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Robertshaw-Fulton Controls Company, a cor-
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1

This invention relates to control systems for
fuel burning apparatus and, more particularly, to
electrically operated safety control and ignition
systems. - | |

Gaseous fuel burners have been controlled by
means responsive to the presence of a flame at
the burner so that whenever the flame is ex-
tinguished the supply of fuel is automatically
cut-off. In order to start the burner in operation
it is necessary to supply fuel thereto while the
flame is non-existent. 'The common method of
providing for such supply is by the use of 3 tim-
Ing device which operates during g limited period

14 Claims. (CL 158—117.1)
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- controlling the

2

of & coil of resistance wire, is located in lighting
proximity to the pilot burner 18 to ignite the
Tuel issuing therefrom, | o

Electrically operable means is bprovided for
flow of fuel to the main burner
{0 and may take the form of a solenoid valve
24 normally biased to closed position by gravity,
Springs or the like to prevent the supply of fuel
to the main burner {9. The valve 24 has an en-
ergizing coil 26 operatively asscciated therewith
for causing it to open when energy of sufficient

~ value is supplied to the coil 26. As will be ap-

to permit the supply irrespective of the condi-

tion of the flame responsive means. At the end
of the timing period the fuel Supply is again cut-
off unless the flame responsive means has be-
come responsive to a flame at the burner.,
An object of this invention is to simplify ex-
Isting systems by eliminating special timers and
utilizing equivalent characteristics inherent in a
simple control device of the electronic type.
Another object of the invention is to adapt

15

20

the system for electronic control to effect the

timing function and also
safety features thereof. o
Another object of the invention is to preserve

improve the general

25

existing parts of the safety control system which

have proved reliable while improving ‘the per-
formance thereof in the modifieq system.

Other objects and advantages will become ap-
parent from the following descripvion taken in
connection with the accompanying drawings,
wherein: |

Fig. 1 is a schematic view of the Improved con-
trol system for controlling the flow of fuel to a
fuel burning apparatus; and

Fig. 2 is a similar schematic view of g modifi-
cation of the improved control system. -

Referring more particularly to Fig. 1 of the

drawings, the main burner 10 is shown as being

supplied with fuel from a main fuel pipe 12 under

control of a main fuel valve or cock 14 which,
II desired, may also incorporate g thermostatic
device (not shown) responsive to temperatures
caused by operation of the main burner 0. The
main ifuel cock 14 also includes s main switch
16 which is operated to closed position when the
main fuel cock is opened and is normally open
when the main fuel cock is closed. . '
A pilot burner 18 is located in proximity of
the
therefrom and is supplied with fuel by a conduit
20 under control of

tric igniting means 22, preferably in the form

30

40

45

b0

main burner I8 to ignite the fuel flowing -

the main fuel cock (4. Elec~

95

“relays 28 and

the
~well as the various other

parent, the supply of fuel to the main burner
10 is under control of both the main fuel cock
14 and the solenoid valve 28 while the supply of
fuel to the pilot burner 18 is under control of

the main fuel cock 14 only. -

A control device comprising g first relay 28 is
employed for controlling the operation of the
valve 24 by controlling the energization of the
coil 26. This first relay 28 includes a coil 30 and
the usual control elements including a movable
armaiure means 32 adapted to engage g fixed
contact means 34 when the coil 30 is supplied
with energy of sufficient value. ~ The relay coil
30 has a capacitor 36 of suitable size connected
In parallel circuit therewith to smooth the cur-
rent flow in thecoil30. =~ |

A second relay 38 is provided for controlling
the igniting means 22 and Includes a coil 40 and
8 pair of movable armature means 42 and 44.
The armature means 42 and 44 are normally
biased into engagement with contact means 46

and 48 respectively. Upon energy of sufficient -

value being supplied to the coil 40, the armature

means 42 and 44 become disengaged from the
contact means 46 and 48 and the armature means |
gﬁ thereby becomes engaged with contact means

An electronic device 52 of the triode type is
provided for controlling the operation of the
38. The cathode 54 of this device
92 is indirectly heated by a heating element 56
and these elements are housed, together with
the control grid 58 and anode 60, within the
usual envelope 62.

A step-up, step-down transformer §4 controls
energization of the electronie device 52 as
electrical elements re-
ferred to. The transformer 84 comprises a line
voltage primary 66, a high voltage secondary
68 and low voltage secondaries 10 and 72.
line voltage primary 66 is connected at one end
through the main switch 16 to a line wire 14 and
at the opposite end to a line wire 16. While any
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~ suitable voltage may be ¢mployed, depending on - to flame conditions at the pilot burner. i8. The

the voltage of the power source available and the variations in grid bias, in turn, control the cur-

operating characteristics of the electronic de-  rent supply to the relays 28 and 38 so that the

vice 52, the primary winding 66 in this instance control elements of the relay can function to con-

is connected to a 110-volt source of energy and trol the operation of the igniting means 22 and
the windings 68, 710 and 12 may be designed to the solenoid fuel valve 24. It should be noted
operate at voltages of 250 volts, 6 volts and 4 that the electronic device 52 acts as its own rec-

v |

volts, respectively. In this preierred embodi- = tifier and no separate D.-C. supply is necessary
ment of the invention the transformer 64 con- for operation of the system.
stitutes the source of energy and is so named for 10 Wwith the various elements in the position
the purposes of description and definition, al- shown in Fig. 1 of the drawings and the system
though some primary source of energy must be inoperative, the fuel supply and the 110-volt
connected therewith as has been described. ASs supply tc the primary €6 of the transformer 64
far as the present invention is concerned, the . are turned on simultaneously by operation of
construction of the transformer 64 and the con- 15 the main fuel valve {4, Thus, fuel will flow in
nections for supplying energy at various poten- the conduit 20 to the pilot burner 18 and the
tials to the control system can be varied, it be- transformer 64 will be energized.
ing understood that the step-up winding may be As the solenoid valve 24 is biased closed there
omitted if an appropriate electronic device is is no flow of fuel in the main fuel pipe (2 to the
used and connected directly to a suitable pri- -4 main burner 10 at this time. In accordance
mary POwer Source. | with the known characteristics of electronic de-
As previously indicated, the safety control sys~ vices, there is a time uelay before any energy

tem to which this invention pertains '111}0111(_195 flows from the output circuit of the device until
flame responsive means of a known type which the heating element 96 reaches operating teme-

operates in conjunction with cooperating ele- o5 perature and the circuit potentials are stabilized.
ments to control the flow of fuel to the main When the electron flow in the device 52 is estab-
burner (0 should the pilot burner (8 become  lished there is an initial output current which
extinguished. Thus, the flame responsive means is insufficient for operation of the system so that

comprises a variable resistor 18 in the form of the movable circuit elements, such as armatures
o coil of wire of material having normally a 53 42 and 44, remain in the biased positions shown
 relatively low resistance and a positive temper- in Fig. 1. This holding of the energy in the out-
ature coefficient of resistance. The resistor 18 is put circuit below the effective energizing value is
located in proximity of a flame from the pilot due to a negative bias being applied to the grid

burner 18 and is adapted to increase appreciably - 58 as long as the resistor 18 is unheated by a
in resistance value when heated thereby. It will flame from the pilot burner 8.

 be apparent, however, that the passage of elec- Thus, on one-half of the alternating current

trical energy through the resistor 18 will alse cycle the anode potential is positive with respect
cause it to become heated to some extent but it to the cathode 54 and there is an electron flow
is the heating thereof by the flame of the pilot between the cathode 54 and the anode 60. On
burner i8 which is primarily responsible for its 40 the succeeding half-cycle, the anode potential
usefulness in the disclosed system. . becomes negative with respect to the cathode

A second variable resistor 80 is provided for pofential and no electron flow occurs between
cooperation with the resistor 78 and is also these elements. During this second half-cycle
formed from a coil of wire having normally a the capacitor 36 supplies energy to the coil 30
relatively low resistance and a positive temper- 45 of the relay 28. However, when the anode DpoO-
ature coefficient of resistance. This second re- tential is positive as described the electron flow
sistor 80 is not, however, exposed to the flame depends upon the amount and sign of the poten-
of any burner and is adapted to vary its resist- tial at the grid 58. As this grid potential changes
ance only due tO the passage of electrical energy in a negative direction with respect to the poten-

-
A |

~therethrough. - 50 tial of the cathode 54, the electron flow to the
- A potential divider 82 is provided for cooper- anode 60 is reduced. -
‘ation with the resistors 78 and 80 in the oper- Under the circumstances described, the cath-

ation of the electronic device 52. The potential - ode 54 becomes heated by the heating element 36
divider 82 consists of the usual resistance means  of the control device 32 which is connected to

83 and 85 in series and provided with a tap 84 55 the 6-volt secondary 10 of the transformer 64

forming part of a connection between the cir- by a wire 92 from one terminal of the secondary
cuit of the secondary 70 and that of the sec- 10 to one end of the heating element 55 and b;
ondary 68 as will hereinafter be apparent. a, wire 94 from the other terminal of the second-

A timing circuit of conventional form 1is pro- ary 10 to the opposite end of the heating ele:

vided for producing the necessary time delay for 60 ment 56. Meanwhile, the igniting means 22 1i;
operation of the system. This timing circuit energized through a circuit from the lower ter-
comprises a resistor 86 and a capacitor 88 in minal of secondary 12, wire 96, igniter 22, wire
parallel and connected to the circuit of the grid 98, resistor 90, wire (00, contact means 48, arma-
58 of the electronic device 52. The various ele- ture means 44 and wire 102 to the upper ter-
ments of the system are completed by the provi- 85 minal of the transformer secondary 12. The
sion of a resistor 90 for adjusting the value of fuel issuing from the pilot burner (8 is thus ig-
the energy supplied to the igniting means 22. nited and the flame produced thereby serves to
In the subsequent description of the operation heat the resistor 18 and cause it to increase in
of the system the various circuit connections for resistance value,
the described elements will be outlined together 70 The heating and increase in resistance value
with the cooperation between the various ele- of the resistor 18 is effective for causing the de-
ments to produce the required results. Gener- sired shift in the biasing of the input circuil
ally, the resistor 18 cooperates with the resistor of the electronic device 52 sufficiently to rendei
80 and the potential divider 82 to control the the same conductive. The input circuit of the
orid bias of the electronic device 52 in response 75 electronic device 52, comprising control grid bt




- means 50.

and cathode 54, is connected as the detector

branch of a bridge circuit in which the resistors
18 and 80 and resistance means 83, 85 of potential
82 each form one of the other four
branches. This circuit is connected across ihe
6-volt supply as follows: Upper terminal of sec-
ondary 10, wire 92, bridge Junction A, resistance
means 83, junction B, resistance means 85, junc-
tion C, resistor 80, junction D and resistor 78
back to junction A, it being noted that wire 94
completes the connection of Junction C back to
the lower terminal of secondary 18. The detector
branch of this bridge is connected at junction
B by tap 84 and wire 104 to cathode b4, grid
98, resistor 86 and capacitor 88 in parallel and
wire (06 to junction D. |
The lower terminal of the 290-volt secondary
68 is connected to the wire 104 to cathode 54 by
8 wire (08 and the upper-terminal of secondary
68 is connected by wire {10 to one terminal of
the relay coil 30, the opposite terminal of which
Is connected by a wire (12 to the anode 60. The
capacitor 36 in parallel circuit with the relay
coil 30 serves to smooth the half -wave rectified
current of this outut cireuit of the electronic
device 52, as will be apparent. It is further ap-
parent that the current in the 6-volt secondary
10 be approximately 180 degrees out of phase
with the current in the 250-volt secondary 68,
- When the resistor 78 is sufficiently heated by
the flame from the pilot burner 18, the elements
of the foregoing described bridge circuit ¢
ate to shift the bias of the grid 98 in a positive
direction sufficiently to
rent of the electronic device 22 above that re-
quired to effectively energize the relay coil 30.
The relay armature means 32 then engages con-
tact means 34. A circuit for the solenoid valve
24 is then established gs follows: lower terminal
~ of transformer secondary 12 to wire 96, wire
114, solenoid valve 26, wire | {6, contact means
34, armature means 32,

back to the upper terminal of the transformer
secondary 72.
actuated to open position tg supply fuel to the
main burner {0 where it is ignited by the flame
from the pilot burner (8, - |

It is apparent that once the main burner i0
1s in operation, it is no longer necessary for the

igniting means 22 to be energized. 'Cnnﬁequently,' ;

deenergizing means includes a lock-out. circmt_

for the second relay 38. Thus, when the first

relay 28
armature

increase the output cur- -

wire 118 and wire 02

The solenoid valve 24 is thus

This igniter

Is energized and engagement between
means 32 and contact means 34 occurs,

2,486,340
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operation of the main switch 18. The circuit
now established by the foregoing operation of
the second relay 38 may be traced as follows:
from the upper termina} of transformer second-
ary 12, wire 102, wire {24, contact means 80,
armature means 42, relay coil 40, wire | 22 and
wire 96 back to the lower terminal of the trans-
former secondary 712, |

- The system will remain in the steady state
operation described. until manually shut-off by
operation of the main fuel valve 14 or until the
flame at the pilot burner {8 is extinguished. In
the latter case, the potential - drop across the
resistor 18 is decreased as soon as this element
starts to cool. The rate of decrease of this
potential is augmented by the action of the
resistor 80 which is also responsive to tempera-

- ture changes therein, as described. The bias of

20

30

ooper- -

40

the grid 58 in finally changed
tion so as to cause the output current of the
electronic device 52 to decrease sufficiently to

‘cause effective deenergization of the relay coil

30. The armature means 32 then moves under
its bias out of engagement with. the contact
means 34 and the system returns to its initial
condition with the solenoid valve 24 closed to
shut-off fuel flowing to the main burner
As previously described, the second relay 38 re-
mains in energized condition to maintain
circiuit to the igniting means 22
Seéquently, the system must pe
started by manipulation of the main fuel valve-
{4 and is not recyecling. .' -
- If a rapid on-off-on operation of the main
fuel valve 14 is conducted when starting, or if
& rapid off-on operation is made during steady
state running, then there is a substantia] delay
In rendering the electronic device 52 conductive
due to the time required to stabilize the circuit
potentials. :Hence, the starting conditions ap-
bropriate for systems of this nature are pro-
vided for. | B |

Should a recycling system, be required instead
of the non-reecycling system of Fig. 1, a system

- similar to that disclosed in Fig, 2 may be .em-

ployed. This arrangement is similar to
breviously described except that the second relay
is dispensed with. ‘Accordingly, in Fig. 2 similar
reference numerals have been applied for cor-
responding parts in the two arrangements. |
Referring now more particularly to Fig. 2, the

~ relay 28 has the armatyre ‘means 32 thereof
- initially biased into engagement with a contact

the second relay 38 becomes energized through a -

circuit which may be
terminal of transformer
wire {18, armature 32,
116, wire 120, contact

to the lower terminal
ondary 172. 1
will serve to cause the

ment with the contact means 46 and

tively, and the armature means 42
be

will thus
moved into engagement with the contact

In the latter event, the circuit of
the igniting means 22 will be opened and the

energization of the igniting means 22 wil cease.
~ The locking arrangement for the auxiliary relay
38 is now effective to maintain the coil 40 ener-
glzed until the system is manually shut-off by

traced as follows: upper

Secondary 12, wire 102, -
contact means 34; wire
means 46, armature 42,
sécond relay coil 40, wire 122, and wire 86 back

armature means 42 and gz
44 of the second relay 38 to move out of engage~

48, respec~

60

" ‘burned fuel at the
- before another igniting
of the transformer sec-
The establishment of this eireuit -

failure of the flame at

- -"The thermal switch

. means 126 which is utilized in conjunction with
39

a thermal switeh 128 for delaying energization |
of the igniting means 22 when the initial bias-
ing of the electronic device 52 is resumed upon
_ the pilot burner 18§ This
feature is of importance in recycling systems in- .

burner should be pbrovided
operation is established.
{28 in this embodiment

- comprises a bimetal strip 130 having a heater

70

of Fig. 1, further description

Fig. 2, the closing of the
ation of the fuel valve (4 serves to energize the
75 lgniting means 22 throu_gh the

-coll 132 associated therewith ang contact means

disclosed in Fig. 2 are
Identical with those disclosed in the embodiment

of the parts is con-
sidered unnecessary. o

In the operation of the embodiment shown in
main switch 16 by oper-

following circuit:
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from lower terminal of transformer secondary
12, wire {38, armature means 32, contact means
{26 wire 138, resistor 90, wire 98, igniting means
22, wire (40, bimetal strip 30, contact means
{34 and wire 142 back to the upper terminal of
transformer secondary I2.

After the resulting flame from the pilot burner
{8 has heated the resistor 18 sufficiently to render
the electronic device 52 conductive, as previously
explained, the coil 30 of the relay 28 becomes
effectively energized. The armature means 32
then moves into engagement with the contact
means 34 and opens the circuit of the igniting
tneans 22 by its consequent disengagement from
contact means 126. A circuit is then established
for the solencid valve 24 and also for the heater
coil 132 as follows: from the upper terminal of
the transformer secondary 712, wire (42, heater
coil 132, wire 144, relay coil 26, wire {16, contact
means 34, armature means 32 and wire {36 back
to the lower terminal of transformer secondary 12.

Upon establishment of the foregoing circuit,
the solenoid valve 24 is caused to open and admit
fuel to the main burner 10 where it is ignited by
the flame from the pilot burner 8. Moreover,
the heater coil 132 becomes energized and causes
the bimetal strip 130 to warp and disengage it-
self from the contact means (34. The apparatus
is then in steady state operationl until the fuel
supply is shut-off by operation of main valve (4
or the pilot burner |8 becomes extinguished.

Upon extinguishment of the pilot burner |8,
the resistor 18 will cool and cause a shift in the
grid bias of the electronic device 52 as previously
deseribed and the relay 28 will operate to open
the circuit of valve coil 26 and cause the solenoid
valve 24 to close. Such action will serve to en-
eage the armature means 32 of the relay 28 with
its contact means 126 but, as the bimetal strip
(30 is disengaged from the contact means 134,
the igniting means {22 will not immediately be
energized. It is apparent that the thermal switch
{28 will be so designed that its cooling period is
longer than that of the resistor 18 so as to allow
3, suitable period between the time of closing of
the solenoid valve 24 and complete reenergizing
of the icniting means 22 to permit any unburned
fuel from the main burner 10 to flow away.

When the heater coil 122 and the bimetal strip
{30 cool off sufficiently to cause enzagement of
the strip 130 with the contact means 134, then
the igniting means 22 will again be energized
through the described igniter circuit. Another
cycle of the system would thus be initiated and the
sequence of operation would be as previously
described.

While a preferred embodiment of the invention
and a modification thereof have been shown and
described, it is apparent that many other modifi-
cations will occur to those skilled in the art.
Tor example, the separate 4-volt secondary has
been employed to indicate that the power con-
sumption may be reduced by this expedient in-
stead of using the 6-volt secondary for all the
low voitage circuits. Hence, the invention is not
to be deemed limited to the form shown and de-
scribed or otherwise than as defined by the scopz
of the claims appended hereto.

I claim:

1. In a control system for fuel burning ap-
paratus having a scurce of fuel supply, the com-
bination of electrically operable means movable
between positions for controlling the fuel supply
to be burned, an electronic device having the out-

put circuit thereof connected to said means for

10

15

20

29

30

4()

45

b0

6O

6o

70

8

supplying operative energy thereto, a bridge cir-
cuit comprising a branch connected to the in-
put circuit of said device, and a plurality of re-
sistance means in at least two other branches
of said bridge, one said resistance means being
responsive to temperature changes caused by the
burning fuel for varying in resistance value and
being cooperable with the other said resistance
means for varying the potential across said in-
put circuit and causing variations in the output
energy supplied to said electrically operable
means sufficient for movement thereof between
said positions.

2. In a control system for fuel burning ap-
paratus having a source of fuel supply, the com-
bination of electrically operable means movable
between positions for controlling the fuel supply
to be burned, an electronic device having the out-
put circuit thereof connected to said means for
supplying operative energy thereto, a bridge cir-
cuit comprising a branch connected to the input
circuit- of said device, and a plurality of re-
sistance means in at least two other branches
of said bridge, one said resistance means being
responsive to temperature changes caused by the
burning fuel and another said resistance means
being responsive to the passage of energy there-
through for varying in resistance value, said plu-
rality of resistance means being cooperable for
varying the potential across said input circuit
and causing variations in the output energy sup-
plied to said electrically operable means sufficient
for movement thereof between said positions.

3. In a control system for fuel burning ap-
paratus having a source of fuel supply, the com-
bination of electrically operable means movable
between positions for controlling the fuel supply
to be burned and including an energizing coil, an
electronic device hiaving the output circuit there-
of connected to said coil for supplying operative
energy thereto, a bridge circuit comprising a de-
tector branch connected to the input circuit of
said device, and a plurality of resistance means
in at least two other branches of said bridge,
one said resistance means being responsive to
temperature changes caused by the burning fuel
for varying in resistance value and being co-
operable with the other said resistance means for
varying the potential across said input circuit and
causing variations in the output energy supplied
to said coil sufficient for movement of said elec-
trically operable means between said positions.

4. In a control system for fuel burning aprara-
tus having a source of fuel supply, the combina-
tion of electrically operable means movable be-
tween positions for controlling the fuel supply to
be burned and including an energizing coil, an
electronic device having the output circuit there-
of connected to said coil for supplying operative
energy thereto, a bridge circuit comprising a de-
tector branch connected to the input circuit of
said device, and a plurality of resistance means
in at least two other branches of said bridge, one
said resistance means being responsive to tem-
perature changes caused by the burning fuel and
another said resistance means being responsive
to the passage of energy therethrough for vary-
ing in resistance value, said plurality of re-
sistance means being cooperable for varying the
potential across said input circuit and causing
variations in the output energy supplied to said
coil sufficient for movement of said electrically
operable means between said positions. |

5. In a control system for fuel burning gppara-

75 tus having a source of fuel supply, the combina-
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tion -of electrically operable means movable be-

tween positions for controlling the ftuel supply to

be burned and including an energizing coil, an
electronic device having the output circuit there-
of connected to said coil for supplying operative
energy thereto, & bridge circuit comprising 8
detector branch connected to the input circuit
of sald device, and g plurality of resistance means
In the other branches of said bridge, said re-
sistance means including potential divider means

b

- Of said coil, an electronic
10

and & pair of variable resistors, one said resistor -

being responsive to temperature changes caused |

by the burning fuel and the other said resistor
belng responsive to the passage of energy there-
through for varying in resistance value, said
plurality of resistance means being cooperable
for varying the potential across said input cir-

|

10 o

‘8. In a control system for fuel burning ap-
paratus having & source of fuel supply and main
and pilot burners, the combination of electrically
operable means for controlling the fuel supply
to the main burner, a control device. including
a relay coil and one set of contact means dis-
posed to be opened and another set of contact
means disposed to be closed upon energization
device having an input
circuit and an output circuit, a plurality of
sources of alternating energy, electric igniting

~Ineans jor the pilot burner, means connecting one

15

~cult and causing variations in the output energy |

supplied to said coil sufficient for movement of
said electrically operable means between said
positions. |

6. In a control system for fuel burning appara-
tus having a source of fuel supply, the combina-

20

tion of electrically operable means for confrolling

the fuel supply to be burned and including a re-
lay coil and armature means operable thereby be-
tween different positions relative to cooperating
contact means, an electronic device having the
output circuit thereof connected to said coil for
supplying energy thereto, electric igniting means
for the fuel having an energizing circuit con-
trolled by cooperation between said armature
means and said contact means, a bridge circuit

comprising & branch connected to the input cir-

cuit of said device, and s plurality of resistance
means in at least two other branches. of said

bridge, one said resistance mesans being respon-
sive to temperature changes caused by the

- burning fuel for varying in resistance value and
being cooperable with the other sald resistance
means for varying the potential across said input
circuit and causing variations in the output en-
ergy supplied Yo said coil sufficient for operation
of said armature between said positions, said
igniting means being energized in one thermal
condition of said one resistance means and being
deenergized in another said condition thereof.

7. In a control system for fuel burning appara-

30

of the sources of energy to said output circuit and
Sald coll, means for biasing said input circuit so
as to hold the energy in said output circuit below
the value necessary to energize said coil, said
last means including g resistance means respon-
sive to temperature changes caused by operation
of the pilot burner and adapted to vary in re-
sistance value in one thermal condition to cause
a shift in said biasing to increase the output
€nergy sufficiently to energize said coil, connec-
tions between a second of said sources of energy
and said last means, and connections between a
third of said sources of energy, said igniting
means and sald electrically operable means, said
last connections including both one and the other
selts of said contact means for energization of
said igniting means and said elecirically operable
means alternatively. o

9. In & control system for fuel burning ap-

- Paratus having a source of fuel supply, the com-

40

bination of electrically operable means for con-
trolling the fuel supply to be burned and includ-
Ing an energizing coil, an electronic device hav-
ing a cathode, anode and control grid, a source
of electrical energy, = bridge circuit having op-
Posite junctions connected to said source, a de-
tector branch of said bridge having one terminal
connected to said cathode and the opposite ter-
minal connected to said grid, said one terminal

- being also connected to sald source, said coil

45

tus having a source of fuel supply and main and

pilot burners, the combination of electrically op-
erable means for controlling the fue] supply to
the main burner, a control device including 5 re-
lay coil and one set of contact means disposed

to be opened and another set of contact means

disposed to be closed upon energization of said
~ coll, an electronic device having an input cir-

cuit and an output circuit, g source of electrical
~energy, electric igniting means for the pilot
burner, means connecting said output circuit, said
Source, and said-coil, means for biasing said in-
put circuit so as to hold the energy in said output

a0

and said anode in series, said detector branch
normally maintaining said control grid at a po~
tential such that said coil is effectively deener-
gized, and g plurality of resistance means in the
other branches of said bridge including a pair of
variable resistors, one said resistor being respon-
sive to temperature changes caused by the burning
fuel for varying in resistance value and cooperat-
ing with the other said resistance megns to main-
bain said control grid at a different potential such

that said coil is effectively energized whenever

~Sald one resistor is in one thermaj ‘condition.

bo

80

circuit below the value necessary to energize said

coil, said last means including a resistance means
responsive to temperature changes eaused by op-
eration of the pilot burner and adapted to vary
in resistance value in one thermal condition to
cause a shift in said biasing sufficiently to en-
€rgize said coil, means for connecting said ignit-
Ing means to said source and said one set of con-

tacts for energization of said igniting means only

when said coil is deenergized, and mesns for con-

necting said electrically operable means to said.

source and said other set of contacts for ener-

gization of said electrically operable means only

when said coil is ener
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'10. In & control system for fuel burning ap-
Daratus having a source of fuel supply and main -
and pilot burners, the combination of electrically
operable means for controlling the fuel supply
to the main burner, a control device including
8 relay coil and one set of contact means dis-
poséd {0 be opened and another set of contact
means disposed to be closed upon energization
01 said coil, an electronic device having g, cathode,
anode and control grid, an electric igniter for the
pillot burner, a source of electrical energy, @
bridge circuit having opposite Junctions con-

Tnected to said source, a detector branch of said

bridge having one terminal connected to -said
cathode and the opposite terminal connected to
Sald grid, said one terminal being also connected
to said source, said coil and said anode in series,
said detector branch normally maintaining said
control grid at a potential such that said coil .
Is effectively deenergized, a plurality of resis-
tance means in the other branches of said bridge
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including a pair of variable resistors, one sald
resistor being responsive to temperature changes
caused by operation of the pilot burner for vary-
ing in resistance value and cooperating with the
other resistance means to maintain sald control
grid at a different potential such that said coil
is effectively energized whenever said one resistor

is in one thermal condition, and means for con-

necting said igniter and said electrically operable
means to said source including both one and the
other sets of said contact means for energization
of said igniter and- said electrically operable
means alternatively.

11. In a safety control for fuel! burning ap-
paratus having main and pilot burners and means
for supplying fuel thereto, comprising electrically

operable means responsive to variations in the

current value supplied thereto for controlling the
supply of fuel for operation of the main burner,
~ an electronic device having the output circuit
thereof connected to said means for supplying
current thereto, electric igniting means for the
pilot burner controlled by said electrically oper-
able means for energization only when the main
burner is not operating, means for initially bias-
ing the input circuit of said device so as to hold
the current value in said output circuit below
‘that necessary to cause operation of the main
burner, said last means including means respon-
sive to a flame at the pilot burner to cause a shift
in said biasing sufficiently to cause operation of
the main burner, and means electrically con-
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nected to said igniting means for delaying ener-

- gization thereof when said initial biasing is re-

sumed upon fajlure of the flame at the pilot

burner.

12. In a safety control for fuel burning ap-
paratus having main and pilot burners, compris-
ing electrically operable means responsive to
variations in the current value supplied thereto
for controlling the operation of the main burner,
an electronic device having the output ecircuit
thereof connected to said mears for supplying
current thereto, electric igniting means for the
pilot burner controlled by said electrically oper-
able means for energization only when the main
~ burner is not operating, means for initially bias-
ing the input circuit of said device so as to hold
the current value in said output circuit below
that necessary to cause operation of the main
burner, said means including a thermal resistor
responsive to a flame at the pilot burner for
varying in resistance value to cause a shift in
said biasing sufficiently to cause operation of the
main burner, and thermally responsive means
having a cooling period longer than that of sald
thermal resistor electrically connected to said
ieniting means and controlled by said electrically
operable means, said thermally responsive means
being effective for delaying energization of said

igniting means when said initial biasing is re-.

sumed upon failure of the flame at the pilot
burner. | |

"13. In a control system for fuel burning ap-
paratus having a source of fuel supply and main
and pilot burners, the combination of electrically
operable means for controlling the fuel supply
to the main burner, a first relay for controlling
the operation of said electrically operable means,
an. electronic device, a second relay adapted to
be controlled by said first relay, igniting means
for the pilot burner controlled by said second

named relay, a transformer having a plurality

of secondary windings, connections between one
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of said secondary windings, said first-named re-
lay and said electronic device constituting the
output circuit of said electronic device and con-
trolling the energization of said first-named relay,
resistance means connected to a control grid of

said electronic device constituting with another

of said windings the input circuit of said electronic
device, said resistance means including flame re-
sponsive means adapted upon the presence of
a flame at the pilot burner to shift the grid bias
sufficiently to energize the first-named relay for
operation of said electrically operable means, coll-
nections between another of said windings, said
second-named relay and said igniting means to
energize said igniting means prior to said opera-
tion of said electrically operable means, and fur-
ther connections between another of said wind-
inegs and said second named relay to energize said
second-named relay independently of the first-
named relay and maintaining said igniting means
deenergized after said operation of said electri-
cally operable means. _-

14. In a confrol system for fuel burning ap-
paratus having a source of fuel supply and main
and pilot burners, the combination of electrically
operable means for controlling the fuel supply
to the main burner, a first relay having control
elements for controlling the operation of said
electrically operable means, an electronic device,
a second relay having control elements and con-
nected to said first-named relay to be controlled
thereby, igniting means for the pilot burner con-
trolled by certain of the control elements of said
second-named relay, a transformer having a
plurality of secondary windings, connections he-
tween one of said secondary windings, said first-
named relay and said electronic device constitut-
ing the output circuit of sajd electronic device
and controlling the energiz. .ion of said first-
named relay for operation of its control elements,
resistance means connected to a control grid of
said electronic device constituting with another
of said windings the input circuit of said elec-
tronic device, said resistance means including
flame responsive means adapted upon the pres-
ence of a flame at the pilot burner to shift the

erid bias sufficiently to energize the firsi-named

relay for operation of said electrically operable
means, connections between another of said wind-
ings, said certain control elements of said second-
named relay and said igniting means to energize
said igniting means prior to operation of said
electrically operable means, and further connec-
tions between another of said windings, said sec-
ond-named relay and other of its control elements
to energize said second-named relay independ-
ently of the first-named relay and maintain said
jeniting means deenergized after said operation

~ of said electrically operable means.
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