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This invention relates to new and useful improve-
ments in refrigeration expansion valves and more par-
ticularly to a thermostatically operated refrigeration ex-
pansion valve which changes over to “automatic” oper-
ation at a predetermined temperature of operation.

It has been found in certain types of refrigerating ap-
paratus that it is desirable to have an expansion valve
which will operate thermostatically above a predeter-
mined temperature, but which will function as an auto-
matic or pressure responsive valve at temperatures of
response below said predetermined temperature. The
desirabily of such a valve has become apparent particu-
larly in connection with certain types of water coolers
and other refrigerating apparatus wherein it is desirable
to provide a minimum temperature and pressure of op-
eration.

Accordingly it is one object of this invention to pro-
vide a new and improved refrigeration expansion valve
which is responsive to different refrigerant characteris-
tics in different ranges of operation of the apparatus
with which the valve is associated.

Another cbject of this invention is to provide a refrig-
eration expansion valve which operates as a thermo-
static valve at temperatures of response above a prede-
termined value, but which operates as an automatic or
pressure responsive valve at temperatures of response
below said predetermined value.

Another object is to provide a refrigeration expansion

valve which has a compressible valve operating rod

which is compressed to a solid connection at a prede-
termined condition of operation and expanded for elas-
tic movement at another predetermined condition of
operation.

Another object of this invention is to provide an im-
proved refrigeration expansion valve of the type de-
scribed which is inexpensive to manufacture and
assemble. )

Other objects will become apparent from time to time
through the specification and claims as hereinafter re-
lated. ’ '

This invention comprises the new and improved con-
struction and combination of parts, which will be de-
scribed more fully hereinafter, and the novelty of which
will be particularly pointed out and distinctly claimed.

In the accompanying drawings to be taken as part of
the specification there is clearly and fully illustrated a
preferred embodiment of this invention, in which draw-
mg,

Figure 1 shown is a view in longitudinal section of a
refrigeration expansion valve which is constructed and
arranged to operate as a thermostatic valve above a pre-
determined temperature and as an automatic valve be-
low another predetermined temperature, and

Fig. 2 is a pressure-time graph for a refrigeration sys-
tem using thi svalve, showing both a normal and an ab-
normal cycle of operation.

Referring to the drawing by characters of reference,
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generally designated. 1, comprising a valve casing 2, hav-
ing an inlet 3 and an outlet 4. Within the casing 2 there
is provided a passageway interconnecting the inlet 3 and
outlet 4 comprising a laterally extending passage 5 and
an enlarged casing chamber portion 6 which opens
through the end portion 7 of the casing 2. Within the
casing 2 there is provided a threaded valve seat member
8 which defines a valve port 9. A valve member 10 is
positioned in the casing chamber 6 and is co-operable
with the valve port 9 to control flow of refrigerant there-
through. The valve member 10 is threadedly carried
ag at 11 by a yoke member 12 which in turn is supported
by one end 13 of a thrust rod 14. The other end 15 of
the thrust rod 14 is secured to the movable end wall 16
of a bellows member 17 which has its lower periphery
secured and sealed as at 18 around the open-end 7 of the
valve casing 2. Below the valve member 10 the valve
casing 2 has a threaded cap member 19 which is remov-
able for access to the valve member 10 for adjustment
thereof relative to its supporting yoke 12. There is
provided .a tubular casing portion 20 which is secured

-at its lower end as by a soldered connection 21 to a

threaded supporting sleeve 22 threadedly secured to the
open end 7 of the valve casing 2. The other end of the
tubular casing portion 20 is closed by a cup shaped cas-
ing member 23 which is hermetically sealed thereto as
by a soldered connection 24. In the end wall of the cup
shaped casing 23 there is secured a sleeve -member 25
which is externally threaded and which carries thereon
a threaded adjustment member 26 for adjusting the posi-
tion of a cylindrical supporting' member 27 which is
Within the cup’
shaped casing 23 there is a power element bellows struc-
ture 28 comprising a fixed end wall or bellows head 29
which is carried by the lower end of the supporting
member 27. The bellows head 29 has secured thereto

--a temperature responsive bellows 3@ which carries “at
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in Fig. 1 there is shown a refrigeration expansion valve

its lower -end a movable bellows end wall 31. At the
upper end of the supporting member 27 there is secured
and sealed in position one end of a connecting tube 32
for a remote responsive bulb element 33. The bulb ele-
ment 33, tube 32 and power element bellows structure
28 are charged with a suitable temperature responsive
volatile liquid such as Freon or methyl chloride or one
of the other refrigerants. At the lower end of the
cup shaped casing 23 there is threadedly secured in posi-
tion a disc shaped and apertured wall member 4. A
spring 35 is compressively positioned between the bel-
lows wall 31 and the disc shaped wall member 34 and
determines some of the operating characteristics of this .
valve. A thrust rod 36 is positioned through an aper-
ture 37 in the wall member 34 and abuts at its opposite
ends the power element bellows wall 31 and the pres-
sure responsive bellows wall 16. A sleeve member 38
is slidably positioned on the thrust rod 36 and has a
flange 39 positioned below the wall member 34. A sec-
ond spring 40 is compressively positioned between the
flange 39 of the sleeve 38 and the movable wall 16 of
the-bellows 17. The spring 40 urges the sleeve 38 into
engagement with the movable wall 31 of the power ele-
ment 28 and urges the flange 39 toward engagement
with the wall member 34. The spring 40, rod 36, and
sleeve 38 thereby function as a collapsible-expansive
motion transmitting member between the bellows walls
31 and 16 respectively.

Operation

In operation this valve functions generally as follows:
This valve would be normally connected in an ordi-
nary compressor-condenser-evaporator  type refrigera-
tion system and would be connected with the inlet 3 re-

_ceiving liquid refrigerant from the condenser or receiver
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and the outlet 4 discharging refrigerant to the evapo-
rator. The bulb element 33 would normally be posi-
tioned in heat exchange relation to the outlet end of the
evaporator so that the power element bellows 28 would
respond to evaporator outlet temperature. The bellows
17 is responsive to pressure of refrigerant flowing
through the valve and particularly to the refrigerant
pressure on the outlet side of the valve. As long as the
temperature of the bulb element 33 remains above a
predetermined value so that the pressure in the bellows
30 plus the pressure under the bellows 17 exceeds the
force of spring 40, the spring 40 will be collapsed so
that the thrust rod 36 will be maintained in engagement
with the pressure responsive bellows end wall 16. In
such a position only the rod 36 is transmitting maove-
ment from the bellows 30 to the valve member 16 and
valve member movement will be in accordance with the
relationship of the temperature of the bulb elemient 33,
the pressure below the bellows 17, and the force of the
spring 35. In such a position the valve finctions as a
normal thermostatic expansion valve. When the tem-
perature of response of the bulb element 33 is reduced
below the aforementioned predetermined value the bel-
lows walls 16 and 31 will be moved apart by the springs
35 and 40 and the sleeve member 38 will be moved up-
ward until the flange 39 engages the wall member 34
and the thrust rod 36 is out of operating engagement
with the bellows wall 16. At this point in the operation
of the valve the bulb element 33 ard power element 28
are no longer operative to modify the movement of the
valve member 10 by the pressure responsive bellows 17.
The pressure responsive bellows 17 will then continue,
in response to pressure variations in the valve, to control
the operation of the valve member 18 in a manner de-
termined by the force of the spring 40. The compres-
sive force of the spring 49 determines the temperature
of the bulb element 33 and pressure beneath bellows 17
above which there is a direct connection (thrust rod 36)
between the power element and valve. The upper ad-
justment structure 26, 27 is operable upon adjustment to
vary the position of the power element bellows 28 rela-
tive to the spring 35 and thus vary the compressive force
of the spring 35 upon the bellows wall 31 and thereby
determine the superheat setting of the valve and the
temperature at which the valve changes over from ther-
mostatic to “automatic” operation.

The graph shown in Fig. 2 is a suction pressure vs.
timie graph. From point A to point B on the graph
there is shown a normal operating cycle. The siction
pressure decreases while the system is in operation and
when the system thermostat is satisfied the pressure in-
creases to point B, the beginning of a new cycle, on a
new cycle after point B the decrease in pressure is nor-
mal to point C. At this point we will assune the system
thermostat to be stuck closéd and operation continued.
If an ordinary thermostatic expansion valve were in
use the suction pressure would decrease further and the
refrigerated media cooled excessively (which in the case
of water might be frozen solid). With the present ex-
pansion valve in use the suction pressure can decrease
only until the valve has changed to “automatic” opera-
tion, as previously described (point D on the graph),
at which point a constant suction pressure will be main-
tained. It should be noted, however, that in practice
this valve could be used practically only in systems hav-
ing a limited charge or having an accumulator for pre-
venting compressor overload.

Although there has been described only one modifi-
cation of this invention, it will be apparent tc those
skilled in the art that numerocus modifications are pos-
sible without departing from the intended scope of this
invention as defined in the appended claims.

Having thus described the iivéntion what is claimed
and desired to be secured by Letters Patent of the United
States is:
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1. A refrigeration expansion valve for controlling flow
of refrigerant to an evaporator, comprising, a casing
having an inlet and an outlet and an interconnecting pas-
sageway, a valve seat member in said passageway de-
fining a valve port, said passageway having an enlarged
chamber portion on the outlet side of said valve port and
opening through one end of said ¢asing, a valve member
positioried in said chamber poiticn and mevable toward
and away from said valve seat member to close and to
open said passageway, a supporting yoke in said chamber
portion carrying said valve member, 4 préssuré réspon-
sive bellows member having an end wall and closing
the open end of said casing chamber portion and re-
sponsive to refrigerant pressure therein, a thrust rod se-
cured at one end to said béllows end wall and carrying
on its other end said valve member supporting yoke, a
tubular casing portion secured at one end to said casing
and surrounding said bellows, a cup shaped casing meém-
ber secured to and closing the other end of said tubular
casing portion, a threaded tubular supporting sleeve se-
cured in the end wall of said cup shaped casing member,
a hollow cylindrical member guided in said sleeve, a
threaded adjustment member carried externally on said
sleeve for adjusting said cylindrical member; a power
element bellows positionéd in said cup shaped casing
member and having 4 fixed wall carried by the inner end
of said supporting sleeve and having a movable wall, a
remote bulb element having a connecting tube secured
in the outer end of said supporting sleeve, said power
element bellows, bulb element, and tube being charged
with a temperature responsive volatile liquid, an aper-
tured disc shaped wall member extending across the inner
end portion of said cup shaped casing member, a spring
compressively positioned between said last named wall
member and said movable power element bellows wall,
a throst rod extending through an aperture in said last
named wall member and engaging at opposité ends the

~movable wall of each of said bellows, a sleéve member

slidably positioned on said last named thrust rod and
having a flange at its lower eénd below said last named
wall member and having its upper end abutting said
power element bellows movable wall, a spring positioned
between said flange and said first named bellows end
wall and urging said flangé toward engagement with
said last named wall member, said thrust rod, sleeve
member, and last nmamed spring comprising a com-
pressible-expansible lost-motion connector for valve op-
eration, above a predetermined temperature and pressure
of valve. Operation said lost-motion connector being com-
pressed so that only said thrust rod transmits movement,
and at conditions of operation below said predetermined
temperature and pressure said lost-motion connector be-
ing expanded until said flange engages said last-named
wall member, said thrust rod is inoperative to transmit
movement, and said last-named spring only is controlling
operation of said pressure responsive bellows.

2. A refrigeration expansion valve for controlling the .

flow of a refrigerant to an evaporator comprising, a
casing having a passageway therethrough, said passage-
way having an inlet, an outlet, and a valve port therein, a
valve member cooperable with said valve port to con-
trol flow of reéfrigerant therethrough, pressure réspon-
sive means positioned to respond to refrigerant pressure
beyond thé outlet side of said valve port and operative-
ly connected to said valve member to control movement
thereof, temperature responsive means adapted to re-
spond to refrigerant femperature on the outlet side of
said valve port and spaced from said pressure responsive
meéans, 4 lost motion connecting means betweén said
pressure responsive means and said temperaturé respon-
sive means, said lost motion connecting rieans compris-
ing a thrust rod positioned between and engageable at
its opposite end portions with said préssure ard témpera~
ture résponsive means, a sleeve member slidably posi-
tioniéd o# said thrust rod snd having oné éid poftion

PR
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abutting said temperature responsive means and the
other end portion having an outwardly flanged portion,
a spring member having one end portion abutting said
last named flanged portion and its other end portion abut-
ting said pressure responsive means thereby urging said
flanged portion away from said pressure responsive
means, and stop means positioned between said tem-
perature responsive means and said flanged portion and
cperable to limit movement of said flanged portion away
from said pressure responsive means, said thrust rod be-
ing operable above a predetermined temperature con-
ditien to transmit movement of said . temperature re-
sponsive means to said pressure responsive means, said
spring member being operable below a predetermined
temperature condition to urge said sleeve member flanged
portion against said stop means so that said thrust rod
is disengaged from said temperature responsive means
and said temperature responsive means is rendered in-
effective to control said valve member.

3. A refrigeration expansion valve for controlling the
flow of refrigerant to an evaporator comprising, a cas-
ing having a passageway therethrough, said passageway
having an inlet, an outlet, and a valve port therein, said
passageway defining a chamber portion on the outlet
side of said valve port, said chamber portion having an
opening through one end of said casing, a valve member
cooperable with said valve port to control flow of re-
frigerant therethrough, a pressure responsive bellows
member having an end wall closing the open end of said
casing chamber portion and responsive to refrigerant
pressure therein, means to operatively secure said pres-
sure responsive bellows end wall to said valve member, a
cup-shaped casing member secured by its open end por-
tion to one end of said casing and surrounding said pres-
sure responsive bellows, a temperature responsive means
adapted to respond to refrigerant temperature on the out-
let side of said valve port, said temperature responsive
means being positioned in said cup-shaped casing and
spaced relative to said pressure responsive bellows, a
wall member having an aperture therethrough extending
across said cup-shaped casing between said temperature
responsive means and said pressure responsive bellows, a
thrust rod extending through said aperture in said last
named wall member and engageable at its opposite end
portions with said temperature responsive means and
said movable end wall of said pressure responsive bel-
lows, a sleeve member slidably positioned on said thrust
rod and having one end portion abutting said temperature
responsive means and another end portion having an out-
wardly flanged portion, said flanged portion being posi-
tioned between said wall member and said pressure re-
sponsive bellows end wall, and a spring member having
an end portion abutting said last named flanged portion
and its other end portion abutting said pressure respon-
sive bellows end wall thereby urging said flanged portion
toward engagement with said last named wall member,
said thrust rod being operable above a predetermined
temperature condition to transmit movement of said
temperature responsive means to said pressure responsive
bellows movable end wall and said spring member being
operable below a predetermined temperature condition to
urge said sleeve member flanged portion against said last
named wall member so that said thrust rod is disen-
gaged from said temperature responsive means and said
temperature responsive means is rendered ineffective to
control said valve member.

4. A refrigeration expansion valve for controlling the
flow of refrigerant to an evaporator comprising, a casing
having a passageway therethrough, said passageway hav-
ing an inlet, an outlet and a valve port therein, said pas-
sageway defining a chamber portion on the outlet side of
said valve port, said chamber portion having an opening
through one end of said casing, a valve member cooper-
able with said valve port to control flow of refrigerant
therethrough, a pressure responsive bellows member hav-
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ing a movable end wall and closing the open end of said
casing chamber portion and responsive to refrigerant
pressure therein, means to operatively secure said pres-
sure responsive bellows movable end wall to said valve
member, a cup-shaped  casing member secured by -its
open end portion to one end of said casing and surround-
ing said pressure responsive bellows, a temperature re-
sponsive bellows adapted to respond to refrigerant tem-
perature on the outlet side of said valve port, said tem-
perature responsive bellows being positioned within said
cup-shaped casing member and having a movable end
wall, said temperature responsive bellows being spaced
relative to said pressure responsive bellows, a wall mem-
ber having an aperture therethrough extending across
said cup-shaped casing between said temperature re-
sponsive bellows and said pressure responsive bellows,
a spring member positioned between said last named wall
member and said temperature responsive bellows mov-
able end wall, a thrust rod extending through said aper-
ture in said last named wall member and engageable at
its opposite end portions with the movable end wall of
each of said bellows, a sleeve member slidably posi-
tioned on said thrust rod and having ome end portion
abutting said temperature responsive bellows movable
wall and another end portion having an outwardly flanged
portion, said flanged portion being positioned between
said wall member and said pressure responsive bellows
movable end wall, and a spring member having one end
portion abutting said last named flanged portion and its
other end portion abutting said pressure responsive bel-
lows movable end wall and urging said flanged portion
toward engagement with said last named wall member,
said thrust rod being operable above a predetermined
temperature condition to transmit movement of said
temperature responsive bellows movable end wall to
said pressure responsive bellows movable end wall, said
last named spring member being operable below a pre-
determined temperature condition to urge said sleeve
member flanged portion against said last named wall
member so that said thrust rod is disengaged from said
temperature responsive bellows movable end wall and
said temperature responsive bellows is rendered ineffec-
tive to control said valve member.

5. A refrigeration expansion valve for controlling the
flow of refrigerant to an evaporator comprising, a casing
having a passageway therethrough, said passageway hav-
ing an inlet, an outlet, and a valve port therein, said
passageway defining a chamber portion on the outlet side
of said valve port, said chamber portion having an open-
ing through one end of said casing, a valve member co-
operable with said valve port to control the flow of
refrigerant therethrough, a pressure responsive bellows
member having a movable end wall and closing the open
end of said casing chamber portion and responsive to
refrigerant pressure therein, means to operatively secure
said pressure responsive bellows movable end wall to said
valve member, a tubular casing portion secured at one
end to said casing and surrounding said bellows, a cup-
shaped casing member secured to and closing the other
end of said tubular casing portion, an adjusting means
secured to the inner wall of said cup-shaped casing mem-
ber, a temperature responsive bellows positioned in said
cup-shaped casing member and having a fixed wall se-
cured to said adjusting means and having a movable wall,
a remote bulb element having a connecting tube secured
to said temperature responsive bellows, said temperature
responsive bellows, bulb element, and tube being charged
with a temperature volatile liquid, a wall member having
an aperture therethrough extending across the inner end
portion of said cup-shaped casing member, a spring com-
pressively positioned between said last named wall mem-
ber and said temperature responsive bellows end wall, a
thrust rod extending through said aperture in said last
named wall member and engageable at its opposite end
portions with said movable end wall of each of said
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bellows, a sleeve member -slidably positioned on said’

thrust rod and having one end portion abutting said tem-
perature responsive. bellows movable wall and another
end portion having an outwardly flanged portion, said
flanged portion being positioned between said wall mem-
ber and said pressure responsive bellows movable end
wall, and a spring member having one end portion abut-
ting said last named flanged portion and its other end
portion abutting said pressure responsive bellows mov-
able end wall and urging said flanged portion toward en-
gagement with said last named wall member, said thrust
rod being operable above a predetermined temperature
condition to transmit movement of said temperature re-
sponsive bellows end wall to said pressure responsive

10

8

bellows end wall, said last named spring member being
operable below a predetermined temperature condition
to urge said sleeve member flanged portion against said
last named wall member so that said thrust rod is dis-
engaged from said temperature responsive bellows mov-
able end wall and said temperature responsive bellows is
rendered ineffective to control said valve member.
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