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(57) ABSTRACT 
An electrically operated control valve adapted to fit 
within a bore of a cooperating apparatus. The valve 
including an interchangeable stator and lower body 
member. The valve further includes a valve means hav 
ing a swingable self-aligning valve closure element. 

8 Claims, 1 Drawing Sheet 
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ELECTRC CONTROL VALVE 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

The invention relates to electrically controlled two 
way valves for controlling the admission of fuel 
through an adjacent passage and more particularly to a 
valve that contains a self-aligning closure element. 
As mentioned, the present invention relates to an 

electrically controlled valve. The valve has wide rang 
ing applicability, however a specific application of the 
present valve is to control the flow of fuel into a timing 
chamber of an electrically controlled unit injector hav 
ing a single solenoid control valve. Such a unit injector 
is shown in the commonly assigned U.S. patent to Sis 
son et al., U.S. Pat. No. 4,281,792, which issued Aug 4, 
1981. To control the operation of such a unit injector, 
the control valve must be able to fit into a small enve 
lope and be able to provide an effective seal against the 
pressure adjacent to its outflow passage, which may be 
as high as 20,000 psi (1400 bars) while permitting a 
minimum amount of leakage. To meet the first require 
ment imposed, the present invention advantageously 
eliminates the exterior housing which is often used to 
retain the electro-mechanical elements of similar valves. 
As illustrated below, the present invention comprises a 
separate stator and lower body member that are fitted to 
a cooperating bore leading to a pressure chamber of an 
apparatus such as the above-noted unit injector. In this 
respect, an advantage of the present invention is that the 
stator and lower body member are completely inter 
changeable therein permitting easy replacement or in 
terchangeability to meet varying operational demands. 
A further advantage of the present invention is the 
ability to seal against high pressure while permitting a 
minimum leakage. This is advantageously achieved by 
incorporating within the lower body member a self 
aligning face. The self-aligning valve face includes 
means to permit the valve face to rotate relative to its 
coacting valve seat thus permitting the control valve to 
compensate for misalignments of the various valve 
components. This feature permits the valve face to 
rotate about a valve cap. Consequently, the only toler 
ances which are significant in controlling the leakage 
through the valve are the flatness of the sealing sur 
faces. A further advantage of the present invention is 
that the fluid flow is directed through the lower body 
member to thereby cool the valve. In addition, the 
actuation distance or gap as described below can be 
mechanically set rather than determined by the toler 
ances of the cooperating parts. 

Accordingly, the present invention comprises a two 
piece control valve adapted to be received within a bore 
of a cooperating apparatus. The control valve compris 
ing: a stator and a lower body member positioned adja 
cent to the stator. The lower body member includes a 
plurality of passages such as an axially extending bore. 
The valve further includes armature means including 

a magnetic member and a piston member reciprocable 
within the axially extending bore and valve means and 
movable with the armature in response to the magnetic 
field generated by the stator for restricting the outflow 
of fuel therefrom. 
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The valve means includes a movable valve closure 

element having a valve face and a stationary member 
defining a valve seat. 
The valve means further including self aligning 

means to permit the valve face to align with and seal 
upon the valve seat; this self-aligning means comprising: 
a nut having a spherically shaped upper surface. The 
nut is secured to an end of the piston member that ex 
tends from said lower body member. The self-aligning 
means further includes a cup-shaped valve cap having 
walls, the end of which define the valve face and a 
bottom having an opening therethrough. The bottom 
includes a lower surface having a conical shape and a 
spherically shaped upper surface. The opening in the 
bottom being adapted to permit the valve cap to be 
mounted onto the extending portion of the piston mem 
ber; the self-aligning means further including a preload 
spacer having an upper surface and a bottom surface 
and a centrally located opening adapted to receive the 
piston member, the bottom of the preload spacer having 
a conically shaped surface that is positioned in contact 
ing engagement with the upper surface of the valve cap, 
and spring means for biasing the upper surface of the 
preload spacer towards an open condition. 
BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 
FIG. 1 is a schematic diagram illustrating a cross-sec 

tional view of the present invention. 
FIG. 2 further illustrates the details of the self-align 

ing closure element shown in FIG. 1. 
DETAILED DESCRIPTION OF THE 

DRAWINGS 
Reference is now made to FIG. 1 which illustrates 

the control valve 10 comprising a stator 12 and a lower 
body member 14. The lower body member houses an 
armature assembly 16 and valve means 18. The two 
piece control valve 10 is received within a bore 22 of a 
coacting apparatus or housing that is generally desig 
nated 20. As previously mentioned, the apparatus may 
be a unit injector similar to that described in the U.S. 
Pat. No. 4,281,792, which is expressly incorporated by 
reference. The apparatus or injector would include a 
supply or first passage 24 that terminates in the lower 
end of the bore 22 and an outflow or second passage 26 
that communicates with a pressure or timing chamber 
(not shown). It is not a requirement of the invention that 
the stator 12 be completely received within the bore 22. 
The lower body member 14 is seated upon a shoulder 
28. The control valve 10 is maintained in a fastened 
orientation within the housing 20 by means of a clamp 
30. Alternatively the clamp 30 can be eliminated by 
substituting a threadable connection between the stator 
12 and bore 22. 
Returning to the discussion of the control valve 10. 

The control valve 10 comprises a stator 12 of a known 
construction and magnetically sized to produce a de 
sired magnetic flux upon actuation. The stator 12 may 
also include an annular groove 32 and O-ring 34 that is 
adapted to be biased against the walls of the bore 22. 
The lower body member 14 comprises a truncated exte 
rior wall 40 that defines in cooperation with the lower 
portion of bore 22, a fuel chamber 42. The lower body 
member 14 further includes an upper surface 44, 
adapted to engage a mating surface of the stator 12. A 
partially extending first bore 46 is fabricated within the 
upper surface 44. This bore serves as an enclosure for 
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the armature assembly 16. The bottom surface of the 
bore 46 may further include an upraised boss 48. The 
bore 46 may be formed by a separate washer-like spacer 
member (not shown). The first bore 46 is communicated 
to the wall 40 (and to the fuel chamber 42) by a fuel 
passage 50. The lower body member 14 further includes 
an axially extending second bore 54 and are inwardly 
extending third bore 52 oppositely situated from the 
first surface 44. The lower portion of the first bore 46 is 
also communicated with the upper portion of an axially 
extending spring chamber of annular bore 56. The annu 
lar bore 56 comprises a spring chamber to house a bias 
spring 60. The annular bore 56 is preferably coaxial to 
the third bore 52. Fluid communication is achieved 
between the first bore 46 and the annular bore or spring 
chamber 56 via a fuel passage 64. 
The control valve 10 further includes valve means 18. 

The valve means 18 includes a valve seat 70 and a valve 
closure element 72. The valve seat 70 comprises a mem 
ber 74 that is adapted to fit within the bore 54, having an 
outwardly positioned surface 76 and a bore 80 extend 
ing therethrough. The bore 80 terminates in a larger 
oppositely situated valve bore 82 which is the upper 
portion of the bore 80. It is required, however, that the 
bore 82 communicate the spring chamber 56 with the 
bore 80. The valve closure element 72 is movable with 
the armature assembly 16. The armature assembly 16 
comprises a magnetically responsive magnetic member 
90 and an axially extending piston member 92. The 
piston member 92 is positioned within and extends 
through the axially extending bore 52 and through the 
bore 80 in the valve seat 70. The valve closure element 
72 is connected to that portion of the piston member 92 
extending beyond the valve seat 70. 

Reference is now made to FIG. 2 which illustrates in 
greater detail, the structure of the valve means 18. As 
previously mentioned, the valve means 18 comprises a 
valve seat 70 and the valve closure element 72. The 
valve closure element 72 is connected to the piston 
member 92. The closure element 72 is movable with the 
piston member 92 for seating upon the outer surface 76 
of the member 74. The valve closure element 72 in 
cludes a nut 110 threadably attached to the piston mem 
ber 92, a preload spacer 112 and an intermediate hollow 
cup-shaped cap 114 having a sealing face 130. The pre 
load spacer 112 includes an opening 113 that is adapted 
to receive the piston member 92. One end of the preload 
spacer 112 extends out through the bore 80 while the 
other end of the preload spacer extends into the volume 
formed by the valve bore 82. The spring 60 is main 
tained in contacting engagement with the preload 
spacer 112 for biasing the valve closure element 72 
apart from the seating surface 76 thereby creating a 
flow path 100. To accommodate for the situation, 
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where the axis of the piston member 92 and the axis of 55 
the bore 52 are skewed relative to one another or to 
accomodate for the lack of perpendicularity between 
the surface 76 of member 74 and the axis of the piston 
member 92, the valve closure element 72 further in 
cludes self-aligning means for permitting the valve clo 
sure element 72 to effectively seal upon surface 76 of the 
valve seat 70. In the preferred embodiment of the inven 
tion, the self-aligning means includes the nut 110 at 
tached to the lower end of the piston member 92. The 
nut 110 includes an upper spherically shaped surface 
116. The self-aligning means further includes the hollow 
cup-shaped cap 114 that is rotatably and slidably situ 
ated between the preload spacer 112 and the nut 110. 

60 

4. 
The cup-shaped cap 114, a bottom 118 having an open 
ing 120 and a lower conically shaped surface 122 which 
provides a line contact with the spherical surface 116 of 
the nut 110. The bottom 118 of the cap 114 further 
includes an upper surface 124 having a spherical con 
tour and a wall 119 axially extending from the bottom 
118. In the preferred embodiment of the invention, the 
center of the spherical surface 116 and the center of the 
upper surface 124 are the same. Finally, the lower sur 
face 126 of the preload spacer 112, engaging the upper 
surface 124 is fabricated to have a conical shape therein 
providing a line contact therebetween. The end surface 
or valve face 130 of wall 119 of the valve cap 114 is 
machined to a desired flatness to conform to and seat 
with the surface 76. 

FIG. 1 illustrates the control valve 10 in its open 
condition wherein the fuel is received into the fuel 
chamber 42 from the fuel passage 24. Fuel is communi 
cated to the first bore 46 through the fuel passage 50. 
The fuel envelopes the magnetic member 90 and flows 
into the spring chamber 56 through the fuel passage 64. 
Fuel is communicated through the bores 82 and 80 and 
flows out of the valve through the flow path 100 and 
into the outflow or second passage 26 of the cooperat 
ing apparatus 20. Upon receipt of an electrical com 
mand signal, a magnetic force is created to move the 
member 90 through its stroke generally designated as 
'a'. The movement of the member 90 causes the valve 
means 18 to seat upon the surface 76 of member 74 
therein terminating fuel flow. It is anticipated that the 
top surface 116 of the nut 110 will be machined with a 
spherical surface. This spherical surface, in conjunction 
with the chamfered or conically shaped lower surface 
122 of the bottom 118 of the valve cap 114 will permit 
the valve face 130 to be free to rotate. The mating sur 
face between the sufaces 116 and 122 will be a circular 
contact area which may tend to yield slightly when the 
valve means 18 is closed to provide an effective seal. 
The ability of the valve face 130 to rotate relative to the 
nut 110 will allow the valve face 130 to align itself 
against the valve seat 70. Consequently as previously 
mentioned, the only tolerances which will affect the 
leakage will be the flatness of the two sealing areas, i.e., 
76 and 130. Finally, as previously mentioned, the upper 
surface 124 of the valve cap 114 is preferably machined 
with a spherical radius which will mate with the cham 
fered conical shaped lower surface 126 of the preload 
spacer 112. The contact surface between the surfaces 
124 and 126 will be a circular contact area which will 
provide the valve face 130 with stability in the aligned 
position when the valve is open. 
Many changes and modifications in the above de 

scribed embodiment of the invention can of course be 
carried out without department from the scope thereof. 
Accordingly, that scope is intended to be limited only 
by the scope of the appended claims. 
What is claimed is: 
1. A two piece control valve adapted to be received 

within a bore of a cooperating apparatus, the control 
valve comprising: 

a stator; 
a lower body member positioned adjacent to said 

stator including a plurality of passages including an 
axially extending bore; 

armature means including a magnetic member and a 
piston member reciprocable within said axially 
extending bore and situated within the said lower 
body member; 
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valve means, movable with said armature means in closure element to be mounted onto said piston 
response to the magnetic field generated by said nenber. 
stator for permitting the outflow of fuel therefrom; said self-aligning means further including a preload 

said valve means partially situated within said lower spacer having an upper surface and a botton sur 
body member and including a movable valve clo- 5 face and a centrally located opening adapted to 
sure element having a valve face and a stationary receive said piston member, said botton of said 
member defining a valve seat; preload spacer having a conically shaped lower 

said valve means further including self aligning means surface and positionable in contacting engagement 
to permit said valve face to align with and seal with said upper surface of said closure element, and 
upon said valve seat; O spring means for biasing said upper surface of said 

said self-aligning means comprising: preloas spacer towards an open condition. 
a nut having a spherically shaped upper surface and 3. The valve as defined on claim 2 wherein said magnetic 

secured to an end of said piston member extend- field is generated by a stator. 
ing from said lower body member; 4. A control valve comprising 

a cup-shaped valve having walls the end of which 15 an electromagnetically actuated armature movable rela 
define said valve face and a bottom having an tive to a flow passage, 
opening therethrough, said bottom including a a valve seat disposed about said flow passage; 
lower surface having a conically shaped surface valve means situated in said flow passage comprising a 
and a spherically shaped upper surface, said valve closure element, including a valve face, movable 
opening adapted to permit said valve cap to be 2O with said armature and further including self-align 
mounted onto the said extending portion of said ing means for permitting said valve face to align with 
piston member; and seal upon said valve seat wherein said self-align 

said self-aligning means further including a preload 
spacer having an upper surface and a bottom sur 
face and a centrally located opening adapted to 25 
receive said piston member, said bottom of said 
preload spacer having a conically shaped lower 
surface and positioned in contacting engagement 
with said upper surface of said valve cap; and 

spring means for biasing said upper surface of said 30 
preload spacer towards an open condition. 

2. A control valve adapted to be received within a bore of 
a cooperating apparatus, the control valve comprising 
a lower body member comprising a plurality of passages 

including a axially extending bore, 35 
armature means including a magnetic member movable 

in response to a magnetic field and a piston member 
movable therewith, reciprocable within said axially 
extending bore and situated within said lower body 

ing means comprises 
a first member having a spherically shaped upper surface 

Secured to an extending portion of said armature, 
a cup-shaped valve cap having walls the end of which 

define said valve face and a bottom having an opening 
therethrough, said bottom including a conically 
shaped lower surface in contacting engagement with 
the upper surface of said first member and a spheri 
cally shaped upper surface, said opening adapted to 
permit said valve cap to receive said extending portion 
of said armature, 

said self-aligning means further including a preload 
spacer having an upper surface and a botton surface 
and a centrally located opening adapted to receive 
said extending portion, said botton of said preload 
spacer having a conically shaped lower surface and 
positioned in contacting engagement with said upper member 40 

a valve seat positioned about one of said plurality of surface of said valve cap. 
passages, 5. The control valve as defined in claim 4 further includ 

valve means, novable with said arrnature means for ing means for biasing said valve closure element in an open 
permitting the flow of fluid through said passage, and condition. 
partially situated within said lower body member and 45 6. The control valve as defined in claim 5 wherein said 
including self-aligning means for aligning with and biasing means includes: 
seating upon said valve seat, a spring for biasing said upper surface of said preload 

said self-aligning means comprising spacer towards an open condition. 
a nut having a spherically shaped upper surface and 7. The control valve as defined in claim 4 wherein said 

secured to an end of said piston member extending 50 first member comprises a nut received upon said extending 
from said lower body member portion. 

a movable closure element comprising walls the end 8. The control valve as defined in claim 7 wherein said 
of which define a valve face and a bottom having an armature includes a magnetically attractable portion situ 
opening therethrough, said botton including a coni- ated in an extension of said flow passage and a piston 
cally shaped lower surface adapted to engage said 55 member depending therefrom, said piston member defin 
upper surface of said nut and a spherically shaped ing the extending portion of said armature. 
upper surface, said opening adapted to permit said at it is 
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