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The present invention relates to improved con-~
trol instrumentalities, and more particularly it re-
lates to improved fuel combustion control systems
of the type adapted for use with a plurality of fuel

5 fired furnaces in distinguishing between normal
and abnormal conditions of combustion in all of
the furnaces.

It is a specific object of the invention to provide
a system of the class described in which the com-

10 bustion conditions in a plurality of fuel fired fur-

. naces may be controlled by means of a single
control system. :

Another object of the Invention is to provide
an improved fuel combustion control system for

18 a plurality of fuel fired furnaces wherein means
are provided for simultaneously distinguishing
between actual conditions of combustion and
simulated conditions of combustion in all of the
furnaces.

20 A further object of the invention is to pro-
vide such combustion checking means which op-
erate upon the occurrence of an abnormal condi-
tion even after initial combustion has taken place,
to shut down the fuel supply means.

23 In combustion control systems which have been
proposed heretofore, various means have been
employed for determining if combustion condi-
tions are proper, and whether combustion actu-
ally takes place, one such means comprising an

30 electrode which extends into the flame of the’

burner and which is so connected in the system
as to provide a conductive path of relatively low
resistance to ground through the flame. The var-
{ation in the electrical conductivity of this path
85 to ground when a flame is present and when a
flame is not present is commonly employed to
change the bias on the control grid of an elec-
tronic valve for controlling a thermal safety
switch. | Since there is a possibility that a low
40 Tresistance path may be set up from the electrode
to ground through other agencies than by means
of the flame, for example, a low resistance path
which may be established between the flame elec-
trode and ground by reason of carbonization, by
45 accidental touching of the electrode to ground,
" or by other abnormal conditions simulating com-
bustion, provisions have been made-in devices of
the prior art for preventing the fuel supply and
igniticn from being turned on when such abnor-
50 mal conditions exist.

Since an abnormal condition of this character
simulating combustion may arise after the sys-
tem is already in operation, it is desirable to pro-
vide means for distinguishing between such ab-

55 normal conditions and natural combustion while

(C1. 158—28)

the system is in operation. For example, in a
thermostatically controlled house heating system,
if the control system is insensitive to the presence

-of the flame after initial ignition of the flame,
the fuel feeding means will be operated contin-
uously as long as the room thermostat is closed.
If the flame should then be extinguished, the fur-
nace will be flooded with atomized fuel and a

" highly explosive mixture of the latter will be per-
mitted to accumulate.

In a combustion control system in which a
plurality of burners operate together, as for ex-
ample for heating in unison and supplied with a
common fuel line, it will be apparent that it is
relatively important that an abnormal or danger-
ous condition of any of the burners be guarded
against. In such a system, failure of any one of
the burners to ignite or accidental extinguishing
‘of the flame after it has ignited may result in an
explosion,

The various features of novelty which charac-
terize my invention are pointed out with particu-
larity. in the claims annexed to and forming a
part of this specification. For a better under-
standing of the invention, however, and the ad-
vantages possessed by it, reference should be had
to the accompanying drawings and descriptive
matter in which I have illustrated and described
a preferred embodiment of the invention.

Of the drawings:

Fig. 1 is a diagrammatic view illustrating one
embodiment of the invention as adapted for use
with a plurality of furnaces; and

Figs. 2 and 3 each illustrate a modification of
a portion of the arrangement of Fig. 1.

In Fig. 1 of the drawings a plurality of gas
burners {, 2, and 3, are shown as supplied with
gas through a conduit 4 and the flow of gas to
the burners is controlled by an electrically oper-
ated or other suitable valve 5. A respective pilot
burner 6, T, and 8 is provided at each of the burn-
ers. f, 2, and- 3 and the flow of gas to all of the
pilot burners is contirolled by an electrically op-
erated or other suitable valve 9.. Means are pro-
vided for igniting the fuel at each of the pilot

" burners including pairs of electrodes 10, i1, and
{2 which are connected in parallel to the ter-
minals of a secondary winding 13 of an ignition
transformer 14 having a primary winding 15
which is adapted to be energized from the alter-
nating current supply conductors L! and L2

The fuel valve operating circuit of my control
system is controlled by means of a thermostat
16 which may be located in a room or space to
be heated. The thermostat 16 may be of any
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combine two triodes in each bulb.

2

switable construction and includes a bimetallic
element {7 connected by means of a conductor {8
to the supply line Lt and a contact hiade 18 which
is adapted io engage a stationary contact 28.
The contact 20 is connected to the supply line
L2 through ¢ ty thermel switch 2§ and asso-
ciated eomar to be controlled which will be

descried

The th iteh 21 is preferably of
the forn t 1,858,081 issued
to F. 8. :; and

as shown

vings,

a maoveble 21
arm oo}
the latte:
Element

block z¢

[}

a

O 12 D
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B2 00,

€3

age SEtCIV
voltags
conductors &£ er filaments $E
and £Z of a 2t and 43,
which a3 shown are of 2 twin amplifier type and
Valve 8t in-
cludes an anode 8%, 2 contrel grid 3%, and &
cathode &8 as one triode and an anode 4§, a con-
trol grid 4f{ and the cathode 38 =s the second
triode. Similarly, the valve 43 includes an anode
44, a control grid 45, a cathode 46 as one triode,
and an anode 47, a control grid 48 and the
cathode 46 as the second triode. For conven-
ience in describing the circuit operation the tri-
odes including the anodes 31, 40, 44, and 47 will
be referred to hereinafter as the triodes A, B,
C, and D, respectively.

As illustrated, the anodes 371, 44, and 471 are
connected together and are connected by a con-
ductor 49 to one end of the transformer secondary
winding 30. The other end of winding 38 is con-
nected by a conductor 50, in which a resistor 51
is inserted, to one end of the transformer second-
ary winding 31, and the other end of this winding
is connected to the cathodes 38 and 46 of valves
36 and 43 by a conductor 52. It is noted the
transformer secondary windings 30 and 31 are
so connected that the voltages induced across
their terminals by the primary winding 28 assist
each other, being additive, and together supply
anode voltage to the triodes A, C, and D.

The control grid 41 of the triode B is connected
by a conductor 53 to the conductor 58 and the
anode 40 is connected by a conductor 54 to one
end of the transformer secondary winding 32.
The other end of winding 32 is connected by a
conductor 55, in which a relay winding 56 is in-
serted, to one end of the {ransformer secondary
winding 31 and the other end of winding 3! is
connected by conductor 52 to the cathode 38.

The low
connected by

o

Thus, one end of the resistor 51 is connected:

2,216,534

through the transformer secondary winding 31 to
the cathode 39, and the other end of the resistor
51 is connected tc the control grid 41, The anode
currents conducted by the triodes A, C, and D
pass through the resistor §{ and in the proper
direction to impress a potential on the control
grid 41 which is negative with respect to the po-
tential of cathode 39 so that when the tricdes
referred to are conductive, the tricde E will be
rendered non-conductive. To this end the volt~
ages produced across the termin
former secondary w
lated to the resistence of
ductive resistance of the tric
the ratio of V30/V3 i
Raon/RAM
wi 3S
hined anode ¢
Jend D w
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far
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= voltages of
is the com-
¥ the triodes

A, C
R 1s i1

nd when
ay winding
and the switch blades §1
sitions shown. The switch
bhizsed hy spring means or
: in an upward direction and

witel blads 57 is in engage-

itch

contects 60 gnd 6f, re-
spectively., As @ be apparent the output cur-
rent of tricde E will be pulsating, and for the
purpose of smoothing out the pulsating current
fiows through the relay winding 56 and thereby
preventing chettering of the contacts 51 and 58,
a condenser 82 of suitable value may desirably be
connected across the terminals of the winding 56.

When the temperature of the room or space to
he controlled falls helow the value it is desired
to maintain, the thermostat 16 operates to move
the switeh blade 8 into engagement with the
contact 20 to close an energizing circuit to the
transformer primary winding 28, the ignition
transformer 14, and the operating means for the
pilot valve 8. The energizing circuit to the trans-
former primary winding 28 may be traced from
the alternating current supply line I!, conductor
i8, bimetallic element 17, switch blade [9, con-
tact 20, blades 22 and 23 of the thermal safety
switch 21, the heating coil 268, conductors 63 and
63’ to one end of the transformer primary wind-

ing 28, through winding 28, and a conductor 64

to the alternating current supply conductor L2.
The energizing circuit for the ignition trans-
former 18 may be traced from the supply line
L!, conductor (8, bimetallic element 7, switch
blade 18, contact 20, switch blades 22 and 23 of

the thermal safety switch 21, heater winding 26, -

switch blade 51, contact 58, conductor 65§ to one
end of the ignition transformer primary winding
15, through winding 15, and conductor 64 to the
alternating current supply conductor L2. 'The
energizing circuit for the pilot valve operating
means may be traced from the supply line L1,
conductor 18, bimetallic element 17, switch blade
19, contact 20, switch blades 22 and 23 of the
thermal safety switch 21, heating coil 26, con-
ductor 63, the pilot valve operating means, and
conductors 64’, and 64 to the supply conductor
I12. Fuel will then be supplied to the various pilot
burners and simultaneously an igniting spark
will appear across the electrodes 10, 11, and (2
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to ignite the fuel at each of the respective pilot
burners.
As was previously pointed out the energlzatlon

- of relay winding 56 is adapted to be controlled by
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the triode B and this triode in turn is adapted to
be controlled by the fiow of current through the
triodes A, C, and D and as will become apparent
the flow of anode current through each of the
last mentioned triodes is adapted to be controlled
by an individual circuit of which a respective
pilot flame is a. component part. The control
grid 38 of triode A is connected by a conductor
66 to an electrode 671 which is insulated from
the burner and extends into the pilot flame. The
conductor 66 is preferably encased in a shield 68
of any suitable type and the shield is.connected
to the cathode 39. The conductor 66 is also con-
nected to the cathode 39 through a parallel cir-
cuit including a condenser 69, and a resistor 70.
By way of illustration, the condenser 69 may have
a value of .002 microfarad and. the resistor 10
may have a value of 25 megohms. Similarly, the

control grid 45 is connected by a conductor 66"

to an electrode 61’ which is insulated from the
burner and extends into the burner flame. The
conductor 66’, as shown, is encased in a shield
68’ and the shield is connected to the cathode 46.
A condenser §9’ and a resistor 70’ which may have
identical values as the condenser 68 and re-
sistor 10 are connected in parallel relation be-
tween the conductor 66’ and the cathode 46.
The control grid 48 is also connected by a con-
ductor 662 to an electrode 612 which extends into
the pilot. flame and is insulated from burner.
The conductor 662 is encased in a shield 682 which
is connected to the cathode 46 and a condenser
692 and a .resistor 102 are connected in parallel
relation between the control grid 48 and the cath-
ode 46. The condenser 692 and resistor 102 may be
identical in value with the condenser 69 and re-
sistor 10.

When the system is de-energized the various
switch blades are in the positions shown and the

control grids 38, 45, and 48 are at substantially -

the same potential as the cathodes 39 and 4§,
which, as noted are connected together. The tri-
odes A, C, and D will then be conductive and
pulsating current will flow through the resistor

51 producing a pulsating potential drop there-.

across. Since the positive end of resistor 51 is
connected through the transformer secondary
winding 3! to the cathodes 39 and 46 and the
negative end of the resistor 51 is connected by
conductor 53 to the control grid 41, a negative
potential will be applied to the control grid 41
when the triodes A, C, and D are conductive
whereby the triode B will be rendered non-con-
ductive, resulting in de-energization of the relay
winding 56. The phase relation of the winding
32 is such that the alternating voltage main-
tained on the anode 40 will be in phase with the
alternating voltages maintained on anodes 31,
44, and 471.

As soon as a flame appears at each of the
pilot burners, individual circuits are established
through the respective flames which operate to
bias the control grids 38, 45, and 48 negatively
and thereby to render the triodes A, C, and D
less conductive. When a flame appears at the
pilot burner 6, for example, a circuit is established
from the control electrode 38 to the conductor 68,
electrode 67, the flame resistance, the pilot burner
6, to ground 11, to ground 12, resistor 13, relay
winding 56, and the transformer secondary wind-~

“tive.

3

ing 31 to the cathode 39 whereby a negative
charge will be stored on the condenser 69 during
the half cycle when the anode 37 is negative and
the control grid 38 will be rendered negative.
During the succeeding half cycle, the transformer

secondary winding 31 will tend to charge the con-

denser 69 positively, but, due to the flow of grid
current, and the high resistance of the flame, the
control grid 38 will not be permitted to swing very
far positive, if at all, and as a result the nega-
tive charge remaining on the condenser 69 from
the preceding half cycle will be greater than the
positive charge being impressed thereon so that
the control grid 38 will remain somewhat nega-
Thus, as long as there is a flame at the
pilot burner 6 the control grid 38 will be nega-
tive with respect to the cathode 39 and as a re-
sult the triode A will be rendered less conductive.
Similarly, when a flame appears at the pilot
burners 1 and 8 the control grids 45 and 48 will
be biased negatively and the triodes C and D will
be rendered less conductive.

When the triodes A, C, and D are thus rendered

10
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less conductive the pulsating potential drop across -

the resistor 51 will be reduced whereby the poten-
tial on the control grid 41 will become less nega-
tive. The flow of anode current through the tri-
ode B will thus be increased resulting in energiza-
tion of the relay winding 56 and actuation of the
switch blades 57 and 59 into engagement with
the contacts 60 and 61, respectively. It is noted
that the flow of anode current through the relay
winding 56 produces a potential drqp across the
winding which is in the proper direction to bias
the control grids 38, 45, and 48 negatively and
thereby causes a further reduction in the anode

25

30

35

current’ conducted by the valves A, C, and D.

The resulting decrease in current through the
resistor 51 operates to reduce the bias on the
control grid 41 whereby the triode B is rendered
more ‘conductive and the potential drop across
relay winding 56 is increased. A further de-
crease in current conducted by the triodes A, c,
and D results and this action continues until a
condition of equilibrium is reached.

Movement of the arm 57 out of engagement'

with the contact 58 causes the previously traced
circuit through the primary of the ignition trans-
former to be interrupted so that the ignition
means is de-energized. At the same time move-
ment of the arm 57 into engagement with the
contact 60 establishes an energizing circuit to
the main valve actuating means 5 which may be
traced from the alternating current supply con-
ductor L, conductor I8, bimetallic element (7,
switch blade 19, contact 20, switch blades 22 and
23 of the thermal safety switch, conductor 14,
contact 61, switch blade 59, switch blade 57, con-
tact 60, conductor 15, the valve actuating means
5, and conductors 64’ and 64 to the supply con-
ductor I2. The main fuel valve 5 is then opened
and fuel is admitted to the burners {, 2 and 3,
which is subsequently ignited by the individual
pilot flames. ’

Tt should be noted the energization of the
relay 56 with the resultant movement of arm 59
into engagement with .contact 61 establishes an
energizing circuit from the thermostat to the
transformer primary winding 28, the pilot valve 9
and the main valve 5 which does not include the
heater resistance 26 of the thermal safety switch
but shunts that resistance. Short circuiting of
the resistance 26 in this manner operates to ren-
der the thermal safety switch 21 inoperative and
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the system will then remain in operation as long
as normal combustion conditions exist and the
thermostat {8 is in closed position
If, for any reason, any one of the pilot burners
. should not become lighted, the potential of the
control grid controlled by the respective burner
flame will not be rendered negative with respect
to its corresponding cathode to thereby make the
average potential of those grids more positive
than they were with normal flame resistance
from the electrode §7 to ground and as a result
the pulsating potential drop across the resistor
91 will net be sufficiently reduced. The control
grid 41 will thus be maintained negative with re-
spect to the cathode 38 and as a result the relay
winding 56 will remain de-energized and the
shunt circuit around the heater winding 26 will
not be established. After a predetermined period
of time, this will cause the bimetallic element 24
.to be heated sufficiently to result in separation
of switch arms 22 and 23. The separation of the
switch arms 22 and 23 opens the circuit to the
transformer primary winding 28 and de-ener-
gizes the entire system. As was previously noted,
-the switch arms 22 and 23 connot be automatically
reset so that it is necessary for an attendant to
investigate the condition which prevents igni-
tion of the pilot burner before the system can
again be put into operation.
+ As was mentioned previously, if a condition
simulating combustion should be established after
the system is in operation, the system will oper-
ate to close the main fuel supply valve. If a low
resistance path 15 established bhestween any one
-0of the electrodes 37, 87’ or 872 and ifs respec-
tive burner after the system is ziready in opNera-
tion, the potential on the respective control gric
335, 45, or 45 will ¥ 11_c1°ased sufficiently in the
positive o render fhe corresponding
tq necessary extent to pro-
C1oss the resistor & suffi-
dv B non -C »‘:;quctwe. The
d and the thermal
sah.ty smt h 21 w 1 SLbseuLemw operate to de-
sYS tem.
thz should any of the control grids
» 45, or 48 be connacted dirvectly to ground,
the grids so cennectad to ground will be swung
negstl ve and positive in synchronism with the in-
s voltage across the transf
winding 3{ and sccordingly will :
d ividus 1 there ‘to mO"e conc?b
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ai. Wner me
ne o15001 ode 37 to ground, for exam
uhaﬁ that of a normal flame, thenegati
accumulated on the condenser 58 "‘u ki
cycle when the anode 37 is positis e,
2t 2 faster rate through that low resi
normal flame remstame, ay
accordingly the average potential of the cont
grid will be more positive than it is when b
resistance of the path from the I
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3 e
75 tire system Tas 1llustra"cea resistor 73 is provi r‘i d
to limit the flow of grid current through the tri-
gdes A, C,or O to thereby prevent damags o
these triodes in the event any of the conirol
grids is connected direcily to ground.
In Fig, 2 I have illustrated, more or less dia-~
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grammadtically, a modification of the arrangement
disclosed in Fig. 1 in which the triodes C and D
have been omitted. In this modification, as il-
lustrated, the ends of conductors 66, 66’ and 662
remote. from their respective flame electrodes
have been connected together and the shields 68,
881 and 68% have also been connected together.
The conductor 66 is connected to the control grid
38 of triode A, and the shields are connected to
the cathode 39. A condenser 693 and resistor
103 of suitable value are connected in parallel
relation between the control grid 38 and cathode
39.

Thus, when all of the flames are extinguished
the control grid 38 will be at substantially the
same potential as the cathode 33 whereby the
triode A will conduct sufficient anode current to
render the triode B non-conductive and the relay
56 will be de-energized., 'When a flame appears
ot each of the pilot burners, however, a circuit
path will be closed from the bottom end of the
transformer secondary winding 3{ through the
resistor 13 and the respective pilot flames fo the
control grid 38, and it is noted that the effect
of the appearance of each pilot flame is to in-
crease by a proportionate amount the negative
‘bias applied to the control grid 38. For example,
when only one flame is present a negative charge
of & magnitude determined by the flame resis-
tance will be stored on the condenser 633, and
when a second flame appears the negative charge
will be increased proportionately. It will bhe
readily apparent that condenser 683 and resistor

-79% may be so proportioned with respect to the

other circuit constants that the flow of anode
current conducted by triode A will not be reduced
sufficiently to cause the triocde B to hecome con-
ductive until all of the pilot flames have been
ignited. Thus, failure of any of the pilot flames
to ignite will operate to prevent the main fuel
supply valve from heing opened and subsequently
10 de-energize the system. Similarly, should any
of the pilot flames become extinguished while the
system is in operation, the triode A will be ren-
dered sufficiently conductive to render the triode
2 non-conductive or at least sufficiently less con-
ciuctive to cause de-energization of the relay 56

d thereby closure of the main fuel supply valve.

e establishment of an abnormally low resist-
nee path hetween any one of the flame elec-

rodes and ground will also operate to de-ener-
g:e the system.

In Fig. 8 I have illustrated, more or less dia-
gray Ymmmcdly, a further modification of a por-
tion of the Fig. 1 arrangement in which the tri-
odes C and D have been omitted and all of the
nilot flames aﬂd "}ﬂ”ne electrodes have been con-
nected in series relation. With this modifica~-
tion it will become apparent that failure of any
one of the pilos fiames to appear will operate
to maintain the main fuel supply valve closed
and similarly extinguishment of any of the pilot
fames will operate $o close the main fuel supply
valve.

Speciﬁcally
the 'ﬁame elect

=
o

nductor 66 is connected fo
T and circuit connections are
flame electrodes 8§73, 877, 674,
I‘Q 870 whereky when the pilot burners 6, T,
nd 8 have been fmt@d a circuit path will be
losed between the flame electrode 67 and ground

e
372
&

71. With this modification the tips of pilot burn-
ars 5, T and 8 are ¢f clectrical insulating material
or are electrically insulated from the pilot burn-

s supply pipe and as illustrated the flame elec-
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trode 613 is inserted in the path of the flame of
burner 6 near the flame electrode 61 and the
electrode 613 is connected to the flame electrode
61’ which is inserted in the path of the flame of
burner 1. The flame electrode 674 is positioned
adjacent the electrode 61’ in the path of the flame
of burner T and is connected to the flame elec-
trode 672 which is inserted in the path of the
flame of burner 8.
connected to ground as indicated at 11 so that
when .a flame is present at each of the pilot
burners 6. T, and 8 a circuit path will have been
established between the control grid 38 and
ground Ti. As illustrated the conductors con-
necting the flame electrodes 672 and 67, and 67¢

and 672 are preferably run in shielded cables 683

- and 684, respectively, which may be connected
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to the cathode 39 of valve 36, and a condenser
69+ and a resistor 704 are connected between the
control grid 38 and the cathode 39.

Thus, when a flame is present at all of the
pilot burners a circuit path including all of the
pilot flames in series will be established between
control grid 38 and ground whereby the triode A
will be rendered non-conductive, resulting -in

energization of the relay 56 and consequently in -

opening of the main fuel supply valve. If any
of the pilot burners should fail to ignite, however,
the circuit path referred to will not be closed so
that the triode A will be conductive and the tri-
ode B will be non-conductive. The relay 56 will
then be de-energized and as soon as the thermal

safety switch 21 (not shown in this arrangement).

heats up sufficiently the entire system will be

Y de-energized.

Similarly, if any of the pilot burner flames
should be extinguished while the system is in
operation, the circuit path including the burner
flames will be opened and the triode A will be
rendered conductive whereby the system will sub-
sequently be de-energized. Similarly, if a condi-
tion simulating combustion, such for example, as
a low resistance path between any one of the
flame electrodes and ground by reason of car-
bonization or direct connection therebetween,
should be established after the system is in oper-
ation, the potential of control grid 38 will be in-
creased sufficiently in the positive direction to
render the triode A conductive and thereby to
subsequently cause de-energization of the system.

While in accordance with the provisions of the
statutes, I have illustrated -and described the best
form of my invention now known to me, it will be
apparent to thosé skilled in the art that changes
may be made in the form of-the apparatus dis-
closed without departing from the spirit of my
invention as set forth in the appended claims, and
that certain features of my invention may some-
times be used to advantage without a correspond-
ing use of other features.

Having now described my invention, what I

claim as new and desire to secure by Letters
Patent is: . ’

1. A control system comprising, a plurality of
isolated burners having a flame normally burning
at each of said burners, a single electrode asso-
ciated with each of said flames and adapted to
be connected to ground thereby, means for con-
trolling the condition of combustion of said flames
in one sense to maintain said flames and in an-
other sense to discontinue said flames if burning
or to prevent their existence if not burning, an
electronic valve having an input circuit and an
output circuit, electrical circuit means including
the output circuit of said valve to control said

The flame electrode 6715 is

5
second mentioned means, and means responsive
to low, intermediate, and high electrical resist-
ance values in the electrode to ground connec-
tions to continuously control said valve in said
one sense responsively to said intermediate value
and in said other sense responsively to said low
and high values.

2. A control system comprising, a plurality of
isolated burners having a flame normally burn-
ing at each of said burners, a single electrode as-
sociated - with each of said flames and adapted
to be connected to ground thereby, means for
controlling the condition of combustion of said
flames in one sense to maintain said flames and
in another sense to discontinue said flames if

~burning or to prevent their existence if not

burning, an electronic valve having an input cir-
cuit and an output circuit, electrical circuit means

"including the output circuit of said valve to

control said second mentioned means, and elec-
trical circuit means including electronic. valve
means responsive to low, intermediate, and high
electrical - resistance values in the electrode to
ground connections to continuously control said
first mentioned- valve in said one sense respon-
sively to said intermediate value and in said
other sense responsively to said low and high
values.

3. A control system comprising, a plurality of
isolated burners at each of which a flame is nor-
mally burning, a single electrode associated with
each of said flames, means for controlling the
condition of combustion of said flames in one
sense to maintain said flames and in another
sense to discontinue said flames if burning or to
prevent their existence if not burning, an elec-
trical energizing supply source, a plurality of
conductive paths energized from said source and
each normally including one of said electrodes

and one of said flames, an electronic valve having.

an input circuit and an output circuit, means
controlled by the output circuit of said valve for
controlling. said second mentioned means, and
means jointly responsive to all of said conduc-
tive paths and electrically connected to the inpub
circuit of said valve to continuously control said
valve in said other sense on the establishment of

an abnormal condition of said conductive paths.-

4. A control system comprising, a plurality of
isolated burners having a flame normally burn-
ing at each of said burners, a single electrode as-
sociated with each of said flames, means for con-
trolling the condition of combustion of said
flames in one sense to maintain said flames and
in another sense to discontinue said flames if.
burning or to prevent their existence if not burn-
ing, an electrical energizing supply source, a plu-
rality of conductive paths energized from said
source and each normally including one of said
electrodes and one of said flames, an electronic
valve having an input circuit and an output cir-
cuit, means including the output circuit of said
valve to control said second mentioned means,
and a single electronic valve connected to the
input circuit of said first mentioned electronic
valve and responsive to low, intermediate and
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high electrical resistance values in all of said -

conductive paths to continuously control said
first mentioned valve in said one sense respon-
sively to said intermediate value and in said
other sense responsively to said low and high
values. ‘
5. In a fuel burner system, a plurality of iso-
lated burners having a flame normally burning
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at each of said burners, burner fuel confrol I8
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means, a single electrode associated with each
of said burners and separated therefrom by a
gap adapted to be bridged by the individual
burner flames, electronic valve means having an
input circuit and an. output ecircuif, means to
continuously control the input circuit of said
electronic valve means including an electronic
valve individual to each of said electrodes and
controlled in accordance with the resistance of
the gap between the electrode and burner asso-
ciated therewith, and electrical circuit means in-
cluding the output circuit of said electronic valve
means to control said burner fuel control means.

6. In a fuel burner system, a plurality of iso-
lated burners having a flame normally burning
at each of said burners, burner fuel control
means, a single electrode associated with each
of said burners and separated therefrom by a
gap adapted to be bridged by the individual
burner flames, electronic valve means having an
input circuit and an output ecircuit, means to
continuously control the input circuit of said
electronic valve means including an electronic
valve individual to each of said electrodes
and responsive to low, intermediate, and
high resistance values of the gap between the
electrode and burner associated therewith, and
electrical circuit means including the output cir-
cuit of said electronic valve means to control said
ourner fuel control means to maintain said Aames
responsively to said intermediate value znd to
discontinue or prevent the existence of
Hames responsively to said low and high re
ance values.
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thereby, means for controlling the condition of
combustion of said flames in one sense to main-
tain said flames and in another sense to discon-
tinue said flames if burning or to prevent their
existence if not burning, an electronic valve com-
mon to all of said electrodes to continuously con-
trol said second mentioned means and adapted
to be controlled in said one sense in response to
intermediate resistance values in the electrode to
ground connections and to be controlled in said
other sense in response to low and high resist-
ance values in the electrode to ground connec-
tions.

10. In a fuel burner system, a plurality of iso-
lated burners having a flame normally burning
at each of said burners, burner fuel control
means, a single electrode associated with each of
sald flames and adapted to be connected to
ground thereby, an electronic valve having an
electrode common to all of said flame electrodes,
an electronic valve having an input circuit and
an output circuit, electrical circuit means includ-
ing the output circuit of said second mentioned
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electronic valve adapted to cause said burner fuel '

control means to assume a fuel feeding position
to maintain said flames when each of the elec-
trode to ground connections includes the resist-
ance of a respective burner flame, and continu-
ously effective electrical circuit means including
said first mentioned valve adapted to render the
first mentioned circuit means ineffective in re-
sponse to two widely separated resistance values
in the slectrode to ground connections.
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modified by a respective one of said burner
means, each of said resistances normally varying
over a predetermined intermediate range of
values and abnormally adapted to assume two
widely displaced high and low values, means for
effecting a control operation in one sense to
maintain said resistances within said intermedi-
ate range of values and for effecting a control
operation in another sense upon the oécurrence
of said resistances assuming one of said widely
displaced values, an electronic valve having an
input circuit and an output circuit, electrical
circuit means including the output circuit of
said electronic valve to control said first men-
tioned means, and means responsive to said re-
sistances to continuously control the input circuit
of said valve in said one sense when the values
of said resistances are within said intermediate
range of values and in said other sense when the
values of said resistances are either one of said
widely displaced values.

14. In a control system, a plurality of burner
means adapted to cooperate with a plurality of
variable conditions, each condition adapted to
be modified by a respective one of said burner
means, each of said conditions normally varying
over a predetermined intermediate range of val-
ues and abnormally adapted to assume two
widely displaced values, means for effecting a
control operation in one sense to maintain said
conditions within said predetermined range of
values and in another sense upon the occurrence
of said conditions assuming one of said widely
displaced values, an electronic valve having an
input circuit and an output circuit, electrical cir-
cuit means including the output circuit said elec-
tronic valve adapted to control said first men-
tioned means, and means responsive to said con-
ditions to continuously control the input circuit
of said valve in said one sense when the values
of said conditions are within said intermediate
range of values and in said other sense when the
values of said conditions are one or the other of
said widely displaced values.

15. In a control system, a plurality of burner
means adapted to cooperate with a plurality of
variable conditions, each condition adapted to
be modified by a respective one of said burner
means, each of said conditions normally varying
over a predetermined intermediate range of val-
ues and abnormally adapted: to assume two
widely displaced values, means for effecting a con-
trol operation in one sense to maintain said con-
ditions within said predetermined range of val-

7

ues and in another sense upon the occurrence of
said condition assuming one of said widely dis-
placed values, an electronic valve having an input
circuit and an output circuit, electrical circuit
means including the output circuit of said elec-
tronic valve to control said first mentioned means,
and electronic valve means responsive to said
conditions to continuously control the input cir-
cuit of said valve in said one sense when the val-
ues of said conditions are within sald intermedi-

‘ate range of values and in sald other sense when

the values of said conditions are one or the other
said widely displaced values.

16. In a control system, a plurality of burner
means adapted to cooperate with a plurality of
variable conditions, each condition adapted to

be modified by a respective one of said burner

means, each of said conditions normally varying
over a predetermined intermediate range of val-
ues and abnormally adapted to assume two
widely displaced values, means for controlling
said first mentioned means in one sense.to main-
tain said conditions within said predetermined
range of values and in another sense upon the
occurrence of said conditions assuming one of
said widely displaced values, an electronic valve
having an input circuit and an output circuit,
electrical circuit means including the output cir-
cuit of said electronic valve to control said second
mentioned means, and a single electronic valve
common to and responsive to said conditions to
continuously control the input circuit of said
valve in said one sense when the value of said
conditions is within said intermediate range of
values and in said other sense when the value of
said conditions are one or the other of said w1de1y
displaced values.

17. In a fuel burner system, a plurallty of main
burners, a pilot burner associated with each of
said main burners,
ing at each of said pilot burners, fuel control
means for said main and pilot burners, a single
electrode associated with each of said pilot burn-
ers and separated therefrom by a gap adapted to
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a flame normally burn- .

be bridged by the individual pilot burner flames, .
an electronic valve having an input circuit and

an output circuit, means to control the input
circuit of said electronic valve in accordance with
the resistance of each of the gaps between the
electrodes and associated pilot burners, and elec-
trical circuit means included in the output circuit
of said electronic valve to control said burner fuel
control means,
DAVID B. KIRK.
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