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Abstract

An integrated unit pump injector that includes a cam follower, unit pump, 
injection line and injection nozzle is pre-assembled for installation in an engine block

5 and cylinder head. By pre-assembling the integrated unit pump injector, the
assembly can be tested for fuel leaks, injection timing and volume of fuel delivered 

by the pump without first installing the individual devices in an engine. Variation in 

fuel output, injection timing and fuel volume is reduced while engine assembly time 

and cost is also reduced. The integrated unit pump injector orients the pump and

10 nozzle on parallel axes and requires that the pump bore in the block and the nozzle 

bore in the cylinder head also be parallel to enable the injector and pump to be fixed 

relative to one another prior to installation and both installed simultaneously by 

movement in the direction parallel to their axes.
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The following statement is a full description of this invention, including the best method of 
performing it known to me:-

5020



P:\WPDOCS\LM ΒΙχΒσ MiltertSpecifiuuocs\7603S00 specie doc-7 May. 2004

- 1 -

ENGINE WITH INTEGRATED UNIT PUMP INJECTOR 
AND METHOD OF MAKING THE SAME

Background Of The Invention
5 1. Field of the Invention

The present invention relates to a fuel injected engine having unit pumps and 
injection nozzles that are integrated with one another as a subassembly enabling the 
integrated unit pump and injection nozzles to be leak tested and calibrated prior to 
installation of the integrated pump and nozzle on the engine block and cylinder head.

10
2. Description of Related Art

Currently, camshaft followers, unit pumps, injection lines and injection nozzles are 
installed in engines as individual components. Part variability results in significant 
variation in fuel output. Injection timing is set by measuring the block and selecting shims

15 to adjust the pump mounting. Fuel leaks will occur if the injection line connections are 
faulty or not tightened properly.

Only after assembly into an engine are these components coupled with one another, 
thereby enabling leak testing and calibration of the quantity of fuel delivered by the pump 
and nozzle. If leaks are present, or if the fuel output is not within the desired specification,

20 significant disassembly of the engine is needed to access the pump or nozzle for correction.
The present invention seeks to ameliorate one or more of the above-mentioned 

disadvantages.

Summary of the Invention
25 According to one aspect of the present invention there is provided a method of

manufacturing a fuel injected engine comprising the steps of: attaching a cylinder head to a 
block, the cylinder head having a nozzle bore for receiving a fuel injection nozzle and the 
block having a pump bore for receiving a unit pump, the nozzle bore and the pump bore 
being parallel with each other when the cylinder head is attached to the block; and

30 installing a pre-assembled integrated unit pump injector having an injection nozzle, a unit 
pump and an injection line connecting the injection nozzle to the unit pump, the injection 
nozzle and the unit pump each having an axis with the axes being oriented parallel with 
one another, the integrated unit pump injector being installed in the block and cylinder 
head by simultaneously inserting the nozzle and the pump into the nozzle and pump bores

35 respectively.
According to another aspect of the present invention there is provided a method of 

manufacturing a fuel injected engine comprising the steps of: assembling an integrated unit 
pump injector by coupling a unit pump to an injection nozzle via an injection line with a 
longitudinal axis of the nozzle parallel with a longitudinal axis of the pump; attaching a
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cylinder head to an block, the cylinder head having a nozzle bore for receiving a fuel 
injection nozzle and the block having a pump bore for receiving a unit pump, the nozzle 
bore and the pump bore being parallel with each other when the cylinder head is attached 
to the block; and installing the pre-assembled integrated unit pump injector by

5 simultaneously inserting the nozzle and the pump into the nozzle and pump bores in the 
cylinder head and the block respectively.

Description Of The Drawings
In order to enable a clearer understanding of the invention, drawings illustrating

10 example embodiments are attached, and in those drawings:
Fig. 1 is a side elevational view of the integrated unit pump injector according to a

preferred embodiment of the present invention;
Fig. 2 is an exploded perspective view of an engine block, cylinder head and

integrated unit pump injector.
15

Description Of The Preferred Embodiment 
The integrated unit pump injector of a preferred embodiment of the present

invention is shown in Fig. 1 and designated generally at 10. The integrated unit pump 
injector includes a unit pump 12, a cam follower 14, an injection line 16 and an injection

20 nozzle 18. The nozzle axis and the pump axis are parallel to each other to enable the 
integrated unit pump injector to be installed in an engine as described below.

The unit pump 12 is a conventional pump and includes a fuel inlet port 20. The 
internal plunger of the pump is coupled to a radial control arm 22 which has a pin 24 that 
couples to a control rod. The control rod is moved by the engine governor to turn the

25 pump plunger to vary the amount of fuel delivered per stroke of the pump plunger. The 
cam follower 14 includes a roller 30 that engages a lobe 32 on the camshaft 34 shown in 
Fig. 2. The camshaft lobe causes an upward stroke of the

4 « ·• · · ··· ·»



pump plunger.

The pump outlet is coupled to the injection line 16 through a threaded 

coupling 36. The Opposite end of the injection line 16 is integrally joined to the body 

38 of the injection nozzle 18. Alternatively, the injection line can be joined to the

5 nozzle through another threaded coupling. The nozzle 18 terminates in a tip 40 that 

delivers fuel to the combustion chamber.

The integrated unit pump injector 10 is assembled together as shown in Fig. 1 
as a subassembly prior to installing the components in the engine block or cylinder 
head. Once assembled, the integrated unit pump injector is tested for leaks and fuel

10 volume output and is shimmed internally to give correct injection timing. Any
assemblies with leaks or fuel output outside the specified range are disassembled 

and corrected. The integrated unit pump injector 10 is subsequently installed in an 
engine after the cylinder head 50 is fastened to the engine block 52 by a plurality of 

bolts 54 in a conventional manner. The cylinder head 50 is provided with a nozzle

15 bore 56 that receives the nozzle 18 of the integrated unit pump injector. Similarly, the 

block 52 includes a pump bore 58 that receives the pump 12. The pump bore 58 and

..:··· nozzle bore 56 are parallel to one another.
• ·
: The integrated unit pump injector 10 is installed in the engine by• · · ·
*··’ · simultaneously placing the pump 12 into the pump bore 58 and the injection nozzle 
• · ·
J 1θ into the nozzle bore 56. The pump passes through an opening 60 in the cylinder• · ·

head and into the pump bore 58 of the block.

...... : A fork shaped nozzle hold down member 62 secures the nozzle to the• ·
·’’’’· cylinder head. A bolt 64 is inserted into the threaded aperture 65 in the cylinder

head. Likewise, a fork shaped pump hold down member 66 is retained by a threaded
••••’25 fastener 68 in the aperture 70 in the block to secure the pump to the block. The 
• ·

pump hold down member 66 engages the horizontal upper surface 74 of the pump

.····. 12.• · · ·
·’·’·. Prior to installation of the unit pump injector, the camshaft 34 is installed in the

engine block through the opening 76 at the end of the block. The camshaft is
30 positioned below the pump to be engaged by the cam follower 14. The camshaft has 

a lobe for the unit pump of each cylinder.

3
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Use of the integrated unit pump injector of a preferred embodiment of the present 

invention is made possible by orienting the nozzle bore 56 and the pump bore 58 parallel 

with one another so that the joined pump and nozzle can be inserted simultaneously, as an 

assembly, into the cylinder head and block. The integrated unit pump injector and method

5 of manufacturing makes it possible to reduce engine assembly time and cost. Furthermore, 

the integrated unit pump injector reduces output variability and the likelihood of leaks.

Finally, it is to be understood that various alterations, modifications and/or 

additions may be incorporated into the various constructions and arrangements of parts 

without departing from the spirit or ambit of the invention.

10 Throughout this specification and the claims which follow, unless the context

requires otherwise, the word "comprise", and variations such as "comprises" or 

"comprising", will be understood to imply the inclusion of a stated integer or step or group 

of integers or steps but not the exclusion of any other integer or step or group of integers or 

steps.

15 The reference to any prior art in this specification is not, and should not be taken

as, an acknowledgment or any form of suggestion that that prior art forms part of the 

common general knowledge in Australia.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of manufacturing a fuel injected engine comprising the steps
5 of:

attaching a cylinder head to a block, the cylinder head having a nozzle 

bore for receiving a fuel injection nozzle and the block having a pump bore for 

receiving a unit pump, the nozzle bore and the pump bore being parallel with each 
other when the cylinder head is attached to the block; and

10 installing a pre-assembled integrated unit pump injector having an
injection nozzle, a unit pump and an injection line connecting the injection nozzle to 

the unit pump, the injection nozzle and the unit pump each having an axis with the 

axes being oriented parallel with one another, the integrated unit pump injector being 

installed in the block and cylinder head by simultaneously inserting the nozzle and
15 the pump into the nozzle and pump bores respectively.

• ·
20

..:25

2. The method as defined by claim 1 wherein the integrated unit pump 
injector includes a cam follower coupled to the unit pump for engagement with a 
camshaft carried by the block.

3. The method as defined by claim 1 further comprising the steps of: 
securing the nozzle to the cylinder head with a first hold down member

and

securing the pump to the block with a second hold down member.

4. The method as defined by claim 3 wherein the first and second hold 

down members are attached by threaded fasteners in bores in the cylinder head and 

block parallel to the nozzle and pump bores.

5



5. A method of manufacturing a fuel injected engine comprising the steps

of:
assembling an integrated unit pump injector by coupling a unit pump to 

an injection nozzle via an injection line with a longitudinal axis of the nozzle parallel

5 with a longitudinal axis of the pump;
attaching a cylinder head to an block, the cylinder head having a

nozzle bore for receiving a fuel injection nozzle and the block having a pump bore for 

receiving a unit pump, the nozzle bore and the pump bore being parallel with each 

other when the cylinder head is attached to the block; and
10 installing the pre-assembled integrated unit pump injector by

simultaneously inserting the nozzle and the pump into the nozzle and pump bores in 

the cylinder head and the block respectively.

6. The method as defined by claim 5 further comprising the step of testing

15 the assembled integrated unit pump injector for leaks prior to installation of the

integrated unit pump injector in the cylinder head a block.
• · · ·• · · ·

7. The method as defined by claim 5 further comprising the step of• · ·
J*..* calibrating the assembled integrated unit pump injector for the desired fuel volume at 

• · ·
:·.··20 a given speed and control arm position prior to installation of the integrated unit • · *

pump injector into the cylinder head and block.

’····* 8. The method as defined by claim 5 wherein the integrated unit pump
. injector includes a cam follower and further comprising the step of installing a• · · ·

’«’• 25 camshaft in the block prior to installation of the integrated unit pump injector.
• · · ·

.··*·. 9. The method as defined by claim 5 further comprising the steps of:

securing the nozzle to the cylinder head with a first hold down member;

and
30 securing the pump to the block with a second hold down member.

6



10. A method of manufacturing a fuel injected engine substantially 

as hereinbefore described with reference to the drawings.

DATED this 27th day of April 2001

DEERE & COMPANY
By their Patent Attorneys
DAVIES COLLISON CAVE
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