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1. 
This invention relates to safety controls for 

fuel burners and, more particularly, to thermo 
electric controls therefor. 

Fuel burners employing thermoelectric safety 
Control apparatus may be arranged so that the 
thermocouple or thermople, which is responsive 
to the heat of a flame at the pilot burner, con 
trols the energization of an electromagnetic 
safety device for shutting off the fuel supply to 
the main burner upon extinguishment of the 
pilot burner flame. In such devices the electric 
current generated by the thermoelectric device, 
even where this comprises a thermopile, is usu 
ally insufficient to attract the armature of the 
electromagnet but is sufficient only to hold the 
armature in attracted position after it has been 
otherwise moved to such position. Manually op 
erated devices have been employed for the pur 
pose of resetting the armature but are subject 
to various disadvantages which this invention 
seeks to overcome, 
An object of this invention is to eliminate the 

necessity for a manual reset operation on an 
electromagnetic device by automatically oper 
ated means. 
Another object of the invention is to continue 

Operation of the automatically operated means 
until a thermoelectric current is available for 
controlling the electromagnetic safety device. 
Another object of the invention is to render 

the automatically operated means inoperative 
during the period that the electromagnetic safety 
means is under thermoelectric control. 
Another object of the invention is to secure 

prompt recycling of the control upon extinguish 
ment of the flame at the pilot burner. 
parent from the following description taken in 
Other objects and advantages will become ap 

connection with the accompanying drawing 
wherein is shown a schematic embodiment of the 
safety control apparatus of this invention in con 
junction with the main and pilot burners of a 
gaseous fuel burning apparatus. 

Referring more particularly to the drawing, a 
main burner ?o is supplied with fuel by a main 
fuel pipe 2 and the flow of fuel therein is under 
separate control of a main valve which may 
be manually operated and a safety valve 6 which 
may be electrically operated. A pilot burner 8 
is positioned adjacent the main burner O and 
is supplied with fuel by a conduit 20 in which 
the flow of fuel is controlled by the main valve 
4 only. 
The safety valve 6 may be arranged for elec 

tromagnetic operation and, to this end, com 
prises a valve body 22 containing a valve mem 
ber 24 intercepting the flow of fuel in the pipe 
2 and being biased by a coil spring 26 to closed 

position, The valve member 24 carries a valve 
stem 28 which projects from the valve body 22 
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into a housing 30 which is attached thereto and 
sealed against entrance of fuel by the gasket 3. 
The housing 30 contains a pair of horseshoe mag 
nets 32 and 34 which may be conveniently nested 
one within the other with their pole faces lying 
substantially in the same plane. Surmounting 
the magnets 32 and 34 and supported by the valve 
Stem 28 is a single armature 36 of sufficient area 
to extend across the pole faces of both magnets 
32 and 34. The valve stem 28 is of such length 
that when the valve member 24 is biased to the 
closed position shown, the armature 36 is dis 
engaged from the pole faces of the magnets 32 
and 34 leaving the usual air gap therebetween. 
The valve stem 28 is adapted for reciprocable 
imovement within the valve body 22 and the 
cover 30 and may be guided in suitably spaced 
bearings formed in the cover 30 and the valve 
body 22. The magnets 32 and 34 are provided 
with windings or coils 38 and 40, respectively, 
which are separately wound and electrically un 
COnnected With each other. 
As will be more clearly apparent hereinafter, 

the electromagnetic device in housing 30 is 
adapted both to attract and hold the armature 
36 against the pole faces of the magnets 32 and 34. 
It is not essential that two such magnets be used 
as in certain instances a single magnet having 
separate coils thereon would serve the purpose. 
However, where one coil is energized from a 
thermocouple generating direct current and the 
other coil is energized from a separate source it 
is preferable to utilize separate magnets. Oth 
erwise, if the separate source should be an alter 
nating current Source, the coil energized thereby 
would act as a tripping coil serving to demag 
netize the single magnet by producing lines of 
force opposed to those produced by the thermo 
electric current. The provision of two magnets 
renders the device applicable for use with either 
direct or alternating current in addition to that 
generated by the thermocouple, 

interposed in the fuel Supply pipe 2 ahead 
of the safety valve 22 is a pressure switch 42 
comprising a diaphragm housing 44 connected 
on One side of the diaphragm 45 by the nipple 
46 with the fuel supply pipe 2 and on the other 
side with a movable switch arm 48 by means of 
a plunger 50. Wariations in pressure of the fuel 
conveyed through nipple 46 to the diaphragm 
housing 44 will cause corresponding variations in 
the position of the diaphragm 45 to operate the 
switch arm 48. 

Suitable flame responsive means which will 
serve to generate electric current in the presence 
of a flame at the pilot burner are provided. In 
this embodiment thermoelectric means in the 
form of a thermopile or thermocouple 52 is ar 
ranged adjacent the pilot burner 8 in position 
to be heated by the flame thereof. Time delay 
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means in the form of a thermally operable Switch 
54 is positioned adjacent the thermocouple 52 
and comprises a bimetal strip 56 positioned to be 
heated by conduction of heat along the thermo 
couple 52 and carrying a movable switch arm 58. 
The fuel flowing from the pilot burner 8 is adapt 
ed to be ignited by an electrical igniting means 
60 of any suitable type including either the in 
candescent coil or sparkplug type. 
The electrical connections for energizing one 

coil of the electromagnetic safety valve 6 and 
also the igniting means 60 are shown as compris 
ing line wires 62 and 64 connected to the Dri 
mary of transformer 66, a wire 68 connected 
to one terminal of the secondary of the trans 
former 66, a contact T0 carried on the movable 
switch arm 48 of the pressure switch 42, a wire 
72 connected at one end to a fixed contact of 
pressure switch 42, a wire 8 connected with one 
end of the coil 40, a wire 78 connecting the other 
end of coil 40 to a fixed contact 80 of the ther 
mally operable switch 54, a movable contact 82 
carried by the movable switch arm 58, and wires 
84 and 86 connected to the other terminal of the 
secondary of the transformer 66. 
The electrical igniter 60 is connected in a par 

allel circuit with the coil 40 and the contacts 80 
and 82 of the thermally operable switch 54 which 
circuit may be traced by a wire 88 connected at 
one end to the wire 76, the igniter 60, and a wire 
90 connected to the wire 86 at its junction with 
the wire 84. The thermocouple 52 has one of its 
leads connected directly to one end of the coil 38 
and the other lead grounded on the valve body 22, 
the other end of the coil 38 being likewise ground 
ed on the valve body 22. This circuit is entirely 
separate from the secondary circuit of the other 
coil 40 and the igniter 60. 
In the operation of the apparatus it may be 

assumed that the main valve 4 is closed, the 
transformer 66 energized by the line wires from 
an alternating current source and the various 
elements in the position shown in the drawing. 
In this condition of the apparatus it will be noted 
that the valve 24 is biased closed, the contacts 10 
and 74 of the pressure switch 42 are opened and 
the contacts 80 and 82 of the thermally operable 
switch 54 are likewise opened. In such position 
of the valve 24 the armature 36 is disengaged 
from the pole faces of the magnets 32 and 34 and 
the electrical igniter 60 is deemergized due to the 
open condition of the contacts 70 and 4. 
The system may be placed in operation by 

opening the main valve 4 which will allow fuel 
to flow in the main fuel pipe 2 as far as the 
safety valve 6 and in the conduit 20 to the pilot 
burner 8. The fuel in the main fuel pipe 2 
also enters the nipple 46 and the pressure thereof 
exerted against the underside of the diaphragm 
45 causes the plunger 50 to be raised and move 
the switch arm 48 to close the contacts 70 and 
4. The igniter 60 now becomes energized and 

serves to ignite the fuel issuing from the pilot 
burner 8. The heat of the flame at the pilot 
burner 8 causes the thermocouple 52 to become 
heated and to generate electric current which is 
conducted to the coil 38 through the connections 
previously described. 
The heat conducted along the thermocouple 52 

will cause the temperature of the bimetal strip 56 
to be raised sufficiently to flex the strip and 
cause closure of the contacts 80 and 82 by move 
ment of the switch arm 58. Thus, after a time 
delay period fixed by the time it requires for the 
bimetal strip 56 to warp, the circuit through the 
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4. 
coll 40 of the electromagnet is completed, it being 
apparent that one coil 40 is energized from the 
source 62-64 of alternating current and the 
other coil 38 is energized from the source of direct 
current from the thermocouple 52. It will fur 
ther be apparent that the relatively weak current 
generated by the thermocouple 52 is not relied 
upon to attract the armature 36 against the pole 
faces of the magnets 32 and 34 and it may be 
assumed for the purposes of this invention that 
such current is insufficient to cause this attract 
ing operation. However, the alternating current 
which energizes the coil 40 is of sufficient value 
to overcome the bias of the spring 26 and to 
attract the magnet 36 against the pole faces of 
the magnets 32 and 34. 
The attracting of the armature 36 is accom 

panied by opening of the valve 24 as these ele 
ments are connected together by the valve stem 
28. The fuel in the main fuel pipe 2 now flows 
from the main burner O and is ignited by the 
flame of the pilot burner 8. The opening of 
the valve 24 serves to relieve the pressure in the 
diaphragm housing 44 to cause movement of the 
plunger 50 downwardly thus separating contacts 
70 and 74. The opening of the pressure switch 
42 causes deemergization of the igniter 60 and 
also causes deenergization of the magnet coil 40. 
The armature 36 is retained against the pole 
faces of the magnet 32 as the coil 38 thereof re 
mains energized by the thermocouple generated 
current which is sufficient for this holding action. 

It is thus apparent that while the value of the 
current generated by the thermocouple 52 is in 
sufficient to attract the armature 36 against the 
pole faces of the magnets 32 and 34 such cur 
rent value is Sufficient to hold the armature 36 
in engagement with the magnets when it has 
once been moved to such position by energization 
of the coil 40 connected to the source of alter 
nating current. While the pole faces of the mag 
nets are described as being in substantially the 
same plane it would be entirely feasible to extend 
the pole face of magnet 32 beyond that of mag 
net 34 So that close contact between the arma 
ture 36 and the magnet 32 would be assured. 
That is, the magnetizing force arising from the 
current which energizes the coil 40 can be of 
sufficient magnitude so that the magnetic flux 
through an air gap between the pole faces of 
magnet 34 and the armature 36 will cause reten 
tion of the armature whereas the magnetizing 
force arising from the thermocouple current is 
generally So weak that close engagement between 
the pole faces of magnet 32 and the armature is 
essential in Order that the armature be retained. 
The electromagnet which is energized from the 
Source of alternating current is rendered inoper 
ative after the armature has been attracted and, 
as previously pointed Out, this source could 
equally well be direct current. 
The main burner O will continue to operate 

until the flame of the pilot burner 8 becomes ex 
tinguished assuming that the main valve f4 re 
mains open. Such failure at the pilot burner will 
cause the thermocouple 52 to cool and the current 
generated thereby will cease or become insuff 
cient to permit the coil 38 to retain the armature 
36 against the pole faces of the magnets 32 and 
34. The valve 24 will then close under the bias 
of the spring 26 and shut of the flow of fuel to 
the main burner f0. Such action will, however, 
again create the pressure in the pressure switch 
42 causing the contacts 70 and 74 to close to en 
ergize the electrical igniter 60 and the coil 40 of 
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the electromagnet. Thus, the System is recycling 
upon failure of the pilot burner and no attention 
on the part of the operator is required to set the 
system in operation after flame failure. 

It will be apparent that many changes can be 
made in the arrangement and combination of 
parts and in the details of construction herein 
disclosed within the scope of the appended claims 
without departing from the spirit of the inven 
tion. 
I claim: 
1. Safety control apparatus for fuel burners 

having main and pilot burners comprising in 
combination, control means operable for control 
ling the supply of fuel to the main burner and 
being biased to one controlling position, electro 
magnetic means including a plurality of coll 
means and a single armature movable relatively 
to said coil means between attracted and released 
positions, said electromagnetic means being Op 
eratively associated with said control means for 
overcoming said bias when at least one of Said 
coil means is energized sufficiently to hold said 
armature in said attracted position and said con 
trol means in another controlling position, means 
responsive to the presence of a flame at the pilot 
burner for energizing said one coil means suf 
ficiently to hold said armature in said attracted 
position but insufficiently to cause said relative 
movement from released position, a Source of cur 
rent supply, means for energizing another one of 
said coil means from said source sufficiently to 
cause said relative movement of said armature 
from released to said attracted position, and 
means responsive to the said positioning of said 
control means and said armature upon said rela 
tive movement for rendering said last means in 
operative while said armature remains held in 
said attracted position by energization of Said one 
coil means. 

2. Safety control apparatus for fuel burners 
having main and pilot burners comprising in con 
bination, control means operable for controlling 
the supply of fuel to the main burner and being 
biased to one controlling position, electromagnetic 
means positioned on one side of said control 
means and including coil means and armature 
means movable relatively between attracted and 
released positions, said armature means having a 
stem connected to said control means and being 
operable for overcoming said bias when said coil 
means is energized sufficiently to hold said arma 
ture means in said attracted position and said 
control means in another controlling position, 
means responsive to the presence of a flame at 
the pilot burner for energizing said coil means 
sufficiently to hold said armature means in said 
attracted position but insufficiently to cause said 
relative movement from released position, a 
source of current supply, means for energizing 
said coil means from said source Sufficiently to 
cause said relative movement of said armature 
means to said attracted position, and means re 
sponsive to the said positioning of said control 
means and said armature means upon said rela 
tive movement for rendering Said last means in 
operative while said armature means remains 
held in said attracted position by energization of 
said coil means by said flame responsive means. 

3. Safety control apparatus for fuel burners 
having main and pilot burners comprising in 
combination, means for supplying fuel to the 
burners, an electromagnet having an armature, 
a valve connected to said armature and being 
adapted to control the Supply of fuel in said fuel 
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supplying means to the main burner, said valve 
being biased to closed position for preventing 
flow of said fuel supply when said armature is 
disengaged from said magnet and being mov 
able to open position for permitting flow of said 
fuel supply when said armature is in engagement 
therewith, means responsive to the presence of 
a flame at the pilot burner and operable for en 
ergizing said electromagnet sufficiently to hold 
said armature in engagement therewith but be 
ing incapable of energizing said electromagnet 
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sufficiently to attract said armature into engage 
ment therewith, a source of current supply, an 
energizing circuit connecting said electromagnet 
to said source and being effective for attracting 
said armature into engagement therewith, a pres 
sure switch responsive to pressure in said fuel 
Supplying means and having contacts in said cir 
cult movable between opened and closed posi 
tions for controlling energization of said circuit, 
said switch being operable for opening its con 
tacts when said valve is opened and for closing 
its contacts when said valve is closed, and time 
delay means operable upon expiration of a pre 
determined period during which said flame re 
Sponsive means has time to become operable for 
maintaining said circuit deenergized and said 
valve closed until after said flame responsive 
means becomes operable. 

4. Safety control apparatus for fuel burners 
having main and pilot burners comprising in 
combination, means for supplying fuel to the 
burners, an electromagnet having an armature, 
a valve connected to said armature and being 
adapted to control the supply of fuel in said fuel 
supplying means to the main burner, said valve 
being biased to closed position for preventing 
flow of said fuel supply when said armature is 
disengaged from said magnet and being movable 
to open position for permitting flow of said fuel 
supply when said armature is in engagement 
therewith, thermoelectric means exposed to the 
heat of a flame at the pilot burner and operable 
for energizing said electromagnet sufficiently to 
hold said arnature in engagement therewith but 
being incapable of energizing said electromagnet 
sufficiently to attract said armature into engage 
ment therewith, a source of current supply, an 
energizing circuit connecting said electromagnet 
to said source and being effective for attracting 
said armature into engagement therewith, a pres 
sure switch responsive to pressure in said fuel sup 
plying means and having contacts in said circuit 
movable between opened and closed positions for 
controlling energization of said circuit, said 
switch being operable for opening its contacts 
when said valve is opened and for closing its con 
tacts when said valve is closed, and a thermal 
switch having contacts in said circuit also mov 
able between opened and closed positions for con 
trolling energization of Said circuit, said thermal 
Switch being responsive to heating of said thermo 
electric means for closing its contacts so as to 
delay energization of Said circuit until Said ther 
moelectric means becomes operable. 

5. Safety control apparatus for fuel burners 
having main and pilot burners comprising in com 
bination means for supplying fuel to the burners, 
an electromagnet, means operable upon energiza 
tion of said electromagnet for controlling supply 
of fuel from the fuel supply means to the main 
burner and being biased to a position where fuel 
supply is prevented, an electric igniter for the 
pilot burner, thermoelectric means exposed to the 
heat of a flame at the pilot burner and operable 
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for energizing said electromagnet but insufficient 
ly to overcome the bias of said fuel controlling 
means, a source of current supply for said elec 
tromagnet separate from that generated by Said 
thermocouple and sufficient to overcome the bias 
of said fuel controlling means, a pressure switch 
connected to the fuel supplying means ahead 
of said fuel controlling means and responsive to 
pressure in said fuel supplying means for control 
ling said separate current supply according to the 
position of said fuel controlling means, and a 
thermally operable switch connected in series cir 
cuit with said pressure Switch and responsive to 
heating of said thermoelectric means for control 
ling said separate current supply according to the 
heated or unheated condition of said thermoelec 
tric means, Said igniter being connected to be en 
ergized from said source according to the posi 
tion of Said fuel controlling means. 

6. Safety control apparatus for fuel burners 
having main and pilot burners comprising in com 
bination, means for supplying fuel to the burners, 
control means operable for controlling the supply 
of fuel from said fuel supplying means to the 
main burner and being biased to one controlling 
position, electromagnetic means including coil 
means and armature means movable relatively 
between attracted and released positions, said 
electromagnetic means being operatively associ 
ated with said control means for overcoming said 
bias when said coil means is energized sufficiently 
to hold Said armature means in said attracted po 
sition and Said control means in another control 
ling position, means responsive to the presence 
of a flame at the pilot burner for energizing said 
coil means sufficiently to hold said armature 
means in said attracted position but insufficiently 
to cause Said relative movement from released 
position, a Source of current supply, a circuit 
connecting said coil means to said source for en 
ergizing the same sufficiently to cause said rela 
tive movement of Sadd armature means to said 
attracted position, time delay means operable for 
maintaining said circuit open until after said 
fiane responsive means becomes responsive, and 
a pressure Switch in said circuit responsive to 
the pressure in said fuel supplying means to the 
main burner for opening said circuit after said 
relative movement has occurred and while said 
arnature means remains in said attracted posi 
tion by energization of said coil means by said 
flame responsive means. 

7. A Safety control apparatus for fuel burners 
comprising control means operable for control 
ling the fuel supply to a burner and being biased 
to one controlling position, a pair of electromag 
nets including a pair of coll means and a single 
arnature movable relatively to said coil means 
between attracted and released positions, said 
electromagnets being operatively associated with 
Said control means for overcoming said bias when 
at least one of Said coil means is energized suf 
ficiently to hold said armature in said attracted 
position and said control means in another con 
trolling position, an electric igniter, a circuit in 
cluding said igniter and one of said electromag 
nets in parallel, a source of current supply for 
energizing said one electromagnet and igniter and 
effective to cause said armature to assume at 
tracted position relative to said electromagnets, 
thermoelectric means responsive to operation of 
Said igniter and connected in circuit with the 
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other of said electromagnets, said thermoelectric 
means being capable of generating sufficient Cur 
rent for energizing said other electromagnet to 
retain said armature in said attracted position 
but insufficient to cause said armature to assume 
said attracted position, and means responsive to 
Said control means assuming said other control 
ling position and said armature assuming said 
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attracted position for opening the first said cir 
cult. 

8. A safety and ignition system for fuel burn 
ers having main and plot burners comprising in 
combination means for supplying fuel to the 
burners, an electromagnet having a pair of mag 
net elements and separate coils therefor, a single 
arnature movable relatively to said magnet ele 
ments between released and attracted positions, 
controlling means connected to said armature 
and biased to a position where fuel supply to the 
main burner is prevented by said, controlling 
means and said armature is held in released po 
Sition, a source of current supply for energizing 
One of said coils sufficiently to overcome said blas 
and cause said armature to be moved to attracted 
position relative to said one coil and associated 
magnet, an electric igniter for the pilot burner 
connected in parallel circuit with said one coll, 
thermoelectric means exposed to the heat of a 
flame at the pilot burner and connected for en 
ergizing the other of said coils sufficiently to hold 
Said armature in said attracted position with the 
asSociated magnet, a pressure switch connected 
to the fuel Supplying means ahead of said con 
trolling means and responsive to pressure in said 
fuel supplying means to close its contacts in said 
biased position of Said controlling means, said 
pressure Switch contacts being connected in series 
circuit with said one coil and said igniter for 
deenergizing said igniter and one coil upon said 
armature being held in said attracted position by 
Said other coil and magnet, and a thermally op 
erable Switch responsive to heating of said ther 
moelectric means for closing its contacts, said 
thernal Switch contacts being connected in series 
circuit with said one coil and said pressure switch 
contacts for delaying energization of said one coil 
until said thermoelectric means has become 
heated. 

MAX S. UNGER, 

REFERENCES CITED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Number Name Date 
294,669 Pope -------------- Mar. 4, 1884 
946,487 Burlingane -------- Jan. 11, 1910 

1,088,878 Clausen ------------ Mar. 3, 1914 
1,248,942 Sprague ----------- Dec. 4, 1917 
1,330,507 Willenbruck ------- Feb. 10, 1920 
1,855,551 Jackson ------------ Apr. 26, 1932 
1978,737 Bower ------------ Oct. 30, 1934 
2,119,503 Kriechbaum ------- May 31, 1938 
2,194,634 Betz ------------- Mar. 28, 1940 
2,211.701 McGrath ---------- Aug. 13, 1940 
2,237,578 Ray ---------------- Apr. 8, 1941 
2,265,294 Lange -------------- Dec. 9, 1941 
2,266,185 Filla -------------- Dec. 16, 1941 
2,290,047 Hildebrecht -------- July 14, 1942 
2,292,478 Ray -------------- Aug. 11, 1942 
2,351.277 Mantz ------------ June 13, 1944 


