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WO 00/00742 PCT/US99/14342

FLEXIBLE ARMATURE FOR FUEL INJECTION SYSTEM CONTROL VALVE

Technical Field

This invention relates to a control valve
5 assembly for damping control valve motion in a heavy

duty truck diesel fuel injection system.

Background Art

Fuel control valve assemblies in vehicular

fuel injection systems typically include a housing

10 having a control valve chamber, a control valve having
a piston valve body, and a valve stop. Electromagnetic
actuators are commonly used in control valve assemblies

for electronically controlling actuation of the control

valve. The electromagnetic actuator, usually a sole-
15 noid, is enclosed in a stator. The control wvalve is
rigidly secured to an armature. A spring is used to

urge the control valve toward a deactuated position
which places the armature a short distance away from the
stator, and which is usually the open position for the
20 control wvalve. When the solenoid is energized, the
armature is pulled up against the stator, against the
spring bias, moving the control valve to the actuated
position which is usually the closed position for the
control valve. The electromagnetically actuated valve
25 allows greater sophisticated and more precise control

over the injection process, thereby improving combus-
tion.



WO 00/00742 PCT/US99/14342

10

15

20

25

30

Although fuel pumps and injectors having
electromagnetically actuated control valves have been
used in many applications that have been commercially
successful, control valve bounce limits the ability to
control the combustion process in these existing pumps
and injectors. Control wvalve bounce occurs when the
armature is pulled up against the stator by the ener-
gized solenoid, and the armature bounces upon impact
with the stator. The bouncing armature causes the
control valve, which is rigidly secured to the control
valve, to bounce in diminishing series fashion before
finally seating. This control valve bounce can signifi-
cantly lessen the precision of the fuel flow process,

and thereby lessen the combustion efficiency.
For the foregoing reasons, there is a need for

a control valve assembly for pumps and injectors that

overcomes the problems and limitations of the prior art.

Disclosure Of Invention

It is, therefore, an object of the present
invention to provide pumps and injectors having reduced
control valve bounce when the control valve is actuated.

In carrying out the above objects and other
objects and features of the present invention, a pump
for a fuel injection system is provided. The pump
comprises a pump body having a pumping chamber, a fuel
inlet for supplying fuel to the pumping chamber, an
outlet port, and a control valve chamber between the
pumping chamber and the outlet port. A plunger is
disposed in the pumping chamber. An actuatable control

valve disposed in the control valve chamber controls
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fﬁel. The control valve includes a valve body moveable

between actuated and deactuated positions.

The pump further comprises a stator assembly
including an actuator operable to actuate the control
valve, and an armature. The armature has a middle beam
portion connected to an outer body portion. The control
valve is secured to the middle beam portion. The
control valve and the armature are arranged such that
operation of the actuator causes the armature to urge

the valve body toward the actuated position.

The armature has at least one slot formed at
the interface of the middle beam portion and the outer
body portion. The at least one slot is configured to
allow the armature to flex during actuation of the
control valve. The armature flexes to damp movement of
the wvalve body relative to the armature outer body
portion as the valve body moves to the actuated posi-
tion. That is, any bouncing of the armature outer body
is dumped by the flexing armature, reducing any result-

ing bouncing of the control valve.

Preferably, the at least one slot includes a
pair of parallel slots located on opposite sides of the
armature middle beam portion. The control wvalve is

secured to the armature between the pair of slots.

Further, in a preferred embodiment, the
armature middle beam portion has a first thickness that
is less than a second thickness of the armature outer
body portion. Still further, the armature middle beam

portion preferably has at least one hole extending
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therethrough. The hole extends perpendicular to a face

of the armature.

Further, in carrying out the present inven-
tion, a fuel injector is provided. The fuel injector
comprises an injector body with a pumping chamber and a
control valve chamber, a plunger, an actuatable control
valve, and a stator assembly including an actuator. The
injector further comprises an armature having a middle
beam portion connected to an outer body portion. The
control wvalve is secured to the middle beam portion;
and, the contrecl valve and the armature are arranged
such that operation of the actuator causes the armature

to urge the valve body toward the actuated position.

The armature has at least one slot formed at
the interface of the middle beam portion and the outer
body portion. The at least one slot is configured to
allow the armature to flex during actuation of the
control valve. The armature flexes to damp movement of
the wvalve body relative to the armature outer body
portion as the valve body moves to the actuated posi-
tion. that is, any bouncing of the armature outer body
is dumped by the flexing armature, reducing any result-

ing bounce of the control valve.

Still further, in carrying out the present
invention, a component for use in a control valve
assembly in a fuel injection system is provided. The
component comprises an armature having a middle beam
portion connected to an outer body portion. The middle
beam portion is adapted to secure to an actuable control
valve. The armature has at least one slot formed at the

interface of the middle beam portion and the outer body
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the armature to flex during actuation of the control
valve to damp movement of the control valve relative to
the armature outer body portion as the control valve
moves to the actuated position. That is, any bouncing
of the armature outer body is dumped by the flexing

armature, reducing any resulting bounce of the control

valve.

The advantages associated with embodiments of
the present invention are numerous. For example,
armatures made in accordance with the present invention
for pumps or injectors may ke manufactured as a one-
piece armature. The use of a one-pilece armature design
reduces manufacturing expense, while providing a compo-
nent that damps control valve bounce when the valve body

seats in the actuated position.

The above objects and other objects, features,
and advantages of the present invention will be readily
appreciated by one of ordinary skill in the art from the
following detailed description of the best mode for
carrying out the invention when taken in connection with

the accompanying drawings.

Brief Description Of Drawings

FIG. 1 is a side elevation, in section, of a
pump for a fuel injection system made in accordance with

the present invention;

FIG. 2 i1s an enlarged cross-sectional view of

the control valve on the pump shown in FIG. 1;
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FIG. 3 is an enlarged crogs-sectional view of

the armature environment on the pump shown in FIG. 1;

FIG. 4 is a side elevation, in section, of an
injector for a fuel injection system made in accordance

with the present invention;

FIG. 5 is a top perspective view of an arma-

ture of the present invention;

FIG. 6 1s a bottom perspective view of the

armature shown in FIG. 5;

FIG. 7 is a top view of the armature shown in
FIG. 5;

FIG. 8 is an end view of the armature shown in
FIG. 5;

FIG. 9 1s a cross-sectional view taken along
line 9-9 of Fig, 7;

FIG. 10 is a bottom view of the armature shown
in FIG. 5; and

FIG. 11 is a cross-sectional view taken along
line 11-1lof Fig, 7.

Best Mode For Carrying Out The Invention

Referring to FIG. 1, a pump 10 made in accor-
dance with the present invention is illustrated. The
pump 10 has a pump body 12 with a pump body end portion
14. A pumping chamber 16 is defined by pump body 12.



WO 00/00742

10

15

20

25

30

PCT/US99/14342

-7

A fuel inlet 18 for supplying fuel to pumping chamber 16
igs located on the periphery of pump body 12. Pump body
12 further has an outlet port 20, and a control valve
chamber 22 between pumping chamber 16 and outlet port
20. O-rings 24 are provided to seal fuel inlet 18 with
respect to an engine block which receives pump 10.
Passageways 26 and 28 connect outlet port 20, control

valve chamber 22, and pumping chamber 16.

A reciprocating plunger 30 1s disposed in
pumping chamber 16. Plunger 30 has a head end 32 and a
tail end 34. Plunger 30 is reciprocatable over a stroke
range between a retracted position indicated at 30 and
an extended position indicated in phantom at 31. A

plunger spring 40 resiliently biases plunger 30 to the
retracted position 31.

A stator assembly 42 contains an electromag-
netic actuator 44, such as a solenoid, and has terminals
for connecting to a power source to provide power for
electromagnetic actuator 44. An electromagnetically
actuated control valve 46 is disposed in control valve
chamber 22 for controlling fuel. Control wvalve 46
includes a piston valve body 48. Piston valve body 48
is movable between a deactuated position and an actuated
position within control valve chamber 22. Typically,
the deactuated position is the open position, and the
actuated position is the closed position for wvalve body
48. An annular fuel filter 50 is disposed in pump body
12 about a central axis of piston valve body 48. Fuel
inlet 18 allows fuel to pass through fuel filter 50
prior to entering pumping chamber 16. An armature 52 is

secured to control valve 46 by a fastener such as a
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screw 54. A valve stop 60 is disposed in pump body 12
adjacent to control valve chamber 22.

A control valve spring 70 resiliently biases
piston valve body 48 into the deactuated position. A
control valve spring seat 72 and a control valve spring
retainer 76 abut first and second ends 74 and 78 of

control valve spring 70, respectively.

A stator spacer 80 having a central opening 82
for receiving armature 52 therein is disposed between
pump body 12 and stator assembly 42. Stator spacer 80
has notches 81 for receiving retainer 76. O-rings 84
and 85 seal stator spacer 80 against stator assembly 42

and pump body 12, respectively.

Stop plate 62 has holes 86 in alignment with
holes 87 in pump body 12, and holes 88 and 89 in stator
assembly 42 and stator spacer 80, respectively. Fasten-
ers 90 extend through stator assembly 42, stator spacer
80, and pump body 12. Fasteners 90 secure stop plate 62
against valve stop 60. Preferably, washers 92 are used
with fasteners 90, and a nameplate 93 may be secured to

stator assembly 42 for identification purposes.

With continuing reference to FIG. 1, a cam
follower assembly 100 is illustrated. Cam follower
assembly 100 has a housing 102 with an elongated slot
104. Cam folléwer assembly 100 has an axle 106 and a
roller 108 for engagement with a camshaft (not shown).
Plunger 30 is reciprocated within pumping chamber 16
between the extended position 31 and the retracted
position 30 by cam follower assembly 100. A cylindrical

sleeve 110 has an aperture 112 in communication with
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elongated slot 104. Cylindrical sleeve 110 has first
and second end portions 114 and 116, respectively. Pump
body end portion 14 interfits with first end portion 114

of cylindrical sleeve 110.

Second end portion 116 of cylindrical sleeve
110 relatively reciprocatably interfits with cam follow-
er assembly 100 for allowing cam follower assembly 100
to drive plunger 30. Cam follower assembly 100 recipro-
cates within cylindrical sleeve 110 and drives plunger
30 relative to cylindrical sleeve 110 over the stroke
range. Preferably, a retainer guide 120 extends through
aperture 112, cylindrical sleeve 110, and engages slots
104 in cam follower assembly 100. A clip 122 retains
guide 120 within aperture 112.

A plunger spring seat 130 1s received in
housing 102 of cam follower assembly 100. Plunger
spring seat 130 abuts a first end 132 of plunger spring
40. Pump body end portion 14 abuts second end 134 of
plunger spring 40.

Pump body 12 has a £first annulus 150 in
communication with fuel inlet 18 for supplying fuel to
the pumping chamber 16. Pump body 12 further has a
second annulus 152 in communication with pumping chamber
16 for receiving excess fuel therefrom. An annular belt
154 separates first and second annuli 150 and 152,

respectively.

An excess fuel chamber 158 receilves excess
fuel from control valve chamber 22. A conventional fuel
equalizing passage 161 provides fuel communication

between excess fuel chambers 158 and the control wvalve
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and spring chambers. A return passageway 160 connects
excess fuel chamber 158 to second annulus 152. Another
return passageway 162 connects pumping chamber 16 to
second annulus 152 for receiving any fuel that leaks
between plunger 30 and pump body 12. Second annulus 152
is defined by annular belt 154 and first end portion 114
of cylindrical sleeve 110. As well known in the art,
fuel 1s supplied to pump 10 through internal fuel

rassageways in the engine block (not shown).

With reference now to FIG. 2, piston valve
body 48 1is shown in the wunactuated position. Upon
actuation, piston valve body 48 is urged inwardly from
the open position against valve stop 60 (not specifi-
cally shown) to the closed position depicted in FIG. 2.
Fuel is allowed to flow through passageway 26 in pump
body 12 toward outlet port 20 in accordance with control
valve 46 Dbeing opened and closed in a fixed sequence
allowing the desired fuel pressure to be developed while
closed. Passageway 26 1s always open to the pumping
chamber but fuel flow to the nozzle is precluded, as
described, and optionally with the assist of a pressure
relief valve (not shown) within the high pressure line,
pursuant to conventional practice. It is to be appreci-
ated that embodiments of the present invention may
alternatively be configured with as inwardly opening
control valve, as opposed to the inwardly cloging design
depicted in FIG. 1. That is, flex armatures of the
present invention dump valve bounce that occurs when the
armature 1s pulled to the stator by the energized
solenoid. As such, the control valve may be configured
to be either opened or closed in the actuated position,
with the flex armature damping valve bounce as the valve

seats in its actuated position.
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With reference to FIG. 3, armature 52 1is

secured to control valve 46 by screw 54.

Operation of pump 10 will now be described
with reference to Figure 1. Fuel is received from a
fuel supply by first annulus 150 and supplied to fuel
inlet 18. Fuel inlet 18 routes fuel through fuel filter
50 and to pumping chamber 16. The camshaft (not shown)
drives cam follower assembly 100. Plunger 30 is moved
from the retracted position 30 to the extended position
31, and fuel is pressurized within pumping chamber 16
when control wvalve 46 is held closed. Armature 52
flexes upon control valve actuation to damp control
valve bounce during valve closing, or in the alterna-
tive, during valve opening (not specifically illus-
trated) .

Referring to FIG. 4, an injector 200 made in
accordance with the present invention is illustrated.
Injector 200 has an injector body 202 and a nozzle
assembly 204. Spring cage assembly 206 is located
adjacent nozzle assembly 204. A plunger 208 1is
reciprocatably driven within body 202 by a push rod 210.
A stator 214 includes an actuator for controlling an
electronically controlled valve assembly 212. A flex
armature 216 of the present invention is secured to a
control valve 218 by an armature screw 220. Armature
216 is encircled by a stator spacer 222. Control valve
218 is biased toward a deactuated position by control
valve spring 224. Upon actuation, armature 216 1is
pulled toward stator 214 resulting in control valve 218
moving against the bias of spring 224 into the actuated

position. Armature 216 flexes to damp control valve
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bounce when control 218 moves into an seats in the

actuated position.

Injector 200 operates in a known manner, as
shown, for example, in U.S. Patent No. 4,618,095,
assigned to the assignee of the present invention, and
hereby incorporated by reference in its entirety.
Similar to pump 10 (FIG. 1), control valve assembly 212
may be configured to either open or close upon valve

actuation, based on the particular pump or injector
design.

Flex armature 52 of pump 10 (FIG. 1), and flex
armature 216 of injector 200 (FIG. 4), are configured in
accordance with the present invention to damp valve
bounce during valve actuation. A preferred embodiment
of a flex armature of the present invention is depicted
in FIGS. 5-11, where the armature is generally indicated
at 230. Referring to FIGS. 5-11, and as best shown in
the perspective views of FIGS. 5 and 6, armature 230 has
a middle beam portion 232 connected to an outer body
portion 234. Armature 230 has at least one slot 236,
and preferably a pair of parallel slots 236, formed at

the interface of middle beam portion 232 and outer body

portion 234. In a preferred embodiment, the pair of
parallel slots 236 are located on opposite sides of
armature middle beam portion 232. The at least one

slot, but preferably pair of parallel slots 236, are
configured to allow armature 230 to flex during actua-

tion of the control wvalve.

The control valve i1is secured to middle beam
portion 232, as shown in pump 10 (FIGS. 1, 3) and

injector 200 (FIG. 4). Operation of the actuator causes
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armature 230 to urge the control valve toward the

actuated position, by pulling armature 230 toward the
stator.

The forces on armature 230 act primarily on
outer body portion 234, allowing middle beam portion 232
to flex during actuation of the control valve. Thus,
movement of the control valve relative to armature outer

body portion 234 is damped as the control valve moves to
the actuated position.

In a preferred embodiment, armature middle
beam portion 232 has a first thickness that is less than
a second thickness of armature outer body portion 234,
as best shown in FIG. 6. Substantially all of middle
beam portion 232 is thin with the exception of the point
of attachment to the control valve. The thinned middle

beam portion 232 facilitates flexing of armature 230.

Further, in a preferred embodiment, armature
middle beam portion 232 has at least one whole, and
preferably a pair of holes 238 extending perpendicular
to a face of the armature. Holes 238 allow fluid flow
therethrough when armature 230 is immersed in a fluid
filled chamber. Holes 232 have Dbeen found to help
reduce cavitation of armature 230.

It is to be appreciated that there are many
configurations for middle beam portion 232 and outer
body portion 234 interfacing each other with at least
one slot that allow armature 230 to flex. The flexing
armature is constructed to damp any bouncing of armature

outer Dpody 234, reducing any resulting bounce of the
contrcl wvalve.
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Further, it is to be appreciated that the flex
armature, 1in a preferred embodiment, isolates the
movement of the control valve from the armature by the
flexible beam that has been cut in the middle of the
armature. Attaching the valve to the middle of the beam
helps minimize wvalve bounce created when the control
valve is closed (in an inwardly closing configuration)

by the armature being pulled to the stator.

While the best mode for carrying out the
invention has been described in detail, those familiar
with the art to which this invention relates will
recognize various alternative designs and embodiments
for practicing the invention as defined by the following

claims.
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What Is Claimed Is:

1. A pump for a fuel injection system, the
pump comprising:

a pump body having a pumping chamber, a fuel
inlet for supplying fuel to the pumping chamber, an
outlet port, and a control valve chamber between the
pumping chamber and the outlet port;

a plunger disposed in the pumping chamber;

an actuatable control valve disposed in the
control valve chamber for controlling fuel, the control
valve including a valve body moveable between actuated
and deactuated positions;

a stator assembly including an actuator
operable to actuate the control wvalve; and

an armature having a wmiddle beam portion
connected to an outer body portion, the control wvalve
being secured to the middle beam portion, and the
control valve and the armature being arranged such that
operation of the actuator causes the armature to urge
the valve body toward the actuated position,

wherein the armature has at least one slot
formed at the interface of the middle beam portion and
the outer body portion, the at least one slot being
configured to allow the armature to flex during actua-
tion of the control valve so that movement of the valve
body relative to the armature outer body portion is

damped as the valve body moves to the actuated position.

2. The pump of claim 1 wherein the at least
one slot comprises a pair of parallel slots located on
opposite sides of the armature middle beam portion,
wherein the control valve is secured to the armature

between the pair of slots.
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3. The pump of claim 1 wherein the armature
middle beam portion has a first thickness that is less
than a second thickness of the armature outer body

portion.

4. The pump of claim 1 wherein the armature
middle beam portion has at least one hole extending
therethrough, the hole extending perpendicular to a face
of the armature.

5. A fuel injector comprising:

an injector body having a pumping chamber, and
a control valve chamber;

a plunger disposed in the pumping chamber;

an actuatable control valve disposed in the
control valve chamber for controlling fuel, the control
valve including a valve body moveable between actuated
and deactuated positions;

a stator assembly including an actuator
operable to actuate the control valve; and

an armature having a middle beam portion
connected to an outer body portion, the control valve
being secured to the middle beam portion, and the
control valve and the armature being arranged such that
operation of the actuator causes the armature to urge
the valve body toward the actuated position,

wherein the armature has at least one slot
formed at the interface of the middle beam portion and
the outer body portion, the at least one slot being
configured to allow the armature to flex during actua-
tion of the control valve so that movement of the valve
body relative to the armature outer body portion is

damped as the valve body moves to the actuated position.
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6. The injector of claim 5 wherein the at
least one slot comprises a pair of parallel slots
located on opposite sides of the armature middle beam
portion, wherein the control valve is secured to the

armature between the pair of slots.

7. The injector of c¢laim 5 wherein the
armature middle beam portion has a first thickness that
is less than a second thickness of the armature outer
body portion.

8. The injector of c¢laim 5 wherein the
armature middle beam portion has at least one hole
extending therethrough, the hole extending perpendicular

to a face of the armature.

9. A component for use in a control valve
assembly in a fuel injection system, the component
comprising:

an armature having a middle beam portion
connected to an outer body portion, the middle beam
portion being adapted to secure to an actuatable control
valve,

wherein the armature has at least one slot
formed at the interface of the middle beam portion and
the outer body portion, the at least one slot being
configured to allow the armature to flex during actua-
tion of the control valve sgo that movement of the
control wvalve relative to the armature outer body
portion is damped as the control valve moves to an

actuated position.
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10. The component of claim 9 wherein the at
least one slot comprises a pair of parallel slots
located on opposite sides of the armature middle beam

portion.

11. The component of claim 9 wherein the
armature middle beam portion has a first thickness that
is less than a second thickness of the armature outer

body portion.

12. The component of claim 9 wherein the
armature middle beam portion has at least one hole
extending therethrough, the hole extending perpendicular

to a face of the armature.
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