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The present invention relates to safety control systems
for fuel burners and has particular reference to shutting
off the supply of fuel gas in the event that the flame is ex-
tinguished or in such condition that extinction is likely
to occur. The invention is particularly applicable to in-
dustrial combustion systems such as gas fired burners and
boilers and is applicable to such instailations whether
they are mannally or automatically controlled.

Safety control systems to be practical must take into ac-
count normal conditions of operation and.should fail to
shut off the fuel supply so long as conditions are normal.
In a system subject to either manual or automatic oper-
ation, it is quite normal that temperatures in the system
should vary, sometimes through quite considerable ranges,
depending upon desired operating conditions and load.
It will be evident, therefore, that a mere drop in tem-
gerature cannot be taken as indicative of extinction of the

ame.

Furthermore, it is not unusual for the flame to fluctuate
rapidly and a proper safety control must not shut down
the system merely because of the occurrence of normal
fluctuations. :

It is the general object of the present invention to pro-
vide a safety control for a fuel burner which provides
complete safety under conditions of flame extinction but
which is consistent in its operation with normal operat-
ing conditions which may exist. The attainment of this
obiect together with the attainment of further objects re-
lating particularly to details of construction and operation
will become apparent from the following description read
in conjunction with the accompanying drawing in which
the figure is a wiring diagram of apparatus provided in ac-
cordance with the invention showing diagrammatically
a furnace.

A furnace is conventionalized at 10 as provided with a
burner 12 supplied with fuel gas from a pipe 14. The sup-
ply is controlled by a fuel control valve 16 of the trip type
requiring manual resetting, and this valve and an alarm
17 are controlled by a circuit including the supply lines
P and P’ and the contacts of a relay 18 which are closed

when the relay is energized. When this relay is deener- :

gized the circuit is opened causing closure of the valve
16 and sounding of the alarm 17.

A housing 29 within the furnace encloses a pair of tem-
perature-sensitive resistors 22 and 24 which may have

equal resistance values. One of these, 24, is directly af- 4

fected by the flame 13, while the other, 22, is more remote
from the flame and is responsive to the general ambient
temperature conditions existing in the furnace as a resuit
of the flame. A shield 26 is indicated as substantially
isolating the resistor 22 from the direct action of the
flame. The resistances 22 and 24 are in a bridge circuit
including the fixed resistances 36 and 40 which may be
remote from the furnace and, at any rate, should be un-
affected by the temperature in the furnace, a variable re-

sistance 38, a potentiometer 42, and a pair of resistances 7

44 and 46, all of these elements being similarly isolated
from the temperature effects of the furnace. The bridge
is energized with alternating current through connections
28 and 30 to the secondary 32 of a transformer A the
primary of which is indicated at 33. A ground connec-
tion 54 is connected to the junction E of resistances 22
and 24. Bridge outputs are provided between ground and
the connection 50 to the variable contact of potentiometer
42, indicated at C, and between ground and the connec-
tion 52 to the junction D of resistances 44 and 46.
The output between connection 50 and ground is am-
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plified by the cascade arrangement of triodes 68 and 70.
A resistance 51 is connected between the grid of triode
68 and its grounded cathode, and the output of this tri-
ode 68 is taken on connection 71 through condenser 112 to
the grid of triode 70, the connection 71 being to the
junction of the anode of triode 68 with its load resistor
129. The anode of triode 70 is connected to the load re-
sistor 122 and a condenser 113 between the anode and
grid of triode 70 provides a feedback to suppress high
frequency disturbances. The output from triode 70 is
delivered through connection 116 from the junction of
its anode and load resistor through condenser 118 to the
control grid 86 of a thyratron 74 which is provided with
the usual cathode 82, screen 78 and anode 76, the cath-
ode being grounded and heated by the heater 84. The
screen 78 is provided with a positive direct potential from
the transformer secondary 96 which is connected to a rec-
tifier 68 and suitable filter provided by condenser 87 , there
being a resistance $9 connected between the screen and
ground. The anode 76 of the thyratron is connected
through the relay 18 to cne terminal of a transformer
secondary 188 the other terminal of which is grounded.
The amplifying triodes 68 and 70 are provided with di-
rect potential from the secondary 102 of the transformer
B which is connected to a rectifying diode 72 and a fil-
tering arrangement provided by condensers 104, 126 and
124 and resistance 139. The primaries 33 and 97 of the
respective transformers A and B may be supplied with the
usual 60 cycle commercial current. :

The other connection 52 from the bridge provides an
input to a two-stage amplifier comprising the triodes 56
and 38. The input to the grid of triode 56 is provided
threugh condenser 138, this grid being connected to
greund through resistance 140. The anode of triode 56
is connected to the load resistor 148 and is also connected
through condenser 142 to the conirol grid to provide a
feedback to suppress high frequencies or transients. The
anode of triode 56 is connected through condenser 144
to the grid of triode 58, the anode of which is connected
to load resistor 150 and provides its output through con-
denser 162. The anodes of the two triodes 56 and 58
are also connected to the direct power supply through a
filter arrangement comprising the condensers 152 and
136 and resistances 132 and 134, the connection to the
cathode of rectifier 72 being indicated at 110.

The output from the amplifier just described, delivered
through condenser 162 passes to the phase-sensitive ar-
rangement of a pair of triodes 68 and 62, the grids of
which are connected together at 168 and to ground
through tesistance 164. The cathodes of these triodes are
also connected together and to ground through the cath-
ode resistance 154. The anodes of the triodes 62 and 62
are connected to the respective terminals of a secondary
190 of the transformer A through connections 156 and
158. A center tap of the secondary 160 is connected to
ground through the field coil 168 of an induction motor
indicated at 64, the field coil being shunted by a con-
denser 179 arranged to bypass undesired frequency com-
ponents. A second field coil 166 of the motor is con-
nected to the supply line through a condenser 172 which
provides a proper phase of its current to secure conven-
tional operation of the motor. The motor through rednc-
tion gearing 176 serves to traverse the contact of the
variable resistor 38 which is connected to the output shaft
174 of the reduction gearing.

The normal speed of the motor 64 may be relatively
low, for example, 18 R. P. M. and the reduction gear-
ing may have a high reduction ratio of, for examvle, 300
to 1 to secure a slow traverse of the contact of the re-
sistor 38.

The motor arrangement is of well known type and such
that the direction of rotation of the rotor depends upon
the phase relationship of the current flowing through coil
168 to the phase of the current through coil 166. A re-
versal of phase through field coil 168 serves to reverse the
motor,

The operation of the described arrangement is as fol-
lows:

There may be first considered the matter of automatic
control of the bridge through motor 64 and its input
connections. Briefly stated, the operation here involved
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is the maintenance of bridge balance through a predeter-
mined range of variation and at a predetermined rela-
tively low rate. When a difference of temperature occurs
between the resistances 24 and 22, which is reflected by a
change in the resistance values, the bridge becomes un-
balanced and the action of motor 64 is such as to re-
store balance at a predetermined low rate by variation of
the resistance at variable resistor 38. As is weil known,
the unbalance of a bridge energized by alternating cur-
rent is attended with an alternating output the phase of
which reverses as the bridge passes through the point of
balance. The bridge output amplified by triodes 56 and
58 is delivered to the phase-sensitive arrangement pro-
vided by triodes. 66 and 62 by reason of the connections of
the ancdes of these triodes to the two end terminals of
the transformer secondary 100. The result is reversal
of phase of current through the field 168 as the bridge
passes through balance, and the arrangements are made
in conventional fashion so that the alternate phase condi-
tions will drive the motor 64 in directions to restore
balance of the bridge. Two normal conditions which
are involved are those of rapid fluctuations of the flame
13 and of slow variations of the flame, the latter depend-
ing upon manual or automatic control of furnace tem-
peratures. Rapid fluctuations which are normal produce
only small changes of the resistance value of resistance
24 due to the fact that the resistance is enclosed within
a housing 28, and such rapid fluctuations will not produce
substantial movements of the contact of variable resistor
38 because of the slow action of motor 64 in changing this
resistance. In short, the setting of resistor 38 remains
approximately at an average condition corresponding to
these fluctuations. Hunting by the motor is thus avoided.
Under all normal circumstances the temperature of re-
sistance 24 will be higher than that of resistance 22. If
the size of the flame changes under ordinary manual or
automatic control conditions, the temperature of resist-
ance 24 will change relatively to the temperature of resist-
ance 22, more rapidly than the change of temperature of
the latter, but at a relatively slow rate, such that the un-
balance of the bridge which is produced will cause the
motor 64 to effect correspondingly slow rebalance.
Under these normal conditions, therefore, the bridge will
be essentially at all times substantially balanced, the
value of resistance 38 being changed to secure this con-
dition. As will shortly appear, this establishes a variable
operating condition, deviations form which effect con~
trol of the relay 18.

Considerine now the control effected by the output of
the bridge through connection 50, it may be first noted
that the output is subject to initial adjustment by the
potentiometer contact at C. This means that the balance
of the bridoe so far as this output connection is concerned
may be varied independently of balance existing at con-
nection D. A preliminary adjustment for desired op-
erating conditions is therefore made manually at C. The
output on line 5¢ is amplified through triodes 68 and 7¢
and the amplified output is applied to the control grid
of thyratron 74. As will be evident, thyratron 74 also
represents a phase-sensitive device. ¥ at the time the
anode 76 is positive, the control grid is not sufficiently
negative, as determined by the direct potential of the sup-
pressor grid, the thyratron will fire and accordingly a pul-
sating anode current will flow through relay 18 to main-
tain its contacts closed and consequently the valve 16
open and the signal 17 inoperative. This is the normal
condition and exists whenever the temperature of resist-
ance 24 is hicher than that of resistance 22. This con-
ditien also exists when the temperature of resistance 24
is lower than that of resistance 22 and the lower condi-
tion has been compensated for by the balance antomati-
cally effected through motor 64. This condition also
exists when the temperature difference has been suffici-
ently partially compensated by the action of motor 64.

When, however, the bridge is sufficiently out of balance
to produce a reverse phase of potential of the control grid
of the thyratron relative to the potential of the anode 78,
i e. so that the control grid becomes sufficiently negative
when the anode is positive to prevent firing, then the relay
18 will be deenergized, the valve 16 will close, and the
signal 17 wiil become effective. The conditions just de-
seribed will occur if the flame 13 is extinguished. When
this occurs, the resistance 24 will cool rapidly compared
to the resistance 22 and while the motor 64 will attempt
to compensate for this by attempting to maintain the
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bridge in balance, the balancing action will be so slow
that the output of the bridge will be of a phase to secure
a non-firing condition of the thyratron as just described.
This condition will also oc¢cur when the flame 13 is ex-
tinguished because the cooling will take place to such ex-
tent that the bridge is unbalanced beyond the possibility
of rebalance through the action of motor 64, the contact
of resistor 38 passing beyond the limit of effective varia-
tion of resistor 38, Thus, extinction of the flame or the
lowering of the gas flow to a dangerous value at which
the extinction of the flame might be imminent will effect
cutting off of the gas supply.

It will be evident that starting will involve conditions
which will maintain the thyratron in firing condition dur-
ing positive half cycles of its anode by reason of the fact
that the temperature of resistance 24 will be higher than
the temperature of resistance 22. The valve 16 is man-
ually held open during the lighting of the burner and
until resistance 24 is heated.

I claim:

i. In combination, a burner normally providing a pre-
determined flame but subject to the possibility that the
flame might abnormally decrease to a condition of danger
of extinction, means for supplying fuel to the burner, and
means for controlling the last named means comprising
a balanceable circuit including a pair of temperature-sen-
sitive resistances located to be heated by the flame of
the burner with one more directly exposed to the heating
action of the burner flame than the other, means for
energizing said circuit, slow acting means receiving an
electrical output of said circuit and controlled thereby to
effect substantial balance of said circuit from a prede-
termined range of unbalance under normal flame con-
ditions of burner operation, and fast acting means receiv-
ing an electrical output of said circuit and controlled
thereby when the circuit is out of balance beyond said
predetermined range due to abnormal decrease of the
flame of said burner to cut off supply of fuel by said sup-
plying means.

2. In combination, a burner normally providing a
predetermined flame but subject to the possibility that the
flame might abnormally decrease to a condition of danger
of extinction, means for supplying fuel to the burner, and
means for controlling the last named means comprising
a balanceable circuit including a pair of temperature-
sensitive resistances located to be heated by the flame of
the burner with one more directly exposed to the heating
action of the burner flame than the other, means for ener-
gizing said circuit with alternating current, phase sensi-
tive slow acting means receiving an electrical output of
said circuit and controlied thereby to effect substantial
balance of said circuit from a predeiermined range of un-
balance under normal flame conditions of burner opera-
tion, and phase sensitive fast acting means receiving an
electrical output of said circuit and controlled thereby
when the circuit is out of balance beyond said predeter-
mined range due to abnormal decrease of the flame of
said burner to cut off supply of fuel by said supplying
means.

3. In combination, a burner normally providing a pre-
determined flame but subject to the possibility that the
flame might abnormally decrease to a condition of
danger of extinction, means for supplying fuel to the
burner, and means for controlling the last named means
comprising a balanceable circuit including a pair of
temperature-sensitive resistances located to be heated by
the flame of the burner with cne more directly exposed
to the heating action of the burner flame than the other,
means for energizing said circuit, slow acting means in-
cluding a reversible motor receiving an electrical output
of said circuit and controlled thereby to effect substantial
balance of said circuit from a predetermined range of
balance under normal flame conditions of burner
operation, and fast acting means receiving an electrical
output of said circuit and controlled thereby when the
circuit is out of balance beyond said predetermined range
due to abnormal decrease of the flame of said burner to
cut off supply of fuel by said supplying means.

4. Tn combination, a burner normally providing a pre-
determined flame but subiect to the possibility that the
flame might abnormally decrease to a condition of danger
of extinction, means for supvlying fuel to the burner,
and means for controlling the last named means compris-
ing a balanceable circuit including a pair of temperature-
sensitive resistances located to be heated by the flame of
the burner with one more directly exposed to the heating
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action of the burner flame than the other, means for ener-
gizing said circuit with alternating current, phase sensitive
slow acting means including a reversible motor receiving
an electrical output of said circuit and controlled thereby
to effect substantial balance of said circuit from a prede-
termined range of unbalance under normal flame condi-
tions of burner operation, and phase sensitive fast acting
means receiving an electrical output of said circuit and
controlled thereby when the circuit is out of balance
beyond said predetermined range due to abnormal de-
crease of the flame of said burner to cut off supply of fuel
by said supplying means.

5. In combination, a burner normally providing a pre-
determined flame but subject to the possibility that the
flame might abnormally decrease fo a condition of
danger of extinction, means for supplying fuel to the
burner, and means for controlling the last named means
comprising a balanceable circuit including a pair of tem-
perature-sensitive resistances located to be heated by the
flame of the burner with one more directly exposed to
the heating action of the burner flame than the other,
means for energizing said circuit, slow acting means
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receiving an electrical output of said circuit and con-
trolled thereby to effect substantial balance of said cireuit
from a predetermined range of unbalance under normal
flame conditions of burner operation. and fast acting
means receiving an electrical output of said circuit and
controlled thereby when the circuit is out of balance be-
yond said predetermined range due to abnormal decrease
of the flame of said burner to provide a signal of said
decrease of the flame.
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