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This invention relates to safety controls for fuel
burners and, more particularly, to electrically op-
erated controls therefor, o

Electrically operated fuel contro] apparatus has

been arranged to permit supply of fuel to the

_main burner if a flame sensitive portion of the

' apparatus has previously been heated by a pilot- .
burner.  The flame sensitive device may comprise
an electrical resistance element which changes its .

resistance when heated and thus, changes the
value of the energizing current supplied to & sole-
noid valve controlling the supply of fuel. 'The
current values in the circuit are adjusted so that
durin,
. Sitive device has heated) the current to the sole-
- noid valve is sufficient to cause actusation to open
position. During the operating period (after the
fla
through the solenoid valve i3 only sufficient to
- maintain it open, Hence, immediately upon cool-
Ing of the flame sensitive device due to extin-

" guishment of the pilot burner, the current values’

- in the circuit automatically change causing in-
sufficient’ current to flow. through the solenoid
valve to-maintain. it open, whereupon the fuel
supply to the main burner is promptly cut off,

In- such .systems the gceurrence of an unde- o

~'sired open ' circuit, such-as from Iracture of the
flame sensitive device in cases
would eliminate the safety fedture by permitting
the solenoid valve to remain open even though
-the pilot burner became £Xtinguished> The ad-
dition ‘'of a thermal time-lag type of cut-out in
circuit with the solenoid valve and operabile upon
failure of the flame sensitive dévice has beéen
proposed. This expeédient introduces the disad-
‘vantage of undesired closing of the solenoid valve
if & number of on-off-on cycles of the main con-
trol device are peiformed in quick succession per-
_mitting the. large starting period current to op-
“erate the ¢ut-out when the time-lag has expired,
- An object of
" Dlete safety in apparatus’ of the. type- described
without rendering such apparatus subject to un-
lesired functioning during any manijpulation” or
' sequence of manipulations
' main control
- tages: will: b
description taken in conne¢
panying drawing, wherein:

device, - Other objects and advan-
tion with the accom-

‘Fig. 1is a schematic view of -a safety controi
'~ apparatus for & gaseous fuel burner embodying
this invention, and = o '

Pz 215 & clroult disgram showing the elec

trical connections, .

g the starting period (before the flame sen-.

me. sensitive device is heated) the current

where a coil is used, -

this invention is to maintain com-

performed upon the -
become apparent from the following -

(CL. 158—117.1)

Referring more particularly to the drawing, s
gaseous fuel burner 10 is shown in Fig. 1 as being
supplied with fuel by a main fuel pipe 12. The
fuel supply is controlied by a main valve 14 which, .
In this instance, is adapted for manual opera-

‘tion but which may be arranged for thermo-
static operation if desired. Interp | in the"
fyel supply pipe 12 between the main valve 14
and the burner 10 is an electromagnetic or sole-

10 noid gas valve 18 of any known type which may
- be arranged, as in this instance, to_be opened.

by energization of the solenoid and closed by
gravity upon deenergization thereof, A ‘pilot
burner (8 is provided for igniting the main burner-

15 10 and is supplied with fuel from. a conduit 20

“connected to the main valve {4 to receive fuel
from the pipe 12 when the main valve is open.’

Electric current for the operation of the ap- -
Paratus is supplied by the line wires 22 connected

20 to the primary of a transformer 24. It is de-

" * sirable in such apparatus that the electric cur-

rent be shut off when the main valve 14 is closed
., to shut off the supply of fuel to both the main -
and pilot burners. Accordingly, & main switch

25 for the electric current from the transformer 24
'~ may be incorporated in the valve 14 with guitable .
arrangemént for causing closure of the main
switch when the valve i4 is actuated to open posi-

_don, - e ; )

30 The electrical circuit for the safety control and
*Ignition system of this invention, as shown more

particularly in Fig, 2, {ncludes the main switch of

valve 14 which has one terminal connected by a

_Wire 26 to one terminal of the secondary of the

- o transformer 24 and the other terminal of the

main switch connected by a wire 28 to g Junction
30. The other terminal of the secondary of the
transformer 24 is connected by g wire 32 to a |
Junction 34. It may be noted that the various.
40 electrically operated elements of the system are

.+ connected, upon initial closure of the main switch

I4, in a bridge type of circuit, ) '
Connected to junction 38 are. series resistor 38, -
ignition means comprising a coil 40 and, the nor-

.48 mally closed switch 42 of &' control relay having
" time-delayed operation, all of which form one arm

of the aforesald bridge circuit. ‘These elements
_are connected in series circuit which may be
traced by a wire 38 from Junction 38 to the Te-
00_sistor 38, wire 44 connecting the resistor 38 to the

' - ignition coil 48 and a wire.

ton coil 40 to the switch 42. The switch 42 is

connected by a wire 48 to a junction 80 and g

wire 82 extending therefrom serves to éonnect the

‘4 one terminal of the eléctromagnetic valve (g

)

48 connecting the igni- .
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thereto, the other terminal of this valve being
connected by a wire 84 to the junction 34. The
electromagnetic valve 16 and the connections de-
scribed form the second arm of the aforesaid
bridge circuit.

Connected by a wire b6 to the junction 34 is a
resistance element 58 which may be designated
as g control resistance for the electromagnetic
valve 16 for reasons which will appear herein-
after. Preferably, the resistance element 88 is In
the form of a coil of: wire of material having nor-
mally a relatively low resistance and a positive
temperature coefiicient of resistance, commonly
termed g “ballast resistor” and being thermally
responsive to the passage of current therethrough.
Primarily, howevér, this element is responsive to
the heat of the pllot burner flame to which it is
exposed as shown in Fig. 1 and will vary in re-
sistance in response thereto. The opposite end
of the resistance element B8 is connected by a
wire 60 to the junction 62 and forms the third
arm of the aforesaid bridge circuit.

Connected by a wire 64 to the junction 62 is a
second resistance element §6 which is also formed
from a coil of wire having normally a relatively
low resistance and a positive temperature co-
efficient of resistance. As indicated in Fig. 1, this
second resistance element 66 is not however ex-
posed to the flame from the pilot burner 18 and
is adapted to vary its resistance only due to the
passage of current therethrough. The opposite
end of the resistance element 66 is connected by
a wire 68 to the junction 30 and forms the fourth
arm of the aforesaid bridge circuit.

The detector arm of the bridge circuit eom-
prises & cut-out 70 having one terminal thereof
connected by & wire 72 to the junction 50 and the
other terminal thereof connected by a wire 14 to
the junction 62, Preferably, the cut-out 70 is of
the thermal type having time-lag operation for
a purpose which will be apparent hereinafter.
Such devices are constructed with predetermined
time-current characteristics and usually contain
a heater element in addition to and affecting a
fusible member which opens the circuit by pa.ssage
of overcurrent.

The electrical circuit is completed by the pro-
vision of a second normally closed switch 16 of
the control relay having time-delayed operation
connected fromm one terminal by & wire 18 to the
junction §0 and the other terminsal thereof con-
nected by a wire 88 to the junction 34. The
switch 16 is therefore connected in shunt with the
electromagnetic valve |8 which remains in closed
position while the shunt is effective.

Means are provided to complete the circuit
manually in order that the pilot burner 18 may
be lighted with a -match should the ignition coil
40 fail and cause an open circuit. This means
takes the form of a manuslly operated switch 82
which is normally held open by a spring 84 and
is connected in shunt with the igniter 40. The
connections may be traced by way of a wire 88
connected at-one end to the wire 44 and at the
other end to one terminal of the switch 82 and by

a wire 88 extending from the other terminal of

the switch 82 to the wire 48.

© A suitable electrical resistance element 80 may
be included in the wire 88 in series with the switch
82 to compensate for the loss of the resistance of
the ignition coil 40 when this coil becomes open
circuited for any cause.

The control relay of which the switches 42 and

18 form part may be provided with a single actu-
ating coil 92 (see Fig. 1) having one terminal
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thereof connected by a wire 84 to the wire 32 and
the other terminal thereof connected by a wire
96 to the wire 68. As previously indicated, the
switches 42 and 76 are similar in that both open
after a specified time-delay, but the switch 42

‘has g longer time delay period following closing

of the main switch of valve I14. These switches
are preferably of the mercury tube type such as
disclosed in patents, Nos. 1,778,439 and 2,224,873
among others and to which patents reference may

.be had for a fuller description. In the present

embodiment of this invention the switch 42 may
have a time-delay of eighteen seconds before
opening following the closing of the main switch
14 and is adapted for instantaneous closing upon
opening of the main switch valve 14 or otherwise
deenergizing the actuating coil 92. The switch
16 may have g time-delay of five seconds before
opening following the closing of the main switch

-14 and also have instantaneous closing. It is not

essential, however, that the switch 42 having the
longer time-delay period also have an instan-
taneous closing upon operation of the main switch

-of valve 14 to open position or other deenergizing
. of coil 92 it being only necessary that it assume

a closed position before the switch 76 is again
actuated to open position. In this embodiment,

-where such & short time-delay as five seconds is

- established for opening of the switch 16, it is
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16

preferable to arrange the switch 42 with an in-
stantaneous closing action as, will be apparent.

As indicated by the broken lines in Fig. 1, the
chamber 98 of an oven or like device is adapted
to contain the main burner {0, pilot burner 18,
ignition coil 40 and resistance element §8. Both
the ignition coil 40 and resistance element 58 are
exposed to the flame of the pilot burner 18 and -
the latter is arranged in proximity to the main
burner 10 to serve its intended purpose of ignltmg
fuel flowing therefrom.

The operation of the device is as follows'
Manual or thermostatic closing of the main switch-
of valve 14 is effective upon opening of this valve
as described and permits fuel to flow to the pilot
burner {8 and also in the main fuel pipe 12 as
far as the electromagnetic valve 18 which is nor-
mally closed. The current from the transformer
20 is conveyed by the wires 28 and 32 to the junc-
tions 30 and 34 of the bridge circuit. As the ele-
ments comprising the bridge circuit are at this
time unheated and the electromagnetic valve 1§
is shunted by the time-delay switch 76, the bridge
network is considerably unbalanced. Therefore,
the current through wires 712 and 74 to cut-out 19
is large. Within a few seconds the circuit ele-
ments heat up and the bridge balance is improved
resulting in a .decrease in current through the
cut-out 70. There is a further decrease in the
current to cut-out 70 to considerably below nor-
masal operating value after opening of the switch
16 having the shorter time delay period and this
serves to remove the shunt from electromagnetic
valve 18 further improving the balance of the
bridge. Due to the time-lag of the cut-out 78
the large inrush current upon initial closing of
the main switch of valve 14 is inefféctive to cause
operation of the cut-out 10 at this time. Upon
expiration of the specified five seconds time-~delay
period upon opening of the switch 76 and removal

of the shunt from the electromagnetic valve 18,

the ignition coil 40 has reached igniting tempera-
ture. Thus, upon opening of the electromagnetic
valve 16 the fuel flowing from the main burner
10 is ignited by the flame from the pilot burner
18 which is ignited by the ignition coil “
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The resistance elements $8 and 66 have now
become heated, the former.due to the flame from

- the pilot burner and the passage of current there--

through, and the latter due fo the passage of
current therethrough only. Consequently, the
bridge balance is improved to such an extent that

the current through the cut-out 710 is reduced to -

a value insufficient to cause . operation thereof

regardless of whether the main switch is manip- -

ulated in on-off-on cycles. At the expiration of
‘the 18 seconds time-delay, if such is chosen for
delaying opening of the switch 42, the ignition
coil 40 and series resistor 38 become deenergized.
The bridge nature of the circuit is' thus elim-
inated unless the network is considered a bridge
with infinite impedance in one arm.

Operation of the long time-delay switch 42 to.

open positibn is entirely automatic and occurs
regardless of whether the resistance element 58
is heated by the pilot- burner flame or even
‘whether the pilot burner 18 has become ignited.
Thus, when the switch 42 opens, unless the bal-
last resistor 58 has become heated and its re-
sistance increased sufficiently to raise the resist-
ance of the shunt established thereby around the
valve 16 and cut-out 10 and to compensate for
the increase in total circuit resistance then the
current through the electromagnetic valve 16 will
decrease below holding value and the valve 16 will
close. If at any time during operation of the
apparatus the flame of the pilot burner 18 ceases
then the resistance element 58 will cool and its
resistance be lowered in consequence so that the
current through the electromagnetic valve {6 is
rendered-insufficient to retain this valve in open
position, whereupon closure thereof will occur.
‘The invention is thus particulariy directed
toward the means to cause closing of the electro-
magnetic valve 16 in the event of failure of the

resistance element 58 by fracture or other de-.

structive means. While the resistance element
58 remains intact, no interference with normal
Operation of the control by the cut-out 18 will
decur regardless of the manner of operation of
the main switch 14, It will be apparent that
" should the resistance element 58 become open-

circuited then the presence or absence of the

flame from the pilot burner I8 would have no

effect thereon and the electromagnetic valve 16,

would remain open. However, due to the provi-
sion of the cut-out 70 the increase in current
through the circuit of the solenoid valve {6 upon
fracture of the resistance element §8 will cause
the cut-out to operate at any time subsequent
to expiration of the time-lag thereof which ren-
ders it inoperable during the initial starting
period when the inrush current may be large.

It will be understood that various changes can

be made in the arrangement and combination of’

parts and in the form of the elements herein
disclosed within the scope of the appended claims
without departing from the spirit of the inven-
tion.

I claim: ’

1, A safety control and ignition system for
fuel burners having main and pilot burners com-
prising an initially unbalanced electrical bridge
circuit adapted to be energized from a source of
current supply, one arm of said bridege including
an electric resistance igniter for the pilot burner,
a second arm comprising electrically operable
means controlling supply of fuel to the main
burner, a pair of resistors in the third and fourth
" arms one of which is exposed to the heat of the
pilot burner flame and the other being thermally
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responsive to energizing current in said circuit,
sald resistors being adapted to increase in resist-
ance value when heated thereby, a cut-out con-
nected across opposite-junctions of said first and
second arms and said third and fourth arms of
said bridge and being inoperative during the ini-
tial unbalanced period, said cut-out being adapt-
ed to receive a reduced supply of current as said
bridge balance improves when said resistors in-
crease -in resisfance value, and means for con-
necting opposite junctions of said first and fourth
arms and said second and third arms to said
source of current supply. :

2. A safety control and ignition system for fuel
burners having main and pilot burners compris- -
ing an initially unbalanced electrical bridge cir-
cuit adapted to be energized from a source of

_current supply, one arm of said bridge including
. an electric resistance igniter for the pilot burner,

20
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a second arm comprising electrically operable
means controlling supply of fuel to the main
burner, a pair of resistors in the third and fourth
arms one of which is exposed to the heat of the
pilot burner flame and the other being thermally
responsive to energizing current in said circuit,
said resistors being adapted to increase in resist-
ance value when heated thereby, a cut-out hav-
ing time delayed action for the initially unbal-.
anced period and connected across opposite junc-
tions of said first and second arms and said third
and fourth arms of said bridge to receive a re-
duced supply of current as said bridge balance
improves when said resistors increase in resist-
ance value, and means for connecting opposite
Junctions of said first and fourth arms and said
second and tlurd arms to sald source of current

. 'supply.
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3. A safety control and ignition system for fuel
burners having main and pilet burners compris-
Ing an initially unbalanced electrical bridge cir-
cuit adapted to be energized from g source of
current supply, one arm of said bridge including
an electric resistance igniter for the pilot burner
and a switch for said igniter having time delayed
action, a second arm comprising electrically oper-
able means controlling fuel supply to the main
burner, a pair of resistors in the third and fourth
arms one being exposed to the heat of the pilot
burner flame and the other being thermally re-
sponsive to energizing current in said circuit, said
resistors being adapted to increase in resistance
value when heated thereby, a cut-out having time
delayed action for the initially unbalanced pericd
and connected across opposite junctions of said
first and second arms and said third and fourth
arms of said bridge to receive g reduced supply of
current as said bridge balance improves when
said ‘resistors increase in resistance value, said
bridge being converted upon operation of said
switch to & circuit containing said burner heated
resistor in parallel with said electrically operable
means and cut-out in series, and means for con-
necting opposite junctions of said first and fourth
arms and said second and third arms to said
source of current supply.

4, A safety control and 1gn1t1on system for
fuel burners having main and pilot burners com-
prising an initially unbalanced electrical bridge
circult adapted to be energized from a source of
current supply, one arm of said bridge including
an electric resistance igniter for the pilot burner

‘and s switch having time delayed action to open

position for deenergizing said igniter, a second
arm comprising electrically operable means con-
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trolling fuel supply to the main burner, a pair of

resistors in the third and fourth arms one being .

exposed to the heat of the pilot burner flame and
the other being thermally responsive to energiz-
ing current in said ecircuit, said resistors being
" adapted to increase in resistance value when
heated ‘thereby, a cut-out having time delayed

2,380,135

and normal running periods in the absence of
sald pilot -heated element failure.
6. A safety control and ignition system for fuel

» burners having main and pilot burners, compris-

action for the initially unbalanced period and

connected across opposite junctions of said first
and second arms and said third and fourth arms
of said bridge to receive a reduced supply of
current as said bridge balance improves when

ing g source of current, a main switch, a bridge
circuit controlled by said switch and having an
unbalanced period upon initial operation of said
switch, said bridge having arms arranged in a
sequence including an electric igniter for the pilot
burner and a control relay for said igniter in the

. first arm operative to deenergize said igniter

sald resistors increase in resistance value, a sec~

ond switch having time delayed action short-
circuiting said electrically operable means for a
period terminating prior to deenergizing of said
igniter, said bridge being converted upon opera-
tion of the first said switch to a circuit containing
said burner heated resistor in parallel with said

electrically operable means and cut-out in series,-

and means for connecting: opposite junctions of
said first and fourth arms and said second and
third arms to said source of current supply.

5. A safety control and ignition system for fuel
burners having main and pilot burners, compris-
ing electrically operable means having an open
position when energized for supplying fuel to the
main burner, an energizing circuit for said fuel
supplying means, an electric igniter in said eircuit
and being thermally responsive to energizing cur-
rent therein for igniting the pilot burner, a con-
trol relay having a timing element shunting said
fuel supplying means until said igniting reaches

. igniter temperature, a second cantrol relay hav-
ing a timing element in series circuit with said
igniter and operable to open the circuit thereof
upon expiration of a predetermined period after

15
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after a time-delay period, an electromagnetic
valve in the second arm actuable to a position
permitting operation of the main burner, a resist-
ance element in the third arm adjacent said sec-

~ond arm and exposed to a flame from the pilot .

burner, and a second resistance element in the
fourth arm being thermally responsive to current
from said source, said resistance elements being
adapted to vary in resistance when heated as
aforesaid and improve the balance of said bridge
before said igniter becomes deenergized, a second
control relay short-circuiting said valve and
operable after a’ time-delay period to permit
actuation of said valve by removal of the short-

- circuit, means for connecting the opposite junc-~
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tions of said.first and fourth arms and said sec-
ond and third arms to said energizing circuit,
and a cut-out connected across the opposite junc-
tions of sald first and second arms, and of said
third and fourth arms forming the detector arm
of said bridge and having sufficient time-delay in
operation to remain inoperative during the ini-
tial unbalanced period when the current in the
detector arm is sufficiently large for operation
thereof, ‘said cut-out being operable after de-

- energization of said igniter to open the circuit -

operation of the first said control relay, said .

opening of the igniter circuit marking the end of
the starting period and the inception of the
normal running period of the burner, a plurality
of resistance elements in said circuit one of which
is exposed to the heat of the flame of the pilot
burner and another being thermally responsive
- to energizing current in said circuit, said elements
being adapted to vary in resistance when heated
as aforesaid during the starting period and per-
it sufficient energizing current to said fuel sup-
plying means to maintain the open position dur-
“ing the running period, said elements during said
‘starting period forming the third and fourth
arms respectively of an electrical bridge, said

of said valve should an open ¢ircuit occur in the
resistance element exposed to the pilot burner

10 flame.
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‘arms being arranged in & sequence in which said <

" fuel supplying means forms the second arm and
said igniter and first control relay form the first

arm thereof, means for connecting'the opposite

junctions of said first and fourth arms and said -
"second and third arms to said energizing circuit, -

and a thermal protector for said fuel supplying
means connected across the opposite junctions
- of said first and second arms and of said. third

and fourth arms as the detector arm of said-

bridge to receive a supply of current during the

starting period which becomes reduced as said

elements become heated as aforesaid and by re-

moval of sald shunt from said fuel supplying

means, said protector being operable to open the
circuit of said fuel supplying means upon failure
of said pilot heated resistance element but being

inoperable for said purpose during the starting

7. A safety control and ignition system for fuel
burners having main and pilot burners compris-
ing an energizing circuit, a main switch con-
trolling said circuit, and an initially unbalanced
electrical bridge in said circuit having arms
arranged in a sequence including a first arm
comprising an electric igniter for the pilot burner
and a switch having time delayed action to open
position for deenergizing said igniter, a second
arm including electrically operable means con-
trolling fuel supply to the main burner, a third
arm having-a resistor exposed to the heat of the
pilot burner flame and adapted to increase in

. resistance value when ‘heated thereby, a fourth
» arm containing another resistor adapted to in-

crease in resistance valué when heated by

" passage of current therethrough, a thermal cut-

out connected across the opposite junctions of

' said first and second arms and said third and

60

fourth arms, said bridge being converted upon
operation of said time delayed switch to a circuit

. containing said burner heated resistor in parailel

65

with said electrically operable means and cut-out
in series, said cut-out having time delayed action
sufficient to prevent operation thereof upon ini-
tial closure of said main switch, and means for
connecting opposite junctions of said first -and
fourth arms and said second and third arms to

 said source of current supply. :

70

CHARLES K, STROBEL. -




