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1. Claim. 
1. 

This invention relates to valve mechanism and 
has to do aiso with thermal responsive control 
means adapted for use with the valve mechanism. 
My invention is directed to the provision of 

valve mechanism for controlling flow of fluid 
under pressure from a Source of supply to a con 
tainer or receptacle, responsive to conditions of 
temperature or pressure in the latter and in such 
manner as to maintain the temperature and pres 
Sure in the container or receptacle constant, 
maintain constant the pressure under which the 
fluid is deliveired to the container or receptacle, 
or to deliver to the container or receptacle a 
measured amount of the fluid. I provide a valve 
mechanism of the character referred to which is 
of comparatively simple but rugged construction 
Well Suited to exacting conditions encountered in 
its use, and is capable, in certain of its forms, of 
accurate adjustment for assuring the desired 
ressure of delivery of the fluid. 
My invention also includes thermo-responsive 

means and valve mechanism particularly suitable 
for use with such thermo-responsive means, the 
iatter being capable of withstanding severe tem 
perature conditions and cooperating with the 
vaive rechanism for actuating the latter respon 
Siye to slight variations in temperature. Further 
Gbjects and advantages of my invention Will ap 
pear from the detail description: 
In the drawings: 
Figure 1 is a central vertical sectional view 

through valve mechanism and associated ther 
maily responsive control means, embodying my in 
vention, certain parts being shown in elevation 
and certain other parts being broken away; 

Figure 2 is a fragmentary view, partly in sec 
tion, of the valve mechanism and control means, 
showing a second modification of the valve 
mechanism; 

Figure 3 is a view similar to Figure 2 but show 
ing a third modified form of valve mechanism; 
and 

Figure 4 is a diagrammatic view of the valve 
mechanism of Figure 3 and the thermally re 
sponsive control therefor mounted on a tank con 
taining a Solution adapted for bluing steel. 

Referring first to Figure 1, I shall now describe 
the thermal actuated control, indicated generally 
by the reference numeral f, for the valve mech 
anism. This control mechanism ) has an outer : 
cylindrical casing which is closed at its lower 
end, as at 2, and open at its upper end. This 
casing is preferably made of metal, preferably 
steel, stainless or otherwise. Conveniently, the 
upper end of this casing has exterior threads 
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f5 and is screwed into a supporting frame 4, but 
it may be secured to frame 4 in any other suit 
able known manner. 
Within the casing and resting against its 

bottom is a spherical steel button or cap 6. This 
button or cap 16 has a short central shank 17 
which fits loosely inside the cylindrical bore 8 
of a ceramic tube 20, which is ground off square 
at its ends and fits loosely within the casing i. 
A flat steel button or cap 2 seats on the upper 
end of tube 2 and is kept in place by its short 
Shank 22 which fits loosely within the cylindrical 
bore 8. The purpose of this fiat cap 2 is to dis 
tribute the load evenly upon the whole surface 
of the upper end of the tube 20, which distribution 
would not result ordinarily if the upper surface of 
tube 25 were not ground flat. The even distribu 
tion of the load reduces the danger of fracturing 
of the ceramic tube 20. Spherical button or cap 
6 fitting against the botton edge of tube 20 co 

operates in the same manner as cap 2 in equal 
izing the distribution of the load on tube 20. 
A steel cup 23 with a rounded bottom rests on 

the top of the flat cap 2. The inside diameter of 
í the cup 23 is substantially larger than the head 
25 of a cap screw 26 threaded into the lower end 
of a Solid steel cylindrical thrust rod 27 which 
has a loose, sliding fit within the casing . A 
coiled Steel compression Spring 28, disposed about 
screw 26, is confined between the bottom of rod 
27 and a washer 30 seating at its inner portion 
on head 25 of screw 26 and, at its outer portion, 
on the upper end of cup 23. Spring 28 is pre 
stressed by means of the cap screw 26. 
A screw 3 threaded through the right hand or 

short arm of a lever 32, for adjustment, bears 
against the upper end of thrust rod 27. While a 
lever of the first class is shown, and is preferable 
for the Specific arrangement illustrated, a lever 
of the Second class may equally well be employed 
with slight rearranging of the other parts. The 
lever 32 is pivoted close to screw 3 on bearing 
trunnion 33 which is supported at each end in 
the adjacent channel shaped part of the frame 4. 
The casing , the rod 2 and the screw 26 are 

preferably all made of the same material which, 
for example, may be connor Steel Which is both 
Sturdy and inexpensive. Common steel has a 
coefficient of thermal expansion of approximately 
11X10 per degree centigrade in the range of 
0-100° C. The casing and rod 27 may be of 
any deSiired length to fit the needs of the instal 
lation. In the present case the casing and 
rod 2 are long enough to allow dissipation of heat 
sufficient to assure that the frame 4 and lever 
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greater rate than fluid can enter that bellows 
through duct 58. Consequently, the action of 
the fluid pressure on the exterior lower end Sur 
face of the bellows 49 causes it to contract 
lengthwise. Since the upper end of bellows 49 is 
fixed, the lower end thereof moves upwardly. 
Cylinder 50 within the bellows 49 cooperates with 
flange 5 to limit the maximum extent to which 
this bellows can be contracted. Contraction of 
the bellows 49 withdraws valve member 45 to a 
greater or less extent from its seat and permits 
the flow of fluid through the housing and out 
of the discharge outlet 44. When the ball valve 
57 has a diameter of approximately three-six 
teenths (is) of an inch and the duct 58 and port : , 
56 are respectively one-sixty-fourth (1/64) and 
one-eighth (%) inch in diameter, the thrust 
bar 64 needs to move less than five ten-thou 
Sandths of an inch to cause the main valve 45 
tO Open. 
When the thermal actuated control means 

again becomes effective for exerting pressure 
against Screw 3, it SWings the left end of lever 
32 downwardly, returning ball valve 57 to its 
closed position and holding it in that position. So 2 
long as Screw 3 is under pressure. Bellows 49 
then fills with pressure fluid, the interior pres 
Sure and the exterior pressure to Which this bel 
lows is subjected become equalized and valve 45 
is returned to its closed position by the action g; 
of Spring 53, Supplemented by the Spring action 
of bellows 49, and is held there until ball valve 
57 is again opened. 
The form of valve mechanism of Figure 2 may 

also be used, in conjunction with lever 32 and 3; 
the thermo-responsive unit for supplying a 
relatively hot fluid or liquid, from a suitable 
Source of supply, to a bath or body of fluid or 
liquid for maintaining the latter at a predeter 
mined minimum temperature. In such case, the 
tube 65 may discharge to atmosphere or into the 
bath or body of fluid. When the temperature 
of the body of fluid or liquid tends to drop, the 
thermo-responsive unit 0 contracts slightly and 
causes downward movement of the long arm of 
lever 32, by the resultant pressure exerted against 
Screw 3 (Figure 1). That opens ball valve 57a, 
permitting escape of pressure fuid from bellows 
49 with resultant opening of valve 45 and dis 
charge of relatively hot fluid into the body of 
fluid in which unit 0 is immersed, raising the 
temperature thereof to the desired minimum, at 
which time unit 0 expands relieving the pres 
Slure On ScreW 3, and Spring 99 returns ball valve 
5d. to its closed position. 
The Vaive mechanism of Figure 3 is similar 

to that of Figure 2, except that the thrust post 
64 is in direct contact with ball valve 57, which 
seats in the upper end of port 56a, as in Figure 1, 
and a light coil compression spring 53a, extend 
ing downward through cylinder 50, is confined 
between plate 47 (shown in Figure 1) and flange 
5fa of fitting 52a screwed into cover 54. The 
Spring 53a is not essential and may be omitted 
in cases where the Spring of hallows 4s is suffi 
Cient to hold valve 45 closed, and the tube 65d. 
may discharge to atmosphere or to any other 
Suitable point of discharge. 

In Figure 4, the wat 70, shown in section, has 
a frame indicated as a cover. This illustra 
tion is largely diagrammatic. The cover has 
a short section of pipe T2b threaded therein to 
which is threaded the valve housing 35 of a 
valve mechanism similar to that of Figure 5. The 
inlet of the valve housing 35 is connected by a 
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pipe 76 to a source of supply of water under pres 
sure, and the pipe 72b acts as a discharge duct 
from the valve housing to the bath. The thermal 
actuated control 0 is inserted through a hole 
in the cover 7 and extends at its lower end into 
the bath 74. An electric heating element 73 pro 
jects into the salt solution 74 to heat the bath 
to the boiling point. ASSume for illustrative pur 
pose that it is a predetermined maximum tem 
perature of the salt bath 74 which it is desired 
to control for bluing of steel articles immersed 
in the solution. This maximum temperature 
may be selected in the range of from 300° to 
500 E. for example. 
The operation of the thermal actuated con 

trol is as follows: As soon as a temperature 
greater than the predetermined maximum is 
reached, due to the heat input of heating ele 
ment 73 and the increased boiling point being 
caused by increased concentration due to evapo 
ration, the expansion of the tube will cause it 
to lengthen in a downward direction since it is 
fixed at its upper end. This will permit the 
Ceramic cylinder 20 and steel rod 27 to slide down 
Wardly with the lowering bottom 2 of the tube 

, since parts 20 and 27 have a sliding fit within 
tube f. The ceramic cylinder 20 has a much 
Smaller coefficient of expansion than tube and 
therefore expands less. Furthermore, cylinder 
20 is heated principally by radiation of heat from 
tube if and by conduction through spherical cap 
lê and a minor amount of contact with the wall 
of tube . Hence it takes a short interval of 
time for the temperature to equalize the parts. 
Rod 2 and tube will expand also because the 
region above the Surface of the bath Will be 
filled with Water vapor. 
Therefore, these various rates and degrees of 

eXpansion result in a lowering of the end surface 
5 of rod 2 with respect to the upper end of the 

tube . That means that the end surface 75 of 
rod 2 starts to move away from its contact with 
Screw 3. The fluid pressure against valve mem 
ber 57-as was above described when the valves 
5 and 45 were closed-is such that it will then 
force up valve member 57, thrust bar 64, bellows 
3, Screw 36 and lever 32 in such a manner as to 
cause Screw 3 to follow the top surface 75 of 
rod 2 for at least a short distance. The degree 
of movement of screw 3 is determined by the 
amount of movement necessary for opening the 
Valve 57. Since the movement of valve 57 corre 
Sponds to that of the long arm of lever 32, this 
movement of Screw 3 needs to be only small. 
Consequently the rise in temperature of the sa i+ 
Solution will result in a slight lowering of the 
Screw 3 with lowering of the upper surface 75 of 
rod 2. The Opening of valve 57 an amount less 
than five ten-thousandths (540,000) of an inch re 
Sults in the opening of valve 45. Therefore a 
change of temperature of around one-half a de 
gree centigrade will cause valve 45 to be opened. 
Response to Such a small change in temperature 
is obtained by the interaction of several factors 
-the difference in the coefficients of expansion 
of tube and cylinder 20, the length of cylinder 
2, the time differential in the heating of these 
tubes and the mechanical advantage of the 
lever 32. 
The ceramic cylinder 20 will, of course, expand. 

It does not start as soon, and has a much lower 
coefficient of expansion than tube if, but it will 
expand and thus raise end surface 75 of rod 2 
upward toward the screw 3f. Since a consider 
able amount of cooling water may be let in past 
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the valve 45, when the predetermined tempera 
ture is exceeded only by a small amount, there 
Will be but a short space of time before tube 
Will begin to contract. The ceramic cylinder will 
subsequently contract also. The contraction of 
tube will cause the cylinder 20 and rod 2 to 
rise again. When the temperature of the fluid is 
lowered to the proper operating temperature 
again, the tube will have so shrunk tilat the end 
surface i5 of rod 27 will have perforce contacted 
and forced up Screw 3. 
That means that the lever 32 at its left end 

Will be forced down. Therefore Screw 36 Wii 
press on the top of expansible bellows. 3 and 
thrust rod 88 Will foice valve 5 shut. When 
Valve 5 is shut, water Will begin to fill up tie in 
side of the large bellows 49 and the pressure in 
side and outside bellows 43 will become equal 
again. The Spring action inherent in bellows 49, 
Supplemented by the action of the coin pression 
spring 33d, if used, will expand bellows 3 and 
seat valve 45, thus shutting of the flow of water. 
The more extensive and more rapid fluctua. 

tions in the length (expansion and contraction). 
of the tube are always followed by a slower 
and less exaggerated expansion and contiaction 
of the ceramic cylinder 2. Since tile ceragic 
cylinder 2 is a factor, as is tube , in the posi 
tioning of surface 75 with respect to the fixed 
top of tube í í and screw 3í, surface 5. depends 
upon the interaction of both tube and cylinder 
2 to determine its location for a given situation. 
The purpose of Spring 28 which is prestressed 

by Screw 2S is to act as a Safety device. That is 
to say, it protects the instrument from rough 
handling and also provides against excessive 
stress on the ceramic cylinder or other parts due 
to excessive Contraction of tube . 
To illustrate this, consider the device shown in 

Figures 3 and 4. ASSune that the Water pres 
Sure in the main feeding waive housing 35 has a 
pressure of 40 pounds per square inch. Also as 
sume that valves 3 and 45 are in closed position 
and that the Salt solution is at, but not exceeding 
the predetermined maximum temperature. The 
adjusting screws 3; and 36 will have been ad 
justed earlier for just this condition of equilib 
rium. That is, they Will be positioned in Such a 
way that they will firmly bear on rod 27 and 
thrust rod 64 respectively-so that opening of 
valve 5 by the Water pressure against, it will be 
l'esisted at the right hand end of the lever which 
bears-by means of screw 3-against surface 75 
of rod 27. (It is feasible if desired, to calibrate 
the thermal actuated control for action at various 
temperatures. Such calibration may be applied 
to the adjusting screw 3, for example, but prefer 
ably to screw 36.) 
Now if tube contracts further from any 

cause, that will mean that ceramic cylinder 20 
and rod 27 Will be compressed between lever 
arm 32 and the bottom end 2 of tube . The 
lever 32 cannot SWing further about its bearing 
33 since the left end of the lever arm is firmly 
pressed against thrust rod 6A and Valve 5 which 
is firmly and solidly seated. In order to pre 
vent the ceramic tube 20 from being crushed by 
excessive contraction, prestressed spring 28 is 
added between rod 2 and ceramic tube 29. 
Excessive contraction of tube then will not 
crack ceramic cylinder 20 but will force Spring 
28 to compress. Spring 28 is prestressed suffi 
ciently so that when all parts of the valve and 
thermal control are in an equilibrium or normal 
operating condition the fluid pressure acting 
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3 
against valve 57 will not cause it to open by 
Compressing. Spring 28 through lever arm 32. 
With fluid pressure of 40 pounds per square inch 
in the mains, Spring 28 of the illustrated device 
is preloaded to approximately 125 pounds, 

If the control mechanism is to be used at high 
temperatures it is advisable to put the spring at. 
the upper end of the rod 27 out of range of said 
heat. The rod 27 with its spring 28 and the 
cap 23 could be inverted to adapt the device 
quickly for use at higher temperatures. 
Now the fact that my valve mechanism and 

thermal actuated control have been used in 
cooperation is not to indicate that that is the 
Scope of their usefulness. The scope is greater 
and is not tÔ be limited by the above Specific 
illustrations. The pilot controlled valve mecha 
nism of any invention is peculiarly adapted for 
thermostatic control or other control where the 
movement of the element responsive to the par 
ticuldal:" Variable is, Sinail or minute. Thus a rela 
tively large flow of fluid is turned on and off 
by a very minute motion of the valve 57. The 
dilution of a salt bath is but one example. The 
blending of fractions or ingredients in petroleum 
distillation is another example. 
The Valve mechanism, in its various forms dis 

closed herein, With or Without the therinostatic 
control, may be applied to control of various 
fluids such as air or steam or other gases, vapors 
or liquids; or mixtures of the same. The thermo 
static element may be employed to operate switch 
contacts instead of a control valve. However, 
there is a particular relation between the valve 

, mechanism shown herein and a positive expan 
sion type of thermostat, in that the thermostat 
must hold the pilot valve 5 against the pressure 
of the liquid, When valve 45 is closed. Hence a 
positive force is required although a very small 
movement is involved. Damage to the parts 
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under the conditions of abnormal movement in 
the closing direction is obviated by the prestressed 
Spring 28 above described. 

Briefly, the usefulness and applicability of my 
invention is extensive, and many modifications 
and changes are possible without departing from 
its scope and Spirit as set out in the appended 
claim, 

I claim: 
In a valve mechanism, a housing having an 

inlet and an outlet, a bellows within said housing 
affixed at one end thereto having a constantly 
open restricted inlet and an outlet, a main valve 
carried by the other end of Said bellows control 
ling said housing outlet, a tubular member ex 
tending into said one end of Said bellows estab 
lishing communication between the latter and 
Said bellows outlet, a compression spring Within 
said bellows confined between said other end 
of Said bellows and Said tubular member, mealas 
operable exteriorly of said housing for adjusting 
said tubular member lengthwise thereby varying 
the extent of compression of Said Spring, and 
valve means controlling flow of fluid through 
said bellows outlet. 
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