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1. 
My invention relates to electric Switching de 

vices and, more particularly, to switching devices 
which are responsive to temperature changes, 
either increases or decreases, without regard to 
the exact temperature at which such changes 
OCCU. . 
Switching devices of the type mentioned are 

frequently employed in control apparatus for oil 
burning furnaces and the like to indicate whether 
or not combustion is established therein. In such 
a Switch a "slip-clutch' action is generally em 
ployed. For example, the switch may be actuated 
in response to a relatively small initial increase 
in temperature. Following actuation, the switch 
remains in the actuated condition during con 
tinuing temperature increases and at steady 
state temperatures established during or follow 
ing the increase. Subsequently, at an increased 
temperature the Switch may be actuated in the 
reverse direction in response to a relatively small 
initial decrease in temperature. Following actu 
ation of the Switch the temperature may con 
tinue to be decreased without further action of 
the SWitch. 
One means whereby such slip-clutch action has 

been obtained heretofore is by the use of a slip 
ping mechanical device. In such a device an ac 
tuating force from a bimetallic element or the like 
is transmitted through a frictional clutch to a 
switching element which requires relatively little 
force for the actuation thereof. In response to a 
relatively small change in temperature in one 
direction, as for example an increase, actuation 
of the switch is effected, following which the 
Switching element is mechanically stopped from . 

Additional actuating force further motion. 
which may be provided by further change in 
temperature of the actuating element is spent 
in slipping the clutch without moving the Switch 
element. However, should the temperature 
change slightly in the reverse direction the 
Switch element is immediately actuated in the 
opposite direction following which slipping of 
the clutch again occurs. 

It is a principal object of the present inven 
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tion to provide a new and improved switching 
device which is responsive to relatively small 
changes in temperature and in which an Over 
travel action similar to such slip-clutch action is 
included. 50 
In practising my invention I utilize an expand 

ing gas as a temperature-sensing element, act 
ing upon a conducting liquid, Such as mercury, 
in a sealed system of chambers. The liquid is 
transferred, in response to changing gas pres 
sure, from an initial position to a final position, 

2 
in which positions fixed electrodes are contacted 
in various combinations by the liquid to effect 
switching operations. Slip-clutch or overtravel 
action is obtained by effecting transfer of the 
liquid in response to a relatively Small initial 
change in gas pressure, following which further 
change in gas pressure in the same direction 
results only in bubbling of the gas through the 
liquid. However, a change in gas pressure in the 
opposite direction immediately results in a trans 
fer of the liquid to its original position. With Sub 
sequent bubbling resulting from further change 
in gas temperature and pressure. 
My invention will be better understood from 

a consideration of the following description taken 
in connection with the figures of the accompany 
ing drawing, and its scope will be pointed out in 
the appended claim. In the drawing, Fig. 1 is 
a cross-section of a switching device embodying 
my invention; Fig. 2 shows the device of Fig. 1 
following actuation due to an increase of ten 
perature; and Fig. 3 is a cross-section of a modi 
fication of the arrangement Shown in Fig. 1. 

Referring now to Fig. 1, there is shown a 
switching device comprising principally a 
temperature sensing element 2, a switching ele 
ment 3 and a capillary tube 4 interconnecting 
elements 2 and 3. Temperature-sensing element 
2 may conveniently be a metal bulb of a type 
commonly used in thermostatic apparatus. Bulb 
2 is completely sealed except for a gas-tight con 
nection 5 to capillary tube 4. Tube 4, which 
may likewise be metal, may be relatively long to 
permit remote location of sensing bulb 2 relative 
to switching element 3. Switching element 3 is 
provided with a housing 6 which is a generally 
U-shaped member having end portions or legs 
T and 8 forming the side members of the U, 
and an intermediate bight portion 9 connecting 
end portions 7 and 8 and forming the lower 
portion of the U. 
A plurality of switching electrodes to, fi and 

2 are positioned at predetermined points in 
housing 6. More particularly, electrodes to and 
2 are positioned in legs 7 and 8 in the vicinity 

of their junctions with bight portion 9, while 
electrode is positioned at the lower extremity 
of bight 9. In this arrangement of electrodes 
0, and 2, a single-pole, double-throw Switch 

is provided, electrode being the common elec 
trode. It is, of course, necessary for electrodes 
0, and 2 to be insulated from one another. 

In case housing 6 is made of metal, therefore, 
it is necessary for electrodes O and f2 to be 
insulated from housing 6 by the use of suitable 
insulating bushings. However, housing 6 may 
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conveniently be made of glass, which has the 
advantage of permitting the internal conditions 
of Switch element 3 to be viewed. In Fig. 1 
housing 6 is shown as made of glass or other 
insulating material and accordingly no insulating 
bushings are shown. 

Capillary tube 4 is inserted in the outer or free 
extremity of end portion 7 and is fixed thereto 
at a gas-tight joint, 3. The free or outer ex 
tremity of end portion 8 is provided with a bulb 
like portion 4 having a predetermined volume 
and integrally formed with end portion 8. A pre 
determined quantity of a conducting liquid 5, 
preferably mercury, is placed in the lower or . 
bight portion 9 of housing 6. The volume of 
the liquid is such that when the liquid surface 
in either end leg 1 or 8 is at the level of the 
top Wall 6 of the bight 9, the other leg is only 
partially filled with liquid. The volume of liquid 
required. is such that when liquid f 5 stands at 
equal levels. in legs. 8 and 7 of housing 6, con 
tact is not made with electrodes to and 2. How 
ever, under this condition the level of liquid stands 
appreciably above the top wall 6 of bight por 
tion 9 between legs and 8. A porous filter 
plug. 7, which may be made of a ceramic ma 
terial, is positioned in end portion 7 between the 
end of capillary tube 4 and electrode and is 
preferably fixed to the inner surface of end por 
tion ...Plug. 7 is not essential to the opera 
ition of the Switch but may be included if desired 
to prevent liquid 5 from entering capillary tube 
4. and bulb. 2 when the apparatus is inverted, as for example, during shipment. 
... Bulb. 2, tube 4 and the space in housing G not 
otherwise occupied are charged with a gas, 8 
which is inert relative to the liquid and the vari 
ous materials employed in constructing the ele 
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column 9' equals the pressure in bulb 2. 
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ments of the switch. The pressure of gas. (8 
under charging conditions may conveniently be 
approximately one atmosphere since such a pres 
Sure is readily obtainable. Following charging of 
the switch, the entire switching device is sealed 
to prevent escape of the gas when the pressure 
thereof is increased due to heating. 

In operation, liquid. 5 is first made to assume 
the position shown in Fig. 1 wherein a column 
9.of liquid. 5 is established in leg 7 causing con 
tact of liquid. 5 with electrode 0. Column. 9 
is established by tilting switch element 3 in the 
direction of leg 7. In the tilted position liquid 
15 provides a seal between the portion of gas, 8a. 
in the Space enclosed by bulb. 2, tube 4 and leg 
, and the portion of gas 8b in the space en 

closed by leg 8 and bulb 4. For convenience 
these spaces are referred to hereinafter as bulbs 
2. and 14, respectively. When element 6 is re 
turned to the upright position liquid 5 moves to 
the-position shown in Fig. 1 causing a slight re 
duction in the pressure of gas 8a and an in 
crease in the pressure of gas 8b, the difference 
in these pressures being sufficient to maintain 
eolumn 9. 

'AS, bulb. 2 is heated gas 8a therein expands 
through capillary tube 4 and filter plug i and 
forces liquid 5 from the position shown in Fig. 
to the position shown in Fig. 2. It will be seen 
that... the position of Fig. 2 is Substantially re 
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versed from the position of Fig. 1 and a column . 
is exists in leg 8. When the transfer of liquid 
tS. occurs, contact thereof with electrode is 
brokeri and contact with electrode 2 is estab 
lished. Thus a conducting path between elec 

70 

trades 0 and f f is interrupted and a conduct 
is pathis established between electrodes and 5 

4. 
2 or, in other Words, Switching action. Occurs. 
As the temperature of bulb 2 and gas Sa is in 
creased, further expansion of gas 8d, occurs. 
However, the only effect of such expansion is 
to cause bubbles 2 of gas 8a to paSS through 
liquid 5 and to be added to gas 8b in bulb 4. 
No further actuation of switch element 3 may 
occur under such conditions. 
When the temperature of bulb 2 ceases to rise, 

steady-state conditions are achieved and no fur 
ther transfer of gas from bulb 2 to bulb 4 occurs. 
Liquid 5 thus remains in the position shown in 
Fig. 2 and the Switch remains in the actuated 
condition shown therein. Under this condition 
the pressure provided by the gas in buib 
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gardless of the final temperature of bulb. 2 and 
the gas 8a, therein, when gas 8a, is cooled a 
relatively few degrees contraction thereof occurs, 
with accompanying reduced pressure, and liquid 
5 is transferred to its original position as shown 

in Fig. 1. Further reduction of temperature of 
the gas in bulb. 2 results in bubbling of the gas 
through liquid 5 without further effect on the 
position of liquid 5. Depending on their direc 
tion, changes in the temperature of bulb 4 and 
gas 8b may assist or oppose normal actuation of 
the switch in response to temperature changes of 
bulb 2, as described. It is desirable, therefore, in 
the operation of the switch, that the temperature 
of bulb. 4 remain substantially constant to pre 
went Spurious actuation of the SWitch, 

It will be seen that an overtravel or slip-clutch 
action is provided by switch element 3. Liquid 5 
may be transferred in either direction by a rela 
tively small change in the temperature of gas 8a, 
in bulb 2 but further change of temperature in 
the same direction results in “slipping' which is 
in the form of bubbling of gas 8 through liquid 
5 without effect on the position of the latter. 
To effect actuation of the switch in response to a 
relatively small change or differential in temper 
ature it is desirable that the volume of bulb 2 be 
relatively large with respect to the total volume 
of the space containing gas 8a, this space com 
prising bulb 2, tube 6 and leg 7. Thus the volumes 
of tube 4 and leg 7 are preferably made small 
relative to the volume of bulb 2. The volume of 
the space enclosed by leg 8 and bulb is is prefer 
ably approximately one-half of the volume of 
bulb 2. The exact proportions of the various ele 
ments of the switch may readily be determined 
in actual practice to obtain desired operating 
characteristics. . 

Attention is now directed to Fig. 3 in which 
there is shown a modification of the embodiment 
of my invention previously described. There is 
shown a switching device i? provided with a tem 
perature-Sensing bulb. 2' and a capillary tube. A 
Which are generally similar to corresponding ele 
ments in Fig. 1. Housing 6 of switching element 
3, however, differs in construction from housing 
6 of Switch element 3 in Fig. 1. Housing 6 is a 
generally U-shaped member provided with a pair 
of Wertically disposed end portions or legs and 
8 having gas chambers therein and a bight por 
tion.9'. The latter comprises a relatively heavy 
Walled capillary tube 2 i interconnecting the 
chambers in legs and 8'. Bight portion 9' ter. 
minates in generally tapered extremities. 22, the 
larger portions of which are sealed at gas-tight 
joints 23 to legs and 3’. The reduced portions 
2 of tapered extrenities. 22 extend into the 
chambers in legs and 8 as shown in Fig. 3. 
Thus the extremities 25 of capillary tube 2 are 
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positioned above joints 23, thereby providing res 
ervoir spaces 26 between tapered portions 24 and 
the inner surfaces of legs and 8', respectively. 
As in the device previously described a pre 

determined quantity of a conducting liquid 5, 
preferably mercury, is introduced in housing 6', 
and the space in the system not otherwise cc 
cupied is charged with an inert gas 3'. Capil 
lary tube 4' preferably extends a substantial dis 
tance into leg to minimize the possibility of 
liquid 5' entering capillary tube 4' and bulb 2' 
When switch f' is inverted. The portion of gaS 
fa' in bulb 2', tube A' and leg i is designated as 
8d', while the portion of gas in leg 8' is des 

ignated as 8t'. Housing 3' is again shown as 
being niade of an insulating material Such as 
glass, and accordingly insulating bushings are 
not employed in connection with the switch elec 
trodes. A pair of electrodes ' and 2' are posi 
ioned in legs i' and 3' respectively as in Fig. 1. 
However, in the arrangement of Fig. 3 a pair of 
electrodes 2 and 28, rather than a single elec 
trode, such as electrode , are provided to act 
cooperatively with electrodes ' and 2', respec 
tively. Electrodes 3 and 28 are positioned in 
legs i' and 3' so as to extend into reservoirs 23 
and are provided with a common connection 23. 
It will be seen that regardleSS of the position of 
liquid 5', that is, whether the bulk of liquid 5' 
is in leg 7" or leg 8", portions of liquid 5' re 
main permanently in reservoirs 26 since the sole 
outlets of legs and 8' are through extremities 
25 of capillary tube 2: Which are at the upper 
levels of reservoirs 26. Thus electrodes 2 and 28 
are in continuous contact with the portions of 
liquid 5’ in reservoirs 26. 
Operation of Switch f is generally similar to 

the operation of Switch in that liquid 5' is 
forced in response to pressure changes in gas 8a' 
through capillary tube 2 between legs and 8. 
When liquid 5' is in leg as shown in Fig. 3 a. 
conducting path is formed between electrodes O' 
and 2 thus completing the circuit therebetween. 
Under this condition the circuit between elec 
trodes 2' and 28 is open. When, on the other 
hand, liquid 5 is transferred to leg 8' the reverse 
is true and a circuit is completed between elec 
trodes 2' and 28 and the circuit between elec 
trodes O' and 27 is open. 
The arrangement of Fig. 3 which makes use of 

a capillary tube 2 to interconnect legs and 8" 
is particularly useful to prevent surging of liquid 
5' due to relatively rapid changes in the pres 

sure of gas 6d'. In general liquid 5' is forced 
completely out of tube 2, as shown in Fig. 3. Re 
gardless of the rate of change of pressure, tube 2 
acts as a dampening medium to enable gas 8' to 
pass through liquid 5' without undue agitation 
and violence. While the Volume of the chamber 
containing gas f8b' is shown as comprising only 
leg 8 without a bulb portion similar to bulb f4 
in Fig. 1 at the extremity thereof, it will be ob 
vious that it is only necessary to provide the de 
sired volume therein and that the particular con 
figuration employed in the Construction of hous 
ing 6 is principally a matter of convenience. It 
will be further obvious that by sealing the end of 
leg 7" and by suitably increasing the volume 
thereof, leg 7 may be employed as the tempera 
ture-sensing element of SWitch ' without the use 
of bulb 2' and tube 4. In this case it is neces 
Sary to provide thermal insulation between legs 
7' and 8', as by lengthening intermediate portion 
8' and capillary tube 2, to permit changes in the 
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6 
temperature of leg without appreciably affect 
ing the temperature of leg 8'. 
While I have shown and described a preferred 

embodiment of my invention, it will be understood 
that my invention may well take other forms and 
I, therefore, aim in the appended claim to cover 
all such changes and modifications as fall within 
the true spirit and Scope of the invention. 
What I claim as neW and desire to Secure by 

Letters Patent of the United States is: 
An electitic SWitch responsive to temperature 

changes comprising, a U-shaped housing posi 
tioned with the leg portions thereof vertically dis 
posed and with its bight portion at the bottom, a 
pair of gas chambers forming parts respectively 
of said leg portions, a capillary conduit in the 
Said bight portion interconnecting said cham 
bers, a pair of reservoirs Within said chambers 
fortning respectively portions thereof With each 
reservoir located adjacent the connestion between 
Said conduit, and the chamber in Which it is lo 
cated, a quantity of electrically conductive liquid 
only partially filling said housing but of sufficient 
volume to more than fill both said reservoirs, an 
inert gas filling said housing above Said liquid, a. 
pair of electrodes extending through said housing 
respectively into said reservoirs, a second pair 
of electrodes extending through said housing 
above said reservoirs respectively in said two 
chambers, whereby an upper and a lower elec 
trode are provided in each chamber, a predeter 
mined increase in the pressure of the gas in a 
first of said chambers relative to the pressure of 
the gas in the second chamber produced by a 
change in the temperature of the gas in one of 
Said chambers causing said liquid to flow through 
Said capillary conduit from said first chamber to 
Said second chamber whereby to raise the level 
of the liquid in said second chamber sufficiently 
to produce an electrical connection through said 
liquid between the upper and lower electrodes in 
Said second chamber, and a predetermined in 
Verse change in said relative pressure produced 
by an oppositely effective temperature change 
causing Said liquid to flow from said second cham 
ber to said first chamber whereby to raise the 
liquid level in said first chamber sufficiently to 
produce an electrical connection through said 
liquid between the electrodes in said first cham 
ber, said chambers and the reservoirs therein be 
ing so constructed and arranged that all of the 
liquid in one chamber except that remaining in 
the reservoir may flow through said conduit from 
Said. One chamber to the other chamber and that 
upon. Such an occurrence gas flows from Said one 
chamber through said conduit to the other cham 
ber until the gas pressure in said one chamber 
is Substantially equal to the gas pressure plus 
liquid head pressure in said other chamber. 

JOHN L, SLONNEGER. 
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