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is characterized by the features of the characteriz- ing part of claim 1.
This invention relates to an electrically oper-   The valve body includes a
tapered opening ated refrigerant expansion valve.                 extending
thereinto from one side. The tapered Several types of electrically actuated
valves   6   opening decreases in cross sectional area in the suitable for
use as expansion valves in refrigeration  direction from the outside of the
body into the or air conditioning systems are known in the prior  body. A
tapered valve member extends into the art. One type includes a solenoid
connected to an  tapered opening and a seal means is positioned in
appropriate electrical supply which, in response to  the blind end of the
opening. The cooperation of a pulsed electrical signal, actuates a plunger
or  io  the tapered valve member and the tapered opening control element
alternately into and out of a flow  is such that the flow through the valve
body is path through the expansion valve body to permit or  completely shut
off and the tapered valve member prevent fluid flow. Another type of
electrically ac-  sealingly engages the seal means when the ta- tuated
expansion valve has a rotary actuator with a  pered valve member is fully
inserted into the ta- means for converting the rotary motion into linear
15  pered opening. motion for operating a valve element to increase or
Figure 1 is a schematic diagram of a heat pump decrease the flow area
available through the valve  system making use of an expansion device ac-
body by seating against the valve seat to close the  cording to the present
invention; and valve and prevent flow, or, moving linearly away    Figure 2
is a longitudinal sectional view through from the valve seat, to permit
flow through an area  20  a solenoid actuated expansion device according
defined by the area of the opening between the      to the present
invention; valve element and the valve seat.                 With reference
first to Figure 1, numeral 10 des- Representative U. S. Patents which
disclose   ignates a heat pump of substantially conventional solenoid
actuated valves of this type include: U. S.  design which incorporates an
electrically operated Patent 4,632,358 entitled Automotive Air Condition-
25  refrigerant expansion valve 12 according to the ing System Including
Electrically Operated Expan-  present invention. The expansion valve 12 is
ca- sion Valve; U.S. Patent 4,807,445 entitled Refrig-  pable of
controlling refrigerant flow in either direc- eration System, and, U. S.
Patent 4,840,039 en-   tion therethrough and accordingly replaces the
titled Automated Expansion Valve For a Refrigera-  multiple expansion
devices and check valves found tion Circuit.
30  in the refrigerant line between the heat exchangers U. S. Patent
4,986,085 entitled Incremental    of many prior art heat pumps. The
operation of the Electrically Actuated Valve discloses a refrigerant  dual
flow electrically actuatable expansion valve 12 expansion valve of the type
linearly actuated by a  will be described more fully hereinafter. rotary
stepper motor.                                The heat pump 10 also
includes a compressor US-A-3 871 615 discloses a solenoid actuated   35
14, an indoor heat exchanger assembly 16 and an valve having a tapered
valve opening and a ta-    outdoor heat exchanger assembly 18. An accu-
pered valve member.                               mulator 20 is shown in
the compressor suction line In US-A-4 840 039 there is described an ex-
21, however, it is contemplated that, because of the pansion valve
according to the preamble of claim  location of the expansion valve 12, and
because of 1. Specifically, US-A-4 840 039 discloses an elec-  40  the
variable metering capability of such a valve, the trically operated
refrigerant expansion valve having  accumulator may not be needed. access
openings, a metering orifice, a transverse    The indoor heat exchange
assembly 16 in- opening terminating in a blind end and having a   cludes a
refrigerant-to-air heat exchange coil 22 cross-sectional area larger than
that of the metering  and an indoor fan 24. The indoor heat exchange
orifice, a valve member cooperating with the open-  45  assembly is also
shown with a backup electrical ing, and electrically actuatable means for
operating  resistance heating coil 26. The outdoor heat ex- the valve
member to control flow through the ori-  changer assembly 18 includes a
refrigerant-to-air fice.                                             heat
exchange coil 28 and an outdoor fan 30. The It is an object of the present
invention to pro-  indoor and outdoor heat exchanger assemblies are vide an
electrically actuated refrigerant expansion   so  of conventional design
and will not be described valve of simple design which allows the metering
of  further herein. refrigerant therethrough in either direction and     A
four way reversing valve 32 is connected to which is capable of complete
shut off of flow    the compressor discharge port by a refrigerant line
through the valve.                                34, to the compressor
suction port by suction line It is another object of the present invention
to  55  21 and to coils 22 and 28 by refrigerant lines 36 



achieve complete shut-off in such a valve.        and 38, respectively. The
reversing valve 32 is also To achieve these objects, the electrically op-
of conventional design for directing high pressure erated refrigerant
expansion valve of the invention  refrigerant vapor from the compressor to
either the 2    3                 EP 0 526 385 B1                   4
indoor coil 22, in the heating mode of operation or,  As generally
indicated by reference numeral during the cooling mode and defrost, to the
outdoor  58, a solenoid actuator is provided for the expan- coil 28.
Regardless of the mode of operation, the  sion valve 12. The solenoid
actuator includes a reversing valve 32 serves to return refrigerant from
moveable piston 60, which is axially moveable with the coil which is
operating as an evaporator to the   5   respect to the valve body 46 as
will be appre- compressor 14.                                    ciated.
The lower end of the piston 60 defines a A refrigerant line 40
interconnects the indoor  tapered valve member 62. The tapered valve mem-
heat exchanger coil 22 and the outdoor heat ex-   ber is axially moveable
with the piston 60 and changer coil 28. The dual flow, positive shut off
extends into the tapered opening 54 to cooperate electrically actuated
expansion valve 12 according   10  with the tapered opening to control the
flow of to the present invention, is located in the line 40  refrigerant
through the valve body 46. The tapered within the outdoor heat exchange
assembly hous-   valve member 62 is configured so that the ing 18, adjacent
to the outdoor coil 28. A controller  cooperation of the tapered valve
member 62 and 42 is shown located within the indoor heat ex-    the tapered
opening 54 is such that the flow changer assembly 16 and is interconnected
to the   15  through the valve body, i.e. through the orifice 52 Is
expansion valve 12 by a suitable control cable 44.  completely shut off
when the tapered valve mem- The electrically actuatable expansion valve 12
ber 62 is fully inserted into the tapered opening 54. could be of the type
which includes a solenoid       As shown in Figure 2 the tapered valve mem-
connected to an appropriate electrical supply which  ber 62 is shown in a
non-sealing position with in response to a pulsed electrical signal
actuates a   20  respect to the tapered opening 54 in order to plunger or
control element alternately into and out  facilitate illustration of the
elements. of the flow path of the refrigerant through the      Positioned
in the blind end 56 of the tapered expansion valve. It could also be of the
type com-  opening 54 is an elastomeric seal element 64. The monly referred
to as an electrically actuated rotary  lower end 66 of the tapered valve
member 62 is actuator. Such an actuator, as described in pre-  25
configured to engage the seal 64 when the tapered viously noted U. S.
Patent 4,986,085, includes    valve member 62 is in its full downward,
sealing means for converting rotary motion into linear mo-  position. The
elastomeric seal 64 also lessens im- tion for operating the valve element.
pact loads of the valve member 62 as it moves Referring now to Figure 2 an
electrically ac-  toward its closed position and as it engages the tuated
expansion valve 12 of the type actuated by   30  tapered opening 54. The
solenoid actuator 58 fur- a solenoid is shown. Preferably, the expansion
ther includes an axial tube 68 which has a solenoid valve 12 is a low cost,
direct operated solenoid  core 70 disposed therein and which is fixidly
held actuated valve. It will be understood, as the de-  in place within the
tube 68. The lower end of the scription continues, that, when the solenoid
valve  tube 68 is sealingly secured, as by welding or the 12 is energized,
it is fully opened, and, when it is  35  like, to an intermediate solenoid
attachment plug de-energized, it Is closed and all flow of refrigerant  72.
The plug 72 is adapted to be threadably moun- through the valve is blocked.
The expansion valve  ted via external threads 74, to the valve body 46, 12
includes a valve body 46 having a pair of fluid  by engagement with mating
threads 76 formed in access openings 48 and 50 formed In opposite      an
opening 78 in the side of the valve body. The sides thereof. The openings
48 and 50 are inter-  40  opening 78 is in co-axial relationship with the
ta- nally threaded to provide easy attachment thereof  pered opening 54. to
appropriately threaded refrigeration line fittings.  A compression spring
80 is interposed be- A refrigerant metering orifice 52 establishes fluid
tween the upper end of the axially moveable piston communication between
the two access openings     60 and the solenoid core 70 to thereby
resiliently 48 and 50 to thereby complete the refrigerant flow   45  bias
the piston and the tapered valve member 62 path through the valve body 46.
carried thereby away from the core 70 towards its Extending into the valve
body 46 from one side  closed position and engagement with the tapered
thereof is a tapered opening 54. The tapered open-  opening 54. A solenoid
coil 82 surrounds the tube 



ing 54 is substantially perpendicular to the refriger-  68. It will be
understood that suitable electrical lead ant metering orifice 52 and
intersects with the   50  wires (not shown) extend from the coil to selec-
refrigerant metering orifice. The tapered opening  tively energize and
de-energize the coil. 54 extends into the valve body 46 a distance
As pointed out above, variable flow through the beyond the intersection
with the orifice 52 where it  valve may be achieved by having the solenoid
coil terminates at a blind end 56. The tapered opening  82 energized by a
pulse-width modulated voltage 54 is circular in cross section and has a
cross  55  signal. A system for operating an expansion valve sectional area
that decreases from a maximum, at  in such a manner is described in U. S.
Patent No. the outside of the body 46, to a minimum value at  4,459,819
"Pulse Controlled Expansion Valve and its interior blind end 56.
Method". 3    5                 EP0526385B1                         6 As
previously discussed in connection with Fig-    which is larger than the
cross sectional area of ure 1 the electrically operated dual flow
refrigerant  said orifice (52), expansion valve 12 is installed in the
refrigerant        a valve member (62) extending into said line 40
extending between the indoor coil 22 and       opening (54) to cooperate
with said opening the outdoor coil 28 of a heat pump system. As   5
(54) to control the flow through said valve body shown, the expansion
device 12 is positioned in the     (46), and outdoor heat exchanger
assembly 18 close to the           electrically actuatable means (58)
mounted outdoor coil 28. As so positioned and operating        on said one
side of said valve body (46) for under the pulse width modulated signal
from the        operatively engaging said valve member (62) controller 42
the expansion valve 12 will operate to  10  and for imparting axially
movement to said control the flow of refrigerant from the outdoor coil
valve member (62) into and out of said open- 28 to the indoor coil 22, when
the system  is         ing (54), operating in the cooling mode of
operation, and,          characterized in that both said opening from the
indoor coil 22 to the outdoor coil 28 when    (54) and said valve member
(62) have a ta- operating in the heating mode of operation.   15
pered form, said tapered opening (54) de- As pointed out above, when the
valve 12 is not     creasing in cross-sectional area in the direction
energized the spring 80 will urge the valve member     from said one side
into said body (46), the 60 downwardly to bias the tapered valve member
cooperation of said tapered valve member (62) 62 into sealing engagement
with the tapered open-      and said tapered opening (54) being such that
ing 54 to form a positive seal against refrigerant  20  the flow through
said valve body is completely flow through the valve. As a result of the
above       shut off when said tapered valve member (62) described positive
shut off feature, the expansion     is fully inserted into said tapered
opening (54), valve 12 is capable of preventing refrigerant migra-   and
tion therethrough when it is installed in a system        in further
comprising seal means (64) posi- and the system is shut off. It also
follows that the   25  tioned in said blind end (56), said tapered system
is able to maintain a pressure differential     valve member (62) sealingly
engaging said between the high and low sides of the system           seal
means (64) when it is fully inserted into when shut off. A direct benefit
of this is that the    said tapered opening (54). Degradation Coefficient
Cd of the refrigeration sys- tem is reduced. The Degradation Coefficient is
a   30  2. The expansion valve of claim 1, characterized term defined by
the U.S. Department of Energy          in that at least a part of said
tapered valve which relates to the measure of the efficiency loss    member
(62) is made from a magnetic ma- of a system due to cycling of the system.
terial, and, said electrically actuatable means This invention may be
practiced or embodied        (58) comprises a solenoid coil (82). in still
other ways without departing from the spirit  35 or essential character
thereof. The preferred em-  3  The expansion valve of claim 2 characterized
bodiment described herein is therefore illustrative    in further including
spring means (80) for yiel- and not restrictive.
dably biasing said tapered valve member (62) into sealing engagement with
said tapered Claims                                        40       opening
(54). 1. An electrically operated refrigerant expansion  PatentansprUche 



valve (12) of the type including a valve body (48) having:
1. Elektrisch betriebenes Expansionsventil (12) first and second fluid
access openings (48,  45  fOr KUhImittel der Art, die einen Ventilkdrper
50) formed at opposite ends thereof,               (46) umfasst, das: a
refrigerant metering orifice (52) estab-         erste und zweite
Zugangs6ffnungen (48, lishing fluid communication between said first
50) fUr Fluid, die an gegenUberliegenden En- and second openings (48,50),
den von ihm ausgebildet sind, an opening (54) extending into said body   50
eine MUndung (52) zum  Dosieren von (46) from one side thereof, said
opening (54)      KUhimittel, die eine Fluidverbindung zwischen being
generally transverse to and intersecting     der ersten und zweiten 6ffnung
(48, 50) her- said refrigerant metering orifice (52), said       stellt,
opening (54) being circular in cross-section           elne Offnung (54),
die von einer Seite vom and terminating in a blind end (56) at a posi-  55
Krper (48) in ihn hinein geht, wobei die 6ff- tion beyond said intersection
with said orifice    nung (54) im allgemeinen quer zur MUndung (52), said
opening (54) having a cross-sectional   (52) zum Dosleren von KIOhImittel
iiegt und area at the intersection with said orifice (52)    diese kreuzt,
und wobei die bffnung (54) einen 4    5                 EP 0 526385 B1
6 As previously discussed in connection with Fig-    which is larger than
the cross sectional area of ure 1 the electrically operated dual flow
refrigerant  said orifice (52), expansion valve 12 is installed in the
refrigerant        a valve member (62) extending into said line 40
extending between the indoor coil 22 and       opening (54) to cooperate
with said opening the outdoor coil 28 of a heat pump system. As   5
(54) to control the flow through said valve body shown, the expansion
device 12 is positioned in the    (46), and outdoor heat exchanger assembly
18 close to the-          electrically actuatable means (58) mounted
outdoor coil 28. As so positioned and operating        on said one side of
said valve body (46) for under the pulse width modulated signal from the
operatively engaging said valve member (62) controller 42 the expansion
valve 12 will operate to  10  and for imparting axially movement to said
control the flow of refrigerant from the outdoor coil  valve member (62)
into and out of said open- 28 to the indoor coil 22, when the system  is
ing (54), operating in the cooling mode of operation, and,
characterized in that both said opening from the indoor coil 22 to the
outdoor coil 28 when    (54) and said valve member (62) have a ta-
operating in the heating mode of operation.   15       pered form, said
tapered opening (54) de- As pointed out above, when the valve 12 is not
creasing in cross-sectional area in the direction energized the spring 80
will urge the valve member     from said one side into said body (46), the
60 downwardly to bias the tapered valve member         cooperation of said
tapered valve member (62) 62 into sealing engagement with the tapered open-
and said tapered opening (54) being such that ing 54 to form a positive
seal against refrigerant  20  the flow through said valve body is
completely flow through the valve. As a result of the above       shut off
when said tapered valve member (62) described positive shut off feature,
the expansion    is fully inserted into said tapered opening (54), valve 12
is capable of preventing refrigerant migra-   and tion therethrough when it
is installed in a system        in further comprising seal means (64) posi-
and the system is shut off. It also follows that the   25  tioned in said
blind end (56), said tapered system is able to maintain a pressure
differential     valve member (62) sealingly engaging said between the high
and low sides of the system           seal means (64) when it is fully
inserted into when shut off. A direct benefit of this is that the    said
tapered opening (54). Degradation Coefficient Cd of the refrigeration sys-
tem is reduced. The Degradation Coefficient is a   so  2. The expansion
valve of claim 1, characterized term defined by the U.S. Department of
Energy          in that at least a part of said tapered valve which relates
to the measure of the efficiency loss    member (62) is made from a
magnetic ma- of a system due to cycling of the system.              terial,
and, said electrically actuatable means This invention may be practiced or
embodied        (58) comprises a solenoid coil (82). in still other ways
without departing from the spirit  35 



or essential character thereof. The preferred em-  3. The expansion valve
of claim 2 characterized bodiment described herein is therefore
illustrative    in further including spring means (80) for yiel- and not
restrictive.                                   dably biasing said tapered
valve member (62) into sealing engagement with said tapered Claims
40       opening (54). 1. An electrically operated refrigerant expansion
PatentansprOche valve (12) of the type including a valve body (46) having:
1. Elektrisch betriebenes Expansionsventil (12) first and second fluid
access openings (48,  4s  fur KUhImittel der Art, die einen Ventilkorper
50) formed at opposite ends thereof,               (46) umfasst, das: a
refrigerant metering orifice (52) estab-         erste und zweite
Zugangsdffnungen (48, lishing fluid communication between said first
50) fUr Fluid, die an gegenaberliegenden En- and second openings (48,50),
den von ihm ausgebildet sind, an opening (54) extending Into said body   50
eine MUndung (52) zum  Dosieren von (46) from one side thereof, said
opening (54)      KUhImittel, die eine Fluidverbindung zwischen being
generally transverse to and intersecting     der ersten und zweiten Offnung
(48, 50) her- said refrigerant metering orifice (52), said       stellt,
opening (54) being circular in cross-section          eine Offnung (54),
die von einer Seite vom and terminating in a blind end (56) at a posi-  s5
Krper (46) in ihn hinein geht, wobei die 6ff- tion beyond said intersection
with said orifice    nung (54) im allgemeinen quer zur MUndung (52), said
opening (54) having a cross-sectional   (52) zum Dosieren von KUhimittel
liegt und area at the intersection with said orifice (52)    diese kreuzt,
und wobei die Offnung (54) einen 4    7                 EP 0 526 385 B1
8    I!III IIII1 N1I hf I II kreisfdrmigen Querschnitt hat und be! elnem
une premibre et une seconde ouvertures toten Ende (56) in einer Position
unterhalb der    d'accbs pour lo fluide (48,50) formees A des Kreuzung mit
der MUndung (52) endet, und           extremites opposees de celle-ci,
wobei die Offnung (54) bei der Kreuzung mit            un orifice de mesure
du refrigerant (52) der Mtndung (52) eine Querschnittflache hat,   6
etablissant une communication de fluide entre die grosser ist als die
Querschnittfilche der      lesdites  premiere  et seconde  ouvertures
MUndung (52),                                      (48,50), ein Ventilteil
(62), das sich in die Offnung       une ouverture (54) s'etendant dans
ledit (54) hinein erstreckt um mit der Offnung (54)      corps (40) a
partir d'un c8t6 de celui-ci, ladite zusammen zu arbeiten und damit die
Str6-   10      ouverture (54) etant g6neralement transversale mung durch
den Ventilkorper (46) zu steuem,        a et coupant ledit orifice de
mesure du refrig6- und                                                rant
(52), ladite ouverture (54) 6tant circulaire, eine elektrisch zu
betatigende Einrichtung      en coupe transversale et se terminant dans
(58), die an der einen Selte des Ventilkorpers     une impasse (56) au
niveau d'une position au- (46) montiert ist, um das Ventilteil wirkend zu
16  dell de ladite intersection avec ledit orifice berUhren und um eine
axiale Bewegung auf           (52), ladite ouverture (54) ayant une aire en
das Ventilteil (62) in die 6ffnung (54) hinein     coupe transversale, au
niveau de I'intersection und hinaus zu Ubertragen, aufweist,
avec ledit orifice (52), qui est plus grande que dadurch gekennzeichnet,
dass sowohl die        l'aire en coupe transversale dudit orifice (52),
bffnung (54) als auch das Ventilteil (62) kegel-  20   un 6lement de
soupape (62) s'6tendant formig sind, wobei die kegelformige Offnung
dans ladite ouverture (54) pour cooperer avec (54) in Richtung von der
einen Seite in den        ladite ouverture (54) pour contr8ler le'coule-
Korper (46) hinein eine abnehmende Quer-           ment a travers ledit
corps de la soupape (46), schnittflache hat, und dass die Zusammenar-
et beit zwischen dem  kegelf6rmigen Ventilteil  25        un moyen
actionnable electriquement (58) (62) und der kegelformigen 15ffnung (54)
derart    monte sur ledit premier c8te dudit corps de la ist, dass die
Str6mung durch den Ventilk6rper      soupape (46) pour engager de fagon
opera- hindurch vollst~ndig ausgeschaltet wird, wenn      tionnelle ledit
6lment de soupape (62) et pour das kegelformige Ventilteil (62) vollstandig
in    conferer un mouvement axial audit 616ment de 



die kegelformige O5ffnung (54) eingeschoben   3o   la soupape (62) dans et
hors de ladite ouvertu- ist, und
re (54), dass es weiter eine Dichtungseinrichtung           caracteris6e en
ca que & la fois ladite (64) umfasst, die im toten Ende (56) angeord-
ouverture (54) et ledit moyen de soupape (62) net ist, wobei das
kegelf6rmige Ventilteil (62)    ont une forme effilee, ladite ouverture
effil~e die Dichtungseinrichtung (64) abdichtend be-  35   (54) diminuant,
en ce qui concerne l'aire en rUhrt, wenn es vollstandig in die kegelf6rmige
coupe transversale, dans la direction allant du- Offnung (54) eingeschoben
ist.                     dit premier cote jusque dans ledit corps (46), la
cooperation dudit 616ment de soupape effiI6 2. Expansionsventil nach
Anspruch 1, dadurch          (62) et de ladite ouverture effilee (54) etant
gekennzeichnet, dass mindestens ein Teil des   40  telle qua l1ecoulement A
travers ledit corps de kegeltrmigen Ventilteils (62) aus magneti-        la
soupape est complbtement arret6 quand le- schem  Material hergestellt ist,
und dass die      dit element de la soupape effiON (62) est totale-
elektrisch zu betatigende Einrichtung (58) eine    ment inser4 dans ladite
ouverture effilde (54), Wicklung (82) fOr einen Elektromagnet um-
et fasst.                                     45          en ce qu'elle
comprend en outre un moyen de joint (64) plac4 dans ladite impasse 3.
Expansionsventil nach Anspruch 2, dadurch           (56), ledit element de
soupape effil (62) enga- gekennzeichnet, dass es weiter eine Federein-
geant de fagon Mtanche ledit moyen de joint richtung (80) umfasst, um das
kegelformige         (64) quand il est totalement inser6 dans ladite
Ventilteil (62) nachgebend in einen abdichten-  so  ouverture effilee (54).
den Kontakt mit der kegelformigen bffnung (54) zu lenken.
2. La soupape de ddtente de la revendication 1, caracterisde en ce que au
moins une partie Revendicatlons
dudit element de soupape effilO (62) est elabo- 55      r6 A partir d'un
matdriau magndtique et ledit 1. Une soupape de detente actionn6e
6lectrique-        moyen actionnable 6lectriquement (58) com- ment pour
refrig6rant (12) du type comprenant      prend un sol~no-fde (82). un corps
de soupape (46) ayant: 5    9                  EP 0 526 3865B1
10   1 IIII! I! l      113111 3. La soupape de detente de la revendication
2, caracterisde en ce qu'elle comprend en outre un moyen de ressort (80)
pour pousser effica- cement ledit el6ment de soupape eOiN4 (62) dans un
engagement 6tanche avec ladite ou-   5 s.-"    verture effille (54). 10 75
20 25 30 35 40 45 50 55    


