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(57) Abrégée/Abstract:

A leak resistant solenoid valve comprises a valve body having an interior chamber, an inlet, an outlet, and at least one valve seat
and valve plug located In the Interior chamber. The valve plug has a sealing surface and iIs axially movable between open and
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(57) Abrege(suite)/Abstract(continued):

closed positions by a solenoid which acts on the valve shaft on which the plug Is carried. The valve further comprises a plug
actuating mechanism for moving the plug between the open and closed positions with the solenoid energized and a biasing
mechanism for biasing the plug back to the open position when the solenoid Is de-energized. The plug Is preferably loosely
recelved on the shaft so as to provide self-centering. In one embodiment, the valve has a pair of valve plugs and a pair of valve
seats, the seats beling axially fixed to one another and the distance between the plugs being variable to provide enhanced sealing.
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ABSTRACT OF THE DISCLOSURE

A leak resistant solenoid valve comprises a valve body having an interior chamber,

an inlet, an outlet, and at least one valve seat and valve plug located in the interior

chamber. The valve plug has a sealing surface and is axially movable between
open and closed posiﬁons by a solenoid which acts on the valve shaft on which
the plug is carried. The valve further comprises a plug actuating mechanism for
moving the plug between the open and closed positions with the solenoid

energized and a biasing mechanism for biasing the plug back to the open position

when the solenoid is de-energized. The plug is preferably ioosely received on the
shaft so as to provide self-centering. In one embodiment, the valve has a pair of -
valve plugs and a pair of vaive seats, the seats being axially fixed to one another

and the distance between the plugs being variable to provide enhanced Sealing.
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LEAK-RESISTANT SOLENOID VALVE

FIELD OF THE INVENTION

The present invention relates to valves, and more particularly to leak-resistant

solenoid valves suitable for controlling fluid flow in automotive and other

applications.

BACKGROUND OF THE INVENTION

Fluid flow control valves are used extensively in automotive and other applications,
for example to control flow of coolant or other fluids under varying operating
conditions. In order to satisfy customer demands, such valves must be robust,

reliable and inexpensive. There is a continued need for improved valve designs

which attain these objectives.
SUMMARY OF THE INVENTION

In one aspect, the present invention provides a valve comprising (a) a valve body
having an interior chamber, an inlet and an outlet; (b) a valve seat provided in the
interior chamber of the valve body, the valve seat having a sealing surface; (c) a
valve plug provided in the interior chamber of the valve body, the valve plug
having a sealing surface and being movable along an axis between an open
position and a closed position, wherein the respective sealing surfaces of the plug
and the seat are spaced from one another in the open position and are sealingly
engaged with one another in the closed position, and wherein the inlet and the
outlet are in flow communication with one another through the interior chamber
with the plug in the open position; (d) a plug actuating mechanism for moving the
valve plug along the axis from the open position to the closed position; and (e) a

blasing mechanism for biasing the plug axially toward the open position.
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In another aspect, the present invention provides a valve comprising (a) a valve
body having an interior chamber, an inlet ahd an outlet; (b) a pair of valve seats
provided in the interior chamber of the valve body, the valve seats being spaced
from one another along an axis, each of the valve seats having a sealing surface,

(c) a pair of valve plugs provided in the interior chamber of the valve body, the

- valve plugs being spaced from one another along the axis, each of the valve plugs

having a sealing surface and being movable along the axis between an open
position and a closed position, wherein the sealing surfaces of the plugs and the
seats are spaced from one another in the open position and wherein each of the
plu'gs sealingly engages one of the seats along their respective sealing surfaces in

the closed position, and wherein the inlet and the outlet are spaced from one

‘another in a direction normal to the axis and are in flow communication with one

another through the interior chamber with the plug in the open position; (d) a plug
actuating mechanism for moving the valve plugs along the axis from the open
position to the closed position; and (e) a first biasing mechanism for biasing the

plugs axially toward the open position.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described, by way of example only, with reference to the

accompanying drawings in which:

Figure 1 is a cross-sectional side view (along line B-B of Figure 5) showing a leak-
resistant solenoid valve according to a first preferred embodiment of the invention,
with the valve being shown in its open configuration;

Figure 2A Is a close-up of area A shown in Figure 1;

Figure 2B is a close-up of area A showing an alternate configuration of valve shaft

and valve plug;
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Figure 2C is a close-up of a plug having a resilient sealing member;

Figure 3 Is a cross-sectional side view (along line B-B of Figure 5) showing the

valve of Figure 1 shown In its closed contiguration;

5

Figure 4 is a cross-sectional front view (along line A-A of Figure 5) showing the
valve of Figure 1;
Figure 5 is a top plan view of the valve of Figure 1; |

10 '
Figure G is a close-up of area B shown in Figure 1;
Figure 7 Is a cross-sectional side view of a leak-resistant solenoid valve according
o a second preferred embodiment of the invention in the open configuration;

15

Figure 8 Is a close-up of area C of Figure 7;
Figure 9 shows the valve of Figure 7 in the closed configuration;

20 Figure 10 is a close-up of an upper plug having alternate means of attachment to

the valve shaft;

Figure 11 is a cloSe-Up of an upper plug also having means for providing a seal
between the shaft and the plug;
25

" Figure 12 is a perspective view of a pin for attaching the plug to the shaft as in
Figures 10 and 11;

Figure 13 illustrates a preferred upper valve plug according to the invention; and
30
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Figure 14 illustrates an alternate means for attaching the top wall to the housing.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

A preferred single seat valve 10 according to the invention is now deScribed with
reference to Figures 1 to 6. Valve 10 comprises a valve body 12 comprising a
housing 14 which, as shown in the plan view of Figure 5, may preferably have a
square or rectangular shape. The housing 14 is provided with a pair of openings

16, 18 which are offset relative to one another along an axis A.

The valve body 12 further comprises inlet and outlet fittings 20, 22 which are
secured to the valve body 12 at openings 16, 18. The inlet and outlet fittings 20,
22 are preferably cylindrical in shape, with ribs 24, 26 being provided at their ends
for connection to a fluid carrying conduit (not shown) such as a hose. Although
fittings 20, 22 are provided with ribs 24, 26, it will be appreciated that the fittings

20, 22 may instead be provided with any one of a number of known means for

- connecting to a fluid carrying conduit. In a particularly preferred embodiment of

the invention, the housing 14 and fittings 20, 22 are made of aluminum or alloys

thereof and are attached together by brazing.

The upper end of valve body 12 is closed by a top wall 28 which, as shown in the
drawings, may preferably be in the form of a union fitting 29 having a lower
externally threaded portion 30 which is received in an internally threaded
cylindrical bore 32 of the housing 14. A seal between the union fitting 28 and the

housing 14 is provided by gasket 34.

The valve body 12 has an interior chamber 36 which is generally cylindrical and
extends along axis A. The interior chamber 36 has an upper portion 38 of

relatively greater diameter and a lower portion 40 which is of relatively smaller

diameter. The upper portion 38 of interior chamber 36 is in direct communication
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with the valve outlet 22 and the lower portion 40 of the interior chamber 36 is in

direct communication with the valve inlet 20.

Separating the upper and lower portions 38, 40 of interior chamber 36 is an
annular valve seat 42 which is received in a notched, annular seating surféce 44
provided in the housing 14. If desired, the valve seat 42 may be retained In
surface 44 by a friction fit, by threads or by some type of mechanical fastener such
as pins or screws. The inner periphery of valve seat 42 is provided with an axial
face 46 and a sealing surface 48 which is preferably chamfered, i.e. tapers
outwardly from the axial face 46 at an angle to the axis A. Preferably, the angle is
about 45°. The valve seat 42 may preferably be formed from bronze, stainless

steel, brass or other suitable méteriai.

The valve 10 is closed and opened by a valve plug 50 which is provided in the
interior chamber 36 of the valve body 12 and which is movable along axis A
between an open position shown in Figure 1 and a closed position shown in Figure
3. The valve plug 50 has an upper side 52 and an opposed lower side 54, the
lower side 54 being provided with an annular sealing surface 56. As shown in the
drawings, the sealing surface 56 of plug 50 is angled relative to axis A so as to
sealingly engage the sealing surface 48 of valve seat 42 when the valve 10 is
closed as in Figure 3. Preferably, sealing surface 56 is ahg!ed by about 45°
relative to axis A. The piug 50 may preferably be formed from bronze, stainless

steel, brass or other suitable material.

In order to provide enhanced sealing, the sealing surface 56 of the plug 50 or the
sealing surface 48 of valve seat 42 may preferably be provided with an annular
groove within which is received a resilient sealing element which may be formed

from a polymeric material such as rubber, Teflon or other suitable material. Figure

- 2C illustrates an example of a valve plug 50" having a wedge-shaped annular

groove 51 In which is received a wedge-shaped annuiar sealing element 116
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which is preferably made of a resilient material. Preferably, the outer surface 117
of the sealing element 116 stands proud of the sealing surface 56 of plug 50" so
as to sealingly engage the sealing surface 48 of the valve seat 42 when the valve

IS closed.

As shown in Figure 1, the respective sealing surfaces 56 and 48 of the plug 50
and valve seat 42 are spaced from one another when the plug 50 is in the open
position. This pe'rmits flow communication between the inlet 20 and outlet 22
through the interior chamber 36, with the fluid flowing through an annular gap 58
between the plug 50 and valve seat 42. The flow path through the valve is

Hlustrated by dashed arrows in Figure 1.

Valve 10 further comprises a plug actuating mechanism, generally identified by
reference numeral 60, for moving the valve plug 50 along axis A from the open
position of Figure 1 to the closed position of Figure 3. The valve 10 further

comprises a biasing mechanism generally identified by reference numeral 62 for

'biasing the plug 50 toward the open position of Figure 1, for reasons discussed

more fully below.

As shown in the drawings, the plug actuating mechanism 60 of valve 10 comprises

a solenoid 64 which may, for example, be an on-off solenoid or a proportionately

~controlled solenoid. In preferred valve 10, solenoid 64 is an on-off solenoid. An

external controller 66 is provided for intermittently energizing the solenoid 64 with
an electric current which flows between controller 66 and solenoid 64 through

electrical conductors 68, 70.

The plug actuating mechanism 60 further comprises a valve shaft 72 through
which the solenoid 64 acts on the valve plug 50, the valve shaft 72 having an
upper end 74 and a lower end 76 axially spaced from one another, the shaft 72

being reciprocally movable along axis A. As schematically shown in Figure 1, the
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upper end 74 of valve shaft 72 is engaged by the solenoid 64, such that when the
solenoid 64 is energized by an electric current, the valve shaft 72 moves
downwardly toward the valve seat 42. As can be seen from the enlarged views of
Figures 2A and 2B, the valve plug 50 is carried by the lower end 76 of the shaft
72. Therefore, energizing solencid 64 causes the valve plug 50 to move toward

the closéd position.

The lower end 76 of valve shaft 72 is received in a cylindrical depression 78
formed in the upper side 52 of plug 50. Two different preferred arrangements are
shown in the drawings. In the arrangement shown in Figure 2A, the diameter of
the depression 78 is sized tc closely receive the lower end 76 of the shaft 72. In an
alternate embodiment illustrated in Figure 2B, the cylindrical depression 78’ of the
plug 50 is slightly greater than the diameter of valve shaft 72’ such that the valve
plug 50’ is displaceable by a small amount normal to the axis A. Preferably, the
difference in the diameters of the valve shaft 72" and the cylindrical depression 78’
IS no more than 10 percent of the diameter of the shaft 72’, with the difference in
diameter typically not exceeding about 0.5 mm. This permits small lateral
adjustments of the vailve plug 50’ relative to valve seat 42, thereby providing
enhanced sealing. In the variation illustrated in Figure 2B, the lower end 76 of
valve shaft 72’ is preferably smoothly rounded and the depression 78’ in the valve
00" preferably has a rounded bottom wall 80 against which the lower end 76’ of the
valve shaft 72" is received. This enhances the “self-centering” operation of the

olug 50

As best seen in the close-up of Figure 6, the valve shaft 72 extends through a
central aperture 90 in top wall 28 and a siiding seal between shaft 72 and aperture
90 is provided by a resilient O-ring 92 seated in a groove 94 formed in the axially
extending wall of aperture 90. As shown in the drawings, the solenoid 64 is
preferably mounted on the top wall 28 of the valve body 12 and is located outside

the Interior chamber 36. The top of solenoid 64 and the upper end 74 of valve
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shaft 72 may preferably be enclosed by a top cap 91. The solenoid 64 may
preferably be provided with studs 82 (Figure 4) which extend through apertures 84
in top wall 28 and which engage threaded dome nuts 86 in the interior chamber
36. A gasket 88 is preferably received between solenoid 64 and top wall 28 to
provide a fluid-tight seal. Although a specific means for attaching the SOEenoid to
the top wall is illustrated in the drawihgs, it will be appreciated that the solenoid

may be integrally formed with the top wall of the valve body.

The biasing mechanism 62 preferably comprises a coil spring 96 having an upper
end 98 and a lower end 100. The upper end 98 of spring 96 engages the valve
plug 50 and the lower end engages a seating surface 102 in a _bottom wall 103 of
the valve body 12. The coil spring 96 preferably extends axially through the lower
portion 40 of interior chamber 36 and, in the open position of Figure 1, the upper
end 98 of spring 96 extends past valve seat 42 into the upper portion 38 of interior

chamber 306.

As shown in Figure 1, the upper end 98 of spring 96 engages the lower side 54 of
plug 90, which may preferably be provided with a groove 104 (Fig. 2A) in which
the upper end '98 of spring 96 is received. The seating surface 102 for the lower
end 100 of spring 96 is preferably provided in a cylindrical depression 106 formed
in the bottom wall 103 of valve body 12. As will be apparent from the drawings,

the spring 96 biases the valve plug 50 upwardly toward the open position shown in

Figure 1.

As shown in Figures 1 to 4, the valve 10 may also be provided with a second
biasing mechanism generally identified by reference numeral 108. The second
biasing mechanism 108 preferably comprises a coil spring 110 surrounding the
valve shaft 72 proximate its upper end 74. The coll spring 110 is located within the
Interior chamber 36 between the top wall 28 of the valve body 12 and a radially-

extending retaining element 112 provided on the valve shaft 72 intermediate its
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ends 74, 76. Preferabiy, the retaining element 112 comprises an “E-clip” which is
received in a groove 113 on shaft 72. The second biasing mechanism 108 is
optional and provides damping of the upward movement of the valve shaft 72 and

plug 50 during opening of the valve 10.
Operation of valve 10 will now be briefly described with reference to the drawings.

In the open configuration shown in Figure 1, a fluid such as engine coolant enters
inlet 20 in a direction which is substantially normal to axis A, flows upwardly along
axis A through the lower portion 40 of interior chamber 36, through gap 58 into the
upper portion 38 of interior chamber 36, and finally exits the valve 10 through
outlet 22 in a direction substantially normal to the axis A. With valve 10 in the
open position shown in Figure 1, the solenoid 64 is preferably in a non-energized
siate so that coll spring 96 is able to hold the plug 50 away from valve seat 42.
Having the valve 10 open in the non-energized state of solenoid 64 is preferred so
that a malfunction in the controller 66 or solenoid 64 will not cut off the flow of fluid,

thereby avoiding damage to the engine and other components.

Once the solenoid 64 is energized, the valve shaft 72 and the associated plug 50
are caused to move downwardly against the force of spring 96 until the sealing
surface 56 of valve plug 50 engages the sealing surface 48 of valve seat 42. In
the embodiment of Figure 2B, the plug 50’ may be displaced laterally by a small
amount in order to accomplish effective sealing. Once the valve seat 42 and the
valve plug 50 are in complete engagement, flow of fluid through the interior
chamber 36 from inlet 20 to outlet 22 is substantially prevented. Discontinuing the
flow of electric current to solenoid 64 will then permit the spring 96 to move the

plug 50 upwardly out of engagement with the valve seat 42, thereby restoring fluid

flow through gap 58.
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A second preferred valve 200, is now described with reference to Figures 7 to 9.
Valve 200 comprises a valve body 202 having a housing 204 enclosed by a top
wall 206 and a bottom wall 208. As shown in Figure 7, the top and bottom walls
206, 208 are retained by C-clips 210, 212 and are sealed to the housing 204 by
resilient O-rings 214, 216 received in annular grooves 218, 220 of the top wall 206
and bottom wall 208, respectively. It will be appreciated that the top and bottom
walls 206, 208 are not necessarily attached to housing 204 by the specific means
shown in the drawings. For example, the top and bottom walls may preferably
comprise threaded fittings, similar to union fitting 29 described above, which are
received in threaded opening in the housing. Alternatively, the grooves in which
O-rings 214 and 216 are received may be formed in the housing 204 rather than
top and bottom walls 206, 208. '

Attached to the housing 204 are outlet and inlet fittings 222, 224 which may
preferably be similar in configuration to the fittings 22, 20 described above.
Preferably, the inlet and outlet 224, 222 of valve 200 are in alignment with one

another along an axis B, such that fluid flows generally normal to the axis B from

“Inlet 224 to outlet 222 through the interior chamber 226 of valve body 202 as

shown by arrows X and Y in Figure 7.

The interior chamber 226 is preferably divided into two portions, an outlet portion
228 which is in direct communication with outlet 222 and an inlet portion 230 which

s in direct communication with the inlet 224.

The inlet and outlet portions 230, 228 are separated from one another by an upper
wall 232, an opposed lower wall 234 and a side wall 236 between the upper and
lower walls 232, 234. The upper and lower walls 232, 234 are provided with
aligned openings 238, 240 respectively, through which fluid flows between the inlet
portion 230 and outlet portion 228 of the interior chamber 226. Each of these

openings 238, 240 is provided with an annular valve seat 242, 244 similar to valve
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seat 42 described above. Upper valve seat 242 has an inner axial wall 247 and an
angled sealing surface 248. The lower valve seat 244 similarly has an axial inner
wall 250 and an angled sealing surface 252. As will be appreciated from the

drawings, the valve seats 242, 244 are separated by a fixed axial spacing.

The valve 200 further comprises a pair of valve plugs 254, 256 provided with
annular sealing surfaces 258, 260, respectively for sealing with the upper and
lower valve seats 242, 244. The valve plugs 254, 256 may preferably be the same
as plugs 50, 50’ or 50" described above, and may preferably be provided with a
resilient sealing element as described above. Alternatively, the valve seats 242,
244 may be provided with resilient sealing elements as described above with

reference to valve seat 42.

The valve plugs 254, 256 are spaced from one another along axis B and each are
movable along the axis between an open position shown in Figure 7 and a closed
position shown in Figure 9. As shown in Figure 7, the sealing surfaces 258, 260 of
plugs 254, 256 are spaced from the sealing surfaces of valve seats 242, 244 in the
open positidn. With the valve 200 in the fully closed position, each of the plugs
254, 256 sealingly engages one of the valve seats 242, 244 along their respective

sealing surfaces.

As in the valve 10 described above, the valve 200 is provided with a plug actuating
mechanism for moving the valve plugs 254, 256 along the axis B from the open
position to the closed position, and a biasing mechanism for bias'ing the plugs 254,
250 toward the open position.

The plug actuating mechanism is generally identified by reference numeral 262,
and comprises a solenoid 264, the top of which may preferably be covered by top
cap 291. The solenoid 264 may, for example, comprise an on-off solenoid or a

proportionately controlled solenoid. In preferred valve 200, solehoid 264 is an on-

VAL AW Lt e g e o AT AN



10

15

20

25

30

CA 02459088 2004-02-27

12

off solenoid. An external controller 266 is provided for intermittently energizing the
solenoid 264 with an electric current, and electrical conductors 268, 270 are

provided through which the current flows between controller 266 and solenoid 264.

The plug actuating mechanism further comprises a valve shaft 272 through which
the solenoid 264 acts on the valve plugs 254, 256, the valve shaft 272 having an
upper end 274 and a lower end 276 axially spaced from one another, the shaft 272
being reciprocally movable along axis B. As schematically shown in Figure 7, the
upper end 274 of valve shaft 272 is engaged by the solenoid 264, such that when
the solenoid 264 is energized by an electric current, the valve shaft 272 moves
downwardly along axis B. As described below in more detalil, the valve plugs 254,
256 are carried by the valve shaft 272. Therefore, energizing solenoid 264 causes

the valve plugs 254, 256 to move toward the respective valve seats 242, 244.

As in valve 10, the lower plug 256 of valve 200 is provided with a cylindrical
depression 278 in which the lower end 276 of valve shaft 272 is received. In the
embodiment shown in Figure 7, the lower end 276 of valve shaft 272 and the
cylindrical depression 278 are similar in form to those shown in Figure 2B, so as to
permit limited lateral movement of the lower plug 236. This provides “self-
centering” as in the embodiment discussed above in connection with Figure 2B. It
is to be appreciated that the difference in diameter between the lower end 276 of
shaft 272 and the cylindrical depression 278 is somewhat exaggerated in Figure 7
so as to more clearly illustraie the “self-centering” feature.

It can be seen from Figure 7 that the lower end 276 of shaft 272 is not fully seated
In cylindrical depression 278 when the valve 200 Is open. That is, there is a gap
between the lower end 276 of shaft 272 and the bottom wall 280 of the depression
278. As will be seen in the drawings, this permits the distance between the upper

and lower plugs 254, 256 to be varied by a limited amount during opening and

closing of valve 200. Permitting plugs 254, 256 to move axially relative to one
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another by a limited amount assists in providing effective seals with the two valve
seats 242, 244,

- As shown in Figure 8, the upper valve piug 254 is mounted on shaft 272

intermediate its upper and lower ends 274, 276, with the shaft 272 extending
through a central aperture 282 of the upper plug 254. The shaft 272 is preferably
loosely received inside aperture 282 so as to provide the upper plug 254 with “self-
centering” capability as described above for valve plugs 50" and 256. in order to
limit upward movement of the upper valve plug 254, the valve shaft is preferably
formed with an upper large diameter portion 284 and a lower small diameter

portion 286 separated by a radially extending shoulder 288. The central aperture

282 of plug 254 is similarly formed with an upper large diameter portion 290 and a
lower small diameter portion 292 separated by a radially extending shoulder 294.
The shoulders 288 and 294 engage one another to act as stops which prevent

upward movement of plug 254 along shaft 272.

The upper and lower plugs 254, 256 are preferably biased away from one another

by a coil spring 296 which extends axially between the upper surface 298 of the

lower valve plug 256 and the lower surface 300 of the upper valve plug 254. AS

with plug 50 described above, the lower surface 300 of upper valve plug 254 may
preferably be provided with an annular groove 302 to retain the upper end of
spring 296.

The valve shaft 272 extends through a central aperture 304 in the top wall 206 and
a sliding seal between shaft 272 and aperture 304 is provided by a resilient O-ring
306 seated in an annular groove 308 formed in the axially extending wall of
aperture 304.

The biasing mechanism of valve 200 is generally identified by reference numeral |

310 and preferably comprises a coil spring 312 having an upper end 314 and a

e e e e A, - -
WA A SRR 8 T O W Y T - _m{a\v\-
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lower end 316. The upper end 314 of spring 312 engages the lower surface 318
of lower valve plug 256 and the lower end 316 of spring 312 engages a seating
surface 320 in the bottom wall 208 of the valve body 204. The coil spring 312
preferably extends axially through the outlet portion 228 of interior chamber 226
and, in the open position of Figure 7, the upper end 314 of spring 312 extends

past the lower valve seat 242 into the inlet portion 230 of interior chamber 226.

As shown in Figure 7, the lower surface 318 of lower valve plug 256 may
preferably be provided with an annuiar groove 322 in which the upper end 314 of
spring 312 is received. The seating surface 320 for the lower end 316 of spring
312 is preferably provided in a cylindrical depression 324 formed in the bottom
wall 208 of the valve body 204. As will be apparent from the drawings, the spring
312 biases the valve plug 256 upwardly toward the open position shown in Figure
7.

Operation of valve 200 will now be briefly described with reference to the

drawings.

In the open configuration shown in FigUre /, a fluid such as engine coolant enters
inlet 224 in a direction which is substantially normal to axis B, flows through the
inlet portion 230 of interior chamber 226, through the gaps between the plugs 254,
296 and valve seats 242, 244 into the outlet portion 228 of interior chamber 226,
and finally exits the valve 200 through outlet 222 in a direction substantially normal
to the axis B. With valve 200 in the open position shown in Figure 7, the solenoid
264 is preferably in a non-energized state so that coil spring 312 of blasing
mechanism 310 is able to hold the plugs 254, 256 away from valve seats 242,
244. When open, the spacing between the plugs 254, 256 and seats 242, 244 is
preferably about 5 to 6 mm.
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Once the solenoid 264 is energized, the valve shaft 272 and the associated plugs
254, 256 are caused to move downwardly against the force of relatively weaker
spring 312 until the sealing surface 260 of lower valve plug 256 engages the
sealing surface 250 of lower valve seat 244. In order to ensure that the lower
valve plug 256 is seated first, the axial distance between the upper valve plug 254
and the upper vaive seat 242 is from about 0.5 to about 1 mm greater than the
axial distance between the lower valve plug 256 and the lower valve seat 244. In
this intermediate position, the lower valve plug 256 is sealed against the lower
valve seat 244, the upper valve plug 254 is spaced from the upper valve seat 242
by about 0.5 to 1 mm, and the lower end 276 of valve shaft 272 remains spaced
from the bottom wall 280 of the cylindrical depression 278 of the lower valve plug
256 by an amount greater than the axial spacing between the upper plug 254 and

the upper valve seat 242. Thus, fluid continues to flow between the upper valve .

plug 254 and upper valve seat 242 in this intermediate configuration.

Downward movement of the valve shaft 272 continues with the lower end 276 of
valve shaft 272 approaching the bottom wall 280 of the cylindrical depression' 278.
This causes compression of relatively stronger spring 296, causing the distance
between the valve plugs 234, 256 to be reduced, and also causing the sealing
surface 258 of the upper valve plug 254 to be brought into sealing engagement
with the sealing surface 248 of the upper valve seat, thereby completely closing
the valve 200 as shown in Figure 9. it is preferred that the depth of depressioh
278 Is sufficient that a small clearance exists between the bottom wall 280 of
depression 278 and the lower end 276 of valve shaft 272, even when the valve is
completely closed. This helps to ensure that both plugs 254, 256 are effectively

seated.

Discontinuing the flow of electric current to solenoid 264 will then permit expansion

of springs 296 and 312, thereby moving the plugs 254, 256 upwardly out of
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engagement with the valve seats 242, 244 and restoring fiuid flow through valve

- 200.

Although not shown in Figure 7, it will be appreciated that valve 200 may
preferably be provided with a second biasing mechanism, similar to mechanism
108 described above, for damping upward movement of the valve shaft 272 and

plugs 254, 256 during opening of valve 200.

It will also be appreciated that formation of annular groove 308 iIn the central
aperture 304 of top wall 206 may be difficuit. Figure 8 illustrates an alternate
arrangement which avoids formation of such a groove. As shown In Figure 8, the
aperture 304’ in top wall 206’ has a stepped arrangement, having a lower portion

350 of small diameter, an intermediate portion 352 of intermediate diameter and

an upper portion 354 of relatively large diameter. The O-ring is received inside the
intermediate portion 352 of aperture 304 and is retained by an annular washer
356 or the like which is received in the relatively shallow upper portion 354.

Figures 10 to 12 illustrate alternate manners In which upper plug 254 may be
retained on valve shaft 272 in a valve 200. In Figure 10, the valve shaft 272’ has
an upper large diameter portion 284’ -and a lower small diameter portion 286
separated by a rounded shoulder 358. Similarly, the central aperture 282’ of the
upper plug 254’ has an upper portion 290’ of large diameter and a lower portion
292" of smaller diameter, with the upper portion 290" tapering inwardly toward the
lower portion 292. The diameter of the upper portion 284’ of valve shaft 272’ is
larger than the diameter of lower portion 292° of aperture 282" so as to prevent
upward movement of plug 254 along shaft 272’.

The upper surface of valve plug 254° is provided with an upwardly exténding
annular collar 360 having a pair of aligned holes 362, 364 which align with a hole
366 through the shaft 272’ to receive a pin 368 or other fastener to retain the plug



10

15

20

30

CA 02459088 2004-02-27

17

254" against upward movement relative to shaft 272'. Preferably, the pin 368 is
tightly received against movement in the hole 366 of shaft 272’ and is loosely
received in the holes 362, 364 of collar 360. This permits some limited movement
of plug 254’ normal to the shaft 272’ to provide self-centering. As more clearly
shown in Figure 12, the pin 368 is preferably in the form of a split cylinder and is
somewhat radially compressed in hole 366 so as to provide a tight connection to
the shaft 272'. ‘

Figure 11 illustrates yet another vanation in which an upper plug 254" is secured
to a valve shaft 272" by a pin 368. The valve shaft 272" has an upper large
diameter portion 284", a lower small diameter portion 286" and a radial shoulder
288" extending between the upper and lower portions 284", 286”. The shaft 272"
is similar in appearance {o shaft 272 described above except that there is a
smoothly curved transition 289 between the radial shoulder 288" and the upper

large diameter portion 284" of shaft 272".

The central aperture 282" of plug 254" is provided with a larger diameter upper
portion 290" and a smaller diameter lower portion 292" with a rédial shoulder 294"
extending between upper and lower portions 2907, 292". The shaft 272" S loosely
received in the aperture 282" to permit self-centering of the valve seat 254”. Also,
a smoothly curved transition 293 is provided between the shoulder 294” and the
upper portion 290” of aperture 282". The curved transitions 289, 293 of the
respective shaft 272" and aperture 282" engage one another and also assist in
self-centering of the plug 254",

't will be seen from Figure 11 that the radial shoulder 294” of central aperture 282"
IS provided with a notch 295 in which is reéeived a resi!ient'O-ring 297 to provide a
seal between the shaft 272" and the plug 254", to substantially prevent flow of
fluid between the shaft 272" and plug 254" when the valve is closed.

R LI T e
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The upper plug 254" of Figure 11 is provided with an upwardly extending annular
collar 360’ having a pair of aligned holes 362, 364" which align with a hole 366’
through the shaft 272" to receive a pin 368 or other fastener to retain the plug
254" against upward movement relative to shaft 272”. Preferably, the pin 368 is

\ tightly received against movement in the hole 366" of shaft 272" and is loosely

received in the holes 362°, 364’ of collar 360’ to provide self-centering. The pin
368 is preferably in the form of a split cylinder as shown in Figure 12 and is
preferably radially compressed in hole 366’ so as to provide a tight connection to
the shaft 272",

In addition, the large diameter portion 284 of shaft 272" may 'be provided with an
outwardly extending protrusion, such as C-clip 370 retained in groove 372. The C-
clip 370 is positioned intermediate the plug 254 and the top wall 206 and may
preferably be received against top wall 206 when the valve is in the open position
as shown in Figure 7, thereby helping to limit upward movement of shaft 272°. The
C-clip 370 may preferably be coated on its upper surface by a resilient material
such as rubber (not shown), thereby lessening valve noise caused by engagement
of the plug 254 and the top wall 206. As mentioned above, the shaft 272’ may be
surrounded by a coil spring, similar to spring 110 described above, extending
petween the C-clip 370 and the top wall 206. This would dampen upward

movement of the valve shaft 272’ and plug 254 during valve opening, as described

above with reference to valve 10.

Figure 13 illustrates another arrangement which prevents leakage between the
upper plug and the valve shaft of valve 200. In the embodiment of Figure 13, the

31?

valve plug 254 is replaced by a valve plug 254’ which has a central cylindrical
depression 78" similar to that of valve plug 50° shown in Figure 2B, but is
otherwise similar to plug 254", being secured to the shaft 272" by pin 368. The
valve shaft 272" has a lower end 76" which is received in the depression 78”.

Rather than having shatft 272" extend through the upper plug 254", the upper



10

15

20

25

CA 02459088 2004-02-27

19

plug 254" is provided with a downward extension portion 255 which is received in
the cylindrical depression 278 of the lower plug 256. The coil spring 296
surrounds extension portion 255, similar to the arrangement shown in Figure 7. It
can be seen that closing of a valve 200 having this arrangement will reduce
leakage over the embodiment of Figure 7 due to elimination of the shaft-receiving

aperture 282 in plug 254.

Figure 14 illustrates an alternate means of securing the top wall to. the housing in a

valve according to the invention. Figure 14 comprises a cross-sectional end view
of a portion of a single seat valve similar to valve 10 and having a housing 14
closed by a top wall 28’, a valve shaft 72 extending through a central aperture 90’
in the top wall 28" and a solencid 64 secured to an upper surface of the top wall
28’, with a seal between the top wall 28’ and solenoid 64 being provided by a
gasket 88. As lllustrated, the top wall 28" is provided with a flange 31 having a
plurality of countersunk vertical apertures 27 which are aligned with a plurality of '
vertical apertures 15 in the housing 14’, the aligned apertures 15, 27 receiving
screws 25 to secure the top wall 28’ to the housing 14’. As shown in dotted lines
In Figure 5, the top wall 28’ is preferably secured to the housing 14 by four screws
295.

The top wall 28" of Figure 14 also has a cylindrical extension 33 which extends
downwardly into the interior chamber 36°. The cylindrical extension has a side wall
39 provided with a groove 35 in which is received a resilient O-ring 37 to provide a
seal between the housing 14" and top wall 28°. The shaft 72 is sealed relative to
the central aperture 90° of top wall 28’ by an arrangement similar to that shown in
Figure 8. The aperture 90’ in the top wall 28’ has a stepped arrangement with a
lower portion 41 of large diameter and an intermediate portion 43 having a
diameter less than that of lower portion 41 and greater than that of the remainder
of aperture 90°. A resilient O-ring 45 is received inside the intermediate portion 43



10

15

CA 02459088 2004-02-27

20
and is retained by an annular washer 47 or the like which is received in the

relatively shallow lower portion 41.

The terms “upper” and “lower” are used herein to describe the relative positions of
various valve components as shown in the drawings. It is to be understood that
these terms are used for convenience only and that the valves according to the

Invention are not restricted to use in any particular orientation.

Although the invention has been described in relation to valves which can be used

to control coolant flow in automotive appiications, it wili be appreciated that the

‘valves according to the invention can be used in a wide variety of other

applications. For example, valves according to the invention can be used in low-

end stationary industrial or commercial cooling systems, for example small
stationary power generation units which may be fuel cell based, liquid cooled

generator sets, recreational vehicle applications, etc.

Although the invention has been described in connection with certain preferred
embodiments, it is not limited thereto. Rather, the invention includes within its

scope all embodiments which may fall within the scope of the following claims.
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What is claimed is:

1. A valve comprising:

(@) a valve body having an interior chamber, an inlet and an outlet;

(b)  a pair of valve seats provided in the interior chamber of the valve body,
the valve seats being spaced from one another along an axis, each of the valve seats
having a sealing surface;

' (C) a pair of valve plugs provided in the interior chamber of the valve body,
the valve plugs being spaced from one another along the axis, each of the valve plugs
having a sealing surface and being movable along the axis between an open position
and a closed position, wherein the sealing surfaces of the plugs and the seats are
spaced from one another in the open position and wherein each of the plugs sealingly
engages one of the seats along their respective sealing surfaces in the closed position,
and wherein the inlet and the outlet are spaced from one another in a direction normal
to the axis and are in flow communication with one another through the interior chamber
with the plug in the open position; .

(d) a plug actuating mechanism for moving the valve plugs along the axis
from the open position to the closed position, wherein the plug actuating mechanism
comprises a solenoid and further comprises a valve shaft through which the solenoid
acts on the valve plugs, the valve shaft having upper and lower axially spaced ends and
being reciprocally movable along the axis; and

(e) a first biasing mechanism for biasing the plugs axially toward the open
position;

wherein the upper end of the valve shaft is engaged by the solenoid, the lower
end of the valve shaft is received in a depression in a lower one of the valve plugs, and
wherein an upper one of the valve plugs is received on the valve shaft intermediate its

upper and lower ends, the valve shaft extending through an aperture in the upper valve

- plug.

2. The valve of claim 1, wherein the inlet is in communication with an inlet chamber

located in the interior chamber of the valve body, the inlet chamber having a pair of
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aligned openings, each of which is surrounded by one of the valve seats, such that with
the valve plugs in their closed positions the inlet chamber is substantially sealed from

the outlet.

3. The valve of claim 1 or 2, wherein an axial distance between the sealing surfaces
of the valve seats is fixed and wherein an axial distance between the sealing surfaces of

the valve plugs is variable.

4. The valve of any one of claims 1 to 3, wherein the solenoid, when energized by

an electric current, causes both valve plugs to move toward the closed position.

d. The valve of claim 4, wherein the first biasing mechanism causes both valve
plugs to move toward their open positions when the electric current to the solenoid Is

discontinued.

6. The valve of any one of claims 1 to 5, further comprising a second biasing

mechanism for biasing the valve plugs away from one another along the axis.

. ' The valve of claim 6, wherein the second biasing mechanism comprises an
axially-extending coil spring surrounding the shaft and received between the upper and

lower valve plugs. -

8. The valve of claim 7, wherein the lower end of the valve shaft is displaceable
relative to lower valve plug by a predetermined amount and wherein a distance between
the sealing surfaces of the upper and lower valve plugs is greater in the open position

than in the closed position.

- 9. The valve of claim 8 wherein, during closing of the valve, the lower valve plug
contacts a lower one of the valve seats before the upper valve plug contacts an upper

one of the valve seats.
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10. The valve of any one of claims 6 to 9, wherein relative diameters of the valve
shaft, the aperture in the upper valve plug and the depression in the lower valve plug

~ are such that one or both of the valve plugs are displaceable by a small amount normal

'to the axis.

11.  The valve of any one of claims 1 to 10, wherein the first biasing mechanism
comprises a coil spring having an upper end and a lower end, the upper end engaging a
lower one of the valve plugs and the lower end engaging a seating surface of the valve
body, wherein the coil spring is compressed when the lower plug moves toward its

closed position.

12.  The valve of any one of claims 6 to 11, wherein the upper one of the valve plugs
is prevented from moving upwardly along the valve shaft by a retainer mechanism

provided on the valve shaft between the upper plug and a top wall of the valve body.

13.  The valve of claim 12, wherein the valve shaft has an upper portion of a first
diameter and a lower portion of a relatively smaller second diameter, with a radial
shoulder being provided between the upper and lower portions of the shaft, and wherein
the upper valve plug has a central aperture through which the valve shaft extends, the
central aperture having a radial shoulder which engages the radial shoulder of the shatft

to prevent upward movement of the upper valve plug relative to the shatt.

14. The valve of any one of claims 1 to 13, wherein a resilient sealing element is

provided between the upper valve plug and the valve shaﬂ.

15.  The valve of any one of claims 1 to 5, wherein the lower end of the valve shaft is
secured to the upper valve plug by a pin which extends substantially normal to the axis,
the pin extending through a bore in the lower end of the valve shaft and through at least
one hole in the upper valve plug, the pin being closely received in the bore of the valve
shaft and loosely received in the hole of the upper vaive plug so as to permit a limited

amount of relative movement between the valve shaft and the upper vaive plug.
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16. The valve of claim 15, wherein the lower end of the valve shaft is loosely
received inside the depression of the upper valve plug so as to permit a limited amount

of relative movement between the valve shaft and the upper valve plug in a direction

perpendicular to the axis.

17.  The valve of any one of claims 1 to 16, wherein the sealing surfaces of one or

both of the valve plugs are provided with resilient sealing means.

18. The valve of claim 11, further comprising a second biasing mechanism for
biasing the valve plugs away from one another along the axis, the second biasing
mechanism comprising an axially-extending coil spring surrounding the shaft and
received between the upper and lower valve plugs, wherein the coil spring of the first

biasing mechanism is weaker than the coil spring of the second biasing mechanism.
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