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INCREMENTALLY POSITIONABLE BALL VALVE

ABSTRACT OF THE DISCLOSURE

An incrementally positionable ball valve for use in the fluid circuit of a
refrigeration or air coﬁditioning system which can be remotely controlled by a low
amperage control signal is disclosed. The ball valve harnesses the pressurized
refrigerant from the fluid circuit in which it is installed as the primary power medium
to actuate the valve. A sensor provides feedback to a controller relating to the
incremental position of the valve. The controller then controls the operation of the
valve in- accordance with predetermined cnitera. in another embodiment, the ball
valve incorporates locator detents so that its incremental position can be determined
by an operator manually controlling the valve. In still another aspect of the.invention.

a restrictor is provided for varying the flow capacity of the valve.
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INCREMENTALLY POSITIONABLE BALL VALVE

RACKGROUND OF THE INVENTION

CROSS-REFERENCE TO RELATED APPLICATION

This application is a continuation-in-part of U.S. Patent application
Serial No. 08/602,619 filed February 16, 1986, now U.S. Patent No. 5,810,326 issued
September 22, 1998. The entire disclosure of this prior application is considerad part

of the disclosure of this application and is hereby incorporated by reference herein.

1. Field of the Invention

The present invention relates generally to valves for use in the fluid
circuits of refrigeration and air conditioning systems and, more particularly, to ball
valves used as compressor valves, line service valves or expansion valves,

incorporating means to achieve incremental vaive actuation.

2. __Discussion

To significantly improve the overall energy efficiency of a refrigeration
or air conditioning system and to minimize the unwanted release of refrigerant from
the fluld circuit to atmosphere, it has been consgidered imporntant to be able to remotely

control the actuation, including incremental actuation, of system cOmponenfs,

“including compressor valves, line service valves and expansion valves.

To this end, modest attempts have been made to design remotely

 controlled or actuated valves for use in the fluid circuits of refrigeration and air

conditioning systems.
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One example of an actuated valve which has seen widespread use in
the refrigeration and air conditioning industry for remotely controlling the flow of
refrigerant through a fluid circuit is a solenoid-operated globe-lype valve and is
generally illustrated in prior ar FIG. 1.

5 | The valve 200 includes a body member 202 having a firstand a second
fluid passage 204, 206 running therethrough which, when combined, provide a fluid
passage through the entire valve 200. Standard fluid fittings 208 located at the ends
of the first and second fluid passages 204, 208 enable the valve 200 to be easily
~stalled in a fluid circuit. Disposed between the first and second fluid passages 204,

10 208 at an upper portion 210 of the body member 202 is a solenoid 212. The solenoid
2192 is affixed to the body member 202 by any of several sultable means, such as
welding, brazing or soldering, as generally indicated at 214, or with . a threaded
connection. The solenoid 212 includes a plunger operator 216 which Is disposed for
linear movement within the valve body 202 upon energization of the solenoid 212.

15 At one end of the plunger operator 218 is a globe type plug or closure element 218
that [s operable to completely shut off the fluid passage 204 when in the closed

nosition. A spring member 220 is placed about the plunger operator 216 and biased

against the closure element 218, The plunger operator 218 is linearly positionable
hetween a closed position (not shown) and an opened position (as shown in Fig. 1)
20 when the solenoid 212 is energized from its de-activated state. In the opened
position, the closure element 218 is withdrawn from the valve seat 222 by the.
electromagnetic force generated in the solenoid 212, overcoming the bias of the

spring member 220. Fluid is then free to flow through the fluid passages 204, 206 of

the valve as indicated by arrows 224. Intnhe closed posit‘icjn. the solenoid 212 is de-
25  activated and the biasing force of the spring member 220 causes the closure element
- 218 to advance into the fluid pas'sage 204 and into engagement against the valve

seat 222. When closed, fluid flow through the valve 200 is prohibited.
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It is significant to note that, as illustrated in FIG. 1, even when the valve
is in the opened position, the closure element of the solenoid valve remains at least
partially protruding into the fluid flow stream. Because of this inherent design feature,
blockage or interference within the fluid pass;ge is created and, the fluid flow through
the valve becomes turbulent, resulting in an increased pressure drop across the vaive,
The pressure drop, in turn, reduces the efficiency of the valve by allowing a significant
amount of energy to be lost from the refrigeration circuit. Consequently, this energy
loss presents a design constraint that must be addressed by refrigeration and air
conditioning system designers and engineers as they develop refrigeration and air
conditioning systems. Often, to compensate for the energy loss, system designers
and engineers specify larger, over-sized compressors which exceed the
'ghermodynamic requirements of the refrigeration system application. The use of such
oversized compressors is inefficient and a waste of energy.

Solenoid-actuated valves which have been used in the prior art also
presez.'xt other difﬁqulties. One problem results from the fact that there is no control
over the speed at wﬁich the valve is closed because the switching of the valve

between its opened and closed positions occurs nearly instantaneously. As such, the

potential exists for the creation of a detrimental condition within the fluid circuit known
as a ;‘ﬂuid hammer' effect. When a valve is closed too quickly, a "fluld hammer"
caused by the force of the moving fluid against the closure element, can create a

significant, momentary spike in the fluid pressure within the valve, often times

- substantially exceeding the pressure capa'city for the valve. In many cases, cracks

or bréaks which are brought on in the fluid lines by a fluid hammer result in the

undesirable loss of refrigerant to atmosphere. In some extreme situations, the fluid

- hammer aeffect could cause the valve, itself, to break apart creating an undesirable

result.
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Also, solenoid-actuated valves typically require a considerable draw of
electrical current for their operation. As can be readily appreciated, the closure
element of the solenocid-actuated valve must-be sufficiently biased by the Spring
member in order to overcome the force of the pressurized fluid in the circuit and to
engage the valve seat to prohibit the flow of fluid through the valve. In turn, the
electromagneti'c force generated by the solenoid must overcome the spring bias in
order to open the valve. This requires that a sufficient amount of electrical energy be
received at the solenoid from a remote power source. The ~amr:unt of energy
necessary to operate a solenoid-actuated valve of this type is on the order of 10-12
amps.

Consequently.. any efficiency gains to the fluid circuit that are
attributable to remote control of the solenoid-actuated valve are more than offset by
the efficiency reductions due to the inherent energy losses resulting from flow
turbulence and substantial pressure drop across the globe-type valve, the increased
operating costs associated with the cost of the valve as well as with the energy
required for oberation of the valve and, finally, the concerns that could be generated
as a result of the occurrence of the "fluid hammer" effect. .

For these reasons, ball valves are generally preferred for applications
in refrigeration and air conditioning fluid circuits becauge. among other advantages,
they exhibit high efficiency fluid flow characteristics and they allow some degree of
control over the speed at which the valve Is closed. However, the ball valves used
in refrigeratibn and air conditioning systems today, including compressor valves and
line service valveé, are primarily (if not exclusively) manually operated. '

Attempts have also been made to design a remotely controlled,

 actuated ball valve for use in refrigeration and air conditioning systems. However, no

mechanism for the efficient, controlled actuation of a ball valve disposed within a fluid

circuit has, as yet, been embraced by the refrigeration and air conditioning industry.
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One prior art actuated ball valve comprised an electric, motor-driven
actuation mechanism employing a worm gear. 'The worm gear, in turn, drove. a pinion
connected to a stem operator of the ball valve. A limit switch controlling the
revolutions of the motor (and worm gear) consequently controlled the rotation of the
ball valve between the opened position and the closed positioq. However, this type
of actua‘ted ball valve has not received widespread acceptance in the refrigeration and
air conditioning industry for several reasons. One reason is that the amount of torque
required to cycle the ball valve between the opened and closed positions necessitates
an electric motor having a high amperage electrical draw (e.g. on the order of 15
amps), thereby significantly increasing the power requirements for actuation of the
valve. In addition, because the components of these prior actuated ball valves were
not optimally designed to operate with one another, additional components were
necessary to 'interface a controller to the actuation unit, increasing the cost and
complexity of the actuated valve. In short, such prior art actuated ball valves are cost
prohibitive.

It is, therefore, an objective of the present invention to provide a ball
valve for use in the fluid circuit of a refrigeration or air conditioning system, that
provides an efficient and cost effective means for controlling the incremental actuation

of the ball valve.

It is another objective of the present invention to provide such an
actuated ball valve that exhibits significantly improved fluid flow over prior art actuated
valves.

It is still another 6b]ective of the present invention to provide such an

actuated ball valve which reduces or eliminates the potential for creating the "fluid

 hammer! effect within the fiuid circuit.
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It is a further objective of the present invention to provide such an

actuated ball valve which harnesses the power of the pressurized refrigerant in the
fluid circuit as the primary power medium to achieve valve actuation.
it is yet an additional objective of the present invention to provide such

an actuated ball valve which can be directly coupled to a remote control system, such

as a microprocessor, which generates control signals on the order of milli-amps.
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UMMARY OF THE | NTION

Accordingly, one embodiment of the present invention is directed to a

refrigerant powered actuated ball valve for use in the fluid circuit of a refrigeration or

air conditioning system, which can be remotely controiled by a low amperage control

signal. The actuated ball valve harnesses the pressurized refrigerant from the fluid |

circuit in which it is installed as the primary power medium to achieve valve actuation.
Actuation of the valve can be controlled such that the valve is incrementally
positionable between first and second position.

' The actuated ball valve generally includes a ball va_h?e and an actuation
means. The actuation means has a manifold having an inlet port which is in constant
fluid communication with a high-pressure side of the fluid circuit. Pressurized
refrigerant supplied to the manifold is branched to a series of fluid channels running
through the rnan.ifold. Two exhaust port operators are mounted in conjunction with
the manifold. Each exhaust port operator has an outlet or exhaust port that connects
the actuation means to the low-pressure side of the fluid circuit. [n addition, each is
capable of directing the flow of pressunized refrigerant to either the exhaust port or
the series of fluid channels running through the manifold. A reciprocal member, such
as a rack gear, is disposed for linear movement within a chamber in the manifold. A
pinion member engages the reciprocal member such that a linear displacement of the
reciprocal member causes a corresponding angular displacement of the pinion
member. A linear displacement is achieved when the prgssurized refrigerant is
applied to the rec;iprocal member thereby causing a stem operator on the ball valve
to rotate, cycling the ball valve between a first position and a second position. A

sensor monitors the incremental position of the valve between a first and second

- position and provides the controller with signal correspanding to the valve position.

-The controller can thereby contro! the incremental pos:ition of the valve according to

a predetermined set of parameters.
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In another embodiment of the invention, a manually operated ball vaive
is incrementally positionable by means of a plunger that is engagable with a plurality
of locator indentations that are discretely located in the surface of the bail member.
As the valve is operated, the operator can control the incremental actuation of the
valve by rof_ating the valve so that the plunger is engaged in a desired one of the
locator indentations.

In yet another aspect of the invention, a restrictor can be included in
the ball valve to alter the flow capacity of the valve to accommodate the requirements
of many different fluid circuits without the necessity of producing rnahy different sized
ball valves.

The ball valve of the present invention substantially improves the
energy efficiency over the prior art actuated valves used in refrigeration and air
conditioning systems. The present ac;tuated ball valve, thus, contributes to the
increase in efficiency of the refrigeration or air conditioning system as a whaole,
permitting greater refrigeration and air conditioning system performance and improved
energy efficiency ratings. This will, in tum, lower the acquisition, operation and
maintenance costs of such systems by virtue of the ability to reduce energy
consumption, as well as the size and/or number of compressors and other

components required for a given refrigeration or air conditioning application.
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EF D RIPTION OF THE DRAWINGS

The various advantages of the present invention will become apparent
to one skilled in the art upon reading the following description of the preferred
embodiments, in which:

F1G. 1 depicts a transverse cross-sectional view of a prior art solenoid-
actuated globe-type valve for use in the ﬂufd circuit of a refrigeration or air
conditioning system, shown in the opened position,

FIG. 2 is a schematic plan view of a fluid circuit of the type for use in
a refrigeration or air conditioning system including a schematic representation of a
refrigerant powered actuated ball valve constructed according to the teachings and
principles of the present invention shown both in a first location (solid linesj and in an
alternate location (phantom lines);

FIG. 3 reprasents a simpliﬁed transverse cross-sectional view of an
actuated ball valve of the type for use in the fluid circuit of a refngeration or air
condit.ioning sysiem and constructed according to the teachings and principles of a
first embodiment of the present invention;

FIG. 4 is an enlarged fragmentary detail view showing a preferred rack
and pinion arrangement of the actuation means of the actuated ball valve of FIG. 3;

FIG. 5 represents a simplified transverse cross-sectional view of an
actuated ball valve of the type for use in the fluid circuit of a refrigeration or air
conditioning system and constructed according to the teachings and principles of a
second embodiment of the present invention.

FIG. 8 is a simpliﬂed block diagram showing the relationship between
the actuated ball valve, the sensor and controller;

FIG. 7 is an enlarged detail view, partially in cross-section, of the rotary
ball member of the ball valve of yét another embodiment of the present invention

having a plunger as the valve is being rotated between;
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FIG. 8 is a plan view of the plunger of Figure 7,
FIG. 9 is a transverse cross-sectional view of a plunger for the ... of
Figure 8;

FIG. 10 is a plan view of a rotary ball member for the valve of Figure

FIG. 11 is an enlarged view of detail A of FIG. 3; and

FIG. 12 is an enlarged perspective view of a restrictor for use with the

ball valves of the present invention. -

10
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

It should be understood from the outset that while the drawings and the
following discussion relate to particular embodiments of the present invention, these
embodiments merely encompass what is presently regarded as the best mode of
practicing the invention and other modifications may be made to the particular
embodiments without departing from the spirit and scope of the invention.

Referring now to FIGs. 2-7, a refrigerant driven actuated ball valve 10
of the present invention is shown and described. As illustrated in the schematic plan
view of FIG. 2, an actuated ball valve 10 is installed in a fluld circuit 12 of a
refrigeration or air conditioning system. In addition to the actuated ball vaive 10 of
the present invention, the fluid circuit 12 is also shown to generally include a.
compressor 14, a condenser 16, an expansion valve 18 and an evaporator 20.
Arrows 22 indicate the direction of fluid flow through the circuit 12. A controller 24 for
controlling the operation of the actuated ball valve 10, which could comprise either a
simple switch, such as a pressure transducer or thermostat, or a computer, such as
a microprocessor or a programmable logic controller, to name a few, is gen.erally
indicated at 24.

As is. well-known, the operating fluid (i.e. refrigerant) of a refrigeration
or air conditioning system flows through the fluid circuit 12 under pressure, Whlch
varies depending upon where in the fluid circuit 12 the operating fluid is located. For
example, the refrigerant is subjected to é lower pressure at the input side of the
compressor 14 and a higher pressure at the discharge side of the compressor 14.
Conséquently, the individual portions of the fluid circuit generally indicated at 26 and

28 can be referenced with greater particularity with the terms “low pressure side,” or

| simply "low side,"” and "high pressure side," or simply “high side,” respectively.

The actuated ball valve 10 of the present invention can be disposed on

gither the high pressure side 28 or the low pressure side 26 of the fluid circuit 12 as

11
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shown in FIG. 2, with the schematic representation of a first embodiment of the
actuated ball valve 10 disposed in the lov;v side 26 of the fluid circuit 12 and a second
embodiment of the present invention 10’ (shown in phantom lines) being depicted Iin
the high side 28 qf the fluid circuit 12. Regardless of the particular location of the
actuated ball valve 10, 10’, separate ﬂuid line connections 30, 30, 32, 32 are
provided between the valve and both the high side 28 and low side 28 of the fluid
circuit 12. The fluid connections 30, 30', 32, 32’ can be achieved by any of a variety
of standard fluid line connections, including face seal fittings, flange fittings, flare

fittings, pipe fittings and soldered fittings, to name a few, all of which are well-known

‘in the industry. However, it is contemplated that the preferred embodiment of the

present invention would incorporate a one-quarter inch (1/4") diameter fluid
connection having a flare fitting.

With particular reference now FIGs. 3 and 4, a refri'gerant powered‘_
actuated ball valve 10 that is constructed according to a first embodiment of the of the
present invention is shown in greater detail. The actuated ball valve 10 generally
includes a ball valve 34 and an actuator means 36 for carrying out the instructions
commanded by a controller 24. The ball valve 34 and the actuator 38 are assembled
for operation by means of a connection bracket 38 and threaded fasteners 40. This
arrangement enables the ball valve 34 and/or actuator 38 to be disassembled for
ease of replacement, service or repair. Altematively, the connection bracket 38 cén
be permanently assembled to the ball valve 34 and/or actuator 36 by any other

suitable fastening means, such as welding.

The ball valve 34 employed in the actuated ball valve 10 of the present

' invention can be any one of a number of different types of ball valves, such as a

- straight through or bi-directional ball valve 34, as shown in FIG. 5, a 90° ball valve

or a three-way valve 34 for multiplé flow path fluid c'ircuits, as illustrated In the FIG.

2. Further, the ball valve 34 employed in the present invention can comprise a ball

12
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valve such as that disclosed in U.S. Patent No. 5,397,100 to Kent A. Miller and
assigned to the assignee of the present invention, the teachings of which are hereby
explicitly incorporated by reference. - Of course it is appreciated that the particular
type of ball valve 34 employed in the present invention depends on the requirements
of the fluid circu.it 12 In which it Is installed and the scope of present invention is not
intended to be limited to any one model of ball valve.

.Furthermore, the preferred embodiment of the 'present invention
contemplates incorporating a ball valve 34 which can range in size from one-quarter
of an inch (1/4") to upwards of three and one-éighths inches (3 1/8") or more.

Referring now to the ball valve 34 shown in FIG. 3, the ball valve 34
generally incorporates a body section 42 and tail section 44. Fluid line connector
portions 46, 47 and 48 serve {o connect the ball valve 34 to the fluid circuit 12 of a
refrigeration system. The fluid line connector portions 46, 47 and 48 may be
compatible with any. of a variety of standard fluid line connections, including face seal
fittings, flange fittings, ﬂal;e fittings, pipe fittings and soldered ﬁttings, to name a few,
all of which are well-known in the industry. The body section 42 and the tail section
44 of the ball valve 34 are alignably connectable to one another, such as by a
threaded engagement to form a unitary valve body after the instailation and assembly
of the ball valve's 34 intermal components has been completed. A sealed connection
between the body.section 42 and the tail section 44 can be achieved by any suitable

method. such as welding, brazing, soldering or the like. Although the body of the ball

valve 34 has been described as having a multi-comp'onenf construction including the
body section 42 and the tail sebtion 44, it should be appreciated that thé bod'y of the
ball valve 34 may also be manufactured as a single component.

Also shown in FIG. 3, a generally spherically-shaped closure‘element
or rotary ball member 80 Is disposed between the body.section 42 and the tail section

44, The rotary ball member 50 inciudes a port or fluid passage 52 that Is operable

13
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to communicate altemnately with the fluid line connector portions 46 and 48 when the
ball valve 34 is in a first opened position and fluid line connector portions 468 and 47
when the ball valve is in a second opened position (not shown). The fluid passage
52 is sized to be substantislly equal to or even slightly greater than the size of the .
fluid lines that ba‘Il valve 34 is intended to service. The rotary ball member 50 also
includes a slot 54 for receiving a stem head §6 of a ball stem 58.

Ball seals 60 are disposed within the body section 42 and tail section
44 of the ball valve 34 adjacent to the rotary ball member 50. The ball seals 80 serve
to provide a seat 62 against which the rotary ball member 50 may be sealed. The
ball seals 60 may be mad.e from any suitable material, carbon-filled teflon being one
example.

A primary stem operator or ball stem 58 is included In the ball valve 34
and is opérable to be moved between, and therefore provide the ball valve 34 with
a first opened position and a second open position. The ball stem 58 is operable to
rotate the rotary ball member 50 through approximately ninety degrees (80°) of travel
to facilitate the positions of the ball valve 34. The ball stem 58 is rotatably supported
in the body section 42 at a neck portion 64 by a bearing member 66. A first stem
head 56, located at one end of the ball stem 58, engages a slot 54 in the rotary ball
member 50 for rotating the bail member 50 as the ball stem &8 is likewise rotated, as
will be further described herein. The opposite end of the ball stem &8 includes a
second stem head 68 which engages a pinion stem 70 in a similar manner as has

a'lready been described with respect to the ball stem 58 and rotary ball member 50

connection.

O-ring seals, generally indicated at 72, are located between the neck

 portion 64 and the ball stem 58 and serve to provide a fluid-tight seal between the

neck portion 64 (and therefore the body section) 42 and the ball stem 58, while still

allowing the ball stem 58 to be freely rotatably supported therein. The preferred

14
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sealing arrangement raises the ball valve 34 to a zero-leakage system. However, less
stringent alternative sealing arrangements may be used with the ball valve 34, if
desired.

The actuator 38 of a first embodiment of the actﬁated ball valve 10 of
the present invention is represented in FIGs, 3 and 4. The actuator 36 IS shown to
generally include a block manifold 74 and two exhaust port Operators 76, 78. A
simplified representation of a cross section of the actuator 38 is shown in FIG. 3.

The block manifold 74 includes an inlet port 80 that cbnnects the
actuator 36 with the fluid line 30 originating on the high side of the fluid circuit 12 in
which the actuated ball valve 10 is installed, as shown in FIG. 2 and previously
described. The inlet port 80 provides a constant source of pressurized refrigerant
from the high side 28 of the fluid circuit 12 to the block manifold 74. A series of fluid
channels 82 run within the block manifold 74 to facilitate the flow of pressurized
refrigerant through the actuator 38, as will be further described. In addition, disposed
within.a chamber in the block manifold 74, generally indicated at 84, is a rack 88 and
pinion 88 arrangement which serves to convert the power of the pressurized
refrigerant into a mechanical force (i.e. a torque) that Is necessary to drive the stem
operator 58 on the ball valve 34, and hence the rotary ball member 50, between the
ball valve's 34 opened and closed positions.

While in the preferred embodiment the block manifold 74 is
manufactured in a machining operation from aluminum, it is contemplated that other
suitable precision valve construction materials such as steel, molded plastic, or the
like could also be utilized.

With particular reference to FIGs. 3 and 4, the rack 88 is operabie to

- be linearly displaceable within the chamber 84 of the block manifold 74 in a lateral

direction as viewed in FIGs. 3 and 4. Located on opposite ends of the rack 86 are

piston members 90, 92. Piston members 90, 92 are disposed In fluid reservoirs 94,

) 15
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86 on opposite ends of the block manifold %4. Seals 98 on each piston member 90,
92 prohibit the transfer of refrigerant from the reservoirs 84. 98 into the chamber 84
in which the rack 86 and pinion 88 arrangement is located.

FIG. 4 shows a fragmented plan view of the rack 88 and pinion 88
arrangement. As depicted, linear displacément of the rack 86 in the direction of arrow
100, results in a corresponding angular displacement of pinion 88 in the direction of
arrow 102. It should be appreciated that the precise dimensions for the rack 86 and
pinion 88 components (e.g., length, diameter, gear pitch, etc.) are a function of the
necessary rotation for the rotary ball member 50 and any dimensional constraints that
may be imposed upon the actuated ball valve 10.

Although a rack 86 and pinion B8 arrangement is the preferred
embodiment, other means to convert the power of the pressurized refrigerant intd an
angular rofation of the rotary ball member 50 of the ball valve 34 could also be
utilized, For example, a rotary vane-type actuator could be employed with the
actuation rheans of the present invention.

A pinion stem 70 fixed to the pinion 88, extends downward from the
pinion 88 and through the block manifold 74 into engagement with the stem operator
o8 of the ball valve 34 as previously described, As such, rotation of the pinion 88 and
pinion stem 70, in turn, acts to rotate the stem operator 58 of the ball valve 34.
Bearing means 104 for the pinion stem 70 can be provided at the base of the block

manifold 74. A suitable material for the construction of the rack 86 and pinion 88 is

' case hardened, carbon steel, or the like,

Mounted by any suitable method on top of the bleck manifold on

opposite sides are two exhaust port operators 76, 78. The exhaust port operators 76,

78 each include an outlet port 106, 108 that is in fluid communication with the low

- side 26 of the fluid circuit 12, as shown in FIG. 2. In addition, each exhaust port

operator 78, 78 includes an inlet port 110, 112 and an outlet port 114, 116 that are

16
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in fluid communication wifh the fluid channels 82 of the block manifold 74,

substantiaily as represented in FIG. 3. A solenoid 118 in each exhaust port operator

functions 78, 78 as g valve to control the channeling of refrigerant into and out of the

exhaust port operator 76, 78 according to command signals given by the control
means 24. However, unlike prior art solenoid actuated valves 200, the solenoids 118
in the actuator 36 of the present invention do not require a substantial draw of
electrical current to operate because the size of the fluid line that each |s servicing is
very small, e.g. on the order of one-quarter inch (1/4"). In fact, these solencids 118
require a current on the order of 8-10 milli-amps to operate. This, in turn, enables the
actuator 36 of the present invention to communicate (electronically) directly with the
controller 24, a significant cost and efﬂcienc'y advantage over prior art actuated
valves.

Operation of the. actuated ball Valve 10 can be understood with
particular reference to FIGs. 2 and 3, where the flow of refrigerant from the fluid
circuit 12 is indicated by arrows 120. As depicted in FIG. 3 the ball valve 34 is
shown in the an opened position. The following describes operation of the actuated
ball valve 10 upon command by the controller 24 to open thé 'ball valve 34 and
establish fluid communication between fluid line connector portions 46 and 48 by
rotating the rotary ball member 50 in a clockwise direction as indicated by arrow 122.

Controller 24 provides the soienold 118 of exhaust port operator 76
with a milli-amp signal that is sufficient to energize the solenoid 118, thereby causing

the outlet port 106 to be closed and allowing the pressurized refrigerant to pass into

the resérvoir 84 in the block manifold 74, However, the solenoid 118 df solenoid 11 8' '

exhaust port operator 78 is not energized, thereby preventing pressurized refrigerant

- from entering reservoir 96 while simultaneously opening the outlet port 108 and

- enabling refrigerant to vent from the reservoir 98. The force of the pressurized

refrigerant acting on the piston member 90 causes the rack 88 to bea displaced in the

17
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direction as indicated by arrow 100 (FIG. 4). As best seen in FIG., 4, linear
displacement of the rack 88 drives a corresponding angular displacement or rotation
of the pinion 88. Finally, as already described, rotation of the pinion 88 results in a
corresponding rotation of the rotary ball member 50 in the ball valve 34. Rotation of
the ball valve 24 in the reverse direction is easily inferred from the above description.

it should be appreciéted that in the first embodiment of the present
invention, the exhaust port operator 78, 78 solenocids 118 can be designed and
arranged such that, in the event of a loss of power, the ball valve 34 would return to
a nominal position as desired (e.9., either opened or closed) when both solenoids 118
are de-energized. Alternatively, as depicted in FIG. 3, the solenoids can be arranged

such that, in the event of a power failure, the ball valve 34 would remain in its present

- state at the time of the loss of power. In addition, a manual override (not shown) can

be included to.cycle the ball valve 34 between opened and closed positions in the
event of a loss of either electric or fluld power.

Furthermore, the elapsed time for rotation of the rotary ball member 50
when the ball valve 34 is actuated (i.e. the time required to fully cycle the ball valve
34 between an open and closed position) can be controlled. Such control, which Is
unavailable with the prior art solenocid-actuated valves 200, significantly assists in the
prevention of the "fluid hammer" effect previously described.

Additionally, the valve is incrementally positionable between a first and

second position. As diagrarhmatically llustrated in FIG. 6, a sensor 300 is assoclated
with the actuated ball valve 10 to detéct the position of the rotary ball member 50.
The sénsor 300 serves as a feedback device and prbvides inpUt to the controller 24
whigch, in turn, con{mls the operation of the actuator 36.

The sensor 300 can compris;.- any of a number of position sensing

devices, such as an encoder, Hall effects sensor, magnetic pickup or potentiometer,

that can be coupled to the actuator 36 and/or ball valve 34 to generate a response

18
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corresponding to the incremental position of the ball valve 34. The controller 24, in
tum, can incorporate a predetermined table of parameters that relates the incremental
position of the valve 34 to various flow conditions or other operating conditions of the
valve 34,

5 . In such a manner, the controller can control the incremental position
of the valve in accordance with conditions present in the fluid circuit, It is therefore
believed that the incrementally positionable ball valve of the present invention is
especially suited to be employed as an expénsion vélve in a fluid circuit.

Turning now to FIG. 5, an alternate and preferred embodiment of the

10 actuated ball valve 10" of the present invention is depicted in a simplified drawing.
Although the embodiment shown in FIG. § includes a different type of ball valve 34’

than the one shown in FIG. 3, the preference toward the second emt;odiment of the
present invention centers around the construction of the actuator 36°. Consequently,

the type of ball valve 34’ illustrated in FIG. 5 is nc.)t necessarily "preferred" over any

15 other type of ball valve described herein or elsewhere.

' Similar to the first embodiment of the actuated ball valve, the preferred
embodiment of the actuator 36’ of the present invention includes a block manifold 74’
having an inlet port 80’ that is in constant fluid communication with the. high side 28
of the fluid circuit 12 in which the valve Is located. Also similar to the previous

20 embodiment, the actuator 36’ employs a rack 86’ and pinion 88° arrangement that is
disposed within the block manifold 74’ for the conversion of ttje refrigerant power and
uitimate operation -of the ball valve’s stem operator.

Two éxhaust port operators 76, 78’ are mounted by a suitable rﬁe‘thod
to opposite sides on top of the block manifold 74’. The exhaust port operators 76’,

295 78" each include an outlet port 106°, 108’ that is in fluid communication with thé [ow

| éide 26 of the fluld circuit 12 and additional fluld pgﬂs Bé‘. 134’, 136’ and 138’ that are

in communication with fiuid ports 82’ in the block manifold 74’, substantially as
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The reversing valve 130’ is shown as 2 balanced, multi-ported spool

valve. As is well-known, equal fluid pressures acting on opposite sides of the spool

will cause the valve to return to a3 predetermined or "balanced” position.

command by the controller 24’ is described as follows. with the flow of refrigerant

being indicated by arrows 120,

Controller 24’ de-energizes the exhaust 'port solenoid 118 thereby

prohibiting pressurized refrigerant from traveling to the reservoir 86’ and to a first port

Simultaneously, exhaust port outlet 108’
19 and refrigerant from the reservoir 96’

134’ in the reversing valve 130", is opened

and the first fluid port 134 IS vented to the low

side 28 of the fluid circuit 12. Constant pressurized refp'gerant entering a second port

138’ in the réversing valve 130", in combination with the evacuation of refrigerant from

the first port 134’ in the reversing valve 130’, act to move the spool 132’ of the

reversing valve 130’ to its "out-of-balance” position. Air is allowed o enter from the

» Pressunzed refrigerant becomes free to flow into the

» Controller 24’

to be energized, thereby allowing pressurized

 refrigerant to enter into the reservoir 98" and the first port 134’ in the reversing valve

130", With re'frigerant of equal pressure éntering both ends of the reversing valve

20
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to the low side 26 of the fluid circuit 12 through the outlet port 106’

and also closing

the second port 138 to the reversing valve 130’. The resulting pressure differential’

S  between the reservoir 96 and the reservoir 84", Ultimately causes rotation of the ball

valve 34’ as described above.

Furthermore, the present

10 invention is not limited by the physical state of the refrigerant; that is, it does not

matter to the operation of the present invention if the refrigerant is in a liquid, vapor

Or gaseous state. However, itis contemplated that, depending upon the size of the

ball valve, the preferred operating pressure of the refrigerant is generally greater than
80 psig.

15 Yet another embodiment of the Invention is incorporated in g manually

operated ball valve 400 that is incrementally Positionally between a first ang second

position. The manually operated ball valve 400 s similar to that disclosed in U.S.
Patent no. 5,397,100.

- 25 ~suitably contoured to better engage the generally spherical surface of rotary ball

- member 424. Figure 8 illustrates plunger 438 as including four extension portions

440, that are arranged in Opposite pairs and are located On perpendicular axes so that

21
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figurations. Locator head 438, which

5 protrudes form the center of the plunger 438, has a tapered or conically-shaped
surface 438 which is operable to engage g Plurality of locator indentations and groove
432 in surface of rotary ball member 424. Extension portions 440 and locator head
438, in combination with locator indentations 430 and groove 432 serve to enable
plunger 4386 to center rotary ball member 424 within body section 412 and align fluid

10

passage 426 with fluid line connector portions 416 'and 418. Plunger 436 is preferably

manufactured from a strong, flexible material that is able to maintain its form, fit and

- function over a wide spectrum of operating temperatures, ranging form approximately
minus forth degrees Fahrenheit (~40

15

20 locator indentations 428. As shown,

the locator indentations 428 can be spaced apart at regular intervals, such as every

15 degrees, to provide for a p'lurality of incremental posltiohs that result in

predetermined flow characteristics through the valve as already described. Of course
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member 424 is rotated from one incremental position to another, for example, locator
head 438 of plunger 4.36 s forced form its full engagement with one- locator
indentation and into full engagement with groove '432. As the locator head 438
moves from engagement with the locator indentation into engagement with th‘e groove . '
432, locator head 438, which [s in the center of plunger 438, is flexed or cammed
outward. Locator head 438 continues to ride in a "flexed” state a.long groove 432 until
rotation of rotary ball member 424 is terminated as desired, such as at any
Incremental position of the ball valve, or the full opened or closed position. Once at
the desired position, locator head 438 returns {o its normal, unflexed state as it "snaps
back" and comes into full engagement with the associated locator indentation 428,

The ball valves of the present invention may be manufactured to
accommodate various standard fluid line sizes and yet still incorporate many standard
components:- In addition, the ball valve can be readily produced with a variety of
standard "footprints", such as a lwo—bolt flange surface found on typical compressor
valves or any of the other fluid line connections commonly utilized, which facilitates
the ability to retro-fit the present valve invention into existing fluid circuité. Further,
standard sizes can be incorporated to further enable the interchangability of the
various components of the ball valve.

To this end, a restrictor 509 may be included in the ball valve 34, gs
shownin FIGS. 11 and 12, The restrictor 500 serves to alter the flow capacity of the
ball valve 34 to accommodate the requirements of many different fiuid circuits, without
the necessity of producing many different-Sized ball valves, Thus, the components
of the ball valve 34 can be standardized to ac‘hieve the economies of scale for -
manufacturing the ball valve 34.

The restrictor 500 is generally cylindrically-shaped and has an outer

- circumference 502, that is sized to fit snugly within the body section 42 of the ball

valve 34, Seals 504, such as O-rings, may be incorporated between the body section

. 23
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42 and the restrictor 500. The restrictor 500 is suitably fixed within and to the body

section 42, such as by staking, welding, brazing or goldering.

An aperture or orifice 506 that has a diameter that s significantly

smaller than its outer diameter extends through the restrictor 800. The orifice 506

S - serves to restrict the fluid flow through the valve 34 to a desired level, to thereby

control the tonnage flow rating of the valve 34. Restrictors 500 having orifices 506

of many different diameters can then be used in the ball valve 34 to allow the ball
valve to be used in different fluid circuits having unique flow requirements.

The restrictor 500 can be manufactured from any of a variety of

10 materials that are suitable for use in the construction of precision valves, such as

aluminum, brass, steel, or molded plastic.

It should be understood that while the present invéntion has been
mainly discussed In the context of refrigeration and air conditioning systems, those
of ordinary skill in the art will readily appreciate that the actuated valve 10 of the

18 present invention may be utilized in any type of fluid circuit containing an operating

fluid under pressure, such as any of a variety of commonly used fluids including air,

water and steam, among others.

The present invention has been described in an illustrative manner.
It is to be understood that the terminology which has been used is intended to be in

20 the nature of words of description rather than of limitation. Many modifications or

variations to the present invention are possible In light of the above teachings.

Therefore, within the scope of the appended claims, the presant invention may be

practiced otherwise than as speciﬁcally described.

24

B O P TV P A VTR g PR | sl O A (BT
P I ot AR AT A R A AT o T e 133




4o r A b= 1A AR S Pkl Sufd sl 4 RN 17 e pamse v

CA 02283003 1999-09-22

CLAIMS

What Is Claimed Is:

1. An incrementally positionable actuated ball valve for use in a fluid

_circuit of a refrigeration or air conditioning system contalning an operating fluid under
pressure and having a high-pressure side and a low-pressure side, sajd actuated ball

valve comprising:

a ball valve comprising at least one fluid passags therethrough in

combination with a valve actuation means, said combination disposed within said fluid

circuit such that said fluid passage IS in fluid comrhunlcation with said fluid circuit;

a sensor for detecting the incremental position of the bal valve; and

a controller for remotely controlling the operation of the valve,

2. An actuated ball valve as set forth in claim 1 wherein said vajve

actuation means is comprising: .

a reciprocal member disposed within said manifold for reciprocal
10  displacement thereln: and

25
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longitudinal end thereof.

5. An actuated ball valve ag set forth in claim 1 further comprising a

restrictor disposed within saig fluid passage of sajd ball valve,

5. A fluld circuit for use in a refrigeration or ajr conditioning system,

fluid circuit comprising:

said

a compressor:

a controller for remotely controlling the operation of the valve.

7. A fluid circuit for use in a refrigeration or aijr conditioning System as set

forth in claim 6 wherein said ball valve is comprising at least_ one fluid passage in fluid

cdmmunication with said fluid circuit; and
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8. An incrementally adjustable ball valve for use in a fluid circuit, wherein

said fluid circuit includes at least a first and a second fluid line, said valve comprising:

a valve body disposed between said first and said second fluid lines,

said valve body having a first fluid line connection means for connecting said valve

to said first fluid fine and a second fluid line connection means for connecting said
valve to said second fluid line:

a generally spherically shaped rotary ball member being disposed
within said valve body and being rotatable therein, said rotary ball member having an
exterior surface including at least three incremental engagement detents and a
continuous fluid passage extending therethrough;

a plunger disposed intermediate said rotary ball member and said valve
body and being operable to center said rotary ball member within said valve body in
a manner such that said fluid passage Is aligned with said first and second fiuid line
connection means, said plunger comprnsing a locator head and a plurality of extension

portions, said plunger engageable with said incremental engagement means:

sald primary stem operator being operable to rotate said rotary ball member;
and wherein said incremental engagement detents are operable to

receive said locator head of said plunger.

9. A valve as recited in claim 8 wherein said locator head includes a
tapered surface which engages said exterior surface of saig rotary ball member and

each said extension portion includes a pad which engages said exterior surface of

said rotary ball member.
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10.  The valve recited in claim 8 wherein said incremental engagement

detents comprise conical indentations in said exterior surface of sald ball member,

and a V-shaped groove in said exterior surface of said ball member, which extends

circumferentially between said conical indentations.

11. The valve recited in claim 8 wherein said conical indentations are '

spaced apart at an acute angle and said V-shaped groove extends across

approximately 90° of the circumferencs of rotary ball member,

28
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