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Our invention relates to new and useful im 
provements in control devices, and more par 
ticularly to control devices of the thermostatic 
expansion valve type. 
One of the objects of our invention is to pro 

vide a control device of the thermostatic expan 
sion valve type having a new and improved ar 
rangement of the operating parts thereof. 
Another object of our invention is to provide a 

10 new and improved thermostatic expansion valve 
control device having adjustable operating parts, 
the operating parts being so arranged in a casing 
as to be adjustable without necessity of dis 
assembling the device and in a manner so as to 

l6, eliminate the necessity of having externally pro 
jecting adjusting mechanism. 
Another object of our invention is to provide 

an expansion valve control device having a new 
and novel means for eliminating noise resulting 

20 from operation of the moving parts thereof. 
Another object of our invention is to provide a 

thermostatic expansion valve control device of 
the type having metallic bellows for transmitting 
reciprocal movement to a valve and to provide a 

25 device of this character having a new and im 
proved connecting member for the valve and 
bellows and of a character such that it compen 
sates for inaccuracies in alignment of the valve 
and bellows to eliminate undue forces opposing 

30 free reciprocation of the operating parts. 
;In the accompanying drawings, to be taken 

part of this specification, we have fully and 
clearly illustrated a preferred embodiment of our 
invention, in which drawings: 

35 Figure 1 is a diagrammatic view of a refrigerat 
ing system employing our improved control de 
vice; 

Fig. 2 is a view shown in side elevation of our 
thermostatic expansion valve control device em 

40 bodying features of Our invention; 
Fig. 3 is a view shown in cross section taken 

along the line 3-3 of Fig. 2; 
Fig. 4 is a view shown in cross section taken 

along the line 4-4 of Fig. 3, and 
46 Fig. 5 is a view shown in cross section taken 

along the line 5-5 of Fig. 3, 
Referring to the drawings by characters of 

reference, the numeral designates an evaporator 
or cooling element which may be of the coil type, 
having a refrigerant medium supply or feed line 

is 2 and a return or suction line 3. The supply line 
2 leads from a receiver 4 fed by a condenser 5 
connected to the outlet or discharge side of a 
compressor 6 to the inlet of which the return line 

ass 3 leads and is connected. The compressor may 

5 

be driven by an electric motor having the usual 
condenser cooling fan (not shown). The motor 
is controlled by a pressure switch 8 responsive to 
variations in pressure in the return line 3 and 
connected in series circuit in the electric leads is 
9, fo of the motor thereby to start and stop the 
motor and therefore the compressor at predeter 
mined desired refrigerant medium pressure 
mits. In the supply conduit 2 is a valve of 

the thermostatic expansion type which controls 10 
the admission of refrigerant medium to the 
evaporator . Referring now to the control de 
vice which is shown in detail in Fig. 2, the ther 
nostatic expansion valve control device includes 
a temperature responsive bulb 2 containing or 15 
charged with a volatile fluid, such as methyl 
chloride, and when the control device is in opera 
tive position with the refrigerating system, the 
bulb 2 is preferably arranged in good heat con 
ductive relation. With the outlet or return conduit 20 
3 of the evaporator Such as by clamping means 
3, Fig. 1, and preferably as close to the evapora 

tor as practicable. The bulb. 2 is in communica 
tion, by means of a tube or conduit 4, with a 
closed chamber 5 of a casing, which casing con- 25 
tains the expansion valve operating mechanism 
to be hereinafter described. As shown, the 
thermostatic expansion valve casing is preferably 
constructed in Sections, including a valve housing 
section 6 and an extension section 7 fixed to 30 
the valve housing. Preferably the extension sec 
tion f7, of the sectional casing, is constructed of 
an insulating material, such as Bakelite, and is 
tubular in shape, having a transverse wall 8 
intermediate its ends. The tubular extension 7 35 
is preferably internally threaded at one end for 
threading Over an externally threaded tubular 
portion 9, of the valve housing 6, to fix the 
extension to the housing and also so that the 
circular transverse end wall 20 of the portion 9 40 
provides an offset portion or shoulder relative to 
the inner wall of the tubular extension T. 
Secured and sealed to the transverse circular 

end wall 20 of the valve housing is a pressure 
responsive means including an expansible-collap- 45 
sible member 2, such as a circumferentially cor 
rugated, substantially cylindrical, resilient, me 
tallic bellows, which extends into the tubular sec 
tion 7 towards the transverse wall 8 thereof. 
Secured and hermetically sealed to the free end 50 
of the bellows 2, which end is disposed toward 
the wall B of the tubular extension T, is a cup 
shaped head or end wall 22, the cup-shaped por 
tion 23 of which extends centrally through the 
bellows 2 and into the valve housing 16. The 55 
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2 
bellows 2 and the cup-shaped end wall 22, clos 
ing the free end of the bellows, thus cooperate to 
close and seal the valve housing from the interior 
of the tubular extension, providing a closed 
chamber 24 within the valve housing . 
The valve housing B is provided with an inlet 

passage 25 and an outlet passage 2 in communi 
cation with chamber 24. The inlet passage 25, 
which may be termed the high side of the control 
device, may be connected to the refrigerant Sup 
ply conduit 2, such as by means of a fitting or 
nut 28. A strainer member 2 is disposed in inlet 
passageway 25 and is supported therein by a 
nipple 30 which in turn is clamped to the valve 
housing by means of the nut 28. The outlet 
26 may be connected to the inlet side of the 
evaporator , such as by a fitting or nut (not 
shown), or by any other suitable attaching means. 
From the chamber 24, refrigerant is drawn 
through outlet 26 into the evaporator by the 
Compressor, and the chamber 24 may be termed 
the low side of the control device. • 

Disposed within the valve casing between 
the high side and low side of the control device 
is a valve structure for controlling the admission 
of refrigerant from the high side to the low side 
of chamber 24. The valve structure includes a 
protuberance or boss 2 which may be an in 
tegral portion of the side wall of the casing 6, 
preferably adjacent the inlet passage 25 as 
shown, and the boss 2 extends into the Casing 
transversely to the axis or direction of move 
ment of the bellows 2. In the end portion of 
the boss 32 is provided a bore 3 in central align 
ment with the longitudinal axis of bellows 2 
and in communication with inlet passageway 
25 through a communicating bore 4. One end 
of a tubular member 5 is screw-threaded into 
bore 3, the other end having a seat for cooper 
ating with the conical face 6 of a needle valve 
37. The valve 37 and the end of the cup-shaped 
portion 23 are connected by a yoke or U-shaped 
bracket 8, the yoke being part of an articulated 
push rod structure for operating the valve. 
Preferably the yoke 38 is provided with an ap 
erture 9 substantially in alignment with the out 
let 26 and through which refrigerant leaving the 
valve port may readily pass unobstructed to the 
Outlet port 26. The oppositely disposed sides or 
arms of the yoke 38 are provided with apertures, 
the side adjacent the end of the cup-shaped 
member 23 being rigidly fixed thereto by a post 
40 which extends through the aperture in the 
side and through an aligned aperture in the 
end Wall of the cup-shaped member 23. The 
Other side of the yoke 8 receives a threaded 
retainer member 4 in which the valve 3 is 
fixed. A tubular member 42 is threaded over the 
valve retainer 4 and is arranged for reciprocal 
movement in a guide 43 which is threaded in the 
wall of the casing 6. 
On the other end of the tubular section T is 

mounted a temperature responsive power ele 
ment or actuating member which comprises in 
general, a cap or housing member 45 and an 
expansible-collapsible member 46, such as a cir 
cumferentially 'corrugated substantially cylin 
drical, resilient, metalic bellows. A wall mem 
ber or plate 47 is fixed within the cap 45 pref 
erably adjacent the open end thereof and is 
formed with a circular flange 48 by means of 
which it may be fixed to the inner wall of the 
cap, such as by welding. The plate 4 extends 
transversely to the side wall of the cap 45 and 
One end of the bellows it is hermetically secured 
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and sealed thereto. The other end of the bel 
lows, or free end, is closed and sealed by a plate 
50. Thus, the bellows are carried by and within 
the cap member 46 as an integral part thereof 
and seal and close the interior of the cap pro 
viding the chamber 5 with which the bulb 2 
is in communication through the tube 4, as 
previously described. 

Preferably the cap 45 is formed with an out 
turned circular flange i? for bearing against the 
circular end wall of the tubular extension 7 and 
for clamping the cap 45 thereto. Interposed be 
tween the circular end wall of the tubular ex 
tension 7 and the flange 5 of the cap is a de 
tachable wall means or plate 52. The end of 
the tubular extension adjacent the cap 45 
is externally threaded for threaded engagement 
with an internally threaded ring member or 
sleeve 53 which surrounds the tubular section 
and is formed with a circular and in-turned 
flange 54 on one end for engaging the out-turned 
flange 5 of the cap 45 to clamp the same to the 
tubular section 7. Between the cap 45 and the 
plate 52 and between the plate 52 and the cir 
cular end wall of the tubular section f7, packing 
material may be employed and clamped therebe 
tween to insure a fluid-tight connection. 
The detachable plate or wall 52 is preferably 

formed centrally thereof with a cup-shaped por 
tion 55 which extends towards the bellows 46 and 
in the end wall of which is provided an aperture 
centrally thereof. The valve 37 and the free 
ends of the bellows 2 and 46 are connected by 
an articulated push rod structure which in 
cludes a connecting member or nut 56 having 
One end connected to the closure member or mov 
able end wall 50 of the bellows 46, the other end 
having a threaded central aperture for receiving 
the threaded end of a push rod 57, which rod 
constitutes a section of the artieulated push rod 
structure. The connecting member 56 may be 
rigidly secured to the plate 50 by providing an 
aperture in the plate for receiving a reduced end 
portion of the member 56, the end of which may 
be peened Over to rivet the plate tightly against 
the shoulder of the connecting member, or the 
plate and connecting member may be secured to 
gether in any other suitable manner. 
The COnnecting member or nut 56 extends 

centrally through the bellows 46 and through 
the aperture in the detachable plate. 52, and 
preferably the aperture in the plate is sufficiently 
larger than the connecting member 56 to re 
ceive and hold a pair of oppositely disposed 
frictional bearing members 59 under compres 
sion against the connecting member 56, to pre 
vent vibratory movement of the valve, bellows 
and articulated push rod structure. The bearing 
members 59 may be fixed for movement with the 
articulated push rod structure by clamping one 
end of each member between the shoulder of the 
connecting member 56 and the plate 50 or in 
any other suitable manner. Preferably the fric 
tional bearing members 59 are constructed of 
spring sheet metal and formed having a curved 
Or convex surface. The bearing members 59 are 
preferably arranged so that the convex surface 
of each is in frictional engagement with the wall 
defining the aperture in plate 52. The other 
ends of the bearing members frictionally engage 
the sides of the connecting member 56 and are 
free to move along the connecting member so 
that the spring bearing members 59 can elon 
gate and contract upon reciprocating engagement 
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Preferably the size of the aperture in plate 52 
and the curvature of the convex surface of the 
bearing members 59 are made such that when 
the valve 37 is in closed position, as shown in 
Fig. 2, the bearing members 59 are under Com 
pression although the highest points on their 
convex surfaces are not in bearing engagement 
with the wall defining the aperture in plate 52 
so that when the valve is opened, the bearing 
members will be placed under a slightly greater 

The free ends of the bearing mem 
bers 59 are preferably curved to present a small 
convex surface at their ends, in engagement with 
the connecting member 56 so as to reduce fric 
tion between the relatively moving parts. It 
will thus be seen that the friction bearing men 
bers 59 will serve to prevent vibrating movement 
and resultant noise of the moving valve struc 
ture and without appreciably opposing or resist 
ing the free reciprocal movement of the struc 
ture. 
The end of the post 40 that extends into the 

cup-shaped portion 23 of the end wall 22 is pro 
vided with a central axial bore threaded to receive 
an externally threaded Shank of a Socket; member 
6f. The socket 6 which receives and retains the 
ball formed end 62 of the rod 57 may be spun 
around the ball 62 in the well known manner 
So that the socket wall retains the ball end of the 
rod. Preferably the socket 6 is provided with op 
positely disposed slots 63 in its side wall to receive 
a pin 64 which extends through an aperture in 
the ball to prevent rotation of the rod 57. It 
will thus be seen that by providing an articulated 
push rod structure, having a ball and socket con 
nection, for operatively connecting the bellows 
and valve that inaccuracies in alignment of the 
bellows and valve, or inaccuracies in the bellows 
which would cause them to move in a line not 
concentric with each other or with the guided 
reciprocating valve 3 will be compensated for, to 
eliminate opposing forces to the free movement 
of the parts which would otherwise be present. 
The transverse wall 8 of the extension mem 

ber 7 is provided with a central bore 67 and a 
counterbore 68 through which extends the rod 
57 of the articulated push rod structure. A coil 
spring 69 is disposed in the chamber 70 between 
the transverse wall 8 and the plate 52 and sur 
rounds the rod 57 with one end seated in the 
counterbore 68 and bearing against wall f 8. The 
other end of spring 69 is positioned in a guide or 
retainer member 7 having an aperture for re 
ceiving the rod 57, the aperture being sufficiently 
large to permit free movement of the rod 5 
therethrough without interference. The guide 
member 7 and the adjacent end portion of the 
Spring 69 extends into a cup-shaped adjusting 
member 3 having an open side disposed toward 
the wall 8 of the extension member 7. The 
spring 69 is thus held under compression by the 
adjusting member 73 and acts in a direction tend 
ing to close the valve 3. The adjusting member 
73 has a central aperture for receiving the rod 
5, the aperture being threaded for threaded en 
gagement with the threaded portion of the rod 
57. By rotating the adjusting member 73 on the 
rod 57, the tension of spring 69 may be varied as 
desired and in the present construction this may 
be accomplished after the device is assembled 
by providing an opening 75 leading into chamber 
70 giving access to the adjusting member 73. As 
shown in Fig. 4, the edge defining the open side 
of the cup-shaped adjusting member 73 may be 
provided with a series of spaced notches 76 for 

| \ 3 
receiving a tool insertable through opening 75 
to rotate the adjusting member 3. Preferably 
a removable closure member or plug is pro 
vided for closing the opening 75. 
When assembling the control device, the power 

element which is a unitary structure may be posi 
tioned on the open end of the extension and ro 
tated in a direction such that the connecting 
member 56 advances on the threaded rod 67 thus 
collapsing the bellows. After the bellows are com 
pletely collapsed, the power element is rotated in 
the opposite direction until the bellows are opened 
to the proper working position. This position 
may be determined by the type of thread employed 
on rod 57 which may be selected such that, say, 
tWO turns of the power element will Open the bel 
lows to the desired working position. By reason 
of the arrangement of the parts of the power 
element as a unitary structure so that the bellows 
may be expanded or collapsed through rotation 
Of the cap, it will be appreciated that adjustment 
may be made after the bellows are enclosed and 
without the necessity of externally projecting ad 
justing mechanism. After the bellows have been 
properly positioned, the clamping ring is threaded 
to the tubular extension and the cap 45 tight 
ly clamped thereby to the casing. 
The operation of a refrigerating system emi 

ploying a thermostatic control device of the char 
acter described is as follows: With a temperature 
differential of eleven and one-half degrees Fahr 
enheit between the temperature of the return or 
Suction line 3 at the evaporator , the evaporator 
will be operating at maximum capacity. By 
maintaining this temperature differential for all 
evaporator temperatures, the evaporator will be 
maintained at maximum capacity and the system 
at maximum efficiency. This temperature dif 
ferential may be maintained by controlling the 
admission of refrigerant medium to the evapora 
tor in accordance with the maintenance of the 
predetermined differential. 
refrigerant medium employed is methyl chloride, 
then with evaporation of the refrigerant medium 
in the evaporator occurring at say, 13.5 F., the 
evaporator will be at maximum capacity when 
the temperature of the return line at a point near 
the evaporator is 25 F. At these temperatures 
the valve 37 of the thermostatic expansion valve 
should be seated or closed with the force tending 
to open the valve balancing the force tending to 
close the valve, so that if there is any increase 
in the temperature of the return line 3, and there 
fore of th9 bulb 3, at the evaporator, or if there 
is any decrease in the temperature of evaporation 
within the evaporator, the valve 37 will be opened 
to admit refrigerant medium to the evaporator 
and maintain the desired temperature differential. 
In order to maintain this differential for all op 
erating temperatures of the evaporator, the 
change in force exerted by the power element, for 
each degree change of temperature must be less 
than the change in force exerted by the bellows 
2 and if, for example, the ratio in Square inches 
Of the effective areas of the power element and 
the bellows 2 is as 1.00 to 1.16, then the desired 
temperature differential will be maintained for 
methyl chloride refrigerant. The pressure or 
force exerted by the power element at a bulb tem 
perature of 25 F, will be for methyl chloride 17.5 
pounds, as the effective area of the power element 
is unity, and the force exerted by the bellows 2 
will be in accordance with the temperature of 
evaporation of the refrigerant in the evaporator, 
which at 13.5°F, is 10.5 pounds per Square inch 

If, for example, the 
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4 
for methyl chloride, so that the force exerted by 
bellows 2 tending to close the valve 37 will be 
12.18 pounds. Therefore in order to have the 
valve in balanced closed position, the spring 69 
is adjusted by the adjusting member 73 to exert 
a resultant force equal to the difference between 
the opposing forces, namely, a force of 5.32 pounds 
acting to seat the valve. 
When the system is started in operation from 

a warm condition by closing of the circuit of 
motor 7, with the temperature of the bulb 2 at 
say 80° F., the force exerted by the power element 
will be 71.75 pounds acting through the articul 
lated push rod structure and tending to open the 
valve 3. In order that the evaporator may be 
operating at maximum capacity at this starting 
temperature, there should be a differential of 
11.5 F., or the temperature in the evaporator 
should be 68.5 F., which corresponds to a refrig 
erant medium pressure with methyl chloride of 
57.2 pounds per square inch. This force acting 
through the bellows 2 to close valve 3 will, due 
to the effective areas of bellows 2, be exerting 
a force on the push rod structure of 66.43 pounds, 
which added to the force exerted by the spring 
69 of 5.32 pounds equals 71.75 pounds, so that the 
valve is held in balanced closed position. When 
the compressor reduces the pressure in the evapo 
rator below 57.2 pounds per Square inch, the pow 
er element being subject to a temperature of 80 
F, will act to open valve 37 to admit refrigerant 
medium to the evaporator, the medium expand 
ing therein to increase the pressure and close the 
valve. This will, however, decrease the tempera 
ture of the return line and therefore of the bulb 
13, so that the pressure in the evaporator may 
be further reduced by the compressor before the 
valve 3 will be opened. This gradual step by 
step reduction of pressure while maintaining a 
Substantially constant temperature differential 
will continue until the low pressure limit is 
reached, corresponding to a temperature of, say, 
25 F., at the bulb 3, when the switch 8 will 
stop the notor and compressor. As the bulb 3 
warms, tending to open valve 37, the refrigerant 
medium in the evaporator will also expand to in 
crease the evaporator pressure which acting 
through bellows 2 will prevent the valve from 
opening. The temperature of the evaporator in 
creases until the predetermined desired maximum 
pressure in the return line is reached, when switch 
8 will again turn on the motor 7 to complete 
a cycle of Operation and start a decrease of evap 
Orator temperature. 
From the foregoing description, it will be seen 

that we have provided a thermostatic expansion 
valve having a new and improved arrangement 
of the operating parts thereof. It will be under 
stood that by providing a separate attaching 
means for the power element cap 45 that the cap 
may be rotated to vary the position of the free 
end of the bellowS relative to its fixed end with 
Out necessity of removing the cap or otherwise 
disassembling the device. It will also be seen 
that we have provided for eliminating noise or 
rattle of the operating parts of the device. In 
addition, we have provided a new and improved 
articulated push rod structure for connecting a 
bellows to a valve to prevent side strain between 
the rod and bellows. 
What we claim and desire to secure by Letters 

Patent of the United States is: 
1. In a device of the character described, a 

Casing having an inlet and an outlet and a valve 
port within the casing, a reciprocal valve within 
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the casing for controlling flow cherethrough, a 
removable cap member mounted on the casing, a 
bellows carried by said cap member having one 
end connected thereto and closing and sealing the 
cap providing a chamber for a volatile fluid with 
in the cap, a detachable plate disposed between 
the cap member and the casing and having an . 
opening therethrough, means for clamping the 
cap and plate to the casing, an articulated push 
rod structure within the casing connecting the 
free end of the bellows and said valve, one end 
of Said rod extending through said opening in 
said plate, a resilient bearing member cooperable 
with said plate and said rod and frictionally op 
posing movement of said rod through said plate 
opening, a spring in said casing surrounding said 
rod and acting to close said valve, and means 
carried by said rod and within the casing for ad 
justing the tension of said spring. 

2. In a device of the character described, a 
casing having an inlet and an outlet and having 
a Valve port therewithin, a reciprocal valve within 
Said Casing for controlling flow through said 
valve port, a removable cap member mounted on 
said casing, movable wall means carried by said 
cap member, said movable wall means sealing 
Said cap member and cooperating therewith to 
provide a chamber for an expansible-contractible 
fluid operable for moving said movable wall 
means, a detachable wall means disposed between 
Said cap member and said casing and having an 
opening therethrough, a clamping ring for se 
curing said cap member and said detachable wall 
means together and to said casing, a connecting 
member in said casing having one end connected 
to Said valve and the other end extending through 
the opening in said detachable wall means and 
connected to Said movable wall means, and a re 
silient bearing member carried by said connect 
ing member and positioned to engage with the 
wall defining the opening in said detachable wall 
means to dampen vibratory movement of said 
valve. 

3. In an expansion valve, a casing including a 
valve body having an inlet and an outlet and 
containing a valve port, a reciprocal valve mem 
ber cooperable with said valve port to control 
flow therethrough, said body having an opening 
in a wall thereof, a bellows member closing and . 
Sealing said opening and cooperating with the 
inner walls of said body to provide a pressure 
chamber in which the pressure of a fluid acts on 
the bellows member, an open ended tubular ex 
tension having one end secured to said body and 
Surrounding Said bellows member, temperature 
responsive means mounted on the other end of 
Said extension and including a bellows member 
opposed to said first-named bellows member, said 
extension having an internal transverse wall in 
termediate its ends between said bellows mem 
bers and cooperating therewith to provide a 
chamber on each side of the transverse wall, said 
transverse wall having an aperture therethrough, 
a thrust member operatively connecting said bel 
loWS members and said valve member and ex 
tending through said aperture, an abutment 
member adjustably supported on said thrust 
member in the chamber between said transverse 
wall and said second-named bellows, and a coil 
Spring in said last-named chamber bearing 
against said abutment member and said internal 
Wall, said spring acting. with one of said bellows 
members and opposing the other of said bellows 
members. 

4. In a device of the character described, a cas 
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ing having a passage therethrough including a 
valve port and having an opening, a reciprocal 
valve to control Sald port and disposed within 
said casing, a removable wall member overlying 
Said opening and having an opening there 
through, a removable cap member mounted on 
said casing and having a shoulder overlying said 
removable wall member, a bellows member with 
in said cap member, said bellows member having 
One end secured and sealed to said cap member 
and cooperating therewith to provide a chamber 
within said cap member for a volatile fluid, ring 
means engaging said cap member shoulder and 

5 
securing said removable cap member and said 
removable wall member to said casing, a thrust 
member within Said casing operatively connect 
ing the free end of said bellows member and said 
valve and extending through the said opening in 
said removable wall member, spring means Oper 
able to actuate said valve, and a spring bearing 
member carried by said thrust member and en 
gaging the wall defining the opening in said re 
movable wall member to dampen vibrating move- 10 
ment of 'said valve. 

EARNEST J. OLMAN. 
DANEL. D. WILE. 


