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1. 

This invention relates to a new and improved 
heat responsive actuating device and more par 
ticularly to an electric Switch in which Said actu 
atting device is incorporated for the purpose of 
opening and closing said switch under the in 
fluence of varying conditions of applied heat. 
The actuating device is designed to impart sub 

Stantial amounts of movement upon heat varia 
tion with the movement following promptly upon 
Such heat variation. The Source of heat to which 
the device may be responsive for operation may 
be that emanating from light rays which are 
absorbed by a portion of the device to trans 
mute the energy carried by the rays into heat, or 
from local heating coils or the like or by a com 
bination of these or other means. 
The structure of my present invention consti 

tutes an improvement over the operating struc 
tures shown in my prior Patents Numbers 
2,149,853 of March 7, 1939; 2,159,392 of May 23, 
1939; 2,162,098 of June 13, 1939, and 2,325,785 of 
August 3, 1943. 

Heretofore, as disclosed in the above men 
tioned patents, bi-metallic coils or strips have 
Served as the heat responsive actuating elements 
of generally similar devices and, with such means, 
it was necessary to provide means to compensate 
for ambient temperature changes. This is par 
ticularly true in view of certain of the specific 
uses for which the devices are designed and in 
tended. For example, in certain uses, the de 
Vices may be aSSociated with oil burners and With 
fire boxes heated by such burners where the am 
bient temperature may be much higher with the 
burner operating than after sustained periods 
With the burner out of operation. The device is 
not designed to operate upon such gradual 
changes in ambient temperature but to operate 
rapidly upon quick changes such, for example, 
as the change in heat energy derived from the 
light rays of a burner flame, which heat energy 
changes instantly when the flame is ignited or 
goes out. Another application, for example, is 
where the device is used to operate a signal or 
various combustion control means upon indi 
cations of Smoke density. Here, light may be di 
rected from a light source across a flue through 
which the products of combustion pass and rapid 
control is desired upon changes in smoke densi 
ties independently of stack temperatures. Such 
Stack temperatures may modify widely the am 
bient temperatures at the location of the device 
of the present invention. Further, it has been 
found as a practical matter in striving for sen 
sitivity of response, which involves substantial 
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travel of a moving member upon relatively small 
temperature changes, that bi-metallic members 
aSSumed proportions detrimental to stability and 
permanence of Operating adjustments. While 
Successful devices of the bi-metallic type, foll 
lowing the teachings of the above mentioned 
patents, have been produced and used, the need 
for more rugged structures and the desire for 
the elimination of ambient temperature compen 
sation, both from the standpoint of simplifying 
the structures as well as eliminating the effect 
of Such means during the process of manufacture 
and adjustment of the device for service, has 
been evident. Also, greater sensitivity in the 
time of response of the heat responsive element 
to the presence and absence of heat has been 
desired than has been attainable in structures 
employing bi-metal, such speed of operation 
being desirable in mechanical devices to enable 
their use for certain control purposes now pre 
cluding the use of the slow acting mechanical 
type of devices at present available. 

In its preferred form, the operating structure 
will be formed of metal characterized by a high 
temperature coefficient of expansion and low 
thermal conductivity, both of which properties 
contribute towards meeting the desired objec 
tives. One commercial alloy having these char 
acteristics is Chace No. 772 manganese base 
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alloy, but it will be understood that the present 
invention does not reside in the specific metal 
and that any Suitable material may be used. 
In utilizing light to actuate the present mecha 

nism, the device operates on the basic principle 
that light waves can be transmuted into heat and 
this heat is utilized in the present invention to 
cause movement of the acutated member, which 
may take the form of a movable switch contact. 
The Switch contact will be opened or closed in 
response to the presence or absence of light 
which may be focused on the heat responsive ele 
ment of the mechanism. An electric switch so 
actuated has utility, for example, in serving to 
indicate Smoke conditions arising from improper 
combustion within a furnace. Another example 
of its use is an en element in the safety controls 
employed in Systems for control of fluid fuel 
burners. In the latter use, this switch construc 
tion may provide both a starting circuit and a 
maintaining circuit, the latter being held closed 
by the presence of light resulting from apparatus 
Such, for example, as a fuel burner, which is 
capable of producing a source of light rays upon 
closure of the Switch contact for the starting cir 
cuit. A Switch of this type finds its specific use 
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in conjunction with control apparatus for con 
trol of fluid burners as disclosed in my copend 
ing application Serial No. 130, 896 filed December 
3, 1949, entitled Fuel Burner Control. 
As previously stated, this switch may also find 

use in connection with the control of combus 
tion based on variations in smoke density, the 
SWitch being actuated by abnormal Smoke con. 
ditions. To render the device useful in soile 
applications of Smoke control, it may be desirable 
that the SWitch be sensitive to quite shall changes 
in the amount of light so that the presence of 
Small amounts of Smoke or of Small waiiations 
in Smoke density may be sufficient to interrupt 
Or decrease the light rays enough to effect an 
opening of the Switch circuit. Since the amount 
Of heat energy needed to inaintain the SWitch. 
closed after it has once been closed may be much 
less than that needed to close it initially, the 
adjustment of the light to effect sensitivity in 
response to its absence when cut-off by Snoke 
may be Such that transinuted light will be in 
Sufficient in the absence of Smoke to cause a 
closure of an open circuit switch. With a sep 
airate heater forning a part of the Switch struc 
ture, this heater may be energized by closure of 
a circuit therethrough from soline remote point, 
after which the light, as adjusted for sensitivity, 
Will be sufficient to hold it closed. It is to his 
appreciated that where the device includes Ener 
cury as a contact element, the mercury tends to 
cling to the contact, as that is moved away so 
that, having closed the circuit, the actuating ele 
ment need not be heated as much to maintain 
the circuit closed. 

It is an object of the present invention to pro 
vide a new and improved highly sensitive heat 
responsive device requiring no operating or mov 
ing elements for the purpose of compensation 
for ambient temperature Variation. 

It is a further object to provide a device of this 
character Sufficiently rugged to Withstand ap 
normal handling and to retain adjustments made 
at the time of assembly. 

It is an additional object to provide a novel 
operating structure serving to multiply to a high 
degree the movement of an end of an expandable 
member for effecting the movement of an oper 
atting member whereby the structure may be 
relatively small in size and yet provide the neces 
sary amplitude of operating movement for its 
contemplated use. 

It is also an object to provide a device adapted 
to serve as the operating mechanism of an en 
closed electric Switch which may be responsive 
to heat energy emanating from light rays to 
open or close an electric circuit. 

It is another object of the present invention 
to provide, in a light actuated switch structure 
of this character, a second and local source of 
heat for the heat responsive member, such source 
comprising an electrical resistance heater which, 
when energized, will effect an operating move 
ment of the SWitch contact. Such Secondary 
heat Source may be de-energized by means ex 
ternal to the present device upon predetermined 
conditions and the SWitch thereafter retained in 
the position to which the heat has moved it, by 
means of heat derived from light directed upon 
the Switch actuating means, 

It is also an object to provide a device Which 
is comparatively simple in design and construc 
tion and adapted for commercial production and 
Se. 
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4. 
Other and further objects will appear as the 

description proceeds. 
I have shown certain preferred embodiments 

of my invention in the accompanying drawings, 
in Which 

Figure 1 is a vertical view, partly in section, 
showing one form of construction of a two wire 
Switch; 

Figure 2 is a view similar to Figure 1 but show 
ing a modified form of construction including 
a three Wire Switch having an externally ener 
gized heating element; 

Figure 3 is a plan view of the construction of 
Figure 2; 

Figure 4 is a horizontal Section showing the 
construction of Figure 2. On an enlarged scale: 
and 

Figure 5 is an enlarged perspective view, partly 
broken away, showing the actuating members 
used in both forms of the switch construction. 

Referring first to the form of construction 
shown in Figure 1, the SWitch is enclosed in an 
evacuated bulb having the usual exhausting 
and filling tube 2. The Switch eleinents are 
supported on a pair of lead-in wires 4 and 6. 
In the manufacture of the device, after closing 
the bulb, it is exhausted and an inert gas and 
mercury are inserted after which the filling tube 
2 is closed off. The mercury, as shown at , 

is normally trapped as a globule in a depression 
8 formed in the lower end of the bulb f. The 
stationary contact member 20 is secured, as by 
welding, to the lead-in wire 4, this contact 2) 
being offset laterally to provide room for the 
remaining Switch elements while having its lower 
end 22 extend into the globule of mercury , 
The lead-in Wire 6 has secured thereto the Sup 
porting wire 24 which is welded to a transverse 
end member 25, this member forming a part of 
an elongated, rigid supporting structure Which 
includes side wall members 26 and an opposite 
end member 28. 
As best shown in Figure 5, the side Wall men 

ber 26 is U-shaped, extending around on both 
sides of the end supporting members 25 and 28 
and being provided with stiffening corrugations 
30. The support wire 32 is welded to the men 
ber 25 and carries the insulating bead 33 at its 
lower end. The capillary tube 35 is Supported 
by wire 36 from the insulating bead 33 and is 
insulated by that bead from the remaining struc 
ture. The capillary tube 35 extends into the 
globule of mercury T, and the tube is provided 
with a lateral opening 38 through Which the 
movable contact 39 may engage the mercury. 
The heat expandable member 4 has its lower 

end positively secured to the lower end member 
23 of the supporting structure. The main body 
of this expandable member 4 is curved in cross 
section, as clearly shown in Figure 5, this curva 
ture serving not only to stiffen the member but, 
also, to provide increased area for heat absorp 
tion. The upper end 43 of the expandable men 
ber 4 is flat and is located closely adjacent the 
flexible blade 45. This blade 45 has its lower 
end positively secured, as by welding, to the upper 
end member 25 of the supporting structure. The 
upper free ends of the flat upper portion 43 of 
the expandable member 4 and of the blade 45 
are welded together. The actuated member 46 
is also Welded to the upper end of portion 43 of 
the expandable member 4. . In the form shown, 
this member 46 extends downwardly and its 
lower end carries the movable contact 39. It is 
to be noted that the upper end 43 of the ex 
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pandable member 4 and the blade 45 are shown 
in Figure 5 with the member 4 in an expanded 
state. The position taken by the movable con 
tact; 39 when member 4 is not expanded is ShoWn 
in broken lines. 
The form of construction shown in Figures 2, 

3 and 4 contains all of the elementS Which have 
been described as present in Figure 1 and, in 
addition, contains a separate circuit connected 
to a third lead-in wire. The specific construc 
tion shown includes a, button type base 50 ha V 
ing the lead-in wires 5, 52 and 53 passing 
through thickened portions of the base. The 
lead-in wire 5 supports the fixed contact men 
ber 55 which is similar to the member 2 of 
Figure i. The lead-in wire 52 supports an inte 
rior Wire 5. Similar to the Wire 25 of Figure 1, 
but the wire 57 has a secondary Support Wire 
59 welded thereto, this wire 59 Supporting an 
insulating bead 60. The insulating bead 69 is 
also Secured to the third lead-in Wire 53 which 
protrudes below it. From this end of wire 53, a 
resistance heating element 6 is connected in 
series with the Wire 57 by being welded to the 
latter wire at 65. 
The tubular glass envelope 6 of the form of 

construction of Figures 2, 3 and 4 is provided Wit 
an external mirrored surface 69 which, as best 
shown in Figure 4, is designed to reflect rays of 
light against the arcuate or rounded Surface of 
the expandable member 4 at the focal point. 
In the form of construction shown in Figure 1, 
the mirror is not used, the light inpinging di 
rectly on the member f, as indicated by the 
arrows in Figure 1. If desired in this form, a 
cylindrical or spherical lens may be interposed 
between the Source of light and the glass enve 
lope to focus the light rays upon the expandable 
member. While the particular form of construc 
tion of the base and enclosing bulb forms no 
part of the present invention, it has been found 
that the button type base shown in Figure 2 
affords a finished Switch shorter in length and 
more adaptable to compact installation than that 
type of construction shown in Figure 1. 
The Various elements of the Supporting Struc 

ture, including the end members 25 and 28 and 
the intermediate connecting U-shaped member 
26, are formed of a metal or alloy having a high 
temperature coefficient of expansion and pref 
erably a low degree of heat transfer. The use 
of a metal having a high coefficient of expansion 
nakes it possible to produce an operative de 
vice with very small dimensions. The present 
structure multiplies greatly the movement im 
parted by the expansion of the member 4. The 
alloy used is also quite rigid and, as Specific ex 
ampies, the Supporting member 25 may be formed 
of metal .003 inch in thickness, while the upper 
and lower members 25 and 28 ray have cross 
Sectional dimensions on the Order of .065 inch 
by .125 inch. The embossed ribs 30 serve to add 
to the rigidity of the Structure. 

It is to be noted that the open end of the U 
shaped member 26 is toward the expandable 
member 4 and that that member is spaced 
SoineWhat away from the Support. This reduces 
heat transfer and, in the form of construction 
shown in Figure 2. Where the resistance heater 
element 64 is used, it keeps the supporting struc 
ture away from the heater. 
The current carrying wires and the supporting 

members for the capillary tube 35 may be formed 
of iron, and the contact point 39 carried by the 
actuated member 4.6 may be formed of piatinum, 
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which is readily wetted by mercury, thus insur 
ing a uniform separation from the mercury 
throughout repeated operations. The electrical 
resistivity is substantially that of the iron Wire 
to Which it is Secured. 
The length of the upper fat portion 43 of the 

expandable member 4 and the length of the 
movable portion of the flexible blade 45 are kept 
to a minimum commensurate With their ability 
to be flexed within the elastic limits of the metal 
from which they are formed throughout the ex 
pandable limits of the expandable member A. 
it has been found in actual practice that, by ten 
sioning the expandable member 4f and the flex 
ible blade 45 the proper amount, they can be 
caused to lie Substantially against each other at 
normal ambient, temperatures So that, upon ex 
pansion of the expandable member, movement 
of the joined upper ends of the two members 
takes place with little or no lost motion. The 
flexing action takes place about the upper fraine 
end Support 25, the upper corner thereof serving 
as a fulcrum. 
By making the flexible blade 5 and flat por 

tion 43 of the expandable member as short as 
possible Without either member taking a Set 
throughout the intended range of temperature 
changes and yet not so short that the blade tens 
to act as a restraining influence on the move 
neit of the free end of the expandable member, 
a maximum of angular travel can be obtained at 
the line where the free ends of these two nine 
bers are joined. By having the two flat Sur 
faces in contact with each other, or substantially 
so, a slight curling action results at their free 
ends upon expansion of the expandable mern 
er to augment the angular trave obtained. So 

that, a very high degree of movement is impart 
ed to the contact arm or actuated member Se 
cured thereto. With the expandable member 
and the blade 45 under very little tension any 
expansion taking place in the expandable men 
her results in an immediate pushing action to 
the right, as clearly shown in Figure 5. A metal 
is preferably used which is a poor heat conduc 
tor So that the heat from the expandable nem 
ber 4 is not lost to the blade 45 and expansion 
is mainly confined to the member 4. It is to be 
noted that only the Small upper portion 43 of the 
member 4 is in contact with the blade 5. 

In the form of construction shown in Figures 
2, 3 and 4, the heater element 64 is connected 
between lead-in wires 52 and 53, While the SWitch. 
closes the normally open circuit between lead-in 
Wires 5 and 52. In One specific form of con 
struction, a heater 64 drawing about one-sixth 
Of an ampere effected a Switch closure in fifteen 
Seconds and an opening of the switch circuit 
thirty seconds after the heater circuit, had been 
Opened. In this specific embodiment, when the 
device was exposed to the light from a fluid fuel 
burner flame, applied as indicated by the arrows 
of Figure 4, the switch contact was closed in five 
seconds and the switch opened in the same length. 
of tine after the burner fiane was out. With a 
metal of low heat conductivity used as specified 
herein, the device was tested under ambient tem 
perature conditions varying from 35° E. to 200° 
F., and the Variation in time response to closure 
and opening of the circuit by action of the elec 
tric heater was no greater than two seconds. 

It is to be noted that the actuating device is 
constructed to insure transmission of a minimum 
of light and heat to the Supporting structure. 
In the form of construction shown in Figure 1. 
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the supporting structure is entirely shielded from 
the direct light rays by the member 4 when the 
device is properly oriented towards the light 
source. In the form of construction of Figures 
2 to 4 with the mirror, the light is concentrated 
on member 4 so that the light reaching that 
element is very substantially greater than light 
or heat rays impinging upon the Supporting 
structure which presents a narrow face toward 
the light source. 
While I have shown certain preferred enbodi 

ments of my invention, these are to be under 
stood to be illustrative only as it is capable of 
change and variation to meet differing condi 
tions and requirements, and I contemplate Such 
modifications as come within the Spirit and Scope 
of the appended claims. As one example of 
modification, the movable Switch contact, Yaay be 
So related to a fixed contact including a 12heniscus 
of mercury that the movable contact may be nor- ; 
mally engaged with the mercury and separated 
therefrom upon operation of the expandable 
member when heated. 

claim: 
1. A heat responsive actuating device con 

prising a transparent, impervious bulb enclosing 
the operating parts, a Supporting St1u2ture, a 
heat, expandable member having one end Secured 
to the Supporting structure, said member extend 
ing Substantially parallel to a face of the Sup- 3: 
porting structure and beyond the Supporting 
structure, a flexible blade secured to the struc 
ture at a point spaced from the point at which 
the expandable member is secured, said blade 
being substantially shorter than the expandable : 
member and extending parallel to said member, 
the free ends of said member and biade being 
connected together, and an actuated ninenber Se 
cured to said point of connection, the major por 
tion of the expandable member being relatively 
rigid with that portion of said member adjacent 
and parallel to the flexible blade being relatively 
flexible. 

2. A heat responsive actuating device compris 
ing a transparent, impervious bulb enclosing the 
operating parts, a supporting structure, a heat 
expandable member having one end secured to 
the supporting structure, said member being of 
an area, Sufficient to cover the adjacent face of 
the Supporting structure and extending beyond 
the supporting structure, a flexible blade se 
cured to the structure at a point spaced from 
the point at which the expandable member is 
secured, said blade being Substantially shorter 
than the expandable member and extending par 
allel to said member, the free ends of said mem 
ber and blade being connected together, said 
supporting structure and expandable member 
being both formed of the same metal, said metal 
having a high coefficient of expansion and low 
thermal conductivity, and an actuated member 
secured to said point of connection. 

3. A heat responsive device comprising a trans 
parent, impervious bulb enclosing the operating 
parts, a rigid frame having top and bottom sup 
porting means, a flexible blade having one end 
secured to the top support with its free end ex 
tending thereabove, an expandable and contrac 
tible member having one end Secured to the bot 
ton Support and a free end extending beyond 
the top supporting member, the free ends of the 
fiexible blade and expandable and contractible 
member being secured together, the portion of 
the expandable and contractible member ad 
jacent its free end providing a flat and flexible 
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8 
section comparable in size to the flexible blade, 
the lengths of the flat section and flexible blade 
being no greater than that required to prevent 
movement thereto beyond their respective elas 
tic limits throughout the normal expandable 
range of the expandable member, and means 
Secured to the secured together free ends to 
transmit movement imparted thereto to a part 
to be actuated. 

4. A heat responsive device comprising a trans 
parent, impervious bulb enclosing the operating 
parts, a rigid frame having top and bottom Sup 
porting means, a flexible blade having One end 
secured to the top support with its free end ex 
tending thereabove, an expandable and contrac 
tible member having one end Secured to the 
bottom support and a free end extending beyond 
the top supporting member, the free ends of 
the flexible blade and expandable and contrac 
tible member being Secured together, the portion 
of the expandable and contractible member ad 
jacent its free end providing a flat and flexible 
section comparable in size to the flexible blade, 
the remainder of the length of the expandable 
member being stiffened by an arcuate cross 
section, the lengths of the flat section and flexible 
blade being no greater than that required to 
prevent movement thereto beyond their respec 
tive elastic limits throughout the normal ex 
pandable range of the expandable member, and 
means Secured to the Secured together free ends 
to transmit movement imparted thereto to a part 
to be actuated. 

5. A heat responsive device coimprising a trains 
palent, in pervious buib enclosing tine operating 
parts, a rigid frame having top and botto: a Suip 
porting means, a flexible blade having one end. 
S&CU'ed to the top support, with its free end ex 
t3:3 ding thereabove, an expandable and coin 
ti'a,ctile nember having one end Secured to the 
botton Support and a free end extending beyond 
the top supporting member, the free ends of the 
flexible blade and expandable and contractile 
member being secured together, the portion of 
the expandable and contractible meber adja 
ceit its free end providing a fiat aid flexible Sec 
tion comparable in size to the flexible blade, the 
i£ighs of the flat, Section and flexible a de being 
no greater than that required to prevent, nove 
Alent, thereto beyond their respective easig in its 
throughout the normal expandable lange of the 
seXpandable menber, and means Secured to the 
Secured together free ends to transin it noveilent 
in parted thereto to a part to be actuated, the 
area, of the expandable member as viewed froil 
the side of Said member opposite the rigid railé 
being Substantially the Sanhe as that of the false 
When Viewed from the same direction. 

f. A heat responsive device comprising 2 tra:S- 
parent, in pervious bulb enclosing the (23i'a tiang 
palrts, an elongated rigid Supporting Structure, a 
heat expandable member having one eni Secured 
a diacent one end of the Supporting Stirligture, 
said Yember extending beyond the other end of 
the supporting structure, a flexible blade secured 
adjacent the Second end of the Supporting struc 
ture and extending away froin said structure gar 
allel to that portion of the heat expandable neiya 
be extending beyond said structure, adjacent, free 
ends of the expandable member and the flexible 
Innenber being Secured together, an actuated 
Inerner Secured adjacent said last named point 
of connection, the major portion of the expanda 
ble member being arcuate in cross-section to 
stiffen that portion of the member and to pro 
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vide increased surface area, and means for con 
centrating a beam of radiant energy On Said ex 
pandable member. 

7. A heat responsive actuating device compris 
ing a transparent, impervious bulb enclosing the 
operating parts, a supporting structure, operating 
member and an actuated member all made of the 
Same material, Said supporting structure being 
rectangular with projecting arms extending from 
opposite extremities thereof contiguous with the 
Short dinnensioned ends of the Support for mount 
ing the Operating member in Spaced parallel re 
lationship with one of the longest sides of the 
supporting structure, said operating member 
consisting of a thin blade secured at one end to 
One of the Support arms with its free end extend 
ing beyond the other of Said support arms, said 
actuated member consisting of a thin flexible 
blade having one end Secured to the other ar. 
and extending therefron parallel and adjacent 
to the extended free end of the operating inen 
ber, the free end of both being connected together 
to cause a fiexing of the actuated member upon 
the longitudinal expansion of the operating men 
ber as a result of a differential in temperature 
being established between the operating member 
and that of the rest of the device. 

8. A heat responsive actuating device compris 
ing a transparent, impervious bulb enclosing the 
Operating parts, an elongated, U-shaped, rigid 
Supporting structure, a heat expandable mem 
ber, the Supporting structure and the heat ex 
pandable member both being formed of metal 
having a high coefficient of expansion and low 
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thermal conductivity, said expandable member 
having one end secured adjacent one end of the 
Supporting structure, said member extending Sub 
stantially parallel to and spaced apart from the 
lateral open end of the Supporting structure and 
beyond the other end of the Supporting struc 
ture, said member having an area sufficient to 
cover said open end of the supporting structure, a 
flexible blade secured adjacent the second end 
of the Supporting structure and extending par 
allel to the expandable member, adjacent free 
eilds Of the expandable member and the flexible 
lade being connected together, and an actuated 
neraber Secured adjacent said last named point 
of COnnection. 
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