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(57) Abstract: A fuel injector has a housing extending along a longitudinal
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axis between an inlet and an outlet. The housing has an elongated member
connected to a body by a thin shell connector member with a stepped por-
tion. The connector member has a generally constant thickness with a first
internal volume and a second internal volume where the second internal vol-
ume is at least 1.1 times the first internal volume.
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FUEL INJECTOR WITH A DEEP-DRAWN THIN SHELL
CONNECTOR MEMBER AND METHOD OF
CONNECTING COMPONENTS

Background Of the Invention

[0001] 1t is believed that known fuel injectors can include a member to
connect an inlet tube to a valve body. The member is believed to be formed
by casting and machining a steel blank into a desired shape before the
member can be assembled with the fuel injector. Because of the casting
and machining of the steel blank, manufacturing of the fuel injector is
believed to be inefficient due to processing time and tooling required for
casting and machining.

[0002] It would be desirable to provide for a fuel injector without the potential

shortcomings of the conventional fuel injector.

Summary of the Invention

[0003] The present invention provides for, in one aspect, a fuel injector.
The fuel injector comprises a housing and an armature disposed within the
housing. The housing has a passageway extending between an inlet and an
outlet along a longitudinal axis. The housing includes a tubular member, a
body and a connector member. The tubular member is located proximate
the inlet. The tubular member has a first tubular member end and a second
tubular member end. The second end of the tubular member has an end
face confronting an end face of the armature. The body is located proximate
the outlet and has a first body end and a second body end. The connector
member is affixed to the second tubular member end and the first body end.
The connector member includes a first, intermediate and second wall
portions. The first wall portion circumscribes the longitudinal axis to define a

first volume. The intermediate wall portion connects the first wall portion to
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the second wall portion. The second wall portion circumscribes the
longitudinal axis to define a second volume of at least 1.1 times the first
volume.

[0004] In yet another aspect, the present invention provides for a method of
connecting components of a fuel injector. The fuel injector extends along a
longitudinal axis between an inlet end and an outlet end. The method
comprises deep drawing a generally planar workpiece into a connector
member extending along an axis so that the connector member has an
outer surface surrounding an inner surface over a generally constant
distance therebetween; and locating a tubular member of the fuel injector in
the first portion and the second portion of the connector member in a body of

the fuel injector

Brief Descriptions of the Drawings

[0005] The accompanying drawings, which are incorporated herein and
constitute part of this specification, illustrate an embodiment of the invention,
and, together with the general description given above and the detailed
description given below, serve to explain the features of the invention.
[0006]Figure 1 is a pictorial representation of a fuel injector according a
preferred embodiment.

[0007]Figure 2 is a cross sectional view of a workpiece prior to being formed
into a connector shell for the fuel injector of Figure 1.

[0008] Figure 3 is a cross-sectional view of the connector in Figure 1.

Detailed Description of the Preferred Embodiments

[0009] Figures 1-3 illustrate the preferred embodiment. Figure 1 shows a
fuel injector 100 with an inlet end 100A and an outlet end 100B. The fuel
injector 100 has a fluid passage 101 formed by tubular member 102,
connector member 114, body shell 122 and body 120. The fuel injector 100
includes an adjustment tube 104, filter assembly 106, coil assembly 108 with
coil 108A and bobbin 121, biasing spring 110, armature assembly 112 with

an armature 112A and closure member 112B, non-magnetic connector
2
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member 114, a first overmold 116, second overmold 118, a body 120, a
body shell 122, a coil assembly housing 124, a guide member 126 for the
closure member 112A, a seat 128, and an orifice disk 130. The first injector
end 100A can be coupled to the fuel supply of an internal combustion engine
(not shown). An O-ring 134 can be used to seal the first injector end 100A to
the fuel supply so that fuel from a fuel rail (not shown) is supplied to the
tubular member 102, with the O-ring 134 making a fiuid tight seal, at the
connection between the injector 100 and the fuel rail (not shown).

[0010] Proximate the inlet end 100A, tubular member 102 can be a
ferromagnetic material and includes a fuel inlet opening at the exposed
upper end. Filter assembly 106 can be fitted proximate to the open upper
end of adjustment tube 104 to filter any particulate material larger than a
certain size from fuel entering through inlet opening 100A before the fuel
enters adjustment tube 104.

[0011]Coil assembly 120 includes a plastic bobbin 121 on which an
electromagnetic coil 122 is wound. Respective terminations of coil 122
connect to respective terminals 123 that are shaped and, in cooperation with
a surround 118A, formed as an integral part of overmold 116, to form an
electrical connector for connecting the fuel injector 100 to an electronic
control circuit (not shown) that operates the fuel injector 100.

[0012]In the calibrated fuel injector 100, adjustment tube 104 can be
positioned axially to an axial location within tubular member 102 that
compresses preload spring 110 to a desired bias force. The bias force urges
the armature/closure assembly 112 to be seated on seat 128 so as to close
the central hole through the seat. Preferably, tubes 102 and 104 are
crimped together to maintain their relative axial positioning after adjustment
calibration has been performed.

[0013] The tubular member 102 can be formed by connecting two more
elongated members together. Preferably, the tubular member 102 is a
unitary elongated member with a pole piece 102A formed at an end

proximate the outlet end 100B.
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[0014]Proximate the outlet end 100B, the armature assembly 112 includes
closure member 112A. The closure member 112A can be a suitable
member that provides a seal between the member and a sealing surface of
the seat 128 such as, for example, a spherical member or a needle member
with a hemispherical surface. Preferably, the closure member 112A is
spherical member. The closure member 112A can also be a one-piece
member of the armature assembly 112. Armature assembly 112 includes a
passageway 112E that communicates volume 125 with a passageway 104A
in body 120, and guide member 126 contains fuel passage holes 126A. This
allows fuel to flow from volume 125 through passageways 112E, apertures
112D formed on an armature tube 113 to seat 128. Armature assembly 112
can be guided by the inside wall of body 120 for axial reciprocation. Further
axial guidance of the armature/closure member assembly can be provided
by a central guide hole in member 126 through which closure member 112A
passes.

[0015] Surface treatments can be applied to at least one of the end portions
102B and 112C to improve the armature’s response, reduce wear on the
impact surfaces and variations in the working air gap between the respective
end portions 102B and 112C. The surface treatments can include coating,
plating or case-hardening. Coatings or platings can include, but are not
limited to, hard chromium plating, nickel plating or keronite coating. Case
hardening on the other hand, can include, but are not limited to, nitriding,
carburizing, carbo-nitriding, cyaniding, heat, flame, spark or induction
hardening.

[0016] The guide member 126, the seat 128, and the orifice disk 130 form a
seat assembly that is coupled at the outlet end 100B of fuel injector 100 by a
suitable coupling technique, such as, for example, crimping, welding,
bonding or riveting. Preferably, the seat 128 is welded to the body 120.
Alternatively, a seat—as shown and described in U.S. Patent Application
entitled “Fuel Injector With Deep Pocket Seat And Method Of Maintaining
Spatial Orientation,” assigned S.N. 10/642,629 filed on 19-Aug-2003, which
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application is incorporated by reference in its entirety herein this
application—can also be used instead of seat 128.

[0017]An orifice disk 130 can be used in connection with the seat 128 to
provide at least one precisely sized and oriented orifice 130A in order to
obtain a particular fuel spray pattern and targeting. The precisely sized and
oriented orifice 130A can be disposed on the center axis of the orifice disk
130 or, preferably disposed off-axis, and oriented in any desirable angular
configuration relative to one or more reference points on the fuel injector
100. It should be noted here that both the valve seat 128 and orifice disk
130 are fixedly attached to the body 120 by a suitable attachment
techniques, including, for example, laser welding, crimping, and friction
welding or conventional welding. The orifice disk 130 is preferably tack
welded to the orifice disk retention surface 128E of the seat 128 in a fixed
spatial orientation to provide the particular fuel spray pattern and targeting of
the fuel spray.

[0018] According to a preferred embodiment, a magnetic flux generated by
the electromagnetic coil 108A flows in a magnetic circuit that includes the
pole piece 102A, the armature assembly 112, the body 120, and the coil
housing 124. The magnetic flux moves across a side airgap between the
homogeneous material of the magnetic portion or armature 112A and the
body 120 into the armature assembly 112 and across a working air gap
between end portions 102B and 112C towards the pole piece 102A, thereby
lifting the closure member 112B away from the seat 128. Preferably, the
width of the impact surface 102B of pole piece 102A is greater than the width
of the cross-section of the impact surface 112C of magnetic portion or
armature 112A. The smaller cross-sectional area allows the ferro-magnetic
portion 112A of the armature assembly 112 to be lighter, and at the same
time, causes the magnetic flux saturation point to be formed near the
working air gap between the pole piece 102A and the ferro-magnetic portion
112A, rather than within the pole piece 102A.

[0019] Connector member 114 can be used to connect components of the

fuel injector 100 together. Connector member 114 can be formed by a



WO 2006/017626 PCT/US2005/027667

suitable deep drawing process. Preferably, a generally planar, non-magnetic
work piece 10 can be placed on a holder 14 and deep drawn by a punch 12
through die 16, as shown schematically in Figure 2 to form a connector
member 114 with a thin shell profile. When formed by a suitable deep
drawing technique the workpiece 10, connector member 114 has a
continuous outer surface 115A and a continuous inner surface 115B spaced
apart at a generally constant distance “t” therebetween along the longitudinal

axis. Preferably, the workpiece 10 is stainless type steel with the distance

“t’ being about 0.4 millimeters. It should be noted any reference herein to
dimensional magnitude is understood to be the dimensions of the preferred
embodiment with variations due to acceptable tolerances of these
dimensions that will allow the preferred embodiment to function for its
intended purpose in metering fuel.

[0020] Connector member 114 has a number of features that are believed to
be advantageous in providing a structural support to connect components of
the fuel injector 100 together. Of particular emphasis are a first portion 114A
and second portion 114B. The first portion 114A preferably has a first
internal volume V1 that can be defined by first radial distance ry between the
longitudinal axis A-A and the inner surface 115B as the inner surface 115B
traverses along the longitudinal axis over first axial distance L. The second
portion 114B preferably has a second internal volume V2 that can be defined
by second radial distance r, between the longitudinal axis and the inner
surface 115B as the inner surface 115B traverses along the longitudinal axis
over second axial distance Lo.

[0021]1t is believed that in order for the connector member 114 to provide
sufficient structural rigidity to connect the tubular member 102 to the body
shell 122, the second volume V2 can be at least 1.1 times the first volume
V1. Preferably, the second volume V2 is about 1.8 times the first volume
V1. In the preferred embodiment, first radial distance ry from the longitudinal
axis A-A is about 2.9 millimeters; first axial distance L is about 3.1
millimeters; second radial distance rz is about 5.0 millimeters; and second

axial distance Lo is about 1.7 millimeters.
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[0022]In comparison with the known connector member, which has
generally the same respective outside radii for the stepped portions, the first
axial distance L of the preferred embodiment of the connector member 114
is about 17% less than a similarly configured first axial distance of the known
connedtor member, and the second axial distance L; is about 40% greater
than a similarly configured second axial distance of the known connector
member. By virtue of these features of the preferred embodiment of the
connector member 114 when compared with the known connector member,
there are believed to be at least three advantages of the preferred
embodiments over the known connector member, as follows: (1) a shorter
magnetic flux path (generally from the coil 108A to the valve body 120,
armature 112A to the pole piece 102A back to coil 108A) is provided from
the coil housing 124 through the armature 112A to the pole piece 102A due
to the shorter first axial distance L1, thereby allowing for a more efficient
electromagnetic actuator; (2) an increased second volume V2 for a fluid
chamber due to the greater second axial distance L,, thereby assisting in the
control of the reciprocating motion of the armature 112A; and (3) the
connector member 114 can be prepared for final assembly without
machining to its final dimensions of surfaces that engage other components,
thereby allowing for efficient manufacturing of the fuel injector 100.
[0023]Referring to Figures 1 and 3, first portion 114A of connector member
114 can be telescopically fitted on and joined to the lower end of tubular
member 102 with a press-fit. The second portion 114B fits inside the lower
end of body shell 122 with a preferably press-fit arrangement. At least one
of the tubular member 102 or the body shell 122 can be moved along the
longitudinal axis A-A relative to the connector member 114 so that a working
gap can be formed between the end face 102B of the pole piece and the end
face 112C of the armature in a non-actuated condition of the fuel injector,
i.e., where the closure member 112B is biased against the seat 128 to
prevent flow. Alternatively, one of the tubular member 102 or body shell 122
can be affixed by a continuous weld formed proximate the circumference of

the connector member 114 while the other of the tubular member 102 or
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body shell 122 can be moved along the longitudinal axis to achieve a
desired working gap. In yet another variation, the tubular member 102 and
body shell 122 can be affixed to the connector 114 while the body 120 can
be adjusted along the longitudinal axis A-A to provide for the desired working
gap. After the desired working gap is formed between the pole piece and
armature, at least one of the tubular member 102 or the body shell 122 can
be affixed by a continuous weld formed proximate the circumference of the
connector member 114.

[0024] Thereafter, the coil housing 124 can be affixed to the body shell 122
with preferably a continuous weld formed on one of a circumference of the
body shell 122 and an inner surface of the coil housing 124. The partially
assembled fuel injector can be placed into a mold and at least one overmold
can be formed to surround the tubular member 102 and at least a portion of
the body 120. Preferably, a first overmold 116 surrounds a portion of the
tubular member 102 and coil housing 124 and a second overmold 118
surrounds a portion of the body shell 122 and body 120 to provide an
operational fuel injector.

[0025] In operation, the electromagnetic coil 108A is energized, thereby
generating magnetic flux in the magnetic circuit. The magnetic flux moves
armature assembly 112 (along the axis A-A, according to a preferred
embodiment) towards the integral pole piece 102A, i.e., closing the working
air gap. This movement of the armature assembly 112 separates the
closure member 112B from the seat 128 and aliows fuel to flow from the fuel
rail (not shown), through the tubular member 102, passageways 101 and
104A, the through-bore 112D, between the seat 128 and the closure
member 112B, through the seat opening, and finally through the orifice disk
130 into the internal combustion engine (not shown). When the
electromagnetic coil 108A is de-energized, the armature assembly 112 is
moved by the bias of the resilient member 226 to contiguously engage the
closure member 112B with the seat 128, and thereby preventing fuel flow

through the injector 100.
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[0026]While the present invention has been disclosed with reference to
certain embodiments, numerous modifications, alterations and changes to
the described embodiments are possible without departing from the sphere
and scope of the present invention, as defined in the appended claims.
Accordingly, it is intended that the present invention not be limited to the
described embodiments, but that it has the full scope defined by the

language of the following claims, and equivalents thereof.
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What I Claim Is:

1. A fuel injector comprising:

a housing having a passageway extending between an inlet and an
outlet along a longitudinal axis, and an armature disposed within the
housing, the housing including:

a tubular member proximate the inlet, the tubular member
having a first tubular member end and a second tubular member end,
the second end of the tubular member having an end face confronting
an end face of the armature;

a body proximate the outlet, the body having a first body end
and a second body end; and

a connector member affixed to the second tubular member end
and the first body end, the connector member including a first walll
portion circumscribing the longitudinal axis to define a first volume, an
intermediate wall portion connecting the first wall portion to a second
wall portion, the second wall portion circumscribing the longitudinal

axis to define a second volume of at least 1.1 times the first volume.

2. The fuel injector of claim 1, wherein the second volume comprises a

volume of about 1.8 times the first volume.

3. The fuel injector of claim 2, wherein the first wall portion comprises a
first inner wall surface extending about 3.1 millimeters along the longitudinal

axis and radially spaced about 3.4 millimeters therefrom.

4. The fuel injector of claim 3, wherein the first wall portion comprises a
first outer wall surface generally parallel to the first inner wall surface over a

distance of about 0.4 millimeters.

5. The fuel injector of claim 4, wherein the second wall portion
comprises a second inner wall surface extending about 1.7 millimeters along

the longitudinal axis and spaced about 5 millimeters therefrom.

10
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6. The fuel injector of claim 5, wherein the second wall portion
comprises a second outer wall surface generally parallel to the second inner

wall surface over a distance of about 0.4 millimeters.

7. The fuel injector of claim 6, wherein the intermediate wall portion
extends generally transverse to and about the longitudinal axis from a
distance of about 3.1 millimeters from the longitudinal axis to a radial

distance of about 5 millimeters from the longitudinal axis.

8. The fuel injector of claim 7, wherein the end face of the tubular
member comprises a pole piece, and wherein the tubular member and the

pole piece comprise a unitary one-piece member.

9. The fuel injector of claim 7, wherein the first outer surface of the
connector member surrounds an outer portion of the second end of the
tubular member, the first outer surface being affixed to the outer portion by a

continuous weld.

10.  The fuel injector of claim 9, wherein the first body end comprises an
outer body surrounding the second outer surface of the second wall portion,
the outer body being affixed to the second outer surface by a continuous

weld formed therebetween.

11.  The fuel injector of claim 10, wherein the second body end comprises
an inner body, the inner body being surrounded by a portion of the outer

body and affixed thereto by a continuous weld formed therebetween.

12.  The fuel injector of claim 11, further comprising:

a closure member coupled to the armature;

a seat disposed within the body, the seat having a seat orifice and a
seating surface contiguous to the closure member in one position of the
armature occluding flow through the seat orifice and spaced therefrom in
another position of the armature to permit flow through the seat orifice;

a filter being disposed proximate the first end of the tubular member;

11
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a resilient member having one portion disposed proximate the second
end of the tubular member and another portion disposed within a pocket of
the armature;

an adjusting tube being located within the tubular member, the
adjusting tube engaging the one portion of the resilient member so as to bias

the closure member towards the one position.

13.  The fuel injector of claim 12, wherein the closure member comprises

a generally spherical member.

14.  The fuel injector of claim 13, wherein the inner body comprises a seat
pocket receiving the seat, the seat being affixed to the seat pocket with a

continuous weld.

15.  The fuel injector of claim 14, wherein the seat further comprises an
orifice disk connected to the second surface of the seat, the orifice disk
having a plurality of through openings being disposed about the longitudinal

axis and in fluid communication with the seat orifice.

16.  The fuel injector of claim 15, wherein the armature comprises an
elongated body extending along the longitudinal axis between first and
second armature ends, the armature including a passageway extending from

the first armature end to the second armature end.

17.  The fuel injector of claim 16, wherein the armature comprises an
armature tube connecting the armature to the closure member, the armature
tube having a first tube end telescoping into the second armature end by a
press-fit and a second tube end affixed to the closure member by a

continuous weld disposed on a circumference of the second tube end.

18. A method of connecting components of a fuel injector extending along
a longitudinal axis between an inlet and outlet, the method comprising:
deep drawing a generally planar workpiece into a connector member

extending along an axis so that the connector member has an outer surface

12
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surrounding an inner surface over a generally constant distance
therebetween; and
locating a tubular member of the fuel injector in the first portion and

the second portion of the connector member in a body of the fuel injector.

19.  The method of claim 18, wherein the deep drawing comprises
forming a first portion defining a first volume about the axis and a second

portion defining a second volume about the axis greater than the first.

20. The method of claim 19, wherein the locating comprises moving at
least one of the tubular member and the body along the longitudinal axis
relative to the connector member so that a gap is formed between an end
face of the tubular member and an armature end face when the fuel injector

is in a non-actuated condition.

21.  The method of claim 20, wherein the locating comprises welding
respective portions to the tubular member and the body with a continuous

circumferential weld.

13



WO 2006/017626 PCT/US2005/027667

0\1(
123 ’ i
/7 4 l
2
Z, /////;7! | 121
2NN
f\é % 7
NN 108
i N7 "
’ﬁ % | V /
NN/ /. 102A
A N ,/
N INE= /10
1028 ’E se82is (ﬁj) ’
Nt =N 125
e %5 126
A
112A W \ 118
112
2E
i 120
104A 1120

126A | \

128 e 130 1008



WO 2006/017626 PCT/US2005/027667

2/2

-

14

; AN 10
7Ry




	Abstract
	Bibliographic
	Description
	Claims
	Drawings

