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DESCRIPTION AND OPERATION

Engine Description
Refer to Figs. 1 through 5.

The 6.9L diesel engine is a four cycle naturally
aspirated V-8 with overhead valves. The right bank of
cylinders are numbered 1, 3, 5, 7, with number 1 being at
the front. The firing order is 1-2-7-3-4-5-6-8.

The crankcase has been especially designed to
withstand the loads of diesel operation and utilizes a four
bolt main bearing to assure a strong support for the
rotating parts. The crankcase also has internal piston oil
cooling jets which direct oil to the underside of the piston.

The crankshatt is a five main bearing unit with fore and
aft thrust controlled at the center (NO. 3) bearing. Heavy-
duty forged steel connecting rods are attached to the
crankshaft, two to each bearing throw. The piston pin is a

free floating type permitting the pin to move or float freely

in piston and rod. The pin is held in place with pin
retaining snap-rings.

The camshatft is supported by five insert-type bearings
pressed into the block and is driven by a drive gear keyed
to the crankshaft. The end thrust of the camshaft is
controlled by a thrust flange located between the front
camshaft journal and the camshaft drive gear.

The aluminum-alioy pistons are fitted with two
compression rings and one oil ring.

The hydraulic valve tappets minimize engine noise
and maintain zero valve lash or tappet clearance. This
eliminates the need for periodic adjustment. The
hydraulic valve tappets also incorporate camshaft roller
followers for improved camshaft wear characteristics.

The cylinder head assemblies feature pre-combustion
chambers which provide superior combustion
characteristics. The cylinder heads used on the engine
are equipped with positive valve-rotating mechanisms
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located at the bottom of the intake and exhaust valve
springs.

The engine is equipped with a fully closed crankcase
ventilation system. The crankcase depression regulator
(CDR) valve is mounted on the intake manifold and
provides a connection between the valley pan and the

_intake manifold, to regulate crankcase pressure.

The rotary-type injection pump is located between the
cylinder heads in a recess in the front of the engine. The
engine governor is integral with the fuel injection pump.
Operating principles and service instructions for the fuel
system components are also provided in this Section.

Coolant Flow

Coolant flows from the water pump to the engine right
and left banks (Fig. 6). '

Circulation of the coolant is from the front to the rear of
the crank-case. Coolant flows from crankcase to the
cylinder head via positive cooling passages and through
one passage at the rear bulkhead of the cylinder head,
and one at the front. Coolant flows between the pre-
combustion chambers and valve seats and towards the
front. Coolant exits the cylinder head into a common
cavity which runs across the front of the crankcase then
to the thermostat housing. When the thermostat is
closed, coolant bathes the thermostat and runs through
the bypass orifice which is located below the thermostat.
No coolant is allowed to leave the crankcase.

Also when the thermostat is closed, the heater coolant
flow assembly (Fig. 8, View A) reduces coolant flow and
pressure to the heater core. This provides for quick
engine warmups. When the coolant reaches 105°C
(190°F) the thermostat begins to open, and at the same
time the bottom of the thermostat moves closer to the
bypass orifice, the volume of coolant allowed to bypass
isdd'ecreased, and coolant is allowed to return to the
radiator.

Lubrication System

Lubrication oil is drawn out of the sump through the
pick up screen and oil pick up tube to the oil pump (Fig.
7). Oil pump flow is 45.4 liters (12 gallons) per minute at
rated speed and a pressure of 414 kPa. From the oil
pump oil is passed via drilled passageways in the
crankcase to the ¢il cooler adapter then through the oil
cooler. Oil flows around the outside of the heat
exchanger tubes. (Coolant flows through the tubes). The
oil passes around the tubes rearward to the oil filter
header. At the oil filter header the oil meets the pressure
regulating valve. This regulates the oil pressure to the oil
filter and the engine oil galleries. The rear oil filter header
also has a bypass valve which will open if the oil filter
should become clogged. Five cross passages distribute
oil to verticle passages which feed crankshaft main
bearings, camshaft bearings and two tappet galleries.
The piston cooling jets are fed from the same passage as
the valve tappets. The connecting rod bearings are fed
from the main bearings via drilled passages in the
crankshaft. The timing gears are lubricated by oil splash.
Oil passes through the hydraulic tappet rollers and up the
hollow pushrods to lubricate the rocker arm assemblies
and valve stems.

Fuel Flow

Fuel from the tank (under suction) is routed through
the fuel water separator to the fuel pump (Fig. 8). It then
passes through a fuel heater which reduces the
formation of wax while the engine is running. This aliows

the use of more economical winter blend number 2
diesel fuel in cool weather.

Fuel then passes through the engine fuel fiiter.
Properly filtered diesel fuel cannot be overemphasized. It
is essential for long component life and reliability.

The Fuel Shut-Off solenoid controls the flow of fuel
into the injection pump. With the ignition switch in Start or
Run, the solenoid is energized and fuel is allowed to flow
to the injection pump. With the ignition switch Off, fuel
flow to the injection pump stops.

Fuel entering the injection pump is metered and
delivered under high pressure through injection lines to
injection nozzles (Fig. 3). The nozzles atomize this fuel
into the cylinders for combustion. On each nozzle is a
fuel return fitting that returns excess fuei to the fuel tank.

Iinjection Pump

The function of the diesel fuel injection pump is to
accurately meter and deliver fuel to a nozzle in sach
cylinder at high pressure and at precisely timed intervals.

The injection pump is an opposed plunger, inlet
metered, positive displacement, distributor type pump.
The pump incorporates a single pumping chamber, an
integral fuel transfer pump and governor, and an
automatic injection advance mechanism. On-off control
is provided by means of an electric solenoid located in
the housing cover.

Operating principles of the pump can be understood
by following the fuel circuit through a complete pump
cycle (Fig. 9). Fusel flows into the injection pump inlet
through the inlet filter screen (1). Fuel then flows to the
vane type fuel transfer pump (2). Excess fuel from the
transfer pump is bypassed through the pressure
regulator assembly (3) to the suction side.

Fuel under transfer pump pressure flows through the
center of the transfer pump rotor, past the rotor retainers
(4) into the hydraulic head. It then flows through a
connecting passage (5) in the head to the automatic
advance (6) and up through a radial passage (8) to the
metering valve. The position of the metering valvs,
controlled by the governor, regulates flow of the fusel into
the radial charging passage (9) which incorporates the
head charging ports. As the rotor revolves, the two rotor
inlet passages (10) align with the charging ports in the
hydraulic head, allowing fuel to flow into the pumping
chamber. With further rotation, the inlet passages move
out of alignment and the discharge port of the rotor
aligns with one of the head outiets. While the discharge
port is opened, the rollers (11) contact the cam lobes
forcing the plungers together. Fusl trapped between the
plungers is then pressurized and delivered by the nozzle
to the combustion chamber.

In addition, an air vent passage (12) in the hydraulic
head connects the outlet side of the transfer pump with
the pump housing. This allows air and some fuel to be
bled back to the fuel tank via the return line. The fuel thus
bypassed filis the housing, lubricates the internal
components, cools and carries off any small air bubbles.

Injection Nozzle Assemblies

Description

The injection nozzies are of the inwardly opening,
differential, hydraulically operated, pintle type. Their
function is to direct a metered amount of fuel, under high
pressure from the fuel injection pump, into the engine
combustion chamber.
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REF. BASIC REF. BASIC
NO. PART NO. DESCRIPTION NO. PART NO. DESCRIPTION
1 6009H Cylinder Block Assembly 19 6A312A Pulley, Crankshat
2 6278A Washer, Camshaft 20 Bolt, Hex Head
3 6256A Gear, Camshaft 21 62788 Washer, Crankshaft
4 6287A Eccentric, Fus! Pump 22 6379A Damper, Crankshaft
-5 6265A Spacer, Camshaft Gear 23 6700A Seal, Crankshaft Front Oil
6 6269A Camshaft Thrust Plate 24 6306A Gear, Crankshaft Orive
7 6L269A Key, Camshaft Alignment 25 6B316A Key, Crankshaft Alignment
8 62508 Camshaft 26 6333A Bearing, Crankshaft
9 6500A Tappet Vaive 27 6337A Bearing, Crankshaft Thrust
10 6565A Push Rod 28 6384A Ring Gear, Flywheel
11 6K252A Bolt, Camshaft Drive Gear 29 6375C Flywheel
12 6108AA Set, Piston, Pin, Rings 30 6379A Bolt, Fiywheel to Crankshaft
13 6140A Retainer, Piston Pin 3 6303A Crankshaft (with Bearings)
14 61358 Piston Pin 32 Bearing Cup (Part of Cyl. Block Assy.)
15 6148D Rings 33 6345A Boit, Bearing Cap
16 Piston (Not Available Separately) 34 63458 Stud, Bearing Cap
17 6200A Connecting Rod 35 6214A Bolt, Connecting Rod
18 6211A Bearing Kit, Connecting Rod 36 6212A Nut, Connecting Rod
CA7840-2A

FIG. 4 Exploded Internal View
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FIG. 9 Injection Pump Internal View

The injection nozzle assembly consists of two sub-
assemblies; the nozzle and the nozzle holder. Fig. 10
illustrates a section view of the injection nozzle
assembly.

Nozzle Holder

The nozzle holder is used to hoid the nozzle in its
corract position in the cylinder head and to provide
channels for conducting diese! fuel to the nozzie.

Nozzle

The nozzle consists of two parts; nozzle body and
nozzle valve. These parts are lapped to form an
extremely close-fitting matched set.

FUEL RETURN TEE

NOZZLE

ASSEMBLY
AT7I48-1A

FiG. 10 Injection Nozzie Assembly

The nozzle valve carries an extension at its lower end,
called the pintle, which protrudes through the closely
fitting hole in the bottom nozzle face. This construction
requires the fusl to pass through an annular orifice, thus
producing a hollow, cone-shaped spray.

Operation

Operation of the injection nozzle assembly is simple
and positive. The metered quantity of fuel from the
injection pump enters the nozzle holder through the inlet
fitting and passes through ducts to the pressure chamber
just above the nozzle valve seat. At the instant the
pressure of fuel acting on the differential area of the
valve exceeds a predetermined spring load, it lifts the
valve from its seat and fuel flows from the nozzie until
delivery from the injection pump ceases. Positive cut-off
of fuel occurs as the valve is seated by the nozzle spring.
A small amount of fuel leakage to the spring cavity is
necessary for lubrication. This fuel leakage accumulates
in the spring cavity and drains through to the leak-off
outlet provided for this purpose.

Nozzles opening pressure and spray pattern should
be inspected every 96,500 km (60,000 mi.). Refer to
Nozzle Testing in the Engine/Emissions Diagnosis
Manual.

Glow Plug Fast Start System
Refer to Figs. 11 and 12.

The 6.91. diesel engine utilizes an electric glow plug
system to aid in the start of the engine. The function of
this system is to pre-heat the air in the combustion
chamber to aid ignition of the fuel.

The systern consists of eight glow plugs (one for each
cylinder), Controller Cycling switch, After-Glow Timer,
Power relay, circuit breaker, two fusible links located
between the Power relay and the glow plug harness (one
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for each bank of four glow plugs), Glow Plug Indicator
Lamp and a wiring harness which incorporates eight
fusible wires (one for each glow plug) located between
the wiring harness and the glow plug terminal.

On initial start with cold engine, the glow plug system
operates as follows:

When the ignition switch is turned to Run, voltage is
applied through the Glow Plug Controller to the Glow
Plug Power relay. The contacts in the relay close, and
voltage is applied to the Glow Plug Indicator Lamp, the
glow plugs and the Controller Cycling switch. The glow
plugs are heated from zero to nine seconds, depending
on engine temperature, then the Controiler Cycling
switch opens, and voltage to the Glow. Plug Power relay
is cut off. This opens the relay contacts, turning Off the
Glow Plug Indicator Lamp and the glow plugs. The giow
plugs are now warm enough for the engine to be started.

CAUTION: Hard starting will result if the ignition
switch is left on for over two minutes without
starting the engine. The aftergiow switch will have
opened, stopping the glow plugs and giow plug
indicator from cycling. The glow plugs can be reset
to continue cycling if the ignition switch is turned Off
for approximately one minute to aliow the glow plug
timer to cool down and close.

At the same time the ignition switch is turned to Run,
voltage is applied to the After-Glow Timer. The After-
Glow Timer is heated for up to two minutes, depending
on engine temperature. The After-Glow switch then
opens.

During the time the After-Glow Timer is heating up, the
Controller Cycling switch cycles On and Off, turning the
Glow Plug relay On and Off. This keeps the glow plugs
hot, helping the engine run smoother and cutting down
on smoke during warm up. This also cycles the Glow
Plug indicator Lamp On and Off. The cycling stops when
the After-Glow Timer switch opens or sooner if the
engine reaches approximately 165°F.

The Glow Plug Controller includes a circuit breaker to
protect the glow plugs from overheating if the Controller
Cycling switch stays closed. In the event the Controller
Cycling switch stays closed approximately two seconds
longer than it was supposed to, the circuit breaker opens,
cutting of voltage to the Glow Plug relay and glow plugs.
The Glow Plug Controller (the brain of the operation) is
threaded into the left cylinder head coolant jacket. The
control unit senses engine coolant temperature. Since
the control unit senses temperature and glow plug
operation the glow plug system will not be activated
unless needed. On a restart (warm engine) the glow plug
system will not be activated unless the coolant
temperature drops below 91°C (165°F).

The fast start system utilizes 8 volt glow plugs ina 12
volt system to achieve rapid heating of the glow plugs. To
prevent overheating of the glow plug, a cycling device is
required in the circuit.

CAUTION: Never bypass the power relay of the glow
plug system. Constant battery current (12 voits) to
glow plugs will cause them to overheat and fail,
possibly resulting in severe engine damage.

Vehicle and Engine Identification

Vehicle identification, the location of the vehicle rating
and data plates and engine code information is fully
covered in Section 20-00, ldentification Codes. For
specific and exact engine identification a decal label (Fig.

13) is located on the front of the injection pump gear
housing (Fig. 2).

Always refer to this label when replacement parts are
required or when checking engine calibrations. Some
engine parts vary with .engine application and vehicle
type. The identification codes will insure that the proper
parts are obtained. The codes contain all pertinent
information relating to dates, optional equipment and
revisions. The Ford Master Parts Catalog contains a
complete listing of the codes and their application. In
addition, an engine serial number tag is located on the
front of the engine block (Fig. 2).

DIAGNOSIS AND TESTING

Diagnostic Procedures—Engine Components .

Engine Oil Leaks

When diagnosing engine oil leaks, it is important that
the source and location of the leak be positively
identified before any repairs are made. The following
procedure has been found to be very effective and
requires only a minimum of equipment available in most
dealerships. Prior to using this procedure, it is important
to clean the cylinder block, cylinder head(s), rocker
cover(s), oil pan and flywheel housing areas with a
suitable solvent to remove all traces of oil.

CAUTION: Do not wash or steam clean the engine
with engine running. Serious damage to the injection
pump could resuit.

To perform oil leak diagnosis use Rotunda Model 072-
00007 (Fig. 14) or equivalent.

CAUTION: Do not use an air pressure leak test kit for
diagnosing engine oil leaks. Loss of sealing may
result at the valley pan seal.

To perform oil leak diagnosis use Rotunda Model 072-
00007 Oil Leak Detector Kit (Fig. 14), or equivalent, and
Rotunda 072-00008 fluorescent dye.

1. Open two containers of dye by cutting off end of
spout and empty entire contents of containers into
crankcase.

CAUTION: Dye may cause irritation. Avoid contact
with skin or eyes. Wash thoroughly after handling.

2. Drive vehicle for five to ten miles at various road
speeds.

3. Turn on spot lamp. (Lamp requires 3-5 minutes to
warm up).

4. Open hood. Remove air cleaner and install intake
manifold cover, Tool T83T-9424-A, over intake
manifold opening.

5. Inspect sealed and/or gasketed areas for leaks
with the spot lamp. A leak will appear as a bright
contrasting yellow-green fluorescence. Examine
the following areas, as required:

Under Hood
a. Valve cover gaskets and around bolts.
b. Crankcase front cover gaskets.
c. Front and rear valley pan end seals.
d. Cylinder head gaskets.
e. Injection pump mounting adapter to crankcase
f. Injection pump to adapter.
g. Front oil fill tube and oil fill cap.
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FiIG. 11 Glow Plug Engine Harness

h. Fuel supply pump and/or mounting gasket.
i. Oil pressure sending unit.

- Cup plugs and/or pipe plugs at the end of oil
passages.

Under Engine—With Vehicle on Hoist
The complete oil pan perimeter.
Crankcase front cover gaskets.
Front crankshaft seal.

Oil filter seal.

Oil cooler mounting gaskets and header
O-rings.

Fuel supply pump and/or mounting gasket.
g. Oil level indicator (dipstick) tube connections.
With Transmission Removed
a. Flywheel mounting bolts.

With Transmission and Flywheel Removed and
Flywheel Mounting Bolt Holes Plugged

a. Rear crankshaft seal.

b. Rear cup plugs and/or pipe plugs.
¢. Rear cover gasket.

d. Rear cover oil pan seal.

NOTE: Install specified sealant on flywheel bolts
and install flywheel as specified in this Section.

Oil Cooler Internal Leakage Test

When oil is found in the cooling system or coolant in
the oil, the oil cooler assembly should be inspected for
leakage, as described below.

Areas of possible leakage are:

spao0ow

by

"O" rings

Oil Cooler Bundle (Tubes)
Front Header

Rear Header

The service technician must clean cooling system if oil
is found in the coolant (refer to Section 27-02, Cooling
System Service). if coolant is found in the oil, change
engine oil and filter.

1. Remove oil cooler assembly from engine with filter
installed, as identified in this Section.

2. Inspect the gaskets at the header flahges for
leakage of coolant into the oil or oil into the coolant.

3. Using new header gaskets. Assemble Rotunda oil
cooler leak test kit 019-00026 or equivalent, to the
engine oil cooler by bolting the cover plate to the
rear header, bolting the cover plate and tie bar
assembly to the front header and bolting the tie bar
to the rear header cover plate (Fig. 16).

NOTE: Use original oil cooler tube and NOT test
cooler tube included with Rotunda model 019-
00026 Oil Cooler Test Kit.

NOTE: The inner O-ring (rust colored) must be
installed in the header (not on the bundie) to avoid
cutting the inner O-ring during assembly, (Fig. 17).

4. Pressurize coolant side of front header test plate
(adapter A) at air supply fitting with 276.8 kPa (40
psi) air pressure.

5. Check for air leakage at the plastic tube or each
header cover plate. If air leakage is not felt, put a
cup of water up to the plastic tubes and look for
bubbles. There should be no bubbles for a one
minute time period.
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FIG. 12 Glow Plug Schematic
NOTE: If no leakage is observed, the complete oil B) For a leaking oil cooler not covered by warranty
cooler assembly (headers, O rings and cooler go to Step 10.

bundle (tube)) DOES NOT have an internal leak.
Reinstall the oil cooler assembly to the engine as
described in this Section. Continue with other
engine diagnostic procedures to identify the source

8. For a leaking oil cooler covered by warranty,
replace and retest the following oil cooler
components in the following sequence untii no
leakage is observed:

of the leak.
NOTE: Steps 3 through 5 should also be used as a 1. Front header
functional test of a newly overhauled oil cooler 2. Rear header
assembly. 3. Cooler bundle (tube)

6. If air leakage is observed, unbolt the test kit tie bar NOTE: Prior to each retest, inspect the condition of
and remove the front and rear headers from the the affected header gasket(s) and O-rings and
cooler bundle (with cover plates attached to replace if damaged.

headers). Replace the four cooler bundie O-rings. .
NOTE: A rust colored O-ring must be installed in 9. Reassemble the affected test kit cover plate(s) and

each header, not on the bundle tube, to avoid tie bar and repeat Steps 4 and 5 with cooler
cutting the O-rings during assembly. Reassembie assembly submerged in water. If leak persists,
the headers on the cooler bundle tube. replace the next component listed in Step 8. If no

leakage was observed, go to Step 12.

10. For a leaking oil cooler not covered by warranty,
replace and retest the following oil cooler
components in the following sequence until no
leakage is observed:

A) For aleaking oil cooler still covered by warranty 1. Cooler bundle (tube)
(3 yrs. or 50,000 miles) go to Step 8. 2. -Front header

7. Bolt the test kit tie bar to the rear header cover plate
and repeat Steps 4 and 5, with the cooler assembly
submeérged in water. If leakage persists, the
defective component in the oil cooler assembly, can
be isolated by continuing the following procedure:
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FIG. 13 Engine identification

12. Reinstall oil cooler assembly on engine with new
gaskets as described in this Section.

NOTE: If oil is found in the coolant, the cooling
system must be cleaned. Refer to Section 27-02. If
coolant is found in the oil, change the oil and filter.
HIGHEST CYLINDER LOWEST CYLINDER
Maximum Minimum
kPa (PSl) kPa (PSI)

% 1792 (260) 1344 (195)

A7911-1A 1929 (280) 1447 (210)

2067 (300) 1551 (225)

FIG. 14 Leak Test Kit 2205 (320) 1654 (240)
3. Rear header 2343 (340) 1757 (255) ,
NOTE: Prior to each retest, inspect the condition of 2481 (360) 1860 (270) ‘
the affected header gasket(s) and O-rings and 2619 (380) 1964 (285) *

replace if damaged. 2756 (400) 2067 (300)

11. Re-assemble the affected test kit cover plate(s) and 2894 (420) 2171 319)

tie bar and repeat Steps 4 and 5 with cooler 3032 (440) 2274 (330)

assembly submerged in water. If leak persists, CA74141B

replace the next component listed in Step 8. If no

leakage was observed, go to Step 12. FiG. 15 Compression Test Pressures
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FIG. 17 Oil Cooler Tube instailled in Header

Compression Test

The following procedure is to be used when checking
compression:

1. Be sure that the battery is properly charged.

Operate the engine until the engine is at normal’

operating temperature. Turn the ignition switch Off.
Remove air cleaner and/or intake opening cover
Tool T83T-8424-A. Disconnect injection pump
solenoid leads from injection pump to prevent
accidental engine starting. Then remove all the
glow plugs.

2. Install a compression gauge, Rotunda Model 019-
00001 or equivalent in No. 1 cylinder glow plug hole.

3. Crank the engine (with the ignition switch Off) at
least five pumping strokes and record the highest
reading indicated. Note the approximate number of
compression strokes required to obtain the highest
reading.

4. Repeat the check on each cylinder, cranking the
engine approximately the same number of
compression strokes.

Test Conclusion

The indicated compression pressures are considered
normal if the lowest reading cylinder is within 75 percent
of the highest. Variations exceeding 75 percent implies
an improperly seated valve or worn or broken piston
rings (Refer to Fig. 16).

CAUTION: Do not add oil to cylinder. This could
cause hydrostatic lock.

Hydraulic Valve Tappet

Hydraulic tappet noise may be caused by any of the
following: e

Excessive collapsed tappet gap.

Sticking tappet plunger.

Tappet check valve not functioning properly.
Air in lubrication system.

Leakdown rate too rapid.

Excessive valve guide wear.

Excessive collapsed tappet gap may be caused by
loose rocker arm fulcrum bolts, or wear of tappet roller,
pushrod, rocker arm, rocker arm fulcrum or vaive tip.
With tappet collapsed, using Tool T83T-6500-A, check
gap between valve tip and rocker arm to determine if any
other valve train parts are damaged, worn, or out of
adjustment.

A sticking tappet plunger may be caused by dirt, chips,
or varnish inside the tappet. The sticking can sometimes
be corrected by disassembling the tappet and removing
the dirt, chips or varnish that is causing the condition.

A tappet check valve that is not functional may be
caused by an obstruction such as dirt or chips preventing
it from closing when the cam lobe is lifting the tappet, or it
may be caused by a broken check valve spring.

Air bubbles in the lubrication system will prevent the
tappet from supporting the valve spring load and may be
caused by too high or too low an oil level in the oil pan, or
by air being drawn into the system through a hole, crack,
or leaking gasket on the oil pump pickup tube.

If the leakdown time is below the specified time for
used tappets, noisy operation may result. If no other
cause for noisy tappets can be found, the leakdown rate
should be checked and any outside the specification
should be replaced.

Assembled tappets can be tested with Tool 6500-E to
check the leakdown rate. The leakdown rate
specification is the time in seconds for the plunger to
move a specified distance of its travel while under a
22.68 kg (50 Ib) load. Test the tappets as follows:

1. Disassemble and clean the tappet to remove all
traces of engine oil.

NOTE: Do not mix parts from different tappets.
Parts are select-fitted and are not interchangeable.

Tappets cannot be checked with engine oil in
them. Only the testing fluid can be used.

2. Place the tapped in the tester, with the plunger
facing upward. Pour hydraulic tappet tester fluid into
the cup to a level that will cover the tappet
assembly. The fluid can be purchased from the
manufacturer of the tester. :

NOTE: Using kerosene or any other fluid will not
provide an accurate test.

3. Place the 5/16 inch steel ball provided with the
tester in the plunger cap (Fig. 18).

4. Adjust the length of the ram (Fig. 19) so that the
pointer is 1.59mm (1/16 inch) below the starting
mark when the ram contacts the tappet plunger, to
facilitate timing as the pointer passes the Start
Timing mark. Use the center mark on the pointer
scale as the Stop Timing point instead of the
original Stop timing mark at the top of the scale.

S o o e
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ap _

| /ADJUSTING NUT

HYDRAULIC TAPPET
LEAKDOWN TESTER
{TOOL~8500-E)

e e A2916-1D

FIG. 19 Adjusting the Ram Length
5. Work the tappet plunger up and down until the

tappet fills with fluid-and“all traces of air bubbles

have disappeared.

6. Allow the ram and weight'to force the tappet
plunger downward. Measure the exact time it takes
for the pointer to travel from the Start Timing to the
Stop Timing marks of the tester.

7. A tappet that is satisfactory must have a leakdown
rate (time in seconds) within the minimum and
maximum limits specifications.

8. If tappetis not within specifications, replace it witha
new tappet. It is not necessary to disassemble and
clean new tappets before testing, because the oil
contained in new tappets .is test fluid.

9. Remove fluid from cup and bleed fluid from tappet
by working plunger up and down. This step will aid in
depressing the tappet plungers when checking the
valve clearance.

Static (Engine Off) Valve Train Analysis

Rocker Arm Cover Removal

1. Remove air cleaner and install intake opening cap
Tool T83T-9424-A.

2. On Econoline, remove engine oil dipstick tube
fasteners and remove dipstick, tube assembly and
rocker arm cover bracket.

3. Remove rocker arm cover bolts,
4. Remove rocker arm cover.

6.9L—V-8 Diesel Engine
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Valve Train Analysis

Check for damaged and/or severely worn parts, for
correct assembly and assure use of correct parts by
proceeding, as follows, with the static engine analysis
(Fig. 19).

1. Rocker Arm Assemblies
a. Check for loose mounting bolts.
b. Check for plugged oil hole in the rocker arm.

2. Push Rods: Check for bent push rods. Check for
clogged passages.

3. Valve Spring Assembly—With Damper Spring:
Check for broken or damaged parts.

4. Retainer and Keys: Check for proper seating of
keys on valve stem in retainer.

5. Positive Valve Rotator: Check for proper seating of
the positive valve rotator.

6. Valves and Cylinder Head

a. Check cylinder head gasket for proper
installation.

b. Check for plugged oil drain back holes.
¢. Check for worn or damaged vaive tips.

d. Check for missing or damaged valve stem oil
seals.

e. Check collapsed tappet gap.

Rocker Arm Cover Installation

1. Remove old gasket from cover. Scrape both valve
cover rail on cylinder head and gasket flange on
cover to remove all traces of old gasket, if
necessary.

2. Install new gasket and install rocker arm cover on
engine. Tighten bolts to specification.

3. Install engine oil dipstick tube and valve cover
bracket and cover tighten to specification. Install
engine oil dipstick.

4. Remove intake manifold cover. Install air cleaner
and tighten to specification.

Camshaft Lobe Lift

Check lift of each lobe (in consecutive order) and
make a note of readings.
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FiG. 20 Valve Spring Assembly
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1. Remove fresh air inlet tube and air cleaner and
install Intake Opening Cap Tool T83T-9424-A.

2. Remove rocker arm cover(s) as described in this
Section.

3. Remove fulcrum boits, fulcrum seats and rocker
arms as described in this Section.

4. Make sure the push rod is in the valve tappet
socket. Install a dial indicator D78P-4201-G (or
equivalent) so that the indicator ball socket adapter
Tool 6565-AB is on the end of the push rod and in
the same plane as the push rod movement (Fig. 21).

5.  Turn the crankshaft over by hand rotation until the
tappet is on the base circle of the crankshaft lobe.
At this point, the push rod will be in its lowest
position.

NOTE: Remove glow plugs with Tool D83T-6002-A
gr edquivalent to facilitate turning engine over by
and.

6. Zero the dial indicator. Continue to rotate the
crankshaft slowly until the push rod is in the fully
raised position,

7. Compare the total lift recorded on the indicator with
specification.

8. To check the accuracy of the original indicator
reading, continue to rotate the crankshaft until the
indicator reads zero. If the lift on any lobe is below
specified wear limits, the camshaft and the valve
tappet operating on the worn lobe(s) must be
replaced.

9. Remove the dial indicator.

10. Install rocker arms, fulcrum seats and fulcrum bolts
as described in this Section. Tighten bolts to
specification.

11. Install the valve cover(s) as described in this
Section. Tighten bolts to specification.

12. Remove intake manifold cover, install air cleaner
and tighten to specification.

Camshaft End Play

Push the camshaft toward the rear of the engine.
Install a dial indicator (Tools D78P-4201-F, -G or
equivalent) so that the indicator point is on the camshatt
gear attaching screw (Fig. 22). Zero the dial indicator.

6.9L—V-8 Diesel Engine
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Position a large screwdriver between the camshaft gear
and the block. Pull the camshaft forward and release it.
Compare the dial indicator reading with the
specifications.

Remove the dial indicator. If the end play is excessive
replace the camshaft thrust plate.

Drive Gear Backlash (All Gears)

Install a dial indicator (Tools D78P-4201-F, -G or
equivalent) on the cylinder block (Fig. 23). Check the
backlash between the drive gear and the driven gear with
a dial indicator at six equally spaced teeth. Hold the gear
firmly against the block while making the check. Refer to
specifications for the backlash limits.

Crankshaft End Play

1. Force the crankshaft toward the rear of the engine.

2. Install a dial indicator (Tools D78P-4201-F, -G or
equivalent) so that the contact point rests against
the crankshaft flywheel flange and the indicator axis
is parallel to the crankshaft axis (Fig. 24).

TOOL
D78P-4201-F AND G

DIAL INDICATOR TOOL

OIAL INDICATOR
BRACKETRY TOOL

A7351-1A

% D78P4201-F ANDG "

FIG. 21 Camshaft Lobe Lift Test

FIG. 23 Checking Drive Gear Backlash
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3. Zero the dial indicator. Push the crankshatft forward
and note the reading on the dial.

4, If the end play exceeds specification, replace the
thrust bearing. If the end play is less than the
minimum limit, inspect the thrust bearing faces for
scratches, burrs, nicks, or dirt. If the thrust faces are
not damaged or dirty, they probably were not
aligned properly. Lubricate and install the thrust
bearing and align the faces following the procedure
recommended under Main Bearing Replacement in
this Section. Check the crankshaft end play.

Flywheel Runout—Manual-Shift Transmission

NOTE: Remove glow plugs with Tool D83T-6002-A or
equivalent to facilitate turning engine over by hand.

install a dial indicator (Tools D78P-4201-F, -G or
equivalent) so that the indicator point bears against the
flywheel face, one inch in from the edge of the flywheel
(Fig. 25). Turn the flywheel making sure that it is full
forward or rearward so that crankshaft end play will not
be indicated as flywhes! runout.

If the flywheel clutch face runout exceeds specifications,
remove the flywheel and check for burrs between the
flywheel and the face of the crankshaft mounting flange.
If no burrs exist, check the runout of the crankshaft
mounting flange. If crankshaft mounting flange face
runout is excessive, machine mounting flange or replace
crankshaft. If crankshaft mounting flange runout is not
excessive, reface or replace flywheel. If the ring gear
runout exceeds specifications, check installation of the
gear to the flywheel flange. If it is not properly seated,
re-install it to the flywheel. If it is properly seated, replace
it. Refer to Ring Gear Replacement in this Section for the
proper procedure.

Flywheel Runout—Automatic Transmission

Remove the glow plugs to facilitate turning the engine
over by hand.

Install a dial indicator so that the indicator point resis
on the face of the ring gear adjacent to the gear teeth.

Push the flywheel and crankshaft forward or
backwards as far as possible to prevent crankshaft end
play from being indicated as flywheel runout.

Set the indicator dial on the zero mark. Turn the
flywheel one complete revolution while observing the
total indicator reading (TIR). If the TIR exceeds
specifications, remove flywheel and check for burrs
between flywheel and face of crankshaft mounting
flange. If no burrs exist, check runout of crankshatft

TOOL
D78P-4201
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mounting flange. If crankshaft flange face exceeds
specifications, machine mounting flange or replace
crankshaft. If crankshaft flange face runout is not
excessive, check installation of ring gear to flywheel. If
not properly seated, remove and reinstall ring gear to
flywheel. If ring gear is properly seated, replace flywheel.

Diagnostic Procedures—Engine Performance
and Glow Plug System

The diagnostic procedures for the performance, fuel
injection and glow plug fast start system are covered in
the Engine/Emissions Diagnosis Manual. Injection pump
timing and nozzle performance are also covered in the
Engine/Emissions Diagnosis Manual*.

ADJUSTMENTS

Refer to Engine/Emissions Diagnosis Manual* for
adjustment procedures.

REMOVAL AND INSTALLATION

When installing nuts or bolts that must be tightened
(refer to torque specifications at the end of this Section),
oil threads with light weight engine oil. Do not oil
threads that require oil-resistant or water resistant
sealer.

Engine Assembly

F-250-F-350

Removal

1.  Open hood.

2. Disconnect battery ground cables from both
batteries. :

3. ﬁcrige alignment marks at hood hinges and remove
ood.

4. Drain cooling system (refer to Section 27-02,
Cooling System Service).

5. Remove air cleaner and intake duct assembly.

6. Install intake manifold cover T83T-9424-A, or
equivalent, over air intake opening.

7. Remove radiator fan shroud halves (refer to Section
27-04, Radiators in this Manual).

TOOL
D78P-4201
F AND G

AB706-1A

FIG. 26 Checking Flywheel Face Runout—Manual
Transmission

*This manual can be purchased as a separate item.




T

22-08-19 6.9L—V-8 Diesel Engine 22-08-19

8.

10.

11.

12.

13.

14.

185.

16.

17.

18.
19.

20.

21.

22.

23.

24,

25.
26.

27.

28.

29.

30.

31.
32.

33.

34.
35.
36.

Remove fan and clutch assembly as described in
this Section, using Tools T83T-6312-A and B, or
equivalent.

CAUTION: Left-hand thread. Remove by turning
nut clockwise.

Disconnect radiator upper and lower hoses from
radiator.

Disconnect automatic transmission oi cooier lines
at radiator, if so equipped.

Remove radiator (refer to Section 27-04, Radiators
in this manual).

Loosen A/C compressor, if so equipped, and
remove drive beit.

Remove A/C compressor, if so equipped, and
position it on radiator upper support (refer to
Section 36-61, F-150 Through F-350 and' Bronco
Manual A/C Heater System).

Loosen power steering pump and remove drive
beit.

Remove power steering pump and position out of
the way on left side of engine compartment,

Disconnect fuel supply line heater and alternator
wires at alternator.

Disconnect oil pressure sending unit wire at sending
unit located at back of engine.

Disconnect accelerator cable from injection pump.

Disconnect speed control cable from injection
pump, if so equipped.

Remove accelerator cable bracket with cables
attached, from intake manifold and position out of
the way.

Disconnect transmission kick down rod from
injection pump, if so equipped.

Disconnect main wiring harness connector from
right side of engine.

Disconnect engine ground strap from rear of engine
(Fig. 55).

Disconnect fuel return hose from left rear of engine
(Fig. 55).

Remove vacuum supply hose from vacuum pump.

Remove two upper transmission-to-engine
attaching boilts.

Disconnect heater hoses from water pump and right
cylinder head.

Disconnect water temperature sender wire from
sender on left front of engine block.

Disconnect water temperature overheat lamp
switch wire from switch on top front of left cylinder
head.

Position wires out of the way.
Raise vehicle.

Disconnect both battery ground cables from lower
front of engine.

Disconnect and cap fuel inlet line at fuel supply
pump.

Disconnect starter cables at starter motor.
Disconnect muffler inlet pipe at exhaust manifolds.

Disconnect engine insulators from No. 1
crossmember.

37. Remove  flywheel inspection plate.

38. Remove four convertor-to-flywheel attaching nuts,
if so equipped.

39. Lower vehicle.

40. Support transmission.

41. Remove four lower transmission to engine
attaching boits.

42. Attach engine lifting sling, Rotunda Model 014-
00036 or equivalent.

43. Raise engine high enough to clear number one
crossmember and pull forward.

44. Rotate the front of the engine approximately 45
degrees to the left and lift it out of the engine
compartment.

CAUTION: Use care not to damage windshield
wiper motor when lifting engine out of vehicle.

Installation '

NOTE: If the engine to be installed has been overhauied
or has been in storage, take the following precaution to
prevent piston and bearing scuffing. Prime the entire
engine lubricating system to fill the oil cooler, oil filter and
c¥lin;|jer block galleries with the specified type and grade
of oil.

1.

10.

11.

12.

13.

14.

185,
16.

Lower engine into engine compartment.

CAUTION: Use care not to damage windshield
wiper motor when installing engine in vehicle.

Start transmission main shaft into clutch disc. It may
be necessary to adjust position of transmission in
relation to engine if main shaft binds or will not enter
clutch disc. If engine hangs up after main shaft
enters clutch disc, rotate crankshaft siowly
(transmission in gear) until mainshaft splines mesh
with clutch disc splines.

Align converter to flywheel studs, if so equipped.

Lower engine on to engine insulator brackets on
number one crossmember.

Install four lower transmission to engine attaching
boits and tighten to specifications.

Remove engine lifting sling.
Raise vehicle.

Install four converter to flywheel attaching nuts, if so
equipped, and tighten to specifications.

Install flywheel inspection plate and tighten boits to
specifications.

Install engine insulator support to crossmember
bracket attaching nuts and washers and tighten to
specifications.

Connect muffler inlet pipes to exhaust manifolds
and tighten nuts to specifications.

Connect both battery ground cables to the lower
front of the engine and tighten bolts to
specifications.

Connect starter cabies to starter and tighten to
specifications.

Install fuel pump inlet line on fuel pump and tighten
to specifications.

Lower vehicle.

Connect water temperature sender wire to sender
on left front of engine block.
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17.
18.

19,
20.
21.
22,
23,
24,
25.
26.
27.
28,

20,

30.

31.

32.

33.
34,

3s.

36.
37.

38.
39.

40.
41,

42,

43,

Connect wire to water temperature overheat lamp
switch on top of left cylinder head.

Install heater hoses on right cylinder head and
water pump and tighten clamps to specifications.

Connect engine ground strap at rear of engine.
Connect fuel return hose at left rear of engine.
Connect vacuum supply hose to vacuum pump.
Connect transmission kickdown rod, if so equipped.

Install accelerator cable bracket on intake manifold
and tighten to specifications.

Connect accelerator cable to injection pump.

Connect speed control cable, if so equipped, to
injection pump.

Connect oil pressure gauge sender wire to oil
pressure sender.

Connect fuel supply line heater and alternator wires
to alternator,

Install power steering pump and drive belt. Do not
adjust belt at this time.

Install A/C compressor and drive belt (refer to
Section 36-61, F-150 Through F-350 and Bronco
Manual A/C Heater System, in Body/Chassis/
Electrical Manual).

Adjust A/C compressor and power steering pump
drive belts to specifications (refer to Section 27-08,
Accessory Drive Belt Service in this Manual).

Install radiator (refer to Section 27-04, Radiators, in
this Manual).

Connect automatic transmission oil cooler lines at
radiator, if so equipped. Tighten line nuts to
specifications.

Connect upper and lower radiator hoses to radiator
and tighten hose clamps to specifications.

Fill and bleed the coolin% system (refer to Section
27-02, Cooling System ervice, in this Manual).

Install fan and clutch assembly using Tools T83T-
6312-A and B, or equivalent.

CAUTION: Left hand thread. Turn nut
counterciockwise to tighten.

Tighten nut to specifications.

Install radiator fan shroud halives (refer to 27-04,
Radiators, in this Manual).

Remove intake manifold cover, and install air
cleaner and tighten to specifications.

Install intake duct assembly,

Install hood using scribe marks drawn on hood at
removal.

Connect battery ground cables at both batteries,

Check the engine oil level and fill as needed with
the specified type and grade of oil.

Run engine and check for fuel, oil and coolant
leaks.

Close hood.

E-250—E-350
Removal

The engine removal and installation procedures are

for the engine only without the transmission attached.

—

N b

w

10.
11,

12,
3.
14.

18,

18.
17.

18.

18.

20.
21.
22,
23,
24,

268,

27.
28,

29,

Remove engine cover.

Open hood and disconnect battery ground cables
from both batteries.

Drain cooling system (Refer to Section 27-02,
Cooling System Service).

Remove front bumper, grille assembly and gravel
deflector.

Remove speed control servo bracket and position
out of the way (if so equipped).

Mark location and remove hood latch and cable
assembly from grille upper support bracket.

Remove upper grille support.

Discharge the A/C system, if so equipped (refer to
Section 36-65, E-150 — E-350 Air Conditioning
System in Body/Chassis/Electrical Shop Manual).

Disconnect A/C lines from A/C condenser, if so
equipped.
Remove A/C condenser, if so equipped.

Discor_mect transmission oillcooler lines at
transmission oil cooler and radiator.

Remove transmission oil cooler and brackets.
Disconnect radiator hoses at engine.

Remove radiator shroud (refer to Section 27-04,
Radiators, in this manual).

Remove radiator cooling fan using tool T83T-6312-
A, or equivalent.

CAUTION: Left hand thread. Remove by turning
nut clockwise.

Support radiator. Install fifting hooks in lifting eyes
on radiator.

Remove radiator attaching bolts from bottom of
radiator and lift radiator out of vehicle.

Loosen and remove vacuum pump and drive belt.
Disconnect vacuum hose from pipe for
transmission modulation.

Loosen and remove alternator adjusting arm,
adjusting arm bracket and drive belt. Pivot
alternator, inward toward engine.

Disconnect alternator wiring harness from
alternator and fuel line heater.

Disconnect water temperature sender wire from
sender on left front of engine block.

Disconnect water temperature overheat lamp
switch wire from switch on top front of left cylinder
head.

Position wires out of the way.

Remove two engine ground cables from bottom
front of engine.

Remove power steering pump and bracket from
engine,

Disconnect and plug power steering pump return
line.

Position power steering pump out of the way.

Remove A/C lines at A/C compressor using tool for
1/2 inch line and tool for 5/8 inch line.

Remove vacuum hose between vacuum regulator
valve (VRV) and injection pump and position out of
the way.
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30.

31,
32.

33.
34.
35.

36.
37.
38.
39.

40.
41,

42.
43.

44,
45,

48,

47.
48.

49,
50.
51.

52.
53.

54,
55.

56.
57.

58.

59.

Disconnect and cap fuel heater inlet line at fusl filter
and fuel pump.

Remove air cleaner assembly and inlet duct.

Cover air intake opening with Intake Manifold Cover
T83T-9424-A or equivalent.

Disconnect and cap fusl filter outlet line at fuel filter
and injection pump. Cap injection pump and fuel
filter fittings.

Remove fuel filter return hose.

Remove fuel filter and bracket from engine as an
assembly.

Loosen A/C compressor and rotate toward engine,
Remove and plug fuel inlet hose at fuel pump,

Remove accelerator and speed control cables from
injection pump and bracket on intake and position
out of the way. Remove cable bracket,

Disconnect engine wiring harnesses from inside
vehicle and position out of the way.

Remove transmission kickdown rod.

Disconnect heater hose from water pump and right
cylinder head.

Remove auxillary heater and A/C hoses from
bracket at left rear of engine, if so equipped.

Disconnect oil pressure sender wire from sender on
rear of engine.

Disconnect fuel return line from left rear of engine.

Remove transmission oil dipstick tube attaching
bolt from rear of right cylinder head.

Remove engine oil dipstick attaching nut from right
exhaust manifold. Remove screw from valve cover
bracket and remove dipstick and dipstick tube.

Remove the bolt attaching the ground cable to the
cylinder block.

Remove top four transmission to engine attaching
boits.

Raise vehicle.
Remove the engine mount attaching nuts.

Disconnect the muffler inlet pipe at the exhaust
manifolds.

Remove the converter inspection plate.

Remove the four converter to flywheel attaching
nuts.

Remove the starter cable.

Position fuel line on No. 1 crossmember down and
out of the way.

Lower the vehicle.

Install engine lifting bracket, Rotunda Model 014-
00312 or equivalent.

Support transmission and remove the remaining
transmission to engine attaching bolts.

Separate engine from transmission, raise engine
high enough to clear number one crossmember,
then pull engine forward and out of vehicle.

Installation

NOTE: if the engine to be installed has been
overhauled or has been in storage, take the
following precaution to prevent piston and bearing
scuffing. Prime the entire engine lubricating system

6.9L—V-8 Diesel Engine

o~

10.

11.
12,
13.

14,

15.

186.

17.
18.

18,

20.
21.

22.

23.

24,

25.
26.

27.
28.
29.

30.

R
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to fill the oil cooler, oil filter and cylinder block
galleries with the specified type and grade of oil.

Lower engine into engine compartment,
Align converter to flywheel studs.

Position transmission and install two lower
transmission to engine attaching bolts.

Remove engine lifting bracket and tighten to
specification,

Raise the vehicle.
Install the starter cable and tighten to specification.

Install the four converter to flywheel attaching nuts
and tighten to specification.

Install the converter inspection plate and tighten to
specification.

Connect the muffler inlet pipe to the exhaust
manifolds and tighten to specification.

Install the engine mount attaching nuts and tighten
to specification.

Reposition fuel line on No. 1 crossmember.
Lowser vehicle.

Install the top four transmission to engine attaching
bolts and tighten to specification.

Position engine oil dipstick to right exhaust manifold
and valve cover bracket. Install dipstick attaching
fasteners and tighten to specification. Install
dipstick into dipstick tube.

Position transmission oil dipstick tube to rear of right
cylinder head and install attaching bolt and tighten
to specification. Install dipstick into dipstick tube.

Connect fuel return line at left rear of engine and
tighten to specification.

Connect battery ground cable to engine block.

Connect auxiliary heater and A/C hoses to bracket
at left rear of engine, if so equipped.

Install heater hoses on right cylinder head and
water pump and tighten clamps to specifications.

Install transmission kickdown rod.

Connect engine wiring harness to inside of
passenger compartment.

Connect oil pressure sender wire to sender at rear
of engine.

Install accelerator cable bracket to intake manifoid.
Install accelerator and speed control cables to
bracket and the injection pump.

Remove plug from fuel inlet hose at fuel pump and
install hose to fuel pump. Tighten clamp to
specification.

Install fuel filter and bracket to engine.

Remove caps from fuel filter, outlet line and
injection pump. Install line between fuel filter outlet
and injection pump.

Connect fuel filter return hose.

Remove intake manifold cover and install air
cleaner and injet duct assembly.

Connect fuel heater line between fuel filter inlet and
fuel pump. ’

Install vacuum hose between vacuum regulator
valve (VRV) and injection pump.
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31.

32.

33.

34,

35.
36.

37.

38.

39.

40.

41.

42,

43.

44,
45,

46.

47.

48.

49,

50,

51.

52.
53.

54,

55,
56.

57.

58.

Connect water temperature sender wire to sender
on left front of engine biock.

Connect wire to water temperature overheat lamp
switch on top of left cylinder head.

®
install A/C lines and A/C drive belt to the A/C
compressor (refer to Section 36-65, E-150—E-350
Air Conditioning System, in the Body/Chassis/
Electrical Shop Manual.

Remove plug from power steering pump return line
and install return line hose.

install power steering pump drive belt and bracket.
Install two engine ground cables to bottom front of
engine.

Connect alternator wiring harness to alternator and
fuel line heater.

Loosely attach alternator adjusting arm and
adjusting bracket to alternator and engine. Install
drive belt.

Loosely install vacuum pump to engine, install drive
beit and connect vacuum hose to pipe for
transmission modulator.

Adjust all accessory drive belt to specif'ications
(refer to Section 27-06, Accessory Drive Belt
Service).

Position radiator into engine compartment and
install radiator attaching bolts.

Install radiator cooling fan.

CAUTION: Left hand thread. Tighten nut by
turning counterclockwise.

Install radiator shroud (refer to Section 27-04,
Radiators, in this manual).

Connect radiator hoses to engine.

Install transmission oil cooler and brackets and
tighten to specifications.

Conne_ct' transmission oil pooler lines to
transmission oil cooler and radiator.

Install A/C condenser, if so equipped (refer to
Section 36-65, E-150—E-350 Air Conditioning
System, in the Body/Chassis/Electrical Shop
Manual).

Connect A/C lines to A/C condenser, if so
equipped.

Charge the A/C system (refer to Section 36-65,
E-150—E-350 Air Conditioning System, in the
Body/Chassis/Electrical Shop Manual).

Install upper grill support.

Install hood latch and cable assembly to grille upper
support bracket.

Install speed control servo bracket, if so equipped.

Install front bumper, grille assembly and gravel
deflector.

Fill and bleed cooling system (refer to Section
27-02, Cooling System Service).

Connect battery ground cables to both batteries.

Check the engine oil level and fill as needed with
the specified type and grade of oil.

Run engine and check for fuel, oil and coolant
leaks.

Close hood.

59.

Install engine cover.

Engine Front Insulators
F-250—F-350
Removal

1.
2.

Open hood.

Disconnect battery ground cables from both
batteries.

3. Remove fan shroud halves (refer to Section 27-04,
Radiators in this Section).

4. Raise vehicle.

5. Remove nuts attaching insulators to No. 1
crossmember (Fig. 26).

6. Disconnect muffler inlet pipes at exhaust manifolds.

7. Remove bolts attaching insulators to engine block.

8. Lower vehicle.

9. Install lifting sling, Rotunda Model 014-00036 or
equivalent, to lifting eyes on engine and raise
engine high enough for insulators to clear No. 1
crossmembers.

10. Remove insulator and bracket assemblies.

11. Remove insulator from bracket.

Instailation

1. Install insulator on insulator bracket and tighten to
specifications (Fig. 26).

2. Install insulator and bracket assembly on engine
block and tighten to specifications.

3. Lower engine onto No. 1 crossmember.

4. Remove lifting sling.

5. Raise vehicle.

6. Install insulator-to-crossmember attaching nuts and
washers and tighten to specifications.

7. Lower vehicle.

8. Install radiator fan shroud halves (refer to Section
27-04, Radiators, in this manual).

9. Connect battery ground cables to both batteries.

10. Close hood.

Removal

E-250—E-350

1. Open hood.

2. Disconnect battery ground cables from both
batteries.

3. Remove radiator fan shroud (refer to Section 27-04,
Radiators).

4. Loosen and remove vacuum pump drive belt.

5. Loosen and remove alternator drive beilt.

6. Disconnect alternator wiring harness from
alternator and fuel line heater.

7. Remove alternator adjusting bracket.

8. Remove alternator through bolt and remove
alternator from engine.

9. Remove fuel heater inlet line from fuel pump and
fuel filter.

10. Discharge the A/C system, if so equipped (refer to

Section 36-65, E-150—E-350, Air Conditioning
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~ SCREW AND WASHER
BRACKET 6046 ASSEMBLY—387811-5100
B TIGHTEN TO
INSULATOR-6038 > AR igg:gﬁrgﬁ;\gsns;w
BRACKET-6028 \\\’ (60-80 FT-1.8) TIGHTEN TO
BOLT-NB02114-52 s
AND NUY--N800937-52 \ e R £8.2-115.2 N-m
TIGHTEN TO 88-115 Nom 5016 \':\v‘ r— 65.85 F1.L8)
{65-85 FT-L8)

NUT AND WASHER
ASSEMBL Y ~388049-52
TIGHTEN TO
73.3-100.3 N-m

{54-74 FT.LB)

SCREW AND WASHER
ASSEMBLY-387811-5100 _
TIGHTEN TO ——

81.4-108.4 N-m

{60-80 FT-LB)

SCREW ANDWASHER
ASSEMBLY-280696
BOLT—-NBO0937-52

FRONT OF
VEMICLE NUT-NB800937-82
TIGHTEN TO
88116 N-m
{65-86 FT-L8)

NOTCH ON LH MOUNT
TO POINT TO FRONT
OF VEHICLE

BRACKET-68033
INSULATOR-6B032
BRACKET-6061

NUT AND WASHER
ASSEMBLY
388049-S2
TIGHTEN TO
73.3-100.3 N-m
(54-74 FT-LB}

5015

FRONT INSULATOR ASSEMBLY
F-250—350

BOLT-N802115-S2
AND NUT-N800937-52
TIGHTEN TO
$8.2-119.3 N'm

(65-88 FT-L8)

80LT
N802115-82

WASHER

NUT-N300937-52
TIGHTEN TO
88.2-119.3 N'm

GUSSET
77468

(65-88 FT-L8B)

DAMPER
E2TA-4A263-FA
(AUTOMATIC
TRANSMISSION
ONLY)

NUT-45350-32
TIGHTEN TO

67.8-94.9 N'm
{60-70 FT-LB)

INSULATOR AND
RETAINER ASSEMBLY
60091

80OLT

BOLT-N802115-§2
AND NUT-N800837-82
TIGHTEN TO
88.2-119.3 N'm

{65-88 FT-LB)

GUSSET
77468

6016

REAR INSULATOR ASSEMBLY
F-280 HD, F-350

A7098-28

FIG. 26 Engine Insulators—F-250—F-350

11.

12.

13.

14,

18.

16.
17.

18.
18.

System in the Body/Chassis/Electrical Shop
Manual).

Remove A/C hoses, if so equipped (refer to Section
36-65, E-150—E-350 Air Conditioning System).

Remove A/C compressor and bracket, if so
equipped (refer to Section 36-65, E-150-—E-350 Air
Conditioning System).

Remove engine cover.

Remove air cleaner and install intake manifold
cover T83T-9424-A, or equivalent, over air intake
opening.

Remove and cap fuel filter to injection pump fuel
line. Cap injection pump and fuel filter fittings.

Remove fuel filter return line hose.

Remove fuel filter bracket attaching bolts and
remove filter and bracket as an assembly.

Remove kickdown rod from injection pump.
Raise venhicle.

20. Disconnect engine ground cables from lower front
of engine (Fig. 55).

21. Remove nuts attaching -insulators to No. 1
crossmember (Fig. 27).

22. Disconnect and remove transmission kickdown rod
from transmission.

23. Lower vehicle.

24. Install engine lifting brackets, Tool T70P-6000 or
equivalent, to front of engine. _

25. Install lifting sling, Rotunda Model 014-03012 or
equivalent, to lifting eyes.

26. Raise engine until it contacts body.

27. Remove insulator and bracket assemblies.

Installation

1. Install insulator to bracket and tighten to
specifications (Fig. 27).

2. Install insulator and bracket assembly on engine

and tighten to specifications.
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3. Lower engine.

4. Remove lifting sling from lifting eyes.

5. Remove lifting eyes from lifting brackets.

6. Remove lifting brackets.

7. Raise vehicle.

8. Install insulator to crossmember No. 1 with
attaching nuts and tighten to specifications.

9. Install transmission kickdown rod and connect to
transmission.

10. Install engine ground cables and tighten to
specification as listed at the end of this Section.

11. Lower vehicle.

12. Install fuel filter and bracket assembly and tighten to
spegcification.

13. lL_Jncap and install fuel filter to injection pump fuel
ine.

14. Install fuel filter return hose and clamp.

15. Remove intake opening cover and install air cleaner
and tighten to specifications.

16. Install A/C compressor and brackst, if so equipped,

' and tighten to specifications (refer to Section 36-65,
E-150—E-350 Air Conditioning System in the Body/
Chassis/Electrical Shop Manual).

17. Install A/C hoses (refer to Section 36-65, E-150—
E-350 Air Conditioning System) if so equipped.

18. Install A/C compressor drive belt, if so equipped.

19. Install fuel pump to fuel filter fuel heater line and
tighten to specification.

20. Install alternator and alternator adjusting bracket.

21. Install alternator drive belt.

22. Install alternator wiring on alternator and fuel line
heater.

23. Install vacuum pump drive belt on alternator pulley.

24, Adjust A/C compressor, alternator, and vacuum
pump drive belts to specification (refer to Section
27-06 Accessory Drive Belt Service in this manual).

25. install fan and clutch assembly and tighten to
specifications (refer to Section 27-04, Radiators, in
this manual).

26. Install fan shroud (refer to Section 27-04,
Radiators).

27. Evacuate and charge A/C system, if so equipped
(refer to Section 36-65, E-150—E-350 Air
Conditioning System in the Body/Chassis/
Electrical Manual).

28. Connect battery ground cables to both batteries.

29. Install engine cover and close hood.

Engine Rear Insulator
Removali

1.

2.

Remove the insulator to support assembly bolt and

locknut (Figs. 26 and 27).

Remove the insulator to transmission housing bolts
and lockwashers.

Raise the transmission with a floor jack and remove
the insulator and retainer.

6.9L—V-8 Diesel Engine
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Installation

1.

Position the insulator and retainer to the
transmission housing and install the attaching bolts
and lockwashers, using the holes noted on removal
(Figs. 26 and 27). Tighten to specifications.

2. Lower the transmission and remove the jack.

3. Install the insulator to support assembly bolt and
locknut and tighten to specification.

4. Lower the vehicle.

Water Pump

Removal

1.  Open hood.

2. Disconnect battery ground cables from both
batteries.

3. Drain cooling system (Refer to Section 27-02,
Cooling System Service, in this Manual).

4. Remove radiator fan shroud halves (refer to Section
27-04, Radiators, in this manual).

5. Remove fan and clutch assembly using Tool T83T-
6312-A and B.

CAUTION: Left hand thread: Remove by turning
nut clockwise (Fig. 28).

6. Loosen power steering pump and A/C compressor
and remove drive belts.

7. Loosen vacuum pump and remove drive belt.

8. Loosen alternator and remove drive belt.

9. Remove water pump pulley.

10. Disconnect heater hose from water pump.

11. Remove heater hose fitting from water pump.

12. Remove alternator adjusting arm and adjusting arm
bracket.

13. Remove A/C compressor and position out of the
way.

14. Remove A/C compressor brackets.

15. Remove power steering pump and bracket and
position out of the way.

16. Remove bolts attaching water pump to front cover
and remove pump.

Installation

1. Clean water pump and engine front cover mating
surfaces with solvent.

2. Install fabricated dowel pins for water pump
alignment (Fig. 29).

3. install water pump with new gasket and tighten to
specifications.

NOTE: Coat two top bolts and two bottom bolts with
RTV Sealer DBAZ-19562-A or equivalent before
installation (Fig. 30).

4. Install alternator adjusting arm bracket and tighten
to specifications.

5. Install water pump pulley and tighten to
specification.

6. Coat heater hose fitting with pipe sealant D8AZ-
19554-A or equivalent and install in water pump.
Tighten to specifications.

7. Connect heater hose to water pump and tighten

clamp to specifications.
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BOLT-389696-5100
BRACSET B80LT-389696-S100 TIGHTEN TO INSULATOR AND
B804 RIVET TIGHTEN TO 81.4-108.4 N'm
INSULATOR vl 88.2.115.2 Nm flagiumipp RETAINER
" y y 5 " BLY
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6038 ) B
SCREW AND WASHER
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S > 594.9 Nem
BRACKET—-6037 - (50.70 FT-L8)
BOLT-58674-52 i T ¢ enGiNe
WASHER [y
44878-82 % G CHASSIS -
] <o - /
NUT-382400-52 BRACKET _ 77:7{ o>
TIGHTEN TO 6029 o -
67.894.9 N-m N /
{80-70 FT-L.8B) //"_______
NUT--388049-52 | l
TIGHTEN TO : g
67.8-94.9 Nom
(50-70 FT-LB} 1 NUT AND WASHER
. . ASSEMBLY -45350-52
BOLT—387811-5100 e BV
TIGHTEN TO 150.70 FT-LB)
81.4-1084 N-m RAIVET-65090-52
(60-80 FT-LB)
NOTCHED END MUST
FACE TOWARD FRONT
OF VEHICLE NUT-388049-52
: TIGHTEN TO
CROSSMEMBER 73.3-100.3 N-m
BOLT-58655-52 NUT—382400.52 (54-74 FT-LB)
INSULATOR TIGHTEN T
FRONT OF VEHICLE ASSEMBLY erooss 0 AXLE PIVOT
68032 -8-94.9 N-m BRACKET
{50-70 FT-L8) A7897.2A

FiG. 27 Engine Insuiators—E-250—E-350
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U — .1 a7815-1a TO ENGINE A735418

FIG. 28 Removing Fan and Clutch Assembly

8. Install power steering pump bracket and tighten to
specification.

9. Install power steering pump and drive belt.

10. Install A/C compressor bracket and tighten to
specification.

11. Install A/C compressor and drive belt.

12. Install alternator adjusting arm and alternator drive
belt.

FiG. 29 Water Pump and Front Cover Instaliation
Dowels

15. Install fan and clutch assembly using Tools T83T-
6312-A and B or equivalent, and tighten to
spegcification.

CAUTION: Left hand thread. Turn nut counter-
clockwise to tighten.

Install radiator fan shroud halves (refer to Section
27-04, Radiators, in this manual).

16.

. 17. Fill and bleed cooling system (refer to Section
13. Install vacuum pump drive belt. 27-02, Cooling System Service, in this manual).
14. Adjust accessory drive belts to specification (refer 18. Connect battery ground cables to both batteries.

to Section 27-06, Accessory Drive Belt Service, in
this manual).

19. Run engine and check for.coolant leaks.
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ADD PIPE SEALANT

TO THESE BOLTS
A7353-18

FIG. 30 Water Pump
20. Close hood.

Crankshaft Vibration Damper

Removal

1.  Open hood.

2. Disconnect battery ground cables from both
batteries.

3. Remove radiator fan shroud halves (refer tc Section
27-04, Radiators in this Manual).

4. Remove fan and clutch assembly as described in
" this Section, using Tools T83T-6312-A and B, or
equivalent.

CAUTION: Left-hand thread. Remove by turning
nut clockwise.

5. Loosen and remove A/C compressor drive belt.

6. Igo?sen and remove power steering pump drive
elt.

7. Loosen and remove alternator and vacuum pump
drive belts.

8. Raise vehicle.
9. Remove crankshaft puiley.
10. Remove bolt attaching damper to crankshatt.

11. Install Crankshaft Damper remover T83T-6316-A
and remove crankshaft damper (Fig. 31).

NOTE: To prevent crankshaft, rotation use breaker
bar for in vehicle removal or crankshaft holding
Tool, T74P-6375-A for overhaul.

Installation

NOTE: A new front crankshaft seal should be installed
whenever the crankshaft damper is removed.

1. Lubricate the damper seal nose with clean engine
oil and install crankshaft damper using Tool T83T-
6316-B (Fig. 32).

NOTE: Add RTV Sealant D6AZ-19562-A to engine
side of washer to prevent oil leakage past keyway.

2. Install boit attaching damper to crankshaft and
tighten to spécification.

3. Install crankshaft pulley and tighten to specification.

Lower vehicle.

5. Instali alternator, vacuum pump, power steering
pump, and A/C compressor drive belts and adjust
to specification (refer to Section 27-06, Accessory
Drive Belts, in this manual).
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FIG. 31 Crankshaft Damper Removal (Bottom View)

FIG. 32 Crankshaft Damper Installation

6. Install fan and clutch assembly using Tools T83T-
6312-A and B or equivalent.

CAUTION: Left hand thread. Turn nut
counterclockwise to tighten.

Tighten nut to specifications.

7. Install radiator fan shroud halves {refer to Section
27-04, Radiators, in this Manual).

8. Connect battery ground cables to both batteries.
9. Close hood.
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Front Crankshaft Oil Seal

In Vehicle Replacement—Use The Following
Procedure

Removal

1.
2.

3.

10.
11.

12.

Open hood.

Disconnect battery ground cables from both
batteries.

Remove radiator fan shroud halves (refer to Section
27-04, Radiators, in this Manual).

Remove fan and clutch assembly as described in
this Section, using Tools T83T-6312-A and B, or
equival