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(57) Abstract: A flow control valve includes
a valve body defining fluid inlet (18) and out-
let (16) sections interconnected by a connecting
port (20). A valve unit (40) is disposed in the
valve body and is operably connected to an ac-
tuator (42) to be moved thereby for opening and
closing the connecting port. The valve unit in-
cludes a pressure balancing passage which com-
municates front and rear ends of a valve element
(90) with one another and tending to aid in stat-
ically and dynamically balancing the fluid pres-
sures acting on the valve element.
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FLOW CONTROL VALVE FOR REFRIGERATION SYSTEM

BACKGROUND OF THE INVENTION

The present invention relates to a flow control valve,
especially for use in refrigeration systems for con-

trolling the flow of refrigerant.

A refrigeration system typically includes a compressor,
a condenser, an evaporator, and a flow control valve
which meters the flow of refrigerant to the evaporator
and converts liquid refrigerant to a mixture of liquid
and vapor. The flow control valve is positioned up-
stream of the evaporator where it functions as an ex-
pansion valve for converting high pressure, sub-cooled
liquid refrigerant into a low pressure, low-temperature
mixture of liquid and vapor. Also, a flow control
valve could be positioned downstream of the evaporator
(i.e., between the evaporator and the compressor) where
it functions as a suction valve for regulating evapora-

tion pressure in the evaporator.

The flow control valve typically comprises fluid inlet
and outlet passages interconnected by a connecting port
that is bordered by a valve seat. A valve element is
arranged be moved toward and away from the valve seat
by an actuator, such as an electric solenoid or step-

ping motor.

When such a flow control valve is used in a refrigera-

tion system, there will be a pressure difference across

CONFIRMATION COPY
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the valve element, which will create a resultant force
to be overcome by the actuator. The bigger the force,
the stronger must the actuator be. Since the actuator
costs in general increase with increasing strength, it
is desirable to keep the force to be overcome by the
actuator low to reduce actuator costs. One way of re-
ducing the force is disclosed in US 3,700,209. However,
the disclosed valve requires substantial precision dur-

ing manufacturing.

Another aspcet of using such a flow control valve
arises, when it is used as a suction valve in a refrig-
eration system, because the size of the connecting port
must be large enough to accommodate an ample flow ther-
ethrough during conditions of low pressure drops. Due
to its relatively large size, it is difficult to main-
tain a precisely metered flow through the connecting
port when the valve is opened only slightly. For exam-
ple, during periods of high refrigeration demands, the
suction valve should be opened only slightly (e.g., at
2.5-3.5% of maximum opening). Under those conditions,
a slight inaccuracy in the amount of valve openness can
produce a relatively large change in fluid flow.
Achieving a precise flow is made even more difficult if
the actuator is a stepping motor which can position the
valve element in a only limited number of positions.

In the event that the compressor is being driven by an
internal combustion engine, a flow rate which is too
low or even terminated, may cause the internal combus-

tion engine to be choked.
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A different problem may be encountered when a refrig-
eration system is shipped from a manufacturer to a cus-
tomer, since there may be refrigerant in a portion of
the refrigerant line situated between the expansion
valve or suction valve and another valve. If the sys-
tem were exposed to high enough temperatures, the re-
frigerant pressure could increase to such a degree that

one of the valves or the piping could break.

Therefore, it is an object of the invention to achieve
a good balancing of the valve element in a manufactur-

ing friendly way.

Another object of the invention is to provide a flow
control valve capable of providing a precisely metered

low -flow.

Yet another object is to provide such a flow control

valve that is actuated by a stepper motor.

Still another object is to provide such a flow control
valve that can function as either an expansion valve or
a suction valve in a refrigeration system.

A further object is to provide a flow control valve
that can relieve high pressures generated by high tem-
peratures encountered by the system, e.g. when being

shipped or stored.

SUMMARY OF THE INVENTION

At least some of the objects of the present invention
are achieved by a flow control valve which comprises a

valve body and a valve mechanism. The valve body de-
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fines a fluid inlet section, a fluid outlet section,
and a connecting port interconnecting the inlet and
outlet sections. The valve mechanism comprises an ac-
tuator, a valve element, and a bleed closure. The
valve element is operably connected to the actuator to
be moved thereby selectively in port-opening and port-
closing directions for respectively opening and closing
the connecting port. The valve element includes a
bleed passage extending therethrough for communicating
the fluid inlet section with the fluid outlet section.
The bleed closure is operably connected to the actuator
and is movable thereby relative to the valve element
for opening the bleed passage with the valve element in

a port-closing position.

Preferably, the bleed closure is mounted on the valve
element and arranged to transmit port-opening and port-
closing movements from the actuator to the valve ele-
ment. The bleed closure is arranged to be opened by an
initial phase of the port-opening movement prior to
transmitting the port-opening movement to the valve

element.

The valve mechanism preferably further comprises a bal-
ancing passage extending therethrough for equalizing
pressures at the port-closing end and an opposite end
of the valve element. The bleed passage and the bal-
ancing passage include a common passage section which
includes a slit formed in the port-closing end of the

valve element.
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Another aspect of the invention pertains to a flow con-
trol valve which comprises a valve body and a valve
mechanism. The valve body defines a fluid inlet sec-
tion, a fluid outlet section and a connecting port in-
terconnecting the inlet and outlet sections. The valve
mechanism comprises an actuator and a valve unit opera-
bly connected to the actuator to be moved thereby along
a longitudinal axis extending through a center of the
connecting port and including a port-sealing surface.
The valve unit is movable along the axis between a for-
ward port-closing position and a rearward port-opening
position. The valve unit include front and rear ends
interconnected by a pressure balancing passage. A
front portion of the pressure balancing passage com-
prises a slit formed in a front end surface of the
valve unit and extending thereacross in a direction
transversely of the longitudinal axis from the axis to
a periphery of the valve unit. The slit extends along
the longitudinal axis from the front end surface to a
location at least halfway from a forwardmost portion of

the front end surface to the port-sealing surface.

Yet another aspect of the invention involves a flow
control valve comprising a valve body defining a fluid
inlet section, a fluid outlet sectioh, and a connecting
port interconnecting the inlet and outlet sections. A
valve mechanism is connected to the valve body and com-
prises an actuator and a valve unit connected to the
actuator to be moved thereby selectively in port-
opening and port-closing directions for respectively

opening and closing the connecting port. The valve
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unit includes a valve element including a bleed passage
extending therethrough for communicating the fluid
inlet section with the fluid outlet section, and a
bleed closure operably connected to the actuator and
movable thereby relative to the valve element for open-
ing the bleed passage with the valve element in a port-
closing position. The bleed closure includes a seal
face arranged to close the bleed passage, and an elas-
tomeric material disposed on the seal face and being of
gufficient flexibility to open the bleed passage in re-
sponse to pressure higher than normal system operating

pressure.

Another aspect of the invention relates to a flow con-
trol valve which comprises a valve body defining a
fluid inlet section, a fluid outlet section, and a con-
necting port interconnecting the inlet and outlet sec-
tions. The connecting port includes a valve seat. A
valve mechanism is connected to the valve body and com-
prises an actuator and a valve unit connected to the
actuator to be moved thereby selectively in port-
opening and port-closing directions for moving a seal-
ing surface of the valve element against and away from
the valve seat for respectively opening and closing the
connecting port. A bleed passage is arranged for in-
terconnecting the fluid inlet and outlet sections when
the sealing surface is seated against the valve seat,
for permitting a flow of bleed fluid from the inlet
section to the outlet section. A bleed closure is pro-
vided for opening and closing the bleed passage. The

bleed closure is operably connected to the actuator for
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being opened thereby past a threshold position wherein
the bleed closure does not restrict the flow of bleed

fluid through the bleed passage.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and advantages of the invention will become
apparent from the following detailed description of
preferred embodiments thereof in connection with the
accompanying drawings in which like numerals designate

like element.

Fig. 1 is a longitudinal sectional view taken through a

flow control valve according to the present invention.

Fig. 2 is an enlarged fragmentary view of Fig. 1, with
a valve element in a closed state, and with a bleed

passage in an open state.

Fig. 3 an exploded longitudinal sectional view through

a valve unit of the flow control valve.

Fig. 4 is a longitudinal sectional view through the
valve unit, with a bleed passage shown in a closed
state at the left side of the figure, and open at the
right side of the figure.

Fig. 5 is a front perspective view of the flow control
valve mechanism, partly broken away to reveal the front

end of a valve unit.

Fig. 6 is a side elevational view through a modified

valve unit.
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Fig. 7 is a front end view of the valve unit of Fig. 6.

Fig. 8 is a front perspective view of the valve unit of

Fig. 6.

DESCRIPTION OF PREFERRED EMBODIMENTS

Depicted in Fig. 1 is a flow control valve 10 which in-
cludes a valve body 12, and a valve mechanism 14 con-

nected thereto for controlling fluid flow through the

valve body. The flow control valve 10 is ideally, but
not exclusively, suited for use in a refrigeration sys-
tem in which it can be employed either as an expansion
valve disposed upstream of an evaporator for control-

ling the delivery of liquid refrigerant to the evapora-
tion, or as a suction valve disposed downstream of the
evaporator for controlling the evaporation pressure in

the evaporator.

In that regard, the valve body forms a pair of fluid
flow sections 16, 18 either of which can serve as a
flow inlet section or a flow outlet section. For in-
stance, when the flow control valve 10 functions as an
expansion valve, the flow section 16 would constitute a
fluid inlet section and the flow section 18 would con-
stitute a flow outlet section. Conversely, if the flow
control valve were to be employed as a suction valve,
the flow section 18 would constitute a flow inlet sec-
tion and the flow section 16 would constitute a flow

outlet section. The flow sections 16, 18 are aligned
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along a center line CL, and each of the flow sections

16, 18 is attached to a respective conduit 16a, 18a.

With reference to Fig. 2, it can be seen that the valve
body 12 includes a connecting port 20 which communi-
cates the flow sections 16, 18 with one another. The
connecting port 20 is bordered by a valve seat 22. The
valve body 12 also forms a sight glass opening 24 and a

valve space 26.

The valve mechanism 14 comprises a valve unit 40 and an

actuating mechanism 42 for displacing the valve unit.

The actuating mechanism 42 is secured to the valve body
12 via a sealing sleeve 44 which includes an externally
threaded guide shank 46 and an internally threaded head
48. The shank 46 is threadedly secured within the
valve space 26 of the valve body 12 to form a chamber
50 bordered by a cylindrical guide surface 52 of the
guide shank 46. The cylindrical guide surface defines
a longitudinal axis L that passes through the center of
the connecting port and forms an oblique angle a with
the center line CL.

Threadedly mounted in the head 48 is a lower portion 60
of a motor housing 62 of the actuating mechanism. An
upper portion 64 of the housing is threadedly connected
to the lower housing portion 60 to form therewith a
compartment in which an actuator is mounted, the actua-
tor preferably comprising an electric stepper motor 70.
The stepper motor 70 includes an output shaft 72 having

gear teeth meshing with the gear teeth of a pinion gear
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74. The pinion gear 74 also includes teeth that mesh
with a spindle gear 76 in which the upper end of an ex-
ternally threaded drive spindle 78 is fixed. The drive
spindle 78 is connected to the valve unit 40 and is ro-
tatable by the stepper motor 70 about an axis of rota-
tion which coincides with the longitudinal axis L of
the chamber 50, in order to slide the valve unit 40 se-
lectively in a forward port-closing direction toward
the connecting port 20 or in a rearward port-opening

direction away from the connecting port 20.

The valve unit 40 includes a piston-like valve element
90 comprised of a front part 92, a rear part 94, and an
intermediate part 96 releasably attached together (see
Fig. 3). The intermediate part includes a through-hole
extending axially therethrough, the through-hole in-
cluding first, second, and third portions 96a, 96b,
96c. The first hole portion 96a is internally threaded
and receives an externally threaded portion 92a of the
front part 92. The third hole portion 96c is inter-
nally threaded and receives an externally threaded por-
tion 94a of the rear part 94. The second hole portion
96b is of smaller cross section than the third hole
portion 96c so that a rearwardly facing ledge 96d is

formed which surrounds the second hole portion 96b.

Sandwiched between the front and intermediate parts 92,
96 is a sealing disk 98 and an O-ring seal 100 (see
Fig. 2). A forwardly facing surface 99 of the sealing
disk constitutes a sealing surface adapted to sealingly

engage the valve seat 22.
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Formed between the rear and intermediate parts 94, 96
is a seal space in which an annular sealing element 102
and an annular biasing O-ring 104 are disposed. The
O-ring 104 biases the sealing element radially out-
wardly against the guide surface 52 of the guide shank
46.

Formed in a front end or so-called cone portion of the
front part 92 is a center recess 109 and a slit 110
which extends diametrically across the front part 92,
i.e., in a direction transversely of the longitudinal
axis, as can be seen in Figs. 2 and 5. The slit ex-
tends in the direction of the axis L for a distance
terminating short of the sealing surface of the sealing
disk 98. The slit 110 communicates with a center bore
112 which extends axially through the front part and
which includes an enlarged portion 112a that communi-
cates with the through-hole 96a-c extending through the
intermediate part 96. Preferably, the slit 110 extends
from the front end of the valve element along the axis
to a location at least half-way from a forwardmost part

of the valve element to the sealing surface 99.

The recess 109 is shaped to receive a turning tool,
such as an Allen wrench, in order to be able to rotate

the front part 92 of the valve element 90.

As pointed out earlier, during periods of high cooling
loads when the valve assembly is employed as a suction

valve (i.e., when the fluid flow sections 18, 16 con-
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stitute inlet and outlet flow sections, respectively),
the valve element should close the connecting port 20
except for admitting a small flow of refrigerant from
the inlet section 18 to the outlet section 16. In ac-
cordance with the present invention, this is accom-
plished in a precisely controllable manner by the pro-
vision of at least one closable bleed passage extending
through the valve element from the inlet section 18 to
the outlet section 16. Two bleed passages are de-
picted, each of which includes a bleed channel 120, one
end (outlet end) 120a of which opens in a side of the
intermediate part 96 communicating with the inlet flow
section 16, and an opposite end 120b (inlet end) of
which opens in the rearwardly facing ledge 96d of the
intermediate part 96. Thus, each bleed passage is
formed sequentially by the respective bleed channel
120, the third hole portion 96c of the intermediate
part, the second hole portion 96b of the intermediate
part, the bores 112, 112a of the front part 92, and the
slit 110 of the front part 92.

The valve unit 40 further includes a bleed closure for
selectively opening and closing the bleed passages.

The bleed closure is preferably in the form of a hollow
bleed piston 130 mounted in the valve element 90 for
limited axial movement relative thereto along the axis
L. The bleed piston 130 includes a front head 132
mounted in the third hole portion 96c of the intermedi-
ate part and disposed axially between the shelf 96d of
the intermediate part 96 and the front end 94b of the

rear part 94. The head 132 includes a forwardly facing
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seal face 133. The distance between the shelf 96d and
the front end 94b is longer than the length of the
front head 132, allowing the bleed piston 130 to recip-
rocate axially relative to the valve element 90 between
front and rear abutments defined by the ledge 96d and
the third part's front end 94b, respectively.

A coil compression spring 140 is mounted in front of
the bleed piston 130. A front end of the spring 140
bears against a step 92b of the valve element 90, and a
rear end of the spring is disposed in a recess 142
formed in the head 132 of the bleed piston 130. Thus,
the spring acts between the valve element 90 and the
bleed piston 130 to bias the bleed piston axially rear-
wardly, away from the ledge 96d, for a reason to be ex-

plained.

The bleed piston further includes a rear shank 134 that
has an internally threaded hole 135 receiving the ex-
ternally threaded drive spindle 78 of the actuating
mechanism. The rear shank 134 is slidably mounted in a
bushing 146 mounted in the lower portion 60 of the mo-
tor housing (see Fig. 2). By rotating the drive spin-
dle 78 in one direction, i.e., a port-closing direc-
tion, the bleed piston 130 is displaced axially for-
wardly, whereby an axially forward force is transmitted
from the bleed piston to the valve element 90 through
the spring 140 to displace the valve element 90 for-
wardly toward the connecting port 20. When the sealing
disk 98 contacts the valve seat 22, continued rotation

of the drive spindle 78 in the port-closing direction
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causes the bleed piston 130 to move forwardly relative
to the valve element 90, until the front seal face 133
of the bleed piston head 132 abuts the ledge 96d to

close the bleed passages. Thus, no fluid can pass be-

tween the flow sections 16, 18.

In the event that a slight but measured amount of
fluid flow is desired, e.g., during the high load con-
dition when the valve mechanism is functioning as a
suction valve, the actuator can be actuated to rotate
the drive spindle in a port-opening direction, i.e., in
a direction which displaces the bleed piston axially
rearwardly relative to the valve element 90, until the
head of the bleed piston 130 contacts the rear abutment
94b. The bleed passages are thereby opened, enabling a
slight but measured fluid flow to pass through the
valve assembly. In this state, the spring 140 func-
tions to press the head of the bleed piston firmly
against the rear abutment 94a to prevent the bleed pis-
ton from "chattering" as might otherwise be permitted
by axial "play" existing between the threads of the
spindle 78 and the bleed piston 130. It will be appre-
ciated that any suitable elastic element could be used

to perform the spring function.

The bleed piston is moved to a fully open state in re-
sponse to a predetermined number of incremental “steps”
of the stepper motor. As the bleed piston opens, the
gseal face 133 of the bleed piston 130 lifts off the
shelf 96d, thereby causing the hole portion 96c to form

a progressively enlarging bridging section 146 (Fig. 4)
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of the bleed passage which interconnects upstream and
downstream sections of the bleed passage, i.e., the
portion 96c of the bleed passage is connected with the

inlet ends 120b of the bleed channels 120.

It will be appreciated that during the initial stages
of the opening movement of the bleed closure, the
bridging section 144 will be small enough to impose a
restriction to the bleed flow. That is, the rate of
flow through the bleed passage is being determined by
the bleed closure. However, once the bleed closure
passes a threshold position, the bridging section 146
will be large enough that it imposes no restriction to
the bleed flow, whereby the rate of bleed flow is de-
termined by the configuration of the bleed passage it-
self. Therefore, it is assured that by actuating the
stepper motor a sufficient number of steps to move the
bleed closure past the threshold position, a precisely
metered bleed flow predetermined by the design of the

bleed passage will result.

Further rotation of the drive spindle 78 in the port-
opening direction causes the bleed piston to travel
rearwardly and press against the rear abutment 94b to
pull the valve element 90 rearwardly to separate the
sealing disk 98 from the valve seat 22 if it is desired

to open the port.

In order to close the connecting port entirely, the
drive spindle is caused to rotate in the port-closing

direction, whereupon the bleed piston 130 moves for-
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wardly and contacts the ledge 96d to close the bleed
passages and then, as the drive spindle continues to be
rotated, pushes the valve element 90 forwardly until

the sealing disk 98 contacts the valve seat 22.

It will be appreciated that when the valve element is
in a port-closing state, it is desirable that the
forces acting against the front and rear ends of the
valve element be balanced as much as possible in order
to minimize the forces acting on screw drive between
the stepper motor and the valve unit 40. Balancing can
be achieved by communicating the fluid pressure acting
at the front end of the valve unit with the rear end of
the valve unit, and by making the surface areas of the
front and rear ends of the valve unit of generally

equal magnitudes.

In the present invention, the pressure communication
between the front and rear ends of the wvalve unit is
achieved by the presence of a balancing passage which
communicates the front end with the rear end. That
balancing passage is formed by the slit 110, the bores
112, 112a, the second hole portion 96b, the center bore
135 of the bleed valve’s rear shank 134, and a lateral
hole 150 formed in the rear shank 134, which lateral
hole opens into the chamber 50 behind the valve element
90. Thus, a portion of the balancing passage is common
to the bleed passage. Furthermore, as the valve ele-
ment 1s moved to the port-opening position, each lat-
eral side 156 of the slit (see Fig. 3) comes into com-

munication with a region of progressively reduced fluid
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pressures, i.e., a pressure gradient, and an average
value of that pressure gradient is transmitted to the
rear end of the valve element via the balancing pas-
sage. Thus, the pressure acting against the rear end
of the valve element is reduced, which serves to at
least partially compensate for the reduction in the
rearward force being applied against the front end of
the valve element by the fluid. This tends to produce
a dynamic balancing of the valve element as it opens
and closes. That tendency toward dynamic balancing is
similar to what occurs in a valve disclosed in U.S.
Patent No. 3,700,209, which valve has a series of lat-
eral holes in the front of the valve to communicate the
balancing passage with a pressure gradient as the valve
moves. However, a slit 110 is easier to produce than a
series of holes and does not require the manufacturing

precision specified in U.S. Patent 3,700,2009.

The siit 110 is shown as extending completely across
the diameter of the valve element. Alternatively, the
glit could extend across only one-half of the diameter,
i.e., from the center axis to the outer periphery of
the valve element, or there could be a series of such
slits that are not diametrically aligned with one an-

other.

Shown in Figs. 6-8 is a valve unit 40’ which is identi-
cal to the valve unit 40, except that there is an addi-
tional slit 110a formed therein at a right angle to the
slit 110. It will be appreciated that any suitable

pattern of slits could be formed in the valve element.
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An optional feature of the valve involves providing an
annular washer-like member 160 on the front end of the
bleed piston 130 (see Fig. 3). The washer-like member
160 is formed of a readily flexible elastomeric mate-
rial, such as neoprene. When such a member 160 is pro-
vided on the bleed piston 130, which could be formed of
PBT (polyburthylene terephthalate), the controller
which regulates the operation of the motor 70 is set so
that a pressure applied to the bleed piston when in a
port-closing position is not so great as to prevent a
flexing of the member 160 under very high pressure.

The importance of this feature is realized for example
in case that the valve mechanism 10 is arranged as an
expansion valve or a suction valve in a refrigeration
system that is being shipped or stored while charged
with a refrigerant. If that system should be subjected
to high temperatures, refrigerant trapped between the
valve mechanism 10 and another valve in the system
could expand and create very high pressures that can
damage the system. However, if the bleed piston 130
were provided with the flexible member 160, that member
could be flexed by the highly pressurized fluid to en-
able the pressure build-up to be relieved through the
bleed passage. The member 160 would not be so flexible
as to be openable by the fluid pressures encountered

during normal operation.

It will be appreciated that the valve mechanism accord-
ing to the present invention allows for a small but

measured flow to occur through the valve if necessary.
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Also, pressure build-ups in a stored or shipped refrig-
eration system can be relieved. Additionally, a valve
element exhibiting a degree of dynamic balancing can be

provided in a simplified manner.

Although the present invention has been described in
connection with a preferred embodiment thereof, it will
be appreciated by those skilled in the art that addi-
tions, modifications, substitutions and deletions not
specifically described may be made without departing
from the spirit and scope of the invention as defined

in the appended claims.
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WHAT IS CLAIMED IS:

1. A flow control valve comprising:
a valve body defining a fluid inlet section, a
fluid outlet section, and a connecting port inter-

connecting the inlet and outlet sections, and

a valve mechanism comprising:

an actuator, and

a valve unit operably connected to the actua-
tor to be moved thereby along a longitudinal
axis extending through a center of the con-
necting port and including a port-sealing
surface, the valve unit being movable along
the axis between a forward port-closing posi-
tion and a rearward port-opening position,
the valve unit including front and rear ends
interconnected by a pressure balancing pas-
sage, a front portion of the pressure balanc-
ing passage comprising at least one slit
formed in a front end surface of the valve
unit and extending thereacross in a direction
transversely of the longitudinal axis from
the axis to a periphery of the valve unit,
the slit extending along the longitudinal
axis from the front end surface to a location
at least half-way from a forwardmost part of
the front end surface to the port-sealing

surface.
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2. The flow control valve according to claim 1
wherein the slit extends completely diametrically

across the front end surface of the valve unit.

3. A flow control valve comprising:
a valve body defining a fluid inlet section, a
fluid outlet section, and a connecting port inter-

connecting the inlet and outlet sections; and

a valve mechanism connected to the valve body and
comprising an actuator and a valve unit connected
to the actuator to be moved thereby selectively in
port-opening and port-closing directions for re-
spectively opening and closing the connecting
port, the valve unit including:

a valve element including a bleed passage ex-

tending therethrough for communicating the

fluid inlet section with the fluid outlet

gection, and

a bleed closure operably connected to the ac-
tuator and movable thereby relative to the
valve element for opening the bleed passage
with the valve element in a port-closing po-

sition.

4. The flow control valve according to claim 3
wherein the bleed closure is mounted on the valve ele-

ment and arranged to transmit port-opening and port-
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closing movements from the actuator to the valve ele-

ment .

5. The flow control valve according to claim 4
wherein the bleed closure is arranged to be opened by
an initial phase of the port-opening movement prior to
transmitting the port-opening movement to the valve

element.

6. The flow control valve according to claim 5
wherein the valve element comprises a valve piston mov-
able along a longitudinal axis extending through the
connecting port, and the bleed closure comprises a
bleed piston movable along the axis for a limited dis-

tance relative to the valve piston.

7. The flow control valve according to claim 6
wherein the actuator comprises an electric stepper mo-
tor and a threaded spindle driven thereby, the spindle
being directly connected to the bleed piston, the bleed
piston being movable along the axis between axially

spaced abutments of the valve piston.

8. The flow control valve according to claim 7,
wherein the valve unit mechanism further includes an
elastic element arranged for pressing the bleed closure
against one of the abutment when the bleed passage is

in an open state.

9. The flow control valve according to claim 8

wherein the elastic element comprises a coil spring
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having a center axis coinciding with the longitudinal
axis, the coil spring including opposite ends bearing
against the valve piston, and the bleed closure, re-

spectively.

10. The flow control valve according to claim 3
wherein the fluid inlet and outlet sections are aligned
along a common center line, the valve element arranged
to move along a longitudinal axis passing through a
center of the connecting port, the axis being oriented
at an oblique angle relative to the center line,
wherein a port-closing end of the valve element faces
toward one of the inlet and outlet sections during
movement thereof along the longitudinal axis, the valve
unit further comprising a balancing passage extending
therethrough for equalizing pressures at the port-

closing end and an opposite end of the valve element.

11. The flow control wvalve according to claim 10,
wherein the one of the inlet and outlet sections toward

which the port-closing end faces is the outlet section.

12. The flow control valve according to claim 11
wherein a portion of the balancing passage coincides

with a portion of the bleed passage.

13. The flow control valve according to claim 3
wherein the valve unit further comprises a balancing
passage extending therethrough for equalizing pressures
at the port-closing end and an opposite end of the

valve element.
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14. The flow control valve according to claim 3
wherein the valve element includes a sealing surface
for contacting a valve seat of the port; a portion of
the balancing passage intersecting the port-closing end
of the valve element and comprising at least one slit
formed in the port-closing end and extending the-
reacross in a direction transversely of the longitudi-
nal axis from the axis to an outer periphery of the
valve element, the slit extending axially from the
port-closing end of the valve element to a location at
least halfway from a forwardmost part of the valve ele-

ment to the sealing surface.

15. The flow control valve according to claim 14
wherein the slit extends completely diametrically

across the port-closing end of the valve element.

16. The flow control valve according to claim 3
wherein the bleed closure is operably connected to the
actuator for being opened thereby past a threshold po-
sition wherein the bleed closure does not restrict the

flow of bleed fluid through the bleed passage.

17. A flow control valve for use in a refrigera-

tion system, comprising:

a valve body defining a fluid inlet section, a
fluid outlet section, a connecting port intercon-
necting the inlet and outlet sections and defined

by a valve seat;
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an actuating mechanism for generating a port-
opening movement and a port-closing movement; and
a valve unit operably connected to the actuating
mechanism and slidably disposed in a piston space
formed by the valve body, the valve unit compris-

ing:

a valve piston including a port-sealing sur-
face arranged for contacting the valve seat
when the valve unit is moved by the actuating
mechanism in a forward direction toward the
valve seat to a closed state, wherein a for-
ward end of the valve piston communicates
with one of the fluid inlet and outlet sec-
tions, the wvalve piston further arranged for
being separated from the valve seat when the
valve unit is moved by the actuating mecha-
nism in a rearward direction to an open

state,

a bleed passage extending through the valve
unit and including a first end located adja-
cent the forward end of the valve piston and
a second end located rearwardly of the port-
sealing surface, wherein the first end of the
bleed passage communicates with the one £luid
section, and the second end communicates with

the other fluid section, and
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a bleed piston mounted on the valve piston
and operably connected to the actuating
mechanism, wherein the port-opening and port-
closing movements of the actuating mechanism
are transmitted by the bleed piston to the
valve piston, the bleed piston arranged to be
moved to an open state relative to the valve
piston during an initial phase of the port-
opening movement prior to transmitting the

port-opening movement to the valve piston.

The flow control valve according to claim 17

wherein the valve piston and the bleed piston travel

along a common longitudinal axis; the bleed piston ar-

ranged to move axially relative to the valve piston be-

tween axially spaced front and rear abutments formed by

the valve piston, and to move the valve piston for-

wardly and rearwardly by contacting the front and rear

abutments, respectively.

19.

The flow control valve according to claim 18

further including an elastic element acting between the

valve piston and the bleed piston for biasing the bleed

piston against the rear abutment when the bleed passage

is in an open state.

20.

The flow control valve according to claim 18

wherein the valve unit further includes a balancing

passage communicating with the bleed passage for trans-

mitting fluid pressure from the forward end to a rear-

ward end of the valve piston.
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21. The flow control valve according to claim 18
wherein the actuating mechanism comprises an electric
stepper motor and a threaded spindle driven thereby and

connected to the bleed piston.

22. The flow control valve according to claim 18
wherein the valve piston comprises front, rear, and in-
termediate parts, the front and rear parts being remov-
ably connected to the intermediate part, and the front
and rear abutments being disposed on the front and rear

parts, respectively.

23. The flow control valve according to claim 22
wherein the first end of the bleed passage is disposed
in the front part, and the second end of the bleed pas-
sage is disposed in the intermediate part, a front end
of the bleed piston being movable in a chamber formed
in the valve piston, the chamber forming part of the

bleed passage.

24. The flow control valve according to claim 17
wherein the bleed piston is operably connected to the
actuating mechanism for being opened thereby pas a
threshold position wherein the bleed piston does not
restrict the flow of bleed fluid through the bleed pas-

sage



WO 2006/005338 PCT/DK2005/000468

-28-

25. A flow control valve comprising:
a valve body defining a fluid inlet section, a fluid
outlet section, and a connecting port interconnecting

the inlet and outlet sections; and

a valve mechanism connected to the valve body and com-
prising an actuator and a valve unit connected to the
actuator to be moved thereby selectively in port-
opening and port-closing directions for respectively
opening and closing the connecting port, the valve unit

including:

a valve element including a bleed passage extending
therethrough for communicating the fluid inlet section

with the fluid outlet section, and

a bleed closure operably connected to the actuator and
movable thereby relative to the valve element for open-
ing the bleed passage with the valve element in a port-
closing position, the bleed closure including a seal
face arranged to close the bleed passage, and an elas-
tomer material disposed on the seal face and being of
sufficient flexibility to open the bleed passage in re-
sponse to pressure higher than normal system operating

pressure.

26. A flow control valve comprising:
a valve body defining a fluid inlet section, a fluid
outlet section, and a connecting port interconnecting
the inlet and outlet sections, the connecting port in-

cluding a valve seat;
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a valve mechanism connected to the valve body and com-
prising an actuator and a valve unit connected to the
actuator to be moved thereby selectively in port-
opening and port-closing directions for moving a seal-
ing surface of the valve element against and away from
the valve seat for respectively closing and opening the

connecting port;

a bleed passage arranged for interconnecting the fluid
inlet and outlet sections when the sealing surface is
seated against the valve seat, for permitting a flow of
bleed fluid from the inlet section to the outlet sec-

tion; and

a bleed closure for opening and closing the bleed pas-
sage and being operably connected to the actuator for
being opened thereby past a threshold position wherein
the bleed closure does not restrict the flow of bleed

fluid through the bleed passage.
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