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X    DIESEL ENGINE BASICS

 

The purpose of this book is to give the reader an overview of the operation of the  diesel 
engine and its ancillary systems. It covers light vehicle, heavy vehicle, off-road and 
marine  basic diesel principles. All of the major types of fuel systems are explained in 
easy-to-understand language and are supported by illustrations, graphs and pictures. The 
text also contains maintenance and diagnosis procedures.

Disclaimer
The authors have not included the repair and overhaul of systems or components because 
it is not the purpose of this text. Specialist equipment and workshop facilities are required 
to carry out most overhaul procedures on diesel systems. Any specifications or procedures 
stated in this text are meant to be a guide only. The appropriate workshop manual should 
always be consulted before any repairs are attempted.
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46    diesel engine basics

In-lIne and sIngle 
element pumps

ObjectIve
The objective of this chapter is to gain know
ledge of the inline diesel fuel injection pump, 
its basic operation and servicing require
ments.

Injection
pipe Injector Filters

Control
lever

Governor
Fuel supply
pump

Automatic
advance
device

FIgure 5.1 An in-line injection pump and associated 
components on an engine

IntrOductIOn

A basic in-line injection pump has separate pumping 
elements, one for each cylinder of the engine. Each 
pumping element is operated by a cam on the pump 
camshaft. Because the pump supplies the injectors with 
fuel in short jerks, it is sometimes referred to as a jerk-
type pump. The pump’s camshaft is connected to an 
auxiliary shaft on the engine, which is driven by the 
timing gears. The coupling connects the auxiliary shaft 
to the pump’s camshaft and also allows the pump to 
be timed to the engine. With the engine running, the 
pump will rotate at half engine speed for a four-stroke 
engine.

advantages and disadvantages

Table 5.1 Advantages and disadvantages of an  
in-line injection pump

advantages Disadvantages

better suited for larger 
engines with low speed 
operation

Heavy

Reliable noisy

Requires phasing, 
calibrating and timing

Examples of a full in-line pump system and components 
are shown in Figures 5.1 and 5.2.

In-lIne pump and sIngle 
element cOnstructIOn

The internal operating components can be divided into 
the following groups:

•	 Main pumping components
Camshaft, tappet, plunger, barrel and delivery 
valve.

•	 Control components
Control rack, control sleeve and plunger 
control arm.

•	 Fuel components
Fuel gallery, supply pump, hand priming pump 
and injector pipes.

In-lIne pump OperatIOn

The supply pump of the fuel system keeps the gallery 
of the injection pump full of fuel for the pumping ele-
ments. As the camshaft rotates, the cam lifts the tappet 
of one of the pumping elements. This raises the plunger 
in its barrel and fuel is delivered from the delivery valve 
at the top of the pump to an injector. After the plunger 
has completed its upward stroke, it moves downwards 
under the action of the spring, which holds the roller 
against the cam.

The four plungers of the pumping elements oper-
ate in the same way. They are accurately phased so that 
a plunger delivers fuel at each 90° of pump rotation 
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chapTer 5 in-line and single element pumps    47

(four-cylinder engine). The control rod is used to vary 
the quantity of fuel delivered by the injection pump. 
When the rod is pushed in, more fuel is delivered by 
the pumping elements, and vice versa. When the rod is 
pushed right in, the pump delivers maximum fuel for 
maximum engine power. When the rod is pulled right 
out, the fuel supply to the injectors is cut off and the 
engine is stopped.

sIngle element OperatIOn

The cam of the camshaft raises the tappet and this 
lifts the plunger in its barrel. Fuel from the gallery enters 
the barrel through the inlet port and delivery com-
mences. Fuel trapped in the barrel is pumped through 
the delivery valve to the injector. After completing 
its stroke, the plunger follows the cam downwards to 
complete the cycle. The plunger does not always pump 
the same quantity of fuel. This is controlled by the con-
trol rod or rack. The teeth of the rod mesh with the 
teeth on the control sleeve. Moving the rod rotates the 
sleeve and alters the position of the plunger in its bar-
rel. This alters the quantity of fuel that is pumped by 
the plunger. The plunger always travels through its full 
stroke, but does not always pump a full stroke of fuel 
(see Figures 5.3 and 5.4).

Delivery valve

Control rod

Barrel

Plunger

Coupling

Tappet
Camshaft

Spring

Fuel
gallery

Stop

Inlet port

Pumping chamber

FIgure 5.2 Basic in-line injection pump

 Fuel-injection
 tubing

Fuel gallery

Barrel

Plunger
Control sleeve
gear
Control rack

Control sleeve
Plunger control arm

Plunger return
spring
Spring seat

Roller tappet

Camshaft

Cam

Supply pump

Adjusting screw with nut

Delivery valve

FIgure 5.3 Section through an in-line injection pump
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48    diesel engine basics

effective plunger stroke

The control rod is used to control fuel delivery. Its teeth 
are meshed with a gear segment that is clamped to the 
control sleeve. When the sleeve is turned, the plunger is 
turned in its barrel.

Delivery valve
holder

Spring

Delivery valve

Barrel

Fuel gallery

Pump
housing

Control rod
(rack)

Control sleeve

Spring

Tappet

Camshaft

Plunger

Gear segment

FIgure 5.4 The pumping parts of one element of an  
in-line injection pump

The barrel has two opposite ports: an inlet port and a 
spill port. These are aligned with the fuel gallery so that 
fuel fills the barrel when the plunger is at the bottom of its 
stroke. The plunger is not just a plain rod; it has a specially 
shaped groove that forms a helix on the plunger. The effec-
tive pumping stroke occurs when the top of the plunger 
covers the inlet port, until the helix uncovers the spill port.

Figure 5.5 shows the effective stroke of the plunger 
in three different positions: no delivery, partial delivery 
and maximum delivery.

•	 No delivery
The plunger has moved up the barrel and covered 
the inlet port, but the helix has not covered the spill 
port (see Figure 5.5(a)). Fuel will flow back to the 
gallery and there will be no delivery.

•	 Partial delivery
The control rod has turned the sleeve and the 
plunger so that the helix covers the spill port (see 
Figure 5.5(b)). As the plunger rises, delivery will take 
place until the edge of the helix uncovers the spill port. 
Fuel will spill from the barrel and delivery will cease.

•	 Maximum delivery
The rack has been moved to its maximum  position, 
and the sleeve has turned the barrel further than 
before (see Figure 5.5(c)). The plunger starts 
 delivery at the same place, but it lasts longer. This is 
because of the shape of the helix—the plunger now 
has to travel further up the barrel before the helix 
 uncovers the spill port.

In-lIne InjectIOn pump 
fIttIng and tImIng

In-line injection pumps may have two timing marks, one 
on the engine and one on the injection pump. The tim-
ing mark on the engine may be located on the vibration 

FIgure 5.5 Control rod or rack used to alter the effective pump stroke to control fuel delivery

Pump barrel

Inlet
port Spill

port

Effective stroke

Helix

Control rod

(C) Maximum delivery(b) Partial delivery(a) No delivery

Pump plunger
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chapTer 5 in-line and single element pumps    49

damper, on the pump coupling or on the flywheel. If it 
is necessary to remove the pump and there are no tim-
ing marks, try to mark corresponding spots on the pump 
and engine before removing the pump.

The following are general points that relate to install-
ing an injection pump:

•	 The engine is set on the timing mark, with No. 1 
piston on the compression stroke. This is the point 
where injection should commence.

•	 The injection pump is set in the position where it 
is just starting to pump fuel to the injector in No. 1 
cylinder. This position is identified by a mark or 
pointer on the pump and a corresponding mark on 
the pump coupling.

•	 With both the engine and the pump set to their 
correct injection positions, the pump is installed 
on the engine. The timing marks are checked and 
an adjustment made if necessary.

The general procedure for injection pump timing has 
been outlined above, but the actual procedure will vary 
with different engines and with different pumps.

For examples of timing marks for an in-line pump, see 
Figure 5.6. The pump in Figure 5.6(a) has an open type 
of coupling which enables the timing marks to be readily 
identified. The pump in Figure 5.6(b) is flange-mounted 
to the rear of the timing case. There is a timing mark on 
the pump flange and a corresponding mark on the timing 
case. The pump coupling is inside the timing case. This 
also carries a timing mark that is aligned with a pointer on 
the timing case. These two marks are accessible through an 
aperture in the timing case after a small cover is removed.

spill timing

If an in-line injection pump has no timing marks, or if 
these need to be verified, the point at which injection 
commences can be found by spill timing. This point 
is where the plunger, moving upwards in its barrel, 
closes off the fuel inlet port. When the inlet port closes, 
 injection is about to commence.

The procedure for spill timing is as follows:
1. Set the engine with No. 1 cylinder on compression 

stroke, with the engine timing mark in line with 
the pointer.

2. Disconnect the injector pipe for No. 1  cylinder 
from the delivery valve on top of the pump. 
Unscrew the delivery valve holder and remove its 
valve, spring, etc.

3. Remove the delivery valve holder and attach a 
‘gooseneck’ spill pipe to it (see Figure 5.7).

4. Operate the priming pump to obtain a continuous 
flow of fuel from the spill pipe. If there is no flow, 
rotate the pump a little.

5. With the injection pump drive coupling loose, turn 
the injection pump flange slowly in the direction of 
rotation. The plunger of the pump element will rise 
on its pumping stroke.

6. Turn the pump very slowly and carefully observe 
the flow of fuel from the spill pipe. As the plunger 
rises in its barrel, the fuel from the spill pipe will 
decrease to a drip. When the inlet port becomes 
fully closed, the fuel will cut off completely. This 
point is referred to as spill cut-off. It is when there 
is no drip from the spill pipe for a period of about 
15 seconds.

7. Secure the pump drive coupling in this  position, 
with the engine on its timing mark and the 
 injection pump at spill cut-off position.

8. Remove the spill pipe, replace the parts in 
the delivery valve holder and reconnect the 
injector pipe.
Ensure the delivery valve holder and pipes are thor-

oughly cleaned prior to refitting and torque to manu-
facturer’s specification. If the fuel supply to the pump 

Mark

(a)

(b)

Mark

MarkMarks

Pointer

FIgure 5.6 In-line injection pump timing marks:
(a) marks on coupling and pump,
(b) marks on coupling, timing case and pump
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50    diesel engine basics

has been disconnected or a new pump used, the pump 
will have to be primed and bled before commencing the 
procedure.

InjectIOn pump servIcIng

Any work that has to be carried out on injection pumps 
that goes beyond removal and replacement or on-the-
vehicle adjustments requires special facilities. These 
include an air-conditioned room, an injection pump 
testing machine and special tools. Also required for each 
model of pump are specifications and data related to 
pump adjustments, torque settings of bolts and screws 
and performance figures for testing purposes.

Injection pump overhaul is outside the normal scope 
of a mechanic’s work. However, some idea of the general 
procedures that are carried out during pump overhaul is 
desirable and the following paragraphs are intended to 
provide only that. They do not describe overhaul pro-
cedures. Apart from specialised equipment, injection 
pump work also calls for cleanliness, accuracy and atten-
tion to detail.

The attention to detail for emission level require-
ments and manufacturers’ specifications also extends 
to the warranty on new, serviced or overhauled pumps. 
New, serviced and overhauled pumps are a sealed unit. 
Any adjusting device will be sealed. Any attempt to 
alter the original settings will render the pump outside 
any emission requirements and void any warranty on 
the pump.

pump overhaul

When an injection pump is removed from an engine, it 
can be set up on a test bench to check its condition or to 
locate faults. Repairs or adjustments are then made on 
the basis of the test results.

An injection pump consists of a large number of 
fairly small parts, which are separated during disman-
tling. The parts should be subjected to a visual inspec-
tion and identified as they are being dismantled. All 
dismantled components need to be closely inspected. 
Any component that shows signs of fretting, damage, 
wear, corrosion, cracks or distortion should be discarded 
and replaced with a new part. During pump overhaul, all 
O-rings, seals, gaskets, tab washers and locking devices 
that are removed must be replaced.

pump testing

Testing machines have a variable-speed electric motor to 
drive the pump and a bracket on the bed of the machine 
on which the pump is mounted. The test bench has a set 
of matched injectors that are operated by the pump and 
graduated test tubes to collect and measure the fuel from 
the injectors. There are also various instruments, includ-
ing pressure gauges and a tachometer. In addition, some 
test benches have electronic measuring equipment.

Injection pumps can be tested for:

•	 pump output
•	 maximum fuel setting
•	 governor action
•	 feed pump operation and pressure setting
•	 timing advance device operation.

The internal timing of the pump is also checked and 
adjusted in relation to the timing mark on the flange of 
the pump housing.

In addition to the other bench tests, in-line pumps 
must be phased and calibrated as part of the overhaul 
and test procedure. This is done to ensure that all the 
pumping elements are operating correctly in relation to 
each other.

phasing

This is the procedure of checking and adjusting the 
intervals (phase angle) between successive injections. 
For example, the injection pump for a four-cylinder 
engine has a phase angle of 90° and a six-cylinder engine 
has a phase angle of 60°. The testing machine has a 
degree plate. Using spill cut-off of No. 1 cylinder pump 
element as a basis, the spill cut-off for the other cylinders 
is checked in firing order. These should be evenly spaced 
during 360° of pump rotation. Adjustment of the phase 

Parts removed

Spill timing pipeDelivery
valve holder

Pump coupling

FIgure 5.7 Spill timing an in-line injection pump. The 
delivery valve, spring and volume reducer are shown 
in inset
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chapTer 5 in-line and single element pumps    51

angle can be made by changing the tappet spacers inside 
the pump or, in some pumps, by adjusting the tappet 
screws. This causes the plunger action to start earlier or 
later as required to correct the phase angle.

calibrating

The pump is tested and, if necessary, calibrated 
(adjusted) so that the same volume of fuel is delivered 
from each pumping element. This ensures that all the 
cylinders will produce equal power. Adjustments are 
made by altering the positions of the gear segments on 
the sleeves. Loosening the clamp and adjusting the gear 
segment turns the plunger in its barrel and this alters 
the quantity of fuel that it delivers.

The injection pump is mounted on the test bench 
and is then run at speeds listed in the specific data for 
the particular pump. The amount of test oil delivered 
into the calibrated test tubes is then checked for a speci-
fied number of shots (e.g. 200). All pumping elements 
should deliver the same volume during the testing 
period. This can be checked by comparing the level of 
oil in the graduated test tubes. Where there is electronic 
measuring equipment, information will be displayed.

Questions

1. What checks should be made before 
removing an injection pump?

2. name at least four main pumping 
 components of an in-line pump.

3. What is the rotating speed of an in-line 
pump fitted to a four-cylinder four-stroke 
engine running at 2500 rpm?

a. 1250

b. 2000

c. 4000

4. What lifts the plunger in the barrel of a 
single element?

5. using Figure 5.4, explain the operation of 
the control rod.

6. using Figure 5.5, explain the effective 
stroke of the plunger in the three different 
positions.

7. What is spill timing?

8. explain briefly how spill timing is 
carried out.

9. What is the purpose of an injection pump 
testing machine?

10. What is meant by the phasing of an in-line 
injection pump?

11. explain calibrating in relation to an in-line 
pump.

12. injection pumps can be tested for:

a. pump output and maximum fuel setting

b. governor action

c. feed pump operation and pressure 
setting

d. timing advance device operation

e. all of the above.

13. How are the internal components 
lubricated?

14. name at least three pump control compo-
nents of an in-line pump.

15. What may occur if an injector pump is not 
timed correctly?

Technical terms

•	 calibrating

•	 camshaft

•	 degree

•	 firing order

•	 fretting

•	 gallery

•	 in-line

•	 phase angle

•	 phasing

•	 pumping element

•	 specifications

•	 spill cut-off

•	 spill pipe

•	 spill timing

•	 tappet

•	 timing mark

•	 tube
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88    diesel engine basics

Hydraulic injection

objective
The objective of this chapter is to gain knowl-
edge of hydraulic injector operation, the dif-
ferent types of injectors and minor servicing.

introduction

Chapters 7 and 8 provided information about diesel 
injectors that were controlled mechanically, electrically 
and a combination of these with hydraulic fuel pressure. 
This chapter will cover the base fuel hydraulically oper-
ated injector, which is the main type of injector that has 
been used for many years in all types of diesel engines, 
from marine and automotive to small stationary engines. 
These injectors are still used on many engines; however, 
the new electrically controlled systems will eventually 
become more commonly used.

Hydraulic injectors

Hydraulic injectors come in various shapes and sizes. They 
can be either threaded like a spark plug and screwed into 
the cylinder head, held in place by a clamp, or they may 
have a flange built into the body that is bolted to the cylin-
der head. The nozzle at the lower end of the injector either 
fits against the combustion chamber or projects slightly 
into it. At the appropriate time, the nozzle directs a fine 
spray of fuel into the combustion chamber. See Figures 9.1 
to 9.4 for examples of injectors and components.

injector operation

The fuel inlet and outlet return connections on the injec-
tor are usually located on the top or side of the injector. 
The main operating components are the:

•	 needle
•	 spindle
•	 spring. FIgure 9.2 Flanged-type injector

Cap nut

Fuel inlet

Nozzle holder

Nozzle nut

Nozzle

Fuel inlet

Fuel-return outlet

Body

Spring

Nozzle holder

Needle valve

Nozzle

Pressure chamber

FIgure 9.1 Sectional view of threaded injector
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cHapter 9 Hydraulic injection    89

Spring force is transferred through the spindle to the 
needle. This holds the needle on its seat and prevents fuel 
from leaking out the end of the nozzle. With the engine 
stopped the injector holds fuel, but it is not under pressure.

The controlled delivery of fuel from the injection 
pump enters the injector through the inlet connection. 
It  passes down the drilled passage to the gallery in the 
nozzle near the bottom of the injector. When the  gallery 
is pressurised with fuel, the needle is forced upwards 
against the spring. With the needle tip off the nozzle holes, 
the high-pressure fuel in the gallery is sprayed into the 
combustion chamber. When delivery from the  injection 
pump ceases, the pressure in the injector drops and the 
spring returns the needle to its seat (see Figure 9.5).

It is the speed at which the pressure in the injector 
drops that causes the needle to close rapidly. This ensures 
complete sealing between the needle tip and the nozzle 
holes. Any fuel that leaks or dribbles into the combus-
tion chamber will not burn properly and may cause soot 
or black smoke from the exhaust.

Body

Shim

Spring

Rod

Needle

Nozzle

Nozzle
holder

Spacer

FIgure 9.4 Dismantled parts of an injector

Spring

Spindle

Needle

Gallery

Nozzle

Fuel
passage

Fuel
inlet

FIgure 9.5 Simplified diagram showing injector 
action

Leak-off
connection

Spring

Spindle

Nozzle
nut

Nozzle

Nozzle holder

Adaptor

Adjusting
nut

Cap nut

FIgure 9.3 Internal construction of a flanged-type 
injector
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90    diesel engine basics

The fine holes in some injector nozzles are drilled 
mechanically. In others, the holes are so small they require 
a process called electrical discharge machining. The diam-
eter of the hole can be as small as 0.2 mm (see Figure 9.6).

types of nozzles
•	 Single hole nozzles

These nozzles have a single small hole drilled 
through the nozzle end. The conical end single-
hole nozzle has a single hole drilled at an angle to 
suit the particular engine design.

•	 Multi hole nozzles
These nozzles have two or more holes drilled in the 
end of the nozzle. The number of holes and their 
size and position depend on the requirements of 
the engine.

•	 Long stem nozzles
These nozzles have a long stem that is an 
 extension of the underside of the nozzle. The end 
of the stem carries the normal holes and valve 
seat. The long stem enables the part of the nozzle 
that has fine clearances (between the needle and 
the nozzle) to be kept away from the combustion 
chamber. This enables this part of the injector 
to operate in a comparatively cooler area of the 
 cylinder head.

•	 Pintle nozzles
These nozzles have a much larger hole than 
other types. The end of the needle is formed into 
a pin or pintle that protrudes through the hole. 
By modifying the shape and size of the pintle, 
injectors can produce different spray  patterns. 
The spray can be varied from a small hollow 
cone to a hollow cone with an angle of 60°s. 
Delay  nozzles are a modified pintle type in which 
the shape of the pintle has been designed to 
reduce the rate of injection at the beginning of 
the  delivery. This decreases the amount of fuel 
in the combustion chamber when combustion 
 commences, to assist in the control and reduction 
of diesel knock. Pintle nozzles are designed for use 
in engines with indirect injection and engines with 
an air cell, a swirl chamber or a pre-combustion 
chamber (see Chapter 2).

•	 Sac-hole and seat-hole nozzles
Some nozzles have a small chamber under the tip of 
the needle into which the holes are drilled. This is 
called a sac-hole and the nozzles are referred to as 
sac-hole nozzles. Other nozzles have their holes 
drilled into the nozzle seat and are referred to as 
seat-hole nozzles. With seat-hole nozzles, the taper on 
the needle tip covers the hole and so the needle is not 
exposed to the combustion gases. (see Figure 9.7)

two-stage or two-spring injectors

This type of injector allows fuel to be gradually injected 
in two stages. This process assists in the control of com-
bustion noise levels and to keep mechanical load low. 
Two springs with different ratings are used. The fuel 
is controlled and injected using the lighter or smaller 
spring to open the needle to a limited distance; this 
allows a small quantity of fuel to enter as a pre-injection 
amount, which is less than the standard injectors allow. 
The pressure and temperature in the combustion cham-
ber begin to rise gently to start the ignition of the fuel. 
When the fuel pressure rises the tension of the larger or 
heavier spring is overcome, this allows the needle to be 
lifted further and the full amount of fuel is injected.

Hydraulic injector nozzles

The hydraulic injector nozzle and needle combination 
are used to inject a spray of fuel into the combustion 
chamber in a form to suit specific engine designs and to 
ensure the fuel will readily burn. To achieve this, various 
types of nozzles have been designed. They vary in length, 
the number of holes and the angle of the holes. The shape 
of the end of the needle can be flat, tapered or conical.

Hole angle

Hole angle

Angle of spray

Pintle DelayLong-stem

Single hole Conical-end
single-hole

Multihole

Hole angle

FIgure 9.6 Types of injector nozzles

Les_Simpson_Ch09.indd   90 10/08/12   5:49 PM

Sam
ple

 on
ly



cHapter 9 Hydraulic injection    91

injector servicing

Servicing the fuel system, particularly the injectors, 
ensures a finely atomised spray of fuel is injected into 
the combustion chamber. Incorrectly serviced or faulty 
injectors may cause misfiring, engine knock, engine 
overheating, loss of power, smoky black exhaust and 
increased fuel consumption. Check with the engine or 
system manufacturer for the correct service intervals. 
The following information is for minor servicing and 
injector checking in the workshop. For major injector 
overhaul, the manufacturer’s procedures and specifica-
tions must be referred to. The overhaul of diesel pumps 
and injectors requires the utmost cleanliness and some 
specialised equipment. Therefore, major servicing and 
overhaul is best left to the specialised workshops that are 
equipped for diesel pump and injector overhaul.

locating a faulty injector

There are a number of ways to locate a faulty injector. 
Some can be performed on the engine but others require 
the injectors to be removed and tested.

isolating an injector

In some systems, faulty injectors can be isolated by loos-
ening the injector pipe at each injector in turn, with the 
engine running at fast idle (see Figure 9.8).

Loosening each pipe cuts off the fuel supply to the 
particular injector and if the injector is faulty no change 
in engine speed will occur. If a noticeable drop in engine 

speed is noted the injector is not faulty. This procedure 
is also used for checking and bleeding out any air in the 
fuel system that may be causing a problem.

On some engines it is not possible to gain access to 
the injector to crack open the line without extensive 
removal of other components; however, cracking the 
injector line at the pump produces the same result by 
removing the flow of fuel to the injector.

Isolating a faulty injector can also be achieved by using 
an  infrared heat gauge or monitor to measure the tem-
perature of the exhaust outlet or the injector for each cyl-
inder. The temperature for each cylinder should be close 
to the same. If one cylinder is dramatically lower in tem-
perature than the others, that cylinder could be the cause of 
the misfire.

checking injector spray

An injector can be checked for operation on the engine 
after it has been removed from the cylinder head. The 
injector is fitted to its pipe, but pointing away from the 
engine. The union nuts of the other injectors must be 
loosened, if they are still in place, to prevent fuel from 
being injected into the cylinders. The engine is cranked 
over with the starter so that the injector sprays into 
the air and the pattern of the spray can be observed. It 
should be a uniform fine spray, with no indications of 
wetness, streaks, side sprays or dribbles. When cranking 
is stopped, the nozzle should cut off and not dribble (see 
Figure 9.9). Ensure hands are clear of the injector while 
the engine is being cranked and wear safety goggles.

FIgure 9.7 Injector nozzles: (a) sac-hole nozzle,  
(b) seat-hole nozzle

(a)

(b)

Needle

Nozzle

Needle

Nozzle

Leak-off
pipe

connection

Injector
pipe union

FIgure 9.8 Bleeding an injector pipe by loosening a 
union at the injector

Safety warning

The procedures described here for cracking 
injector lines and checking spray patterns must 
not be performed on a common rail diesel system 
due to the very high fuel pressure (see Chapter 8).
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92    diesel engine basics

testing injectors

A faulty or doubtful injector should be removed from the 
engine and pressure tested on an injector tester. As well 
as bench testing, test equipment is available for pressure 
testing the injection system in the engine while it is run-
ning. This consists of a pressure gauge, valves and fittings 
connecting the injection pump and the injector. This will 
check the operating pressure, which can be used to assess 
the injector and the pump.

removing injectors

Before proceeding with any injector removal, ensure 
there is no dust, dirt or oil that can enter the cylinder 
and cause damage when the injector is removed.

When removing an injector, to ensure the injector 
pipe is not bent or distorted they should be disconnected 
at both the injector and the pump. The leak-off pipe 
should also be disconnected. This will ensure a correct 
reconnection, with no damage to the sealing surfaces 
and correct sealing with no leaks.

Injectors that are screwed into the cylinder head are 
removed with a special spanner that fits on to the body 
of the injector (see Figure 9.10).

Remove the bolts securing flanged injectors to the 
cylinder head. The injector can then be loosened with 
a special tool or lever, if necessary, and then removed 
(see Figure 9.11).

installing injectors

Before installing an injector, the recess in the cylinder 
head and the end of the injector must be clean. The wash-
ers and heat shield for the particular injector should be 
new and must be in place.

threaded injector
Check that it screws easily into the cylinder head. After 
seating in the sealing washers and heat shield, the injec-
tor must be tightened to a specified torque. Always check 

the manufacturer’s specifications. Over-tightening could 
cause the nozzle to deform and the needle could stick 
(see Figure 9.12).

Flanged injector
Check that it is a free fit in the recess of the cylinder 
head. Use a new copper sealing washer. Tighten the bolts 
or nuts evenly so that the injector is not tilted. Tighten 
to the specified torque. Always check the manufacturer’s 

FIgure 9.9 Injector operation: (a) spray pattern when 
pressurised, (b) condition when cranking stopped

Faulty

(a)

(b)

Good

Injector pipes

Leak-off pipe

Injectors

(b) Remove nuts holding leak-off pipe

(c) Remove injectors

(a) Disconnect injector pipes

Tool

FIgure 9.10 Removing threaded injectors from the 
cylinder head
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technical terms

• atomised spray

• combustion chamber

• common rail diesel (crd)

• conical

• dribble

• electrical discharge machining

• flanged injector

• fuel leak off

• hydraulic

• injector

• leak-off pipe

• misfiring

• multi hole

• needle

• nozzle

• pintle nozzle

• sac-hole

• seat-hole

• spark plug

• spindle

• spring

• tapered

specifications. Over-tightening could cause damage to 
the injector housing, seal and the nozzle.

Injector pipes
Always check the nuts for cleanliness and condition of 
threads and sealing flange. When being installed, the 
injector pipes should be checked at both ends to see that 
they fit squarely before the union nuts are connected.

union nuts
Tighten the union nuts at both ends of the injector pipes 
by hand. Then tighten with a spanner until the pipe is 
firmly in position. Over-tightening could cause damage 
to the sealing surfaces and threads. Always check for any 
tightening specifications.

FIgure 9.11 Flanged injectors are held in the cylinder 
head by bolts

Sealing washer

FIgure 9.12 Installing injectors: they should be 
tightened to a specified torque—the sealing washer is 
used at the base of the injector

Questions

1. What is a hydraulic injector?
2. list the main components of a hydraulic 

injector.
3. using Figure 9.5, explain the basic 

 operation of a hydraulic injector.
4. name at least two types of hydraulic injectors.
5. name the different types of nozzles.
6. explain the functions of:

a. the nozzle
b. the needle
c. the leak-off hose.

7. explain the purpose of:
a. the sac-hole nozzle
b. the seat-hole nozzle.

8. explain the term ‘dribble’ with regards to 
an injector.

9. describe the procedure for removing a 
hydraulic injector.
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94    diesel engine basics

10. describe the procedure for refitting a 
hydraulic injector.

11. the correct torque for tightening an 
 injector after refitting is:
a. 60 nm
b. 35 nm
c. as per manufacturer’s specifications.

12. Why is it considered dangerous to 
loosen an injector pipe on a common rail 
diesel?

13. before installing an injector, the recess 
in the cylinder head and the end of the 
 injector must be clean. explain why.

14. Why is it important not to over-tighten an 
injector when refitting?

15. in addition to safety, correct components, 
specialised equipment, specifications and 
procedures, what is of utmost importance 
when servicing or overhauling a diesel 
fuel system?
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