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UNITED STATES PATENT OFFICE 
2,640,920 

SAFETY FUE, BURNER CONTROL, SYSTEM 
UTLIZING FLAME CONDUCTION 

Fred E. Cairns, Jr., North Hollywood, Calif., as 
signor to General Controls Co., Glendale, Calif., 
a corporation of California 

Application July 9, 1949, Serial No. 103,768 
(C. 250-27) 2 Claims. 

This invention relates generally to a system 
referred to in an application filed concurrently 
herewith, in the name of Fred E. Cairns, Jr. 
Serial No. 103,767, and entitled Fuel Burner 
Safety Control Using Flame Conduction. 

In that application, the flame of a pilot burner 
Serves while it is in existence, to provide a Con 
ducting path between a pair of electrodes spaced 
within the fiame and in the direction of flame 
propagation. While the flame is in existence, 
electric power is supplied to hold a fuel Valve 
open. This power is supplied conveniently by 
the aid of an electronic emission device operat 
ing to produce a controlling space current. 
When the pilot flame is extinguished, either ac 
cidentally or otherwise, the circuit between the 
flame electrodes is interrupted, and this causes 
a reduction of the flow of power. The valve ac 
cordingly closes. 
The flame electrodes are so arranged that they 

control the flow of a space current when the flame 
is in existence by causing a connection to be 
completed to the control electrode of the elec 
tronic emission device. 
The flame conductivity is greater in one di 

rection along the flame than in the opposite 
direction of current flow. This unilateral effect 
is utilized effectively in the System. 

In accordance with the present invention 
herein described, the pilot flame is caused to 
be automatically ignited when the operation of 
the system is initiated. It is one of the objects 
of this invention to effect Such automatic re 
sponse, and yet ensure that the main burner 
cannot be placed into operation until after the 
pilot flanne is ignited and in existence. 

It is still another object of this invention to 
ensure that the ignition of the pilot burner and 
the main burner are definitely interlocked by the 
aid of the fiane electrodes. 
This invention possesses many other advan 

tages, and has other objects which may be made 
more clearly apparent from a consideration of 
Several forms in which it may be embodied. 
Such forms are shown in the drawings accom 
panying and forming part of the present speci 
fication. These forms will now be described in 
detail, illustrating the general principles of the 
invention; but it is to be understood that such 
detailed description is not to be taken in a lim 
iting Sense, since the Scope of the invention is 
best defined by the appended claims. 

Referring to the drawings: 
Figure 1 is a diagrammatic representation of 

one embodiment of the invention; 
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FigS. 2 and 3 are views, similar to Fig. 1, of 

modified forms of the invention. 
In Fig. 1 a main gas burner is illustrated 

adapted to be supplied with fuel, as by aid of a 
pipe or conduit 2. A pilot burner 3 is also sup 
plied from pipe through a t-connection 4. A 
main shut-off valve 5 is interposed in the pipe 2. 
Control of the flow of fuel to the main burner 

f is effected by an electromagnetically operated 
Valve structure 6. 
Power for operating the valve structure 6 is 

derived from a source of alternating current con 
trolled by a switch and connected to the pri 
mary Winding 8 of a transformer 9. A secondary 
Winding of transformer 9 is arranged to ener. 
gize an electric igniter i? disposed near the 
burner 3 to light the pilot fiane f2. This pilot 
fiane 2 is shown in dot-and-dash lines to indi 
cate that the System in the position shown is 
not in operation. 
Power for the valve 6 is controlled by an elec 

tronic emission device 3 having an electrically 
heated cathode 4, a control electrode 5, and 
an anode 6. The heater f for the cathode 4 
is connected to a section of a main secondary 
Winding 8 of the transformer 9. 
While the pilot flame 2 is not in existence, 

the electronic emission device 3 is in such con 
dition that it is incapable of causing energiza 
tion of the valve means 6. The output circuit 
Of the device i3 includes the upper section of 
transformer winding 8, a connection 9, valve 
means 6, automatic switching devices 20 and 21, 
anode 6, Cathode 4, and connection 22 to an 
intermediate point of the winding 8. The 
SWitching device 2) may be a thernostatic switch 
located in the medium to be heated, such as 
circumambient atmosphere in a room, or water 
heater, or the like. Automatic switch 2 may 
provide a limit as of temperature, or pressure, 
Or the like. Either of these switching devices 20 
and 2 may prevent energization of the electro 
magnetically operated valve means 6. 
The control electrode 5 is connected, as by a 

large resistance, to the lower terminal of the 
Winding 8. This resistance thus imposes a neg 
ative potential upon the control electrode 5 
When the anode 6 is positive, and no substan 
tial space current can flow through the output 
circuit. A conventional grid leak condenser 24 
may bridge the resistance 23. During those half 
cycles in which anode 6 is negative, it is impos 
sible for any output current to flow between the 
anode 6 and cathode 4. 

In order to make it possible to energize the 
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valve means 6, the control electrode 5 must 
have its potential raised. This is effected in re 
sponse to the energization of the flanne 2 by the 
aid of a pair of flame electrodes 25 and 25. These 
two electrodes are spaced in the direction of 
flame propagation, and the falne Serves, as a 
substantially, unilateral conductor, electrically to 
connect these two electrodes. Electrode 23 is 
connected to the cont1'Ol electrode 5 through a 
resistor 2. 
of highel' potential than the Cathode it. Ac 
cordingly, the control electrode 5 then, permits 
the passage of an operative Space current that 
perits ele ion of the waive: 1:23ains 3 should 
both of Eihi SW 
The electicce 25 obtains its potential from the 

upper terminal of the Winding 8 through con 
nection 9 and a relay 28. When the upper 
terminal of the Winding 8 is positive, the elec 
trode 25 is also positive, and transmits positive 
potentiai to the electrode 5. Accordingly, dur 
iig those half cycles in Which the upper terminal 
or. Winding 8 is positive, an Operative Space cur 
rent can flow to energize the Valve means 6. 
This, of course, can: Only occur when the flame : 
f2 is in existence, since the flame is in Series 
With the circuit through resistOr. 2 that imposes 
the operating potential upon the control elec 
trode 5. 
The relay 28, When the System is inactive, is 

in deemergized position. Accordingly, the back 
contact 29, is closed by the movable aim 30. In 
this position, the igniter is energized through 
the secondary Winding 0 and the l'elay contacts 
29 and 3). 

However, as Soon as the flame f2 is in exist 
enca, the relay. 28 is energized and the ignite 
circuit is interrupted. The: energization of this 
relay 23 is effected by the aid of another elec 
tronic emission device 3 having a cathode. 32, 
a control electrode 33, and an anode 34. An 
electric heating neans 35 is: used for heating 
cathode 32, and is connected in parallel with 
the heatel i of the device 3. 
The relay 23 is included in the output, circuit 

between the anode 34 and cathode 32 through 
the upper portion of the winding 8. The con 
trol electrode 33, While flarine 2 is not in exist 
ence, is impreSSed With a potential from the 
lower terminal of Winding 3 through a resistor 
36 which is bridged by a grid leak condenser 37. 
This control electrode thus has a negative po 
tential while anode 34 is positive. However, 
When the fiane 2 is in existence, the control 
electrode 38 is connected by Way of connection 
38, and the flame 2 to the upper terminal of the 
winding 8. Accordingly, for those half cycles 
in Which tie upper terminal of Secondary Wind 
ing 8 is positive, a Space current can flow 
through the output circuit and the relay 8. 
In operation, the SWitch is closed and the 

shut-off valve 5 is opened. The igniter i is 
energized and Stays ellergized until the flame 
2 is established. As Soon as the flame 2 is 

established, the electronic emission device i3 per 
mits flow of energy to the electromagnetically 
operated valve means 6. 
At the Sairie time, the electronic enlission de 

vice 3 permits flow of energy to the relay 28 
and the igniter is automatically deemergized. 
Upon flame failure, the system returns to, in 

active position. The valve means 6: closes, since 
control electrode 5 prevents passage of a sub 
stantial output current. 

In the form of the invention illustrated in Fig. 

Electrode S is connected to a point. 

Égining devices i and 2.2 be closed. 
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4. 
2, the pilot burner 3 and the main burner are 
arranged as before. In this case, however, the 
valve means 6 is adapted to be operated by al 
ternating current obtained from the Secondary 
winding 39 of a transformer 40. 
The primary Winding 4 is controlled by a cir 

cuit. controlling device 42. 
An electronic emission device 43 for controlling 

the passage of current to the igniter and the 
valve means 6 is shown as having a cathode 44, 
a control electrode 45, and an anode 46. Heater 
67 for the cathode 44 is shown as connected 
across a section of a secondary winding 48. The 
right-hand portion of the Secondary Winding 48 
is included in the output circuit of the device 
43, by way of a relay 49. The left-hand end 
of the winding 48 is connected by high resistance 
50 to the control electrode 45. The usual grid 
leak condensei 5 is placed in parallel With the 
resistors 50. 
When the pilot flame is not in existence, the 

control electrode. 45 attains a potential which 
prevents flow of a Space current during those 
half cycles in which the right-hand, terminal 
of the winding 48 is positive. This is due to the 
connection 5 between the left-hand terminal 
of winding 48, and the electrode 45. Of course, 
during the alternate half-cycles in which anode 
S is negative, it is not possible under any cir 

cuinstances for any current to flow in the output 
circuit. 
When the fame 2 is in existence, electrodes 

5 and 26 are electrically connected through the 
fame 2, acting as unilateral conductor. Elec 
trode 25 is directly connected to anode 46 and 
electrote 28 is connected to the control electrode 
£8. Accordingly, a positive potential is in pressed 
in this manner upon the electrode 45 for the 
half cycles in which the light-hand terminal of 
winding 48 is positive. 
The relay 49 is thus energized and alternating 

current power may be transmitted to the valve 
reans through the Secondary Winding 39, front 
contact 52 of relay 49, and connection 53. At 

, the same time, connection is broken at the back 
contact 58 of the relay 49. This interrupts en 
ergization of the igniter ff. The igniter circuit 

, While the fanne 2 is lot in existence, is con 
pleted through Secondary winding 39 and through 
back contact 54: aid, a manual reset thernal 
cut-off device. 55. This thermal cut-off device 
is incided in the ignition circuit to ensure in 
terruption of this circuit should the pilot burner 
3 remain unignited. Such devices are now well 
known, and require manual resetting in order 
to start the Series of operations. This manual 
reset device, thus ensures against continuous en 
ergization of the ignition circuit, permitting this 
circuit to be completed for only a relatively short 
interval. 
As before, upon failure of the pilot flame 2, 

the control electrode 45 returns to a condition 
in which, no substantial output current can flow 
in the output circuit and, accordingly, relay. 49 
is deemergized, opening the circuit through which 
electrical energy may be passed to valve means 6. 
In the form of the invention illustrated in 

iig. 3, the ignition circuit is arranged in the 
Sane manner as before, and includes the nanual 
reset thermal cutoff 55. The electronic emis 
Sion device 43 has an output circuit substantially 
identical with that described in connection with 
Fig. 2. The input, circuit, however, is modified in 
a nanner now to be described. 
A Saturable core reactor device. 56 is illustrated 
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having the saturating direct current coil 57 and 
a reactor coil 58. With the pilot flame 2 ex 
tinguished, the resistance 50, as before, main 
tains the input circuit in Such manner as to 
prevent substantial foW of output current 
through the relay 49. However, when the flame 
2 is in existence, a direct current can flow 
through the saturating coil 57 by Way of the flame 
2 and electrodes 25 and 26. This direct current 

is derived from the right-hand terminal of Wind 
ing 48, relay 49, to the cathode tap on the Wind 
ing 48. Unilateral current is produced because 
of the rectifying function of the flame 2. Ac 
cordingly, with the flame 2 in existence, the 
reactance of the coil 58 is greatly reduced. 
Since this coil is connected directly between the 
cathode A4 and control electrode 45, the po 
tential of the control electrode 45 is correspond 
ingly raised and an output current can flow. 
In this case, the electronic emission device 43 is 
of Such type as to permit the flow of Space cur 
rent unless control electrode 45 has a consider 
able negative potential with respect to Cathode 
44. 

It is apparent that the coil 58 and the resistor 
50 are in a Series circuit across the left-hand 
Section of Winding 48. As the reactance of coil 
58 is reduced, the difference in potential across 
it is correspondingly reduced, permitting a space 
current to flow. 
What I claim is: 
l. In a control device: an electronic emission 

device having a cathode, a control electrode and 
an anode; means impressing an alternating elec 
tromotive force between the Cathode and anode, 
means supplying an alternating electromotive 
force between the cathode and the control elec 
trode in such direction as to reduce the Output 
current between the anode and the cathode, 
said latter means including a resistor; a Satur 
able core reactor paralleling said latter means 
that supplies an alternating electromotive force 
between the cathode and the control electrode; a 
circuit responding to a condition for Saturating 
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the reactor coire, said circuit including a pair of 
alectiodes between Which a 3urrent, nay paSS; 
and load inears operated by the Space current of 
the chectoric eiission device. 

2. In a control device: an electronic emission 
device having a cathode, a control electrode and 
an anode; means impressing an alternating elec 
tromotive force between the cathode and anode, 
means supplying an alternating electromotive 
force between the cathode and the conti'ol elec 
trode in such direction as to reduce the output 
current between the anode and the cathode; Said 
latter means including a resistor; a Saturable 
core reactor paralleling the Said latter means 
that supplies an alternating electromotive force 
between the cathode and the control electrode; 
a pair of electrodes adapted to be spaced in the 
path of a flame; a saturating coil for the reactO) 
and in series with the electrodes, said electrodes 
and Saturating coil being connected between the 
cathode and anode; and load means operated 
by the space current of the electronic emission 
device. 

FRED E. CAIRNS, JR, 
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