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This invention relates to thermal switches associated 
for example, With the pilot fiame of gas or oil burners, 
and Which are used to control the fuel valve associated 
With the burner. 

Fuel Valves used for this purpose are generally sole 
Imoid-operated. Normal operating voltage in connection 
With furnace controls in this country is 24 volts A.C. 
While the Solenoids are nominally rated at 24 volts, they 
Will generaily have a pull-in voltage of the order of 20 
Volts and a drop-out Voltage of the order of 16 to 18 
VoltS. It is desired that the solenoid be operated at a 
Voltage as close as possible to its mormal rated voltage. 
Therefore, the operating resistance of any thermal switch 
USed to Control it Should be as low as possible to allow 
the fill Circuit Voltage to be applied to the solenoid. 

In general, the object of this invention is the provision 
~ of a thernal Switch of the character above described and 
the active component of Which consists of a coating or 
fin of Zirconia of Such a gauge and geometry that whenat 
a temperature in the order of from 1200° to 1400° F. 
it Will have a Iresistance in the order of 10 ohms. 
Although it is Well-known that Zirconia has a megative 

termperature Coeficient of Iresistance, is a moncomiductor 
at loWtemperature, and becomes a mlch better conductor 
at high temperatures, this characteristic in and of itself 
does mot Imake Zirconia Suitable as the active compoment 
of a thermal switch, for its resistivity may still be too 
high even at elevated temperatures to operate at the Irela 
tively loW Voltages normally lused in Connection With ful 
Imace Control Circuits, etc. 
To this end, one of the objects of this invention is 

the provision of a Zirconia thermal SWitch the geometry 
of Which is Such that the resistance of the Switch is Suffi 
ciently low to operate at relatively low Voltages. 
More specifically, one of the objects of this invention 

is the provision of a low-Voltage thermal Switch of the 
Character described, comprising a pair of electrodes of 
eXtended area bonded to an intermediate film of ZirConia. 

Still another object of this invention is the proWision 
of a thermal SWitch of the character above deSCribed in 
the form of a composite cyinder including a central metal 
1rod coated With a film of Zirconia and Which in turn iS 
surrounded by and bonded to an outer metal Cyinder 
Which, together With the central Irod, forms the tWo eleC 
trodes of the SWitch. 
A still further object of this invention is the provision 

of a thermal Switch of the Character above deSCribed in 
the form of a pair of mested thimbles separated at their 
closed ends by a film of Zirconia and inSulated allong 
their peripheral Walls by an insulating Iring. 
The invention possesses other advantageous featUTes, 

some of which, with the foregoing, Will be Set forth at 
length in the folowing description where those forms of 
the invention which have been Selected for illustrated in 
the drawings accompanying and forming a Part Of the 
present specification are outlinedin full. In Said draWings, 
several forms of the invention are Shown, but it is to be 
understood that it is not limited to Such forms, Since 
the invention asset forth in the claims may be embodied 
in other formS. 

Referring to the draWings: 
FIG. 1 is a longitudinal midsection taken through a 
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2 
Composite Cylinder embodying the objects of our inven 
tion. 

FIG. 2 is a left-hand end view of the composite cyin 
der illustrated in FIG. 1. . . 

FIG. 3 is a midsection taken through a pair of thimbles 
embodying the objects of our invention. 

Asillustrated in FIGS. 1 and 2, the object of our in 
Vention has been embodied in a thermal switch includ 
ing a Central metal electrode Irod 1, fiame-Sprayed With a 
2irconia coating or film 2. The film 2 Surrounds the Iright 
hand end of the Irod 1 but terminates Short of its left 
hand end. Flame-Sprayed OVer the Zirconia film 2 is an 
outer metal film or coating 3. DraWin over the left 
Ihand end of the coating 3 is a cylindrical metal collar 4 
Serving as one of the Switch terminals, the eXposed cmd 
of the electrode rod 1 Serving as its other electrode. 

Preferably, al of the metal elements of the Swich SO 
described are made of oxidation-reSiStant alloys SUlch aS 
Inconel and Nichrome. 
The gauge of the zirconia film or coating2 Should pref 

erably be in the order of from 0.010 to 0.015 inch So aS 
to Ikeep the electrical resistance Iradially through this film 
at a Very low Walte. It is for the purpose of attaining a 
film having a gauge of this order that fiame-Spraying iS 
resorted to, in addition to the fact that by the lse of this 
technique an excellent borld between the rod 1 and the 
zirconia film or coating2 is obitained. Cin the other hand, 
fiame-spraying of the metal Coating 3 is IreSOrted to Only 
for the reason that this produces an eXcellent bond and 
electrical contact between this Coating and the Zirconia 
coating2. The thickness or galige of the COating 3 iS 
|here unimportant, and the coating 3 may be ConSidered 
as a metal electrode cylinder. 

In operation, a thermal Switch of this Character can be 
connected in Series by its thermal Sleeve 4 and the left 
hand end of the electrode rod I With a Source of pOWer 
and the coil of a Solenoid used in controlling the fuel 
valve of a burner. When So ISed, the Iright-hand portion 
of the switch is located in heat transfer Irelation With the 
pilot fiame of the lburner. Solong as the pilot fiame per 
sists, the Zirconia film 2 remains at a temperature in the 
order of from 1200° F. to 1400° F. and at this tempera 
ture it remainsa good electrical conductor. Current here 
passes from the Irod I radialy through the Zirconia film 
2 to the cylindrical metal coating 3. Since the Zirconia 
film 2 is very thin, its radial resistance is IOW, and Since 
the switch is relatively long, its conductivity is Such as to 
enable sufficient current to pass through it to Imaintain 
the solenoid coil energized to a point above its drop-Out 
voltage. Actually the Iresistance of Zirconia film 2 iS 
a function of its area as Well as its gauge, and ConSe 
quently these two parameters must of Inecessity be Corre 
1ated in designing a switch to function againsta Solenoid 
having a rated voltage and operating on a predetermined 
power line voltage. Upon fiame failure and a Tesultant 
depression of the temperature of Zirconia Coating 2, the 
1atter becomes virtually a nonconductor, the Circuit iS 
1broken and the fuel Valve ClOSeS. 
The modification illustrated in FIG. 3 comprises an Out 

er metal (Inconel, for example) thimble 11 haVing a 
closed end 12 and provided at its Open end With an annu 
1ar peripheral fiange 13. Secured to the fiange 13 by 
rivets 14 is an insulating plate 15. 

Nested within the thimble 11 coaxially thereWith is an 
inner thimble 16having a closed end 17 contiguous to the 
closed end 12 of the outer thimble 11. ClOSing the Open 
end of the inner thimble 16 is a Stepped metal cap 18 
which, with the inner thimble, forms a closed-ended 
cylinder. 

IFlanne-sprayed on the outer surface of the thimble end 
17 is a film or coating 19 of Zirconia, and likeWise fame 
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Sprayed on the coating 19 is a metal coating 2i of an al 
loy Such as, for eXample, Nichrome, 
Screwed through the inSulating plate 15 into engage 

ment With the cap i8 is a headed Screw 22 Serving as a 
Imeansforlightlyclampingtheleftend of the inner thimble 
and its associated elements into good electrical contact 
with the inner Surface of the thimble end i2. 

Disposed between the cylindrical wails of the outer and 
inner thimbles 5 and 6 is an insulating Iring 23 Serving 
to hold the two thimbles out of electrical contact with 
each other eXcept through the interveningfilms or coatings 
9 and2. 
Here the Screw 22 serves as one terminal of the Switch 

and one of the rivets 14 can be made to Serve as the other 
for connecting the Switch in Series With a Source Of line 
voltage and With a Solenoid coil. In thiscase the thimble 
end 12 Serves as the hot Sensing end of the Switch and iS 
located in heat transfer relationship With the furnacepilot 
fiame So that Solongas the fiame persists, the temperature 
of the zirconia coating or film 19 Wil be in the order 
of from 1200 to 1400 F. Asin the case of the first 
modification, the zirconia coating 19 at this temperature 
Irange is a good electrical conductor permitting Current 
to pass from the end I2 of the outer thimble 5, through 
the metal disc or film 2 and the zirconia film 19, to the 
end 17 of the inner thimble 6 and thence to the Screw 22. 
Upon fiame failure, and a resultant depression of the 
temperature of the zirconia film, the latter becomies Vir 
tually a monconductor and So breaks the circuit. The 
solenoid drops out, the fuel Valve Closes and Iremains 
closed until the thermal Switch is again brought up to the 
temperatureat which its Zirconia element becomes a con 
ductor. In this modification the area of the Zirconia film 
19 and its gauge are So correlated that when the fim 9 
is up to temperature its Iresistance is Sufficiently low to 
permit the circuit to operate the Solenoid at the line volt 
age. 
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We claim: - 

1. A low resistance thermal Switch comprising: a first 
electrode having an eXtended surface, a thinfilm consisting 
of Zirconia deposited on Said extended surface of said 
FSt electrode in intimate bonded Irelation thereto, and a 

Second electrode deposited on Said fim of Zircomia in 
intimate bonded Irelation thereto. 

2. Alow-resistance thermal switchasset forth in claim 
1 Wherein Said finm of Zirconia has a thicknessin the order 
Of.010 to 0.015 inch. 

3. A low-resistance thermal Switch asset forth in claim 
1 Wherein Said first and Second electrodes are made of an 
oxidation-resistant alloy. 

4. A Iow-resistance thermal Switch comprising: a first 
electrode Shaped as a Irod and havingan extended surface, 
a thin film Consisting of Zirconia deposited on and Sur 
rounding Said extended Surface of Said first electrode in 
intimate bonded Irelation thereto, a Second electrode de 
posited on and Surrounding Said film of Zirconia in inti 
Imate bonded Telation thereto, and a cylindrical metal ter 
Iminal Surrounding and Clanped to one end of Said Second 
electrode. 

5. A therraal Switch comprising: a first metal thimble 
having a closed end, a thin film consisting of Zirconia de 
posited on Said closed end of Said first thimble in intimate 
bonded relation thereto, a metal cap deposited on Said 
fim of Zirconia in intimate borided relation thereto; a Sec 
ond metal thimble mested over the Closed end of Said first 
thimble: meanselectrically insulating between the Wals of 
Said thimble; and meams for maintaining the Closed end 
of Said Second thirable in light engagement with Said 
Imetal cap. 
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