2,081,091

L. L. KUEMPEL
BURNER CONTROL SYSTEM
Filed Sept. 8, 1934

2 1€

AQ:

/O:

901

hAN

HILIMS ALIIVS
IYWHIHL

€2— 52
P - 18

98

.
2 oe

LVLICOWYIHL
wWooyd

May 18, 1937.

Jnuventor
d“mmaq

LednL.Kuempel




S

30

i

R

40

Patented May 18, 1937

2,081,091

UNITED STATES PATENT OFFICE

2,081,091
BURNER CONTROL SYSTEM

Leon L. Kuempel, Minneapolis, Minn., assignor
to Minneapolis-Honeywell Regulator Company,
Minneapolis, Minn., a corporation of »Dela.ware

Application September 8, 1934, Serial No. 743,261

5 rotary type.

11 Claims.

The present invention relates to an improved
burner control system by means of which the flow
of fuel to a burner is prevented or discontinued if
the ignition means is not operating properly or if
there is a failure to establish combustion.

One of the objects of the invention is the pro-
vision of a burner control system in which fuel
is initially supplied to the burner only in the
evenit the ignition means is operating properly
and wherein the supply of fuel t{o the burner is
maintained only in the event that combustion is
established and properly continues.

It is a further object of the invention to pro-
vide a burner control system in which a single
device or mechanism responds both to the condi-
tion of the ignition means and to the presence or
absence of flame at the burner to prevent the ini-
tial supplying of fuel to the burner if the igni-
tion means is not operating properly and to pre-
vent the continued supplying of fuel to the burner
if the ignition means operates properly but com-
bustion is not successfully established or main-
tained. The single device preferably takes the
form of a mechanism which utilizes the electrical
conductivity of the ignition means and the burner
flame, and the ignition means is preferably of the
flame producing type.

Another object of the invention is the provi-
sion of an improved burner control system in
which the burner motor, ignition means, and a
fuel valve are all controllied in a new and novel
sequence.

Other objects of the invention will hecome ap-
pavent from the detailed description, the ap-
pended claims; and the drawing. '

For a more complete understanding of the in-
vention reference may be had io the following de-
scription and accompanying single drawing which
is a diagrammatic illustration of cne form of my
novel burner confrol system.

Referring to the single figure in the drawing,
the control system of the present invention is
shown applied t¢ an oil burner {8 of the horizontal
Qil is supplied to the oil burner 10
by an oil supply pipe it which is controiled by an
electromagnetic oil valve 12 of any of the well-
known constructions. The oil issuing from the cil
burner {0 is adapted to be ignited by a gas pilot,
igniter 13 which is supplied with gas by a gas sup-
ply pipe 14 that is controlled by an electromag-
netic gas valve {5, The pilot {3 may be ignited
in any desired manner, and is herein shown as

5 being ignited by aiways maintaining a small sup-

(Cl. 158—28)

ply of gas thereto by means of a by-pass pipe 16
which by-passes the electromagnetic valve 15.

The control system is controlled by a main con-
trol switch 20 that is preferably of the type which
automatically responds to changes in some de-
sired condition and is herein shown as a room
thermostat comprising a bimetallic actuating ele-
ment 21 which has one of its ends secured as at
22. The other end of bimetallic actuating element
21 controls a pair of contacts 23 and 24 which,
upon a fall in Toom temperature, sequentially en-
gage contacts 25 and 26 in the order named.
Upon a rise in the room temperature, the contact
24 first disengages contact 26 and thereafter,
upon further room temperature rise, the contact
23 disengages contact 25.

The main control switch 20 controls a pair of
relays generally indicated at 27 and 28, both of
these relays being operated by direct current as
will hereinafter become apparent. The relay 27
includes a relay coil 28 and a cooperating arma-
ture 30. Upon energization of relay coil 29, arma-
ture 30 is attracted and in turn moves a pair of
switch arms 3{ and 32 into engagement with -a
pair of cooperating contacts 33 and 34. The relay
28 includes a relay coil 35 and a cooperating ar-
mature 36 which is attracted upon energization of
relay coil 35 and moves switch arms 27 and 38 into
engagement with respective contacts 33 and 40.
Such movement of armature 36 also moves switch
arms 37 and 38 from engagement with contacts
41 and 42 and further moves a switch arm 43 from
engagement with a contact 44, 'The arrangement
is such that switch arm 37T engages contact 39 be~
fore it disengages contact 41 upon energization
of relay coil 35, Associated with relay 28 is a
condenser 45, the utility of which will be herein-
after explained, )

Magnetic gas valve 15 is directly controlled by
a pair of thermal time switches generally indi-
cated at 50 and 51. The thermal time switch 50
includes a bimetallic actuating element 52 which
is secured at one end as indicated at 53, the other
end thereof normally being disengaged from 2
contact 54. An electrical heating element 55 is
operatively associated with thermal element 52
for heating the same. The arrangement is such
that energizafion of electric heating element 55
for a period of about thirty (30) seconds causes
movement of the free end of thermal element 52
into engagement with contact 54. The thermal
time switch 51 includes a member 56 which is
pivoted as indicated at 571 and includes an ex-
tension 58 that cooperates with an actuator 59,
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The actuator 59 is operated by the armature 30
of relay 271. 'This member §6 carries a contact 60
which is normally latched into engagement with
a cooperating contact 61 by means of a bimetallic
element 62 having one of its ends secured as in-
dicated at 63. An electrical heating element 64 is
operatively associated with the bimetallic ele-
ment 62 for heating the same. When the elec~
trical heating element 64 has been energized for
a predetermined length of time, say sixty (60)
seconds, the free end of bimetallic element 62
moves from engagement with member 56, there-
by allowing contact 60 to move from engagement
with contact 61, it being noted that the actuator
59 will be moved out of the path of the extended
end 58 of member 56 by energization of relay 21
under these conditions, as will hereinafter ap-
pear. Upon subsequent cooling of the bimetallic
element 62 by reason of deenergization of the
electrical heating element 64, the contacts 60 and
61 will remain separated until such time as relay

. 21 is deenergized, whereupon actuator 59 will en-
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gage the extended end 58 of member 56, raising
the same to the position shown in the drawing,
whereupon the free end of bimetallic element 62
can move under the member 56, as shown in the
drawing, to latch contacts 60 and 61 into engage-
ment.

Operation of the complete system is dominated
by a thermal time switch or safety switch 10 of
well-known construction. This thermal safety
switch 70 comprises a pair of contacts T{ and 12
which are normally held latched in engagement by
means of a bimetallic element 13 having one of
its ends secured as indicated at T4. Associated
with the bimetallic element 13 is an electric heat-
ing element 74, commonly known as a safety
switch heater, which upon energization for a pre-
determined length of time, say .two minutes
causes the free end of bimetallic element 13 to
unlatch contacts 71 and 12, whereupon they sep-
arate. The contacts T1 and 12 thereupon remain
separated until they are manually reclosed,
whereupon they are thereafter maintained closed
by the bimetallic element 73, provided the same
has cooled sufficiently in the meantime.

The flow of current to safety switch heater 14
is controlled in part by a combustion responsive
mechanism which includes a flame responsive
device 15 and a thermionic tube 16, herein shown
as comprising a grid glow tube. The flame re-
sponsive device 15 includes a suitable support 171
which supports an electrcde 18 that is adapted
to be impinged by the expanded or enlarged pilot

. ignition flame upon energization of the magnetic

gas valve 15 and by the oil burner flame upon the
establishment of combustion. The grid glow
tube 76 includes a grid 79, an anode 80, and a
cathode 81.

Power is supplied to the system by means of a
combination step-up and step-down transformer
82 that includes a high voltage primary 83 which
is connected to line wires 84 and 85 that are in
turn connected to a suitable source of 110 volt
alternating current.. The transformer 82 includes
a high voltage secondary 86 which delivers ap-
proximately 440 volts and a center tap low voltage
secondary which is in effect two secondaries 87
and 88, each of which delivers substantially 10
volts. Certain of the alternating current circuits
are rectified by a copper oxide rectifier 89 of
usual construction which is provided with cur-
rent paths 80, 91, 92, and 93.
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Operation of the system

With the parts in the position shown, the room
temperature is at or above the desired value, and
both relay coils 29 and 35 are deenergized. A
small flame (shown in full lines) is issuing from
the pilot 13 by reason of the by-pass 6, but this
small pilot flame does not impinge upon electrode
18. Now as the room temperature falls, contact
23 will first engage contact 25, but no circuits are
completed by such engagement. Upon a further
fall in room temperature, contact 24 engages
contact 26, whereupon an energizing circuit for
relay coil 28 and safety switch heating element
14, in series, is established during one-half of
each cycle of the alternating current as follows:
secondary 88, secondary 871, wire 95, contact 28,
contacts 28 and 24, contact 26, wire 96, switch
arm 43, contact 44, wire 87, wire 98, safety switch
contacts 11 and 72, wire 99, current path 80 of
rectifier 89, wire 100, relay coil 29, wire 101, cur-
rent path 91 of rectifier 88, wire 102, switch'arm
31, contact 41, wire 103, safety switch heater
14, and wire f04 to secondary 88. During the
other half of each cycle of the alternating cur-
rent supplied by secondaries 8T and 88, the series
circuit for relay coil 29 and safety switch heater
14 is as follows: secondary 87, secondary 88,
wire 104, safety switch heater 74, wire (03, con-
tact 41, switch arm 37, wire 102, current path 92
of rectifier 89, wire 100, relay coil 29, wire 181,
current path 93 of rectifier 89, wire 99, safety
switch contacts T2 and 11, wire 98, wire 87, con-
tact 44, switch arm 43, wire 96, contact 26, con-
tacts 24 and 23, contact 25, and wire 95 to the
other side of secondary 81. In this manner, up-
on engagement of both contacts 23 and 24 with
their respective contacts 25 and 26, the relay coil
29 is continuously energized by current flowing

“in only one direction through the medium of the ;

rectifier 89, it being noted that these energizing
circuits can be established only in the event the
relay coll 3% is deenergized so that the various
switches controlled thereby are in the position
shown In the drawing.

Energization of relay coil 29 attracts armature
30 to move switch arms 3f and 32 into engage-
ment with contacts 33 and 34 and also moves ac-
tuator 59 out of the path of movement of exten-
sion 58 of member 56. Engagement of switch arm
31 with contact 33 establishes holding circuits for
the relay coil 29 and safety switch heater 14 which
are independent of the contact 24 and contact 26
of the room thermostat 28, it being noted that
wires {05 and 106, switch arm 31, contact 33, and
bimetallic element 21 parallel or shunt the wire
96, contact 26, contact 24, switch arm 43, contact
44, and wire 97.

Movement of switch arm 32 into engagement
with contact 34 energizes burner motor {0, the
electrical heating element 64 of thermal time
switch 51;: and the electrical heating element 55
of thermal time switch 50. The energizing cir-
cuit for burner motor 0 is as follows: line wire
84, wire 108, contact 34, switch arm 32, wire 109,
wire 110, wire 111, burner motor 10, wire {12, and
wire 113 to line wire 85. ' The energizing circuit
for electric heating element 64 is as follows: line
wire 84, wire 108, contact 34, switch arm 32, wire
109, wire 110, wire 117, contact 61, contact 80,
wire 118, wire 122, heating element 64, wire 123,
wire 124, and wire {13 to line wire 85. The en-
ergizing circuit for electric heating element 55 is
as follows: line wire 84, wire 108, contact 34,
switch arm 32, wire 109, wire (14, switch arm
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38, contact 42, wire {15, heating element 55, and
wire 116 to line wire 85. After approximately
thirty (30) seconds the free end of bimetallic

. element 52 moves into engagement with contact
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54, whereupon magnetic gas valve (5 is energized

as follows: line wire 84, wire 108, contact 34,

switch arm 32, wire 109, wire 110, wire 117, contact
6i, contact 60, wire 118, wire (19, bimetallic ele-
ment §2, contact 54, wire 120, magnetic gas valve
15, and wire 121 to line wire 85.
magnetic gas valve {5 causes the same to open,
whereupon the pilot flame expands, as indicated
in dotted lines, and impinges against electrodes
18. While the ignition means has herein been
shown as comprising an expanding pilot wherein
the large flow of gas is ignited by the small con-
‘stant flow, it will. be appreciated that other ig-
nition means as well as other means of igniting
the gas pilot igniter shown could also be utilized.

Impingement of the expanded pilot flame upon
the electrode 78 connects the grid 19 of grid glow
tube 76 to ground as follows: grid 19, wire 125,
electrode 18, the expanded ignition flame, pilot
pipe (3, and wire 126 to ground 121. Such
grounding of grid 79 allows the charge thereon
to be dissipated, whereupon current is permitted
to flow from the anode 80 to the cathode 81 of
the grid glow tube 16 in a well-known manner.
Relay coil 35 is thereupon energized as follows:
high voltage secondary 86, wire 130, anode 80,
cathode 81, wire 131, wire 132, relay coil 35, wire
133, and wire 134 to the other side of secondary
86. It will be noted that the condenser 45 is
connected across or in parallel with the relay coil
35 by means of wires 136 and (37. ‘This con-
denser serves to smooth out the pulsating direct
current which results from the elimination of
one-half of each cycle of alternating current
delivered by the secondary 86 to the grid glow
tube 16. ‘

During the time that the bimetallic elemerit 73
has been heating up, the burner motor 10 has
been operated by the previously described cir-
*cuit and is operating at top speed by the time
relay coil 35 is energized. Energization of relay
coil 39 establishes maintaining circuits for relay
coil 28 which are independent of the safety
switch heater 74 and utilize only the one low
voltage secondary 87. During one-half of each
cycle of the alternating current delivered by
secondary 87, the maintaining circuit for relay
coil 29 is as follows: secondary 87, wire 95, con-
tact 25, contact 23, bimetallic element 21, wire
108, contact 33, switch arm 31, wire 105, wire 98,
safety switch contacts 171 and 12, wire 99, cur-
rent path 90, wire 100, relay coil 29, wire 10t
current path 91, wire 102, switch arm 37, contact
39, and wire 138 to the other side of secondary 81.
During the other half of each cycle of the alter-
nating current produced by secondary 87, this
maintaining circuit for relay coil 29 is as fol-
lows: secondary 87, wire 138, contact 38, switch
arm 31, wire 102, current path 92, wire 100, relay
coil 29, wire (01, current path 93, wire 99, safety
switch contacts 72 and 71, wire 98, wire 085,
switch arm 31, contact 33, wire 106, bimetallic ele-
ment 21, contact 23, contact 25, and wire 98 to the
other side of secondary 87. In this manner, if
the ignition flame is properly produced so that it
impinges upon electrode 18, the safety switch
heater 14 is_operatively deenergized to.prevent
the system from being locked up. It is obvious
that if the proper ignition flame were not estab-
lished so that relay coil 35 remained deenergized,
the safety switch contacts 74 and 72 would be

Energization of .

3

opened after a time period so as to render the
system inoperative until manual intervention.
Energization of relay coil 35 also moves switch
arm 38 from engagement with contact 42 and into
engagement with contact 40. Movement of

switch arm 38 from engagement with contact 42

interrupts the energizing circuit for heating ele-
ment §6. The rate of heat input to the bimetal-
lic element 52 and its mass is such, however, that
it does not cool sufficiently to cause movement
of the free end of bimetallic element 52 from the
contact 54 for a considerable period which is
greater than the operating time of thermal time
switch §1. Engagement of switch arm 38 with
contact 40 completes an energizing circuit for
magnetic oil valve as follows: line wire 84, wire
108, contact 34, switch arm 32, wire 109, wire
118, switch arm 38, contact 40, wire 140, magnetic
oil valve 12, wire 141, wire 124, and wire (13 to

line wire 85. Energization of magnetic oil valve

12 causes the same to 6pen, whereupon fuel is
delivered to the burner 10 and should be ignited
by the ignition flame. Approximately 30 seconds
after the energization of magnetic gas valve 15
or 60 seconds after energization of the electrical
heating element 64, the free end of bimetallic
element 62 moves from engagement with mem-
ber 66 and allows the same to drop, whereupon
contact 60 disengages contact 61 and interrupts
the circuit to the magnetic gas valve 15 and to
the electrical heating element 64. 'The ignition
flame is therefore reducéd to a size depending
upon the amount of gas going through the by-
pass pipe 16 and no longer impinge§ upon elec-
trode 18. If combustion was not successfully
established during this trial ignition period, elec-
trode 18 will no longer be connected to ground,
whereupon a charge will build up on the grid 19
which in turn prevents the flow of current be-

tween the anode 80 and the cathode 81, where-.
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various switches controlled thereby to the posi-
tions shown in the drawing. Such deenergiza-
tion of relay coil 35 reenergizes safety switch
heater 74 so that the safety switch contacts 11
and 12 will open after a time period and render
the system inoperative until manual interven-
tion. If, on the other hand, combustion is suc-
cessfully established, the main burner flame will
impinge upon electrode 18 so that the electrode
18 will continue to be connected to ground 1271
by way of the main burner flame, the oil burner
{0, and a wire 143. Under these conditions, the
grid glow tube 76 continues to permit the pas-
sage of current through the relay coil 35 so that
the system remains in operation. 'After the con-
tacts 60 and 61 have been separated, the bi-
metallic element 52 will have cooled sufficiently
to move from engagement with contact 54.

The system is now in normal operation, and if
the burner continues to operate properly so as to
maintain a flame issuing therefrom which im-
pinges the electrode 18, the system will remain
in operation until opening of the main switch or
room thermostat 20. When the room temper-
ature rises, contact 24 will first disengage con-
tact 26, but this will not in any manner interrupt
the operation of the system by reason of the
maintaining circuit which traverses switch arm
31 and contact 33. Upon continued rise in room
temperature resulting in separation of contact
23 from contact 25, all energizing circuits for
both relay coils 35 and 29 are interrupted. De-
energization of relay coil. 29 allows armature 30
to return to the position shown in the drawing
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wherein actuator 59 engages the extended end
58 of member 56 and returns the member 56 to
the position shown in the drawing wherein con-
tacts 60 and 61 are engaged. At this time, the
free end of bimetallic element 62 can again move
to the position shown whereby to latch the con-
tacts 60 and 61 in engagement. The system can-
not now again be operated until such time as the
room temperature lowers sufficiently to cause
both contacts 23 and 24 to engage their respective
contacts 25 and 26.

In the event the burner flame should fail for
any reason while the system is operating nor-
mally, the ground connection for electrode 18
will be removed, whereupon relay coil 35 will
be deenergized resulting in reenergization of
safety switch heater 74 so that the system will
be rendered inoperative the same as though com-
bustion had never been established. In the event
of a failure of eiectrical power during normal
operation of the system, both relay colls 29 and
35 will be deenergized and the parts will return
to the position shown in the drawing provided
the power failure did not occur too soon after
deenergization of the heating element 64. In
such case, if the power returns before the bi-
metallic element 62 has cooled sufficiently to re-
latch contacts 60 and 61 in engagement with
one another, the ignition valve 15 cannot be
energized, and the system will go to its safety
shut-down condition. This possibility is rather
remote, however, and in most cases the contacts
60 and 61 will be properly relatched by the bime-
tallic element 62 so that the system will com-
pletely recycle upon the return of electrical power
in an effort to re-establish combustion, and if
this is not successful the system will lock up
as previously explained.

It will be evident that many changes and re-
arrangements may be made in the system of the
present invention without departing from the
spirit thereof. For example, the particular
means by which the operation of the ignition
valve 15 is terminated is'not important, and any
of the well-known ignition terminating arrange-
ments could be utilized without affecting the
general operation of the system. It will be evi-
dent that many other minor changes could be
made in the system, and I therefore intend to
be limited only by the scope of the appended
claims.

I claim:

1. In a burner control system, the combination
with a burner and a supply of fuel therefor, of
clectrical means in control of the supplying of
said fuel to the burner, electrically controlled ig-
nition means of the type which produces an ig-
niting flame only so long as the same is energized,
electrical timing means operative to energize
said ignition means for a time period and then
deenergize the same, means to energize said tim-
ing means upon a demand for heat, and means
utilizing the conductivity of the igniting flame
operative to energize said fuel supply controlling
means, said last-named means also utilizing the
conductivity of the burner flame to maintain the
fuel supply controlling means energized after
said ignition means is deenergized by said tim-
ing means.

2. In a fuel burning control system, the com-
bination with a burner and a supply of fuel
therefor, of electrical means in control of the
supplying of fuel to the burner, an electrically
controlled ignition flame producing means op-
erative to produce an ignition flame only so long

2,081,091

as the same is energized, means responsive to
a demand for heat operative to energize said ig-
nition means, means utilizing the conductivity
of flame responsive to the production of an ig-
nition flame operative to energize said fuel sup-
ply controlling means, said last-named means
also utilizing the conductivity of the burner flame
to maintain said fuel supply controlling means
energized, and means to deenergize said ignition
means a timed period after the energization of
said fuel supply controlling means.

3. In a burner and ignition control system, the
combination with a supply of fuel, a burner, and
an associated electrical burner motor for im-
pelling the fuel, of a fuel valve in control of said
supply of fuel, electrical ignition means to ig-
nite the fuel, an electrical timer, a burner motor
circuit, a timer circuit, a main control switch op-
erative to complete said circuits, a timer switch
closed by said timer after the same has been
energized for a time period, a circuit for.said
ignition means controlled by said timer switch,
timing means to deenergize said ignition means
after a time period, and means to maintain said
fuel valve closed for a period after energization
of said burner motor whereby said burner motor
will be operating at full speed before the fuel
valve opens.

4. In a burner control system, the combina-
tion with a burner and a supply of fuel there-
for, of electrical means in control of the sup-
plying of fuel to the burner, electrically con-
trolled ignition means operative to ignite the fuel
supplied to the burner only so long as said igni-
tion means is energized, a normally open power
switch, means to close said switch upon a de-
mand for heat, a normally open fuel supply con-
trolling means switch, a time operated ignition
switch, a circuit in control of said ignition
means controlled by the power switch and time
operated ignition switch, a circuit in control of
the fuel supply controlling means controlied by
the power switch and fuel supply controlling
means switch in series, means independently re-
sponsive both to the proper operation of the ig-
nition means and the establishment of combus-
tion operative to close said fuel supply control-
ling means switch whereby said fuel controlling
means can only be energized in the event the
ignition means is operating properly, and means
to open said time operated switch after closure
of the fuel control means switch whereby the
fuei control means can only be maintained en-
ergized if combustion is successfully established.

5. In a fuel burning system, the combination
with a burner and a supply of fuel for the burner,
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of electrical means in control of the flow of fuel -

to the burner, electrically controlled ignition
means operative to ignite such fuel only so long
as the same is energized. a normally closed switch,
a normally open switch, a circuit in control of
the ignition means controlled by said two switches
in series, a second normally open switch, a cir-
cuit in control of the fuel flow controlling means
controlled by said two normally open switches in
series, means operative to close said first normally
open switch upon a demand for heat, means in-
dependently responsive both to the proper opera-
tion of the ignition means and the establishment
of combustion open to close said second normally
operative switch and open said normally closed
switch, means to render the entire system inopera-
tive after a time period rendered inoperative by
said last-named means, and means to prevent
reenergization of the ignition means upon &
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failure of flame during normal operation whereby
the system is shut down without attempting to

reestablish combustion, said means operating to

maintain the ignition means energized for a
period after opening of said- normally closed
switch.

6. In a fuel burning system, the combination
with a burner and a supply of fuel for the burner,
of electrical means in control of the flow of fuel
to the burner, electrically controlled ignition
means operative to ignite such fuel only so long
as the same is energized, a normally closed switch,
a normally open switch, a circuit in control of the
ignition means controlled by said two switches in
series, a second normally open switch, a circuit
in control of the fuel flow controlling means con-
trolled by said two normally open switches in

series, means responsive to a demand for heat to-

close said first normally open switch, an electro-
magnetic coil operative to close said second nor-
mally open switch and open said normally closed
switch when energized, means independently re-
sponsive both to the proper operation of the igni-
tion means and the establishment of combustion
in control of the energization of said electro-
magnetic coil whereby the same is initially ener-
gized upon proper operation of the ignition means
and is thereafter maintained energized independ-
ently of the ignition means if combustion is estab-
lished, means to render the entire system inopera-
tive after a time period rendered inoperative
upon energization of said electromagnetic coil,
and means to maintain energization of the igni-
tion means for a period after opening of said
normally closed switch and to prevent reenergiza-
tion of the ignition means upon deenergization of
said electromagnetic coil as a result of a failure of
flame during normal operation whereby the
cystem is shut down without attempting to re-
establish combustion.

7. In a fuel burning system, the combination
with a burner and a supply of fuel for the burner,
of electrical means in control of the flow of fuel
to the burner, electrically controlled ignition
means operative to ignite such fuel only so long
as the same is energized, a normally closed switch,
a normally open switch, a circuit in control of
the ignition means controlled by said two switches
in series, a second normally open switch, a circuit
in contro! of the fuel flow controlling means con-
trolled by said two normally open switches in
series, an electromagnetic coil operative to close
said first normally open switch when energized,
g main switch in control of said electromagnetic

coil, a second electromagnetic coil operative to -

close said second normally open switch and open
said normally closed switch when energized,
means independently responsive both to the
proper operation of the ignition means and the
establishment of combustion in control of the
energization of said second electromagnetic coil
whereby the same is initially energized upon
proper operation of the ignition means and is
thereafter maintained energized independently
of the ignition means if combustion is established,
means to render the entire system inoperative
after a time period rendered inoperative upon
energization of said second electromagnetic coil,
and means to prevent reenergization of the igni-
tion means upon deenergization of said second
electromagnetic coil as a result of a failure of
flame during normal operation whereby the
system is shut down without attempting to re-
establish combustion, and means to maintain said

5

ignition ma=ans energized for a period after open-
ing of said normally closed switch.

8. In a fuel burning control system, the com-
bination with a burner, an electrical burner motor
for impelling fuel and a supply of fuel associated
therewith, of an electrical fuel valve in control
of the supply of fuel, ignition means of the ex-
panding pilot type for igniting said fuel and in-
cluding an electrical device operative to cause
expansion ¢f said pilot only while energized, a
normally open switch and a normally closed
switch, a series circuit in control of said ignition
means including said normally open switch and
said normally clesed switch, a burner motor cir-
cuit controlled by said normally open switch, an
electromagnetic coil in control of said normally
open switch operative to close the same when en-
ergized, a thermal safety switch in control of the
system and arranged to render the same inopera-
tive when opened, an electrical heating element
associated with the safety switch operative to
open the same when energized for a time period,
a main control switch operative to energize said
heating element and said electromagnetic coil
upon a demand for heat, a member arranged
to be impinged by said pilot flame when expanded,
circuit connections controlled by said member, a
second electromagnetic coil in control of said
normally closed switch for opening the same con-

trolled by said circuit connections, and switching .

means controlled by said second electromagnetic
coil when energized to operatively deenergize said
electrical heating element and to energize said
fuel valve, the flame thus produced impinging
said member to maintain energization of said
second electromagnetic coil affer said pilot flame
contracts, and means to maintain energization of
said ignition means for a period after opening of
said normally closed switch.

9, In a fuel burning control system, the com-
bination with a burner, an electrical burner motor
for impelling fuel and a supply of fuel associated
therewith, of an electrical fuel valve in control
of the supply of fuel, ignition means of the ex-
panding pilot type for igniting said fuel including
an electrical device operative to cause expansion
of said pilot only while energized, a thermal time
switch in control of said ignition means, an elec-*
trical heating element arranged to heat said ther-
mal time switch and cause closure thereof when
energized for a time period, a normally open
switch and a normally closed switch, a series cir-
cuit for said heating element including said nor-
mally open switch and said normally closed switch,
a burner motor circuit controlled by said nor-
mally open switch, an electromagnetic coil in
control of said normally open switch operative
to close the same when energized, a thermal
safety switch in control of the system and ar-
ranged to render the same inoperative when
opened, an electrical heating element associated
with the safety switch operative to open the same
when energized for a time period, a main control
switch operative to energize said last-named heat-
ing element and said electromagnetic coil upon
g demand for heat, g second electromagnetic coil
in control of said normally closed switch for open-
ing the same, a circuit therefor controlled by
means responsive to the presence of an expanded
pilot flame, switching means controlled by said
second electromagnetic coil when energized to
operatively deenergize said last-named electrical
heating element and to energize said fuel valve,
said flame responsive means also responding to
the flame thus produced whereby to maintain en-
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ergization of said second electromagnetic coil
after said pilot flame contracts, and means to
maintain energization of said ignition means for
a period after opening of said normally closed
switch.

10. In 2 fuel burning control system, the com-
bination with a burner, an electrical burner
motor for impelling fuel and a supply of fuel
associated therewith, of an electrical fuel valve
in control of the supply of fuel, ignition means
of the expanding pilot type for igniting said fuel
and .including an electrical device operative to
cause expansion of said pilot only while ener-
gized, a thermal time switch in control of said
ignition means, an electrical heating element ar-
ranged to heat said thermal time switch and cause
closure thereof when eriergized for a time period,
a normally open switch and a normally closed
switch, a series circuit for sald heating element
including said normally open switch and said
normally closed switch, a burner motor circuit
controlled by said normally open switch, an elec-
tromagnetic coil in control of said normally open
switch operative to'close the same when energized,
a thermal safety!switch in control of the sys-
tem and arranged to render the same inoperative
when opened, an electrical heating element asso-
ciated with the safety switch operative to open
the same when energized for a time period, a
main control switch operative to energize said

last-named heating element and said electro-
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magnetic coil upon a demand for heat, a space
discharge tube including a cathode, an anode, and
a control electrode, a member arranged to be
impinged by said pilot flame when expanded, cir-
cuit connections between said member and control
electrode whereby the bias on the control elec-
trode depends upon the impingement or non-im-
pingement of flame upon said member, a second
electromagnetic coil in control of said normally
closed switch for opening the same, a circuit
therefor controlled by said anode and cathode
and rendered operative when said member is
impinged by flame, switching means controlled
by said second electromagnetic coil when opera-
tively energized to operatively deenergize said
last-named electrical heating element and to en-
ergize said fuel valve, the flame thus produced
being. adapted to impinge said member to main-
tain operative energization of said second elec-
tromagnetic coil after said pilot flame contracts,
and means to maintain said ignition means ener-
gized for a period after opening of said normally
closed switch.
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11. In a fuel burning control system, the com-
bination with a burner, an electrical burner motor
for impelling fuel and a supply of fuel associated
therewith, of an electrical fuel valve in control
of the supply of fuel, ignition means of the
expanding pilot type for igniting said fuel and
including an electrical device operative to cause
expansion of said pilot only while energized, a
thermal time switch in control of said ignition
means, an electrical heating element arranged
to heat said thermal time switch and cause clo-
sure thereof when energized for a time period,
a normally open switch and a normally closed
switeh, a series circuit for said heating element
including said normally open switch and said
normally closed switch, a burner motor circuit
controlled by said normally open switch, an elec-
tromagnetic coil in control of said normally open
switch and operative to close the same when ener-

gized, a thermal safety switch in control of ‘the :

system and arranged to render the same inopera-
tive when opened, an electrical heating element
associated with the safety switch operative to
open the same when energized for a time pe-

riod, a main- control switch operative to ener- =

gize said safety switch Theating element
and said electromagnetic coil upon a demand for
heat, a grid-glow-tube including a cathode, an
anode, and a control electrode, a member ar-
ranged to be impinged by said pilot flame when
expanded, circuit connections between said mem-
ber and control electrode whereby the bias on
the control electrode depends upon the impinge-
ment or non-impingement of flame upon said

member, a second electromagnetic coil in control ;

of said normally closed switch for opening the
same, a circuit therefor controlied by said anode
and cathode and rendered operative when said
member is impinged by flame, switching means
controlled by said second electromagnetic coil
when operatively energized to operatively deener-
gize said safety switch heating element and to
energize said fuel valve, the flame thus produced
being adapted to impinge said member to main-
tain operative energization of said second elec-
tromagnetic coil after said pilot flame contracts,
means to maintain said ignition means ener-
gized for a period after opening of said normally
closed switch, and means to prevent reenergiza-
tion of said ignition means upon deenergization
of said second electromagnetic coil by reason of
a failure of flame during normal operation,

LEON L. KUEMPEL.
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CERTIFICATE OF CORRECTION.

Patent No. 2,081,091. May 18, 1937,

LEON L. KUEMPEL.

It is hereby certified that error appears in the printed Specification
of the above numbered patent requiring correction as follows: Page 4,
secend column, line 70, claim 5, for the word "open" read operative; and
line 71, same claim, for "operative" read open; and that the said Letters
Patent should be rsad with these corrections therein that the sane may
conform to the record of the case in the Patent Office.

Signed and sealed this 21st day of September, A. D. 1937,

Henry Van Arsdale
(Seal) Acting Commissioner of Patents.




