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[5 7] ABSTRACT 

An electronic pilot ignition and ?ame detection circuit 
for use in a fuel ignition system including a spark igni 
tion circuit operable when energized to generate 
sparks for igniting gas emanating from a pilot source, 
a switching circuit including a normally de-energized 
relay and a normally non-conducting silicon con 
trolled recti?er which controls the relay, and a pilot 
?ame sensing circuit operable as a pulse generating 
circuit for sensing the pilot ?ame and providing pulses 
of a ?rst amplitude for enabling the silicon controlled 
recti?er to effect energization of the relay whenever 
the pilot gas is ignited to cause the spark ignition cir 
cuit to be de-energized and to prepare an energizing 
path for a main burner gas valve solenoid. The ?ame 
sensing circuit provides pulses of a lower amplitude 
whenever the pilot ?ame is extinguished to preclude 
enabling of the silicon controlled ‘recti?er, such that 
the relay is disabled causing the energizing path for 
the gas valve solenoid to be interrupted and the spark 
ignition circuit to be re-energized. Alternatively, the 
gas valve solenoid may be substituted in the circuit for 
the relay coil to be controlled directly by the silicon 
controlled recti?er. In such a case a separate self ex 
tinguishing pilot relight circuit controls the pilot igni 
tion. 

23 Claims, 4 Drawing Figures 
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ELECTRONIC PILOT IGNITION AND FLAME 
DETECTION CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to fuel ignition systems, 

and more particularly to an electronic pilot ignition and 
?ame detection circuit‘ for use in such systems to moni 
tor a pilot ?ame and effect the de-energization of a gas 
valve in response to failure of the pilot ?ame or a com 
ponent failure in the pilot ignition and ?ame detection 
circuit. 

2. Description of the Prior Art 
Many known fuel ignition systems employ a thermo 

couple device to monitor a standing pilot ?ame and a 
relay controlled by the thermocouple device to effect 
de-energization of a gas valve, for example, to shut 
down the system in the event of ‘a pilot ?ame failure. 
The thermocouple used to sense the pilot ?ame in such 
systems has a response time of approximately 20-45 
seconds before the control relay will be de-energized to 
effect closing of the main gas valve. It is desirable to 
eliminate a standing pilot ?ame to conserve gas and at 
the same time provide a fast response time of the con 
trol arrangement therefor. 
A fast response time makes possible the elimination 

of standing pilots, a very desirable function considering 
the impending gas shortage and the vast amount of gas 
consumed by standing pilots. 

In order to accomplish this and still retain the inher 
ent safety of a pilot ignition of a main burner, it be 
comes necessary to turn the pilot off when the thermo 
stat is not calling for heat. This means that any time the 
thermostat calls for heat the pilot burner must be ig 
nited ?rst, second the presence of the pilot ?ame veri 
?ed and then the main burner turned on. 
The response of this system is so fast that less than I 

second is required for the complete sequence. This 
means that the circuit can replace a standing pilot sys 
tem without any detectable difference in performance 
to the heating system. 

SUMMARY OF THE INVENTION 

The present invention has provided an electronic 
pilot ignition and ?ame detection circuit including an 
electronic ?ame sensing circuit which has a much 
faster response time than prior art systems employing 
a thermocouple-relay combination. The response time 
of the electronic ?ame sensing circuit may, for exam 
ple, be one second or less thereby eliminating the need 
for a gas-wasting standing pilot ?ame without otherwise 
effecting the heating system. 
Moreover, the ?ame detection circuit of the present 

invention may include an electronic pilot ignitor con 
trolled by the electronic ?ame sensing circuit such that 
the generation of ignition sparks for igniting the pilot 
is provided automatically whenever loss of pilot ?ame 
is detected. Also, the electronic ?ame detection circuit 
of the present invention is extremely fail-safe in that 
any given component failure for an open-circuit condi 
tion to a short-circuit condition will not result in an un 

safe condition in which the main gas valve may be ener 
gized when the pilot ?ame is not present. 

In accordance with an exemplary embodiment of the 
invention, the electronic pilot ignition and ?ame sens 
ing circuit includes pilot ignition means operable when 
energized to generate ignition sparks for igniting pilot 

15 

2 
gas emanating from a pilot source to establish a pilot 
?ame. 
A switching means is normally de-energized when the 

pilot ?ame is extinguished to extend a cyclical AC sig 
nal supplied to the circuit over input means and a pair 
of input conductors to the ignition means for energizing 
the ignition means. The switching means is operable to 
effect the de-energization of the ignition means and to 
prepare an energizing path for gas valve means which 
supplies gas to gas burner apparatus whenever the pilot 
?ame is lit. 
A ?ame sensing means operable as a pulse generating 

circuit provides pulses at ?rst and second levels for 
controlling the de-energization and the energization of 
the switching means as a function of the presence or 
absence of the pilot ?ame. The ?ame sensing means in 

‘ cludes a controlled switching device having a pair of 
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control electrodes, a ?rst circuit means including ?rst 
capacitor means connected between a ?rst one of the 
control electrodes and one of the input conductors, and 
second circuit means including second capacitor means 
connected between the second control electrode and 
the one input conductor. 
The ?ame sensing means further‘ includes means con 

nected between the input conductors for providing a 
charging path for the ?rst capacitor means to permit 
the ?rst capacitor means to charge to a predetermined 
value during each ?rst half cycle. of the AC signal to 
provide a ?rst potential at said ?rst control electrode, 
and means for providing a second capacitor means to 
charge to a predetermined value at the ?rst rate when 
ever the pilot ?ame is extinguished and to charge to 
said predetermined voltage at a faster rate whenever 
the pilot ?ame is established to provide a second poten 
tial at said second control electrode. ' 

The controlled switching device is rendered conduc 
tive at a time during each first half'cycle of the AC sig 
nal when the potential difference between the ?rst and 
second control electrodes exceeds a predetermined 
value, permitting the ?rst capacitor means to discharge 
over the controlled switching device to effect genera 
tion of pulses at the ?rst level for energizing the switch 
ing means whenever a pilot ?ame is established and to 
effect the generation of pulses at the second level caus 
ing de-energization of the switching means whenever 
the pilot ?ame is extinguished. 

In addition, in the event‘of a component failure in the 
pilot ignition and ?ame detection circuit, such as in the 
?ame sensing means, for example, the controlled 
switching device will be maintained non-conductive so 
as to disable switching means and interrupt the energiz 
ing path for the main gas valve solenoid. 
Thus, the electronic pilot ignition and ?ame detec 

tion circuit of the present invention has three levels of 
operation. For the condition of a pilot ?ame failure, the 
system is operable at a ?rst voltage level in which the 
pulses provided by the ?ame sensing circuit are ineffec 
tive to enable the switching means and accordingly the 
energizing path for the main gas valve solenoid is inter 
rupted. Moreover, the pilot ignition means will be ener 
gized to effect re-ignition of the pilot ?ame. 
The presence of a pilot ?ame places the system at a 

second operating level in which the ?ame sensing cir 
cuit is operable to provide pulses for maintaining the 
switching means enabled permitting the main gas valve 
solenoid to be energized. In the case of a component 
failure, the system is operable at a third level in which 
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the ?ame sensing circuit is disabled such that the 
switching means will remain de-energized whether or 
not the pilot ?ame is present. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic circuit diagram of a preferred 
embodiment of the invention operable from an alter 
nating current source and using a relay energized by a 
silicon controlled recti?er for controlling main burner 
valve operation; 
FIG. 2 is a schematic circuit diagram of another em 

bodiment of the invention, but substituting a solenoid 
of the main valve for the relay coil of FIG. 1, thereby 
controlling the main burner valve directly by the silicon 
controlled rectifier and utilizing an ignitor circuit 
which is self-extinguishing; 
FIG. 3 is a schematic circuit diagram of still another 

embodiment of the invention similar to FIG. 2 in that 
the main valve solenoid is controlled directly by the sili 
con controlled recti?er but operable from a DC 
source and using an ignitor which is controlled by 
means of a second coil wound on the solenoid of the 

main valve; and 
FIG. 4 is a schematic circuit diagram of yet another 

embodiment of the invention, similar to FIG. 1 in that 
a relay is responsive to a silicon controlled rectifier to 
control the main valve, but is energized from a DC. 
source. ' 

DESCRIPTION OF A PREFERRED EMBODIMENT 

Referring to FIG. 1, there is shown an exemplary em 
bodiment for an electronic pilot ignition and ?ame de 
tection circuit 10 provided by the present invention. 
The electronic ?ame detection circuit 10, which may 
be employed in a fuel ignition system, includes an elec 
tronic pilot ignition circuit 11 which supplies voltage 
pulses derived from an AC source to a pair of ignition 
electrodes 12 and 13 to ignite a gaseous fuel emanating 
from a pilot source 14 of a gas burner apparatus (not 

shown). 
Energizing power for the ?ame detection circuit 10, 

including the pilot ignition circuit portion 11, is sup 
plied over an input transformer T2 which has a primary 
winding 15 connectible to an AC voltage source which, 
for example, may be a standard 60 Hertz, I20 volt A.C. ‘ 
line voltage source, and a secondary winding 15A. The 
input transformer T2 is a step-down transformer which 
provides approximately 24 volts A.C. between termi 
nals 40 and 41 of winding 15A when the primary wind 
ing 15 of the transformer T2 is connected to a 120 volt 
A.C. source. 
Terminal 40 of the secondary winding 15A of the 

input transformer T2 is connected through normally 
open TI-IS thermostatic contacts over a conductor L3 
and normally closed contacts 21A of a relay 21 to a 
?rst terminal 22 of the ignition circuit 11. Terminal 41 
of the secondary winding 15 of the input transformer 
T2 is connected over a conductor L4 to a second termi 

nal 24 of the ignition circuit 11. 
The ignition circuit 1 1 is more fully described in 

United States patent application Ser. No. 307,077 ?led 
Nov. 16, 1972, now US. Pat. No. 3,806,305 and has an 
output winding 25 having a ?rst terminal 26 connected 
to one of the ignition electrodes 12 and a second termi 
nal 27 connected to the other ignition electrode 13. 
Accordingly, when the thermostat calls for heat THS 

contacts close and power is applied to the ?ame detect 
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4 
ing circuit 10 over the input transformer T2, AC cur 
rent ?ows through the ignition circuit 11 producing 
voltage pulses across the output winding 25 of the igni 
tion transformer T1, which pulses are applied to the 
electrodes 12 and 13, producing sparks between the ig 
nition electrodes 12 and 13 for igniting gas emanating 
from the pilot source 14. W'hen power is applied to the 
ignitor circuit 11 from transformer T2 on the ?rst half 
wave of applied voltage and with terminal 40 assumed 
positive with respect to 41, current ?ows through ther 
mostat contacts TI-IS over line L3 through normally 
closed relay contacts 21A through capacitor C10, resis 
tor R20, capacitor C11, diode D10 to terminal 24, 
charging capacitors C10 and C11. On the next half 
cycle or reverse polarity, current ?ows from terminal 
41, terminal 24, diode D11,.capacitor C10, normally 
closed contacts 21A and thermostat contacts Tl-IS. 
This circuit acts as a voltage doubler, substantially dou 
bling the charge of capacitor C11, which charge is ap 
plied across the anode-cathode circuit SCR T1. As this 
voltage doubling effect occurs, the bias across diode 
D10 of SCR T1 is sufficient to cause SCR to ?re across 
its anode-cathode circuit causing capacitor C11 to dis 
charge through the anode-cathode circuit and through 
the primary winding 23 of ignition transformer T1. This 
pulses the secondary 25 of the transformer causing a 
high voltage spark across electrodes 13 - 12 to attempt 
ignition of the pilot gas coming from pilot burner 14. 
This occurs once every cycle of the applied voltage 
until the pilot gas is ignited. 
The ?ame detection circuit 10 also includes a ?ame 

sensing circuit, indicated generally at 30, which is sup 
plied with approximately 80 volts A.C. through isolat 
ing step-up transformer T3. Circuit 30 is operable to 
provide a pulse output indicative of the presence or ab 
sence of the pilot ?ame. The ?ame sensing circuit 30 
includes a ?ame sensing electrode 31 and a controlled 
switching device 32, embodied as a programmable uni 
junction transistor (PUT), such as the type 2N6028 
commercially available from Motorola. The ?ame sens 
ing circuit 30 also includes an anode, a control network‘ 
33 and a gate control network 34 for the PUT device 

32. 
The ?ame sensing electrode 31 is connected over a 

resistor R1 to conductor L1 and is positioned in a 
spaced-relationship with a ground reference point 35 
for the electronic ?ame detection circuit 10, normally 
providing a high resistance path between conductor L1 
and the reference point 35. The ground reference point 
35 may, for example, be a metallic ground provided by 
a gas burner apparatus or the pilot source 14. The 
?ame sensing electrode 31 is located in the region in 
which the pilot ?ame is to be produced such that the 
pilot ?ame will bridge the gap 36 between the electrode 
31 and the reference point 35 thereby lowering the re‘ 
sistance of the current path over the electrode 31 be 
tween conductor L1 and the reference point 35 when 
ever the pilot flame is present. 
The gate control network 34 determines the gate po 

tential for the‘normally non-conducting PUT device 
32. The gate control network includes a capacitor C1 
which is connected between the reference point 35 and 
conductor L2. Capacitor Cl will charge at a ?rst rate 
whenever the pilot ?ame is unlit. However, whenever 
the pilot ?ame bridges the gap 36 between the sensing 
electrode 31 and the reference point 35, the resistance 
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of the charging path for capacitor C1 will be lower and 
capacitor C1 will charge at a faster rate. ' 
The gate control network 34 further‘ includes a re's'is 

tor R2 which is connected between the reference point 
35 and the gate electrode of the PUT device 32, and a 
resistor R3 which ‘is connected "between the gate elec 
trode of the PUT device and conductor L2. Resistors 
R2 and R3 form a bleeder path for capacitor C1. A sec 
ond capacitor C1 "is‘ connected redundantly in parallel 
with the capacitor C1 ‘for‘safety purposes. ' ‘ 

In addition‘, a resistor R3 and a transistor 50'are con 
nected between conductor L2 and the gate electrode of 
the PUT de’vi'ce 32"forming a clamping circuit 'to limit 
the voltage swing at thevgate to a predetermined _ 
amount. '7 H - 

The potential at the‘ anode-electrode of the PUT de 
vice 32 is determined by the anode control network 33. 
The anode control‘ network 33'includes a capacitor C2 
connected between the anode ‘electrode of the PUT de-_ 
vice 32 and'c'on'ductor: L2. The anode control network 
33 furtherv includes a ‘voltage divider network com 
prised of resistors 1R5, and’ R7‘ which are ‘serially 
.connected between’ the conductors L1 and L2 ‘with the 
junction of "the resistors'R5 and R6'at point 37 being > . 

v 25 . , . connected to the a’lnodelelectrolde of the PUT device 32 
and thus to tinged“ ,ljlca'pac'itori c2. Accordingly, a 
charging path ‘is :provided for, capacitor _C2 from con 
ductor L1 ove'r resistor R5 and‘c'apacitor C2 to conduc 

_ . 

The PUTv device 32 is normally non-conducting and 
is rendered conductive whenever the'potential' at the 
anode electrodeek'ceeds the potential at the gate’elec 
trode byapproximately 0.6?volts as'determined by the 
action of the anode-v control network 33 and the gate 
control network 34, I i .' _' ’ _' ’ 

Whenever the PUT ‘device 32 is ‘rendered conduc 
tive, a discharge path isprovided'for capacitor C2 over 
the anode-cathode circuit of the PUT ‘device 32 which 
supplies pulses provided by the ?ame sensing circuit 30 

I to a control electrode of a second controlled switching 

device- 39, embodied as avsilicon controlled recti?er, 
which may be the-type ClooArmanufactured by Gen 
‘eral Electric Co. ' 

The normally I non-‘conducting’ silicon controlled ' rec 

ti?er (,SCR) 39 has‘ varranode-cathode circuit con 
nected in series with a coilof relay 21 between conduc 
tors L1 and >L2.,Th\e,:co;ntrol electrode or gate of the 
SCR 39 is connectedover the resistor 38' to the con 
ductor L2, a redundant resistor 38’ being connected in . 
parallel with the resistor 38 for safety purposes. 
Relay ‘21 may comprise a DC relay having a coil resis 

tance of approximately 2.5K ohms so that in the case 
of a short circuit condition for the SCR 39, current 
?owing through the coil 21|will generate a high‘ impeé 7 
dance and thereby precluding energization of the relay. 

Alternatively, relay‘ coil'l2l may have a low resistance 
of approximately 450 ohms and a fuse (not shown) may 
be connected in'hth'e branch of the circuit including the 
relay. in such case a short circuit condition for the SCR 
device 39 will cause the current flowing over such 
branch to change from half wave to full wave, thereby 

blowing the fuse‘ and‘ preyentingoperation of the relay 
21. . . .. . . , . . . 

mally closed contacts 21A'wliic'h are connectedlin se 
ries with the normallyfoperi THS contacts and conduc 
tor L3 between terminal 22' of ‘the ignition circuit 11 

Relay 21,v njqrm'allylde-einergized,y has nor-"' 

6 
and terminal 40 of the secondary winding 15A of the 

‘ inputv transformer T2. Relay 21 has a pair of normally 
' open contacts 213 which are also connected in series 

with normally open thermostat switch contacts THS 
' and a' gas valve solenoid 45 which controls the‘ ?ow of 
gas to a main gas burner (not shown). A pilot valve 47 
is connected in parallel with the contacts 21B and the 
valve 45 to cause gas to ?ow from the pilot source 14 
whenthe contacts TI-IS close. 
Thus, whenever the ?ame detection circuit 10 is en 

ergized, relay 21 will be de-energized in the absence of 
a pilot ?ame, permitting current ?ow over the normally 
closedcontacts 21A from the input transformer T2 to 
the ignition circuit 11 to effect the generation of igni 
‘tion sparks between the ignition electrodes 12 and 13. 

~ -When the pilot gas is lit, the SCR 39 will be rendered 
conductive by the pulse output of the ?ame sensing cir 
cuit-30 effecting energization of relay 21. As relay 21 
operates, contacts 21A will be opened thereby termi 
nating the generation of ignition sparks at the pilot igni 
torn, and contacts 21B will be closed energizing the 

. main'bumer gas valve solenoid. _ 

, OPERATION OF THE FLAME DETECTlON 
‘ ' l , CIRCUIT 

For purposes of illustration of operation of the pilot 
‘ ignition and ?ame detection circuit 10, it is assumed 
that the circuit 10 is initially unenergized and that the 
‘SCR 39 and the PUT device 32 are cut-off and relay 21 
is de-energized. When power is applied to the primary 
winding 15 of the input transformer T2, 24 volts AC 

, will be produced across conductors L3 and L4, if the 
v‘Tl-IS contacts are closed causing AC current to ?ow 

35 

40 

through the ignition circuit 11 and the pilot valve 47 to 
cause gas to ?ow from the pilot source 14. Accord 
.ingly, voltage pulses will be induced in the output wind 
ing 25 of the ignition circuit 11, as was previously de 
scribed, and applied to the ignition electrodes 12 and 
13, generating sparks for igniting the gas emanating 
from the pilot ‘source 14. When the pilot gas has been 

__ ignited, a pilot ?ame will bridge the gap 36 between the 

45 
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sensing electrode 31 and the reference point 35. 
The proper phase relationship between the pilotyigni 

tion circuit 11 and ?ame sensing circuit 30 is obtained 
by connecting transformer T3 windings such that ter 
minals 19 and 24 are both positive at the same time. 
'This phases the circuit 10 so that the spark is at the ig 
ni'tiorl electrodes 12 and 13 when the potential at con 
ductor _22 and conductor Ll are both negative and 
therefore the ?ame sensing circuit 30 is not sensing. 
‘Accordingly, during a ?rst half cycle of the AC line 

voltage applied between conductors L1 and L2 when 
conductor L1 swings positive relative to conductor L2, 
current will ?ow from conductor L1 through resistor 
R1 sensing electrode 31 and the pilot ?ame to the ref 
erence point 35, and over capacitor C1 to conductor 
L2, permitting capacitor C1 to charge. The voltage 
across capacitor C1, which is connected over resistor 
R2 to the gate electrode of the PUT device 32, estab 

' lishes a gate potential for the PUT device 32. 
During the same half cycle, capacitor C2 is charged 

vov'era path extending from conductor Ll over resistor 

65 

' R5 and capacitor C2 to conductor L2, establishing a 
potential at the anode of the PUT device 32. 
The values of capacitors C1 and C2 are selected such 

that some time before the peak of the AC line voltage 
during the ?rst half cycle of the AC line signal the 
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anode to gate potential of the PUT device 32 will ex 
ceed +0.6 volts so that the PUT device will conduct, 
permitting capacitor C2 to discharge. Also capacitor 
C2 will have charged to a voltage sufficient to effect the 
generation of a voltage pulse across the redundant re 
sistors 38 capable of rendering the SCR 39 conductive. 
The speed of response of the ?ame sensing circuit 30 
is a function of the value of capacitor C1 and resistors 
R2 and R3 which form the bleeder path for capacitor 
C1. 
When the SCR 39 is rendered conductive, an ener 

gizing path is completed from conductors L1 and L2 
for relay 21 which then operates opening contacts 21a 
to inhibit further sparking between the ignition elec 
trodes l2 and 13 of the ignition circuit 11, and closing 

. contacts 21b to energize the main gas valve. solenoid 
45. I 

Accordingly, once the pilot flame has been estab 
lished and bridges the gap 36 between the sensing elec 
trode 31 and the reference point 35, the action of the 
?ame sensing circuit 30 will be effective to provide en 
abling pulses to the gate of the SCR 39 during alternate 
half cycles of the applied AC line ‘signal. During the 
next half cycle of the AC line signal, when conductor 
L2 swings positive relative to conductor Ll, the SCR 
device 39 will be cut off. However, relay 21, once ener 
gized, will be maintained ‘energized ‘by capacitor C3 
‘during the portion of the half cycle of the line voltage 
in which the SCR 39 is non-conductive. The above con~ 
ditions will occur every cycle when a pilot ?ame is pres 
cm‘ at the sensing electrode 31. 

‘It should be understood that the onlytime pulses will 
bev passed to the PUT device 32 and the gate of the SCR 
39 is when the voltage at the anode of the PUT device 
32 exceeds that of the ‘ gate by plus 0.6 volts and the 
SCR 39 will be enabled only when the capacitor C2 has 
charged sufficiently to provide the pulse energy re 
quired to render the SCR 39 conductive. 
For the condition when the pilot ?ame is extin 

guished, a high impedance path will be provided over 
the sensing electrode 31 to reference point 35 such that 
capacitor C1 will have a longer charging time. Accord 
ingly, as capacitors C1 and C2 are charged, the voltage 
at the gate of the PUT device 32 will be lower relative 
to the voltage at the anode since capacitor C2 will be 
charged at a faster rate over the voltage divider path 
provided by resistors R5, R6 and R7. Consequently, the 
anode voltage will exceed the gate voltage early in the 
half cycle of the AC‘ line signal before capacitor C2 is 
fully charged. Charge on capacitor C2 is limited by 
voltage on capacitor C1 which is very low when pilot 
?ame is extinguished and less than that required to trig 
ger the SCR 39 into conduction. Accordingly, when 
ever the pilot ?ame is not present, pulses provided by 
the ?ame sensing circuit 30 will be ineffective to enable 
SCR 39 to cause relay 21 to be energized. 
When the pilot gas is ignited and relay 21 is operated, 

the gas valve solenoid 45' will be energized permitting 
gas to ?ow to the main gas burner for ignition by the 
pilot ?ame. When the main burner ?ame is lit, a cur 
rent path is provided through the pilot ?ame and the 
main burner ?ame to the ground reference point 35. 
Consequently, the resistance between sensing elec 
trode 31 and reference point 35 will decrease effecting 
a further increase in the charging current for capacitor 

C1. 
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8 
When the main gas burner is lit, the clamping circuit, 

including the transistor 50 and resistor R3 limits the 
amplitude of the voltage provided at the gate electrode 
of the PUT device 32 to a desired operating range 
which may, for example, be 1 to 4 volts. Accordingly, 
with the gate electrode being clamped at a predeter 
mined voltage level, the potential at the anode elec 
trode as provided by the charging of capacitor C2 will 
be capable of exceeding the gate potential by an 
amount suf?cient to trigger the PUT device 32 into 
conduction and provide pulses for maintaining the 
relay 21 energized. If desired, the clamping circuit may 
comprise alternatively a Zener diode in series with a re 
sistance. _ i 

The electronic pilot ignition and ?ame detection cir 
cuit 10 is also characterized by a fail safe feature by 
maintaining the proper magnitude and phase relation 
ship between the voltages that are applied to the gate 
and the anode of the PUT device 32 in the normal op 
erating mode. The normal operating voltage range is l 
to 4 volts for voltage levels‘at the anode or gate elec 
trodes of the PUT device 32. For values above this, as 
may be caused by a component failure, for example, 
the anode voltage will not exceed the gate voltage and 
accordingly the PUT device 32 will not conduct§0n 
the other hand, for voltage values below the operating 
range, the anode voltage will exceed the gate voltage 
before the charge on capacitor C2 is sufficient to pulse 
the gate of the SCR 39. . 
Thus the electronic pilot ignitor and ?ame sensing 

circuit 10 may be considered as a pulsing, system 
wherein the ?ame sensing circuit 30 is a pulse genera 
tor that stops generating pulses for any component fail 
ure or ?ame-out condition. A ' ' ‘ 

The pilot ?ame which bridges the gap 36 between the 
sensing electrode 31 and the reference point 35 serves 
as both a resistance and a recti?er, and the ?ame sens 
ing circuit 30 utilizes the rectification properties of the 
?ame to maintain the charge on capacitor C1 within a 
desired operating range. Therefore, any value of resis 
tance between the sensing electrode 31 to the refer-_ 
ence point 35 will not result in a condition where the 
main gas valve is energized when pilot ?ame is not pres 
ent. Also, the recti?cation property of ‘the ?ame ena 
bles the ?ame sensing circuit to detect the difference 
between a ?ame and leakage resistance between the 
sensing electrode 31 and the reference point 35. 

In one exemplary embodiment, the components of 
the electronic ?ame sensing circuit 30 may have the 
values listed in Table I. 

Resistors 38 and 38‘ 2-220Aohms in parallel 
Resistor RI 470K ohms 
Resistor R2 2.2 Megohms 
Resistor R3 4.7 Megohms 
Resistor R7 5.6K ohms 
Resistor R5 270K ohms 
Resistor R6 l8K ohms 

2-0.047 Microfarad in parallel 
0.47 microi‘arad - 

22 microfarads 

Capacitors Cl and Cl ' 
Capacitor C2 
Capacitor C3 
Transistor 5t) 

It is to be understood that the operating voltage range 
which establishes the relationship between the gate and 
anode voltages, both'phase and magnitude, for the PUT 
device 32 is a matter of choice and that there are a 
large number of combinations of values for the resistors 
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R5 and R6, capacitors C1 and C2, resistor R3 and the 
transistor 50 that can be adjusted to provide satisfac 
tory operation of the circuit. 
With reference to FIG. 2, the electronic pilot ignition 

and ?ame detection circuit 10B is similar in structure 
and operation to that of the circuit of FIG. 1 with the 
exception that the solenoid coil 21 of the main burner 
valve 45 is substituted in the anode circuit of SCR 39 
in place of the relay 21 of FIG. 1. In addition, a differ 
ent pilot relighter circuit is utilized which is self 
extinguishing and which is designated as 11A. This 
pilot relighter circuit is more fully described and 
claimed in copending application of the same assignee 
and of which Matthews is co-inventor, ?led Nov. 16, 
1972, as Ser. No. 307,077, now US. Pat. No. 
3,806,305. ‘ 

When thermostat contacts THS are closed to ener 

gize the pilot valve to provide gas for ignition,.igniter 
1 1A provides a spark across electrodes 12 and 13 to ig 
nite the pilot gas. As is described in the previously 
aforementioned, US. Pat. No. 3,806,305 a ,spark is 
produced once every cycle of applied voltage when the 
SCR 15 conducts discharging capacitor C11 through 
the primary 25 of ignition transformer T1. The ignitor 
circuit is self-extinguishing. When its flame sensing por 
tion detects flame, current ?ows across electrode 13 to 
pilot l4 and thence to ground, as is described in the co 
pending application. This shorts the gate to cathode 
electrodes of SCR 15 of the ignitor circuit causing pul 
sing of the ignition transformer T1 to cease. Should the 
pilot ?ame be extinguished, the ignitor circuit automat 
ically reapplies a pulse across electrodes 12, 13. 
When SCR 39 conducts through its anode-cathode 

circuit as was previously described for FIG. 1, main 
valve 45 is energized directly through its solenoid coil 
21 in the anode circuit of SCR 39. 
With reference to FIG. 3, the electronic pilot ignition 

?ame detection circuit 10C shown is energized from a 
l2-volt D.C. source (not shown) instead of the 120-volt 
A.C. source (not shown) of the previous FIGS. land 
2. The circuit 10C, however, operates substantially the 
same as that described for FIG. 2 where the solenoid of 
the main valve 45 is actuated directly by SCR 39. The 
circuit operation differs in the following respects: the 
pilot valve 110 instead of being operated directly 
through thermostat contacts TI-IS as described for FIG. 
2, operates through normally closed contacts 112 of a 
warp switch connected in series with the ignitor circuit 
11B. As the ignitor circuit attempts to ignite the pilot 
gas as was previously described for FIG. 2, current 
?ows through warp switch heater 111 heating the warp 
switch, which is of a conventional type. Should the igni 
tor circuit continue to draw current for more than a 

predetermined selected time, the warp switch heater 
111 is heated suf?ciently to energize and open its nor 
mally closed contacts 112, terminating energization of 
pilot valve 110 and the ignitor 11B. Pilot valve 110 
then closes, stopping the ?ow of gas to the pilot burner. 
In this case, the ignitor and pilot valve are in “lockout” 
position and must be manually reset. This is done by 
manual actuation of the warp switch into its normal po 
sition in which contacts 1 12 are reclosed, placing igni 
tor 11B and pilot valve 110 subject again to energiza 
tion through thermostat contacts TI-IS. 
The circuit shown in FIG. 3 is powered from a 12 volt 

D.C. source and utilizes a conventional inverter 123 to 
change the 12 volt DC. to l 10 volt A.C. at secondary 
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10 
16B to supply power to the ?ame detection circuit 30 
previously described. 
Considering now the operation of the circuit shown 

, in FIG. 3, a 12 volt DC. signal applied to terminals 118 
and 119 causes current to ?ow through warp switch 
contacts 112, warp switch heater 111 to spark genera 
tor 11B and pilot valve 110 to ignite the pilot burner. 
Current also ?ows to inverter circuit 123 to generate 
110‘ volt A.C. at secondary 'l6B'to supply power to 
?ame detector circuit 30. ’ 

The presence of pilot ?ame on electrode 31 causes 
SCR 39 to conduct as previously described, thereby 
causing the energization of the valve coil 21 on main 
gas solenoid and causing main burner gas to ?ow and 
to become ignited by the pilot. Coil 107, also located 
on the main gas valve solenoid, acts like the secondary 
winding of a transformer, coil 21 being the primary, 
and supplies a voltage to disable the spark generator 
11B whenever the main gas valve is energized.v 
Considering the operation of the 12 volt D.C.- spark 

generator, the high voltage transformer T1 has three 
windings, high voltage secondary 101, primary winding 
100 and feedback winding 102. 
Current ?ows into emitter of ‘transistor 109 to colle'c-. 

tor 121 and a voltage divider consisting of resistors 103 
and 104. The voltage at the junction of resistors 103 
and 104 is su?icient to cause current to ?ow through 
feedback winding 102, diode_l13, base 116 to emitter 
115 of transistor 117 to 12 volt, terminal 119. As a re 
sult, transistor 117 conducts and allows current to ?ow 
from 12 volt terminal 118 through contacts 112 and 
heater 111 through high voltage primary winding 100 
to induce a high voltage in the secondary winding 101 
to produce sparks for ignition at the electrodes. 
As the current in the primary winding‘ increases, 

feedback winding 102, located on the same magnetic 
core as primary winding 100, causes transistor 117 to 
conduct further until it becomes saturated. At that 
time, the voltage induced into the feedback winding be- , 
gins to decrease, thereby decreasing the conductivity of 
transistor 117 and the'current in primary winding 100 
decreasing to induce a negative voltage in the feedback 
winding 102 to cut off the conduction of transistor 117 
to complete one cycle of oscillation. The frequency of 
oscillation utilized is approximately 1000 cycles per 
second. ' , 

After the spark ignites the pilot,‘ sensing probe 31 
causes SCR 39' to conduct to energize main gas valve 
solenoid coil 21 to turn on the main gas. 
Energizing coil 21 induces a voltage in secondary 

winding 107 to increase the- voltage on base 122 of 
transistor 109 su?iciently to cut it off. This removes the 
bias on SCR 117 and disables the spark generator. If 
the pilot becomes extinguished for any reason, coil 21 

. becomes de-energized removing the voltage generated 

60 
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by coil 107 causing transistor 109 to conduct to cause 
the spark generator to produce sparks for re-ignition. 

If for any reason the pilot gas did not ignite, warp 
switch heater actuates manual resettable contacts 112 
tothe open condition in approximately two minutes to 
de-energize the system. Warp switch heater 111 nor 
mally does not actuate because one amp of current 
drawn by the spark circuit is eliminated during a nor 
mal operation. So, at start-up, warp switch heater cur 
rent is approximately 1.3 amps and warp switch heater 
current during a normal cycle is approximately 0.3 
amp. ‘ ‘ ‘ - 
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With reference to FIG. 4, the operation of the circuit 
shown is the same as for the circuit of FIG. 3 except 
main valve coil 21 has been replaced by a relay coil 21 
with contacts 125 and 124 for controlling main valve 
operation and ignitor circuit 11C. 
Contacts 124 energize the spark generating ignitor 

circuit 11C which generates sparks in a manner previ 
ously described with respect to FIG. 3, except that 
when pilot gas is ignited, probe 31 causes SCR 39 to 
conduct to energize relay 21 to opencontacts 124 to 
disable the ignitor circuit 11C and closes contacts 125 
to energize the main gas valve 126. 

If the pilot ?ame is extinguished for any reason, 
probe 31 causes relay coil 21 to de-energize to drop out 
the gas valve to shut off the main burner gas and to acti 
vate the spark generator 11C. If after approximately 
two minutes the spark generator has not turned off, the 
warp switch 111 opens its contacts 112 to de-energize 
the system, as previously described for FIG. 3. 

I claim: , 

1. In an automatic fuel ignition system including a 
‘pilot source for establishing a pilot ?ame and valve 
means operable when energized to supply a gaseous 
fuel to burner apparatus, an electronic control circuit 
for monitoring the pilot ?ame and controlling the ener 
gization of said valve means, said control circuit com 
prising pilot flame sensing means including sensing 
electrode means located in the proximity of the pilot 
source for sensing said 'pilot ?ame, and pulse generat 
ing means controlled by said pilot ?ame sensing means 
to provide pulse outputs of a ?rst amplitude whenever 
the pilot flame is established and to provide pulse out 
puts of a second amplitude whenever the pilot ?ame is 
extinguished, and switching means responsive to pulses 
at said ?rst amplitude to effect energization of said 
valve means, said switching means being disabled 
whenever pulses at said second amplitude are provided 
by said pulse generating means to cause deenergization 
of said valve means to prevent the ?ow of said gaseous 
fuel to the burner apparatus whenever the pilot ?ame 
is extinguished. , ‘ 

2. An electronic control circuit as set forth in claim 
1 wherein‘said pulse generating means includes a nor 
mally non-conducting controlled switching device, ?rst 
circuit means including capacitor- means connected to 
an input electrode of said controlled switching device 
and means connected to a source of potential to pro 
vide a charging path for said capacitor means, dis 
charge circuit means including said controlled switch 
ing device for discharging said capacitor means when 
ever said controlled switching device is rendered con 
ductive, said pilot ?ame sensing means including sec 
ond circuit means connected to a control electrode of 
said controlled switching device and operable to peri 
odically render said controlled switching device con 
ductive permitting said capacitor means to discharge 
over said discharge path to provide said pulse outputs. 

3. An electronic control circuit as set forth in claim 
2 wherein said second circuit means includes further 
capacitor means chargeable at a ?rst rate whenever the 
pilot ?ame is established to provide a potential at said 
control electrode to render said controlled switching 
device conductive at a time when said capacitor means 
of said pulse generating means has charged to a ?rst 
voltage and chargeable at a second rate whenever the 
pilot ?ame is extinguished to provide a potential at said 
control electrode to render said controlled switching 
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device conductive at a time when said capacitor means 
of said pulse generating means has charged to a second 
voltage. , 

4. An, electronic control circuit as set forth in claim 
2, wherein said pilot source includes a pilot valve 
means operable when energized to supply pilot gas to 
an outlet, and pilot ignition means operable when ener 
gized to‘ generate ignition sparks for igniting pilot gas 
emanating from said outlet to establish a pilot ?ame, 
said normally non-conducting controlled switching de 
vice being responsive to pulses at said ?rst amplitude 
to effect the deenergization of said pilot ignition means. 

5. An electronic control circuit as set forth in claim 
4, wherein said switching means includes a further con 
trolled switching device which is normally disabled and 
enabled by pulses at said ?rst amplitude to effect ener 
gization of said valve means. i 

6. An electronic control circuit as set forth in claim 
11, wherein said .valve means includes a solenoid oper 
ated valve having a main gas valve coil and a secondary 
coil, said secondary coil being energized to cause the 
pilot ignition means to be disabled whenever said main 
gas valve coil is energized. 

7. Anelectronic control circuit as set forth in claim 
5, wherein said switching means further includes nor 
mally deenergized relay means, said relay means being 
energized by said further controlled switching device to 
control the energization of said gas valve means when 
ever pulses of said ?rst amplitude are provided by said 
pulse generating means. 

8. An electronic control circuit as set forth in claim 
7, wherein said relay means is operable when energized 
to effect deenergization of said pilot ignition means. 

9. An electronic control circuit as set forth in claim 
1, further including power means adapted to be cou 
pled to a direct current source of power for supplying 
a DC power signal to said control circuit, and inverter 
means responsive to said DC power signal to provide 
alternating current signals for said control circuit. 

10. In an automatic fuel ignition system, pilot ignition 
means operable when energized to generate ignition. 
sparks for igniting pilot gas emanating from a pilot 
source to establish a pilot ?ame, pilot ?ame monitoring 
means including ?ame sensing means having sensing 
electrode means located adjacent said pilot source for 
sensing said pilot ?ame and pulse generating means in 
cluding a controlled switching device having ?rst and 
second control electrodes, ?rst capacitor means con 
nected to said first control electrode, second capacitor 
means connected to said second control electrode, 
means for permitting said ?rst capacitor means to 
charge to a predetermined value to provide a ?rst po 
tential at said ?rst control electrode, means permitting 
said second capacitor means to charge to a predeter 
mined value at a firstrate whenever said pilot ?ame is 
extinguished and at a second rate whenever said pilot 
?ame is established to provide a second potential at 
said second control electrode, said controlled switching 
device being enabled whenever the potential difference 
between said ?rst and second control electrodes ex 
ceeds a predetermined value to permit said ?rst capaci 
tor means to discharge over said controlled switching 
device to effect the generation of pulse outputs of a 
?rst amplitude whenever the pilot ?ame is established 
and pulse outputs of a second amplitude whenever the 
pilot ?ameis extinguished, switching means responsive 
to pulses of said ?rst amplitude to de-energize said pilot 
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ignition meansand to prepare an 'energizing'path for 
gas valve means which'supplies gas to'gas burner appa 
ratus, said switching means being'disa'bled whenever 
pulses of said‘ second amplitude are "provided by said 
pulse generating means‘ to interrupt ‘said energizing 
path for said gas valve means and effect energization of 
said pilot ignition means wlienever ‘said'pilot‘?ame is 
extinguished. -- - " ' - >11 ' 

1 1. An electronic control circuit as set forth in claim 
10 wherein said switchinglmeans includes normally de 
energized relay- means having contact means connected 
in an energizing path for said valve means and a ‘nor 
mally disabled controlled switching'device connected 
in series with'a coil of said relay means across a source 
of potential, said controlled switching device of said 
switching means being enabled responsive to pulses at 
said ?rst amplitude to effect energization of saidlrelay 
means to operate said contact'means to‘ permit energi 
zation of said’ gas .valve. means. - ' ‘ -, . ' 

12. An electronic circuit as set_,fort.hiin claim 11 
wherein said relay, means includes further contact 
means connected in an-energizingcircuitfor said pilot 
ignition means. and operated whenever said relay 

14 
igniting pilot gas emanating'from said pilot source to 
establish a pilot ?ame, said switching means including 
normally de-‘energized relay means having contact 

‘_means"for'normally connecting said pilot ignition 
5 

20 

means isde-energized-itolpermitenergization of said a 

pilot ignition means.~... , ._ - . . , I . _, - - 

13. ‘In anaut'ornatic fuel ignitionsystem including 
pilot source means for ‘establishing a pilot flame and 
valve means operable when energized to supply a gase 
ous fuel to burner apparatus, an electronic control cir- ‘ 

‘3O cuit for monitoring the pilot ?ame and controlling the 
energization of said valve means said control circuit 
comprising pilot ?ame monitoring means having a con 
trolled switching device, ?rst circuit means including 
capacitor means connected to a source of cyclical AC 
voltage and to a ?rst control electrode of said con 
trolled switching device to permit said capacitor means 
to charge during each ?rst half cycle of the AC voltage 
thereby providing a potential at said ?rst control elec 
trode, second circuit means connected to said AC volt 
age source and to a second control electrode of said 
controlled switching device including sensing electrode 
means located in the proximity of the pilot source 
means for sensing the pilot flame such that said second 
circuit means provides a potential at said second con- , 
trol electrode effective to render said controlled 
switching device conductive at a ?rst time during each 
?rst half cycle of the AC voltage whenever the pilot 
?ame is extinguished and to render said controlled 
switching device conductive at a later time during each 
?rst half cycle of the AC voltage whenever the pilot 
?ame is established, output means for providing a dis 
charge path over said controlled switching device for 
said capacitor means whenever said controlled switch 
ing device is rendered conductive to provide a pulse 
output, and switching means responsive to the pulse 
output provided by said ?ame monitoring means when 
ever the pilot ?ame is established to prepare an ener 
gizing path for said valve means, said switching means 
being disabled to interrupt said energizing path for said 
valve means whenever the pilot ?ame is extinguished, 
and said controlled switching device being maintained 
non-conductive in the event of a component failure in 
said pilot ?ame monitoring circuit means. 

14. An electronic control circuit in a fuel ignition sys 
tem as set forth in claim 13 wherein said pilot source 
means includes a pilot source and pilot ignition means 
operable when energized to generate ignition sparks for 
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‘means to'said AC voltage source to energize said pilot 
ignition means whenever the pilot ?ame is extin 
guished, said ‘relay means being energized to operate 

' said contact means to thereby disconnect said pilot ig 
nition'rneans from said AC voltage source’ whenever 
the 'pilot‘?ame is established. ’ ' ' 

An electronic control circuit in a fuel ignition sys 
tem as set forth'in claim '14 wherein said switching 
means further includes a‘ further-‘controlled switching 
device ‘connected in ‘series with a ‘coil of said relay 
means to said AC‘ voltage source, said’ further con 
trolled ’ switching device being normally non 
conducting‘and being rendered conductive responsive 
to the'pulse'v output of said ?ame monitoring means to 
effect energization of said relay means during'e‘ach ?rst 
half-cycle of said AC voltage whenever the pilot'?ame 
isze'stablished, said relay means having further,v contact 
means connected in an energizing circuit for said valve 
means and operated whenever said relay means is ener 
gi'z'ed tov permit eriergization‘of said valve’ means. 

16. Ah‘ electronic control circuit is a fuel ignition sys 
tem as'set'forth in claim 15 wherein said switching 
means includes means for maintaining said relay means 
energizedduring each second half cycle of the AC volt 
age. A A I 

17. An electronic control circuit in a fuel ignition sys 
tem as set forth in claim 16 wherein said output means 
of said pilot ?ame monitoring means includes a pair of 
resistors connected in parallel between an output elec 
trode of said controlled switching device and a point of 
reference potential for said AC voltage source. 

18. In an automatic fuel ignition system including a 
pilot source for establishing a pilot ?ame and valve 
means operable when energized to supply a gaseous 
fuel to burner apparatus, an electronic control circuit 
for monitoring the pilot ?ame and controlling the ener 
gization of said valve means comprising input means, 
said control circuit including ?rst and second conduc 
tor means for supplying a cyclical AC voltage to said 
control circuit, a normally non-conducting controlled 
switching device, ?rst circuit means connected be 
tween said ?rst and second conductor means, said ?rst 
circuit means including ?rst capacitor means con 
nected to a ?rst control electrode of said controlled 
switching device and chargeable during each ?rst half 
cycle of said AC voltage to provide a potential at said 
?rst control electrode, second circuit means including 
second capacitor means connected between a point of 
reference potential and said second conductor means, 
means for connecting a second control electrode of 
said controlled switching device to said point of refer 
ence potential, sensing electrode means, and means for 
connecting said sensing electrode means to said ?rst 
conductor means, said sensing electrode means being 
located in the proximity of the pilot source and posi 
tioned in a spaced relationship with said point of refer 
ence potential to provide a gap therebetween which is 
bridged by the pilot ?ame whenever the pilot ?ame is 
established such that a charging path for said second 
capacitor means is provided between said ?rst and sec 
ond conductor means over said gap to permit said sec 
ond capacitor means to charge at a ?rst rate whenever 
the pilot ?ame is extinguished to thereby provide a po 



3,902,839 
15 

tential at said second control electrode and to permit 
said second capacitor means to charge at a faster rate 
whenever the pilot ?ame is established and bridges. said 
gap to thereby provide a potential at ‘said second con 
trol electrode, said controlled‘ switching device being 
rendered conductive whenever the potential difference 
between said ?rst and second control electrodes ex 
ceeds a predetermined amount such that said con 
trolled switching device is rendered conductive at a 
?rst time during each ?rst half cycle of the AC voltage 
whenever the pilot ?ame is extinguished and atv a later 
time during each first half cycle of the AC voltage 
whenever the pilot ?ame is established, output means 
for permitting said ?rst capacitor means to discharge 
over said controlled switching device whenever said 
controlled switching device is rendered conductive to 
effect the generation of a pulse output, and switching 
means responsive to the pulse output provided over 
said output means whenever the pilot ?ame is estab 
lished to prepare an energizing path for said valve 
means, said switching means being disabled to interrupt 
said energizing path for said valve means whenever the 
pilot ?ame is extinguished. 

19. An electronic control circuit as set forth in claim 
18 wherein said ?rst circuit means includes means for 
limiting the potential at said ?rst control electrode of 
said controlled switching device. to a predetermined 
value. I 

20. An electronic control circuit as set forth in claim 
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16 
18 wherein said second circuit means includes means 
connected between said second controlled'switching 
device and said second conductor means for limiting 
the potential at said second control electrode. 

21. An electronic control circuit as set forth in claim 
18 wherein said switching means comprises normally 
de-energized relay means having an energizing coil and 
contact means connected in the energizing path for 
said valve means and a further normally non 
conductive controlled switching device connected in 
series with said coil between said ?rst and second con 
ductor means, said further controlled switching device 
being rendered conductive by the pulse output pro 
vided over said output means during each ?rst half 
cycle of the AC voltage whenever the pilot ?ame is es 
tablished to effect energization of said relay means to 
operate said contact means. . 

22. An electronic control circuit as set-forth in claim 
19 wherein said further controlled switching device is 
rendered non~conductive during each second half cycle 
of the AC voltage and said switching means further in-’ 
cludes means for maintaining said relay means ener 
gized during the second half cycle of the AC voltage. 

23. An electronic control circuit as set forth in claim 
3 wherein said controlled switching device is main 
tained non~cyonductive in the event of a component fail 
ure in said pilot ?ame monitoring means. 

, * * * * * 
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