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17 Claims, 

This invention relates to fluid-pressure actu 
ated regulators. 

Fluid-pressure actuated regulators in the past 
have had several undesirable characteristics, one 
of which was that a large temperature or physical 
change was required in order to open or close 
the valve or other device to be regulated and 
another of which was that the force available at 
the motor end of the regulator was not as large 

10 as is usually desired. These two objectionable 
characteristics were not independent of each 
other, but instead were related in such a way that 
while it was possible to design a regulator that 
avoided either one of the two-mentioned objec 

5 tions, the other objectionable characteristic has 
then been present to an exaggerated degree. 
The present invention has for its purpose a 

fluid-pressure actuated regulator of high sensi 
tivity, in which a small temperature or other 

20 physical change is effective to actuate a device to 
be regulated with a force that is ample to satisfy 
Ordinary requirements. 

For a clearer understanding of the invention, 
reference is made to the drawings wherein Fig. 1 

25 represents a regulator system in which the pri 
mary portion thereof is in part vapor pressure 
actuated; and Fig. 2 represents a modified form 
of the invention in which the primary portion 
of the system is essentially fluid operated, as dis 

80 tinguished from the vapor pressure arrangement 
shown in Fig. 1. 

Referring to Fig. 1, the numeral represents a 
control mechanism such as a valve or the like 
for regulating the flow of steam or other fluid 

35 through the conduit tube 2. As herein disclosed 
the device is represented as a temperature regul 
lator and steam is used as the heating medium. 
The bulb. 3 represents the usual form of tem 

perature-sensitive element exposed to the condi 
40 tions to be controlled, which bulb is connected by 

the capillary 4 to a primary pressure-sensitive 
capsular diaphragm 5. The bulb 3, the capillary 
4 and diaphragm 5, which are herein referred to 
as the primary System, are in part filled with a 

45 suitable liquid and the remainder of the space 
thereof contains vapor of this liquid, so that the 
primary system is essentially vapor pressure actu 
ated. 
The diaphragm 5, which is mounted upon a 

50 fixed support 6, has its movable face bearing 
against a movable platform 7. This platform 
forms part of a balancing scales, including bal 
ance beam 8, the weight pan 9 suspended there 
from, pivot O and the platform supporting frame 

55 . This platform under the influence of the 

5 

(C. 236-68) 
weight 9a opposes the expansive movement of 
the diaphragm 5 and its opposing resistance may 
be varied by changing the amount of the weight. 
A second capsular diaphragm 2 is fastened at 

one of its ends to the lower side of the platform is 
7, while its other end is attached to the fixed 
support 3, so that the movable or active end of 
the diaphragm 2 bears against the platform 7. 
The arrangement is such that the expansive 
movement of the diaphragm 5 moves the platform 10 
to compress the diaphragm 2, whereby vari 

ations in pressure in the diaphragm 5 are trans 
mitted to the diaphragm 2. 
The diaphragm 2 which is filled with a liquid 

to be described, is connected by a small conduit 5 
28, to a condensing chamber 5 consisting of an 
enlargement 5a of the conduit surrounded by a 
metallic body provided with radiating fins á Sb. 
The condensing chamber 5 is also connected 
With a vaporizing chamber 6, consisting of an 20 
enlargement 6a of the conduit surrounded by the 
heated space í6b defined by the metal wall í6ø 
and Suitably lagged by heat-insulating material. 
The enlargement 6a in the vaporizing chamber is 
in turn connected by the conduit 22 to the in- 25. 
terior of the regulator diaphragm 4. This dia 
phragm at its upper end is attached to a fixed 
Support and its lower end is fastened to the valve 
stem 23 to move the same against the action of 
the coil spring 24 surrounding this stem. 3) 
The regulator diaphragm is surrounded by a 

heating medium preferably a steam coil 7 hav 
ing an intake a. The coil is connected by 
means of a conduit 8 with the space 6b of the 
vaporizing chamber, and by means of a conduit 85 
9 and a valve 9a the exhaust of the steam from 
the space 6b may be controlled as desired. The 
coil , conduit 8 and the fluid connection be 
tween the enlargement 6 and the diaphragm 6 
are heat insulated, as indicated by the hood 20 40 
and the conduit cover 2 so as to maintain in 
conjunction with the insulated walls 6c, a va 
porizing heat about the enlargement 6a, the - 
fluid connection 22 and the diaphragm 4. From 
the foregoing it should be understood that the 45 
diaphragm f2, the portion 28 of the conduit and 
the condensing chamber 5 up to the vaporizing 
chamber 6 contain liquid, while the portion of 
the system including the vaporizing chamber 6, 
the conduit 22 and the diaphragm 4 contain va- 50 
por of this liquid. 
In order to protect the relay diaphragms 5 and 

2, adjustable stops 25 and 27 are provided on 
the stationary parts 6a and 6b for cooperation 
with a bar 26 on frame it. SS 
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It will be appreciated that there may be a 

wide choice of liquids used as the filling medium 
for the diaphragm 2, the diaphragm 4 and the 
conduit connecting the Sane, this choice of fill 
ing medium being determined by the operating 
temperature of the diaphragm 4 and its pres 
sure rating. For a temperature of 212 F. at the 
diaphragm 4 and an effective area thereof of 
three square inches, ethyl ether is suitable as a 
filling medium. The vapor pressure of ethyl 
ether at 212 F, is about 85 lbs. gauge and at 150 
F. about 26 lbs. gauge. ASSuming the tempera 
ture at the condensation chamber to be about. 
150 F. and at the diaphragm 4 about 212 F., 
the operating pressure range lies between 26 lbs. 
and 85 lbs., or at least may be safely assumed 
to lie between 30 lbs. and 70 lbs. and for this 
range the total force made available at the dia 
phragm 4 for an effective area of three Square 
inches is about 120 lbs. 
The effective cross-sectional area of the dia 

phragm 5 is considerably larger than that of the 
diaphragm 2 and the ratio of their areas may 
be assumed to be of the order of ten to one. The 
filling medium to be used in the primary system, 
including the bulb 3 and diaphragm 5 depends 
upon the desired temperature range of the in 
strument and upon the pressure rating of the 
diaphragm 5. In the arrangement described, 
ethyl chloride is considered as a Suitable filling 
medium for the primary system with ethyl chlo 
ride vapor filling the upper portion of bulb 3. 

The operation of the system of Fig. 1 is as foll 
10WS: 
The vapor and fluid in bulb 3 expand or con 

tract according to the temperature to be regul 
lated. The point of regulation, i. e. the point of 
temperature to be maintained is determined by 
the weight 9a. The greater this weight, the 
higher the temperature maintained and vice 
versa. The diaphragm f2 is not acted upon un 
til the force of the ditphragm 5 exceeds the op 
posing force of the weight 9a exerted through 
the balance upon the platform 7. Further in 
crease of pressure in diaphragm 5 then effects 
downward movement of the platform 7 to com 
press diaphragm 2 and the fluid contained 
therein. 
The force exerted by the vapor pressure in the 

primary system upon the effective area of dia 
phragm 5 is counteracted and balanced by the 
sum of forces acting in opposition. Aside from 
the force exerted by the weight through the lever 
System of the balance, the principal opposing 
force is the force exerted by the pressure in the 
secondary System upon the effective area of the 
diaphragm 2. The force derived from the ac 
tion of the weight 9a remaining constant, bal 
ance is maintained generally by variation of pres 
Sure in the Secondary System in proportion to the 
variations of pressure in the primary system. 
The pressure in the secondary system is increased 
incident to transfer of liquid from the condensa 
tor side to the vaporizer side of the system and 
vaporization thereof, and the pressure is de 
creased incident to transfer of vapor from the 
vaporizer side to the condensator side of the sys 
tem and condensation thereof. 
The principal advantage of the apparatus de 

Scribed is the high degree of Sensitivity obtained 
by the ratio of the effective area of the diaphragm 
5 and the diaphragm 2, in the above example 
assumed as ten to one. This advantage, how 
ever, can be practically realized only by appli 
cation of the condensator-vaporizer unit, which 

described above. 
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makes it possible to keep the bulb 3 within prac-. 

, tical limits, Without the arrangement for con 
verting the liquid transferred to the diaphragm 
4 into vapor form, the bulb 3 would have to be 

So large as to be impracticable. Due to the fact 
that the volume of a given mass of vapor is much 
greater than the volume of the same mass of 
liquid, vaporizing the liquid displaced from dia 
phragm 2 and transferred to the diaphragm f4 
avoids the use of an excessively large bulb 3. 
The modification shown in Fig. 2 shows the 

fluid-pressure actuated regulator with the pris 
mary portion of the system completely filled with 
liquid, i. e., the bulb 3 of the temperature-sensi 
tive element, as well as the capillary 4 and the 
diaphragm 5 are completely filled with liquid, as 
distinguished from the liquid and vapor pressure 
filled primary system of Fig. 1. 

O 

5 

This change to the completely filled liquid 
pressure system from the combined liquid and 
vapor pressure primary system, necessitates the 
use of a diaphragm 5 that is small and capable 
of standing a higher pressure than the corre 
sponding diaphragm shown in Fig. 1 and also 
requires that the diaphragm 2 of the second 
modification have an effective area considerably 
larger than that of the diaphragm 5. 
In this modification the mounting of the dia 

phragm 5 also differs from the mounting of the 
corresponding diaphragm in the arrangement of 
Fig. 1, since in this instance the diaphragm 5 at 
one of its ends is mounted on the arm 3 which, 
in turn, is pivoted on the pin 32 Secured on exten 
sion 30 of the support. The free end of the dia 
phragm 5 engages the upper surface of the plat 
form 7, the lower Surface of which platform en 
gages the free end of the diaphragm 2, as in 
the foregoing modification. The Upward move 
ment of the lever 3 and consequently the dia 
phragm attached thereto is limited by an adjust 
able stop in the form of a set screw 33 mounted 
on an arm 34 which, in turn, is fastened to an 
extension 35 of the support. The set screw 33, 
against which lever 3 f always engages, determines 
the point of control, i.e. the temperature or pres 
Sure at which action occurs. The remainder of 
the second system in which corresponding parts 
are designated by the same reference characters 
imay be identical in structure and function with 
the corresponding portion of the system of Fig. 1, 
previously described. 
The primary System including the bulb 3, capil 

lary 4 and diaphragm 5 may be completely filled 
with liquids Such as ethyl chloride or mercury, 
while the portion of the secondary system, includ 
ing diaphragm 2, the conduit 28 and the con 
densing chamber 5 may be filled with ethyl ether. 
The remainder of the secondary system, including 
the Vaporizer il 6, the conduit 22 and the dia 
phragm f4 are filled with vapor of ethyl ether, as 

The operation of the second 
form of the invention will be readily understood 
from the previously described operation of the 
regulator of Fig. 1 without further explanation. 

In Order to explain the energy relations of the 
arrangement of this invention, let it be assumed 
that the temperature of the primary sensitive 
bulb 3 is increased a small increment. The energy 
supplied by the filling medium, regardless of 
whether the system is solid filled or vapor pressure 
actuated, is equal to the change in volume at the 
first relay diaphragm 5, multiplied by the pres 
sure. When the first relay diaphragm expands, 
this increment of energy furnished by the filling 
medium, is used in three different ways. If the 
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two relay diaphragms 5 and f2 act as springs, part 
of the energy is used to change the shape of these 
two diaphragms. A certain amount of liquid 
flows from the second relay diaphragm into the 
vaporizing chamber 6, and the amount of this 
energy is equal to the volume of the liquid, mul 
tiplied by the pressure in the regulator diaphl gm 
4. This is the energy that the primary sensitive 
bulb 3 actually supplies for the Operation of the 
regulator f4. If the primary tube system is va 
por pressure actuated, part of the energy incre 
ment of the filling medium is used to raise the 
counter-balancing Weight. 
When a small increment of temperature is ap 

plied to the sensitive bulb 3 there is, of course, a 
corresponding expansion of the regulator dia 
phragm 4. The energy involved in this expan 
sion is equal to the increment in the volume of 
the diaphragm, multiplied by the gauge pressure 
of the vapor filling of this diaphragm. AS before 
stated, the energy Supplied to the regulator dia 
phragm by the primary sensitive bulb is equal to 
the volume of liquid forced into the vaporizing 
chamber 6, multiplied by the pressure in the 
regulator diaphragm 4. It is evident that when 
this liquid is vaporized, its volume is greatly in 
creased and therefore the change in the volume 
of the regulator diaphragm is much greater than 
the volume of liquid forced into the vaporizing 
chamber. It follows that the energy supplied to 
the regulator bellows by the primary sensitive 
bulb is only a small fraction of the energy Sup 
plied by the entire mechanism. 

In order to distinguish between diaphragms 5, 
2 and 4 in the claims, the diaphragm 5 may be 
termer “primary relay diaphragm”; the dia 
phragm 2 a "secondary relay diaphragm' and 
the diaphragm 4 a "regulator diaphragm'. The 
term "force' as used in the claims is intended to 
be inclusive of displacement. 

claim: 
1. The method of operating a regulator, which 

cornprises developing a response corresponding to 
a change in a condition to be regulated, utilizing 

5 said response to move a definite corresponding 
quantity of liquid to a position where it is to be 
vaporized, vaporizing said quantity of liquid, and 
transmitting the resulting vapor to said regulator 
to actuate the same. 2. The method of operating a regulator, which 
comprises developing a force proportional to a 
change in a condition to be regulated, utilizing. 
said force to move a proportional quantity of liq 
uid to a position where it is to be vaporized, vapor 
izing said quantity of liquid, and transmitting said 
Vapor to said regulator to actuate the Same. 

3. The method of operating a temperature reg 
ulator, Which comprises developing a force pro 

80 

70 

75 

portional to an increase in a temperature to be 
regulated, utilizing Said force to move a propor 
tional quantity of liquid to a position where it is 
to be vaporized, vaporizing said quantity of liquid, 
transmitting said vapor to said regulator to actu 
ate the same, condensing a part of Said vapor on a 
reduction in said temperature and restoring the 
resulting liquid to its original position. 

4. The method of actuating a vapor-Operated 
regulator, which comprises developing a Small 
amount of primary energy in response to a change 
in a condition to be regulated, utilizing Said prl 
mary energy to apply to said regulator from an 
external source by vaporizing independently of 
the regulator a definite quantity of liquid, an 
amount of energy much greater than the amount 
of said primary energy but proportional thereto. 

3 
5. In a regulating device, means for developing 

a force corresponding to a change in a condition 
to be regulated, a vapor-actuated motor for oper 
ating a regulating device, a closed system par 
tially filled with liquid terminating in said motor, 
and means apart from the regulating medium for 
vaporizing a definite quantity of said liquid corre 
sponding to said force. 

6. In apparatus of the character described, 
means including a primary relay diaphragm re 
sponsive to conditions to be controlled, control 
mechanism, a secondary relay diaphragm acted 
upon by the primary diaphragm, a regulator dia 
phragm for operating the control mechanism, a 
fluid and vapor connection between the secondary 
relay diaphragm, and the regulator diaphragm, 
said connection being uninterrupted by valve 
mechanism, vaporizing means in said connec 
tion, and a source of heat for heating said 
vaporizing means. 

7. In apparatus of the character described, 
means including a primary relay diaphragm re 
sponsive to conditions to be controlled, control 

O 

5 

20 

mechanism, a secondary relay diaphragm acted 
upon by the primary diaphragm, a regulator dia 
phragm for operating the control mechanism, 
a fuid and vapor connection between the secon 
dary relay diaphragm and the regulator dia 
phragm, said connection being uninterrupted by 
Valve mechanism, Vaporizing means in said con 
nection, and a Source of heat Surrounding said 
vaporizing means and said regulator diaphragm. 

8. In apparatus of the character described, 
means including a primary relay diaphragm re 
sponsive to conditions to be controlled, control 
mechanism, a secondary relay diaphragm acted 
upon by the primary diaphragm, a regulator dia 
phragm for operating the control mechanism, and 
a normally open conduit including a vaporizer, 
said conduit terminating in said secondary dia 
phragm and said regulator diaphragm, Said conse 
duit being partially filled with liquid. 

9. In apparatus of the character described, a 
primary relay diaphragmi, a temperature-sensi 
tive device including vapor for actuating said 
primary relay diaphragm, a secondary relay dia 
phragm acted upon by the primary diaphragm, 
a regulator diaphragm for operating control 
mechanism, a fluid connection between the sec ondary relay diaphragm and the regulator dia 
phragm, a vaporizer in said connection, and 
means for heating said vaporizer, the effective 
area of the primary diaphragm being materially 
larger than the effective area of the secondary 
diaphragm. - 

10. In apparatus of the character described, a 
primary relay diaphragm, a temperature-sensi 
tive device completely filled with liquid for actu 
ating said primary relay diaphragm, a secon 
diary relay diaphragm acted upon by the primary 
diaphragm, a regulator diaphragm for operat 
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ing control mechanism, a fluid connection be 
tween the secondary relay diaphragm and the 
regulator diaphragm, a vaporizer in Said connec-. 
tion, and means for heating said vaporizer, the 
effective area of the primary diaphragm being 
smaller than the effective area of the secondary 
relay diaphragm. 

11. In apparatus of the character described, 
means including a primary relay diaphragm, re 
sponsive to conditions to be controlled, control 
mechanism, a Secondary relay diaphragm acted 
upon by the primary diaphragm, a regulator 
diaphragm for Operating the control mechanism, 
a fluid connection between the secondary dia 
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4. 
phragm and the regulator diaphragm, including 
a vaporizing chamber and a condensing cham 
ber, said vaporizing chamber Serving to vaporize 
the liquid moving past a given point in Said con 
nection toward the regulator diaphragm and said 
condensing chamber Serving to condense vapor 
moving past said given point toward the Secon 

- dary diaphragm. 
12. In apparatus of the character described, 

means including a primary relay diaphragm re 
sponsive to conditions to be controlled, control 
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mechanism, a secondary relay diaphragm acted 
upon by the primary diaphragm, a regulator dia 
phragm for operating the control mechanism, a 
fluid connection between the secondary dia 
phragm, and the regulator diaphragm, including 
a vaporizing chamber and a condensing cham 
ber, said vaporizing chamber Serving to vaporize 
liquid moving past a given point in said connec 
tion toward the regulator diaphragm and Said 
condensing chamber serving to condense vapor 
moving past said given point toward the Secon 
dary diaphragm, the efective ares of the primary 
diaphragm being materially larger than the effec 
tive area óf the secondary diaphragm. 

13. In apparatus of the character described, 
means including a primary relay diaphragm 
responsive to conditions to be controlled, control 
mechanism, a secondary relay diaphragm acted 
upon by the primary diaphragm, a regulator dia 
phragm for operating the control mechanism, a 
fluid connection between the secondary dia 
phragm and the regulator diaphragm, including a 
vaporizing chamber apart from said regulating 
diaphragm, means for maintaining a vaporizing 
heat about the vaporizing chamber and the regul 
lator diaphragm, Said fluid connection being 
uninterrupted by valve mechanism, and means 
between the vaporizing chamber and the Secon 
dary diaphragm for Condensing VaporS moving 
from the vaporizing chamber toward the secon 
dary diaphragm. 

4. In apparatus of the character described, a 
balancing beam pivotally supported intermediate 
its ends, a weight pan Supported on one end of 
said beam, a platform Supported on the other 

2,040,748 
end of said beam, means including a primary 
relay diaphragm responsive to conditions to be 
controlled, said primary diaphragm having its 
movable portion engaging one side of said plat 
form, a secondary relay diaphragm having a 
movable portion engaging the other side of Said 
platform, and control mechanism governed by 
said secondary relay diaphragm. 

15. In apparatus of the character described, 
a balancing beam pivotally Supported interme 
diate its ends, a weight pan Supported on One 
end of said beam, a platform Supported on the 
other end of said beam, means including a pri 
mary relay diaphragm responsive to conditions 
to be Controlled, said primary diaphragm having 
its movable portion engaging one side of said 
platform, a secondary relay diaphragm having a 
movable portion engaging the other side of said 
platform, the effective areas of said primary and 
said Secondary diaphragms being unequal, and 
control mechanism governed by said secondary 
relay diaphragm. 

16. In apparatus of the character described, a 
balancing beam pivotally supported intermediate 
its ends, a weight pan Supported On one end of 
said beam, a platform Supported on the other 
end of said beam, means including a primary 
relay diaphragm responsive to conditions to be 
controlled, said primary diaphragm having its 
movable portion engaging One side of said plat 
form, a secondary relay diaphragm having a 
movable portion engaging the other side of said 
platform, the effective area, of Said primary dia 
phragm being greater than the effective area of 
said secondary diaphragm, and control mecha 
nism governed by said secondary relay diaphragm. 

17. In a temperature regulating device, a valve 
for controlling a heating medium, a motor for 
operating said valve, a thermostat for injecting a 
vaporizable liquid into Said motor upon changes 
of temperature, a heating chamber surrounding 
said motor, an auxiliary Source of heat, and heat 
ing means for said chamber operative from said 
auxiliary source of heat. 

KARI, H. HUBBARD. 
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