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1
CONTROL VALVES FOR HYDRAULIC FLUIDS

This invention relates to an improved control valve
for'use in controlling the flow of fluid through a seating
in a housing of the kind in which a valve member is nor-
mally urged against the seating to cut off fluid flow by

“a pre-loaded spring acting on the valve member
through a push-rod assembly, and the push-rod assem-
bly is movable in an opposite direction away from the
seating upon energisation of a solenoid.

Hitherto in control valves of that kind the push-rod
assembly is rigidly connected to the armature of the so-

 lenoid so that, when the solenoid is de-energised and
the valve member is urged into engagement with the
seating by the push-rod assembly, the closing force of
the pre-loaded spring, which is applied to the valve
member through the push-rod, is augmented by the in-
ertia of the armature. In some constructions, particu-
larly where the area of the valve seat is relatively small,
the augmented closing force may be sufficiently large
to cause the valve seat to become damaged by the en-
gagement with it of the valve member.

According to our invention, in a control valve of the
kind set forth the push-rod assembly is coupled to the
armature of the solenoid by a lost-motion connection
permitting movement of the armature relative to the
push-rod assembly through a limited range, at least in
a direction towards the seating, and movement of the
armature in a direction towards the seating is resisted
by a fixed abutment after the push-rod assembly has en-
gaged with a stop limiting movement of the push-rod in
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a direction to urge the valve member into engagement

with the seating and before the armature has moved
relative to the push-rod through the said limited range.

Thus the inertia of the armature is taken by the fixed
abutment and the closing force comprises the force in
the preloaded spring and the inertia of the push-rod,
which is small in comparison with that of the armature.

The stop limiting movement of the push-rod conve-
niently comprises the engagement between the valve
member and the seating.

A longitudinal section through a control valve in ac-
cordance with our invention is illustrated in the single
FIGURE of the accompanying drawings.

In the control valve illustrated 1 is a housing having
a stepped cylindrical through-bore 2 of which portions
of the bore are separated by a partition member 3 hav-
ing a central opening 4. A chamber 5 defined in the
bore between one face of the partition member 3 and
one end of the housing is formed with a radial port 6
adapted to be connected to a return line to a reservoir
for supplying fluid to a high pressure pump. The oppo-
site face of the partition member 3 forms an abutment
for the inner end of a cup-shaped sleeve 7 which is
formed in its closed end with a central opening 8. The
sleeve 7 is held in engagement with the partition mem-
ber 3 by a plug 9. The plug 9 is screwed in a portion 10
of enlarged diameter at the opposite end of the bore 2.

A spacer member 11 having a central opening 12 of
substantial diameter is clamped between the sleeve 7
and an adjacent face of an annular member 13 of which
the opposite face is in abutment with the inner end of
the plug 9. The annular member 13 is provided with a
central opening 14 of a diameter substantially equal to
or slightly smaller than that of the opening 8. The open-
ing 14 is in communication with chamber 15 in the plug
9 adapted to be connected to a source of high pressure
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fluid, for example, the pump or an hydraulic accumula-
tor supplied by the pump, through a connection 16.

A valve member in the form of a ball 17 is located in
a chamber 18 disposed between the sleeve 7 and the
annular member 13 and defined by the opening 12. The
ball 17 is adapted to éngage with one of a pair of axially
spaced seatings surrounding the openings 8 and 14, and
the chamber 18 is adapted to be connected to an actua-
tor for controlling a wheel brake slave cylinder through
a radial passage 19 in the member 11 and a communi-
cating radial port 20 in the wall of the housing 1.

Normally the ball 17 is held against the seating sur-
rounding the opening 14 to cut-off communication be-
tween the high pressure source and the actuator by a
push-rod assembly located in the chamber 5.

The push-rod assembly comprises a cylindrical
holder 21 from the inner end of which projects a stem
22 of reduced diameter which normally extends
through the opening 8 and engages at its free end with
the ball 17. A central axial recess 23 extending in-
wardly from the opposite end of the holder 21 receives,
in screw-threaded engagement, the outer end of a
threaded stem 24 of an axially extending actuating rod
25. A locking nut 26 screwed onto the stem 24 abuts
against the adjacent end of the holder 21 to lock the
stem 24 and the holder 21 against relative rotation. The
face of the nut 26 remote from the holder 21 forms an
abutment for a plate 27 of dished outline which in turn
forms an abutment for one end of a pre-loaded spring
28. The outer opposite end of the spring 28 engages
with an inwardly extending radial abutment flange 29
engaging with a shoulder 30 at the base of an annular
recess 31 in the wall of the housing 1 at that end in
which the chamber5 is located. The flange 29 is inte-
gral with a ring 32 of an axial length equal to that of the
recess 31. The outer end of the ring 32 is clamped in
engagement with a casing 33 incorporating solenoid
windings (not shown) which surround an armature 34.

The actuating rod 25 works through a central open-
ing in a bushing 35 screwed into an axially extending
recess 36 in the inner end of the armature 34. An en-
larged head 37 carried by the inner end of the rod 25
is located in a chamber 38 defined between the iriner
end of the recess 36 and the bushing 35. The head 37
is of an axial length less than that of the chamber 38
and of a diameter less than that of the recess 36. The
head 37 is this axially movable relative to the armature
34 to form a lost-motion connection between the arma-
ture 34 and the actuating rod 25.

An abutment ring 39 for engagement with the outer
face of the flange 29 is carried by the armature 34 adja-
cent to its inner end.. '

In the position shown in the drawing in which the so-
lenoid windings are de-energised the ring 39 engages
with the flange 29 and the head 37 is spaced from the
bushing 35. In that position the ball 17 is held against
the seating 14 to cut-off communication betwéen the
chamber 15 and the ports 20 and 6 due to the influence
of the spring 28.

When the solenoid windings are energised in re-
sponse to a signal received from a control module sens-
ing excessive deceleration of a braked wheel, the arma-
ture 34 is moved away from the housing 1 and, after the
lost motion clearance between the head 37 and the
bushing 35 has been taken-up, the armature withdraws
the ‘actuating rod 25 against the loading of the spring
28. This permits the ball 17 to move out of engagement
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with the seating 14 and engage the seating 8 due to the
high pressure fluid supplied to the chamber 15 through
the port 16. That movement of the ball 17 places the
chamber 15 in communication with the port 20 so that
fluid from the pressure source is supplied to the actua-
tor.

When the solenoid windings are again de-energised,
the pre-loaded spring 28 moves the actuating rod 25 in
the opposite direction-taking with it the armature 34
and the free end of the stem 22 acts on the ball 17 to
urge it into engagement with the seating 14 which acts
as a stop preventing further movement of the rod 25 in
that direction. Due to the provision of the lost-motion
connection any inertia applied to the armature 34 dur-
ing this movement is not transferred to the actuating
rod 25 but is taken by the flange 29 before relative
movement between the head 37 and the armature 34
is sufficient to enable the head 37 to engage with the
base of the recess 38.

When the control valve described above is incorpo-
rated in an hydraulic braking system, conveniently of
the kind described in our patent application Ser. No.
73,081, the connection 16 is connected to a source of
high pressure fluid, the radial port 6 is connected to a

return line to a reservoir for supplying fluid to the high

pressure source through a union 40 screwed into a pas-
sage in the housing 1 and having an axial passage 42 in
communication with the port 6, and the port 20 is con-
nected to an actuator for controlling the pressure of hy-
draulic fluid applied to at least one wheel brake. Prefer-
ably the actuator is of the construction described in our
patent application Ser. No. 73,202. In normal opera-
tion of the hydraulic braking system the control valve
is in the position shown in the drawings with the sole-
noid windings de-energised and the ball 17 held in en-
gagement with the seating 14 to cut-off communication
between the source of high pressure fluid and the actu-
ator through the port 20. In that position fluid can re-
turn from the actuator to the reservoir through the
ports 20 and 6 which are in communication by a flow
path in the housing 1 defined by the chamber 5, the
opening 4, the opening 8 in the sleeve 7, and the radial
passage 19.

When the deceleration of the braked wheel exceeds
a predetermined value the solenoid windings are energ-
ised and the armature 34 is withdrawn to permit the
ball 17 to engage with the seating 8 as described above.
Communication between the ports 20 and 6 is cut-off
and high pressure fluid from the high pressure source
is then supplied to the actuator to relieve the braking
effort. Fluid within the chamber § and the opening 4 is

_then retruned to the reservoir through the port 6 and
the communicating passage 42.

In such a hydraulic braking system a restriction may
be provided within the return line between the port 6
and the reservoir. The provision of the restriction re-
duces the rate at which hudraulic fluid is returned to
the reservoir form the actuator through the flow path
in the housing 1 between the ports 20 and 6, thereby
controlling the rate of re-application of the wheel
brake.

In one construction the restriction comprises an ori-
fice formed in a plate which is located in the return line
at any convenient location. As illustrated in the draw-
ings the restriction comprises an orifice 43 provided in
a plate 44 disposed between the inner end of the union
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40 and a shoulder 45 at the inner end of the passage 41
into which the union 40 is screwed.

This has the advantage that, by unscrewing the union
40 from the passage 41, the orifice plate 44 can be re-
moved and replaced by a plate provided with an orifice
of a different diameter, whereby the characteristics of
wheel brake re-application can be controlled in accor-
dance with the requirements of any, or one particular,
wheel brake of a particular vehicle. For example, if the
orifice plate is replaced by a plate provided with an ori-
fice of greater diameter the rate of re-application of the
wheel brake is increased. Similarly if the orifice plate

is replaced by a plate provided with an orifice of lesser

diameter, the rate of re-application of the brake is de-
creased. The selection of a particular orifice plate will

depend entirely upon the braking characteristics of 2

system in accordance with the requirements of a vehi-
cle in which it is to be instalied.

The plate 44 is of a minimum thickness consistent
with enabling the plate to define an orifice 43 of a par-
ticular diameter. Thus the ration of plate thickness to
orifice diameter is maintained at a minimum value. At
least the edge of the plate 44 which defined th end of
the orifice 43 remote from the chamber 5 and facing
the union 40 is of a sharp 90° outline.

The construction or orifice plate described above is
of advantage in that its characteristics remain substan-
tially constant irrespective of changes in the viscosity
of the hydraulic fluid. For example the orifice operates
satlsfactory when the temperature of the hydraulic
fluid is at low as —2°C.

We claim:

1. In a fluid flow solenoid-operated control valve
comprising a housing, a first seating in said housing sur-
rounding a port through which fluid can flow, a valve
member for engagement with said first seating, a push-
rod assembly for urging said valve member into engage-
ment with said first seating, a pre-loaded spring acting
on said push-rod assembly to urge said valve member
into engagement with said first seating, a solenoid, an
armature for moving said push-rod assembly away from
said first seating upon energisation of said solenoid, and
a lost-motion connection between said armature and
said push rod assembly, the invention wherein said lost-
motion connection comprises a first fixed abutment
provided on said housing, a second abutment provided
on the armature for direct mechanical engagement
with said first abutment, the armature being free to re-
main with the two abutments in engagement with the
solenoid is de-energised, and stop means for limiting
movement of said push rod in a direction to urge said
valve member into engagement with said first seating,
the arrangement of the connection being such as to
permit lost motion movement of said armature relative
to said push-rod assembly in each direction of move-
ment of said armature, the extent of said lost motion
after said push rod assembly has engaged with said stop
means being limited by engagement of said first and
second abutments, whereby upon energisation of said

'solenoid said armature attains an initial momentum in

taking up said lost before picking up the push-rod as-
sembly,
said push-rod assembly carrying a radial plate form-
ing an abutment for one end of said pre-loaded
spring of which the other end is in engagement with
said first abutment at the end of said housing adja-
cent to said solenoid, whereby said pre-loaded
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spring acts in a direction to urge said valve member
into engagement with said first valve seating.

2. In a fluid flow solenoid-operated control valve
comprising a housing, a first seating in said housing sur-
rounding a port through which fluid can flow,a valve
member for engagement with said first seating, a push-
rod assembly for urging said valve member into engage-
ment with said first seating, a pre-loaded spring acting
on said push-rod assembly to urge said valve member
into engagement with said first seating, a solenoid, an
armature for moving said push-rod assembly away from
said first seating upon energisation of said solenoid, and
a lost-motion connection between said armature and
said push-rod assembly, the invention wherein said lost-
motion connection comprises a first fixed abutment
provided on said housing, a second abutment provided
on the armature for direct mechanical engagement
with said first abutment, the armature being free to re-
main with the two abutments in engagement when the
solenoid is de-energised, an enlarged head carried by
said push-rod assembly at an end remote from said first
seating, said head being received in a recess formed in
said armature, screw means for adjusting the effective
length of said push-rod assembly, and stop means for
limiting movement of said push rod in a direction to
urge said valve member into engagement with said first
seating, the arrangement of the connection being such
as to permit lost-motion movement of said armature
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relative to said push-rod assembly in each direction of
movement of said armature, the extent of said lost mo-
tion after said push-rod assembly has engaged with said
stop means being limited by engagement of said first
and second abutments and- the extent of said lost mo-
tion in the other direction being adjustable by said
screw means and being limited by engagement of said
armature and said head, whereby upon energisation of
said solenoid said armature attains an initial momen-
tum in taking up said lost motion before picking up the
push-rod assembly.

3. The invention as claimed in claim 2 wherein said
housing is provided with an outlet connection which
incorporates a restriction to regulate flow of hydraulic
fluid therethrough.

4. The invention as claimed in claim 3, wherein said
restriction comprises an orifice in a plate removably
mounted in a passage in said housing in connection
with and of a diameter greater than, a port defining said
outlet connection, and said plate is clamped between
an inner end of a union screwed into said passage and
a shoulder at a step in diameter between said passage
and said port.

5. The invention as claimed in claim 4, wherein at
least the edge of said plate which defines the end of said
orifice facing said port is of a sharp substantially 90°

outline.
% * * % *



