Innovation, Sciences et Innovation, Science and CA 2845207 C 2021/06/29

I*I Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 845 207
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(22) Date de dépébt/Filing Date: 2014/03/07 (51) ClLInt./Int.Cl. FO2M 59/44 (2006.01),

e : : . FO2M 37/06 (2006.01), FO2M 59/12(2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2014/09/21 FO4B 53/00(2006.01)

(45) Date de délivrance/lssue Date: 2021/06/29 .
(72) Inventeurs/Inventors:

(30) Priorités/Priorities: 2013/03/21 (US61/803964); VAN ALLSBURG, MIKE, US:
2014/02/25 (US14/188933) DEVRIES, PHILIP J., US;

SPOOLSTRA, GREGG R., US;

HARKEMA, RANDALL C., US

(73) Propriétaire/Owner:
EXERGY ENGINEERING LLC, US

(74) Agent: PERRY + CURRIER

(54) Titre : POMPE D'INJECTION DE CARBURANT
(54) Title: FUEL INJECTION PUMP

I8

4o

az - @ L_\\/-zs

(57) Abrégé/Abstract:

A fuel pump comprises a cam assembly having a lobe, and a body assembly including a cavity for receiving the cam assembly. The
body assembly includes both a body portion and a cover portion that cooperatively form the cavity. The body portion includes a
lobe cavity, an engagement surface and an opening at the cavity, with the cover portion including a respective engagement surface
and opening. The engagement surfaces are mated together with the cam assembly disposed in the cavity and extending through
the openings, and is configured to rotate in the cavity with the lobe disposed in the lobe cavity. A groove is formed in one of the
engagement surfaces of the body portion or cover portion for receiving a seal cap at least partially therein adjacent the lobe cavity.
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FUEL INJECTION PUMP
ABSTRACT OF THE DISCLOSURE

A fuel pump comprises a cam assembly having a lobe, and a body assembly including a
cavity for receiving the cam assembly. The body assembly includes both a body portion and a
cover portion that cooperatively form the cavity. The body portion includes a lobe cavity, an
engagement surface and an opening at the cavity, with the cover portion including a respective
engagement surface and opening. The engagement surfaces are mated together with the cam
assembly disposed in the cavity and extending through the openings, and is configured to rotate
in the cavity with the lobe disposed in the lobe cavity. A groove is formed in one of the
engagement surfaces of the body portion or cover portion for receiving a seal cap at least

partially therein adjacent the lobe cavity.
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FUEL INJECTION PUMP
CROSS REFERENCE TO RELATED APPLICATIONS

The present application claims priority of U.S. provisional patent application, Ser. No.
61/803,964, filed March 21, 2013, and U.S. non-provisional patent application, Ser. No.
14/188,933, filed February 25, 2014.

BACKGROUND OF THE INVENTION

The present invention is directed to a fuel injection pump, and in particular to a pump
for a common rail fuel system.

A common rail fuel pump operates to supply pressurized fuel to a fuel rail that is in turn
connected with individual injectors, such as solenoid operated injectors, that deliver fuel to the
individual cylinders of an engine. Common rail fuel injection pumps are known, such as the
Bosch CP3 fuel injection pump. The fuel output of this pump is limited by the geometry of the
pump body, and in particular maximum plunger lift is constrained by the diameter of the pump
body bore.

SUMMARY OF THE INVENTION

The present invention provides a common rail fuel pump that provides increased fuel
supply. In particular, the fuel pump of the present invention enables the stroke of the pump
plungers to be increased to thereby provide a higher volume common rail fuel injection pump.

According to an aspect of the present invention a fuel pump comprises a cam assembly
that includes a lobe, and a body assembly including a cavity for receiving the cam assembly.
The body assembly includes both a body portion and a cover portion with the body portion and
said cover portion cooperatively forming the cavity. The body portion includes a lobe cavity,
an engagement surface and an opening at the cavity, with the cover portion including a
respective engagement surface and opening. The engagement surfaces are mated together with
the cam assembly disposed in the cavity and extending through the openings, and is configured
to rotate in the cavity with the lobe disposed in the lobe cavity. A groove is formed in one of
the engagement surfaces of the body portion or cover portion for receiving a seal cap at least
partially therein adjacent the lobe cavity, where the seal cap is a separate component from the
body and cover portions.

In a particular embodiment the groove is formed in the engagement surface of the cover

portion and the body portion further includes a flange disposed about the opening of the body
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portion with the seal cap being disposed on the flange and the flange and seal cap being at least
partially disposed in the groove. Still further, the seal cap may include an internal wall, an
external wall, and a radially outwardly projecting shoulder extending from the external wall,
with the shoulder being disposed on an end of the flange when the seal cap engages with the
flange. The groove further includes an inner wall and an outer wall with the inner wall
including a seal ring groove, and wherein a seal ring disposed within the seal ring groove
contacts the seal cap.

According to another aspect of the present invention, a fuel pump comprises a cam
assembly having a lobe and a body including a cavity for receiving the lobe with the cavity
defining an opening in the body. The fuel pump further includes a cover having a channel
defined in an engagement surface of the cover, with a seal cap being disposed within the
channel when the cover and body are assembled together. In a particular embodiment the body
includes a flange disposed about the opening in the body and the seal cap engages with the
flange and both the flange and seal cap are disposed within the channel when the cover and
body are assembled together.

According to still another aspect of the present invention, a fuel pump includes an inlet
valve assembly and an inlet valve retainer, with the fuel pump including a body having a
threaded bore. The inlet valve retainer includes external threads for engagement with the
threaded bore for retaining the inlet valve assembly, and includes an internal cavity defining a
receptacle. The inlet valve assembly includes a valve body with the valve body being received
within the receptacle for axially aligning the inlet valve assembly relative to the threaded bore.

The fuel pump of the present invention enables a cam assembly having a greater stroke
to be utilized for higher performance applications, with the opening of the body portion of the
fuel pump being sized to enable a larger cam lobe to be installed. When so installed, the seal
cap engages with the flange on the body portion and extends into the groove or channel on the
cover portion, with the seal cap providing a sealing surface at its inner wall against which an o-
ring can contact.

These and other objects, advantages, purposes and features of this invention will

become apparent upon review of the following specification in conjunction with the drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevation view of a fuel pump assembly in accordance with the present
invention;

FIG. 2 is a top plan view of the fuel pump assembly of FIG. 1;

FIG. 3 is an exploded perspective view of the fuel pump assembly of FIG. 1;

FIG. 4 is a cross sectional view of the fuel pump assembly of FIG. 1 taken along the
line A-A of FIG. 2;

FIGS. 5A and 5B are partial close up views of portions of FIG. 4 showing a seal cap in
accordance with an aspect of the present invention;

FIG. 6A is a top plan view of an inlet valve retainer of the fuel pump assembly of FIG.
1; and

FIG. 6B is a partial cross sectional view of the fuel pump assembly of FIG. 1 taken
through the inlet valve retainer along the line A-A of FIG. 6A.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described with reference to the accompanying
figures, wherein the numbered elements in the following written description correspond to like-
numbered elements in the figures. A fuel pump or fuel pump assembly is shown at 30 in the
various views, where fuel pump 30 comprises a common rail fuel pump for supplying high
pressure fuel to a rail (not shown) to which are connected various injectors (not shown) for
providing fuel to the cylinders of an engine. Fuel pump 30 includes a body assembly 32
comprising a body or first body portion 34 and a cover or second body portion 36, with body
assembly 32 housing a cam assembly 38 that rotates within body assembly 32 for providing
high pressure fuel to the rail. Cam assembly 38 includes a rotating cam 40 having an eccentric
lobe 41 (FIG. 4) over which is disposed a polygon shaped lobe 42 having cam surfaces 43 that
drive plungers 44 within bores 45 of body 34 (one shown in FIG. 4) to generate the high
pressure fuel supply. Fuel is delivered into body 34 through three inlet valve assemblies 46
that are held within body 34 by inlet valve retainers 48. In the illustrated embodiment, fuel
pump 30 comprises a modified Bosch CP3 common rail injection pump.

Body assembly 32 defines a cavity 50 within which cam assembly 38 is disposed, with
body 34 including a cavity or bore 52 within which lobe 42 is located, where cavity 52 defines

a portion of cavity 50. Body 34 further includes a mounting face or surface 54 and a
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circumferential upstanding ridge or flange 56 disposed about an opening 58 to cavity 50, where
body 34 includes a radial surface or wall 59 at flange 56 that extends circumferentially about
opening 58. Body 34 additionally includes threaded bores 60 for receiving retainers 48, as
discussed in more detail below.

As understood from FIGS. 4, 5A and 5B, cover 36 includes a mounting face or surface
62 that mates with surface 54 of body 34 when assembled together. Cover 36 further includes a
circumferential groove or channel 64 disposed on surface 62, where channel 64 extends into
cover 36 perpendicularly relative to surface 62 and includes an inner wall 63 and an outer wall
65. Channel 64 is located about a cavity 66 that defines a portion of cavity 50 and defines an
opening 67 in cover 36, where cavity 66 receives a section 68 of cam 40 for rotational support
of the cam 40. Cover 36 further includes a pair of seal ring grooves 70, 72, for receiving seal
rings 74, 76, respectively, where groove 70 is disposed radially inwardly relative to channel 64
and groove 72 is disposed radially outwardly relative to channel 64. When cover 36 and body
34 are assembled together, flange 56 is received within channel 64 along with a seal cap 80, as
discussed in more detail below.

With reference now to FIGS. 3, 4, 5A and 5B, seal cap 80 is positioned between body
34 and cover 36 when assembled. Seal cap 80 comprises a circumferential ring member and
includes a top or head portion 82 and a wall portion 84 extending axially relative to head
portion 82, where head portion 82 extends radially outwardly relative to wall portion 84 to
define a radially extending shoulder or lip 86. Seal cap 80 further defines an internal radial
surface or wall 88 and an external radial surface or wall 90, with head portion 82 including an
angled radial surface or wall 92 (see FIG. 5B). Seal cap 80 is a rigid member, and in the
illustrated embodiment is a metallic member.

Seal cap 80 is assembled to flange 56 by placing shoulder 86 on a top end 57 of flange
56, whereby axial location is maintained by light interference between external radial wall 90
and opening 58. Shoulder 86 is also seated against top end 57 of flange 56 through a zero to
positive pressure differential of cavity 52 over cavity 50 acting on the projected area between
radial wall 59 and radial wall 88. As understood from FIGS. SA and 5B, flange 56 and seal cap
80 thereby fit within channel 64, with flange 56 and wall portion 84 having a cross- sectional
width sized to slip fit within channel 64. When so assembled, seal ring 74 within ring groove
70 presses against internal radial wall 88 of seal cap 80 to inhibit or seal against fuel leaking
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there past. Correspondingly, seal ring 76 located within groove 72 on cover 36 likewise
inhibits or seals against fuel leaking past the joint between cover 36 and body 34 to a location
exterior of body assembly 32.

As noted, cam 40 includes an eccentric lobe 41 such that when cam 40 is rotated
polygon lobe 42 is driven in an eccentric manner whereby cam surfaces 43 will undergo radial
movement relative to the rotational axis 94 of cam 40 to drive plungers 44. In the illustrated
embodiment, lobe 42 of cam 40 is sized to provide greater pumping stroke to plungers 44
relative to a conventional pump, with lobe 42 being sized such that it cannot be installed in the
opening of a conventional pump. Accordingly, opening 58 of body 34 is sized to enable
installation of lobe 42 such that positions about polygon lobe 42 that are at the maximum radial
distance from axis 94 are located axially beneath seal cap 80 when cap 80 is installed, whereby
the polygon lobe 42 is able to drive the plungers 44 with a greater stroke. That is, as best
understood from FIG. 5B, in order to install and/or remove cam assembly 38 into or from body
34, seal cap 80 must be removed, with opening 58 providing sufficient clearance for polygon
lobe 42 to be installed into and/or removed from cavity 52. When seal cap 80 is installed on
flange 56 with lobe 42 located within lobe cavity 52, the radial distance from axis 94 to the
inner wall 88 of seal cap 80 is less than the radial distance from axis 94 to portions of the outer
periphery of cam lobe 42.

In an alternative arrangement, rather than engage seal cap 80 with flange 56, body 34
can be machined such that flange 56 is removed whereby a larger opening is formed relative to
opening 58. Still further, in this alternative embodiment a circumferential groove or channel or
pocket is located on body 34 relative to surface 54. An alternative seal cap is correspondingly
then provided that is located by or within the pocket formed in surface 54 of body 34. The
alternative seal cap includes a portion extending upward relative to surface 54 for receipt in
groove 64, including an axially extending wall defining or including an internal radial surface
or wall against which seal ring 74 engages.

Referring now to FIGS. 4, 6A and 6B, inlet valve assembly 46 is shown to include a
valve body 100 having a fuel passage 102 there through, and includes a valve 104 having a
valve stem 106 and a valve head 108, where valve head 108 selectively seals against valve
body 100. Valve assembly 46 further includes a biasing member comprising a spring 110 and a
seat 112 affixed to stem 106 such that spring 110 normally biases valve head 108 into the
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closed or sealed position relative to body 100 shown in FIG. 6A. Valve 104 is opened to allow
fuel supplied to fuel passage 102 to fill bores 45 when plungers 44 draw back within bores 45
relative to valve assemblies 46.

Inlet valve retainer 48 comprises a retainer body 114 having external threads 116 and an
internal cavity 118. Cavity 118 includes a first portion 120 and a second portion 122, with first
and second portions 120, 122 being generally cylindrical in the illustrated embodiment and
with first portion 120 having a smaller internal diameter relative to second portion 122 such
that a shoulder 124 is formed there between. Still further, valve body 100 is sized to be
received within second portion 122 such that shoulder 124 is able to contact body 100. Second
portion 122 of cavity 118 thus defines a receptacle for receiving valve body 100. Moreover, as
understood from FIG. 6A, threaded bores 60 of body 34 have a greater diameter than bores 45
to define a valve seat 126. Thus, when assembled together, valve retainer 48 axially locates or
pilots valve assembly 46 relative to bore 45 by way of receiving valve assembly 46 within
second portion 122 of cavity 118 and contacting valve assembly 46 at shoulder 124 between
valve seat 126 of body 34.

Changes and modifications in the specifically described embodiments can be carried out
without departing from the principles of the present invention which is intended to be limited
only by the scope of the appended claims, as interpreted according to the principles of patent

law including the doctrine of equivalents.



The embodiments of the invention in which an exclusive property or privilege is claimed are

defined as follows:

1. A fuel pump, said fuel pump comprising:

a carn assembly, said can assebly having a longitudinal axis and including a lobe and a

cam, with said lobe including cam surfaces for driving plungers;

a body assembly including a cavity for receiving said cam assembly, said body assembly
including a body portion and a cover portion with said body portion and said cover portion
cooperatively forming said cavily, said body portion including a lobe cavily, an engagement
surface and an opening at said lobe cavity, and said cover portion including an engagement
surface and an opening in said engagement surface of said cover portion at said cavity, and
wherein a groove is formed in one of said engagement surfaces of said body portion or said

cover portion;

a seal cap, said seal cap being separate from said body portion and said cover poriion;

and

said engagement surfaces being mated together with said cam assembly disposed in said
cavity and extending through said openings and with said cam configured to rotate about said

lengitudinal axis in said cavity with said lobe disposed in said lobe cavity of said body portion;

wherein said seal cap is at least partially disposed in said groove adjacent said lobe cavity
and wherein said groove is formed in said engagement surface of said cover portion, and wherein
said body portion further includes a flange disposed about said opening of said body portion, and
wherein said seal cap is disposed on said tlange with said flange and said seal cap being at least
partially disposed in said groove when said body portion and said cover portion are assembled
together, and wherein said seal cap includes an internal wall and an external wall, and includes a
radially outwardly projecting shoulder extending from said external wall relative to said
longitudinal axis, and wherein said shoulder is disposed on an end of said flange when said seal

cap engages with said flange; and

wherein when said cam rotates during operation of the fuel pump a radial distance from

said longitudinal axis to said internal wull of said seal cap is less than a radial distance to

Date Recue/Date Received 2020-10-23



portions of said Iobe that are at a maximum radial distance from the longitudinal axis of said cam

assembly.

2. The fuel pump of claim i, wherein said seal cap includes a wall portion extending axially
refative to said shoulder with said wall portion being inwardly angled relative to said internal

wall.

3. The fuel pump of claim 1, wherein said groove includes an inner wall and an outer wall with
said inner wall including a seal nng groove, and wherein a seal ring disposed within said seal

ring groove contacts said seal cap.

4. The fuel pump of claim 1, further including an inlet valve assembly and an inlet valve retainer,
and wherein said body portion includes a threaded bore and said inlet valve retainer includes
external threads for engagement with said threaded bore for retaining said inlet valve assembly,
said inlet valve retainer further including an internal cavity defining a receptacle, and wherein
said inlet valve assembly includes a valve body with said valve body being received within said

receptacle for axially aligning said inlet valve assembly relative to said threaded hore.

5. The {uel pump of claim 4, {further including a plurality of said inlet valve ussemblies and a
plurality of said miet valve retainers, and wherein said body portion includes a plurality of said
threaded bores with each said threaded bore receiving one of said inlet valve assemblies and one

of said inlet valve retainers.

6. The tuel pump of claim i, wherein said body portion includes a plurality of plungers driven by

said lobe for generating a high pressure fuel supply.

7. A fuel pump, said fuel pump comprising:

a cam assembly, said cam assembly having a longitudinal axis and including a lobe and a

cam, with said lobe including cam surfaces for driving plungers;

Date Recue/Date Received 2020-10-23



a body assembly including a cavity for receiving said cam assembly, said body assembly
inchiding a body portion and a cover portion with said body portion and said cover portion
cooperatively forming said cavity, said body portion including a lobe cavity, an engagement
surface, an opening at said lobe cavity, and a flange disposed about said opening of said body
portion with said flange projecting outwardly from said engagement surface of said body portion,
and said cover portion including an engagement surface and an opening in said engagement
surface of said cover portion at said cavity, and wherein a channel is formed in said engagement

surface of said cover portion;

a seal cap, said seal cap being separate from said body portion and said cover portion,
wherein said seal cap includes an internal wall and an external wall, and includes a radially
outwardly projecting shoulder extending from said external wall relative to said longitudinal
axis, and wherein said shoulder is disposed on an end of said flange when said seal cap engages

with said flange;

said engagement surfaces being mated together with said cam assembly disposed in said
cavity and extending through said openings and with said cam configured to rotate about a
longitudinal axis of said cam assembly perpendicular to said engagement surfaces with said lobe
disposed in said lobe cavity of said body portion, and wherein at least a portion of said channel is
aligned with said opening of said body portion with said seal cap being disposed at said flange
with said flange and said seal cap being at least partially disposed in said channel such that said
seal cap is aligned with said opening of said body portion, and wherein when said cam rotates
during operation of the fuel pump a radial distance from said longitudinal axis to said internal
wall of said seal cap is less than a radial distance to portions of said lobe that are at a maximum

radial distance from the longitudinal axis of said cam asscmbly.
8. The fuel pump of claim 7, wherein said seal cap includes a wall portion extending axially
relative to said shoulder with said wall portion being inwardly angled relative to said internal

wall.

9. The fuel pump of claim 7, wherein said channel includes an inner wall and an outer wall with

said inner wall including a seal ring groove, and wherein a seal ring disposed within said seal

Date Recue/Date Received 2020-10-23



ring groove contacts said seal cap.,

10. The fuel pump of claim 7, further including an inlet valve assembly and an inlet valve
retainer, and wherein said body portion includes a threaded bore and said inlet valve retainer
inchides external threads for engagement with said threaded bore for retaining said inlet valve
assembly, said inlet valve retainer further including an internal cavity defining a receptacle, and
wherein said inlet valve assembly includes a valve body with said valve body being received
within said receptacle for axially aligning said inlet valve assembly relative to said threaded

bore.

1 1. The fuel pump of claim 10, further including a plurality of said inlet valve assemblies and a
plurality of said inlet valve retainers, and wherein said body portion includes a plurality of said
threaded bores with each said threaded bore receiving one of said inlet valve assemblies and one

of said inlet valve retainers.

12. The fuel pump of claim 7, wherein said seal cap comprises a ring member.

i0
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