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CONDITION RESPONSIVE SWITCH DEVICE 

The present invention is generally related to switch 
devices and, more particularly, to an improved, rela 
tively simple switch device for sensing predetermined 
high temperatures, or pressure conditions. 

In the past, various switches have been provided for 
sensing temperatures and pressure conditions. Several 
conventional switches utilized mercury, or other con 
ductive liquid, which was displaced in response to pre 
determined temperature conditions, or the like, to ef 
fect switching. For the most part, these switch devices 
were comprised of extremely delicate components 
which were subject to easy damage, particularly during 
shipment. Furthermore, such switches often required 
assembly after they were shipped from the factory, 
whereby the purchaser was required to supply mercury 
and calibrate the switch. This was a source of consider 
able aggravation and often led to errors. Also, such 
conventional switches were either very limited in their 
current carrying capacities, making them unsatisfac 
tory for many applications, or required a considerable 
volume of costly mercury which‘ signi?cantly increased 
the price of the device. , 

It is an object of the present invention to provide an 
improved condition responsive switch device of com 
pact construction including a minimum number of 
parts and which may be calibrated or preset at the fac 
tory to respond to predetermined conditions in the 
?eld. 
Another object of the present invention is to provide 

a novel temperature responsive device which is of 
heavy duty construction and which is calibrated and 
sealed at the factory prior to shipment. 
A further object of the present invention is to provide 

a versatile temperature responsive switch device in 
cluding a thermally expandable conductive liquid, part 
of which is displaced through a passageway into an 
over?ow reservoir to calibrate or preset the device for 
a desired response temperature. 

Still another object of the present invention is to pro 
vide a compact, highly reliable temperature responsive 
switch which is readily adaptable for use with building 
structure ?re alarm systems, with several of the 
switches being placed at various locations throughout 
the building structure. 

It is another object of the present invention to pro 
vide a unique switch device with both a solid conductor 
and conductive liquid disposed in a capillary-like pas 
sageway to increase the current carrying capacity of 
the switch without signi?cantly increasing the total vol 
ume of conductive liquid required. 
These together with other objects and advantages 

which will become subsequently apparent reside in the 
details of construction and operation as more fully 
hereinafter described and claimed, reference being had 
to the accompanying drawings forming a part hereof, 
wherein like numerals refer to like‘ parts throughout. 
FIG. 1 is a perspective view of a ?rst embodiment 

switch device of the present invention together with a 
schematic diagram of a typical alarm circuit. 
FIG. 2 is a longitudinal sectional view of the device 

shown in FIG. 1. 
FIG. 3 is a cross-sectional view taken along section 

3-3‘ of FIG. 2. 
FIG. 4 is a cross-sectional view taken along section 

4-4 of FIG. 2. 
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2 
FIG. 5 is an exploded perspective view of the device 

shown in FIG. 1. 
FIG. 6 is a partial sectional view of the device shown 

in FIG. 2 with the conductive liquid flowing into the 
over?ow reservoir during calibration. 
FIG. 7 is a longitudinal sectional view of a second 

embodiment of the present invention. 
FIG. 8 is a cross-sectional view taken along section 

8—8 of FIG. 7. 
Referring now, more particularly, to FIG. 1 of the 

drawings, the condition responsive switch device of the 
present invention is generally indicated by the numeral 
10 and includes upper and lower end caps 12 and 14, 
preferably of conductive material and of cylindrical 
con?guration. The end caps are spaced from each 
other by a center member 16,. preferably of glass or 
other non-conductive material. Center member 16 is 
provided with an elongated liquid passageway which 
permits the flow of mercury, or other conductive liquid 
between upper and lower caps 12 and 14, under prede 
termined temperature conditions, as hereinafter ex 
plained. 
The switch device is of relatively compact construc 

tion and is adapted to detect high temperatures, such 
as those normally associated with hazardous ?re condi 
tions. Caps 12 and 14 may be appropriately connected 
to a conventional alarm circuit, such as that indicated 
at 17 including a battery or other voltage source 18 and 
an audio alarm or other indicator 20. When the switch 
device senses a predetermined temperature condition, 
it effects closure of the circuit to energize the alarm. It 
will be appreciated that several of the switch devices 
may be placed at various locations in a building struc 
ture and connected in parallel to the alarm circuit, such 
that high temperatures sensed by any one of the devices 
will effect closure of the circuit. Of course, it is not in 
tended that the device be limited to use with the circuit 
illustrated, as any appropriate alarm circuit may be uti~ 
lized dependent upon the particular application. 
Referring now, more particularly, to FIGS. 2-5, the 

structure of the switch device of the present invention 
may be seen in more detail. It will be observed that cen 
ter member or body 16 is of generally cylindrical con 
?guration with upper and lower portions 22 and 24 of 
lesser diameter than a medial spacer portion’ 26. The 
medial portion de?nes a pair of circular shoulders 28 
and 30 which are abutted by the end surfaces of the 
upper and lower caps 12 and 14. Lower cap 14 is reten 
tatively mounted to center member 16 and de?nes in 
part a reservoir which is ?lled with mercury, or other 
conductive liquid 32 which expands with an increase in 
temperature. An elongated, relatively narrow passage 

, way 30 extends between the upper and lower ends of 
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center member 16. Upon heating, the mercury expands 
and is forced up into passageway 30 through a lower 
opening 34. Preferably, the lower end of body 16 is 
provided with surfaces 36 which slope slightly up 
wardly and inwardly toward the lower opening. This 
prevents the entrapment of air or other gases in the res 
ervoir when the conductive liquid is expanded up into 
passageway 30. 
A stationary contact 38 is disposed immediately adja 

cent the upper opening of passageway 30 and is pro 
vided with a relatively small aperture 40 which is in 
general alignment with the upper opening of the pas 
sageway. Preferably, the stationary contact is of gener 
ally conical con?guration with peripheral edge portions 
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which are retentatively engaged by upper cap member 
12. The stationary contact is made of relatively thin, 
deformable material, such as copper, with the periph 
eral edge portions being bent down by the upper cap 
member during assembly. This sandwiches the periph 
eral edge portion of the stationary contact between the 
center member 26 and upper cap 12, as indicated at 42. 

It will be appreciated that the conductive liquid ex 
pands upon heating, such that when it is heated to a 
predetermined temperature, it is forced up passageway 
30 and makes contact with stationary contact 38. This 
is effective to energize an alarm or cause closure of an 
other appropriate circuit. The temperature at which 
the conductive liquid comes in contact with stationary 
contact 38 is dependent upon the coef?cient of thermal 
expansion of the conductive'liquid and the volume of 
conductive liquid which must be displaced in order that 
the conductive liquid reach the stationary contact. 
Once the reservoir has been sealed, for each tempera 
ture, there is a corresponding position for the height of 
the liquid column in passageway 30. This makes it pos 
sible to calibrate the device for circuit closure at a pre 
determined temperature. With a considerable volume 
of conductive liquid in the reservoir, sufficient heating 
will cause the liquid to be displaced through aperture 
40 of the stationary contact 38. This is best illustrated 
in FIG. 6. As the liquid is forced through the aperture, 
it tends to roll down the inclined surfaces of the station 
ary contact which is conical in shape. Thus, the in 
clined surfaces in effect de?ne an overflow reservoir. 
The over?ow mercury or other conductive liquid accu 
mulates in the form of globules, such as indicated at 46. 
When the temprature is subsequently decreased, the 
column of mercury recedes down passageway 30, leav 
ing globules 46 in the over?ow reservoir. This cali 
brates the device for switch closure at the calibration 
temperature. Thus, when the conductive liquid is again 
heated to the calibration temperature, the top of the 
liquid column will just come in contact with stationary 
contact 38 to effect circuit closure. 1 

It will be appreciated that aperture 40 is of relatively 
small dimension, preferably 5 mils in diameter. Since 
the surfaces of the stationary contact slope away from 
aperture 40, once the switch has been calibrated, it is 
impossible for the conductive liquid to return to pas 
sageway 30 under the in?uence of gravity or even mild 
shaking of the device. This is due in part to the surface 
tension of each globule of mercury which prevents the 
globule from breaking up to ?t through the aperture. 
Upper cap 12 de?nes an expansion chamber 48 

which is ?lled with air or other gas. This allows the de 
vice to be sealed from the atmosphere, but at the same 
time permits the conductive liquid to move up through 
the passageway substantially unhindered by any pres 
sure. The gas within the expansion chamber, however, 
is slightly compressed during high temperature condi 
tions and applies mild pressure against the liquid col 
umn which aids in returning the conductive liquid 
down through the passageway upon cool down after 
calibration. Preferably, a pressure of approximately 1.5 
atm. at room temperature is provided within the expan 
sion chamber. This is achieved during assembly as the 
upper cap is forced over the upper portion of center 
member 16 until it abuts shoulder 28. It will be appreci 
ated that by providing the expansion chamber in the 
upper cap, the switch device will not explode when ex 
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4 
posed to high temperatures, as is the case with many 
conventional ?re detecting devices. 
Referring now, to FIGS. 7 and 8, a second embodi 

ment of the present invention is generally indicated by 
the numeral 50 and is similar to the ?rst embodiment, 
but is provided with a liquid passageway 52 of larger 
diameter or cross-sectional area. This increases the 
current carrying capacity of the device, such that it 
may be utilized with alarm circuits drawing considera 
bly more current than those which would be utilized 
with the ?rst embodiment. Since the cross-sectional 
area of the liquid passageway is greater, the resistance 
to electrical current ?ow is signi?cantly decreased. 
However, it has been found thatsuch an increase in 
cross section requires a considerable increase in the 
volume of mercury or other conductive liquid being 
utilized. This is undesirable, since the cost of mercury 
is considerably high. In addition, there are many solid 
metals of better electrical conductivity than mercury. 
In order to increase the current carrying capacity with 
out signi?cantly increasing the cost of the device, an 
elongated, solid conductor 54, preferably of copper, is 
inserted into the device during assembly. The solid con 
ductor extends at least partially into passageway 52 and 
is of a diameter or transverse dimension less than that 
of the passageway, such that it is substantially sur 
rounded by a layer of mercury and is free to move 
within the con?nes of the passageway. When circuit 
closure is effected, current is caused to flow through 
both the conductive liquid and the solid conductor. 
Since the cross-sectional area is greater and the resis 
tivity of the copper conductor is signi?cantly less than 
mercury, the second embodiment provides much 
greater current carrying capacity. Preferably, the solid 
conductor is of a lesser speci?c gravity than the con 
ductive liquid, such that it tends to ?oat in the liquid 
and move up the passageway as the temperature is in 
creased. It will be appreciated that this provides a 
unique means of increasing the current carrying capac 
ity of the switch device, without increasing the total 
volume of mercury required. In some cases the volume 
of mercury may be less than that of the ?rst embodi 
ment, depending upon the relative dimensions of the 
solid conductor and the passageway. ' ' 

From the foregoing descriptions, it will be appreci 
ated that the condition responsive switch device of the 
present invention provides a compact, relatively sim 
ple, yet highly versatile means of sensing predeter 
mined temperature conditions. The manner in which 
the upper end of the center member is contoured pro 
vides an over?ow reservoir for easy calibration of the 
device. By merely heating the device to the desired 
temperature, it is automatically calibrated. The 
switches may be accuratelycalibrated in large numbers 
by merely placing in a temperature controlled oven, or 
otherwise exposing them to the desired temperature. 
Preferably, the device is only 1.025 inches in length 
and 0.375 inch in diameter, providing an extremely 
compact structure which may be mounted in almost 
any location in a building for connection to a ?re detec 
tion alarm system. Of course, it is not intended that the 
invention be limited to the embodiments illustrated. 
The center member need not be made of glass or other 
insulating material, so long as it is insulated from the 
stationary contact and upper cap. Furthermore, the 
upper and lower caps need not necessarily be conduc 
tive, as other appropriate means of completing the cir 
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cuit through the liquid reservoir and stationary contact 
may be provided. Also, the stationary contact need not 
be conical in con?guration, so long as it is disposed ad 
jacent the upper opening of the liquid passageway, and 
the upper end of the center member is of appropriate 
con?guration to de?ne an over?ow reservoir for cali 
bration purposes. It should also be noted that the pres 
ent invention is not limited to use solely as a tempera 
.ture responsive device. It is possible to connect the 
mercury reservoir in communication with conventional 
pressure bellows, diaphragms or the like to effect dis 
placement of the mercury in response to predeter 
mined pressure conditions. 
The foregoing is considered as illustrative only of the 

principles of the invention. Further, since numerous 
modi?cations and changes will readily occur to those 
skilled in the art, it is not desired to limit the invention 
to the exact construction and operation shown and de 
scribed, and accordingly all suitable modi?cations and 
equivalents may be resorted to, falling within the scope 
of the invention. 
What is claimed as new is as follows: 
1. A temperature responsive switch device, said de 

vice comprising a center member of non-conductive 
material with an upper end and a lower end, a ?uid pas 
sageway extending through said center member be 
tween said upper and lower ends and terminating at 
upper and lower openings, respectively, a reservoir of 
conductive liquid beneath said non-conductive mem 
ber and expandable into said ?uid passageway through 
said lower opening under predetermined temperature 
conditions, a lower conductive terminal electrically 
connected to said reservoir of conductive liquid, a sta 
tionary contact adjacent said upper opening and nor 
mally spaced from said conductive liquid, said station 
ary contact being contacted by said conductive liquid 
when the liquid is at a temperature greater than a pre 
determined limit, and over?ow reservoir means sur 
rounding said upper opening for draining said liquid 
away from said upper opening when said liquid is 
passed through said upper opening, whereby said de 
vice may be calibrated to complete a circuit at said pre 
determined temperature limit, said reservoir means 
being de?ned by surfaces adjacent said upper opening 
and sloping downwardly therefrom, said stationary 
contact being generally conical in con?guration and 
overlies said upper end of said center member to de?ne 
said sloped surfaces, said conical stationary contact in 
cluding an aperture therein in general alignment with 
said upper opening to allow the passage of liquid there 
through. 

2. The device set forth in claim 1 together with an 
upper conductive cap mounted to said center member 
at its upper end and retentatively engaging the periph 
eral edge portions of said conical stationary contact to 
hold it in place. 

3. The device set forth in claim 2 wherein said upper 
conductive cap de?nes. a sealed expansion chamber 
overlying said upper opening to permit the uninhibited 
flow of said liquid through said passageway. 

4. A condition responsive switch device. comprising 
a non-conductive body having a fluid passageway ex 
tending therethrough between opposite longitudinal 
ends, conductive reservoir means extending from one 
of the ends of the body for enclosing a conductive ?uid 
expansible into the ?uid passageway, a conductive 
housing non-conductively spaced from the reservoir 
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means enclosing a ?uid over?ow space adjacent the 
other end of the ‘non-conductive body, contact means 
mounted directly on said other end of the body in en’ 
gagement with the conductive housing for contact by 
the conductive ?uid in the ?uid passageway and one 
way passage means in the contact means for conduct 
ing ?uid in one direction only from the passageway to 
the over?ow space, to enable calibration of the switch 
device. 

5. The combination of claim 4 wherein said body in 
cludes an intermediate spacer portion non 
conductively spacing the reservoir means and the hous 
ing from each other. 

6. The combination of claim 4 wherein said contact 
means comprises a conical element having an apex at 
which said one-way passage means is located. 

7. The combination of claim 6 wherein said body in 
cludes an intermediate spacer portion non 
conductively spacing the reservoir means and the hous 
ing from each other. 

8. A condition responsive switch device comprising 
a center member with upper and lower ends, a passage 
way extending through said center member between 
upper and lower openings at said upper and lower ends 
respectively, a stationary contact adjacent said upper 
opening, a reservoir of conductive liquid at the lower 
end of said center member, said conductive liquid de 
?ning a movable contact which is displaceable through 
said passageway for contact with said stationary 
contact under predetermined conditions, and solid 
conductor means in said conductive liquid and extend 
ing longitudinally into said passageway along a substan 
tial length thereof to provide a relatively low electrical 

' resistance path through said passageway. 
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9. The combination of claim 10 including a lower 
conductive terminal electrically connected to said res 
ervoir of conductive liquid, and over?ow reservoir 
means surrounding said upper opening for draining said 
liquid away from said upper opening when said liquid 
is passed through said upper opening. I 

10. The device set forth in claim 9 wherein said solid 
conductor means is of a speci?c gravity less than that 
of said conductive liquid, such that said solid conductor 
means ?oats in said conductive liquid. 

11. The structure set forth in claim 8 wherein said 
solid conductor means is movable relative to said pas 
sageway. 

12. The structure set forth in claim 11 wherein said 
solid conductor means is of a speci?c gravity less than 
that of said conductive liquid. 

13. The structure set forth in claim 8 wherein said de 
vice includes a lower cap mounted to the lower end of 
said center member which together with said lower end 
de?nes said reservoir. 

14. The structure set forth in claim 13 wherein said 
device includes an upper cap mounted to the upper end 
of said center member and in sealing engagement 
therewith, said upper cap together with the upper end 
of said center member de?ning chamber means for per 
mitting the uninhibited movement of said conductive 
liquid up said passageway. 

15. The structure set forth in claim 14 wherein said 
solid conductor means is movable relative to said pas 
sageway. ' 

16. The structure set forth in claim 15 wherein said 
solid conductor means is of a speci?c gravity less than 
that of said conductive liquid. 
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