAN SOLVE DIESEL FUEL
PROBLEMS UNDER ANY
QPERATING CONDITICNS IN THE
WORLD.

Advancaed Flitration/
Separation Technology

The unique design of the 20 Series
directs the fuel flow to the expanded
center core of the unit. The reduced
velocity causes heavy liquid and sclid
contamnants to accumulate in the in-
ner chamber of the filtersseparator
bowl. Then they are draned off
through a positive seal drain valve. This
primary separation or pre-¢cleaning

Pressure Applications

The Muiti-Media Coalescer
Replacement Filter Elemant is for
pressure side installations where the
fuel has passed through a transfer
pump and a coalescing filtration action
is nacessary for a high degree of water
removal efiectivenass. With the
coalescer replacement filter element,
99+ % of free and emulsified water an
damaging solid particulate
contaminants are removed. Ventcap s
standard.

,-——-—'/_' - "4 7y
- | i -
A 5 !

220

Height 8" (203 mm)

Whdth 4° (102 mm)

Depth 4" (102 mm}

Mazx. Flow Rate 30 gph (114 Iph)
Weight1751bs.{.79 kgs }

. . ] Element Model No R14 Cas
stage gives extended elemant life. = . Duat Media Codescer
The 20 Series Filter/Separator units : ! ' fo o Capacity 80 gms 75 gms
are compact and easy to service. . ; ' : Dirt Removal Rating  96% at2 micronwiACF T D

i ' Water Removal less than less th
Vacuum (Suction) Applications ’ i PE E mc.mv 10ppm free JOD;m ree
The Dual Media Replacement Filtar by ) gert e ater
Element uses a new Racor two-stage ' : 25 e
process of Dual Phase Repelling Ac- i e el
tion and Dual Phase Fiitration to ! Depth 4* (102 mm)
remove virtually 100% of the wen ::oz':ba:t;i? '?hmo o
remaining free water and damaging grim e
solid particulate contaminants from Element Model No. nu?::m c “c'ﬁ‘ o
diesel fuel. Primer pump, vent cap and o e —_—
check valve are stardard. ptions Dirt Capaity 117 gms. 107 gms
Electrical in-filter heater {Soft C-24)
Matal Bowl Dirt Removal Rating 9% a2 micronw/ACFTD
Servic i Water Removal less than less than
e Indicator Pacme Efficiency 10ppm free Mpom tree
(water sensor and element Effluent: warer waler
change monitor}
Racor additives are specially Racor RX-100 * Cleans fuel lines, pumps and

formulated to be completely
compatible with enginas, fuel filters
and water separators. They contain no
darnaging al¢cohol and keep fuel in the
best possible conditien for all diessl
engine applications.

SUPER CONCENTRATED.
COMPARE TREATMENT COST PER
GALLON OF FUEL.

Cold Weather Disssl Additive

¢ Contains a pour point depressant
fuel conditioner

¢ Kesps fuel flowing down to
—40°F (—40°C).

¢ Improves engine perfarmance
reduces engine wear

s Eases starting, aids combustion,
pravents comosion

* Eliminates waxing and clogged
filtars

injectors
Parte. Typc Size Treatament
111179 RX-1¢:2 100z, 15-30 Gallons
11-1180 RX-100 3202. 150-200 Galons
11-1181 RX-100 1gal. 1.000 Gallons
11-1284 RX-100 2.50s. 5.000 Gajlons
11-1285 RX-100 20gal. 55.000Galons

(Continued on Page 16)




Racor RX-200

Diesel Treatment
* improves engine performance
¢ Cleans fuel hnes. pumps ang.

inectors
* Eases starting and prevents
corrosion
PartNo. Type Size Treatment BUTT SPLICE
11-1270 RX.200 100z Qne 100z Instaillation Instructions
Can Per Tanktyl
11-1274 RX-200 320z. 150-200 Galions
Racor RX.300
Marine Diese! Treatment e

Formulated for diesel fuel in a marine
ervironment, RX-300—
* Contains a biocide and fuel

——— o ]
1

Select splice of appropnate size. Sinp

conditioner wirss 0.3 tnsen into cnmp barrel.
* Prevents fungi, bacteria and algae —_— g N e A = L
arowtn B
* Cleans fuel fines. pumps and 2.
injectors Crimp using cnmp tool for preinsulated
* Improves engine performance cnmps.
¢ Provides rust protection and e
lubrication throughout the entire L
Systemn 3
Heat splice with heat gun untl tubing
PartNo. Type Size Treatment recovers and adhesive fiows,
11-1286 RX-300 100z 50 Galions
11-1267 RX-300 320z 500 Gaflona
111268 AX.300 1gal 5.000 Galions
11-1269 RX-300 20gal. 100.000 Ga¥ons

All products manutactured or distributed
and no othery:

RACOR LIMITED WARRANTIES STATEMENT
by Racor ars subject to the foflewing, and only the tollowing, LIMITED EXPRESS WARRANTIES,

Parker Hannifin Corporation
Racor Divison

PO. Box 3208

Mocesto. CA 95353 USA
8007344-1288, 209/521.7880
Telex 359-408 RACOR MSTO

thnmdhﬂmmwmﬂi-mom-m

INSTALLATION INSTRUCTIONS
Racor Pan No. 7091FG
tn Alaska. Caiifomus and Mawas, cail 1-209-521-7880 9-90/24M
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1. MAINTENANCE

The exhaust system should be inspected periodically for restrictions and leaks. The exhaust system is shown
in figure 1. Restrictions such as kinked or crimped pipes result in excessive back pressure which can lead to
increased fuel consumption, power loss, and possible damage to engine combustion chamber components.
Exhaust leaks are commonly the result of loose clamp bolts, corroded pipes, or a punctured muffler. In
addition to excessive noise, a leaking exhaust system could allow toxic gases to enter the vehicle. Inspect
the exhaust system as foliows:

» Atvehicle inspection intervals;
e Whenever a change is noliced in the sound of the exhaust system; and

¢ Whenever the exhaust system is damaged.

EXHAUST
PIPE
|, BELLOWS
[+]
A
‘ -
_I TAI_L PIPE
MUFFLER
U-CLAMP
¥ RUBBER
MOUNT
Figure 1: Exhaust System 04001
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. Replace damaged or corroded exhaust system
components without delay.

When operating the engine in a service garage or
in a closed area, the exhaust must be vented to
the outside. Place the shop vent hose over the
exhaust outiet pipe.

Warning: Avoid breathing exhaust gases.
Exhaust contains carbon monoxide which is
odorless and colorless, Carbon monoxide is a
dangerous  gas which can  cause
unconsciousness and can be lethal. If at any
time you suspect that exhaust fumes are
entering the vehicle, locate and correct the
cause(s) as soon as possible.

2. MUFFLER
REMOVAL/INSTALLATION

Warning: Make sure the that muffler and
components are cold before removing or
installing components.

1. Remove bolts and clamps securing
exhaust pipe bellows to the muifler.”

2, Support the muffler from under the
vehicle.

3 Remove U-clamp which retains the tail
pipe to the mulffier.

4. Remove belt holding the tail pipe to the
frame bracket.

5. Remove the tail pipe.

6. Remove the fasteners holding the four

rubber mounts to the frame brackets.
Remove the fasteners securing the
rubber mounts to the muffler brackets.

Note: The tront retaining bolts are accessible
from the L.H. side tag axle wheel housing.

7. Remove rubber mounts. Lower muffler
from under vehicle.

8. Remove parts which are attached to the
muffler - such as brackets and collar.
Inspect and replace pieces if necessary.
Reinstall parts on the new muffler.

9. Installation is the reverse of removal.

3. FLEXIBLE TUBE
INSTALLATION

The flexible exhaust tube contains an inside rigid
pipe. To allow appropriate flexibility for assembly,
make sure that the rigid pipe is concentric to the
flexible part. To maintain the pipe centered at the
time of installation, cardboard spacers must be
inserted at four places at equal distance around it
(Fig. 2). These spacers may be left in place and
will deteriorate over time.

CARDBOARD
SPACER
’— FLEXIBLE TUBE
RIGID PHPE
Figure 2: Flexible Tube Installation 04003
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Section 05 : COOLING SYSTEM

1. COOLING SYSTEM

1.1 Description

A radiator 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 (Fig.1).

Two full blocking-type thermostats are used in the water outlet passage to contro! the flow of coolant,
providing fast engine warm-up and regulating coolant temperature.

SURGE TANK

THERMOSTATS

o HEATING SYSTEM

=) e
1 /g;,,

4 TRANSMISSION COOLER

.

CIRCUIT WITH AUTOMATIC TRANSMISSION

RADIATOR

_ >L<FAN DRIVE

Figure 1: Cooling System 05023
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The 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. For vehicles with automatic transmissions
the coolant circulates in the transmission cooler
before going through the oil cooler and the
cylinder block.

From the cylinder block, the coolant passes up
through the cylinder head when the engine is at

nommal operating temperature, through the-

thermostat housing and into the upper portion of
the radiator. Then the coolant passes through a
series of tubes where the coolant temperature is
lowered by air streams creaied 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 by-pass 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 by-pass tube. When the thermostats are
completely open, all of the coolant flow is to the
radiator inlet. ’

The cooling system is filled through z filler cap on
the surge tank (Fig. 2). A pressure cap at right of
surge tank is used to maintain pressure within the
system. When the system exceeds nomal
pressure rating (14 psi - 96.53 kPa), the cap
releases air and if necessary , coolant through the
overflow tube. Two thermostats are located in the
housings attached to the right side of the cylinder
head.

A water temperature sensor mounted on the
cylinder head (radiator side) is also supplied for
engine protection purposes.

Figure 2: Cooling System Surge Tank 05024
The engine cooling system is aiso used to provide
hot coolant for the vehicle heating system. Refer
to Section 22, Heating and Air for information
relating to heating system water circulation.
Inspect cooling system as follows:

1.2 Maintenance

A systematic routine inspection of cooling system
components is essential to ensure maximum
engine and heating system efficiency.

. Check coolant level in the surge tank
daily, and comect if required. Test
antifreeze strength.

. Maintain the prescribed inhibitor strength

levels as required. Coolant and inhibitor
concentration must be checked at each
oil change, every 12,500 miles (20 000
km) or once a year, whichever comes first
to ensure inhibitor strengh. For vehicles
equipped with coolant filter, replace
precharge element fiter with a
maintenance element filter. If the vehicle
is not equipped with the fitter, add the
recommended inhibitor concentration to
the antifreezefwater solution.
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. Drain, flush, thoroughly cleaned and refill
the system every two years or every
200,000 miles {320 000 km), whichever
comes first. For vehicles equipped with
coolant filter, change the precharge
element filter or the existing maintenance
element filter for a new maintenance
element fiter. If the wvehicle is not
equipped with the fiter, add . the
recommended inhibitor concentration to
the antifreeze/water solution.

Note: Do not add inhibitors to the
antifreeze/water solution when vehicle is
equipped with a coolant filter.

Note: The coolant must be discarded in a

environmentally safe manner.
Vehicles without coolant filter.

Refer to Malcool 3000 with Stabil-Aid
bulletin annexed to the end of this section
for preventive maintenance (at each oil
change) and inilial treatment instructions
(each time the cooling system is drained,
flushed and cleaned).

Vehicles with coolant filter.

Change the coolant precharge element
filter for a maintenance element filter at
each oil change (see specifications at the
end of this section) and replace existing
maintenance filter with a new one . Use a
coolant precharge filter each time the
cooling system is drained, flushed and

cleaned.

. Check belts for proper tension. Adjust as
necessary. Replace any frayed or badly
worn belts.

. Check radiator cores for leaks. Make sure

the cores are not clogged with dirt or
insects. To avoid damaging the fins,
clean cores with a low pressure air hose.
Steam clean if required.

. Inspect the water pump operation. A

leaky pump sucks in air, increasing -

corrosion.

. Repair all leaks promptly. Unchecked
leaks can lead to trouble. Inspect and
tighten radiator mounts periodically. Test
and replace thermostats reguiarly,

Note: in order to ensure the integrity of the
system, periodically check cooling system
pressure. Pressurize the cooling system to
103-138 kPa (15-20 psi) using Radiator and
Cooling System Tester, J24460-1. Do not
exceed 138 kPa (20 psi). Any measurable drop
in pressure may indicate a leak. Whenever the
oil pan is removed, check the cooling system
pressure as a means of identifying any
incipient coolant leaks. Make sure that the
cause of the internal leak has been corrected
before flushing the contaminated system.

Leaks at the thermostat housing hose
connections may be caused by deformation and
rough surfaces on the castings of the hose
mounting surfaces. It is recommended that "Dow
Corning RTV-102 Compound” or any equivalent
product be applied on cast surfaces prior to hose
installation.

Caution: Castings should be clean and free
of oil and grease before applying compound.
No other sealer should be used with RTV-102
compound.

2. HOSES

2.1 Inspection

Rotten, swollen, and wom out hoses or loose
connections are frequent causes of cooling
system problems.

Serious overheating is often caused by an old
hose collapsing or from rotten rubber shedding
from hoses and clogging the coolant passages. -

Connections should be inspected periodically and
hose clamps tightened. Replace any hose found
to be cracked or swollen,
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When instaling a new hose, clean pipe
connections and apply a thin layer of a
non-hardening sealing compound. Replace worn
out clamps or clamps that pinch hoses.

3. CONSTANT-TORQUE HOSE
CLAMPS '

3.1 Description

All hose clamps of 1 3/8" 1.D. and over, used on
the heating and cooling systems, are of the
‘constant-torque” type. These clamps are
worm-driven, made of stainless steel, and
provided with a series of Belleville spring washers.
They also feature an extended integral liner that
covers the band slots to protect soft/silicone
hoses from damage, and help maintain consistent
sealing pressure.

This type of clamp is designed to automaticaily
adjust its diameter to compensate for the normal
expansion/contraction of a hose and metal
connection thal occurs during vehicle operation
and shutdown. The consiant-forque clamp
virtually eliminates coolant iosses due to “cold
flow" leakage and greatly minimizes clamp
maintenance.

3.2 Iinstaliation

Use torque wrench for proper installation. The
recommended torque-is 90 to 100 Ibfein, (10 to 11
Nem). The Belleville spring washer stacks should
be nearly collapsed flat and the screw tip should
extend 1/4" (6 mm) beyond the housing (see fig.
3).

Caution:  The hose clamps will break if
overtorqued. Do not overtighten, especially
during cold weather when hose has
contracted,

— e 14" (6 mm)

VISUAL TORQUE
CHECK FEATURE

Figure 3: Constant-torque Clamp MASE(502

3.3 Maintenance

The constant-torque clamps contain a “visual
lorque check” feature. When the tip of the screw
is extending 1/4” (6 mm) out of the housing, the
clamp is properly installed and maintains a
leak-proof connection (Fig. 3). Since the
constant-torque ciamp automatically adjusts to
keep a consistent sealing pressure, there is no
need to retorque hose clamps on a regular basis.
During vehicle aperation and shutdown, the screw
tip will adjust according to the temperature and
pressure changes. Proper torque instailation
should be checked at room temperature.

4. COOLANT

4.1 Thawing cooling System

if the cooling system becomes frozen solid, place
the coach in a warm area untl the ice is
completely thawed. Under no circumstances
should the engine be operated when the cooling
system is frozen, since it will result in engine
overheating due to insufficient coolant,

4.2 Coolant Level Verification

Coolant level is correct when the cold coolant is
visible through the surge tank sight glass. If
coolant level is low, fill cooling system {Fig. 4).
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-Surge Tank
Sight Glass~

Figure 4: Coolant Level! Verification OEHIB724

4.3 Cooling Level Sensor

The "loss of coolant waming device", consists of
a level probe mounted on the surge tank and a
sensor module mounted on the vehicle. The
module sends a signal to the ECM to indicate
coolant level. If the coolant level drops below the
probe the Check Engine light flashed and
diagnostic code is registered (see Section 1,
Engine).

Caution: Do not run engine with the Check
Engine light flashing,

The level probe is mounted on the R.H. side of the
surge tank while the efectronic module is mounted
inside the rear electric junction box.

4.4 Coolant Requirements

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 combustion heat
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.

Coolant solutions must be carefully selected and
properly maintained in order to meet the following
basic requirements:

1. Provide adeguate heat transfer.

2, Provide nprotection from cavitation
damage.

3. Provide a comosion/erosion-resistant

environment within the cooling system.

4, Prevent formation of scale or sludge
deposits in the cooling system.

5. Be compatible with the cooling system
hose and seal materials.

6. Provide adequate freeze protection
during cold weather operation.

The first five requirements are satisfied by
combining suitable water with refiable inhibitors.
When freeze protection is required, a solution of
suitable water and antifreeze containing adequate
inhibitors  wili provide a satisfactory coolant.
Ethylene glycol-based antifreeze is recommended
for use in Series 60 engines. The cooling system
capacity is 24 US gal (91 liters).

Note: In general, antifreeze does not contain
adequate - inhibitors. For this reason,
supplemental coolant additives are required.

For a complete overview of engine coolants used
with Detroit Diesel Engines, refer to Section 13.3
Coolant specification in the Detroit Diesel Engine
manual.

4.5 General Cooling System
Recommendations

Always maintain cooling system at the proper
coolant level. Check coolant leve! daily.

The cooling system must be pressurized to
prevent localized boiling of coolant. The system
must be kept clean and leak-free. The filler cap
and pressure cap must be checked periodically
for proper operation.
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4.6 Coolant
Recommendations

1. Always use recormmended antifreeze,
inhibitor and  water at proper
concentration levels. A 50% coolant/water
solution is normally used as factory fill.
Concentrations over 70% is not
recommended because of poor heat
transfer capability, adverse freeze
protection  and silicate  dropout.
Concentrations below 30% offers little
freeze, boilover or corrosion protection.

2. Use only ethylene glycol antifreeze
meeting the GM 6038-M or ASTM D 4985
formulation, or an equivalent antifreeze
with a 0.15% maximum silicate content
meeting GM 1899-M performance
specifications. '

3. Use an antifreeze solution year-round far
freeze and boil-over protection. Seasonal
changing of ceolant from an antifreeze
solution to an inhibitor/water solution is
recommended.

4. Pre-mix coclant makeup solutions at
proper concenirations before adding to
the cooling system.

5. Maintain the prescribed inhibitor strength
levels as required.

Vehicles Without Coolant Filter

Refer to Nalcool 3000 with Stabil-Aid bulletin
annexed to the end of this section for preventive
maintenance (at each oil change) and initial
treatment instructions (each time the cooling
system is drained, flushed and cleaned).

Vehicles With Coolant Filter

Change the coolant maintenance filter at each oil
change (see specifications at the end of this
section}. Use a coolant precharge filter each time
the cooling system is drained, flushed and
cleaned.

Note: The coolant filter contain inhibitors.

6. Do not mix different base inhibitor
packages.
7. Use only non-chromate inhibitors.

Caution: DO NOT USE THE
FOLLOWING:

« Soluble oil
» Chromate inhibitor
s Methoxy propanol-base antifreeze
+  Methyl alcohol-base antifreeze
+ Sealer additives or antifreezes containing
sealer additives
8. Distilled water is recommended.
9. Always maintain proper coolant level.

Note: Always test the solution before adding
water or antifregze.

10, If not at the proper protection level, mix

coclantwater solution to the proper
concentration before adding to the cooling
system.

Warning:  Never remove fill cap while
coolant is hot. When coolant is at ambient
temperature, release pressure from sysiem by
turning the pressure cap counterciockwise 1/4
turn; then remove filler cap slowly. A sudden
release of pressure from a heated cooling
system can result in severe burns from the
expulsion of hot coolant. .

4.7 Draining Cooling System

The cooling system may be completely or partially
drained by using the following procedures.

The engine and related components may be
drained as follows:
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1. Stop engine and allow engine fin o cool.
Close both heater line shutoff valves. One
located in the engine compartment under
the radiator fan gearbox (Fig. 5). The
other heater line shutoff valve is located
in the LH. rear electric compariment
(near the preheater, see Fig. 6). Refer to
Section 22, Preheating System, to gain
access to the preheater and the heater
line shutoff valve . o5

Warning: Before proceeding with the
- following steps, make sure that coolant has
cooled down, The sudden release of pressure
from a heated cooling system can result in
loss of coolant and 