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This invention relates to automatic' electrical control
systems for fluid fuel burners which upon closure of a
space thermostat supply fuel to the burner and render
operative. means to ignite it, and which include safety
time switch means operative to permit thecontinued
supply of fuel when there is combustion and to cut off
the supply of fuel after a predetermined short time inter-
val if combustion fails to occur or having occurred subse-
quently fails,

An object of the invention is to provide a generally
new and improved electrical control system for fluid fuel
burners having safety time switch means including an
electrical resistance heater which when energized for a
predetermined short time effects opening of the safety
switch and cuts off the supply of fuel to the burner, in
which solid state switching means under control of photo-
conductive, combustion flame sensing ‘means conirols
energization of the safety time switch heating means, and
in which a scavenging time switch- delays restarting of the
fuel supply following a cutoff thereof due to momentary
electrical power failure.

A further object is to provide a safety control system
of the above character in which the solid state switching
means is normally conductive only during the short time
interval between closure of the thermostat and the estab-
lishment of combustion -flame or which, in event combus-
tion does not occur or subsequently fails, is conductive
only for the short period of time required to effect open-
ing of the safety switch. .

A further object is to provide a safety control system

of the above character in which the solid state switching

device is connected in series with the safety switch heater
across the electrical power supply at all times when the
thermostat is closed, whereby faulty conduction through
the solid state switching device will effect opening of the
safety switch. )

Further objects and advantages of the invention will
become apparent when reading the following description
of the system and its operation in connection with the
accompanying drawing, '

The single figure of the drawing is a diagrammatic iHus-
tration of a burner control system for a conventional,
pressure-type, oil burner;

Referring to the drawing, the primary elements of the
system include an oil burner 10 having a driving motor
12, a space thermostat 14, a motor relay having a winding
16 and two sets of normally open contacts 18 and 22, a
normally closéd thermal time switch 24 (safety switch)
including an electrical resistance heater 26, a photocon-
ductive element 28; a-silicon-controlled rectifier 30 (SCR)
having a gate lead 31 and a gate control network compris-
ing the photoconductive element 28, an adjustable resis-
tor 32 with sliding contact 34 and a fixed resistor 36, a
capacitor 38, a normally closed scavenging time switch 42
including &t “electrical  resistance heater 44, a spark
igniter comprising -electrodes 52 and a voltage step-up
transformer 54, a voltage step-down, power source trans-
former having a primary winding 56 and a ‘secondary
winding 58, and a pair of power supply leads 60 and 62
for connecting transformer primary winding 56 across a
suitable source of A.C. electrical power.

The oil burner 10 includes the usual blower and fuel
pump, which are driven by motor 12 to supply atomized
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oil and combustion air to the burner where the mixture
is ignited by arcing across igniter electrodes 52. The
burner motor 12 and the primary winding of the igniter
transformer 54 are connected in parallel across the power
supply leads 60 and 62 through relay contacts 22, when
closed, by leads 64, 66, 68, 70, and 72. The motor 12 and
igniter 5254 are therefore energized simultaneously upon
closure of normally open rtelay contacts 22.

The motor relay winding is connected across the power
transformer secondary winding 58 through a circuit which
may be traced from the left side to the right side of wind-
ing 58 as follows: a lead 74, space thermostat 14, a lead
76, a lead 78, winding 16, leads 80 and 86, scavenger
switch 42, leads 88 and 90, resistance heater 26, a lead 92,
SCR30, leads 94 and 96, safety switch 24, and lead 98 to
the right side of winding 58.

Upon closure of relay contacts 18, a shunt around
scavenging switch 42 is completed. Starting at junction
100 this shunt includes lead 102, contacts 18, and a lead
40. :

A second shunt around the scavenging switch 42, the
safety switch heater 26, and the SCR30.is also completed
upon closure of relay contacts 18. Starting at junction 46,
this shunt includes lead 48, the scavenging switch heater
44, and the lead 50 to lead 96 at junction 20.

The photoconductive - element 28 is of the semicon-

" ductor type which has extremely high electrical resistance
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in the absence of the light of burner flame and- becomes
considerably less resistive to the passage of electrical cur-
rent when it sees burner flame. The positioning of photo-
conductive element 28 so as to be responsive to - the
presence of burner flame -and yet be shielded from ambient
light is preferably that shown and described in United
States letters Patent No. 3,079,982, issued Mar. 15, 1953,
to Bernardus J. Staring.

The fixed resistor 36 and the photoconductive element
28 are connected in parallel between the SCR gate lead 31
and the cathode side of SCR30, and the adjustable resistor
32 is connected between the gate lead 31 and the anode
side of SCR30 at a point 112. The relative values of fixed
resistor 36 and adjustable resistor 32, as adjusted, is such
that a firing signal is applied to the SCR. gate early in each
conductive half cycle of the ‘SCR under conditions in
which the thermostat is closed and no flame exists at the
burner 10. The resistance of photoconductive element. 28
under no-flame condition is very high so that the voltage
drop is determined by the relative values. of resistors 32
and 36 which causes the SCR30 to fire. When flame ap-
pears at the burner 10, the resistance of photoconductive
element 28 decreases considerably, and as a result, a
reduced voltage drop occurs thereacross which reduces.
the signal voltage applied to the SCR gate below the
firing point during the entire conductive half cycle where-
by the SCRis rendered non-conductive.

The capacitor 38, which is connected across the SCR30,
provides protection for the SCR by absorbing any transient
high voltage pulses which may occur due to switching
at thermostat 14 which may otherwise cause damage to
SCR30. The value of capacitor 38 is such that the current
passed thereby is small and would not appreciably affect’

" the heat output of safety switch heater 26, or develop any
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appreciable -electromagnetic force in winding 16.

The normally closed safety. switch 24 includes a bi-
metal switch arm which when heated for.a. predetermined
period of time by resistance heater 26 opens and, upon

- opening, is latched open by a spring latch 114. Reclosure

of ‘safety switch 24 requires marnual unlatching. Scaveng-’
ing switch 42 includes ‘a bimetal switch arm which when
heated for a predetermined period of time by resistance
heater 44 opens and recloses in a predetermined period of
time when resistance heater 44 is de-energized.
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OPERATION

Under normal operating conditions the closure of
thermostat 14, upon demand for heat, connects the relay
winding 16 across power source transformer secondary
winding 58 through scavenging switch 42, safety switch
resistance heater 26, SCR30, and safety switch 24. The
relay winding 16 is also connected across the power
source secondary 58 through scavenging switch heater 44
and leads 48 and 50. There being no flame at the burner
at this time, the resistance of photoconductive element 28
is very high and SCR30 is therefore conductive, providing
half cycle conduction which, in addition to the full wave
current flowing through the shunt formed by lead 48,
scavenging switch 44, and lead 50, effects sufficient ener-
gization of winding 16 to cause the closing of relay con-
tacts 18 and 22. The closing of relay contacts 22 com-
pletes the circuit across power supply leads 60-62, there-
by energizing burner motor 12 and igniter 54 whereupon
a combustible mixture is supplied to burner 10 and ignited.

The closing of contacts 18 simultaneously completes the
described shunt around scavenging switch 42, comprising
lead 102, contacts 18, and lead 40, so that even though
switch 42 opens the safety switch heater 26 remains en-
ergized through this shunt. The opening time of scaveng-
ing switch 42 is thereby rendered non-critical.

When combustion flame appears, conduction through
SCR30 is cut off, and the safety switch heater 26 becomes
de-energized. Sufficient energization of relay 16 to hold
contacts 18 and 22 closed is now provided through the
shunt comprising lead 48, scavenging switch heater 44,
and lead 50. The resistance of scavenging switch heater
44 is such, however, as to limit the current passing through
winding 16 to that which will hold the contacts 18 and
22 closed once they are closed, but is insufficient to effect
an energization of winding 16 which will effect the clos-
ing of contacts 18 and 22 from an open position. After
a short, predetermined period of time the scavenging
switch heater 44 causes the bimetal contact arm of
scavenging switch 42 to warp open and remain open.
Under normal conditions the burner will now continue to
operate until thermostat 14 opens. When the thermostat
opens the relay contacts 18 and 22 open, cutting off the
fuel supply and extinguishing burner flame. Thereafter
the scavenger switch arm 42 cools and closes in a pre-
determined time. Re-starting is therefore delayed for a
predetermined scavenging period.

If, for any reason, ignition of the combustible mixture
at the burner fails to occur within a predetermined short
period of time following the closing of thermostat 14,
conduction through SCR30 will cause safety switch heater
26 to effect the warping open of safety switch 24, which
will then remain latched open. Opening of safety switch
24 de-energizes the entire system.

If the photoconductive element 28 becomes conductive
in the absence of burner flame, for any reason, during in-
operation of the burner, SCR30 will be non-conductive
and the relay 16 will not be energized sufficiently upon
closure of thermostat 14 through leads 48, scavenging
switch heater 44, and lead 50 to effect the closing of con-
tacts 18 and 22. If the element 28 becomes inoperative
during burner operation so as to become conductive in
" the absence of burner flame, operation of the burner will
be terminated in a normal manner by the opening of
thermostat 14 when sufficient heat has been supplied and
re-starting will be prevented. Also, if the element 28 fails
to respond to burner flame to become conductive, SCR30
will remain conductive and effect the opening of safety
switch 24 in a predetermined short period of time.

If SCR30 malfunctions so as to continue to remain
conductive for any reason after flame appears at the
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burner 10, the safety switch 24 will open after a short
predetermined period of time.

If the electrical power source fails after burner opera-
tion has been established and the scavenging switch 42
has opened, sufficient re-energization of relay winding 16
to reclose the contacts 18 and 22 will be delayed for a
predetermined scavenging period during which the bi-
metal switch arm of scavenging switch 42 is cooling suf-
ficiently to reclose.

The foregoing description is intended to be illustra-
tive and not limiting, the scope of the invention being
set forth in the appended claims.

We claim:

1. In a burner control system, a burner, an A.C. power
source, a normally open relay operative when closed to
cause fuel to be supplied to said burner and to cause the
operation of ignition means to ignite it, a winding for
said relay which when fully energized effects the closing
of said relay, circuit means connecting said relay winding
across said power source to effect under certain condi-
tions a simultaneous full wave and half wave energiza-
tion thereof sufficient to close said relay and under other
conditions to effect only the full wave energization thereof
sufficient to hold said relay closed once it is closed, but
insufficient to cause it to close, said circuit means in-
cluding circuit connections connecting a space thermostat,
said relay winding, a safety switch resistance heater which
when half wave energized for a predetermined short inter-
val effects the opening of a normally closed safety switch,
a silicon controlled rectifier, and the normally closed
safety switch across said power source in series arrange-
ment and in the order recited, and circuit connections con-
necting a current limiting resistor in parallel with said
safety switch heater and said silicon controlled rectifier,
a flame responsive control network for said rectifier in-
cluding a gate lead, a photoconductive element and first
and second resistors, circuit connections connecting said
photocondutive element and said first resistor in parallel
between said gate lead and the cathode side of said
rectifier, and circuit connections connecting said second
resistor between said gate lead and the anode side of said
rectifier, said photoconductive element being responsive to
burner flame and having considerably higher electrical
resistance in the absence of flame than when flame exists,
and the electrical resistance of said first and second resis-
tors and of said photoconductive element in the absence
of flame being such as to effect conduction of said rec-
tifier, and the decrease in resistance of said photoconduc-
tive element in response to flame being such as to reduce
the signal applied to said gate lead below that required
to effect conduction.

2. A burner control system as set forth in claim 1
which further includes a normally closed scavenging
switch connected in series between said relay winding and
said safety switch resistance heater, and in which said
current limiting resistor is a resistance heater operative
when energized for a predetermined period of time to ef-
fect the opening of said scavenging switch.

3. A burner control system as set forth in claim 2 which
further includes circuit connections completed upon the
closure of said relay shunting said scavenging switch.
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