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precisely control refrigerant flow through the valve, which can provide
other functions such as Background of the Invention
a shutoff function, and whose operating position The present invention
relates to refrigeration      can be simply, reliably, and accurately
deter- systems and more particularly relates to expan-    5    mined during
operation of the valve. For example, sion valves for use in refrigeration
systems. The     superheat and refrigeration system  evaporator present
invention is described herein in detail       wetting characteristics may
be optimized to with respect to a conventional refrigeration
optimize refrigeration system operating efficiency system. However, those
of ordinary skill in the art   with an expansion valve which can precisely
to which the present invention pertains will read-   10   control
refrigerant flow from the condenser to the ily recognize the broader
applicability of the        evaporator of the refrigeration system. Also,
if the present invention. For example, the present           expansion
valve can provide a shutoff valve invention may find application in a heat
pump         function in addition to controlling refrigerant flow system,
an air conditioning system, or other such    this eliminates the need for
using a liquid line system.                                         15
solenoid valve as part of the refrigeration system. Conventional
refrigeration systems utilize a        Further, if operating position of
the expansion recirculating refrigerant for removing heat from      valve
is always known then a control system for the low temperature side of the
refrigeration        the refrigeration system may be programmed to system
and for discharging heat at the high          more effectively and
efficiently operate the refrig- temperature side of the refrigeration
system. The    20    eration system  by carrying out certain control work
input necessary to operate the refrigeration     actions based on expansion
valve position. system is provided by a motor driven compressor
However, known refrigerant expansion valves which receives low pressure
gaseous refrigerant       are not particularly well suited to provide the
and compresses it to a high pressure. This high       functions described
above. For example, ther- pressure gaseous refrigerant is supplied to a
25    mostatic expansion valves, which are probably condenser where heat is
removed from the gase-        the most prevalent type of expansion valve
used ous refrigerant to condense it to a liquid. This     in refrigeration
systems, are not particularly suit- liquid refrigerant is then supplied
through an        able for precisely controlling refrigerant flow expansion
valve to an evaporator wherein heat is      through  the valve to  optimize
refrigeration transferred from a heat transfer fluid used to cool   30
system operating efficiency by precisely control- a load, such as to cool a
room, to the liquid        ling superheat and evaporator wetting charac-
refrigerant to evaporate the liquid refrigerant.     teristics. When
thermostatic expansion valves are This gaseous refrigerant from the
evaporator is       used to control superheat and evaporator wetting then
returned to the compressor for recirculation     characteristics they
generally suffer, among other through the refrigeration system.
35  shortcomings, a slow  response time, a wide The amount of heat absorbed
by the refrigerant      regulating range, and a narrow load range. In
liquid in the evaporator includes the heat of         addition,
thermostatic expansion valves are not vaporization of the liquid
refrigerant; that is, the  well suited to provide other functions such as a
amount of heat which must be absorbed by a            shutoff valve
function. Further, it is difficult to liquid at a given temperature to
convert it to a gas   40    accurately determine the operating position of
at the same temperature. In addition, the gaseous     thermostatic
expansion valves during operation refrigerant in  the  evaporator may
absorb           of the valves. additional heat which raises its
temperature            Electrically controlled expansion valves with above
the temperature of vaporization. Such           analog control systems also
are known. The gaseous refrigerant is said to be superheated, and    45
analog control system opens and closes the valve the amount by which the
temperature of the            in response to refrigeration system
operating gaseous refrigerant is raised above the vaporiza-     conditions
sensed by sensors providing input tion temperature is expressed in degrees
of           signals to the analog control system which are a superheat.
Ideally, the expansion valve should        function of the sensed
refrigeration system oper- admit an amount of refrigerant that can be
evapo-   50   ating conditions. Examples of such electrically rated  and
just slightly superheated  in the          controlled expansion valves with
analog control evaporator. That is, the evaporator should be
systems are disclosed in United States patents "wetted" with refrigerant
along approximately its     4,362,027 to Barbier, 4,067,203 to Behr,
3,967,781 entire length to provide good heat transfer and       to Kunz,
and 3,577,743 to Long. In general, such maximum  refrigeration system
efficiency. Con-   55    electrically controlled expansion valves should be
ventionally, a portion of the evaporator always       able to control
refrigeration systems more pre- has been operated dry to prevent passage of
cisely  than  thermostatic  expansion  valves liquid refrigerant to the
suction side of the com-    because of the theoretically faster response
time pressor since liquid entering the suction side of     of the
electrically controlled expansion valves. the compressor may damage the
compressor.       60    However, while  such  electrically  controlled The
expansion valve and its control system play      expansion valves may be an
improvement over important parts in overall refrigeration system
thermostatic controlled expansion valves, these operation and in overall
refrigeration system effi-   electrically controlled expansion valves are
not ciency. It is highly desirable to provide a refrigera-  ideal in
operation. In general, they are not particu- tion system with an expansion
valve which can   65   larly suitable for maintaining desired levels of 2  



3              EP 0147357 B1                      4 refrigerant superheat
and/or evaporator wetting   compressor of the refrigera tion system  and
characteristics to optimize refrigeration system   allows very precise
control of refrigerant wetting efficiency without undesirable hunting of
the      characteristics in the evaporator of the refrigera- expansion
valve or flooding of the refrigeration  tion system. This precise control
of superheat and system compressor. Also, some of these electric-    5
evaporator wetting characteristics, among other ally controlled expansion
valves are not capable  things, allows optimization of the operating effi-
of providing other functions such as a shutoff    ciency of the
refrigeration system. Also, incre- valve function. Further, it is not
particularly easy  mental control of the expansion valve provides to
reliably and accurately determine the operating  accurate positioning of
the expansion valve with- position of such electrically controlled
expansion   10   out the necessity of providing means, such as a valves
during their operation.                     feedback sensor, to sense the
position of the EP-A-0,148,102 and EP-A-0,146,486, deal          valve
during operation of the valve. with the control of refrigerant flow by
means of an  In addition to the features described above, expansion valve.
preferably, an incrementally adjustable electronic EP-A-0,147,356 having
the same filing date   15   refrigerant expansion valve according to the as
this patent contains subject also described in  present invention includes
sealing means for this patent.
completely shutting off flow through the valve EP-A-0,069,996 discloses a
refrigeration and     when the sleeve member is in its fully closed
expansion valve according to the preambles of      position covering all of
the slot(s) in the orifice the independent claims.                      20
assembly of the valve. Preferably, the sealing The object of the present
invention is to povide  means comprises a first seal means located a
refrigerant expansion valve which can precisely  above the slot(s) in the
orifice assembly between control refrigerant flow through the valve.
the sleeve member and a capped end of the Another object of the present
invention is to    orifice assembly and a second seal means located provide
a refrigerant expansion valve which can   25   below the slot(s) in the
orifice assembly between perform other functions besides its refrigerant
the sleeve member and the main body of the control function, such as
performing a shutoff     orifice assembly. These first and second seal
valve function.                                    means, with the sleeve
member, effectively A further object of the present invention is to
enclose the slot(s) in the orifice assembly when provide a refrigerant
expansion valve whose   30   the sleeve member is in its fully closed
position. operating position can be simply, reliably, and   This
substantially  prevents refrigerant flow accurately determined during
operation of the      between the inlet and outlet of the electronic valve.
expansion valve when the sleeve member is in its These objects are achieved
according to the      fully closed position. In addition to the first and
invention by the features of the characterizing   35   second seal means, a
spring loaded follower may parts of the independent claims. Embodiments of
be provided for compressing and covering over the invention are claimed in
the dependent        the second seal means to hold it in position when
claims.                                           the sleeve member is
moved out of contact with The electronic expansion valve comprises an
the second seal means during operation of the inlet, an outlet, an orifice
assembly, a sleeve   40   electronic expansion valve. The follower is
loaded member, and a stepper motor. The orifice           so that it is
displaced partially out of contact with assembly comprises at least one
slot for control-  the second seal means by the sleeve member ling
refrigerant flow from the inlet through the  when the sleeve member is
moved to its fully orifice assembly to the outlet of the electronic  closed
position in contact with the second seal expansion valve. The sleeve member
is oper-   45   means. atively connected to the stepper motor and the
sleeve member slides over the slot in the orifice  Brief Description of the
Drawing assembly to incrementally open up or close off      Other objects
and advantages of the present part or all of the slot in response to
operation of  invention will be apparent from the following the motor. A
control system supplies electronic   50   detailed description in
conjunction with the digital control signals to the stepper motor to
accompanying drawing, wherein like reference control motor operation in
response to certain     numerals identify like elements, and in which:
sensed operating conditions of the refrigeration    Figure 1 is a schematic
illustration of a vapor system. For example, the motor operation may be
compression refrigeration system with an incre- controlled in response to
superheat of the refri-  55   mentally adjustable electronic expansion
valve gerant flowing from the evaporator to the com-     according to the
present invention. pressor of the refrigeration system. Preferably,
Figure 2 is a cross-sectional, detailed view of the control system includes
a microcomputer.      the electronic expansion valve illustrated in Fig- In
a refrigeration system, incremental control of  ure 1 with the valve shown
in its fully closed refrigerant flow through an expansion valve   60
position. according to the present invention provides very     Figure 3 is
a cross-sectional, detailed view of precise control of refrigerant flow  to
the       the electronic expansion valve illustrated in Fig- evaporator of
the refrigeration system. This       ure 1 with the valve shown in its
fully open allows very precise control of superheat of refri-  position.
gerant vapor flowing from the evaporator to a   65  Figure 4 is a
cross-sectional, detailed view of 



3    5               EP 0147357 B1                       6 the seating
means in the orifice assembly which is  tronic digital control signals in
response to the part of the novel electronic expansion valve
processed input signals, and for supplying these shown in Figures 2 and 3.
generated  electronic digital control signals through the electrical
connector 27 to the stepper Description of the Preferred Embodiment       5
motor 24 of the electronic expansion valve 10. For Figure 1 is a schematic
illustration of a vapor   example, as shown in Figure 1, the microcompu-
compression refrigeration system with an incre-    ter control system 23
includes the microcomputer mentally adjustable electronic expansion valve
7 for receiving electrical input signals via electri- according to the
present invention. Besides the     cal lines 26, 28 from the temperature
sensors 21, incrementally adjustable electronic expansion   10   22, and
for processing these received electrical valve 10, the vapor compression
refrigeration       input signals according to preprogrammed pro- system 5
includes an evaporator 11, a compressor    cedures. The power supply 9
supplies electrical 12, and a condenser 13 connected in the usual
power through the electronic switching device 8 manner. The control system
for the expansion        to electrical lines 30 which are connected through
valve 10 comprises temperature sensors 21 and    15  the electrical
connector 27 to the stepper motor 24 22, and a microcomputer control system
23 which     of the electronic expansion valve 10. The elec- includes a
microcomputer 7, an electronic switch-  tronic switching device 8 is
operated under con- ing device 8, and a power supply 9. The electronic
trol of the microcomputer 7 to supply electrical expansion valve 10
comprises a stepper motor 24,    power to the stepper motor 24 in the form
of an orifice assembly 25, an electrical connector 27,   20   electronic
digital control signals which are a and a sleeve member 33. A lead screw 34
con-        function of the input signals from the temperature nects the
stepper motor 24 to the sleeve member     sensors 21, 22, which are
received and processed 33.
by the microcomputer 7. Normally, electronic Many types of sensors may be
employed as          devices such as the switching device 8 and the
temperature sensors 21 and 22. Preferably, the   25   power supply 9 are
necessary because microcom- sensors 21, 22 are temperature responsive
puters are not usually well suited for supplying resistance devices such as
thermistors. As shown    relatively large amounts of electrical power in
Figure 1, temperature sensor 21 is connected to  directly to a device such
as the stepper motor 24. refrigerant line 14 to sense the temperature of
For example, the microcomputer 7 may be a refrigerant flowing through this
line 14 from the   30   model 8031 microprocessor with a model 2764
evaporator 11 to the compressor 12. This sensed     memory device (EPROM)
from Intel Corporation temperature is indicative of the temperature of
of 3065 Bowers Avenue, Santa Clara, California the superheated refrigerant
vapor flowing to the    95051. With this kind of microcomputer it is
compressor 12. An electrical signal which is a      preferable to supply
electrical power to a stepper function of the temperature sensed by the
35   motor from a power supply through a switching temperature sensor 21 is
provided to the            device under the control of the microcomputer
microcomputer control system 23 through electri-   rather than attempting
to supply the electrical cal lines 26. Temperature sensor 22 is connected
power to the stepper motor directly from the to refrigerant line 15 to
sense the temperature of  microcomputer. refrigerant entering the
evaporator 11 from the   40  The microcomputer 7 may be preprogrammed
expansion valve 10. This temperature is the sat-   to process the
electrical input signals from the uration  temperature  of refrigerant in
the       temperature sensors 21, 22 according to any one evaporator 11. An
electrical signal which is a     of a variety of procedures. For example,
the function of the temperature sensed by the          microcomputer 7 may
process the electrical input temperature sensor 22 is provided to the   45
signals to determine the superheat of the refriger- microcomputer control
system through electrical    ant vapor flowing from the evaporator 11 to
the lines 28.                                          compressor 12. This
is accomplished by the As shown in Figure 1, temperature sensors 21,
microcomputer 7 calculating the difference in 22 each have sensing elements
inserted in the      temperature sensed by the temperature sensors
refrigerant lines 14, 15 which are directly in   50   21 and 22. Then the
electronic expansion valve 10 contact with the refrigerant flowing through
the   may be adjusted by the microcomputer control refrigerant lines 14,
15. However, it should be    system 23 to directly respond to this
calculated noted that the temperature sensors 21, 22 may be   temperature
difference. That is, the expansion simply attached to the refrigerant lines
14, 15 or  valve 10 may be incrementally opened or closed other types of
sensors may be used to sense the   ss   by an amount proportional to the
calculated desired refrigeration system  5 operating con-     temperature
difference. In this manner, the ditions, as will be readily apparent to one
of     superheat of the refrigerant vapor entering the ordinary skill in
the art to which the present     compressor 12 may be maintained at an
optimal invention pertains.                                level which, in
turn, optimizes the refrigerant The microcomputer control system  23 is a
60   wetting characteristics in the evaporator 11 combination of electronic
devices suitable for     thereby optimizing overall operating efficiency of
receiving  electrical input signals from  the      the refrigeration system
5. Of course, the temperature sensors 21, 22, for processing the
microcomputer 7 may monitor other operating 



received electrical input signals according to pre-  conditions of the
refrigeration system 5, besides programmed procedures, for generating elec-
65   the temperatures sensed by the temperature sen-    7               EP
0147357 B1                       8 sors 21, 22, and the electronic
expansion valve 10  embedded in a capped end 46 of the orifice may be
adjusted by the microcomputer control        assembly 25 and extending up
through an open- system 23 in response to appropriate functions of  ing 47
in the sleeve member 33. Also, there is a any or all of these sensed
operating conditions.   first annular sealing means 36 located above a As
shown in Figure 1, the microcomputer con-    5    slot 38 in the orifice
assembly 25 near the top of trol system  23 supplies the electronic digital
the orifice assembly 25 and a second annular control signals through the
electrical lines 30, and  sealing means 37 located below the slot 38 in the
through the electrical connector 27, to the stepper  orifice assembly 25
near an open end 41 of the motor 24 which is actuated in a stepwise manner
orifice assembly 25 which is connected to the by these control signals. For
example, the stepper   10   refrigerant inlet 31. The slot 38 is an
elongated motor 24 may rotate a certain fixed amount in       opening in
the periphery of the orifice assembly response to a specific series of
electronic digital  25. The size of the opening of the slot 38 controls
control signals from the microcomputer control     the refrigerant flow
through the electronic expan- system 23. This stepwise actuation of the
stepper   sion valve 10. For ease of illustration, only one motor 24
results in precise control of opening and    15   slot 38 is shown in
Figures 2 and 3. However, it closing movements of the sleeve member 33
should be noted that there may be a plurality of whose position is
incrementally controlled rela-    circumferentially spaced slots 38 in the
orifice tive to the orifice assembly 25 by the stepper      assembly 25.
motor 24. Preferably, a one step rotation of the      Referring to Figure
3, in operation, liquid refri- stepper motor 24 in response to one pattern
of   20   gerant from the condenser 13 passes through the electronic
digital control signals from  the       refrigerant inlet 31 and through
the open end 41 microcomputer control system 23 is translated by    of the
orifice assembly 25 into the orifice the lead screw 34 into a linear one
step increment   assembly 25. This liquid refrigerant then passes of
opening or closing of the sleeve member 33       through the slot 38 of the
orifice assembly 25 and relative to the orifice assembly 25 in the
electronic   25   a portion of the liquid refrigerant passing through
expansion valve 10.                                the slot 38 is flashed
in an adiabatic expansion It should be noted that the stepper motor 24
process as it passes through the slot 38. Then, this may be any type of
digitally controllable motor     mixed liquid and gaseous refrigerant flows
out of means responsive to the electronic digital control  the valve 10
through the refrigerant outlet 32 to signals from the microcomputer control
system    30   the evaporator 1. 23. For example, the stepper motor 24 may
be a        The sleeve member 33 slides up and down over model LA23GCK-46
bipolar stepper motor avail-      the orifice assembly 25 to adjust the
size of the able from Eastern Air Devices of Dover, New         opening of
the slot 38 in the orifice assembly 25. Hampshire. This particular stepper
motor 24         This linear sliding movement of the sleeve requires five
electrical lines for connecting the   35    member 33 is controlled by
operation of the electronic switching device 8 of the microcompu-
stepper motor 24 which transmits forces to the ter control system 23 to the
stepper motor 24.      sleeve member 33 through the lead screw 34 Four of
the electrical lines 30 supply the electronic  which is attached to the
sleeve member 33 by a digital control signals to selected poles of the
pin 44 as shown in Figures 2, 3, and 4. In this stepper motor 24 to
stepwise actuate the stepper   40   manner, the size of the opening of the
slot 38 in motor 24. The fifth electrical line 30 is a common  the orifice
assembly 25 is precisely controlled or 12 volt power line.
because the sleeve member 33 is moved only in Figures 2 and 3 show a
cross-sectional view of    increments by stepwise actuation of the stepper
the novel electronic expansion valve 10 according   motor 24. to the
present invention which is preferred for use   45  In a preferred mode of
operation, the electronic with the control system depicted in Figure 1. As
digital control signals received by the stepper shown in Figures 2 and 3,
the electronic expan-     motor 24 through the electrical lines 30 operate
sion valve 10 is a hermetic, generally cylindrical  the stepper motor 24 to
rotate the stepper motor structure with a generally annular sleeve member
24 in discrete steps as discussed above. This 33 which can be incrementally
moved up and   50   discrete rotation of the stepper motor 24 results in
down over a hollow cylindrical orifice assembly     incrementally adjusting
the position of the sleeve 25 by operation of a rotatable stepper motor 24.
member 33 relative to the slot 38 in the orifice The stepper motor 24 is
hermetically sealed         assembly 25. Ideally, each electronic digital
con- within housing 60 of the electronic expansion       trol signal which
is supplied via the electrical lines valve 10 to allow refrigerant passing
through the   55   30 to the stepper motor 24 should ultimately valve 10 to
flow over the stepper motor 24. Figure  increment the sleeve member 33 a
single discrete 2 shows the expansion valve 10 in a fully closed    unit of
movement either up or down over the slot position while Figure 3 shows the
expansion         38 in the orifice assembly 25 depending on the valve 10
in a fully open position.                  direction of rotation of the
stepper motor 24. As shown in Figures 2 and 3, in addition to the   60
Preferably, the sleeve member 33 has a relatively stepper motor 24, the
orifice assembly 25, and the  long stroke and the slot 38 in the orifice
assembly sleeve member 33, the electronic expansion valve    25 is
relatively long compared to orifices in 



10 includes a refrigerant inlet 31, a refrigerant   conventional
refrigerant expansion valves. For outlet 32, a lead screw 34 connecting the
stepper   example, the length of the slot 38 in the orifice motor 24 and
the sleeve member 33, and a rod 35   65   assembly 25 may be on the order
of 314 of an inch    9              EP 0147357 B1                     10
(19.05 millimeters) with the sleeve member 33     providing any type of
absolute position sensing having incremental steps of movement on the
means, such as a feedback sensor, for sensing the order of ,.001 inch
(0.0254 millimeters) per step  position of the sleeve member 33. thereby
providing approximately 760 discrete        Referring to Figure 2, when the
electronic opening sizes for the slot 38. This results in    5    expansion
valve 10 is in the fully closed position; extremely precise control of the
size of the open-  that is, when the sleeve member 33 completely ing of the
slot 38 and consequently very precise  covers the slot 38 in the orifice
assembly 25, first control of the refrigerant flow through the elec-  and
second annular sealing means 36, 37, sub- tronic expansion valve 10.
stantially prevent refrigerant flow between the It should be noted that the
rod 35 is embedded   10   refrigerant inlet 31 and the refrigerant outlet
32 of in the capped end 46 of the orifice assembly 25  the valve 10. As
best shown in Figure 4, prefer- and passes up through the opening 47 in the
ably, the first sealing means 36 comprises a sleeve member 33. The rod 35
does not corn-       carbon filled teflon seal 53 backed by an 0-ring 54
pletely fill the opening 47 in the sleeve member 33  while the second
sealing means 37 comprises thereby allowing refrigerant to flow through the
15   another carbon filled teflon seal 50 backed by two opening 47 to
equalize pressures on opposing      O-rings 51 and 52. Each sealing means
36, 37 is surfaces of the sleeve member 33 during oper-     seated in an
annular recess in the main body of ation of the electronic expansion valve
10. The  the orifice assembly 25. The first sealing means rod 35 also
prevents undesirable rotations of the  36 is located in the capped end 46
of the orifice sleeve member 33 relative to the orifice assembly   20
assembly 25 above the slot 38 in the orifice 25 by torques which are
transmitted from the      assembly 25. The second sealing means 37 is
stepper motor 24 through the lead screw 34 to the  located at the open end
41 of the orifice assembly sleeve member 33 during operation of the stepper
25 in the main body of the orifice assembly 25 motor 24.
below the slot 38. When the sleeve member 33 is Because the sleeve member
33 is moved only in   25   in the fully closed position, the sealing means
36, increments relative to the slot 38 in the orifice  37 are located
between the main body of the assembly 25, the absolute position of the
sleeve  orifice assembly 25 and the sleeve member 33. member 33 relative to
the orifice assembly 25,    Thus, the sealing means 36, 37 and the sleeve
and, therefore, the size of the opening of the slot  member 33 surround the
slot 38 to effectively 38, can be monitored by the microcomputer   30
prevent refrigerant flow through the electronic control system 23 to a high
degree of accuracy    expansion valve 10 when the sleeve member 33 is
during operation of the electronic expansion     in its fully closed
position. Also, it should be noted valve 10. However, at startup of the
refrigeration  that the sealing means 36, 37 are designed so that system 5
the absolute position of the sleeve     there are no unbalanced forces on
the fully closed member 33 relative to the orifice assembly 25   35
sleeve member 33 which must be overcome must be determined to initialize
the microcompu-  when it is desired to move the sleeve member 33 ter
control system 23. This is accomplished by the  from its fully closed
position. microcomputer control system 23 supplying elec-    An annular
spring loaded follower 39 is pro- tronic digital control signals via
electrical lines 30  vided near the bottom of the orifice assembly 25 to
the stepper motor 24 to drive the sleeve   40   as shown in Figures 2,3,
and 4. The spring loaded member 33 to a fully closed position at startup of
follower 39 is upwardly biased by a spring 40 to the refrigeration system
5. If the sleeve member  cover the second annular sealing means 37 when 33
is already fully closed at startup then the   the sleeve member 33 moves
upward out of stepper motor 24 will simply slip as the          contact
with the second sealing means 37 and out microcomputer control system  23
drives the   45   of contact with the follower 39. The spring loaded sleeve
member 33 closed without harming the      follower 39 covers the second
annular sealing stepper motor 24 or the sleeve member 33.         means 37
to compress the sealing means 37 into After initializing the starting
position of the  its annular recess thereby preventing the sealing
electronic expansion valve 10, the microcomputer  means 37 from unseating
out of its annular recess control system 23 controls the electronic expan-
50   due to the normal pressure variations across the sion valve 10 in
response to operating conditions  electronic expansion valve 10 during
operation of of the refrigeration system 5 starting from the  the valve 10.
As best shown in Figure 4, the spring known fully closed position of the
valve 10.     40 allows the sleeve member 33 to displace the During
operation of the refrigeration system 5,  spring loaded follower 39
downwardly, partially the logic circuitry of the microcomputer control   55
out of contact with the second sealing means 37 system 23 retains the last
known position of the  when the sleeve member 33 is moved to its fully
sleeve member 33 in memory and when the          closed position. Also, a
stop 49 is provided as position of the sleeve member 33 is adjusted the
shown in Figures 2, 3 and 4, to provide a stop microcomputer control system
23 changes the      surface for limiting the upward travel distance of
memory to reflect the new position of the sleeve   60  the spring loaded
follower 39 when the sleeve member 33. In this manner, the position of the
member 33 is moved out of contact with the 



sleeve member 33 and thus the size of the        follower 39. opening of
the slot 38 in the orifice assembly 25  The first and second sealing means
36, 37 are continuously known during operation of the    provide positive,
complete shutoff of refrigerant refrigeration system 5 without the
necessity of   65   flow through the electronic expansion valve 10 6    11
EP 0 147 357 B1                     12 when the sleeve member 33 is in its
fully closed      means for housing the orifice means (25), the position.
Thus, if desired, the electronic expan-   sleeve member (33), and the motor
(24) to form sion  valve. 10  may  be  operated  by the          a hermetic
unit. microcomputer control system 23 to provide a          3. A
refrigeration system  including an elec- shutoff valve function thereby
eliminating the    5    tronic refrigerant expansion valve as recited in
need for a conventional liquid line solenoid        claim 1 or 2, wherein
said orifice means com- valve in the refrigerant line connecting the con-
prises: denser 13 to the electronic expansion valve 10        a generally
cylindrical orifice assembly having of the refrigeration system 5. Such a
conven-       a top end which is capped, a bottom end which tional liquid
line solenoid valve is normally   10  is open and connected to receive
refrigerant required to prevent refrigerant migration from      from the
inlet means, and at least one orifice the condenser 13 to the evaporator 11
during        opening, located between the capped end and periods of
shutdown of the refrigeration system     the open end of said assembly, for
discharging 5. Eliminating the need for such a conventional     refrigerant
to the outlet means. liquid line solenoid valve greatly simplifies the
15  4. A refrigeration system including an elec- structure, operation, and
cost of the refrigera-   tronic refrigerant expansion valve as recited in
tion system  5. Of course, an input indicating      any one of the claims 1
to 3 wherein the elec- shutdown of the refrigeration system 5 must be
tronic expansion valve further comprises: provided to the microcomputer
control system          a first annular sealing means (36), located in 23
and the system 23 must be programmed to   20   an annular recess in the
orifice means (25) drive the sleeve member 33 to its fully closed
above the orifice opening (38) and positioned position when the input
indicating shutdown of       between the sleeve member (33) and the orifice
the refrigeration system  5 is provided to the      means (25), for
substantially preventing refriger- microcomputer control system 23.
ant flow across said first annular sealing means 25   when the sleeve
member is in a fully closed Claims
position covering over the orifice opening in the orifice means; 1. A
refrigeration system  including a com-        a second annular sealing
means (37), located pressor  (12), a  condenser  (13), and  an         in
another annular recess in the orifice means evaporator (11), and including
an electronic   30   (25) below the orifice opening (38) and posi-
refrigerant expansion valve (10) comprising:        tioned between the
sleeve member (33) and the an inlet means (31) for receiving refrigerant
orifice means (25) when the sleeve member is in from the condenser;
its fully closed position, for substantially pre- an outlet means (32) for
discharging refriger-    venting refrigerant flow  across said second ant
to the evaporator;                        35   annular sealing means when
the sleeve member a stepper motor (24), operatively connected to    is in
its fully closed position; and a valve regulating member, for incrementally
a spring biased follower means (39), positioned adjusting the position
thereof in response to       to follow movements of the sleeve member (33),
electronic digital control signals received by said  for covering over the
second annular sealing motor (24), characterized in that said expansion
40   means (37) to hold the second annular sealing valve comprises an
orifice means (25), con-         means in its annular recess when the
sleeve nected between the inlet means (31) and the         member (33)
moves out of contact with the outlet means (32), and having at least one
second annular sealing means and for partially orifice opening (38) for
controlling refrigerant    uncovering the second annular sealing means flow
between the inlet means and the outlet   45   when the sleeve member moves
into contact means;                                              with the
second annular sealing means. a sleeve member (33), as said valve
regulating      5. A refrigeration system including an elec- member, which
slides over the orifice means         tronic refrigerant expansion valve as
recited in (25) to adjust the size of the orifice opening      claim 4
wherein each of the first and second depending  on the position  of the
sleeve    50   annular sealing means comprises a seal backed member
relative to the orifice means;               by at least one 0-ring. a lead
screw (34), connected between the            6. A refrigeration system
including an elec- motor (24) and the sleeve member (33), to incre-
tronic refrigerant expansion valve as recited in mentally adjust the linear
position of the sleeve   claim 4 or 5 further comprising a stop member
member in response to rotational motions of   55   (49) positioned to
provide a stop surface against the stepper motor (24); and
which the spring biased follower means (39) a rod imbedded in the orifice
means (25) and      abuts to limit upward movement of the spring connected
to the sleeve member (33) to prevent      biased follower means when the
spring biased rotation of the sleeve member relative to the       follower
means covers over the second annular 



orifice means by torques transmitted from the    60   sealing means.
stepper motor (24) through the lead screw to          7. An electronic
refrigerant expansion valve the sleeve member.
comprising. 2. A refrigeration system  including an elec-       an inlet
means (31) for receiving refrigerant; tronic refrigerant expansion valve as
recited in      an outlet means (32) for discharging refriger- claim 1
further comprising:                   65   ant; 7    11              EP
0147 357  B1                    12 when the sleeve member 33 is in its
fully closed      means for housing the orifice means (25), the position.
Thus, if desired, the electronic expan-   sleeve member (33), and the motor
(24) to form sion  valve. 10  may  be  operated  by the          a hermetic
unit. microcomputer control system 23 to provide a          3. A
refrigeration system  including an elec- shutoff valve function thereby
eliminating the    5    tronic refrigerant expansion valve as recited in
need for a conventional liquid line solenoid        claim 1 or 2, wherein
said orifice means com- valve in the refrigerant line connecting the con-
prises: denser 13 to the electronic expansion valve 10        a generally
cylindrical orifice assembly having of the refrigeration system 5. Such a
conven-       a top end which is capped, a bottom end which tional liquid
line solenoid valve is normally   10   is open and connected to receive
refrigerant required to prevent refrigerant migration from      from the
inlet means, and at least one orifice the condenser 13 to the evaporator 11
during        opening, located between the capped end and periods of
shutdown of the refrigeration system     the open end of said assembly, for
discharging 5. Eliminating the need for such a conventional     refrigerant
to the outlet means. liquid line solenoid valve greatly simplifies the
15  4. A refrigeration system  including an elec- structure, operation, and
cost of the refrigera-    tronic refrigerant expansion valve as recited in
tion system  5. Of course, an input indicating      any one of the claims 1
to 3 wherein the elec- shutdown of the refrigeration system 5 must be
tronic expansion valve further comprises: provided to the microcomputer
control system          a first annular sealing means (36), located in .23
and the system 23 must be programmed to   20   an annular recess in the
orifice means (25) drive the sleeve member 33 to its fully closed
above the orifice opening (38) and positioned position when the input
indicating shutdown of       between the sleeve member (33) and the orifice
the refrigeration system  5 is provided to the       means (25), for
substantially preventing refriger- microcomputer control system 23.
ant flow across said first annular sealing means 25   when the sleeve
member is in a fully closed Claims
position covering over the orifice opening in the orifice means; 1. A
refrigeration system  including a corn-        a second annular sealing
means (37), located pressor  (12), a  condenser  (13), and  an          in
another annular recess in the orifice means evaporator (11), and including
an electronic   30   (25) below the orifice opening (38) and posi-
refrigerant expansion valve (10) comprising:        tioned between the
sleeve member (33) and the an inlet means (31) for receiving refrigerant
orifice means (25) when the sleeve member is in from the condenser;
its fully closed position, for substantially pre- an outlet means (32) for
discharging refriger-    venting refrigerant flow  across said second ant
to the evaporator;                        35   annular sealing means when
the sleeve member a stepper motor (24), operatively connected to    is in
its fully closed position; and a valve regulating member, for incrementally
a spring biased follower means (39), positioned adjusting the position
thereof in response to       to follow movements of the sleeve member (33),
electronic digital control signals received by said  for covering over the
second annular sealing motor (24), characterized in that said expansion
40    means (37) to hold the second annular sealing valve comprises an
orifice means (25), con-          means in its annular recess when the
sleeve nected between the inlet means (31) and the         member (33)
moves out of contact with the outlet means (32), and having at least one
second annular sealing means and for partially orifice opening (38) for
controlling refrigerant     uncovering the second annular sealing means
flow between the inlet means and the outlet   45   when the sleeve member
moves into contact means;                                              with
the second annular sealing means. a sleeve member (33), as said valve
regulating      5. A refrigeration system  including an elec- member, which
slides over the orifice means         tronic refrigerant expansion valve as
recited in (25) to adjust the size of the orifice opening      claim 4
wherein each of the first and second depending  on the  position  of the
sleeve    50   annular sealing means comprises a seal backed member
relative to the orifice means;                by at least one 0-ring. a
lead screw  (34), connected between the           6. A refrigeration system
including an elec- motor (24) and the sleeve member (33), to incre-
tronic refrigerant expansion valve as recited in mentally adjust the linear
position of the sleeve   claim 4 or 5 further comprising a stop member
member in response to rotational motions of   55   (49) positioned to
provide a stop surface against the stepper motor (24); and
which the spring biased follower means (39) a rod imbedded in the orifice
means (25) and       abuts to limit upward movement of the spring 



connected to the sleeve member (33) to prevent       biased follower means
when the spring biased rotation of the sleeve member relative to the
follower means covers over the second annular orifice means by torques
transmitted from the    60   sealing means. stepper motor (24) through the
lead screw to          7. An electronic refrigerant expansion valve the
sleeve member.                                   comprising. 2. A
refrigeration system  including an elec-       an inlet means (31) for
receiving refrigerant; tronic refrigerant expansion valve as recited in
an outlet means (32) for discharging refriger- claim 1 further comprising:
65   ant; 7    13              EP 0147357 B1                       14 a
stepper motor (24), operatively connected to a  second annular sealing
means (37) and for par- valve regulating  member, for incrementally
tially uncovering the second annular sealing adjusting the position thereof
in response to       means when the sleeve member moves into electronic
digital control signals received by said  contact with the second annular
sealing means. motor, characterized by an orifice means (25),    5   11. An
electronic refrigerant expansion valve as connected between the inlet means
(31) and          recited in claim 10 wherein each of the first and the
outlet means (32), and having at least one      second annular sealing
means comprises a seal orifice (38) opening for controlling refrigerant
backed by at least one 0-ring. flow between the inlet means and the outlet
12. An electronic refrigerant expansion valve as means;
10   recited in claim 10 or 11 further comprising a stop a sleeve member
(33) which slides over the        member (49) positioned to provide a stop
surface orifice means (25) to adjust the size of the orifice  against which
the spring biased follower means opening (38) depending on the position of
the       (39) abuts to limit upward movement of the sleeve member relative
to the orifice means;        spring biased follower means when the spring a
lead screw (34), connected between the step-   15   biased follower means
covers over the second per motor (24) and the sleeve member (33), to
annular sealing means (37). incrementally adjust the linear position of the
sleeve member in response to rotational motions     Patentanspruche of the
stepper motor; and a rod (35) imbedded in the orifice means (25)   20  1.
KAlteanlage mit einem  Kompressor (12), and connected to the sleeve member
(33) to          einem Kondensator (13) und einem Verdampfer prevent
rotation of the sleeve member relative to   (11) sowie mit einem
elektronischen KIAltemittel- the orifice means by torques transmitted from
the   expansionsventil (10), beinhaltend: stepper motor through the lead
screw to the           eine Einlageinrichtung (31) zum  Empfangen sleeve
member.                                25   von Kaltemittel aus dem
Kondensator; 8. An electronic refrigerant expansion valve as     eine
AuslaBeinrichtung (32) zum Abgeben von recited in claim 7 further
comprising;              KAltemittel an den Verdampfer; means for housing
the orifice means, the sleeve     einen Schrittmotor (24), der
betriebsmabig mit member, and the motor to form a hermetic unit.      einem
Ventilregulierteil verbunden ist, zum inkre- 9. An electronic refrigerant
expansion valve as   30   mentellen Einstellen der Position desselben auf-
recited in claim 7 or 8 wherein said orifice means  grund von
elektronischen Digitalsteuersignalen, (25) comprises:
welche durch den Motor (24) empfangen werden, a generally cylindrical
orifice assembly having a  dadurch gekennzeichnet, dao  das Expansions- top
end which is capped, a bottom end which is      ventil eine
Drosselbffnungseinrichtung (25) auf- open and connected to receive
refrigerant from    35   weist, die zwischen die EinlaBeinrichtung (31) und
the inlet means, and at least one orifice opening,  die AuslaBeinrichtung
(32) geschaltet ist und located between the capped end and the open
wenigstens eine Drosseloffnung (38) aufweist end of said assembly, for
discharging refrigerant   zum Steuern der K"ltemittelstr6mung zwischen to
the outlet means.                                der EinlaBeinrichtung und
der AuslaBeinrichtung; 10. An electronic refrigerant expansion valve as
40  ein Buchsenteil (33) als das Ventilregulierteil, recited in any one of
the claims 7 to 9 further     welches uber der Drosseloffnungseinrichtung
comprising:                                         (25) verschiebbar ist,
um die Groge der Drosse- a first annular sealing means (36), located in an
l8ffnung in Abhangigkeit von der Position des annular recess in the orifice
means (25) above the  B0chsenteils relativ zu der Drosseloffnungsein-
orifice opening (38) and positioned between the    45   richtung
einzustellen; sleeve member (33) and the orifice means (25), for    eine
Schraubenspindel (34), die zwischen den substantially preventing
refrigerant flow across    Motor (24) und das Buchsenteil (33) geschaltet
ist, said first annular sealing means when the sleeve    um die
Linearposition des Buchsenteils aufgrund member is in a fully closed
position covering over  von Drehbewegungen des Schrittmotors (24) the
orifice opening in the orifice assembly;  so   inkrementell einzustellen;
und a second annular sealing means (37), located in     eine Stange, die in
die Drosseloffnungseinrich- another annular recess in the orifice means
(25)    tung (25) eingebettet und mit dem Buchsenteil below the orifice
opening (38) and positioned      (33) verbunden ist, um eine Drehung des
Buchs- between the sleeve member (33) and the orifice      enteils relativ
zu der Drossel6ffnungseinrichtung means (25) when the sleeve member is in
its fully   55   durch Drehmomente, welche von dem Schrittmo- 



closed position, for substantially preventing refri-  tor (24) uber die
Schraubenspindel auf das Buchs- gerant flow across said second annular
sealing      enteil ubertragen werden, zu verhindern. means when the sleeve
member is in its fully          2. Kilteanlage mit einem elektronischen
KAlte- closed position; and
mittelexpansionsventil nach Anspruch 1, weiter a spring biased follower
means (39), positioned    60   beinhaltend: to follow movements of the
sleeve member (33),        eine Einrichtung zum Unterbringen der Drosse-
for covering over the second annular sealing        loffnungseinrichtung
(25), des Buchsenteils (33) means (37) to hold the second annular sealing
und des Motors (24), urn eine hermetische Einheit means in its annular
recess when the sleeve         zu bilden. member (33) moves out of contact
with the    65       3. Kalteanlage mit einem elektronischen Kalte- 8 i]
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mittelexpansionsventil nach Anspruch 1 oder 2,     federvorgespannte
Abtasteinrichtung die zweite wobei die Drosseloffnungeinrichtung aufweist:
ringformige Dichteinrichtung uberdeckt. eine insgesamt zylindrische
Offnungsvorrich-        7. Elektronisches Kiltemittelexpansionsventil tung,
die ein oberes Ends hat, daB mit einer        mit: Kappe versehen ist, ein
unteres Ends, daB    5        einer Einlageinrichtung (31) zum Empfangen
offen ist und Kiltemittel aus der EiniaBseinrich-   von Kiltemittel; tung
empfangt, und wenigstens eine Drosseloff-        einer AuslaBeinrichtung
(32) zum  Abgeben nung, die zwischen dem mit Kappe versehenen         von
Kaltemittel; Ends und dem  offenen Ends der Vorrichtung            einem
Schrittmotor (24), der mit einem Ven- angeordnet ist, zum Abgeben von
Kaltemittel   1o  tilregulierteil betriebsmaBig verbunden ist, zum an die
AuslaBeinrichtung.                           inkrementellen Einstellen der
Position dessel- 4. Kalteanlage mit einem elektronischen Kal-      ben
aufgrund von elektronischen Digitalsteuer- temittelexpansionsventil  nach
einem   der        signalen, welche durch den Motor empfangen Anspruche 1
bis 3, wobei das elektronische          werden, gekennzeichnet durch sine
Drosseloff- Expansionsventil welter aufweist:             15
nungseinrichtung (25), die zwischen die EinlaB- eine erste ringf6rmige
Dichteinrichtung (36),     einrichtung (31) und die AuslaBsinrichtung (32)
die in einer ringformigen Aussparung in der         geschaltet ist und
wenigstens eine Drosseloff- Drosseloffnungseinrichtung (25) oberhalb der
nung (38) hat zum Steuern der KIaltemittelstro- Drosselbffnung (38)
angeordnet und zwischen         mung zwischen der EinlaBeinrichtung und der
dem Buchsenteil (33) und der Drosseloffnungs-   20   AuslaBeinrichtung;
einrichtung (25) positioniert ist, um eine Kilte-     ein Buchsenteil (33),
welches uber der Dros- s   mittelstromung  uber die  erste  ringformige
seliffnungseinrichtung (25) verschiebbar ist, um Dichteinrichtung im
wesentlichen zu verhindern,     die GroBe der Drosseloffnung (38) in
Abhingig- wenn das Buchsenteil in einer voll geschlosse-      keit von der
Position des Buchsenteils relativ zu nen Position ist, in weicher es die
Drosseloff-   25   der Drosseloffnungseinrichtung einzustellen; nung in der
Drosseloffnungseinrichtung uber-          sine Schraubenspindel (34), die
zwischen den deckt;
Schrittmotor (24) und das Buchsenteil (33) eine zweite ringformige
Dichteinrichtung (37),    geschaltet ist, um die Linearposition des Buchs-
die in einer weiteren ringformigen Aussparung       enteils aufgrund von
Drehbewegungen  des in der Drosseloffnungseinrichtung (25) unter-   30
Schrittmotors inkrementell einzustellen; und halb der Drosseloffnung (38)
angeordnet und           eine Stange (35), die in die Drosseloffnungs-
zwischen dem Buchsenteil (33) und der Drosse-       einrichtung  (25)
eingebettet und  mit dem loffnungseinrichtung (25) positioniert ist, wenn
Buchsenteil (33) verbunden ist, um eine Dre- des BOchsenteil in seiner voll
geschlossenen        hung des Buchsenteils relativ zu der Drosseloff-
Position ist, um eine Kaltemittelstromung Ober   35   nungseinrichtung
durch Drehmoments, welche die zweite  ringformige Dichteinrichtung  im
von dem Schrittmotor uber die Schraubenspin- wesentlichen zu verhindern,
wenn das BOchs-         del auf das Buchsenteil ubertragen werden, zu
enteil in seiner voll geschlossenen Position ist;   verhindern. und
8. Elektronisches Kaltemittelexpansionsventil eine  federvorgespannte
Abtastsinrichtung    40   nach Anspruch 7, weiter beinhaltend: (39), die so
angeordnet ist, daB sie Bewegun-         eine Einrichtung zur Unterbringung
der Dros- gen des Buchsenteils (33) folgt, um die zweite
seloffnungseinrichtung, des Buchsenteils und J  ringformige
Dichteinrichtung (37) zu uberdecken      des Motors, um eine hermetische
Einheit zu und die zweite ringformige Dichteinrichtung in      bilden.
ihrer ringformigen Aussparung zu halten, wenn   45    9. Elektronisches
Kaltemittelexpansionsventil sich das Buchsenteil (33) aus dem Kontakt mit
nach Anspruch 7 oder 8, wobei die Drosseloff- der zweiten ringformigen
Dichteinrichtung her-      nungseinrichtung (25) aufweist: ausbewegt, und
um  die zweite ringformige             eine insgesamt zylindrische
Offnungsvorrich- Dichteinrichtung  tellweise freizulegen, wenn       tung,
die ein oberes Ende hat, das mit einer sich dos Buchsenteil in Kontakt mit
der zweiten   50   Kappe versehen ist, ein unteres Ends, das offen
ringformigen Dichteinrichtung bewegt.              ist und Kaltemittel aus
der Einlaleinrichtung 



5. Kalteanlage mit einem elektronischen Kal-      empfangt, und wenigstens
eine Drosseloffnung, temittelexpansionsventil  nach  Anspruch  4,
die zwischen dem mit Kappe versehenen Ende wobei die erste und die zweite
ringformige          und dern offenen Ends der Vorrichtung ange-
Dichteinrichtung jeweils eine Dichtung aufwei-   55   ordnet ist, zum
Abgeben von Kaltemittel an die sen, die durch wenigstens einen O-Ring
unter-       AuslaBeinrichtung. stutzt wird.
10. Elektronisches Kaltemittelexpansionsventil 6. KAIteanlage mit einem
elektronischen Kal-      nach einem der Anspruche 7 bis 9, weiter bein-
temittelexpansionsventil nach Anspruch 4 oder       haltend: 5, welter
beinhaltend ein Anschlagteil (49), dos   60  eine erste ringformige
Dichteinrichtung (36), so positioniert ist, daB es sine Anschlagflache
die in einer ringformigen Aussparung in der bildet, gegen  welche sich  die
federvorge-         Drosseloffnungseinrichtung  (25) oberhalb der spannte
Abtasteinrichtung (39) anlegt, um die       Drosseloffnung (38) angeordnet
und zwischen Aufwartsbewegung   der  federvorgespannten          dem
Buchsenteil (33) und der Drosseloffnungs- Abtasteinrichtung  zu  begrenzen,
wenn  die   65   einrichtung (25) positioniert ist, um eine Kilte- 9    * C
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mittelstromung uber die erste ringformige Dicht-    manchon (33) pour
ajuster, de facon incr6men- einrichtung im wesentlichen zu verhindern, wenn
tale, la position lineaire du manchon, en r6ponse das Buchsenteil in einer
voll geschlossenen Posi-   aux mouvements de rotation du moteur pas A pas
tion ist, in welcher es die Drosseloffnung in der   (24), et une broche
emmanch6e dans l'6l6ment 3 Drosseloffnungseinrichtung uberdeckt;         5
orifice (25) et reli6e au manchon (33), de fagon a eine zweite ringformige
Dichteinrichtung (37),    empAcher la rotation de celui-ci par rapport a
die in einer weiteren ringf6rmigen Aussparung in   l'6l6ment a orifice (25)
a la suite du couple der Drosseloffnungseinrichtung (25) unterhalb
transmis par le moteur pas A pas (24) et la vis au der Drosseloffnung (38)
angeordnet und zwischen     manchon. dem Buchsenteil (33) und der
Drosseloffnungs-   to   2. Systeme de refrigeration suivant la revendi-
einrichtung (25) positioniert ist, wenn das Buchs-  cation 1 caract6rise en
ce qu'il comprend des enteil in seiner voll geschlossenen Position ist,
moyens pour recevoir l'6lement a orifice (25), le um eine
Kaltemittelstromung uber die zweite         manchon (33), et le moteur (24)
de facon 3 former ringformige Dichteinrichtung im wesentlichen zu     une
unite hermetique. verhindern, wenn das Buchsenteil in seiner voll  15   3.
Systeme de refrig6ration suivant la revendi- geschlossenen Position ist;
und                     cation 1 ou 2 caracterise en ce que l'l6ment A eine
federvorgespannte Abtasteinrichtung (39),    orifice comprend un el6ment
cylindrique pourvu die so angeordnet ist, daB sie Bewegungen des       d'un
orifice poss6dant une extr6mite sup6rieure Buchsenteils.(33) folgt, um die
zweite ringformige  qui est obtur6e, un fond qui est ouvert pour
Dichteinrichtung (37) zu Oberdecken und die   20   recevoir le frigorigene
provenant de l'entr6e, et au zweite ringf6rmige Dichteinrichtung in ihrer
ring-  moins un orifice, dispos6 entre l'extr6mit6 obtu- formigen
Aussparung zu halten, wenn sich das        ree et l'extr6rmit6 ouverte de
cet 6lement pour Buchsenteil (33) aus dem Kontakt mit der zweiten
fournir le frigorigene A la sortie. ringformigen  Dichteinrichtung (37)
herausbe-        4. Systeme de refrig6ration suivant Ia revendi- wegt, und
um die zweite ringformige Dichtein-   25   cation 1 ou 3 caract6rise en ce
qu'il comprend un richtung teilweise freizulegen, wenn sich das
premier moyen d'etanch6it6 annulaire (36) dis- BOchsenteil in Kontakt mit
der zweiten ringformi-   pose dans une cavit6 de l'6l6ment A orifice (25),
gen Dichteinrichtung bewegt.                        au-dessus de
l'ouverture (38), entre le manchon 11. Elektronisches
Kaltemittelexpansionsventil   (33) et l'66lment A orifice (25), pour
empecher le nach Anspruch 10, wobei die erste und die zweite   30   passage
du flux de frigorigene au travers du ringformige Dichteinrichtung jeweils
eine Dich-     moyen d'6tancheit6 annulaire lorsque le man- tung aufweisen,
die durch wenigstens einen 0-       chon se trouve dans sa position
d'obturation Ring unterstutzt wird.                             totale
couvrant l'orifice, un second moyen d'6tan- 12. Elektronisches
Kaltemittelexpansionsventil    ch6it6 annulaire (37), dispose dans une
cavit6 nach Anspruch 10 oder 11, weiter beinhaltend ein   35   annulaire de
l'el6ment A orifice (25), sous l'orifice Anschlagteil (49), daB so
positioniert ist, daB es  (38), et positionn6 entre le manchon (33) et eine
Anschlagfliche bildet, gegen welche sich die  l'el6ment A orifice (25),
lorsque le manchon se federvorgespannte Abtasteinrichtung (39) anlegt,
trouve dans sa position d'obturation totale, pour um die Aufwartsbewegung
der federvorgespann-        empecher le passage du flux de r6frigerant au
ten Abtasteinrichtung zu begrenzen, wenn die   40   travers du second moyen
d'6tancheit6 annulaire federvorgespannte Abtasteinrichtung die zweite
lorsque le manchon se trouve dans sa position >    ringformige
Dichteinrichtung (37) uberdeckt.        d'obturation totale, et un 6l6ment
suiveur (39) sollicite par un ressort, dispose pour suivre les
Revendications                                      mouvements du manchon
pour recouvrir le 45   second moyen d'etancheit6 annulaire (37) et 1.
Systeme de r6frig6ration comprenant un         maintenir celui-ci dans sa
cavite annulaire lorsque compresseur (12) un condenseur (13) et un eva-
le manchon (33) se d6place hors de contact de porateur (11) et comprenant
une vanne electroni-   celul-ci. 



que de d6tente de frigorigene (10) comprenant        5. Systeme de
r6frigeration suivant la revendi- une entree (31) recevant le frigorigene
du conden-   50   cation 4 caracteris6 en ce que chacun des premier seur,
une sortie (32) fournissant le frigorigene A  et second moyens d'6tanch6it6
annulaires corn- I'evaporateur, un moteur pas A pas (24) reli6 A un  prend
un joint torique situ6 A I'arriere de celui-ci. 6l6ment de regulation, pour
ajuster de facon         6. Systeme de r6frig6ration suivant la revendi-
incrementale la position de cet 6l6ment en          cation 4 ou 5
caract6rise en ce qu'il comprend une reponse A des signaux electroniques de
corn-   55   but6e (49) positionnee de fagon A arreter l'616- mande regus
par le moteur pas A pas (24),           ment suiveur (39) sollicite par le
ressort, de fagon caract6ris6 en ce que la vanne de d6tente corn-     A
limiter son mouvement vers le haut lorsqu'il prend un 6e6ment A orifice
(25) relie A I'entr6e (31)  recouvre le second moyen d'etanch6it6
annulaire. et A la sortie (32) et possedant au moins une        7. Vanne de
detente electronique pour frigori- ouverture (38) commandant le flux de
frigorigene   60   gene comprenant une entr6e (31) recevant le entre
l'entree et Ia sortie, un manchon (33) apte A  frigorigene une sortie (32)
fournissant le frigori- coulisper sur lelement a orifice (25), pour ajuster
gene, un moteur pas A pas (24) reli6 A un 6l6ment la dimension de l'orifice
d6pendant de la position  de regulation, pour ajuster de fagon incrementale
relative du manchon sur I'element a orifice (25),  la position de cet
6l6ment en r6ponse A des une vis mere (34) reli6e au moteur (24) et au   65
signaux 6lectroniques de commande regus par le 10    *   C   L   M   S   *
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(24), caract6risee en ce qu'elle    tions 7 A 9 caract6risee en ce qu'elle
comprend un comprend un element 3 orifice (25) reli6 A 1'entree  premier
moyen d'6tanchditO annulaire (36) dis- (31) et A la sortie (32) et
possedant au moins une   pos6 dans une cavit6 de l'6lement 3 orifice (25)
ouvertu~e (38) commandant le flux de frigorigene     au-dessus de
l'ouverture (38) entre le manchon entre l'entr6e et la sortie, un manchon
(33) apte a    5    (33) et I'6IMment A orifice (25) pour empecher le
coulisser sur I'6l1ment a orifice (25) pour ajuster  passage du flux de
frigorigene au travers du la dimension de l'orifice dependant de la
position   moyen d'etancheiti annulaire lorsque le man- relative du manchon
sur l'elbment A orifice (25),    chon so trouve dans sa position
d'obturation une vis mere (34) reliee au moteur (24) et au       totale
couvrant l'orifice, un second moyen d'itan- manchon (33) pour ajuster, de
fagon incremen-   10   cheite annulaire (37) dispose dans une cavit6 tale,
la position lineaire du manchon, en reponse    annulaire de l'Mliment A
orifice (25) sous l'orifice aux mouvements de rotation du moteur pas A pas
(38) et positionne entre le manchon (33) et l'l6- (24), et une broche
emmanchee dans l'element A       ment A orifice (25) lorsque le manchon se
trouve orifice (25) et reliee au manchon (33), de fagon A   dans sa
position d'obturation totale, pour empe- empecher la rotation de celui-ci
par rapport a    15   cher le passage du flux de refrigerant au travers
l'6l6ment A orifice (25) A la suite du couple        du second moyen
d'etancheit6 annulaire lorsque transmis par le moteur pas a pas (24) et la
vis au   le manchon se trouve dans sa position d'obtura- manchon.
tion totale, et un 6liment suiveur (39) sollicite par 8. Vanne de detente
electronique pour frigori-     un ressort, dispose pour suivre les
mouvements gene suivant la revendication 7 caracterise oen ce   20   du
manchon pour recouvrir le second moyen qu'elle comprend des moyens pour
recevoir l'616-     d'etanch6ite annulaire (37) et maintenir celui-ci J
ment A orifice, Is manchon (33) et le moteur (24)     dans sa cavitd
annulaire lorsque le manchon (33) de facon a former une uniti hermetique.
se deplace hors de contact de celui-ci. 9. Vanne de detente electronique
pour frigori-       11. Vanne de d6tente electronique pour frigori- gene
suivant la revendication 7 ou 8 caract6risie   25    gene suivant la
revendication 10 caract6ris6 en ce en ce quo lIlement A orifice (25)
comprend un        que chacun des premier et second moyens
element-cylindrique pourvu d'un orifice posse-       d'6tanchiitd
annulaires comprend un joint tori- dant une extrdmit6 superieure qui est
obtur6e, un    quo situe A I'arribre de celui-ci. fond qui est ouvert pour
recevoir le frigorigbne       12. Vanne de ditente electronique pour
frigori- provenant de l'entree, et au moins un orifice,   30   gene suivant
la revendication 10 ou 11 caracte- disposi entre I'extremite obturee et
1'extrdmit6     risee en ce qu'elle comprend une butde (49) ouverte de cet
el6ment pour fournir le frigorigene   positionnee de fagon A arreter
I'eliment suiveur A la sortie.                                         (39)
solliciti par le ressort, de fagon A limiter son 10. Vanne de ditente
6lectronique pour frigori-    mouvement vers le haut lorsqu'il recouvre le
gene suivant l'une quelconque des revendica-   35   second moyen
d'etancheite annulaire. 40 45 50 55 60 65    


