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IMPORTANT SAFETY NOTICE

Appropriate service methods and proper repair procedures are essential for the safe, reliable operation of all
motor vehicles, as well as for the personal safety of the individual doing the work. This manual provides
general directions for accomplishing service and repair work with tested, effective techniques. Following
them will help assure reliability.

There are numerous variations in procedures, techniques, tools, and parts for servicing vehicles, as well as in
the skill of the individual doing the work. This manual cannot possibly anticipate all such variations and
provide advice or cautions as to each. Accordingly, anyone who departs from instructions provided in this
manual must first establish that he compromises neither his personal safety nor the vehicle integrity by his
choice of methods, tools, or parts.

As you read through the procedures, you will come across NOTES, CAUTIONS, AND WARNINGS. Each
one is there for a specific purpose. NOTES give you added information that will help you to complete a
particular procedure. CAUTIONS are given to prevent you from making an error that could damage the
vehicle. WARNINGS remind you to be especially careful in those areas where carelessness can cause per-
sonal injury. The following list contains some general WARNINGS that you should follow when you work
on a vehicle.

o Always wear safety glasses for eye protection.
e Use safety stands whenever a procedure requires you to be under the vehicle.

e Be sure that the ignition switch is always in the OFF position, unless otherwise required by the
procedure.

e Set the parking brake when working on the vehicle. The manual transmission shifter lever should be in
REVERSE (engine OFF) or NEUTRAL (engine ON) unless instructed otherwise for a specific service
operation.

e Operate the engine only in a well-ventilated area to avoid the danger of carbon monoxide.

e Keep yourself and your clothing away from moving parts when the engine is running, especially the fan
and belts.

e To prevent serious burns, avoid contact with hot metal parts such as the radiator, exhaust manifold, tail
pipe, and muffler.

¢ Do not smoke while working on the vehicle.

e To avoid injury, always remove rings, watches, loose hanging jewelry, and loose clothing before begin-
ning to work on a vehicle. Tie long hair securely behind your head.

e Keep hands and other objects clear of the radiator fan blades. Electric cooling fans can start to operate
at any time by an increase in underhood temperatures, even though the ignition is in the OFF position.
Therefore, care should be taken to ensure that the electric cooling fan is completely disconnected when
working under the hood.

The recommendations and suggestions contained in this manual are made to assist the dealer in improving
his dealership parts and/or service department operations. These recommendations and suggestions do not
supersede or override the provisions of the Warranty and Policy Manual, and in any cases where there may
be a conflict, the provisions of the Warranty and Policy Manual shall govern.

The descriptions, testing procedures, and specifications in this handbook were in effect at the time the
handbook was approved for printing. Ford Motor Company reserves the right to discontinue models at
any time, or change specifications, design, or testing procedures without notice and without incurring obli-
gation. Any reference to brand names in this manual is intended merely as an example of the types of tools,
lubricants, materials, etc. recommended for use. Equivalents, if available, may be used. The right is re-
served to make changes at any time without notice.
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AFTER STUDYING THIS MANUAL, YOU SHOULD BE ABLE TO CORRECTLY:

¢ Identify and locate engine components and describe their function.

e Locate engine accessories and describe their function.
¢ Diagnose and correct fuel and glow plug system problems.
e Check and adjust valve clearance.

e Check cylinder compression.

e Check engine oil pressure.

e Replace and adjust drive belts.

e Describe the operation of the fuel injection system.

e Check and adjust fuel injection pump timing.

¢ Adjust engine idle speed.

¢ Diagnose, repair, and adjust the cold-start accelerator.
e Remove and install fuel injection nozzles.

e Clean, test, and adjust fuel injection nozzles.

e Remove and install air, oil, and fuel filters.

¢ Drain water from the fuel conditioner.

e Describe the glow plug system.

e Remove and install glow plugs.

e Check glow plugs and glow plug system.

¢ Describe the turbocharger system.

e Check turbocharger charging pressure.

e Determine the cause of incorrect charging pressure and replace the component(s) responsible for the
incorrect reading.

WARNING: Never use ether or any other starting fluid in the 2.4L engine. The glow plugs may
ignite the starting fluid causing an explosion which could result in severe engine damage or
personal injury.

NOTE: Many of the illustrations in this book contain basic part numbers for the components
shown. Use these numbers to assist in ordering parts.



INTRODUCTION

Beginning with the 1984 model year, Ford Motor Com-
pany will be offering the 2.4L diesel engine, built by
BMW of Germany, as an option in some luxury auto-
mobiles. The 2.4L engine is an in-line six-cylinder, four-
stroke cycle, overhead cam engine that incorporates
many notable features such as:

e Turbocharging

e Mechanical lifters

e Dual, low restriction exhaust

* Mounting at a 20 degree lean to the right
e EGR

e Fuel conditioner containing a water/fuel separator
and fuel heater

e Bosch fuel injection system

e Aluminum cross flow cylinder head
e Finger follower rocker arms

e Belt-driven fuel injection pump

¢ Engine-driven fan plus an auxiliary electric fan
¢ External engine oil cooler

e Canister-type oil filter with replaceable element
e Deep skirt block

e Camshaft-driven vacuum pump

e Glow plug system

¢ Electric fuel supply pump

e 110 volt electric block heater

You will find that this engine is one of the most heavily
monitored diesel engines used by Ford Motor Company.
This can be attributed mainly to the fact that this engine
is turbocharged, has EGR, and a glow plug system.
While the component layout beneath the hood is clean
and functional (Fig. 1), it is rather compact. Therefore,
in the service portions of this book, you are asked to pay
particular attention to the directions on the best way to
service the components.
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Figure 1. Underhood Component Layout




............................... 2.4L Turbo Diesel
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This section details the major engine systems and com-
ponents used on the 2.4L diesel. Contained in this sec-
tion are all of the system and component descriptions,
along with important service procedures.

COOLING SYSTEM

The cooling system used on a 2.4L diesel (Fig. 2) is the
pressurized system using a coolant expansion tank to ex-
pel air from the coolant. The expansion tank is at the
highest point of the cooling system and will gather any
air bubbles that are flowing along with the coolant.

NOTE: The formation of air bubbles along cylinder
walls and in the cylinder head can cause severe
damage because of the hot spots that develop
when the coolant is not in contact with the metal.
Cracks in the cylinder head and/or block and
seized or scored pistons are often the result of air
bubbles in the cooling system.

The expansion tank used in this system is not the same
as a coolant recovery tank because there is a flow of

coolant to it, and it is exposed to cooling system pres-
sure at all times. Excessive cooling system pressure is
vented from the expansion tank through a tube to the
atmosphere.

CROSS FLOW  BLEED
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HEATER
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Figure 2. 2.4L Diesel Cooling System



NOTE: The cooling system is filled at the expan-
sion tank in this system.

The water pump used on the 2.4L diesel is a centrifugal
type that is belt-driven off the crankshaft. Coolant flow
is controlled by a dual-acting thermostat that is located
on the inlet side of the engine on the lower part of the
block. Coolant flow during warm and cold operation is
shown in Figure 3. Note that coolant flow through this
engine is longitudinal rather than up and down. This as-
sures more uniform temperatures through the engine.
Opening temperature of this thermostat is approximate-
ly 176 °F (80°C).

Coolant used in this engine must meet Ford Spec ESE-
M97B44-A; it should be mixed in a 50/50 ratio with
water.

CAUTION: Use of coolants that do not meet Ford
Spec ESE-M97B44-A, could cause damage to the
aluminum cylinder head and to other aluminum
engine components.

Efficient cooling is ensured by a new aluminum radiator,
plus the addition of two cooling fans instead of one. The
primary fan is an engine-driven clutch fan that engages
when underhood temperatures reach 162° to 176°F
(72-80°C) and/or when engine speeds reach between
2300 and 2500 rpm. The clutch will disengage when
underhood temperatures fall below 149° to 158°F
(65°-70°C) or when engine speed falls below 800 rpm.

The other fan is an electric ‘‘pusher’’ fan mounted in
front of the radiator. The pusher fan is designed to push
air through the radiator whenever the air conditioning
is on.

Filling the Cooling System

One of the most important procedures in servicing the
cooling system on the 2.4L diesel engine is the filling
procedure on a dry system. To properly fill the cooling
system, use the following method:

1. Fill the expansion tank with coolant.

2. Loosen the bleed screw on the thermostat housing,
and maintain coolant level in the expansion tank.

3. When coolant appears at the bleed screw, close
it off.

4. Start the engine and turn on the heater.

5. Maintain the coolant level in the expansion tank.

6. Run the engine at operating temperature until it

won’t take any more coolant, then take the vehicle
for a test drive.

7. Verify that the coolant level is correct. (Capacity:
11.8 qts.)

WARNING: This is a system that is slow to fill, but
it must be done correctly. The cylinder head is
very temperature sensitive and can be severely
damaged if the engine is run without sufficient
coolant.
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Figure 3. Coolant Flow During Cold and Normal Operating Conditions (Heater On)
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ENGINE SYSTEMS AND COMPONENTS

Figure 4. 2.4L Diesel Lubrication System



ENGINE SYSTEMS AND COMPONENTS

MAIN DISTRIBUTION PORT

- IN ENGINE BLOCK =
FOR SUPPLY TO:
OIL SPRAY JET
_ (PISTON COOLING) CONN. FOROIL
> (OPENS AT 22-28 PSI PRESSURE SENSOR <
[152-193 kPa] PRESSURE) OF INDICATOR LAMP
»— OIL RISER BORE ;
IN CYLINDER HEAD oiL COEER
THERMOSTAT —
HOLLOW oy L HOLLOW
CAMSHAFT CENTER CAMSHAFT A

Y DISTRIBUTION PORT Y

CAMSHAFT IN CYLINDER HEAD CAMSHAFT
BEARING, FRONT BEARING, REAR
T |
OIL LINE WITH |
> > OPEN JETS B, I
£ TH L FORSUPPLYOF: | | | el \
OUTSIDE OF CAMS CARTRIDGE i
]
VALVE GUIDES ! BY-PASS
f—p—— TURBOCHARGER ' AND BALL-ENDED BOLTS VALVE *
FOR ROCKER ARMS |
‘ A |
| CRANKSHAFT __ INTERMEDIATE I
BEARING SHAFT BEARINGS ECCENTRIC FOR |
AND Ri— = VACUUM PUMP I
GUIDE PLATE | | = sl
CONNECTING | !
- ROD | OVERFLOW FROM
BEARINGS | CYLINDER HEAD
OIL FILTER,
SPRAY OIL : 1.25 QT. (1.2L) VOLUME
L 1
r | RETURN TO
i 1 ___  OILPAN
PISTON CYLINDER — — — — PRESSURE RELIEF
PINS WALLS | | VALVE * %
OIL TRAP |
Y OIL
FOR GEARS I } INTAKE WITH
(OIL PUMP DRIVE) | | FILTER SCREEN
' |
Y Y Y_oiL PAN l >

%* (OPENS AT 35 PSI [241 kPa]) OIL SUPPLY GUARANTEED IF FILTER CARTRIDGE IS PLUGGED
% % (OIL PUMP) WITH COLD OIL (OPENS WITH 79-92 PSI [544-648 kPa] PRESSURE)




LUBRICATION SYSTEM

The lubrication system (Fig. 4) used on the 2.4L die-
sel has many features that should be noted. These fea-
tures are:

e A permanent oil filter housing with a replaceable
paper element (Fig. 5)

¢ A remote thermostatically controlled oil cooler mount-
ed on the lower right side of the engine compartment
in front of the radiator (Fig. 6)

NOTE: The oil thermostat is located in the oil filter
head. The oil thermostat prevents oil from going
to the cooler until it has reached a temperature of
203°F (95°C).

NOTE: The oil cooler must remain in the oil cir-
cuit; it is not to be capped off or removed from the
system.

e Qil spray jets (one for each piston) (Fig. 7)

OIL PRESSURE SENDING UNIT

9278A
OIL FILTER HEAD TO
BLOCK GASKET
N\ 8840A
\ e
0
(L
(K

OIL FILTER HEAD

\ 6737A
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N THERMOSTAT)
O-RING
SEAL I REPLACEABLE
6838A
[ ——FILTER ELEMENT
| l 6731
[}
o N —L_
FILTER — OIL FILTER BOWL
DRAIN
6N8SSA |

%‘\ LOCKNUT

Figure 5. Oil Filter Housing and Replaceable
Element

OIL COOLER

Figure 6. Oil Cooler

Figure 7. Oil Spray Jet

NOTE: Oil from the oil spray jets cools the pistons
by circulating through a funnel shaped opening
into a ring port (Fig. 8) manufactured into each
piston. Accuracy of the oil spray is very important
because even a slight misalignment or small
amount of damage to the oil spray jet can cause
the oil spray to miss the opening, which could
cause immediate engine failure. The oil spray
tubes operate only when oil pressure is above 29
psi (200 kPa).

¢ Flow-through cam lobe spray bar shown earlier on
the top of the cylinder head.

Oil flow through the engine is similar to that in other
gasoline and diesel engines. Oil is picked up from the oil
pan and pumped to the oil filter. From the oil filter the
oil goes either to the engine or to the oil cooler, depend-
ing on the oil temperature. If the oil temperature is
above 203 °F (95 °C), the oil is routed to the oil cooler;
below this temperature, the oil is circulated directly to




the engine. Should the oil filter become clogged, there is
a by-pass valve on the filter which will open at 35 psi
(241 kPa) to guarantee a supply of oil to the engine.
Once in the engine, the oil is distributed to the turbo-
charger, crankshaft, camshaft, and piston cooling tubes.
Engine oil pressure is monitored by an oil pressure send-
ing unit mounted in the oil filter housing.

RING N\

PORT NS
FUNNEL
SHAPED
OPENING

£/]

Oil Capacity

Complete system without

oillcoolers? M in i SlsinHIIT i o e 7.1 qts (6.7L)
Complete system with

OILCOOIEE . o7 s it b s i shonssn sysi o oiv o 7.9 qts (7.5L)
(61118 51 {15 SRS T 1.25 qts (1.2L)

Lubrication System Service Intervals

Oilichange s « A iangs s 0. SaREaTr oo 2% S es 5000 mi
Oilfilter:ichange: < iisre oo o stdisionon wiae ey 5000 mi

Oil Pump and Oil Pan

The oil pump used in the 2.4L diesel is located near the
front of the crankcase and is driven by the auxiliary
shaft through the distributor shaft. It is large enough to
ensure that the engine will have sufficient oil for lubrica-
tion and cooling regardless of the operating conditions.

During service that requires the oil pan to be removed, it
is recommended that the strainer on the intake pipe of
the oil pump be cleaned and that the pressure relief
valve in the oil pump be checked for easy movement and
clogging. After performing service that requires remov-
ing the oil pan, reinstall it using a new gasket. Coat the
joint edges of both end covers (Fig. 9), rear and front,
with RTV sealer.

Figure 8. 2.4L Diesel Piston Cutaway

Specifications for the lubrication system of this engine
are as follows:

Oil Pump
PR S el s Conventional, gear type
Oil pressureatidle ............. 7-28 psi (48-193 kPa)
Qil pressure at 4800 rpm ...... 57-85 psi (393-586 kPa)
Safe minimum pressure (oil light
activation pressure) ........... Below 7 psi (48 kPa)
Qil Filter
Type BRI, 5% e - Canister with replaceable
paper element
By-Passvalveopens................. 35 psi (241 kPa)

APPLY RTV SEALER
HERE (FRONT AND REAR)

Figure 9. Oil Pan RTV Application Points
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Important Lubrication System Service
Instructions

® After a cold start, never race the engine before the oil
indicator lamp has gone out.

* Empty the large volume oil filter through the oil
drain before removing the filter.

® Never stop an engine running at high speed, because
the turbocharger will continue running and its oil
supply will be interrupted. Shutting the engine off at
high speeds is very hard on turbocharger bearings!

* Oil change intervals must conform to the Scheduled
Maintenance Chart, which states that both the oil
and filter should be changed every 5000 miles.

® Only use oil with an A.P.I. rating of SF/CD.

Crankcase Emission System

Crankcase emissions from the 2.4L diesel engine are
controlled by the crankcase emission system (Fig. 10)
located on the left side of the engine. The vapor separat-
or directs crankcase and cylinder head fumes to the
elbow behind the air cleaner, via a connecting hose with-
out allowing any oil to get by. The fumes then go
through the turbocharger and into the engine where they
are burned.

VAPOR
A SEPARATOR
TOELBOW _ @
ON AIR ;
CLEANER

CRANKCASE
PRESSURE-
VAPOR HOSE

OIL
RETURN
HOSE

crankcase oil would cause the engine to run away
and destroy itself. If this happened, even shutting
off the fuel wouldn’t stop the engine. Therefore,
never remove, disable, or modify the vapor
separator system unless it is specifically recom-
mended by Ford Motor Company.

CRANKSHAFT AND BEARINGS

Crankshaft and bearing service on the 2.4L diesel must
be done carefully and thoroughly because of the high in-
ternal pressures produced in this engine. Incorrect clear-
ances and/or lack of cleanliness during service can cause
immediate problems, and shorten the life of the engine.

The crankshaft used in the 2.4L diesel is supported by
seven main bearings (Fig. 11) which hold it rigidly in
place. In conjunction with the main bearings, two sup-
port straps and the oil pump support (Fig. 12) tie the
lower part of the block together to prevent it from flex-
ing when the engine is under load.

Figure 10. Crankcase Emission System

CAUTION: The vapor separator is an important
safety feature on diesel engines because it pre-
vents oil from getting to the combustion chamber.
A diesel engine can actually run on its own
crankcase oil, and an unrestricted supply of

Figure 11. Main Bearings

NOTE: There is also a special brace used to con-
nect the cylinder block to the lower portion of the
transmission torque converter housing for added
powertrain rigidity and noise reduction.

-
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OIL PUMP
SUPPORT

SUPPORT
STRAPS

OIL PUMP

Figure 12. Engine Support Straps

NOTE: The crankshaft is nitride-hardened for long
wear and increased strength. Because of this, the
crankshaft should only be reconditioned accord-
ing to established procedures.

The bearing caps are numbered in this engine, and are
not to be mixed up. Bearing cap 1 is on the drive belt
end of the engine. Bearing cap 7 is on the flywheel side
of the engine. Bearing cap 6 carries the thrust bearing.

To maintain precise tolerances within the 2.4 diesel en-
gine there are three different main bearing thicknesses
available for standard, first undersize, and second
undersize crankshafts.

The different main bearing thicknesses are identified by
a color code on the edge of the bearing shell. The correct
bearings to use for each journal are determined during
production and are shown by paint swatches in the
crankcase for bearings in the block; and by paint
swatches on the counterweights of the crankshaft, for
bearings in the main caps. The paint swatches will not
always be the same color. What this means is that bear-
ings in the block and main caps can be purposely mis-
matched to take up any variations in the crankshaft
journals.

The following chart shows all of the main bearings
available for the 2.4L diesel standard crankshaft, and
how they are used in conjunction with each other to
make up for variations in the crankshaft journals.

BEARING SELECTION CHART—
STANDARD CRANKSHAFT

ENGINE BLOCK MAIN CAP BEARING TO
MAIN BEARING CRANKSHAFT MAIN MAIN BEARING CRANKSHAFT
BLOCK JOURNAL SIZE THICKNESS CLEARANCE

STANDARD | ¥ | 2.5500-2.5502 in 0.0980-0.0983 In
(65.000-65.006 mm) (2.491-2.498 mm)

3 2.3615-2.3618 in 0.0980-0.0983 in
(59.984-59.990 mm) | (2.491-2.498 mm)

Q| 2.3613-2.3615 In 0.0983-0.09862 in 0.0008-0.0018 in
(50.977-59.983 mm) (2.498-2.505 in) (0.020-0.046 mm)

W| 23610-2.3612 in 0.09862-0.0988 in
(59.971-50.976 mm) (2.505-2.512 mm)

\ 2.3615-2.3618 in
(59. .990 mm)

0.0980-0.0983 In
(59.984-59. ) (2.491-2.498 mm)

STANDARD | @ 2.5503-2.5505 0.0983-0.00862in | @ 2.3613-2.3615 in 0.0983-0.09862 In 0.0008-0.0018 in
(65.007-65.013 mm) | (2.498-2.505 mm) (59.977-50.983 mm) (2.498-2.505 mm) (0.020-0.048 mm)

W 23610-2.3612 in 0.09862-0.0988 in

(59.971-50.976 mm) (2.505-2.512 mm)

y | 23615-2.3618 in 0.0980-0.0983 in

(59.984-50.990 mm) | (2.491-2.498 mm)
Q| 23613-2.3615 In 0.0983-0.09862 in 0.0008-0.0018 in
(59.977-50.983 mm) (2.498-2.505 In) (0.020-0.046 mm)

STANDARD | w | 2

.5596-2.5598 in 0.09862-0.0988 in | W | 2.3610-2.3612 in 0.09862-0.0988 in
(65.014-65.019 mm) (2.505-2.512 mm)

(59.971-50.976 mm) (2.505-2.512 mm)

NOTE: BEARING TO CRANKSHAFT CLEARANCE CAN ONLY
BE CHECKED WITH NEW BEARINGS.

BEARING Y — YELLOW
BEARING @ — GREEN
BEARING W — WHITE

NOTE: This chart is only part of the full chart. See
page 64 for the full chart.

NOTE: Always replace both the upper and lower
shells when replacing bearings.

Note also that there is a lubricating groove in one of the
bearing shells for each set. The bearing shell containing
the lubricating groove should be installed in the engine
block. Bearing clearances should be checked with plasti-
gage, and should be between 0.0008 and 0.0018 in (0.02
to 0.046 mm).

NOTE: This clearance is for new bearings only.
Clearance will increase immediately after the
engine is run because the protective coating on
the bearings will be wiped off. Do not plastigage
used bearings; the reading will be inaccurate.

Axial play of the crankshaft must be checked with a dial
indicator and should be between 0.003 and 0.006 in
(0.08 to 0.163 mm).

NOTE: Always clean the flywheel mounting bolt
threads, and coat them with loctite before install-
ing them.

PISTONS AND CONNECTING RODS

During piston and connecting rod service that requires
the removal of the piston from the engine, identify the
connecting rod and cap as a matched set (Fig. 13), and
identify the cylinder they were in. This is very impor-
tant! The weight class of the rod is identified on the rod



cap (shown in Figure 13) by a code. This code must be
the same for all of the rods in a particular engine. Do
not use rods of different weight classes in the same
engine because of the possibility of excessive engine
vibration and/or durability problems.

WEIGHT CLASS
OF ROD

PAIRING

CODE

(MARKED
won BY e
O TECHNICIAN)

Figure 13. Connecting Rod Cap Identification

Like the main bearings, the rod bearings are also iden-
tified by color code. The colors used for rod bearing
identification are red and blue. These colors are located
on the edge of the bearings, and on the crankshaft
counterweights. Unlike the main bearings, colors are
not to be mixed on individual rods. If the paint swatch is
blue on the crankshaft, then the bearings installed on
that particular journal will both be blue.

During rod and piston service the oil spray tubes mount-
ed in the crankcase should be examined. Check these
tubes for damage or dirt that could interfere with proper
operation. Oil spray tubes are rigid castings, and cannot
be bent except at the tip, which can be knocked out of
alignment or even pinched shut. For this reason it is ex-
tremely important that the spray tubes be handled
carefully.

NOTE: In the event of severe engine damage such
as seized pistons or spun bearings it is recom-
mended that the oil spray tubes and cam lobe
spray bar be replaced.

To help prevent damage to the spray tubes during en-
gine assembly, use special tool D84P-6136-A (Fig. 14) to
guide the connecting rod over the crankshaft journal
without touching the piston cooling tubes. This tool also
retains the cam bearing on the rod and protects the
crankshaft from being damaged.

CAUTION: Failure to use this tool for installation
may cause damage on the oil spray tubes, which,
in turn, may lead to engine failure.
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D84P-6136-A

Figure 14. Piston Installation Guides

Also remember during piston installation to have the ar-
row on the dome of the piston pointing toward the drive
belt end of the engine, and to offset the piston ring end
gaps to each other.

Check connecting rod bearing clearance on all new bear-
ings using plastigage. The clearance should be between
0.0008 and 0.002 in (0.02 to 0.053 mm).

NOTE: This clearance is for new bearings only.

After checking clearance, make sure that the connecting
rod caps are installed on the correct rods, and that they
are facing the same side as they were before removal.
This is made easier by marking a pairing code on both
the rod and cap before disassembly.

Use the torque angle method when tightening the con-
necting rod caps. Tighten each connecting rod nut to 15
Ib-ft (20 N-m) initially, and then tighten another 70° of
additional rotation.

NOTE: Connecting rod bolts are not to be reused.
VACUUM PUMP

Since diesel engines do not produce vacuum because of
the unrestricted intake of air into the cylinders, they
must be equipped with a vacuum pump to provide vac-
uum for power brakes, climate control, emission con-
trols, and other duties. The vacuum pump (Fig. 15) used
on the 2.4L diesel is located beneath the valve cover,
and is driven by an eccentric on the camshaft.

NOTE: The Mark VIl and Continental are equipped
with Hydro-boost brakes.

NOTE: The vacuum pump eccentric is covered by
a hardened steel ring which must be in place
when the vacuum pump is in place. Never attempt
to start or crank the engine without the vacuum
pump and eccentric in place.

The vacuum pump is attached by lines to a vacuum
reservoir located on the fender. The minimum allowable
vacuum from the pump is 16 in Hg (53 kPa) at idle.
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Figure 15. Vacuum Pump

NOTE: Actual vacuum pump output is limited and
does not necessarily increase with RPM (Fig. 16).
Extremely large amounts of vacuum, such as
those that could be produced at high rpm are not
necessary so total pump output is kept at about
24 in Hg (81 kPa).

27.0

vacuum (in Hg)

=t

0 500 1000

1500 2000 2500 3000 3500 4000 4500 5000

engine speed (rpm)

Figure 16. Maximum Vacuum vs. Engine Speed

Minimum vacuum is checked at the vacuum pump out-
put hose on top of the valve cover. This is the point
where the vacuum pump can be isolated from the sys-
tem. Should the pump be unable to draw more than 16
in Hg (53 kPa) at idle it must be replaced.

To remove the vacuum pump the eccentric should be
fully down, and the nuts should be loosened in a cross
ways pattern a few threads at a time.

CYLINDER HEAD SERVICE

The aluminum cylinder head used on the 2.4L diesel re-
quires the following special service procedures:
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e Determining cylinder head gasket thickness

e Determining swirl chamber retrusion

e Determining valve retrusion

¢ Tightening head bolts using torque angle method
e New method for adjusting rocker arms

Each of these procedures will be described in the follow-
ing pages.

Setting TDC

Many of the following procedures require the removal
of the cylinder head. Before removing the cylinder head
or the timing belt, always set the engine to Number 1
TDC using special tool T84P-6400-A (Fig. 17). It is in-
serted through a hole at the lower left side of the block,
into a hole in the flywheel. The engine should not move
when the pin is inserted; if it does then the pin has not
contacted the proper hole in the flywheel. When the en-
gine is at TDC the ‘“OT”’ mark on the crankshaft
damper should be aligned with the notch on the front
cover (Fig. 18).

Figure 18. “OT” Mark and Notch
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NOTE: The hole for the alignment tool is below
the position sensor.

NOTE: Coat the alignment tool with lubricant be-
fore inserting it. The hole in the block is a tight fit
so the lubricant will probably make insertion
easier.

CAUTION: Don’t turn the engine over with the pin
installed. If the tip gets bent, its very hard to
remove.

Removing the Timing Belt

After setting the engine to Number 1 TDC the timing
belt can be removed by loosening the belt at these points
(Fig. 19).

LOOSENING
POINTS

TENSIONING
ROLLER

Figure 19. Timing Belt Loosening Points

NOTE: Once a timing belt is run it is directional.
Mark the direction of rotation on the timing belt
before removal.

CYLINDER HEAD LOOSENING

PROCEDURE
b ¥ sl
J & .
: ,

Figure 20. Loosening Sequence

Cylinder Head Bolt Removal
Cylinder head bolts should be removed in the order
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shown (Fig. 20). Failure to remove them in the proper
order can cause cylinder head warpage.

NOTE: Break the head bolts loose in the correct
sequence before removing them.

NOTE: Head bolts are reusable.

NOTE: There is no dimension check on the head
bolts.

Overhauling the Cylinder Head

NOTE: This section is not a detailed explanation
of cylinder head overhaul; it only points out the
highlights and special service procedures. See
the 2.4L turbocharged Diesel section of the Ford
Shop Manual for a complete description.

1. Detach the cylinder head. Remove the intake mani-
fold and the exhaust manifold.

2. Place the cylinder head on holding fixture number
D83L-500-A. Turn the camshaft until the vacuum
pump eccentric faces down, relaxing the vacuum
pump spring.

3. Loosen the nuts uniformly in a crosswise manner to
take off the vacuum pump.

4. Remove the spring retainers from the rocker arms
of the exhaust valve of cylinder no. 2, and the in-
take valve of cylinder no. 3. Remove the rocker
arms by compressing the valve springs with Special
Tool T84P-6513-C (Fig. 21) and pulling the rocker
arms out.

Figure 21. Compressing Valve Spring

NOTE: These rocker arms must be removed be-
cause of the valve spring tension on the cam at
these two points when the engine is at TDC, as it
should be when the head is removed.

<



~ ENGINE SYSTEMS AND COMPONENTS'

5. Remove the cam bearing caps.
6. Remove the camshaft.

7. Check the levelness of the cylinder head sealing sur-
face with a straightedge. If it is warped, replace it.
DO NOT machine the cylinder head under ANY
circumstances.

8. Check the retrusion distance (Fig. 22) of the swirl
chamber. This measurement can be done in the
same manner as that used to determine piston pro-
trusion. Retrusion distance can range from 0.0008
to 0.003 in (0.02 to 0.07 mm). The swirl chambers
are made of high temperature steel and are mounted
into the aluminum cylinder head using a shrink fit.
Because of the shrink fit method of mounting the
swirl chambers into the head, there is no recom-
mended service procedure for servicing the swirl
chambers individually. If one of them should
become loose or damaged, the entire cylinder head
must be replaced.

SWIRL CHAMBER RETRUSION

'

Z

)

N

Figure 22. Swirl Chamber Retrusion

Valve and Valve Seat Service

Do not grind or machine the valves used in the 2.4L
diesel engine. This would take off the hardened coating
on the face of the valve and severely shorten its life.
Valve seats must be cut, and repair size valves with
higher valve heads are available. Cut the valve seats as
shown in Figure 23.

On completion of valve seat service, check the amount
of valve retrusion (Fig. 24). This is a very important
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measurement, which must be performed accurately on
all of the valves. It is done with a dial indicator, using
the same method explained earlier for checking piston
protrusion. The amount of retrusion should be:

Intake Valve=0.025 to 0.033 in (0.65 to 0.85 mm)
Exhaust Valve=0.033 to 0.041 in (0.85 to 1.05 mm)

INTAKE: 0.069 +0.010 in (1.75 = 0.25 mm)
EXHAUST: 0.108 = 0.010 in (2.75 = 0.25 mm)

*~45°

2

Figure 23. Valve Seat Information

If necessary, cut the valve seat to get the proper
retrusion.

VALVE RETRUSION

&
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o

Figure 24. Valve Retrusion



In cases where there is too much retrusion, use a replace-
ment valve with a higher head.

STANDARD REPAIR VALVES

0.28 IN
7.1 mm)
—_

e o3t 'y

I
0
(
|
|
0
I
|
|
(
I
I

]_ (0.25 mm)
REPAIR VALVE B
(higher head
thicker stem)

100(

REPAIR VALVE A
(higher head)

Figure 25. Valve Comparison

Valve guides on the 2.4L diesel engine can only be
reamed, they are not replaceable. A repair valve with an
oversize stem is available to take up extra clearance
caused by reaming. Note that the repair valve with the
larger stem also has a higher head, so retrusion will have
to be checked and the valve seat cut if needed. Reaming
instructions are included in the 2.4L Turbocharged
Diesel section of the Ford Shop Manual.

NOTE: Valve seat inserts are not replaceable on
this engine.

Replace the valve stem seals using special tool number
T84P-6571-A. Use of this tool will prevent the seal from
being crushed during installation, and will ensure that it
is seated firmly.

Included in the valve seal kit is a seal protector to cover
the valve stem during installation to prevent damage to
the seals.

Camshaft Installation

The camshaft should be installed in the Number 1 TDC
position, with the rocker arm from the exhaust valve of
cylinder 2 and the intake valve of cylinder 3 removed.
When the camshaft is in place, install cam bearing cap
number 1. It can only go on in one direction, so the

number will obviously be on the correct side; toward the
intake. Install the rest of the cam bearing caps with their
numbers pointing in the same direction (Fig. 26).

o
e

@ 4

FRONT OF ENGINE —>

Figure 26. Cam Bearing Cap Numbering

NOTE: Make sure the hardened steel ring is placed
around the vacuum pump eccentric.

Install the vacuum pump, with the eccentric in the down
position. Tighten the nuts on the vacuum pump down in
a crossing pattern.

CAUTION: Do not attempt to start the engine with-
out the vacuum pump in place.

Determining Cylinder Head Gasket Thickness

Cylinder head gaskets are available in three different
thicknesses for the 2.4L turbocharged diesel engine.
This is to ensure that the proper compression ratios can
be attained for all engines, despite slight differences in
deck height and stroke.

Remember that the following measurements must be
taken whenever the head gasket is replaced, and must be
extremely accurate.

1. Mount the dial indicator (part no. D82L-4201-A)
into the base (part no. D84P-6100-A) and set to
zero with pre-load on the cleaned cylinder head
sealing surface (Fig. 27).

2. Apply dial indicator at measuring point A (Fig. 28)
on the cleaned piston and find the highest point by
turning the crankshaft to bring the piston to TDC.
Note the value on the dial indicator.
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Figure 28. Measuring Points on the Piston

NOTE: It is extremely important to clean the sur-
faces that are being measured to ensure accuracy
of measurement.

3. Repeat Step 2 at measuring point B (Fig. 28).

4. Perform Steps 2 and 3 for all of the other pistons
and note the distances for each. For example:

NOTE: Measuring points A and B should be as
close to the centerline of the piston as possible.

Cylinder No. Distance A Distance B

(mm) (mm)
1 0.73 0.74
2 0.70 0.72
3 0.74 0.76
4 0.73 0.73
5 0.72 0.73
6 0.72 0.74
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5. The piston with the greatest protrusion is used to
determine the cylinder head gasket thickness. In this
case it is cylinder no. 3 which has a protrusion of
0.74 mm at point A and 0.76 mm at point B.

Determine the mean value of distance A and dis-
tance B. For example:

Distance A =0.74 mm Distance B=0.76 mm
Mean Value=0.75 mm

Use the mean value to find the correct cylinder head
gasket thickness with the following table:

Thickness of
Cylinder Head

Identification of
Cylinder Head

Greatest Piston
Protrusion of

All 6 Pistons Gasket Gasket
(in) (mm) (no. of holes) (in) (mm)
0.025 ...0.030 0.64 ...0.78 1 0.056 1.43
0.031 ...0.035 0.79 ...0.91 2 0.060 1.54
0.036 ...0.042 0.92 ...1.08 8 0.067 1.70

The choice of cylinder head gasket would be identified
as having only one hole on the identification pad (Fig.
29) of the cylinder head gasket.

IDENTIFICATION HOLE
Figure 29. Cylinder Head Gasket Identification

NOTE: Engine gasket sets do not contain the cyl-
inder head gasket; it must be ordered separately.

NOTE: Before installing the cylinder head make
sure that both the short block and the camshaft
are set at number 1 TDC. This will prevent any
chance of the valves striking the pistons while the
head is being installed, and will make timing belt
installation easier.

Tightening Cylinder Head Bolts

Tightening the cylinder head bolts is not a part of the
service maintenance schedule, nor is it part of normal
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i i but, should the cylinder head be
mmmhm for any reason, the bolts will have
to be tightened according to this procedure:

NOTE: Make sure there is no oil in any of th_e head
bolt holes. Hydraulic pressure created by tighten-
ing the bolt onto oil can cause improper torque
readings, or could even crack the bloc'k. Do not
lubricate the threads of the head bolts, just make

sure they are clean.

1. With a torque wrench, tighten cylinder head bolt_s in
the specified order (Fig. 30) from inside to outside.

Step 1—Tighten all the bolts in order to approx-
imately 37 to 44 Ib-ft (50 to 60 N-m).

Wait approximately 15 minutes.

NOTE: Install the timing belt and adjust the valves
during this time.

Step 2—Tighten all the bolts in order to approx-
imately 66 to 70 1b-ft (90 to 95 N-m).

2. Complete assembly and start the engine, letting
it run until it has warmed up—approximately 15
minutes.

3. Remove the valve cover and tighten all the head
bolts in the specified order to torque angles of 90°,

e

.J\oo :
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Figure 30. Cylinder Head Tightening Sequence

Timing Belt Installation

Proper engine operation can be guaranteed only by cor-
rect installation of the timing belt. Improper installation
of the timing belt can lead to engine failure, because it is
possible for the valves to strike the pistons even if there

is only a slight belt misadjustment. Here are some im-
portant points to remember about timing belt service:
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o If a used belt has to be reinstalled, it may oply be in-
stalled in the same running direction. For this reason,
it is important to mark the direction in which the belt
is rotating before removal.

e Never turn the crankshaft or camspaft afte{ the belt
is removed, as the valves could strike the pistons.

* Do not allow oil, grease, or dirt to get on the belt, as
they will cause it to deteriorate.

Installation Procedures:

1. Set cylinder no. 1 to TDC and hold the crankshaft in
this position with special tool T84P-6400-A.

NOTE: When the engine is at TDC the alignment
pin on the crankshaft damper flange should be at
approximately 3 o’clock and the indexing pin on
the camshaft sprocket should be at approximate-
ly 12 o’clock.

2. Hold the camshaft at TDC with special tool
T84P-6256-A.

NOTE: If the belt is new (up to 10,000 miles/1 5,000
kilometers) place a 0.100 in (2.5 mm) feeler gauge
between the sealing surface for the valve cover
and the special tool on the exhaust side.

3. Install the drive gears of the fuel injection pump,
auxiliary shaft, and crankshaft, and tighten to the
specified torque.

4. Hold the drive gear for the injection pump with spe-
cial tool T84P-9000-A (Fig. 31).

5. Install the camshaft sprocket and tighten the mount-
ing bolt by hand. Move the camshaft sprocket in the
direction of engine rotation toward the pin against
the stop.

6. Install the tensioning roller. Tighten the mounting
bolt and nuts by hand.

7. Install the belt in this order: Start at the crankshaft,
g0 around the auxiliary shaft and the injection
pump sprockets, over the cam drive gear, then over
the tensioner.

8. Remove the special tool on the injection pump
sprocket. :

9. Swing the tensioning roller against the back of the
timing belt with 33 to 37 Ib-ft (45-50 Nm) for a
new belt, or 22 to 26 Ib-ft (30-35 N-m) for a used
belt at the point shown in Figure 31, and tighten the
mounting nut.

.CAUTION: The belt must not be allowed to jump
out.
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NOTE: Only use a torque wrench with an indicator
(not a click-type).

10. Tighten the baseplate of the tensioning roller to 15
to 18 Ib-ft (20 to 24 N-m).

11. Tighten the camshaft sprocket to 41 to 48 Ib-ft (55
to 65 N-m). Remove the special tools from the cyl-
inder head and crankshaft.

12. Turn the engine over twice and recheck the setting by
putting the engine at number 1 TDC with special tool
T84P-6400-A. At this point the camshaft holding
tool should slide into place and the injection pump
aligning hole should be approximately lined up.
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SHAFT
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6256B
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PIN

CRANKSHAFT DRIVE GEAR
6306A

O
TENSIONING )
ROLLER 0). )/
6286A f

33-37 LB-FT
(45-50 N'm)

Figure 31. Timing Belt

Adjusting Valve Clearance

Perform valve adjustment when the engine is cold
(coolant temperature below 95°F [35°C]), and is not
running. Adjust the valves according to the following
procedure:

1. Measure the clearance between the camshaft (Fig.
32) and the rocker arm sliding surface with a feeler
gauge blade when the piston is at TDC on the com-
pression stroke. :

Valve Clearance: Intake=0.012 in (0.30 mm)
Exhaust =0.012 in (0.30 mm)

NOTE: Adjust only one valve at a time.
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Figure 32. Measuring Valve Clearance

2. Correct the valve adjustment by loosening the screw
on the rocker arm and turning the eccentric until the
correct clearance is attained.

NOTE: When loosening the eccentric, hold the
other end of the rocker arm with a 12 mm wrench.
There are flats cut on the rocker arm for this pur-
pose. This will prevent the valve from hitting the
piston and also makes adjustment easier.

3. Lock the adjusting screw and recheck the clearance.

NOTE: Whenever a rocker arm is replaced the ful-
crum must also be replaced. Use special tool
D84P-6564-A and a slide hammer to remove the
fulcrum. Tap the new fulcrum in with a plastic
hammer after cleaning the cavity and coating the
shaft with loctite.

Installing the Valve Cover

Proper installation of the valve cover is important in
preventing oil leaks. Before installing the valve cover,
unscrew the bolts holding the drive belt cover. Fit the
valve cover with a new gasket, and an O-ring for the




vacuum pump outlet tube. The valve cover bolts and
drive belt cover bolts both have torque specifications of
6 to 7 Ib-ft (8 to 10 N-m).

FUEL SYSTEM

Because of the viscous nature of diesel fuel and the op-
erating characteristics of the diesel engine, many differ-
ences exist between the fuel systems of the 2.4L diesel
and comparably sized gasoline engines. In this section
every major component in the fuel system will be ex-
amined, beginning with the fuel tank and its compo-
nents. But before going into a description of the fuel
system, one point that should be mentioned is
cleanliness.

Cleanliness is very important when servicing any part of
a diesel engine, but especially the fuel system. Clear-
ances in the fuel injection pump and fuel injection noz-
zles can be as close as sixty-millionths of an inch
(0.0000060 in), and can be ruined by even tiny specks of
dirt; without the tight clearances the precise fuel injec-
tion pump components will not operate properly. Fol-
low these procedures whenever working on the fuel
system:

1. Clean the area around the repair point thoroughly
before disconnecting lines and switches.

2. Lay removed parts only on clean surfaces and cover
them with a plastic sheet. Never use cloths that
leave lint.

3. Cover or insert plugs in open lines and components
immediately.

4. Install only cleaned parts; do not remove new parts
from their packaging until immediately before
installing.

5. Keep diesel fuel off of rubber parts.

Fuel Tank and Components

The fuel tank used on vehicles equipped with the 2.4L
diesel engine is the same as that used on gasoline-
powered models. The interior components, however—
in particular, the diesel fuel intake and sending
unit—are specifically designed for diesel engine
applications.

The diesel fuel sending unit (Fig. 33) used in the 2.4L
diesel uses a Ford-designed diesel fuel intake that is
unique. The diesel intake maintains constant contact
with the bottom of the fuel tank. The reason for keeping
the fuel intake constantly drawing from the bottom of
the tank is to prevent buildup of contaminants such as
water and microbiological organisms in the fuel tank.
The contaminants are simply moved through the system
and are removed by the water/fuel separator.

NOTE: Microbiological organisms have a tenden-
cy to grow in fuel tanks that contain water in the
fuel and have been stored for a lengthy period of
time, especially in warm climates. The slimy, gela-
tin-like growths will clog a fuel system, and will
also produce an acid that has a corrosive effect
on precise fuel system components such as the
injection pump and injectors. For this reason, it is
important to have a filter and water/fuel separator
that can effectively remove water and other con-
taminants from the fuel system. It is also very im-
portant to use only clean, fresh fuel in a diesel
engine.

DIESEL FUEL TANK SENDING UNIT

DIESEL
FUEL INTAKE

Figure 33. Diesel Fuel Tank Sending Unit

DIESEL FUEL
INTAKE

NIBS

Figure 34. Diesel Fuel Intake
The diesel fuel intake (Fig. 34) actually draws water to it

by creating a pressure differential between itself and the
fuel tank. The ‘‘nibs’’ on the bottom of the intake set up
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a restriction in the fuel flow and create a venturi-type ef-
fect on the fuel. Fuel going past the nibs accelerates and
the pressure drops. This pressure drop attracts the water.
Water contained in the fuel is drawn, along with the fuel,
into the diesel fuel intake and is accelerated and forced to
the fuel conditioner where the water is removed.

Buildup of ice and/or waxed fuel around the diesel fuel
intake is prevented by depositing the returning fuel di-
rectly above it. This warm fuel returning to the tank will
dissolve the ice and/or wax, and will allow the fuel to
flow normally through the diesel fuel intake.

The placement of the fuel return line also prevents fuel
oxidation. Diesel fuel returning to the fuel tank sprays
out the return line in a mist. If this mist were exposed to
large amounts of air, which would occur if it sprayed
out from the very top of the tank, a tar-like substance
could form, eventually clogging the injectors. In this
system, the problem is prevented, because the fuel re-
turn line returns the fuel to the bottom of the tank.

CAUTION: Do not interchange sending units be-
tween gasoline-and diesel-powered vehicles. Do-
ing so may cause severe engine and fuel system
damage.

WARNING: Do not remove the nipple on the end
of the fuel return line. It is there to prevent fuel
from draining out of the tank in the event of a
rollover.

Fuel Lines and Fuel Conditioner

The fuel lines used on vehicles powered by the 2.4L die-
sel engine are of a slightly larger inside diameter than
those used on the same models with gasoline engines.
Larger lines are needed because of the viscous nature of
diesel fuel and its tendency to thicken in cold weather.
Fuel line routing is located on the left side of the vehicle,
which is the exact opposite of that found on gasoline-
powered models. The diesel is also equipped with a fuel
return line.

The fuel conditioner (Fig. 35) used on vehicles equipped
with the 2.4L diesel performs five different functions:

1. Filters the fuel. The replaceable filter element (Fig.
36) of the fuel conditioner efficiently filters ex-
tremely small particles from the fuel. The reason
for having such a fine filtering system is that clear-
ances within the fuel injection pump and injector
nozzles can be as close as sixty-millionths of an
inch, and any abrasive particle that gets past the
filter can cause severe damage to these components.
The capacity of this filter is 600 cc, and its replace-
ment interval is 30,000 miles.
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Figure 35. Fuel Conditioner (9155A)
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Figure 36. Replaceable Filter Element Cutaway
(9365A)

CAUTION: Never bypass the fuel conditioner for
any reason, because severe damage to the fuel in-
jection pump may occur.

NOTE: The fuel filter portion of the fuel condition-
er is replaceable. It is a spin-on type which should
be replaced every 30,000 miles, or sooner if need-
ed. The water purge button and water level sensor
that screw into the bottom of the filter are reus-
able and should be removed from the old filter and
installed in the new one.

2. Separates the water and fuel. Water, which is
heavier than diesel fuel, is separated from the fuel
as the fuel passes through the fuel conditioner.
After being separated from the fuel, the water col-
lects in the bottom of the replaceable filter element



of the fuel conditioner until it is emptied. The clean
fuel flows to the injection pump.

3. Senses the water level. Emptying the water is a reg-
ular part of the maintenance schedule. If, however,
a large amount of water (approximately 82 cc)
gathers in the bottom of the replaceable filter ele-
ment, the water-in-fuel light on the instrument
panel will come on, informing the operator that the
fuel conditioner must be emptied.

Although the water-in-fuel light on the instrument panel
turns on when there is approximately 82 cc of
water present in the bottom of the fuel conditioner, the
actual amount of water that the conditioner can safely
store without passing it on to the fuel injection pump is
about 350 cc. The reason for having the light come on
quickly is to inform the operator immediately of a bad
load of fuel. If the light keeps coming on soon after the
fuel conditioner is drained of water and more water
comes out, the fuel is water-contaminated. In such
cases, the fuel tank should be drained and filled with
clean fuel.

NOTE: When the instrument panel water-in-fuel
warning light comes on, the fuel conditioner
should be drained of water as soon as possible to
prevent engine damage.

The excessive water in the fuel conditioner is sensed by
the water-in-fuel detector, (Fig. 37) which provides a
ground for the warning lamp circuit. When the upper
limit is reached, the warning light comes on. This system
operates on the principle that diesel fuel is a much better
insulator than water.

WATER LEVEL
SENSOR

WATER DRAIN

WATER DRAIN
BUTTON

Figure 37. Water Level Sensor

4. Heats the fuel. The electric fuel heater is standard
equipment on vehicles equipped with the 2.4L diesel
engine. It is located between the top of the fuel
conditioner and the filter element, and is serviced in-
dependently of the rest of the system. Power (ap-
proximately 200 watts) is available to the fuel heater
whenever the key is in the ON position, but is used
only when the fuel is cold. A fuel temperature sen-
sor is located on the top of the fuel conditioner, and
is exposed to diesel fuel contained in the fuel condi-
tioner. The sensor senses fuel temperature and
operates within a temperature range between 30 and
55°F (-1 and 13°C). This means that the heater
must be operating at fuel temperatures of 30°F
(—1°C) or lower, and must cease operating at fuel
temperatures 55 °F (13 °C) and above.

When the sensor snaps into the ON position, it supplies
current via a relay (mounted on the firewall) to a posi-
tive temperature coefficient (PTC) heater. This heater is
self-regulating because as its temperature goes up, so
too does its resistance to electrical flow, thereby limiting
the maximum temperature. For this reason, there is no
control module for the fuel heater.

5. Purges water from the fuel system. Water that is
captured by the water/fuel separator is removed
from the fuel conditioner by loosening the vent
screw on top of the fuel conditioner and pressing
the button, shown in Figure 37, on the bottom of
the replaceable filter element and draining the water
into a container until clear diesel fuel comes out.

NOTE: Water removed from the fuel conditioner is
generally milky in appearance, whereas diesel
fuel is usually clear with an amber tint.

Performance of these five functions by one com-
ponent—the fuel conditioner—simplifies maintenance
and service.

Electric Lift Pump

An electric lift pump (Fig. 38) is used on the 2.4L diesel
fuel system. It is located between the fuel conditioner
and the fuel injection pump. The purpose of the lift
pump is to get the fuel from the fuel tank to the fuel in-
jection pump and to maintain adequate fuel pressure to
the fuel injection pump.

Fuel Injection Pump

The fuel injection pump used on the 2.4L diesel is
located at the left front of the engine. It is a distributor
type Bosch VE (49-state) or VP-20 (California). The



major difference between the two is that the injection
pump timing on the California version is controlled
electronically, whereas the 49-state version is controlled 0 460 406 022
mechanically. To determine which pump is which, there

is a tag on the left hand side of the pump (Fig. 39). The FACTORY < ETGHO F 2400\
information on the tag is not really important for serv- 87 594 PUMP

ice, only for identification. \
DATE OF PRODUCTION

LOCATION:

LEFT-HAND SIDE OF PUMP HOUSING
R 117 = VE

R118 = VP - 20

Figure 39. Fuel Injection Pump Tag

AN\ The fuel injection pump delivers a precise amount of fuel

under high pressure (over 2500 psi) to each fuel injection
nozzle at exactly the right moment. The action of the fuel
injection pump is similar to that of an automotive distrib-
utor, which must direct a high-voltage electrical charge to
each spark plug at exactly the right moment.

The injection pump is a complicated, precise piece of
equipment. Figure 40 shows the fuel flow through the
system and the interior components of the injection
Figure 38. Electric Lift Pump pump.
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Figure 40. Fuel System Flow and Injection Pump Components
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Figure 41. Pump Barrel and Plunger

The fuel injection pump is driven by the crankshaft via
the timing belt. It consists of a pump barrel and plunger
(Fig. 41) that supply the total amount of high-pressure
fuel and guarantee that the engine receives the correctly
metered fuel in the specified firing order.

Actual pump operation is not extremely complicated.
~ Fuel is admitted to the area in front of the plunger under
transfer pump pressure. The plunger is actuated by a
cam disc and roller ring (Fig. 42). When the roller and
cam come in contact, the plunger is pushed forward,
pressurizing the fuel to over 2500 psi (17,238 kPa). The
pressurized fuel is then sent to the proper cylinder ac-
cording to the firing order.

Since the fuel injection pump has to meter and deliver -

very small amounts of fuel, all components are manu-
factured with utmost precision. For the technician this
means that cleanliness and careful job performance are
necessary to guarantee perfect injection system
performance.

NOTE: Do not attempt to disassemble or service
the fuel injection pump unless it is specified by
the Ford Motor Company. Tampering with the fuel
injection pump will void the warranty.
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CAUTION: Never wash or spray the injection
pump when it is warm or the engine is running as
it may cause the pump to seize.

Performance of Fuel Injection
Pump Components

Vane-Type Transfer Pump

The vane-type transfer pump, shown in Figure 40, pro-
vides the inside of the injection pump with the necessary
internal fuel pressure for cooling and lubrication, and
brings fuel to the high-pressure portion of the pump.
Fuel pressure from the transfer pump is approximately
36.25 psi (250 kPa) at idle and ranges up to 116 psi (800
kPa) at 4500 rpm.

Centrifugal Governor

A centrifugal governor (Fig. 43) employs a connecting
lever to control the injection rate in relation to speed
and load on the engine. As injection pump speeds in-
crease to maximum governed speed, the flyweights on
the governor fling out, forcing the governor shaft to
move the connecting lever. The connecting lever is at-
tached to the spill ring on the plunger and force it in a
fuel decrease direction, limiting fuel to keep engine
speeds within the governed limits.

FLYWEIGHTS

CONNECTING
LEVER

GOVERNOR
SHAFT

SPILL
RING

PLUNGER

Figure 43. Centrifugal Governor

Injection Timing Control

An injection timing control (Fig. 44) changes the begin-
ning of injection according to fuel pressure in the pump,
in much the same way that a distributor changes spark
timing in a gasoline engine by means of centrifugal ad-
vance. Injection is advanced or retarded by moving the
roller ring in relation to the cam disc. Internal injection
pump pressure is used to change timing because it is an
excellent indicator of engine speed.
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Figure 44. Injection Timing Control



Pressure Valves

Pressure valves, one per high pressure fuel line (Fig. 45)
on the outlet of the injection pump ensure that a certain
initial pressure is always in the injection lines leading to
the fuel injectors. These valves also ensure that pressure
waves from injection are not allowed back into the
pump, and that they are deadened so they cannot cause
a secondary injection. Secondary injections can cause a
slight feeling of engine misfire or rough idle.

BEFORE AND AFTER

INJECTION DURING INJECTION

Figure 45. Pressure Valves

Fuel Shutoff Valve

An electric fuel shutoff valve (Fig. 46) cuts off the fuel
to the distributor and high-pressure delivery plunger of
the fuel injection pump when the ignition switch is
turned off. ;

ELECTRIC FUEL

SHUTOFF VALVE
SPILL
PORT \
\ ,_~BARREL

TIMING
PLUG

Figure 46. Electric Fuel Shutoff Valve
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NOTE: When performing service operations that
require cranking the engine without having it
start, the fuel shutoff valve should be discon-
nected to prevent the engine from starting.

Cold Start Advance

An automatic cold start advance (Fig. 47) provides the
engine with better starting and warm-up properties. The
beginning of injection is advanced by the automatic cold
start accelerator working with the injection timing con-
trol. A solenoid valve, which is activated electrically by
a temperature switch in the cylinder head, increases the
pressure inside of the injection pump (which advances
timing) at temperatures below 86°F (30°C). By using
this method, correct injection timing is always guaran-
teed for both cold and warm starts.

COLD START
ADVANCE

Figure 47. Cold Start Advance
Idle Speed Boost

The temperature-controlled idle boost, shown later in
Figure 63 increases the engine speed during the warm-up
phase to guarantee smooth engine running.

Orifice Jet for Fuel Return

A certain amount of fuel is returned to the fuel tank by
way of a hollow bolt (Fig. 48) which is designed as an
orifice jet marked with the word OUT. It should never
be mixed up or interchanged with any other bolt.

Emergency Stop Lever

An emergency stop lever (Fig. 49) is provided beneath
the hood on the fuel injection pump. It can be used in
the event of a failure of the electric fuel shutoff valve.
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Figure 48. Fuel Return Orifice Jet

Figure 49. Emergency Stop Lever -

Altitude/Boost Compensator

The altitude/boost compensator (Fig. 50) is, as its name
implies, two components in one. First it is an altitude
compensator, increasing or decreasing the amount of
fuel injected into the engine in relation to altitude, de-
termined by atmospheri¢ pressure. Second, it is a boost
compensator, increasing or decreasing the amount of
fuel injected into the engine in relation to the amount of
boost provided by the turbocharger. These two com-
ponents within a component work together to provide
maximum performance with minimal emissions.
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Figure 50. Altitude/Boost Compensator

The components that make up the boost compensator
include a diaphragm spring mounted horizontally in the
housing that is exposed to a reference vacuum beneath

“it. The reference vacuum is modulated by an altitude

control aneroid (Fig. 51), mounted on the cowl, that
bleeds vacuum in relation to atmospheric pressure.

ALTITUDE
CONTROL
ANEROID

(CENTER TUBE)
VACUUM BLEED
NOTE: THERE

FROM ALTITUDE/
BOOST
COMPENSATOR

Figure 51. Altitude Control Aneroid

'NOTE: Atmospheric pressure and altitude are

interrelated. Atmospheric pressure lowers as alti-
tude increases and rises as altitude decreases.

NOTE: There is no vacuum line on the center outlet
of the altitude control aneroid, but there is one on
the inlet of the altitude control aneroid that is con-
nected to the altitude/boost compensator.



The chamber above the diaphragm spring is exposed to
turbo boost pressure, which fluctuates with engine
speed and load. Attached to the diaphragm spring is a
pushrod equipped with a tapered area. The pushrod ac-
tuates a connecting pin and control arm that moves the
spill ring back and forth, increasing and/or decreasing
the volume of fuel injected into the engine in relation to
altitude and turbo boost.

Operation of the device is quite simple. Vacuum, sup-
plied by the vacuum pump, is admitted to the chamber
below the diaphragm spring. The vacuum applied to the
diaphragm is'-modulated by the altitude control aneroid,
which increases vacuum bleed as atmospheric pressure
decreases. As more vacuum is bled off, the diaphragm
spring goes up, pulling the pushrod with it. The upward
movement of the pushrod moves the spill ring (which
controls fuel volume from the fuel injection pump to the
engine) in a fuel-decreasing direction by rotating the
control arm through the connecting pin.

During periods of high turbo boost (high engine speed/
high load situations) extra fuel is needed in the engine.
Boost pressure is applied to the upper chamber of the
altitude/boost compensator against the top of the
diaphragm spring. As boost pressure goes up, it forces
the diaphragm spring and pushrod down, causing the
spill ring to go in a fuel-increase direction.

Because of the constant fluctuations in atmospheric
pressure and turbo boost (especially in stop and go driv-
ing) the altitude/boost compensator is constantly oper-
ating to keep performance up and emissions down.

VP-20 Fuel Injection Pump

The VP-20 fuel injection pump used on 2.4L diesel
engines in California functions the same way as the VE
pump, except for the method used for controlling pump
timing. This pump is controlled by the trunk mounted
fuel flow computer. The computer takes information
from the engine coolant temperature sensor, the posi-
tion sensor, and the instrumented injector and varies the
injection pump timing according to this information
(Fig. 52). To change injection pump timing the com-
puter controls the cycling of a fuel control solenoid in
the injection pump. The solenoid varies the amount of
fuel pressure available to the advance piston by pro-
viding an additional bleed whenever it is open. By cy-
cling the solenoid, fuel pressure at the advance piston
can be precisely controlled thereby controlling timing.

Fuel Injection Pump Service
Checking and Adjusting Injection Pump Timing

Setting timing on this engine is very important, since
engine performance and emissions will suffer if the tim-
ing is not correct. The method used for setting injection
pump timing on the 2.4L diesel engine is the dynamic
(engine running) procedure.
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Figure 52. VP-20 Injection Pump

NOTE: The 2.4L diesel engine is equipped with a
diagnostic connector (Fig. 53) for use in checking
engine rpm and setting dynamic timing. It is used
in conjunction with the Rotunda dynamic timing
meter (part no. 078-00100) and a special adapter
specifically designed for the 2.4L diesel engine
(078-00117).

i

DIAGNOSTIC
CONNECTOR

Figure 53. Diagnostic Connector

The meter and adapter are also available together (part
no. 078-00116).

Setting the fuel injection pump dynamic timing is made
much easier by the addition of the diagnostic connector,
which speeds the hookup of the meter and makes a lum-
inosity probe unnecessary. To set the dynamic pump
timing:

1. Run the engine at operating temperature.

2. Plug the tester into the diagnostic connector and
check the pump timing.




NOTE: 49-state VE pump timing should be
2.5°+1.0°BTDC at 750 rpm. Dynamic timing check
on California VP-20 pump should be 6°+1.5°
BTDC at 2000 rpm. Refer to the vehicle emission
label. Use the idle speed adjusting tool (D83T-9000-
E) to hold the engine at the specified rpm settings.

NOTE: Injection pump timing may retard slightly
just off idle and then advance in a regular way.
This is completely normal.

3. If the injection pump timing is not correct, shut the
engine off, loosen the injection pump mounting
bolts (Fig. 54); and install special tool T84P-9000-B
and bracket (Fig. 55) to turn the injection pump.
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5. After setting the pump timing, retighten the mount-
ing bolts and check to make sure that the timing
didn’t change when the bolts were tightened.

NOTE: Be sure to retighten the injection pump
mounting bolts in the following order:

1. Tighten the nut on the front flange on the in-
side of the engine.

2. Tighten the nut on the front flange on the
outside.

3. Tighten both rear bolts.

Static Timing Procedure—VP-20 Pump

The static timing procedure is not needed under most
circumstances. The only time which static timing is set is
when a new fuel injection pump is installed; and this is
only in California on the VP-20 pump. Use the follow-
ing procedure to set the static timing.

1. Turn the engine to number 1 TDC.
2. Remove the timing plug in the injection pump head.

3. Install the adapter D84P-9000-D (Fig. 56) into the in-
jection pump. The plunger portion of the adapter
must project into the pump so it can contact the fuel
injection pump plunger. Mount the dial indicator
into the adapter and make sure that there is at least
0.100 in (0.25 mm) of preload on the dial indicator.

Figure 55. Injection Pump Rotating Tool

4. Restart the engine and turn the injection pump to

correct the timing.

To advance timing—Rotate the pump toward the

engine

To retard timing—Rotate the pump away from the

engine

Figure 56. Static Timing Adapter and Dial
Indicator

4. Turn the crankshaft in the direction of engine rota-
tion until the dial gauge displays the lowest value.

Set the dial gauge to zero.

5. Continue turning the crankshaft in the direction of
rotation until cylinder 1 is at TDC on the compres-
sion stroke. Hold the engine at number 1 TDC using
special tool T84P-6400-A.




6. The measurement on the dial indicator should read:
— 0.0256+.0015 in (0.65+0.04 mm) when the
timing belt has less than 10,000 miles on it.
— 0.0248+.0015 in (0.63+0.04 mm) when the
timing belt has more than 10,000 miles on it.

If the measurement is not correct, the proper meas-

urement can be attained by loosening the injection

pump and turning it using special tool T84P-9000-B

until the specified measurement is reached.

— Measurement too small—swing the pump to-
ward the engine

— Measurement too large—swing the pump away
from the engine

7. Tighten the injection pump mounting nuts in the
specified order, and remove special tools T84P-
6400-A and T84P-9000-B.

8. Turn the engine over twice and recheck the meas-
urement with the engine at number 1 TDC. If the
measurement is correct, remove the dial indicator
and adapter and reinstall the plug in the injection
pump. If the measurement is not correct, static tim-
ing will have to be reset by repeating steps 1-8.

NOTE: Dynamic timing should be checked on the
2.4L diesel after setting static timing to assure that
the trunk mounted fuel flow computer is operating
correctly.

NOTE: For information purposes only, the static

timing readings on the VE pump are:

— 0.0300 (0.76 mm) when the timing belt has less
than 10,000 miles on it.

— 0.0291 (0.74 mm) when the timing belt has
more than 10,000 miles on it.

Adjusting Engine Idle Speed and Maximum Speed
Adjusting Engine Idle Speed Warm
Requirements:

— Engine at operating temperature

— Valve clearance correct

— All electrical equipment switched off

— Tachometer connected

— Play between knurled nut and lever

To adjust the warm idle speed:

1. Loosen the locknut (Fig. 57) on the adjusting screw
and adjust the idle speed. The correct idle speed is
750-800 rpm.

2. Start the engine.
3. Tighten the locknut.
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4. Check the knurled nut for play between the lever and 'A

knurled nut. Play should be 0.020 to 0.040 in (0.5 to
1.0 mm).

5. Check and, if necessary, correct linkage adjustment
after adjusting idle speed.

- STOP LEVER

ke trason e

LOCKNUT w ‘
S| =
SCREW Lg_

A A

Figure 57. Locknut and Adjusting Screw

Adjusting Maximum Engine Speed
Requirement:
— Engine at operating temperature.

NOTE: If the maximum engine speed is adjusted,
all other adjustments on the pump will have to be

| LocKNUT

checked.
ADJUSTING
@' SCREW /%
BT

[Ty

Figure 58. Maximum Speed Setting

To adjust the maximum engine speeds:
1. Start the engine

2. Move the speed control lever (Fig. 58) to the
W.O.T. position.

«



~ ENGINE SYSTEMS AND COMPONENTS

. Loosen the locknut and adjust the maximum speed

with the adjusting screw shown in Figure 58. The
maximum top speed of the engine without a load at
its normal operating temperature is 5,350+ 100
rpm. j

Check the throttle cable adjustment so that the
speed control lever rests on the stop screw when it is
in the W.O.T. position.

Check and, if necessary, correct the linkage adjust-

ment after finishing ad]ustments of the maximum

speed.

Adjusting the Injection Pump Operating Lever
Requirements:

Engine idle speed correct
Engine maximum speed correct

Engine at operating temperature and partial load
enrichment canceled or cable clamp disconnected to
provide play between knurled nut and operating
lever.

To adjust the injection pump operating lever, follow this
procedure:

1.

Measure and note distance ‘“A’’ (Fig. 59).

2. Push operating lever against the full load stop. Mea-

sure and note distance ‘“B’’ (Fig. 59).

g

Figure 59. Operating Lever Setting
3. Subtract distance ‘‘B’’ from distance ‘“‘A”’.

A-B=Y

Example: A=3.6 in (92.0 mm)
B=1.9 in (48.5 mm)
Y =1.70 in (43.5 mm)
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4. Find distance ‘““C”’ for adjusting linkage in the fol-
lowing table.

Adjusting Table: English

.67 | 1.69 | 1.71 | 1.73 | 1.75 | 1.77 | 1.79 | 1.81 | 1.83
94 | 2.90 | 2.87 | 2.83 | 2.79 | 2.76 | 2.73 | 2.70 | 2.66

N

Y (in.) | 1.61 | 1.63 | 1.65
C (in.) | 3.07 | 3.03 | 3.00

Y (in.) | 1.85 | 1.87 | 1.89 91 | 1.93 | 1.95 | 1.97 | 1.99 | 2.01 | 2.03 | 2.05 | 2.07
S

2.53 | 2.50 | 2.47 | 2.45 | 2.42 | 2.40 | 2.38 | 2.35

=

2.17 | 2.19 | 2.20

Y (in.) | 2.09 | 2.11 | 2.13 15
27 | 2.26 | 2.24 | 2.22

C(in.) | 2.33 | 2.31 | 2.29

1
2.
1.
C (in.) | 2.64 | 2.61 | 2.58 | 2.
2.
2.

Adjusting Table: Metric

Y (mm) | 41 41.5 |42 (425 |43 [43.5 |44 4.5 | 45 45.5 | 46 46.5
C (mm) | 78.1 [ 77.0 | 76.0 | 74.9 | 73.9 | 73.0 | 72.0 | 71.1 | 70.3 | 69.4 | 68.6 | 67.8

Y (mm)| 47 | 47.5 | 48 48.5 | 49 49.5 | 50 50.5 | 51 51.5 | 52 52.5
C (mm) | 67.0 | 66.3 | 65.6 | 64.9 | 64.2 | 63.5 | 62.9 | 62.3 | 61.6 | 61.0 | 60.5 | 59.9

Y (mm) | 53 53.5 | 54 54.5 | 55 55.5 | 56
C (mm) | 59.4 | 58.8 | 58.3 | 57.8 | 57.3 | 56.8 | 56.4

5. Disconnect linkage and measure distance ““C’’ (Fig.
60). Compare the measurement with those in the
table, and correct the distance if necessary.

Figure 60. Operating Lever Setting

6. Check distance ‘‘X*’ (Fig. 61) in the idle position
and correct it if necessary. The correct distance for
“X’’ is 2.68 in (68 mm). This is a fixed distance.
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Figure 61. Operating Lever Setting



7. Check the adjustment at W.O.T. In the W.O.T. po-
sition, distance ¢‘Z”’ (Fig. 62) must be 1.14+0.20 in
(29.0 £ 0.5 mm). If distance ‘“Z’’ is not correct, re-
peat adjustments 1-4.

8. Check and, if necessary, correct throttle cable
adjustment.

Figure 62. Operatmg Lever Setting

Checking Cold Idle Operation (Idle Speed Boost)

1. Remove the rear thermostat housing (Fig. 63).

2. Measure distance ‘‘A’’ between the locknut and
holding bracket.

The measurement should be 0.216 +0.015 in (5.5 mm +
0.4 mm).

NOTE: During this measurement the lever should
rest against the knurled nut.
Adjustment:

This is a factory sealed adjustment which should not be
tampered with. If the seal has been broken, and the ad-
justment tampered with; use the following method to
correct the adjustment:

1. Loosen both the front and rear clamps.

2. Adjust measurement ‘“‘A’’ by moving the clamps.
Tighten the rear clamp first.

3. Tighten the pinch screw on the front clamp.
4. Recheck the adjustment at point ‘‘A’’ and seal the
nut on the rear clamp with yellow paint.
Adjusting the Knurled Nut

Warm engine adjustment (Fig. 64).

Requirements:

— correct warm engine idle speed

— coolant temperature above 77 °F (25 °C)

— locknut resting against the holding bracket
— lever resting against the idle speed stop

KNURLED
NUT

HOLDING
BRACKET
SEALED PINCH LOCKNUT
NUT SCREW

REAR

CLAMP

/

REAR
THERMOSTAT
HOUSING

Figure 63. Idle Speed Boost Adjustment
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KNURLED
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Figure 64. Knurled Nut Adjustment

1. Measure distance ‘‘B’’ (Fig. 64) between the lever
and knurled nut. The measurement should be
0.020+0.011 in (0.5+0.3 mm).

2. To adjust ‘‘B’’ loosen the locknut and move the
knurled nut to set the correct distance.

3. Tighten the locknut and recheck the adjustment.

Bleeding the Fuel System

The fuel system must be bled before starting the engine
each time the fuel system has been opened or the vehicle
driven until the fuel tank was empty. This is usually a
simple operation because of the electric lift pump. Fol-
low these procedures:

1. Make sure the vent screw is closed and that there is
power to the fuel shutoff solenoid.

2. Turn the ignition switch to the ‘““ON’’ position and
let the electric lift pump run for about 1 to 2 min-
utes. Crank the engine, if the engine starts, and runs
correctly soon after it starts, STOP, bleeding is
complete.

3. If the engine won’t start or is running poorly, pro-
ceed to step 4.

4. Loosen the coupling nuts on the injectors individual-
ly while the engine is running or cranking (Fig. 65).

WARNING: Use extreme care to prevent being
struck by high pressure fuel.

5. If engine runs correctly, STOP, if not, proceed to
step 6.

6. If additional bleeding is required it should be done
in the following order with a cranking or running
engine.

— fitting labeled ““OUT”’

— timing plug

— fuel shutoff solenoid

— injector pressure outlet valves
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7. If the engine will still not start, replace the fuel shut-
off solenoid, it is probably defective.

FUEL INJECTION
LINE 9A555
Y

FUEL LINE
WRENCH
T84P-9396-A

COUPLING
NUT

Figure 65. Loosening Coupling Nuts

FUEL
INJECTOR

) HIGH
PRESSURE
FUEL

)
* INJECTION
\LINES

FUEL INJECTION
PUMP

Figure 66. High-Pressure Fuel Injection Lines

High-Pressure Fuel Injection Lines

The high-pressure fuel injection lines (Fig. 66) used on
the 2.4L engine are designed for use on this engine only.
Fuel injection lines are not interchangeable. Should one
become kinked or damaged in any way, it must be re-
placed with one that is specifically designed for the 2.4L
engine and for that particular cylinder. Changes in
length, inside diameter of the line, and number of direc-
tional changes (curves and bends) in the line can have a
major effect on injection timing and delivery pressures.

Fuel Injection Nozzles

Fuel injection nozzles have an important duty to per-
form in all diesel engines. How well the fuel is atomized
and how efficiently the energy contained in the fuel is



used during combustion depend on the injector nozzles.
The 2.4L diesel employs liquid-controlled, throttling
pintle-nozzle injectors. This nozzle (Fig. 67) is similar to
those used in other diesel engines powering Ford vehi-
cles and consists of a nozzle holder and nozzle with noz-
zle needle. This assembly is screwed into the cylinder
head and is connected to the fuel injection pump via a
high-pressure fuel line.

FUEL FEED
BORE

PRESSURE

CHAMBER
SHOULDER

Figure 67. 2.4L Fuel Injection Nozzle (9E527A)

CAUTION: The nozzles used in the 2.4L engine are
not to be interchanged with those from other die-
sels. Use only injectors that are designed and
manufactured for the 2.4L engine.

The high-pressure fuel is delivered into the pressure
chamber of the fuel injector through the fuel feed bore.
When the injection pressure, which presses against the
shoulder of the nozzle needle, exceeds the spring force
in the nozzle holder, the needle will lift off its seat and
fuel is injected into the prechamber.

The shape of the nozzle used on the 2.4L diesel greatly
affects the fuel being injected into the combustion
chamber. When injecting fuel, the nozzle first sprays a
small initial amount of fuel (Fig. 68) which vaporizes in
the prechamber and ignites. Immediately afterward, the
main amount of fuel is injected and the combustion can
be started. This type of injector guarantees smooth
engine running and minimal engine noise.

All fuel injectors are connected with each other via a
fuel return line, so that fuel leaking past the nozzle nee-
dle can be returned to the fuel tank.

NOTE: A certain amount of internal leakage is
designed into every fuel injector for lubrication
purposes.

/WI%

PRESSURIZATION START OF INJECTION
INJECTION
O
/
y "_\Q/ b ?F"Q ; 78
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INITIAL INJECTION,

FULL INJECTION

Figure 68. Fuel Injection
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A fully instrumented injector (Fig. 69) is used in
cylinder number 4. This injector has an electric coil and
two wire outlets. An electric signal for each movement
of the nozzle needle is transmitted to the trip minder
computer. This signal determines the beginning of injec-
tion and its duration. With this information, the trip
minder computer can calculate the fuel economy and
display it on the instrument panel readout.

NOTE: The Tripminder computer is located be-
neath the package tray portion of the instrument
panel.

NOTE: The instrumented injector is slightly longer
than the normal injector. Consequently, the fuel
injection line going to the instrumented injector is
slightly shorter than the others.

)

ey

2

R .

Figure 69. Instrumented Injector (9E527B)

NOTE: 2.4L diesel vehicles that are sold in Califor-
nia will be equipped with two fully instrumented
injectors. In cylinder 4, the injector will send
signals to a trunk-mounted computer that moni-
tors fuel flow and engine timing; using informa-
tion from the injector, the computer will change
engine timing for the best engine performance
with the smallest amount of emissions. In cyl-
inder 5, the injector will send signals to the trip
minder as in 49-state vehicles.
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Fuel Injection Nozzle Service

Proper engine operation is dependent on the correct
mixing of fuel and air in the combustion chamber.
Improper mixing of the air and fuel can cause engine
problems, which can usually be traced back to the fuel
injector.

Some injection nozzle services can be performed with-
out removing the nozzles; one procedure is referred to
as flushing the nozzles. Often, in cases where there is ex-
cessive knock coming from the engine, a needle inside
one of the nozzles has seized.

The defective fuel injector can usually be found by un-
screwing the injector lines on the nozzle holder, one
after another. The fuel injector at which the noise stops
when disconnecting the line is defective.

In most cases, accelerating several times to maximum
speed in an unloaded condition (car stopped and in park
or neutral) will be sufficient to flush the nozzle needle
loose. If the noise is not eliminated by flushing, the fuel
injector must be replaced.

NOTE: Fuel injectors are not to be disassembled
on the 2.4L diesel; only outside cleaning is
allowed.

Since it is not always possible to check fuel injectors for
proper operation while the engine is running, they must
be tested in a nozzle test stand. Use the following proce-
dure to properly check out an injector.

1. Remove the fuel injectors from the engine using the
nozzle socket, T84P-9527-A and test them one at a
time on nozzle tester (014-00300 or equivalent).

NOTE: Test the injection nozzles using SAE-ap-
proved calibration oil 208629, SAE J967D, or ISO
4173 fluid rather than diesel fuel.

2. After connecting a nozzle to the pressure line of the
nozzle tester, air bleed the line and nozzle by pump-
ing the tester handle several times.

3. Perform the SPRAY PATTERN TEST

— Operate the lever of the tester in short, fast
strokes.

— The injected fuel should have a rather tight and
cone-shaped pattern (Fig. 70).

— +The fuel stream should break off cleanly at the
end of each stroke.
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Figure 70. Injection Nozzle Spray Patterns

4. Perform the CHATTER TEST

— Operate the lever of the tester slowly and com-
pletely (1 to 2 strokes per second)

— A properly operating nozzle will ‘‘chatter’’
when fuel is injected.

5. Perform the INJECTION PRESSURE TEST
— Press down the lever of the tester slowly. Read
the pressure on the pressure gauge when injec-
tion begins.

Nominal pressure for a
newinjector ................ 2175+ 116 psi
(15,000 + 800 kPa)

Minimum allowable injection

DPIESSUEC o wonee psis sinos 1957.5 psi (13,500 kPa)
Maximum difference among nozzles
inoneengine............ 145 psi (1000 kPa)

6. Perform the VALVE SEAT SEALING TEST:
— Press down the lever of the tester slowly and
hold it 10 seconds at approximately 290 psi
(2000 kPa) below opening pressure. The nozzle
must not drip fuel.

7. Fuel injectors may not be repaired. Always replace
fuel injectors when the nozzle is defective or leaks,
spray pattern is wrong, or opening (injection) pres-
sure is wrong.

8. Remember that the nozzle holding nut has a copper
seal which must be replaced whenever an injector is
removed and installed. Also, the injector threads
should be coated with anti-seize compound before
installation.

Fuel Return Line

The fuel return line used on the vehicles powered by the
2.4L diesel runs from the fuel injection pump and noz-
zles back to the fuel tank, parallel to the supply line, and
down the left side of the vehicle. The purpose of this line
is to return unused fuel from the injection pump and
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nozzles to the fuel tank. The fuel system used with the
2.4L diesel is referred to as a ‘‘high flow’’ system,
because only about 10 percent of the fuel that is trans-
ferred from the fuel tank to the injection pump and
nozzles is actually burned..The remaining 90 percent is
used to cool and lubricate the pump and nozzles before
being returned to the fuel tank. Fuel returning to the
tank is filtered and conditioned, and should contain
very little, if any, contaminants. Since this return fuel is
warm, it helps prevent the buildup of ice or wax on the
diesel fuel intake in the tank during cold weather.

AIR INTAKE SYSTEM

Air entering the 2.4L diesel engine must first go through
the high volume air cleaner (Fig. 71) before it can be ad-
mitted to the turbocharger. It is very important that on-
ly the recommended air cleaner be used on this engine
because of the high volume of air that must be admitted,
and also because of the turbocharger, which could be
easily ruined by dirt getting through an inadequate
filter.

NOTE: Always place the braced side of the air
cleaner toward the turbocharger to prevent the air
cleaner from being sucked into the turbo.

NOTE: Replace the air filter every 30,000 miles or
sooner if needed.

AIR FILTER HOUSING

AIR FILTER
(NOTE: METAL BACK
GOES TOWARD THE ENGINE)

Figure 71. High Volume Air Cleaner

Turbocharger

A turbocharger (Fig. 72) is used on the 2.4L diesel en-
gine to improve its efficiency and performance. During
operation, the turbine wheel of the turbocharger is
driven by exhaust gas heat. The turbine drives a com-

<
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Figure 72. Turbocharger

pressor wheel that is on the same shaft. The compressor
wheel takes in fresh air, compresses it, and supplies it to
the engine. The extra volume of air supplied to the en-
gine is called ‘‘boost.”” The total volume of boost is con-
trolled by a wastegate and diaphragm. The diaphragm is
exposed to turbocharger boost, and as pressure in-
creases, the diaphragm will be pushed inward against
spring pressure. Attached to the diaphragm is a connect-
ing rod that controls the opening of the wastegate,
which limits boost by diverting exhaust gas away from
the turbine, and back into the exhaust system. The
wastegate should open at approximately 12 psi (81 kPa)
and keep turbocharger boost from going beyond this
point.

In the event that the wastegate cannot divert enough ex-
haust gas away from the turbine to keep boost down or
there is a malfunction in the diaphragm or wastegate, a
safety pressure relief valve (Fig. 73) will divert excess
boost to the atmosphere. It is located on the bottom of
the intake manifold plenum, and will open when turbo-
charger boost reaches approximately 13 psi (90 kPa).
The safety pressure relief valve is hooked into the
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‘“‘check engine’’ lamp circuit and will cause this lamp to
come on when the valve opens, indicating an overboost
condition. The lamp will go out when boost goes below
13 psi and the valve closes.

SEAL
PLENUM
9424A
SAFETY
LAMP
CONNECTION PRESSURE

RELIEF VALVE

Figure 73. Safety Pressure Relief Valve



The turbocharger is supplied with oil from the engine oil
circuit (Fig. 74). It is extremely important that oil flow
to and from the turbocharger, not be restricted under
any circumstances, because of possible damage to the
turbocharger. Keep in mind that the turbocharger is op-
erating at speeds often in excess of 40,000 rpm under ex-
tremely high temperatures. Low-quality lubricants, low
oil level, clogged crankcase emission system, etc. can all
contribute to turbocharger damage. Be sure, therefore,
that the lubrication system is adequately maintained.

" HIGH PRESSURE
OIL FEED
LINE

OIL RETURN
LINE

BANJO FITTING
ASSEMBLY

Figure 74. Turbocharger Lubrication

Other important points about turbocharged engines are

as follows:

® Do not accelerate the engine before engine oil pres-
sure has been built up.

® Do not switch off the engine while it is running at
high speed (the turbocharger will continue to spin for
a long time without oil pressure).

* Do not run the engine without an air cleaner; even
minute particles of dirt can cause severe turbocharger
damage.

® Always be sure that the hose to the diaphragm is at-
tached. If the engine is run at full throttle without the
hose attached, overboost could result, and the engine
could be destroyed.

® The connecting rod between the diaphragm and
wastegate must not be bent because it can affect
boost pressure considerably.

Turbocharger System Service

When servicing the turbocharger, be extremely careful
not to let dirt get into it. Remember that even the most
minute particle of dirt could lead to the destruction of

the turbocharger. For this reason, never run the engine
without the air cleaner in place, and always plug the
turbocharger openings when the turbocharger is re-
moved from the engine or the openings are exposed by
the removal of hoses or lines.

Checking Charging Pressure

NOTE: This check is performed with the gauge bar
(part no. 019-00022) and is mentioned again later
in the book where the gauge bar is described.

1. Connect the 0-15 psi gauge to the base of the intake
manifold plenum (Fig. 75).

NOTE: Use a T during this test so that the alti-
tude/boost compensator is not disconnected.

2. Run the engine to approximately 2500 rpm in a full
load condition (brakes applied).

WARNING: Vehicle drive wheels must be off the
ground during this test.

The charging pressure should measure 11.6+1 psi
(80 5 kPa). If the charging pressure is stabilized at the
specified value then the system is OK.

CAUTION: Do not run the engine under full load
with the brakes applied for longer than 30 sec-
onds. Longer periods under full load could cause
transmission damage.

NOTE: After running the engine at full load, place
the transmission in neutral and let the engine run
for about a minute at 1000 rpm. This will cool the
transmission.

If the value on the vehicle does not conform to these
specifications, then check (and, if necessary, replace)
the following components:

— wastegate diaphragm

— hose connections

— turbocharger

— safety pressure regulator

INTAKE MANIFOLD
PLENUM

\

GAUGE BAR
CONNECTION

SAFETY
TO ALTITUDE/BOOST PRESSURE

COMPENSATOR RELIEF VALVE

Figure 75. Checking Charging Pressure
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EMISSION CONTROL SYSTEM

On the 1984 version of the 2.4L diesel engine, computer
controls are required only for meeting California emis-
sion requirements (California differences are the second
fully instrumented injector and the trunk mounted fuel
flow and timing control computer). Computer emission
controls are not needed at this time for 49-state vehicles.
Emissions of HC and CO are very low from this engine
(as from all diesels) because of the excess air present in a
diesel engine during combustion. The addition of an alti-
tude/boost compensator and cold start advance, along
with precise control of injection timing at all speeds,
helps to further reduce the emissions of HC and CO.

EGR System

Emissions of NOy from this engine, although not exces-

sive, are still above allowable levels, due mainly to the
addition of the turbocharger. Therefore, an EGR
system is required for this vehicle. EGR operation in a
diesel is exactly the opposite of that in a gasoline engine.
Where gasoline engines do not, under most circum-
stances, receive any EGR at idle, the 2.4L diesel engine
receives full EGR at idle. This is due to the fact NOy is
produced during lean conditions, and for the 2.4L
diesel, this occurs at idle and off idle instead of at cruise
as in a gasoline engine.

The layout and operation of the 2.4L EGR system (Fig.
76) is quite straightforward, especially when compared
to the complex systems often found on gasoline engines.
The following chart identifies the components used in
the EGR system on the 2.4L diesel, their function, and
location.
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Figure 76. 2.4L EGR System




COMPONENT
TEMPERATURE SWITCH

VACUUM REGULATOR
VACUUM RESERVOIR VALVE

(White)

VACUUM DELAY VALVE
(White/Black)

IDLE SPEED SWITCH
EGR CONTROL SOLENOID

VACUUM PUMP

EGR VALVE

LOCATION
Cylinder Head

Top of Fuel Injection
Pump

Top of the Fuel
Injection Pump
Must be within 3
inches of Vacuum
Regulator

In the Vacuum Line
between the Vacuum
Regulator and EGR
Control Solenoid—
Black side toward
EGR Control Solenoid

Fuel Injection Pump
On the Cowl
Mounted beneath
Rocker Cover on

Cylinder Head

Mounted on Exhaust

FUNCTION

Senses coolant temperature
Closes above 50°C

Controls amount of EGR in relation to
the amount of fuel being injected

Prevents Pulsations to the Vacuum
Regulator

Improves driveability by soft initiation
of EGR

Controls EGR at idle

Controls vacuum to the EGR
Opens and closes the line

Supplies vacuum for controlling EGR
system

Controls recirculation of exhaust gas

Manifold

EGR MODULE
Cowl

POSITION SENSOR

Engine Compartment

corner of engine

block

The operating range of the EGR system is limited to the
following operating conditions by the EGR Control
Solenoid.

e Idle speed (750-800 rpm), if partial load enrichment
is cancelled.

NOTE: Partial load enrichment is to a diesel what
a choke is to a gasoline engine. It simply provides
the engine with a little more fuel and some extra
advance when the engine is cold. In the case of
2.4L engine, partial load enrichment is cancelled
when coolant temperature goes above 86 °F (30°C).

e Partial load between 1000 and 2800 rpm, if coolant
temperature is above 122 °F (50°C).
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from exhaust manifold to intake
manifold

Controls EGR at speeds above idle
between 1000 and 2800 rpm

Mounted on lower left

Counts rpm for controlling EGR

NOTE: There should never be any EGR in the 2.4L
engine when engine speeds are above 2800 rpm,
when the engine is under full load, or when the
engine is cold.

EGR System Service

The following procedure is used to completely check the
EGR system, component by component.

Temperature Switch Check

Continuity of the temperature switch should be checked
with an ohmmeter. Coolant temperature must be over
122°F (50°C) since this is the temperature at which the
switch closes. The ohmmeter should indicate continuity.



Idle Speed Switch

Check the continuity of the idle speed switch with an
ohmmeter. The switch will open with a clearance of ap-
proximately .040 in (1 mm) between the idle stop screw
and control lever when operating the injection pump
control lever. The ohmmeter should show continuity at
warm idle. The ohmmeter should show no continuity
when the throttle is opened more than .040 in (1 mm).

EGR Control Solenoid

Check air flow in the switching valve at idle (750 to 800
rpm), and at a speed range of 1000 to 2800 rpm with a
temperature greater than 122°F (50°C). At this point,
there should be vacuum in the connecting line between
the EGR Control Solenoid and the EGR valve. This can
be checked with a vacuum gauge, or simply by feeling
for it.

EGR Module Check

Check the switching points of the speed relay located in-
side the EGR module at a temperature above 122°F
(50°C) (ON: 1000 + 60 rpm; OFF: 2880 + 80 rpm) EGR
valve should have vacuum in the switched-on state.
Check with a vacuum gauge or simply by feeling.

EGR Valve Check

Check operation of the EGR valve with the engine off
by applying vacuum with a hand vacuum pump and
pulling off the vacuum hose while vacuum is being ap-
plied to the EGR. The valve head should be heard to
knock on the valve seat insert ring. If it does not knock
against the ring, then the valve is probably seized.

Vacuum Regulator Check and Adjustment
Requirements:
— Engine idle and maximum speed correct

— Temperature-dependent idle speed boost canceled
(injection pump control lever resting on idle stop)

— Engine Off

NOTE: Any time the settings on the injection
pump are changed, the vacuum regulator must be
adjusted.

Procedure:

1. Connect a vacuum pump on connection ““‘A’’ and
vacuum gauge on connection ‘“‘B’’ (Fig. 77).

2. Hold the injection pump control lever in the de-
fined angle position with the help of special tool
T84P-7B200-A (Fig. 78).
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Figure 77. Connections for Checking and
Adjusting the Vacuum Regulator

Figure 78. Defined Angle Tool

3. In this position, the control vacuum (connection
““B”’) should read 9.6+.15 in Hg (32.5+0.5 kPa)
when the inlet volume (connection ‘“A’’) reads a
minimum of 16 in Hg (55 kPa).

NOTE: Readings on the VP-20 pump used in Cali-
fornia will read approximately 11.10 in Hg (37.5
kPa).

4. If the vacuum is not within specification, it must be
corrected by changing the length of the connecting
rod. Shortening the connecting rod will increase
vacuum. Lengthening the rod will decrease vacuum.

5. After completing the procedure, tighten all of the
lock, nuts on the connecting rod and recheck the
adjustment.




ELECTRICAL SYSTEM

The 2.4L diesel uses a 12-volt, single-battery system
with a belt-driven alternator and a gear-reduction start-
er. The major points of interest in this electrical system
are the:

e Large, high-capacity battery
e Solenoid engaged, gear-reduction starter
* Glow plug system

Battery

The battery used with the 2.4L engine has a much larger
capacity (850 cold cranking amps at 0°F [— 18 °C] with
reserve capacity of 140 minutes) than what is normally
used on a comparably sized gasoline engine. The reason
for using this large-capacity battery with such a small-
displacement engine is that diesels, in general, because
of their design, are more difficult to start when cold.
The high compression ratio (22:1) of the 2.4L diesel
necessitates the use of a high-capacity starter that cre-
ates a large current draw on the battery during starting.
Also, the glow plug system, which is responsible for
warming the air in the combustion chamber for easy
starting, requires a substantial amount of current to
operate. These factors—plus the fact that this engine
will be available in all parts of the country, even where
extremely cold temperatures are commonplace—make it
necessary to use a large-capacity battery.

Number 2-gauge battery cables are used on vehicles
equipped with the 2.4L engine, instead of the 6-gauge
cable found on most gasoline powered Ford vehicles.
The larger cable is used because it can handle the extra
current required by the engine.

The starter relay used on the 2.4L diesel engine is locat-
ed on the left inner fender, just back from the battery. It
is used only to energize the pull-in solenoid on the
starter when the key is turned to the “START’’ posi-
tion. The starter relay does not handle starter current, as
there is a direct cable connection between the battery
and starter.

Starter

The starter (Fig. 79) used on the 2.4L diesel is different
from those used on gasoline powered, Ford/Lincoln-
Mercury vehicles. This starter has the following
features:

e Solenoid engaged
e Internal gear reduction
e Needle bearings instead of bushings

Although this starter is fully serviceable, note the fol-
lowing points on its service and testing:
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Figure 79. Starter (11001)

¢ Should the plastic cap on the solenoid become cracked
during service procedures, the entire solenoid must be
replaced.

o Starter free-spin speed can be as high as 20,000 rpm
(the free-spin of other starters used by Ford is nor-
mally about 10,000 rpm).

e Current draw during the free-spin test is approxi-
mately 170 amps (new) down to 130 amps (used).

e Starter draw should be about 300 amps at dead crank
(the fuel is shut off and the engine can’t start) at
room temperature.

¢ Following the torque specifications on the bolts and
nuts on this starter is very important, especially those
for attaching wires and cables to the plastic cap of the
starter solenoid. Figure 80 shows the different torque
specifications.

WARNING: There is battery voltage at the starter
relay at all times.

Glow Plugs

The glow plugs (Fig. 81) used in the 2.4L diesel engine
are the small, single-pole type, and are hooked up in a
parallel circuit. A parallel circuit is used in favor of a
series circuit for two reasons:

1. Parallel glow plug circuits do not require as much
current to operate as series glow plug circuits.

2. If one glow plug in a series circuit ceases to operate,
the entire circuit is inoperative. Whereas, in a
parallel circuit, if one glow plug ceases to operate,
the others can still function normally.
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80-120 LB-IN
(9.03-13.5 N-m)

45-85 LB-IN

(5.1-9.6 N'm) 45-85 LB-IN

(5.1-9.6 N'm)

20-30 LB-IN
(2.25-3.4 N-m)

GLOW
PLUG
HOUSING

Figure 81. Glow Plug
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Construction of the glow plug is quite simple. The heat-
ing coils are contained in a corrosion and temperature-
proof glow tube. The lower coil is more tightly wound
than the upper coil to raise the temperature even higher
at the tip of the plug. The glow tube is pressed into the
glow plug housing that contains both the terminal that
attaches into the circuit and the threads for screwing the
glow plug into the head.

Although the parallel-circuit glow-plug system has a low
current requirement, the glow plugs have excellent heat-
ing and can reach temperatures over 1000°C (1832 °F)
(Fig. 82).
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Figure 82. Glow Plug Temperature Chart

The higher part of the heating coil that is not as tightly
wound is actually a PTC (positive temperature coeffi-
cient) heater. This means that as its temperature rises, so
too does its resistance. This increase in resistance limits
the heating capacity of the glow plug which extends its
lifetime and makes the addition of extra timing and elec-
tronic glow plug cycling components unnecessary.
Under normal circumstances this glow plug should not
burn out.



Operation of the glow-plug system is based on time and that make up the glow-plug system are shown on the fol-

temperature, with the operating time of the glow-plug lowing chart along with their function and location
system based on coolant temperature. The components (Fig. 83).

TEMPERATURE

SENSOR

------ GROUND
GLOW PLUG
MODULE |, NTC |
< ok
31
>—15
50
80 |-
STARTER
12V TO WAIT
KEY ON LIGHT
BATTERY R R ~ A |~
:. =: I ~ N4 N la) ~ ~ f\G ~
CONNECTION 1 CONNECTION 2
Figure 83. Glow Plug System Layout
COMPONENT LOCATION FUNCTION
Ignition Switch Steering column Activates the glow plug system
Glow Indicator Lamp Instrument panel Lights up when the glow plug

Temperature Sensor

Glow Plug Control

Module
Glow Plugs

system is preheating the com-
bustion chambers. Goes out
when the engine is ready to
start

Senses coolant temperature to
determine the length of time
the glow plugs are on, and
turns on the instrument panel
warning light if the engine

Upper water outlet connection

overheats
Engine compartment above the steer- Controls glow plug operation
ing column

Heat the combustion chamber
Left side of cylinder head air
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NORMAL OPERATION

Preheating is activated by turning the
~| ignition switch to the ON position. Indi-
cator lamp comes on.

LAMP
OPERATION ON

STARTER ON L —I Engine can be started when lamp goes
OPERATION off.

GLOW PLUG i T e e ey Preheating continues during starting,
OPERATION ON [' i *;«s-s‘»:tz:l, EF R T et and for a few seconds after the engine

T — 1T ; .
1 2 3 4 5 6 7 8 9 10 11 is started. Glow plug operation after the
ime i d engine is started is referred to as
(time in seconds) afterglow.

NOTE: The amount of time the system operates depends on coolant temperature.

Glow plug operation can last from 0 to 15 seconds before the engine can be
started (preglow) (Fig. 85) and can last from 0 to 14 seconds after the engine is
started (afterglow) (Fig. 86) depending on the coolant temperature.

NOTE: If the engine is started before the indicator lamp goes out, the glow plugs
will continue to operate normally.

Figure 84. Glow Plug Operation

‘ The glow-plug system used on the 2.4L diesel does not Atiodglow Opseatiig Curve

have any timed switching or cycling of the glow plugs as

a part of afterglow function, such as that found on v
other diesels used by Ford and Lincoln-Mercury. The o 15
glow plugs used in the 2.4L diesel are simply turned on Time 125
and off, depending on coolant temperature. (Sec) .
T 10
The glow-plug system is activated when the key is turned G >, ' ‘
to the ON position. The glow plugs remain on during & i ==
starting, and will continue to operate at full power after 3 L ////W
the engine has started for a certain amount of time that o 1

: : : -30 -20 -10 0 10 20 30 40 50 80 70
is determined by coolant temperature. Figure 84 shows i

how the system operates under normal conditions. Sodin Tamp. {°C)

Figure 86. Afterglow

Preglow Operating Curve

20 One thing that is very important to know about the 2.4L

diesel glow-plug system is that the instrument panel indi-

15 15 cator lamp will not come on when coolant temperature is

Time 11.5 above 158°F (70°C). In this case, the engine can

(Sec) o) 11 s be started immediately. The glow plugs will still operate

8.5 7 during starting and for a few seconds afterward, but not
¢ THre 5 nearly as long as when the engine is cold.

5 3.5
4
0 feigg % Glow Plug System Service

-3 -20 -10 10 20 30 40 50 60 70

Coolant Temp. (°C) Here is a list of the most common symptoms for glow

plug system malfunctions.
. Figure 85. Preglow ¢ Engine will not start.
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e Excessive blue or gray smoke on start-up.

e Extremely rough idle for about the first 30 seconds
after starting.

NOTE: If only one glow plug is out, that cylinder
does not have normal combustion until combus-
tion chamber temperature rises; this causes the
idle to be excessively rough at first.

e WALIT light not operating properly.

NOTE: The WAIT light is not the best indicator of
glow plug system problems, because it is not
made to function as a warning instrument—it is
simply an indicator light. Therefore, if the indi-
cator light does not come on, check the condition
of the bulb before checking the glow plug system.

Glow plug system checks are performed at the glow plug
module connector (Fig. 87). Note that on the side of the
glow plug module, the pins are numbered to aid diagno-
sis. Also, notice how the top of the connector can be
lifted so that the individual pins can be checked while
the connector is hooked to the module.

Figure 87. Glow Plug Module and Connector

Glow Plug Resistance Check

Glow plug condition is easily checked with an ohmmeter
at the glow plug module, located on the cowl of the en-
gine compartment. Follow these procedures:

1. Remove the glow plug connector from the module.
2. Hook one probe to the engine block as a ground.

3. Insert the other probe onto each terminal in the
connector and record the readings.

Ohm readings should be approximately .3 to .6 ohms at
room temperature (cold engine). Typical glow plug fail-
ure will show an open circuit. If an open circuit is indi-
cated on the ohmmeter, replace that particular glow
plug and retest.

NOTE: When glow plugs are removed from the en-
gine or new plugs are installed, they should have
their threads coated with anti-seize compound.
This will help prevent stripping the threads in the
2.4L diesel’s aluminum head.

Glow Plug Operation Check

To verify that the glow plug system is operating
correctly, perform the following checks:

1. Connect a voltmeter or test light to the connector
on one of the glow plugs and to ground.
2. Turn the key to the ‘‘ON”’ position and verify:

— WAIT light comes on

NOTE: The WAIT light signifies the preglow func-
tion of the glow plugs when the engine is cold.
This time will vary depending upon coolant tem-
perature. See the preglow time chart shown
earlier in Figure 85.

— There is power to the glow plugs

3. After the WAIT light goes out, the glow plugs
should remain on for 8 to 13 seconds, at which time
the plugs will shut off to prevent excessive battery
drain.

4. Turn the key to the ““START”’ position and verify
that the glow plugs turn back on when the engine is
cranking.

5. Once the engine is running, the glow plugs will
remain on briefly. This is called the afterglow
function. The length of time that afterglow operates
is based on coolant temperature, shown earlier on
the chart in Figure 86.

6. To determine if there is one or more glow plugs out,
place a test light on terminal LA2. If there is one or
more glow plugs out the test lamp will not come on
after the wait light goes out. Under normal circum-
stances there is power at this terminal for a short
period of time after the wait lamp goes out, signify-
ing that all of the glow plugs are functioning
properly.

Glow Plug Module Check

If the glow plug system does not operate in this manner,
perform the glow plug module check listed here:

1. Check for power at the module on the large red
wire. There should be battery voltage present here
at all times.
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2. Check for power across the 80 amp fuse. Battery
voltage should be present across the fuse at all
times.

3. Verify that the temperature sensor is functional by
checking resistance of the NTC pin with an
ohmmeter that is grounded to the block. This
resistance will vary due to coolant temperature. Use
the following chart to find out if the reading is
within specifications.

oF °C Ohms
. | -20 6446 + 980
32 0 2447 +300
68 20 1040+ 110
104 40 488+40
140 60 247+18.5
194 90 102+6
248 120 48+3

4. Verify that pin 31 has a ground connection by con-
necting an ohmmeter to an engine ground and to
the connector for pin 31. It should show continuity.

5. Verify that there is battery voltage to pin 15 when
the key is in the ““ON”’ and ““START”’ positions.

6. Verify that pin 50 has battery voltage when the key
is in the ““START”’ position.

If all these points check out correctly, but the glow plug
system is not operating properly, then the glow plug
module should be replaced. After replacement, recheck
the glow plug system operation to ensure that everything
is operating properly.

ACCESSORIES, ACCESSORY DRIVE AND
BELT TIGHTENING

Standard equipment on vehicles equipped with the 2.4L
diesel engine includes power steering, power brakes, air
conditioning, and the alternator. To power these acces-
sories, except for the power brakes, a dual belt-drive
system (Fig. 88) is used. A V-belt is used to drive the
alternator and water pump, and a 6-rib belt is used to
drive the air conditioning and power steering. Belt
tightening of the V-belt is done by loosening the ad-
justing arm and pivot bolts (Fig. 89) and tightening the
belt by prying against the alternator with a prybar or big
screwdriver from underneath the car. The alternator
belt should be tightened to 120-160 Ib (534-712 N) (new
belt), or 110-130 Ib (489-578 N) (used belt) with a mini-
mum allowable tension of 70 1b (311 N). Tension can be
checked on the upper or lower span of the belt with a
belt tension tester. When tightening the alternator belt,
be sure the adjusting arm bolt is tightened first, and
then the alternator pivot bolt.

The 6-rib belt is tightened by means of an idler pulley
(Fig. 90) using a %; inch drive ratchet. Belt tightness on
the six-rib belt should be 150-170 b (667-845 N) (new),

POWER
STEERING

AIR
CONDITIONING

CRANKSHAFT

Figure 88. 2.4L Belt Layout

Y2" DRIVE
RATCHET

Figure 90. Tightening the 6-Rib Belt
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or 140-160 1b (623-712 N) (used), with a minimum al-
lowable tension of 90 Ib (400 N). Tension should be

checked on the side or the lower span of this belt.

Gauge Bar Checks

For many service checks, a gauge bar (019-00022) (Fig.
91) is used. This tool, used properly, can locate many
service problems and cut out the guesswork often used

in diagnosis.

Figure 91. Gauge Bar

Gauge bar hookups are shown here along with an expla-

nation of exactly what is being done and why.

1. Fuel system restriction is checked at the inlet to the

electric lift pump (Fig. 92) with the 0-30 in Hg/0-15
psi, 0-100 kPa combination vacuum/pressure
gauge. The gauge reading should not be over 5.7 in
Hg (19.25 kPa) at idle.

Before replacing the filter, make the same check at
the fuel conditioner inlet. If the reading is substan-
tially lower, the filter is bad and should be replaced.
If the reading is approximately the same, over 5.7 in
Hg (19.25 kPa), there is a fuel-line restriction be-
fore the filter.

. Air cleaner restriction is checked with the 0-60 inch
H,0 magnehelic gauge. The gauge hooks into the
elbow (Fig. 93) between the air filter and turbo-
charger. The readings here should be between 4.8 in
H,0 (used air filter) and 2.4 in H,0 (new air filter) at
3300 rpm. Any reading over 4.8 in H,0 indicates
that the air filter must be changed.

. Oil is checked with the 0-160 psi (0-1100 kPa)
gauge. It is attached with the adapter at the oil send-
ing unit hole (Fig. 94) located on the oil filter
housing. To get to the oil pressure sending unit, the
air filter housing must be removed. Engine oil pres-
sure should be approximately 7-28 psi (48-193 kPa)
at idle, and approximately 57-85 psi (393-586 kPa)
at 4800 rpm.
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CONDITIONER LIFT PUMP

Figure 93. Air Cleaner Restriction Check

OIL FILTER i
ASSEMBLY g

Figure 94. Oil Pressure Check
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4. Crankcase pressure is checked at the oil fill hole in
the valve cover using the oil cap adapter (Fig. 95)
and 0-60 inch H,O magnehelic gauge. The maxi-
mum allowable pressure here is 30 inches H,O at
3300 rpm. A reading exceeding this indicates cylin-
der leakage past the rings.

N

G

= A

Figure 95. Crankcase Pressure Check

5. Fuel return line pressure is checked at the connection
between the nylon and plastic fuel lines on the lower
part of the fender apron near the fuel conditioner
(Fig. 96). The gauge used to check this measurement
is a 0-30 in Hg/0-15 psi, 0-100 kPa combination
vacuum/pressure gauge. Pressure readings here
should be below 2 psi (14 kPa) at all times. If the
measurement is higher than this, the fuel return line
is restricted in some way and should be repaired.

2 \4\/ d#r'
5

Figure 96. Fuel Return Line Pressure Check

6. Injection pump internal pressure is checked at the

banjo fitting for the fuel return line (Fig. 97), using
the 0-160 psi (0-1100 kPa) gauge.

7/ =
CHECK
PRESSURE -
AT FUEL ]
RETURN SN
OUTLET
R

Figure 97. Fuel Injection Pump Internal
Pressure Check

Use the following specifications to determine the proper
injection pump internal pressure.

VE Pump:

36.25 psi (250 kPa) at 800 rpm without cold start ad-
vance operating.

58 psi (400 kPa) at 800 rpm with cold start advance
operating.

107 psi (750 kPa) at 4500 rpm.

VP-20 Pump:

58 to 80 psi (400 to 550 kPa) at 800 rpm.
87 to 101.5 (600 to 700 kPa) at 3000 rpm.
116 psi at 4800 rpm. .

NOTE: The maximum allowable pressure for the
VP-20 pump is 145 psi (1000 kPa).

High readings usually indicate a clogged fuel return line.
Low readings usually indicate internal pump problems,
which are not serviceable. Before replacing the pump,
be sure that there is no restriction in the fuel filter. A re-
stricted fuel filter could cause a low reading.

7. Turbo-Boost Pressure Check was shown earlier on
Page 36.

8. Output pressure of the electric lift pump is checked
at the lift pump outlet (Fig. 98) using the 0-15 psi
gauge. The pressure from the electric lift pump
should not exceed 5.6 psi (39 kPa). The range is 1 to
5.6 psi (7 to 39 kPa).

NOTE: The electric lift pump bracket bolts must
be removed to make the pump accessible for this
check.



ENGINE DIAGNOSIS

TO INJECTION
PUMP

FROM ELECTRIC
LIFT PUMP

Figure 98. Lift Pump Output Pressure

Checking Compression

Checking compression on a diesel engine that is not run-
ning properly is one of the most important diagnostic
procedures. This is because the diesel relies totally on
the heat produced by compression to ignite the fuel in-
jected into the combustion chamber. Use the following
procedures to check the compression on the 2.4L diesel
through the glow plug hole:

1. Do not warm up the engine! The engine must be
cold.

2. Stop the engine and remove all six glow plugs. In-
stall the 2.4L adapter (part number 019-00020) and
the compression tester (19-00001 or equivalent) on
the cylinder to be checked (Fig. 99). Use the right
adapter, so that thread damage does not occur.
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3. Disconnect the glow-plug circuit at the glow-plug
module (Fig. 100) to prevent the glow-plug connect-
ors from shorting to ground when the engine is
cranked.

Figure 100. Disconnecting the Glow Plug Module

CAUTION: If the glow plug connectors are al-
lowed to ground when the engine is cranked,
severe damage to the glow-plug circuit and
module may occur. For this reason, the glow-plug
circuit must always be disconnected whenever
the engine is cranked and the glow-plug terminals
are not attached.

4. Disconnect the fuel cutoff solenoid valve wire (Fig.
101) on the fuel injection pump to de-activate the
solenoid during testing. This will prevent fuel from
getting to the engine and causing it to start.

FUEL CUTOFF
SOLENOID
CONNECTOR

Figure 99. Compression Gauge and Adapter
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Figure 101. Fuel Cutoff Solenoid Connector
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5. Crank the engine and note the gauge indication
when stabilized. Compression pressure must be a
minimum of 348 psi (2400 kPa), and should not
vary more than 50 psi (345 kPa) between cylinders.

NOTE:

e Check engine cranking speed if the compres-
sion is lower than normal.
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¢ |f the cranking speed is normal, but compres-
sion pressure is lower than specifications, en-
gine repair may be needed.

¢ An abnormally high compression ratio in one or
more cylinders may indicate heavy carbon de-
posits and the need for repairs.

CAUTION: When reinstalling the glow plugs, coat
the threads with anti-seize compound.
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SYMPTOM

Smoke at full load, particularly
at high and medium speeds;
engine quieter than normal

Smoke at full load, particularly
at low and medium speeds;
engine noisier than normal

Smoke at full load, particularly
at high and medium speeds,
probably with loss of power

Smoke at full load, at higher
speeds only

Intermittent or puffy smoke,
sometimes with white or bluish
tinge, usually accompanied by
engine knocking

Smoke at all speeds at high

loads, mostly at low and
medium speeds and probably

accompanied by hard starting

Smoke at full load, mostly at
medium and high speeds, and
probably accompanied by low
power

Black or Dark Gray Smoke

PROBABLE CAUSE

Pump timing retarded

Pump timing advanced

Injection nozzle(s) discharge
hole fully or partly blocked

Air cleaner filter restricted;
EGR system

Injector nozzle valve sticks
open intermittently

Loss of cylinder compres-
sion because of stuck
rings, bore wear, burning,
sticking valves, or incorrect
valve setting

Injection fuel lines clogged
or restricted because of
damage

ACTION TO TAKE

Check and adjust timing to
specifications

Check and adjust timing to
specifications

Clean or replace injection
nozzles as required

Replace air cleaner filter,
Check EGR system

Check injection nozzles for
sticking valve, broken spring,
or very low opening pressure;
also check for cross-
threading in head

Engine requires overhaul if
wear indications are pres-
ent; check valve setting
Check compression

Check injection fuel lines;
clean or replace as required

Blue, Bluish Gray or Grayish White Smoke

SYMPTOM

Blue or whitish smoke partic-
ularly when cold, and at high
speeds and light load, but
reducing or changing to black
when hot and at full load, with
loss of power at least at high
speeds

Blue or whitish smoke when

cold, particularly at light loads
but persisting when hot, prob-
ably accompanied by knocking

Blue smoke at all speeds and
loads, hot or cold

Blue smoke, particularly when
accelerating from period of
idling. tending to clear with
running

Light blue smoke at high-

speed light loads, or running
downhill, usually accompanied

by sharp odor

PROBABLE CAUSE

Pump timing retarded

Injection nozzle valve stuck
open or nozzle tip damaged
and leaking

Engine oil being passed by
piston rings because of
sticking rings or bore wear

Engine oil being passed by
worn inlet valve guides, or

valve stem umbrella seals

worn or missing

Engine running cold;
thermostat stuck open
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ACTION TO TAKE

Check and adjust pump
timing

Examine nozzle for valve
stuck open or nozzle tip
damage

Engine reconditioning as
required

Engine reconditioning as
required

Replace thermostat

COMMENTS

Pump timing changes only if
moved intentionally, or if
mountings are not properly
tightened

Replace filter at scheduled
intervals or more often under
severe service conditions

May be caused by dirt or water
in fuel; injection nozzle should
screw into head freely and
must not be over-tightened

May be caused by improper
crankcase oil or incorrect valve
clearance

Fuel lines must be clear and
unrestricted

COMMENTS

Some engines show this
symptom for less retard than
gives rise to black smoke,
but usually substantial retard
is required to produce blue
smoke when running hot and
under load

May be caused by improper
crankcase oil; will be
associated with high oil
consumption

Low temperatures also
increase bore wear



~ SUGGESTED ENGINE CHECKING RECORD FORM

COMPRESSION PRESSURE

e Engine must be cold

e Disconnect glow plugs at the
module

¢ Remove glow plugs (6)

e Disconnect fuel cutoff valve to
deactivate valve during tests

OIL PRESSURE (Normal
crankcase oil level)

e Warm up engine

e Connect test gauge to engine in
sending unit hole

INJECTION NOZZLES

e Opening pressure

e Valve seat sealing test
e Nozzle spray pattern
e Chatter test

Compression pressure should be approximately 348 psi (2,400 kPa) and should
not vary more than 50 psi (345 kPa) between cylinders.

Cyl.1_ Cyl.2____ Cyl.3__ Cyl.4____ Cyl.5____ Cyl.6___

Oil pressure should be 7-28 psi (48-193 kPa) at idle and 57-85 psi (393-586
kPa) at 4800 rpm.

Gauge oil pressureidle ____ 4800 rpm

Injection nozzle opening pressure should be 2175 + 116 psi (15,000 + 800 kPa)
for new nozzles, and 1957.5 psi (13,500 kPa) for used nozzles.

Cyl.1_ v " Cyl'2: ' Cylb3ssS=gyl:4 _ "Cyl.5_ Cyl.6__

REMARKS
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SCHEDULED MAINTENANCE

INSPECTION INTERVALS — DIESEL/FORD

ENGINE SERVICE INTERVALS oil oil Insp. oil oil Insp. 0il oil Insp. oil oil Insp.
PDI 5,000 | 10,000 | 15,000 | 20,000 | 25,000 | 30,000 | 35,000 | 40,000 | 45,000 | 50,000 | 55,000 | 60,000
Change engine oil X X X X X X X X X X X X
Change engine oil filter X X X X X X X X X X X X
Inspect and adjust valves X X X X X
Fuel filter: drain water separation X X X X X X X X X X X X
Check drive belt tension and condition X g X
Check and adjust timing belt X -
Replace timing belt Replace timing belt at 105,000 miles, or sooner if needed
Check idle RPM X X
Replace air cleaner element X X
Replace fuel filter element X X
Check coolant Annually, prior to cold weather if possible
Replace glow plugs X1
Check fuel injectors
Replace fuel injectors
Check dynamic injection setting X X
1 49 states model, California vehicles are allowed to go to 105,000 miles, but it is recommended in consumer maintenance that the glow
plugs be replaced at 60,000 miles.
ENGINE LUBRICANT ENGINE OIL REFILL CAPACITIES
SPECIFICATIONS
Liters U.S. Qts. Imp. Qts.
ALL OILS LISTED BELOW ARE SF/CD GRADE o e 67 7.1 59
LSAE zow.zoj CO(;I’\”pézt:' esrystem with o 74 45
L SAE 30 I Oil filter 1.2 1.25 1

*RECOMMENDED FOR IMPROVED LOW
TEMPERATURE STARTING

SAE 40
| SAE 15W-40
( *SAE 5W-30 |
1 T T 1 I I T
| -|2o |o |2o |4o |so | soI 100| °F
-40 -30 -20 -10 10 20 30 40°C
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REPLACEMENT ENGINE FILTERS

Ford
Part Number

E45Y-6731-A
FL-798

Oil Filter

E45Y-9365-A
FL-821

Fuel Filter

E45Y-9601-A
FA-1005

Air Filter

COOLING SYSTEM REFILL CAPACITY

U.S. Qts.

Liters Imp. Qts.

1.1 11.8 9.8




The following special tools have been developed specifically for use on the 2.4L diesel engine, and are new for the 1984

model year.

DAMPER FLANGE AND PULLEY
HOLDING TOOL
T84P-6316-A

Essential when removing or installing the vibration
damper bolt. Also used when removing the in-
termediate shaft sprocket center nut.

OIL PUMP DRIVE BEARING REPLACER
T84P-6603-A

Essential when replacing the two Torrington (needle
type) bearings that are mounted on each end of the oil
pump shaft. The tool installs the bearings at the prop-
er depth.

WATER PUMP HOLDING TOOL
T84P-6312-A

This tool prevents the water pump pulley from turn-
ing during removal and installation of the fan clutch.
It is used in conjunction with the T84P-6312-B Fan
Clutch Wrench.
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CRANK FRONT SEAL REPLACER
T84P-6019-B

Installs the front seal to the proper depth on-or-off

the vehicle. Protects the seal lip during installation.

The tool is made of high strength plastic with an in-
tegral steel cap.

INTERMEDIATE SHAFT SEAL REPLACER
T84P-6020-A

This essential tool has the same quality design features
as the Front Seal Replacer (T84P-6019-B). The in-
termediate shaft on this engine drives the oil pump.

EGR VACUUM REGULATOR KEY
T84P-7B200-A

This ‘Key”’ sets the injection pump at a specific
throttle position so the EGR vacuum regulator
diaphragm can be adjusted properly. This setting
also controls the shift points of the automatic
transmission.
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SPECIAL SERVICE TOOLS AND APPLICATIONS

CAM POSITIONING TOOL
T84P-6256-A

This precision ground tool is required to index the
camshaft to the crankshaft for timing the valves. Used
when installing the cogged-timing belt. Mounts over
the front of the camshaft and is locked in position to
the cylinder head.

TDC ALIGNING PIN
T84P-6400-A

This tool must be used to place the No. 1 piston at
TDC. Tool enters through a hole in the block and in-
dexes with a hole in the flywheel. Necessary when in-
stalling the cogged-timing belt.

FAN CLUTCH WRENCH
T84P-6312-B

This tool is essential in order to remove the left-hand
thread nut of the fan clutch. Used with T84P-6312-A
Water Pump Holding Tool. Attaches to a 2’ drive
flex handle or torque wrench.
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CEEEE o2

 SPEC

IAL SERVICE .Too.,_l;s;fAND; APPLICATIONS

VALVE SPRING COMPRESSOR
T84P-6513-C

Used to compress the valve springs with the camshaft
installed. The tool slides under the camshaft which is
then used as a fulcrum.

INJECTION PUMP ROTATING TOOL
T84P-9000-B

Essential for dynamic and static timing settings on the
engine. Rotating the pump on this 2.4L diesel is simi-
lar to setting ignition timing on a gasoline engine.

VALVE CLEARANCE ADJUSTING WRENCH
T84P-6575-A

To adjust valve lash, this wrench must be used to
loosen and tighten the eccentric cams located on the
cam follower. The tool’s unique design permits access
to the eccentric cams by getting around the vacuum
pump housing which is driven off the camshaft. A
torque wrench must be used to tighten the lock nut
after making the adjustment.
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VALVE STEM SEAL REPLACER
T84P-6571-B

This essential tool is designed to install the valve stem
seals with the camshaft in place. It has depth control
and will not crush the seal.

INJECTION PUMP ALIGNING PIN
T84P-9000-A

This pin is required to index the injection pump
sprocket in its precise position during timing belt in-
stallation. Used in conjunction with the TDC Aligning
Pin (T84P-6400-A) when static timing the injection
pump.

FUEL SYSTEM PROTECTOR CAPS
T84P-9395-B

These plastic caps prevent foreign material and con-
tamination from entering the fuel lines, the injection
pump and the injectors. They also prevent fuel from
running out after lines have been disconnected. A cap
has also been provided for the intake manifold.
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FUEL LINE WRENCH
T84P-9396-A

Used to remove or replace fuel lines. Essential because
of clearance problems with the cluster of fuel lines at
the injection pump.

@/

INJECTION NOZZLE SOCKET
T84P-9527-A

Used to remove and replace injection nozzles from the
cylinder head. Certain injectors have an electrical con-
nector with wiring that must be moved aside in order
for this socket to fit over the injector. A ““window’’
in the side of the socket permits the wires to protrude
through the side during removal and replacement of
the injector. The tool can be used with an open end
wrench on the socket flats.

Q)

=)

PAST MODEL YEAR TOOLS USED ON THE 2.4L DIESEL

- R T T L R T e RO T67L-3600-A
BENEONEE . . v o S S 0 o Je ISR SR L sk e gl o .D80L-100-M
® ACtuator Pin . ... D80L-100-G

® Cylinder Head HOIdINg FiXtUTIe . ...........uuueneenen e i D84L-500-A

® Valve Spring Compressor (2.0L Diesel TOOI) .. ..........uuuuenre e, T84P-6513-A
SR BT SERIHSLANIOT: . 5o oo v ariics onntsisioho v stitnt s Waraens o sintointst sndlaibatas s el BT R0 N0T 1o pise T84P-6701-A
® Idle Speed Adjusting TOOL . . .. v ottt ettt e e e e e e e e D83T-9000-E
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ENGINE

B DG e & 56 5 5 & 15 3 15 8 iy 6 o8 ) 16 s 68 ST e 1 6 e w6 68 @ e 6-cylinder, in-line, 4-cycle, overhead valve, water-cooled
BT . o e ettt ettt .....3.150in (80 mm)
ST OKE T B T L, o0 v e o e cone om0 o o 53 il 50 5 55 45 615 550 8 0 6 80 5080 5 65 391 5 e 0 8 re NN 3.189in (81 mm)
YIS PIACEMEIIL 7T s « s o s hvsmisnso s 5 5 10 a5 5 st 518 515 1 517 45 S5 16 600,60 70 6790 08 6 B 160 & ) $0oE W 8 0 040 416 81 00 0 149 cu in (2442.9 cc)
EOMPIESSIOMEATION : 57 rovins s i s 2 onder » e i 4 5 2 st 1 8 s sofitos wo o1 o )t Bhonmokiot e ot oo ofi=eriaia: s ¥oromsia o o o e ofePoReReReTases o e 22:1
EIOTSCDOWET "™, o s ¥uauscss s i1 & el siafeidlus s it o e ot 101 0 ohites o ra e o o s o ot ke o 0 o0 o t0 i n nt o @8ty o $"eMenghe 114 (85 kw) at 4800 rpm
IEDIOIETOTAUE 0.y v enw e v m e T e eminmawn s wms fow wmkns 555 m s 856 G5 R h A BH S 150 Ib ft (210 N-m) at 2400 rpm
COMPIESSION PIESSUTE: . s .o 6.5 55 5o 5.6 568 515 o s 55 %1 615 18 0o S 03 1 o 8 0 00 1 & 0 i e )50 30 1 1 e o 0 o 348 psi (2400 kPa)
Valve:clearance (COId@NEINE) 5« v s s o sis 15 @ sim 515 515 5 556 1 For 10 8 06w 10 3t 4 7 8 07 300 o 8 385 a5 1 090 v oo o Intake: 0.010 in (0.3 mm)

Exhaust: 0.010 in (0.3 mm)
Cam Timing

IntakeValvVe oPens —r s ot s T rr ST rET e o oo W T TSR e SR s b e el s e oo BT e e s 6°BTDC
INtaKe ValVe ClOSES . ..ottt ettt e et et e ettt e e e e s 34° ABDC
X AU STV AV 0P NS 2 TR oo Bt o eie o e o ere me mt e oo anialo 510 6 15 6ue o, 6 6 5 4 518 8 % 818508 9 48 s 81 ot m (8 3L o 510 &iogi 46° BBDC
B XSV AIVEICIOSES: + i1 55 % 55505 515 5 s ot 5 08 51 605 518 5ok 518 1 /e 58 ok & 3 8 0 818 o & w5 8308 0 & 61 3 4o o s 06 & 16 07 o & o W RTMLANALs 0 6° ATDC
INEAKE VAIVE NEL ovvoos o svs s o s i me w1 w16 15 o i 0 it a0 o svw ns lbbor GTBEE TN Gab et ea e g o s lognn . Jom 0.374in (9.5 mm)
Exhaustvalvelift .. .0t 0. i s B e v b v e e St isle s sank a5 0.376 in (9.55 mm)
EWICTEIT: . . tupruts o gusog it doditirry s ol STONGESR SRR ETS e T 35w Vi § S 0 e s 13 e aLs s fo WAt s @ ¥l 0 4 1 433 Ibs (196.4 kg) dry

COOLING SYSTEM

Fan.............. Molded nylon, 8-blade, engine driven plus electrically operated ‘‘pusher’’ fan on front of radiator
Drivebelttension(Ib) ..ottt Use a belt tension gauge to determine tightness
Belt tension figures listed below are for adjustment on a cold engine.

Alternator Accessories

New 120-160 150-190

Used (reset) 110-130 140-160

Used (minimum) 70 90

Antifreezemixture. ...........coiiiiiiii i 50% antifreeze/50% water (Use Ford Spec ESE-M97B44-A)
| Ta N1 €0) €107 0 - R e e Il S L R SRUPIRY TP 0 R TEr T Rv ) RO .- Cross flow
Cooling System Pressure test . .. ....vvveeeenereennenennennnns Apply 15 psi (105 kPa) and check for pressure drop
Expansiontank captest ..........ccuiiiiiniinnnennnnanns Pressure valve should open at 14-17 psi (96.5-117 kPa)
Thermostat Opening tEMPEIAtUIE . . ..o\ vt ittt ettt eeenenenenenenenenenenenenens Approx. 176 °F (80°C)

CAUTION:

¢ Do not use alcohol- or methanol-base coolants.
¢ Use only soft (demineralized) water in the coolant mixture.
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WARNING:

* Do not attempt to remove the coolant expansion tank cap under any circumstances while the engine is
operating. To do so might lead to damage to the cooling system and the engine, and could result in
serious injury from hot coolant or steam.

Switch off the engine and wait until it has cooled. Even then, use extreme caution when removing the
cap from a hot coolant expansion tank. Wrap a thick cloth around the cap and turn it slowly until
pressure releases. Step back while the pressure is released from the cooling system. When you are
sure all the pressure has been released, unscrew the cap—still with the cloth—and then remove it.

* Do not remove the coolant expansion tank cap when the engine and coolant ex;;ansion tank are hot.
Scalding hot coolant and steam may be blown out under pressure, and could cause serious injury.

ELECTRICAL SYSTEM

BATBIY s 72t L 0% i 5s 514 515w 5m o 25T e it o wte ' s T wie o' F e e s o v o B T M T B B One 12-volt, cold-cranking amperage:

850 amps @ 0°F; Reserve capacity: 140 minutes
A DT e SIS o e SO S e ST SPRRR LT3 (VA S SPS P I NEIONE- | A S Belt-driven, 12-volt; 100 amp
BT 7 1 1) Gear-reduction type
Glowplugsystem ..............ccovviiinnnnn... Automatic, operating time dependent upon coolant temperature
WARNING:

* Keep lighted tobacco or any flame away from the battery. Hydrogen, which is a highly combustible
gas, is always present in cells.

* Do not get electrolyte (SULFRIC ACID) in your eyes, on your skin or clothes, or on any painted surfaces
because damage or personal injury may result.

CAUTION:

* For emergency starting, use only a 12-volt jumper system with a negative ground. You can damage a
12-volt starting motor and/or glow plug system beyond repair by connecting to a 24-volt power supply
(two 12-volt batteries in series or a 24-volt motor-generator set).

* Do not disconnect the battery of the vehicle to be started. Disconnecting the battery when jump start-
ing could damage the vehicle’s electrical system.

* Be sure to connect the booster battery cables to the positive terminal and engine ground on the
driver’s side for lowest circuit resistance. See the operating guide for complete booster battery con-
necting procedures and precautions.

* To interrupt the battery supply circuit for servicing or emergencies, remember that the circuit must be
disconnected at the battery, not at the starter relay. :

LUBRICATION SYSTEM

Complete System W/0 Oll COOLET. . . .. ..ottt ettt e e e e e e e e e e s 7.1qts (6.7L)
COMPIEERSYSTEIN. 7.1, . & .o s e o b0 5558 o acio s os v ot o5 5.0 muso0s b B S0 e Tl i e el 1 s 4 e 416 7.9qts(7.5L)
Engineoil pressure.................... 0D e 358 96 1 0 e S R SR L8 LR\ B i, B 15 o6 g s e 57-85 psi at 4800 rpm
FUEL SYSTEM

Fuelrequirement..............covvuvueennn.. No. 2-D or winterized No. 2-D if temperature is below 20 °F (-7 °C)
Fuel tank Capacity ... ...ttt e 22.6 gal (87L) (18.9 imp. gal)
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CAUTION:

¢ Do not use home heating oil, gasoline, or other alternate fuels, or additives (unless recommended), in a
diesel engine. Also, do not mix any of these substances to diesel fuel.

¢ Do not use No. 2-D diesel fuel when the temperature is below 20°F (—7°C) unless it is winterized. Low
temperatures can cause wax to form in the No. 2-D fuel, which will clog the system.

e Using a fuel other than those specified can result in a loss of warranty coverage on the related
components.

¢ Never use ether or any other starting fluid in an automotive diesel using glow plugs. The hot glow plugs
may ignite the starting fluid causing an explosion which could result in severe engine damage or per-
sonal injury.

Injection FIXINEIOTACT .« iu i sis s v o m 5w 6 6 o aie 5160 8 @ 55 518 o gs 0 0,5 &) 760§ 5, 448 316 006 @0 s 018 ) s o0 & 01 & OELALe & bl o & o1 o 1-5-3-6-2-4
Tl EISDCE . s bt sosonie abicbin: » 5kisn RS ot Span i oi o for oo tanh o SANAIR L e, 516 0.3 19 Bte 50 903 1o it 08 5531 o 151 25, i A o L S 151 s 750+ 50 -0 rpm
Fastiidlei(cold-statt)speed o 5o 0 00 2005 KR on lilo ot o ot n st 565515 5t e 51 o o 50 0 o6 508 9186 w08 075 ) e 916 900-1050 rpm
Injection pump timing .................... VE—2.5°+1°BTDC at 750 rpm; VP-20—6°+ 1.5° BTDC at 2000 rpm
TORQUE SPECIFICATIONS LB FT (N-m)
Main bearing Caps .. ...oiviiiit it i i e i i e e MI10Xx21 .......... 43-48 (60-67)
ENgine Support StTaAPS = i« 515 cosetetsais sismmeemefagds » si il s et vls walsiine 1y, B {0 d e 28-34 (39-47)
NV AIVCICOVET s avo 5 + 515 6 s 6 5wt 916 53 8 o1 00 515 161555 s 5 5 8 o oo Rttt & 5, & ot it 0 8 81 e 0 o MB X215 Flinaesve 6-7 (8-10)
Oiltrapito'valveicover . J 0. M AN L AR AR, WIS IR0 (e bl MBX21 oA . 11-14 (15-19) )
Cylinderhead bolts . ..........ciiiiiiii ittt iieieennns MI11x21 .
SEED L e v ivaieore shois aiaior o 100 ol oo oo spe i on o s i ooyl BRI Rkl nasl o o oo s gageive, i 1 & w5 41 20 8018 36-43 (50-60)
wait 15 minutes
SEP 2 s e L% st R ORIk s n Rt BRI et & o i celle Dot i Rt 65-69 (90-95)
run warm about
15 min.

Step 3 (torqUEANGIE) 5 5565 5 w5 5 55 5 8 5 sss 518 v o 5 mans e s e MR TR SN IBE & o LT i by 90+5°

Oil spray bartocylinderhead ............... .. ... iiiiiiiiinininn. M8X2L ot 2l Joas 14-17 (20-24)

il drain Plugs 5 A R O O i e e e o MI2x21 .......... 24-26 (33-36)

Oil pan to cylinder block . . ......cooiiiiiiii ittt M6Xx21 ......... .. 6.5-7 (9-10)

Front/rear end covers to cylinder block ...........c.ovviueinrennnnn.. M6 X 21 s s miwiis socs s 6-7 (8-10)
............................. M8x21 ........... 14-17 (20-24)

Flywheel to crankshaft (installed with Loctite N0.270) ................. MI2x21 .......... 71-81 (98-112)

Vibration damper hubtocrankshaft.................... ... ... ...... MiI8x21 .......... 282-311 (390-430)

Pulley /vibration damper to vibration damperhub..................... M8 X21 .isuininias 16-17 (22-24)

C OO IR OU DOLUS Gurrsvussssnsr svvr s smarssomsnims: sibramemarsmrsesrssemer st s oraramsr s arasisnaras M21

105 o1 (P ST S—" . e e . 14 (20)

Step 2 (LOrQUE ANBIE) (. e v o e v e e e s oo s soisiaia s sais sassnasssssssssssnssessssssssssssss 70°
Sprockettocamshaft .................... - M10.9x%x21......... 40-47 (55-65)
Bearingcapofcamshaft ............... ... ... i, M6EX21 . cciiivins 6-7 (8-10)

........................................... M8x21 ........... 14-17 (20-24)
Tensioning roller holder to cylinder block .................... = | M8x21 ........... 14-17 (20-24)
Clamping boltinrockerarm ................oiuiiniriinennenennnnn. M6x21 ........... 5-6.5 (7-9)
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TORQUE SPECIFICATIONS (Cont'd.)

samoeket to auxiliary shaft . ..............0oiii i M10.9x21......... 40-47 (55-65)
S (SR (U STt o L 1Y ) 22-29 (30-40)
B0 Crankcase ........ 0000000, o stk MB X214 ol vlven s 16-17 (22-24)
e R R e et s e s e ME2Ie T 6-7 (8-10)
Oil filter housing to cylinder block . ..................couiuononeni... M8x21 ........... 14-17 (20-24)
DNEMVET .. .1, trcnniis 5 es 4 o dvtoms i § wtgblths o it Sobiats s b ohe DS T M8x21 ........... 15-18 (21-25)
B EAIN DIUB - ... . covvee o0 i v o s b e d B o e S M12x21 ....%.... 7-9 (10-13)
Oil spray jet to cylinder bIOck ...........voverenrenininnnnnn, IMO21 . wlo iz 6-7 (8-10)
Oil cooler oil lines to oil filter housing .............................. CM21 L 22-29 (30-40)
B L0 LUTDOCHATRET . . < - < . v eeioia e s 4 siomismers omriid s M8x21 ........... 14-17 (20-24)
Oil line from turbocharger to crankcase 22 mm width across flats

hollow bolt . . ... .. e M16x21 .......... 29-33 (40-45)
BEEE DUIND L0 CTANKCASE . . .. . oo o iel st e e sonsnenes s IMBDG21°% ...l 14-17 (20-24)
Fan coupling to water pump nut with left-hand threads . ................ 1y ) 12 S A 36 (50)
B0 fan COUPHNG . ... ..covvnnnnin e s eineessm e it 1% [557524 | S . 6-7 (8-10)
Pulleytowaterpump ...t M6 X215 0o ot oe o 6-7 (8-10)
AREMOStat housing .............i0 i i i e e M6x21 ........... 6-7 (8-10)
L e R RRTCRY YR S e e g oy SO M8x21 .i....oo..n 4-7 (6-10)
Temperature sensor /temperature switch .....................ouoon... Ml14x21 .......... 12-14 (17-19)
Intake manifoldtocylinderhead........................ ... ... ... IMBIX2L .. oivoieves 14-17 (20-24)
Exhaust manifold to cylinder head (upper row of staybolts

installed with Loctite 270) . . .5 .o v ios vs dimamsomseertosie s s sancds i M8x21 ........... 14-17 (20-24)
Turbocharger to exhaust manifold ....................... ... ... ..... M10x21 .......... 17-20 (23-27)
Exhaust manifold to turbocharger.......................0 oo, MI0X 21555 . L e 31-35 (43-48)
B TR SRR SR S SRR o Mé6x21 ........... 6-7 (8-10)
Fulsesensor to engine (holder) . . s ivesaivns o b vt . oo i, it o coneess, Lol . o 6-7 (8-10)
Sl a1 AT SONPNIND IR i kpptyani WP s e SUIE | O UEEIPROIRIE - - 14-22 (20-30)
Temperature switch to fuel filter housing ...................coooiiio i 22 (30)
ol g e T R e AR I S TS TR SR | SR L 3-4 (4-5)
Fuel filter housing t0 holder . . . .. vi0iiia i stie cvbh o idesennmssosohommnomn b 31-35 (43-48)
Injection pump to holder, rear (nuts and bolts) .....................cooonoom 14-17 (20-24)
Injection pump to holder, front . .................ooooione e 14-17 (20-24)
Electric shut-off to injection pump . ........... ..o i 11-18 (15-25)
Electric valve for cold start accelerator to injection PRIND: L L sateoalin s ouihie oo wrosidirerde sbes o 11-14 (15-20)
Injection pump gear to injection pump .. ...............oo i =L T 33-36 (45-50)
Tensioning torque for tensioning TOller hOIder . .. ... 33-36 (45-50)
Tensioning roller holder to engine (M8 nutand bolt) ......................co0oieenee . 18 (25)
Combination fuel injectorin cylinderhead. .......................ooo oo 29-33 (40-45)
N (COUPINE MUY 530, ) i, 24 55 W B 0 TS 0 0T 50 v v e s s o8 de s il 14-18 (20-25)
Nozzle holder to injectionpump ..................c0onmoronn ... BUS S o o0 s oys 05 5o s e e e 33 45)
Spill valve to injection pump (hollow bolt) . . ...................oo o i i 14-22 (20-30)



BEARING SELECTION CHART—
STANDARD CRANKSHAFT

ENGINE BLOCK MAIN CAP BEARING TO
MAIN BEARING CRANKSHAFT MAIN MAIN BEARING CRANKSHAFT
CRANKSHAFT CAP DIAMETER THICKNESS JOURNAL SIZE THICKNESS CLEARANCE
STANDARD | Y 2.5590-2.5592 in 0.0980-0.0983 in Y 2.3615-2.3618 in 0.0980-0.0983 in
(65.000-65.006 mm) (2.491-2.498 mm) (59.984-59.990 mm) (2.491-2.498 mm)
a 2.3613-2.3615 in 0.0983-0.09862 in 0.0008-0.0018 in
(59.977-59.983 mm) (2.498-2.505 in) (0.020-0.046 mm)
W| 2.3610-2.3612 in 0.09862-0.0988 in
(59.971-59.976 mm) | (2.505-2.512 mm)
Y 2.3615-2.3618 in 0.0980-0.0983 in
(59.984-59.990 mm) (2.491-2.498 mm)
STANDARD | G 2.5593-2.5595 0.0983-0.09862in | G 2.3613-2.3615 in 0.0983-0.09862 in 0.0008-0.0018 in
(65.007-65.013 mm) (2.498-2.505 mm) (59.977-59.983 mm) (2.498-2.505 mm) (0.020-0.046 mm)
W | 23610-2.3612in 0.09862-0.0988 in
(59.971-59.976 mm) (2.505-2.512 mm)
] Y 2.3615-2.3618 in 0.0980-0.0983 in
{ (59.984-59.990 mm) (2.491-2.498 mm)
G 2.3613-2.3615 in 0.0983-0.09862 in 0.0008-0.0018 in
(59.977-59.983 mm) (2.498-2.505 in) (0.020-0.046 mm)
STANDARD | W 2.5596-2.5598 in 0.09862-0.0988 in | W | 2.3610-2.3612 in 0.09862-0.0988 in
(65.014-65.019 mm) (2.505-2.512 mm) (59.971-59.976 mm) (2.505-2.512 mm)
1ST Y 2.5590-2.5592 in 0.1029-0.1036 in Y 2.3517-2.3519 in 0.1029-0.1032 in
UNDERSIZE (65.000-65.006 mm) (2.616-2.623 mm) (59.734-59.740 mm) (2.616-2.623 mm)
i =0.100 in
] (=0.25 mm) a 2.3514-2.3516 in 0.1032-0.1035 in 0.0008-0.0018 in
| (59.727-59.733 mm) (2.623-2.630 mm) (0.020-0.046 mm)
| w 2.3512-2.3514 in 0.1035-0.1038 in
(59.721-59.726 mm) |  (2.630-2.637 mm)
Y 2.3517-2.3519 in 0.1029-0.1032 in
‘\ (59.734-59.740 mm) (2.616-2.623 mm)
! 1ST G 2.5593-2.5595 in 0.1032-0.1035 in a 2.3514-2.3516 in 0.1032-0.1035 in 0.0008-0.0018 in
| UNDERSIZE (65.007-65.013 mm) (2.623-2.630 mm) (59.727-59.733 mm) (2.623-2.630 mm) (0.020-0.046 mm)
i -0.100 in
| (-0.25 mm) w 2.3512-2.3514 in 0.1035-0.1038 in
| (59.721-59.726 mm) (2.630-2.637 mm)
|
Y 2.3517-2.3519 in 0.1029-0.1032 in
‘ (59.734-59.740 mm) (2.616-2.623 mm)
! (] 2.3514-2.3516 in 0.1032-0.1035 in 0.0008-0.0018 in
(59.727-59.733 mm) (2.623-2.630 mm) (0.020-0.046 mm)
18T w 2.5596-2.5598 in 0.1035-0.1038 in w 2.3512-2.3514 in 0.1035-0.1038 in
UNDERSIZE (65.014-65.019 mm) | (2.630-2.637 mm) (59.721-59.726 mm) (2.630-2.637 mm)
—=0.100 in
(-0.25 mm)
}' 2ND Y 2.5590-2.5592 in 0.1079-0.1081 in Y 2.3418-2.3421 in 0.1079-0.1081 in
| UNDERSIZE (65.000-65.006 mm) | (2.741-2.748 mm) (59.484-59.490 mm) (2.741-2.748 mm)
| -0.200 in
1 (—0.50 mm) G 2.3416-2.3418 in 0.1081-0.1084 in 0.0008-0.0018 in
(59.477-59.483 mm) (2.748-2.755 mm) (0.020-0.046 mm)
| w 2.3413-2.3415 in 0.1084-0.1087 in
| (59.471-59.476 mm) (2.755-2.762 mm)
: Y 2.3418-2.3421 in 0.1079-0.1081 in
1 (59.484-59.490 mm) (2.741-2.748 mm)
| 2ND G 2.5593-2.5595 in 0.1081-0.1084 in G 2.3416-2.3418 in 0.1081-0.1084 in 0.0008-0.0018 in
UNDERSIZE (65.007-65.013 mm) | (2.748-2.755 mm) (59.477-59.483 mm) (2.748-2.755 mm) (0.020-0.046 mm)
—=0.200 in
1 (-0.50 mm) w 2.3413-2.3415 in 0.1084-0.1087 in
(59.471-59.476 mm) (2.755-2.762 mm)
Y 2.3418-2.3421 in 0.1079-0.1081 in
‘ (59.484-59.490 mm) (2.741-2.748 mm)
“ G 2.3416-2.3418 in 0.1081-0.1084 in 0.0008-0.0018 in
‘; (59.477-59.483 mm) (2.748-2.755 mm) (0.020-0.046 mm)
i 2ND w 2.5596-2.5598 in 0.1084-0.1087 in w 2.3413-2.3415 in 0.1084-0.1087 in
; UNDERSIZE (65.014-65.019 mm) | (2.755-2.762 mm) (59.471-59.476 mm) (2.755-2.762 mm)
-0.200 in
(-0.50 mm)

BEARING Y — YELLOW NOTE: Bearing to crankshaft clearance can only be checked with new bearings.

BEARING G — GREEN NOTE: L ; tis: will be identified by slashmart -
s y ks on the 7 throw of the
BEARING W — WHITE crankahafi.
— first undersize /
— second undersize //
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