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This invention relates to thermostals, and 
With regard to certain more specific features, to 

5 

10 

20 

25 

30 

35 

40 

55 

thermostats having associated therewith an ele 
ment Or combination of elements adapted to effect 
a control in a new manner. 
Among the several objects of the invention may 

be noted the provision of a thermostat of the 
class described having associated therewith, in 
a new manner, an element or combination of 
elements whereby the change of curvature of 
the thermostat in response to temperature varia 
tion is translated into a utilizable movement; and 
a thermostat of the class described in which the 
Said relative movement is utilizable to perform 
a variety of functions, such as signal, valve, and 
Switch operation and the like. Other objects 
will be in part obvious and in part pointed out 
hereinafter. 
The invention accordingly comprises the ele 

ments and combinations of elements, features of 
construction, and arrangements of parts which 
will be exemplified in the structures hereinafter 
described, and the scope of the application of 
which will be indicated in the following claims. 
In the accompanying drawings, in which are 

illustrated Several of various possible embodi 
ments of the invention, 

Fig. 1 is a trimetric view of one embodiment 
of the invention; 

Fig. 2 is a trimetric view similar to Fig. 1.- 
showing the thermostat in its position of oppo 
Site curvature; , - 

Fig. 3 is a top plan view of the thermostat of - Fig. 1; 
Fig. 4 is a top plan view of the thermostat of 

Fig. 2; t 
Fig. 5 is a cross section through the thermo 

stat of Fig. 1, taken substantially along lines 
5-5 of Figures 1 and 3; 

Fig. 6 is a cross section similar to 
trating a position of the thermostat interme 
diate the Fig. 5 and Fig. 7 positions; 

Fig. 7 is a cross section through the thermo 
stat of Fig. 2, taken substantially along the 
lines 7-7 of Figures 2 and 4. 

Fig. 8 is a trimetric view of a second embodi 
ment of the invention; 

Fig. 9 is a trimetric view of a third embodi 
ment of the invention; . a 

Fig. 10 is a cross section through the thermo 
stat Jf Fig. 9, taken substantially on line 0-0 
of Fig. 9; 

Fig. 11 is a cross section similar to Fig. 10, 
but illustrating the thermostat of Fig. 9 in an 
alternative position; 

Fig. 5, illus 

Fig. 12 is a trimetric view of a fourth embodi 
ment of the inventicin; 

Fig. 13 is a cross section of a fifth embodiment 
of the invention, taken substantially along line 
3-3 of Fig. 16; 
Fig. 14 is a cross section similar to Fig. 13, 

illustrating that embodiment in a more advanced 
pCsition, and taken substantially along line 4-f4 
of Fig. 17; 

Fig. 15 is a cross section similar to Figures 13. 
and 14, illustrating that embodiment in a still 
more advanced position, and taken substantially 
along line 5-5 of Fig. 18; 

Figures 16, 17 and 18 are front elevations of the 
Fig. 13 embodiment, corresponding in position, 
respectively, to Figures 13, 14 and 15; and 

Fig. 19 is a cross section similar to Fig. 13, but 
illustrating an electrical Switch (sixth) embodi 
ment of the invention. W 
Similar reference characters indicate corre 

Sponding parts throughout the several views of 
the drawings. 

In the group comprising Figures 1 through 7, 
numeral indicates a sheet or strip or plate of 
Composite thernostatic material, Such as bi 
metal. In the example shown, the upper por 
tion 3 of the plate comprises a metal having 
a relatively high coefficient of thermal expan 
sion, while the lower portion 5 comprises a metal 
having a relatively low coefficient of thermal 
expansion. Hence, when the temperature rises, 
the plate will exhibit a tendency to change its 
curvature from that shown in Fig.1 to that shown 
in Fig. 2. It is assumed that the plate is initially 
formed, for the respective “low” temperature at 
which it is to operate, with the curvature shown 
in Fig. 1. 
Struck from the plate are three loops 7, 9, 

and ? , which serve as retainers for a bent wire 
f3. The loops 7, 9, and if do not lie in a straight 
line; that is to say, loop 9 (the central loop) is 
displaced sidewardly from a straight line con 
necting loops 7 and if when the plate f is flat. 
The wire f3 is of such a diameter, and is so bent, 
that it passes under the loops 7, 9, and ff. It is 
not necessarily shaped so as to lie on the surface 
of the plate between the loops, but may be 

... so made. The wire f3 is made of a stiff resilient 
material such as spring steel, phosphor bronze 
or the like. The loops 7, 9, and f f, while holding 
the Wire f3 in relatively close confinement, per 
mit it a slight degree of lateral freedom in move 

- ment relative to the plate f, as Will be pointed 
out more particularly hereinafter. 

Extending at right angles from the wire 3 
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2 
is welded or otherwise innovably affixed a wire 5, 
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which carries on its end a signal flag 7. The 
wire 5 and flag it serve herein as exemplary of 
the various objects or elements that may be at 
tached to the thermostat to be controlled there 
by. They nay be replaced, for example, by 2, 
movable contact assembly adapted to cooperate 
with a fixed contact to effect circuit control, or 
by a rotatable mercury switch (such as is shown, 
in connection with another embodiment of the 
present invention, in Fig. 19). 

In connection with the operation of this era 
bodiment of the invention, certain of the theoreti 
cal aspects underlying the present invention will 
be pointed out. The bimetallic plate , for ex 
ample, may be considered as a mathernatical Sura 
face having a curvature. For purposes of defi 
nition, it will be stated that a normal to this 
mathematical Surface is a line interSecting the 
Surface and perpendicular to a plane tangent to 
the surface at the point of intersection. Any 
plane that contains this normal line is called a 
normal plane, and the line of intersection of this 
normal plane with the Surface is called a normal 
Section of the Surface. 
Sects the surface and which contains no normal 
lines, is termed an oblique plane, and the line of 

surface is called an oblique section of the surface. 
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sponds to a section curve of the surface. 

intersection of such an oblique plane with the 

Now, it is a mathematical proposition that, if it is 
possible at all (depending upon the nature of 
the given curve), a plane may be passed through 
a given point on a surface so as to cut that surface 
in the form of a given curve having an assigned 
form only by taking the cutting plane, in general, 
in a definite position, 
The invention embodies the above-Stated 

geometry. The axial lineal element, or wire 3, 
is hypothetically a curve of aSSigned for or 
forms, and, by reason of its articulation to the 
bimetallic plate (the curved surface), it corre 

he 
wire 3, if it is a plane curve, determines a plane 
which is an oblique plane (it cannot be normal 
for reasons to be advanced hereinafter). Since 
the wire is substantially stiff, the shape of the 
curve of the wire f3 can be altered only within 
limits. However, the shape (or curvature) of the 
plate does alter in response to temperature 
changes. In the abstract, mathematical Sense, a 
second form or curvature of the plate is a new 
Surface, and, in order that the shape Curve of the 
wire 3 shall conform to this new surface and to 
an oblique section thereof, or parallel to the 
oblique section but displaced therefron, it is 
necessary that the hypothetical oblique plane 
containing the wire 3 shall move to a new posi 
tion of obliquity, the motion involving a rota 
tion through a definite angle determined by the 
extent of change of curvature of the plate f. 
Expressed concretely, this rotation of the hypo 
thetical plane to a new angle of obliquity is a ro 
tation of the wire 3 relative to the plate , with 
a consequent change of 
flag . 
While the Wire 3 theoretically represents a 

position of the signal 

complete lineal section of the curved plate , 

70 

5. 

there is practically no need for it to be com 
plete, it being sufficient that it comprise three 
points of contact with the plate A (the loops , 9, 
and ), because three points geometrically serve 
to locate definitely their corresponding oblique 
Section of the plate , and in addition also de 
fine the oblique, hypothetical plane which 
changes its angle of obliquity. i.eace, from a 

of the curved plate . 

Any plane which inter 

2,046,28? 
practical standpoint, the shape of the Wire 3 
intermediate the points , 9, and f is of no. con 
sequence, so long as the points, 9, and lie in 
the desired oblique Section of the plate . 
The points, S, and should lie in a plane de 

termining an oblique, and not a normal section 
The reason for this may 

be made clear by pointing out the objection to 
a normal section. A normal Section, theoretically 
at least, would produce a "dead center' condi 
tion; the lineal element so positioned would re 
sist relative movement between it and the curved 
surface, the normality producing, instead of a 
force tending to produce a relative movement, a 
force tending to press the lineal element and the 
curved surface more closely together. This con 
dition would be one of instability, becauSe a slight 
disturbance or malformation in either direction 
Would initiate the motion, which might then With 
equal probability be in either direction, and hence : 
not practically utilizable. However, a definite 
obliquity in one direction, no matter how Small, 
causes the action to be direct, positive, and uni 
directional, and hence practically utilizable. 

From the above considerations, it will be seen 
that the invention comprises an element, the cur 
wature of which changes in response to tempera 
ture variations, and a second element containing 
at least three points articulated to the first ele 
ment and prevented from assuming a straight-line : 
relationship with respect to each other, the three 
points defining a plane which cuts an oblique sec 
tion on the plate except when the plate is 
itself flat. Under the latter condition the plane 
of the points may lie in a plane parallel to the 
plate. 
The practical operation of this embodiment of 

the invention may be summarized as follows: 
Since no end confinements are provided for the 
plate , in the present embodiment, its change of 
curvature from the Fig. 1 form to the Fig. 2 form 
Will be gradual, and continuous. This means 
that the tendency of the plate , as it starts from 
its Fig. 1 position, will be to straighten or flatten 
out. Since the wire 3 is journalled to the plate 
at three points determining an oblique section 

O 

40 

in the Fig. 1 position, it will undergo a rotation 
about a hypothetical axis connecting the loops 
and f, to compensate for the change of curva 

ture of the plate f. Then, as the plate passes 
from flat position to the position of reverse cur 
vature shown in Fig. 2, this rotation of the wire 3 
will continue in the same direction. This rota 
tion of the wire 3 relative to the plate will be 
seen more clearly in Figures 5, 6, and 7. Fig. 6 
also illustrates the condition of the three points 
positioned in a plane parallel to the plane of the 
sheet or plate. The rotation of the Wire f3 
causes angular movement of the wire 5, and the 
signal 7 is thus moved from one side to the 
other. No dead center condition is presented so 
long as the plane of the three points is not normal 
to the plate. s 
The embodiment of the invention thus far de 

scribed is slow-acting; that is, it has, between its 
extreme positions, an indefinite number of rela 
tively stable intermediate positions each corre 
sponding to a definite ambient temperature. It 
is useful, for example, as a thermometer, if the 
flag be replaced by a pointer, and a suitable 
scale be provided. Then, it provides for a quite 
considerable angular or rotary movement of the 
pointer for a relatively slight change of curvature 
of the plate , a feature which is desirable for 
accurate calibration. 
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2,046,187 
Fig. 8 shows how the slow-acting plate f of 

Fig. 1 may be caused to operate with a snap 
action. The difference comprises the addition of 
a supporting base 9, which has two upright ends 
2 having notches 23 therein to receive the ends 
of plate f. If the base 9 and ends 2 be suff 
ciently rigid to resist bending outwardly as the 
plate tends to straighten itself with increasing 
temperature, the plate stores its energy until 
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it has accumulated sufficient, whereupon it snaps 
or moves substantially instantaneously to its 
position of opposite curvature. Thus the flag f 
is moved instantaneously between its two extreme 
positions. It will be understood, of course, that 
the wire 3, etc., are provided in this embodiment 
in the same form and manner as in the Fig. 1 embodiment. 
The transformation of a slow-acting strip or 

plate of composite thermostatic material into a 
Snap-acting strip or plate, in the above manner, 
is treated at length in John A. Spencer Patent 
Nos. 1,602,510 and 1,813,776, and in Eli E. Greg 
ory Patent No. 1,845,998. 

In Figures 9, 10, and 11 is shown the adapta 
tion of the invention to a non-developable, dished 
therOnstatic disc 25, Which is by itself the Sub 
ject of John A. Spencer Patent No. 1448,240. The 
Wire 3 is now applied to the disc 25 in an ap 
proximately diametrical manner; that is, the 
loops and are at diametrically opposite points 
On the disc 25, but the loop 9 is displaced from 
the geometrical center of the disc a slight amount 
in order that it will not lie on the diametrical 
straight line connecting the loops and fi, thus 
again determining an oblique, rather than a nor 
mal section of the curved surface represented by 
the disc 25. The disc 25 moves, with changing 
temperature, from a curvature or dishing in one 
direction, to an opposite dishing or curvature, 
with a snap action, in accordance with the teach 
ings of Patent No. 1,448,240. In so doing, it 
rotates the wire 3 and moves the signal in 
much the same manner as the Fig. 1 embodiment. 

in all of the embodiments heretofore described, 
the plate a has been made of composite thermo 
Static material. It is not essential that this be 
So in all cases. Fig. 12, for example, illustrates 
an embodiment of the invention in which the 
plate is a monometallic resilient sheet, such as 
Spring braSS or steel. The wire 3 and signal flag 
A are mounted thereon by the loops E, 9, and 
in the same manner as in the Figures 1 and 8 
embodiments; in fact, the support 9 in the pres 
ent embodiment is the same as the support of 
the Fig. 8 embodiment. Between the support A 3 
and the central region of the plate 8 there reacts 
a U-shaped bimetallic strip 59, the strip 59 being 
attached at one end to the support and at the 
other end to the plate A. As the temperature 
rises, the U-shaped strip tends to open out; this 
it can do only by overcentering the plate to a 
position of opposite curvature. On cooling, the 
reverse action takes place, the ends of the strip 
59 tending to come together to overcenter the 
plate back to the Fig. 12 position. The motions 
of plate G are thus identical to those of a bimetal 
lic plate, and the wire 3 is thus rotated in the 
same manner as in the Fig. 8 embodiment. Thus 
it will be seen that the present invention covers 
an embodiment wherein the curvature-changing 
element is not capable of thermostatic movement 
by itself, but is activated to change its curvature 
by an outside temperature responsive element. 
Pressure responsive elements could be used equal 
ly well, or elements responsive to other changes. 

3 
The U-shaped bimetallic strip 59 is itself ex 

emplary of many temperature responsive devices 
that might be employed. For example, a gas or 
fluid-filled bulb and bellows system might replace 
the strip 59, or a rod-and-tube thermostat. 
Other thermally or pressure susceptible devices 
too numerous to mention might also be employed. 
In all of the embodiments heretofore described, 

the wire f3 has been considered as the movable, 
and the plate f the stationary element of the 
couple. In the embodiment of the invention 
shown in Figures 13 through 18, the reverse is the 
case, the wire 3 now being relatively stationary, 
and the plate relatively movable. This relation 
ship is achieved by embedding or otherwise suit 
ably holding the end of wire 5 in a stationary 
base 63, and leaving the plate free for move 
ment. The parts are otherwise the same as in 
the Fig. 1 embodiment of the invention, except 
that the signal 7 is mounted on a projection 65 
extending from the plate f. The operation of 
this embodiment is the same as that of the Fig. 1 
embodiment, with the exception that the Wire 3 
is now stationary while the plate fundergoes both 
change of curvature and rotary movement around 
a hypothetical axis passing through the loops 7 
and . The coextensive change of shape and 
rotary movement of the plate is indicated by 
the successive Sectional views, Figures 13, 14, and 
15, and the successive elevational views, Figures 
16, 17, and 18. The embodiment may obviously 
be made Snap-acting, in any of the manners here 
tofore described, if desired. 

Similarly, the various Snap-acting embodiments 
of the invention heretofore described may like 
Wise be made in accordance with the teachings of 
the Fig. 13 embodiment, by fixing the angular po 
Sition of the "rotating' wire and permitting the 
plate to undergo both the rotation and the change 
of shape about the wire. For example, the wire 
5 of the Fig. 9 embodiment may be held rigid, 

thereby forcing the disc 25 to rotate about the 
Wire 3. 

It will be noted that when a wire or bent shaft 
is used its disposition between the three points 
must be such that it will not interfere with the 
change of curvature of the plate . 

In all of the embodiments heretofore shown 
and described, the useful work of the thermostat 
has been either as a signal or, impliedly, as a 
control Such as a valve. It will be obvious that 
the relative movement characteristic of the inven 
tion may likewise be employed for the actuation 
of an electric Switch. As exemplary of this fea 
ture of the invention, Fig. 19 shows the embodi 
ment of Fig. 13 with the signal flag thereof re 
placed by a mercury switch 55 carried directly 
On the plate . Upon change of position (rota 
tion) of the plate A in response to temperature 
changes, the SWitch 55 is rotated, thereby mov 
ing the pool of mercury indicated by numeral 5 
to make and break contacts. It is obvious that 
other forms of electrical contacts may well be 
used, and that this or any other forms of elec 
trical contacts may be applied to the other em 
-bodiments of the invention. 

iMy copending application Serial No. 641,456, 
filed November 5, 1932, shows a further specific 
embodiment of the present invention wherein the 
disc 25 of the Fig. 9 embodiment of this applica 
tion is replaced by a Snap-acting. radially corru 
gated thermostatic disc of the general type shown 
in John A. Spencer Patent 1,895,590, dated Jan 
liary 31, 1933. 
In all of the embodiments of the invention, as 
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22. 
shown in the drawings, the extent of cavatire 
of the various therinostatic cements has cee. 
exaggerated relative to their size, in order xiaore 
cleariy to show the effects of the change of cAir 
wature. In practical embodiments of the is Veg 
tion, these curvatures are relatively sight. 

It is also to be noted that the thicknesses of 
the plates throughout the drawings have keen 
greatly exaggerated with respect to the sizes of 
the plates, in order to show more clearly their 
bimetallic construction, where Sci (specifically) 
is used. 

In View of the above, it will be seen 3, the 
Several objects of the invention are achieved and 
other advantageous results attained. 
As many changes could be made in carrying 

out the above constructions without departing 
from the Scope of the invention, it is intended 
that all matter contained in the above descrip 
tion or shown in the accompanying drawings shall 
be interpreted as illustrative and not in a limiting 
SeSe.. . 

claim: 
1. A thernostat comprising means the curva 

ture of which changes in response to temperature 
variations, and second means articulated to said 
first means, said second means containing three 
Spaced points determining a non-normal plane to 
the first means, said three points always rain 
taining a non-linear relationship. 

2. A thermostat comprising means, the curva 
ture of which changes in response to temperature 
variations, and Second means articulated to said 
first means, Said second means containing at least 
three Spaced points, said points determining a 
hypothetical plane which is oblique to the first 
means at certain temperatures, said three points 
never reaching a straight line position with re 
Spect to each other during changes of curvature 
of said first means, whereby, upon change of 
curvature of said first means, the angle of ob 
liquity of Said hypothetical plane changes. 

3. A thermostat comprising a plate of compos 
ite thernostatic metal, the curvature of which 
changes in response to temperature variations, 
and which at one temperature is substantially 
flat, an element of subustantially lineal form ar 
ticulated to said plate at at least three spaced 
points, said points at certain temperatures deter 
mining an oblique section of said plate, and at 
Said one temperature lying in a plane parallel to 
the plane of the plate, said three spaced points 
comprising means securely attached to said plate, 
whereby, upon changes of curvature of said plate, 
relative rotary motion is had between said plate 
and said lineal element. 

4. Athermostat as set forth in claim 2, in which 
the thermostatic plate comprises a non-develop 
able disc. - 

5. A thermostat as set forth in claim 2, in which 
the first means is relatively fixed in position, 
whereby the second means undergoes movement. 

6. A thermostat as set forth in claim 2, in 
which the second means is relatively fixed in posi 
tion, whereby the first means undergoes move 

7. A thermostat as set forth in claim 2, in 
which the means articulating the first and second 
means together permit a degree of lateral lost 
motion between said first and second means. 

2,043,38? 
8. A therinostat conprising a plate of Congos 

ite therinostatic Shaterial, an eleinent, aeans 
connecting said element to said plate at the ex 
treinities of said plate, and additional means co 
necting Said element to a central point on said 
plate, said cenitial point eing displaced frox. 8, 
norginal plane passing through the two outer 
points of contact of said element with Said plate. 

9. A thermostat comprising a plate of compos 
ite the Osiatic laterial, as element, neans co 
necting said element to said plate at the extreni 
ties of Said plate, and additional Eleans connect 
ing said element to a central point on said plate, 
Said central point being displaced from a normal 
plane passing through the two outer points of 

10 

5 

contact of said element with said plate, at least 
one of said connecting means providing for a 
limited degree of lateral lost-motion between said 
eleznent and said plate. 

10. A thernostat conprising a plate of con 
posite thernostatic material, an element, Frears 
connecting said element to said plate at the ex 
tremities of said plate, and additional means con 
necting said element to a central point on said 
piate, said central point being displaced froin a 
normal plane passing through the two outer 
points of contact of said element with said plate, 
said plate being held in a relatively fixed position, 
whereby, upon change of curvature of Said plate 
incident to variation of externai temperature, 
said element is forced to rotate. 1. A thernostat corprising a plate of coin 
posite therinostatic material, an element, means 
connecting said element to said plate at the ex 
tremities of said plate, and additional means con 
necting said element to a central point on Said 
plate, said central point being displaced from a 
normal plane passing through the two outer 
points of contact of said element with said plate, 
said element being held in a relatively fixed posi 
tion, whereby, upon change of curvature of Said 
plate incident to variation of external tempera 
ture, said plate is forced to rotate about said ele 
Inent. 12. A thermostat comprising a plate of compos 
ite thermostatic material, an element, means con 
necting said element to said plate at the extremi 
ties of said plate, and additional means connect 
ing said element to a central point on said plate, 
said central point being displaced from a normal 
plane passing through the two outer points of 
contact of said element with said plate, Said plate 

30 

35 

40 

45 

50 

being in the form of a dished disc, whereby it is 
adapted, upon change of external temperature, to 
snap into a position of opposite curvature. 

13. A thermostat comprising a plate of compos 
ite thermostatic material, an element, means 
connecting said element to said plate at the ex 
remities of said plate, and additional means con 
necting said element to a central point on Said 
plate, said central point being displaced from a 
normal plane passing through the two Outer 
points of contact of said element with said plate, 
said plate being in the form of a dished disc, 
whereby it is adapted, upon change of external 
temperature, to snap into a position of opposite 
curvature, said disc being held in a relatively fixed 
position, whereby, upon reversal of curvature of 
said disc, said element is forced to rotate. 
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