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This invention pertains to a new and novel
method, and the means therefor, for electri-
cally controlling the operations of an appa-
ratus.. . : o

In particular the invention has to do with
the utilization of the variations in the con-
ditions of gases at a definite location in an
apparatus for the purpose of varying the
electrical control of the apparatus.

My invention, in one of its particular uses,
will be described as being applied to and in-
corporated in a liquid fuel burner especially
adapted for use in homes, and apartments
and, in industrial work, to the heating of heat
treatment furnaces, chemical vats and the
like. - It is to be understood that my invention
may also-be employed in ether apparatus and
for other like uses. .

I have discovered that there is a variation
in the response to the passage ‘of electrical
current through a mixture of gases within a
combustion chamber of a liquid fuel burner,
before combustion takes place and after com-
Jbustion takes place. - _ '

In my discovery and in providing suitable
electrical and mechanical apparatus respon-
sive to these variations, I found that the auto-
matic operation of a fuel burner may be
“controlled in a novel and improved manner
to accomplish an eflicient operation and to

. thereby assist in eliminating fire hazards and

dangers to persons, apparatus and buildings.
It is well known that automatically oper-

- ating fuel burners have been in use for a con-
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5 siderable period of time.

It is also well
known that the use of liquid fuel, such as
lighter weight oils, have been employed in

- such burners. It has long been recognized
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that some part of the automatic control of
such butrners is responsive to a heat condition
at-some definite point, It is desired to com-
bine with such control an improved means
to increase the efficiency of operation of such
burners in that they will automatically be
fully stopped if ignition of the fuel does not
take place when the burner starts up, or when
there is a cessation of combustion of the fuel

after the original ignition has been accom-

- plished. '

This invention, therefore, has as its main
object the provision of a novel method of
cperation and desirable means for controlling
an apparatus by utilizing the variations in
the composition of gases at some predeter-
mined point in the apparatus.

Tt is also an object of this invention to pro- -

vide a novel and improved control means
which cooperates with other control features
of an automatic fuel burner and which is re-
sponsive to the conditions of the gases within
the burner or in a furnace in which the burner
is placed or in the stack leading from the
furnace. ‘ '
It is a further object of my invention to
provide a cooperating control means which
is subject to being varied by reason of the elec-
trical conductivity of gases within the burmer.
A particular object of my invention is to
provide an improved control for a liquid fuel
burner whereby the variations in the gases
which pass between the points of a spark
ignition plug are utilized to maintain the
burner in operation or to stop the burner.
Other objects and advantages of my inven-
tion will be appreciated as.the detailed de-

aerintion cot forth halow 1a raad
SCription set Iorth pelow isread.

While the invention hereinafter disclosed

in detail has been shown as applied to a fuel
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burner constructed to operate on liquid fuel

such as heavy oil, it is understood that a part
of the control may be responsive to gases

which develop in the burning of coal. Also

the position of the responsive means may be
within the burner itself, within the furnace
with which the burner is associated or in the
stack leading from the furnace, or in any
other desirable position where its function
will be carried on.

The preferred manner in which I desire to
disclose my invention is herein shown in the
accompanying drawing representing a liquid
fnel heating system, and in this drawing :

Fig. 1 is a diagrammatic view of the pre-
ferred form of electrical control shgwmg a
furnace and a burner associated therewith
and an enlarged portion of the burner, all
combined with certain safety means;

Fig. 2 is an enlarged view of one of the
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safety devices taken on the line 2—2 of Fig. 1, -

and -

Fig. 8 is an enlarged view of a desirable
form of safety switch shown in diagrammatic
form in Fig. 1. , )

- Referring now to the drawing, a suitable

liquid fuel burner 1 is shown in association
with a heat absorbing device such as a boiler

or furnace 2 which in turn is provided with
a suitable flue or stack 3. A combustion
chamber 4 of the burner is shown in section
in Fig. 1 and the burning of the fuel may
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be totally or partially accomplished within
this combustion chamber. A suitable pipe 5
provides for the introduction of the fuel with
air to support combustion into the usual cone
6. The combustible mixture preferably con-
sists of oil and air in the form of gases and
is preferably ignited by the passing of sparks
between the electric contacts 7 and 8 which
usually form parts of a spark-plug. It has
been found desirable to mount the spark-plug
in the cone 6.

The fuel burner 1 is usually provided with
some means of operation and in this instance
I have provided a suitable motor 9 which per-
forms the functions of supplying oil and air

-to the pipe 5 and supplying a supplementary

amount of air through an opening 10-%0 that
the complete combustion of the oil may be ob-
tained for the purpose of heating the water or
air within the furnace 2. ‘

Any suitable means may be provided for
controlling the operation of the liquid fuel
burner, but I have found it desirable to pro-
vide an electricdal control system. I, there-
fore, provide electrical supply lines 11 and 12
having a suitable indicating lamp 14 placed
across the lines at a point between a fusible
link 15 and a suitable snap switch in order to
note that there is a proper supply of elec-
tricity. Usually this supply is of 110 voits as

taken from the house supply lines. The line

12 passes through a safety device preferahly

~in the form of a fusible link 15 (Fig. 2)
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mounted in the flue of the boiler 2. The elec-
trical supply lines pass through a suitable
snap switch to terminal posts 16 and 17. -~

One circuit of the control system, which
may be designated as a subelectrical .circuit,

comprises leads 18 and 19 which are connect-

ed to a primary winding 20 of a suitable
transformer “21. Connected in the lines 18
and 19 is an electro-magnet or relay 22, the

.operation of which will hereinafter be de-

scribed., From the secondary winding 23 of
the transformer 21 an electrical conductor 24
leads to a contact 25, which is normally closed

~on contact 26.

" A conductor 27 leads to a float switch 28
and from there by means of conductor 29 to
contact 30 which cooperates with a moving
part 31-of a suitable thermostat that may be
located near-the boiler 2 or at any desirable
place in the home., A conductor 82 leads to
the usual aquastat 34 mounted in the boiler.
A conductor 35 leads from the other side of
the aquastat to an electro-magnet 86 which in
turn is connected to the other side of the sec-
ondary winding 23 of the transformer 21.
The float feed switch 28 is adapted to open

- the control when the supply of liquid fuel,

such as-oil, is either teo'high or too low. If

* the supply of oil is not proper it is usualiy

65

found that an explosive mixture is fed to the
combustion chamber 4 of the burner and this
float switch 28 prevents the starting of the
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burner unless the proper supply of liquid fuel
isavailable. The aquastat 34 operatesto open
the circuit in the event there is a dangerous
low water condition in the boiler 2. It is

well understood that the aquastat may be sup- 7

plemented by a pressure device which will

open the circuit when the pressure of steam'. .

within the boiler 2 becomes excessive. When
any of these switches are opened, which would
be due to abnormal existing conditions, it

75

will be noted that the normal closing of the -

thermostat 81 would have no effect m start-
ing the burner. Under mormal conditions
the closing of the thermostat would start the

_burner and the burner would continue in op-.

eration until the thermostat opened due to the
desired amount of heat having been supplied.

The contacts 25 and 26 are normally 1n en-
gagement and I have preferred to mount con-
‘tact 25 on the free end of a metallic member
37 which member will automatically move to
separate contact 25 from contact 26 when the
metallic member 87 has become heated to a
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predetermined extent as will be hereinafter -

described. The separation of contacts 25
and 26 will likewise prevent the starting of
the burner when the thermostat 31 normally
closes, or if during the running of the burner
these contacts should be opened the burner
will be automatically stopped. :
A second subcircuit leading from the ter-
_tainal posts 16 and 17 consists of a lead 38
which passes, through a field winding 39 ot
the burner motor 9 and through the conduc-
tor 40 to a winding 41 which is associated
with the metallic member 37. "It is preferred
to place this winding 41 around the metallic
- member as illustrated in Fig. 1, although it
may be associated in any other desirable form.

An électrical conductor 42 leads from - the

other end of the winding 41:to a contact 44
which is adapted to be engaged by a contact
45 carried on an arm 46 which in turn is in-
fluenced by the magnet or relay 36. A con-
ductor 47 leads from the contact 45 to termi-
nal post 16. .~

A ‘part of this invention consists in pro-
viding some meang for holding winding 41
out of circuit during ncrmal operation. In

accomplishing this end I have provided a-

shunt circuit around the winding 41 asso-
“ciated with the metallic member 87, and in
providing this shunt, circuit a conductor 48
leads from conductor 42 to a flexible contact

carrying member 49 preferably pivoted at 50

and having its free'end provided with a con-

BN

100
105
]?()
115

120

tact H1 which engages a suitably mounted. =

_contact. 52 which in turn is connected by a
conductor 54 that leads to the conductor 40.
Another electrical subciveuit of the control

" system’ is that illustrated- by conductor 55
which leads from termiual post 17 to the pri-

125

mary winding 56 of a spark coil transformer. -

_ A suitable conductor 57 leads from the other
end of winding 56 to a magnet or relay 58 and

136
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from there conductor 59 leads to contact 44.
‘When the contacts 44 and 45 are closed -the
spark coil winding 56 and the magnet 58 are
connected to the other side of the supply line
at terminal post 16 by means of conductor 47.

The safety device in the flue or stack as

ilustrated by the fusible link 15 is provided.

to open the electrical supply circuit in case
of failure of aquastat 84, or when the water
has been boiled out of the boiler or furnace
92, for under those conditions it will be seen
that there will be no water in the boiler to ab-
sorb the heat and thus there will be an ex-
cessive amount of heat passing through the
flue. This excessive heat acts to fuse the
link 15 and open the electrical supply cir-
cuit thereby stopping the operation of the

burner. If desired, another type of safety

means for accomplishing the same end may

. be employed.

The metallic member 37 illustrated in de-
tail in Fig. 3 may be any desired.type of

heat responsive means. “ For matter of con-

venience 1 have called it.a metallic member.
Preferably it consists of two strips ‘of metal
which have different coefficients of expansion
and they are fastened together so that.upon
being heated the metallic- member will auto-
matically bend and its free end . will rise:
Since the free end carries contact 25 it will
be seen that this contact will be carried away
from .contact 26. Other types of circuit
opening heat responsive means may be ein:
ployed if desired. -

“ In-order to prevent the movement of the
metallic member 37 unless the actual desired

- conditions for its movement exist, I have
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herein provided a suitable means for main-
taining the member 37 in its normal position.
This preferred-means consists of a catch 60
having a suitable handle 61. When the me-
tallic meraber 37 is in its normal position this
catch engages, preferably’ by friction, the
end of that member and 1s forced soméwhat
out of its normal position. When the metal-
lic. member 87 is heated and bends it over-
comes the frictional engagemeént between it
and ‘the catch 60 and passes out of engage-
ment with the catch 60. It will be noted from
Fig. 8 that the catch will then move to the

~lett and upon the cooling of the member 37

the cateh prevents this member from return-
ing to its normal position that permits con-

tact 25 to  engage contact 26. It is desired -

that'a manual operation be performed to réset
this switch. This operation is accomplished
by moving the ‘catch 60 by grasping its han-
dle 61 and pulling it somewhat to the right
and thus permitting the contact 25 to return
to engagement with contact 26. Thus the
preferred safety switch consists of the metal-
Jic member 37 with its various elements and

. it may be-returned to its normal operating

position by a suitable manual movement.
The- manual movement may be substituted

3

by a remote control device if desired. In the
specification and claims it is desired to refer
switch., ’ i

_ One of the main features of my invention
is to utilize the phenomenon of the variation

to this switch as the heat responsive safety’

in resistance to the passage of sparks between.

any two contacts. The resistance in this in-
stance is offered by the gases within the com-
bustion chamber 4. T have found that I may
take advantage of this phenomenon by util-
‘izing the resistance to the passage of sparks
between the. points of the spark-plug em-

ployed for igniting the combustible mixture.
80

It is to be understood, however, that I may,

in addition to the presence of a spark-plug,

introduce two other contacts within the com-
bustion chamber 4 and connect them suitably
in the electrical control system so that the
system may be varied due to the resistance
to passage of sparks between thecontacts and
to cause the control system to-close down
or stop the burner when the resistance to the
passage of the sparks continues for a length
of time sufficient to cause the heat responsive

safety switch to operate. In this instance I-

find that I may obtain the utilization of this
«variation of resistance of the gases by con-
necting suitable means or apparatus in the
circuit which includes the spark-plug. I
have, therefore, in the drawings only shown
contacts 7 and 8 as being employed. The
spark-plug operates for both that is, for ig-

of the variations of resistance to the pagcage
of sparks between the two contacts. B
It will be noted that upon the start of the
burner that there will be a supply of gas
passing between the - spark-plug contacts
which supply is more or less pure air, and
this will then be changed by the introduction
_of fuel in its vaporized state as it also iszues
from the pipe 5. The two intermixed gases
passing from the pipe 5 change the resistance
to the passage of the sparks between points
7 and 8 from the resistance offered by the sub-

stantially pure air. In this case the resist-

ance is reduced. When combustion takes
‘place within the ¢ombustion chamber 4 it
has been found that some of thé burning
gases will find their way back into the cone
6 and these gases become mixed witly the
gases issuing from pipe 5 and will thereby
cause a different mixture of gases between the
contacts 7 and 8. It has been found as a re-
sult of experiment that under normal burn-
ing conditions. that the gases between the
points 7 and 8 offer lesscresistance to the pas-

sage of sparks between these points than the.

ure air

resistance offered by substantially
e noted

passing from the pipe 5. Tt will
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- niting the mixture and for taking advantdge .
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that when the resistance between points 7

and 8 to the passage of sparks is material
there will be a relatively small flow of elec-
trical current through the primary winding
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56 of the spark coil in accordance with Ohm’s
law, and since electro-magnet 58 is connect-
ed in series with winding 56. there will be a
relatively small ampere-turn result in’ mag-
net 58.  When the resistance to passage of

‘sparks between points 7 and 8 is less there

will concequently be an increase of electrical
current passing through the winding 56 and
through the winding of the electro-magnet 58.
Under that condition the strength of mag-

‘net 58 will be increased. I, therefore, take

advantage of the resistance to the passage

- of sparks between the points T and 8 for vary-
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ing the electrical control system which in
turn controls the operation of the burner.
In the operation of the device, assume thaf

contacts 25 and 26 are closed and that the
fhat foad awiteh OR and the anmactat 24 ars

1O 100U OV iLlii 40 @il vl @uasiviiy 9@ aad

- closed, the burner 1 will then be placed in

operation ov started upon the closing of the
thermostat arm 31 on to contact 30. The clos-
ing of these contacts completes the second-

-ary winding circuit through the transformer
21 and the electro-magnet 36 operates to close

the contacts 44 and 45 thereby permitting the
burner motor 9 to start. Upon the closing of
contacts 44 and 45 the spark coil becomes en-
ergized and likewise the electromagnet 58.
‘When the secondary winding 23 of the trans-
former 21 is closed there will be a larger flow

of current through the primary circuit of the

transformer and electro-magnet 22 will be

come active to pull the flexible switch arm or:

member 49 downward to maintain the con-
tacts 51 and 52 open. . ,

As noted above, in the starting of the
burner there will be a supply of air and of
atomized fuel between the contacts 7 and 8
and there will be a relatively high resistance
and consequently electro-magnet 58 will exert
a comparatively small force and will not pull

the flexible lever 49 away from the influ-

ence of electro-magnet 22 thereby closing the
shunt circuit around the heat responsive
saféty switch.. : L

In case the fuel does not ignite at once the
influence of electro-magnet 58 will still con-

. tinue less than the influence of magnet 22

50
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as there will be less current passing through
the spark-plug circuit as the resistance to
the passage of sparks between points 7 and 8
still maintains the same, and current will
then pass through coil 41 of the heat respon-
sive safety switch and will heat the metallic
member 37.and cause it to rise to the dotted
‘line position noted in Fig. 8 and will thereby
cause contacts 25 and 26 to separate, thus
opening the eircuit and, stopping the opera-

tion of the fuelburner, The burner may be

again started only after the manual opera-

tion of pulling catch 60 to the right to per-
mit contacts 25 and 26 to return to engaging

Assume now, that upon the start of the

~burner ignition takes place, the resistance of

1,688,126

the gases between the contact points 7 and 8
will be decreased as above noted and conse-
quently the amount of current required to
pass through winding 56 and through elec-
tro-magnet 58 will increase, and since electro-
magnets 58 and 22 are designed in the proper
manner to balance against each other the
magznet 58 now becomes predominating over
magnet 22 and draws the flexible arm 49 up-
ward to close contacts 51 and 52 thereby clos-
ing the shunt circuit around the heat respon-

sive safety switch. In that condition the cur-

rent required for the operation of the burner
motor theén passes through conductor 38,
winding 39, conductor 40, conductor 54, con-
tacts 51 and 52, flexible arm 49, conductor 43

to contact 44 and from there back to terminal’

post 16 by means of conductor 47,

UGy a0 Uy (i0ails U1 COLGRULUL

ation of the burner will now continue nor-
mally until the thermostat opens and the
burner automatically ceases operation.
Should the fire or burning of the gases in
the combustion chamber 4 go out or cease for
any reason there will then be a higher resist-
ance to the passage of Is}zrrks between the
contact points 7 and 8 as noted above and con-

The oner-
Iy

‘sequently there will be a decrease of current

in coil 56 and through magnet 58 causing
magnet 22, to predominate over magnel 58
thereby pulling flexible arm 49 down and
opening the shunt circuit around the heat re-
sponsive safety switch. - As soon as this heat
responsive safety switch has heated up as it
will normally do when current passes
through winding 41, it will separate contacts
95 and 26 thereby so varying the electrical
control system that it is opened by means of

the de-energization-of the electro-magnet 36
causing contact 45 to separate from con-

tact 44.

Tt will thus be seen from the foregoing de-
scription that my new and novel control of
an oil or liquid fuel burner is accomplished
by the utilization of the variation of condi-

“tions of mixture of the gas between electrical

contact points suitably mounted in the com-
bustion chamber of a fuel burner. If desired
the same thought may be expressed in detail
in respect to the present disclosure by say-
ing that the control of the fuel burner is re-
sponsive to the conditions of gases at the
points of the spark-plug. It will be further
noted that this method of control gives a
means for regnlating the burner independent
of the pressure or temperature existing in the
combustion chamber and is dependent upon

70

75

80

90

95 -

100

105

110

115

120

the resistance to the passage of electric sparks

between two given contact points. Inthepar-
ticular disclosure T have utilized the electrical
energy change: in the primary winding of
spark coil transformer to vary or change the
control system of the oil burner, and in so do-

ing T have, in the preferred disclosure, bal-

anced one electro-magnet against another and
arranged to have one of these electro-magnets

130
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predominate under certain.conditions and to
have the other electro-magnet predominate
under other. conditions. It will also be noted
that any variations in the voltage in the sup-

ply line will apply throughout the whole ap-
_ paratus and therefore be compensated.

It will be understood that while I have
herein described in detail a particular em-
bodiment of my invention for purposes of full
disclosures and some detailed features which

'Y am ‘specifically claiming for a special ad-

vantage, many changes and modifications
may be made in the particular construction

and arrangement of parts without departing

from the broad scope of my invention.

I claim:— ‘ .
1. In combination, a liquid fuel burner, a
combustion chamber therein for receiving a

* mixture of gases capable of combustion, elec-
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trical contacts positioned in said chamber
and adapted to have the gases pass around

.and between them, an electrical control sys-

tem for said burner, said system having in-
cluded therein means for passing sparks
across said contacts for igniting the mixture
of gases, and another means in said electrical

-system controlled by the resistance offered

by the gases to the passing of sparks between
said contacts while.the sparking continues
for varying said electrical control system to
stop the operation of said burner. '

2. In a fuel burner, means for operating
the same, an electrical control system for
governing the operation of said burner, con-
tacts mounted within said burner and spaced
apart so that électric sparks may pass from
one contact to another, said contacts being
mounted so that the gases within the burner
may move into contact therewith and fill the
space therebetween, and means in said elec-
trical control system responsive to continu-

ous high resistance of the gases through,
~which sparking occurs for opening the elec-

trical control system to stop said burner.

3. In a liquid fuel burner, means for op-"
.erating the burner, means for controlling the

operation of said burner, a spark-plug in

- said controlling means for igniting the fuel,

Ho

65

60

“\«

said- controlling means being- responsive to
the resistance offered by the gases in the
burner to the passing of sparks across the
points of said plug whilg the sparking con-
tinues to vary the controlling means under

“conditions of a continued high resistance to
stop said burner. :

4. In combination, a liquid fuel burner,

“a combustion chamber therein for receiving
a mixture of gases capable of supporting com--
. bustion, an eleetrical system for- controlling

the operation of said burner, spark-plug ter-
minals mounted in said combustion chamber
and adapted to have the gases pass therebe-

tween, said terminals being included in the.

electrical system, a transformer means in said
electrical system for causing sparks to pass

5

between said terminals, a magnet in circuit
with said transformer means and adapted to

-have its strength varied ‘as the gases in said

chamber resist the passage of sparks between
said terminals, and a cut-out means also in-
cluded in said electrical system and being
controlled by the variation in the strength
of said magnet and operating to vary said
electrical system by opening the same when
said magnet continues to exert relativel
sinall strength., - \ :
5. In combination a liquid fuel burner, a
combustion chamber therein adapted to- re-
ceive a mixture of gases capable of support-
ing combustion, an electrical control circuit
for governing the operation of said burner,
a spark-plug connected in said electrical cir-
cuit and adapted to ignite said combustible
mixture; a heat responsive safety switch in-
cluded within said electrical cireuit and
adapted to open said circuit after being heat-
ed to a predetermined temperature, means
in said system for shunting said safety
switch during normal operations of said

burner, and means also in said electrical sys- -

tem influenced by the resistance of the gases
to the passage of sparks between the points
of said Qpnrk_n]no' to anen the chunt aronnd

A Salll ppalls-ping W0 0Pl VA SUULy AUl

said heat responsive safety switch to permit
said switch to become operative.

6. In combination a liquid fuel burner, a
combustion chamber therein adapted to re-
ceive a mixture of gases capable of support-
ing combustion, an electrical control circuit
for governing the operation of said burner, a
spark-plug connected in said electrical cir-
cuit and adapted to ignite said combustible
mixture, a heat responsive safety switch in-
cluded in said electrical circuit and. adapted
to open said circuit after being heated to a
predetermined temperature, a magnet in-
cluded in the immediate spark-plug circuit,
a switch in the control circuit for shunting
electric current around said heat responsive
safety switch, said magnet normally hold-
ing the shunting switch in closed position,
and means -operating in opposition to the

‘strength of said magnet for holding open

said shunting switch when the energy re-
quired to pass sparks between the contacts
of ‘said spark-plug against high resistance
is substantially contant thereby permitting
the heat responsive safety switch to operate

to stop the operations of said burner. :

7. In combination a liquid fuel burner,.a
combustion chamber therein adapted to re-
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ceive a mixture of combustible gases, means

for operating said burner; an electrical sys-
tem - for controlling the operation of said

burner, a spark-plug mounted in association |

with saixd combustion chambér for igniting
the combustible mixture, a subelectrical ¢ir-
cuit in said control system in which" said
spark-plug is .connected, a magnet also con-
nected in said subelectrical circuit and adapt-
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“ed to vary in strength in accordance with the

resistance offered by the gases to the passage
of sparks bétween the points of said sp'ar'f{—
plug, a second sub-electric circuit in said con-
trol system, a magnet connected in said sec-
ond subcircuit, a heat responsive safety
switch connected in said control system, a
shunt connection around said heat respon-
sive safety switch, a flexible member carry-
ing a contact to open and close the shunt cir-

cuit around said heat responsive safety’

gwitch, said flexible member being mounted
to be influenced by said magnets in oppo-
site directions, said second magnet acting to
maintain open the shunt around said heat re-
sponsive safety switch to permit said heat
responsive safety switch to be actuated when
the resistance of the gases to the passage of
the sparks is constant and great to thereby
open the control system to stop the burner.
8. In combination a liquid fuel burner, a
combustion chamber therein for receiving 'a
mixture of gases capable of combustion,
means for operating said burner, an electri-
cal control system for said burner,‘'a spark-
plug associated with said combustion cham-
ber for igniting the mixture of gases, a trans-
former mounted in the control system -and
having a magnet connected in the high volt-
age side thereof, burner control devices con-
nected in the low side of said transformer,
means in the high voltage circuit for im-
pressing a potential across the terminals of
said spark-plug, a second magnet in the high
voltage circuit of said control system, a heat

“responsive safety switch also mounted in the

~ high voltage circuit of said control system,

i0

a circuit for shunting the passage of current
around said heat responsive safety switch, a
switch mounted in said shunt circuit, said
shunt circuit-switch adapted to be influenced

.~by said magnets which are positioned to op-

pose the action of each other, said first mag-
net becoming effective to open said shunt cir-
cuit when the resistance to the passage of
sparks between the terminals of said spark-
plug is abnormally high. '

|

~9. In combination, a liquid fuel burner, a

combustion chamher therein for receiving a
mixture of gases capable of combustion, elec-
trical contacts positioned in said- chamber
and adapted to have the gases pass around

~and between them, an electrical.control sys-

tem for said burner, said system having said
electrical contacts included therein, means in
said control system for passing sparks across
said contacts for igniting the mixture of
gases, another means in said electrical. sys-
tem affected by the gases, when unignited by
the sparks, and offering relatively high re-
sistance to the passing of sparks between-said
contacts while the sparking -continues for
varying said electrical control system to stop
the operation of said burner, and a thermo-
stat responsive to heat conditions at a prede-
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termined place, for operating said burner in-
termittently. -~
10. In combination, a liquid fuel burner,

a combustion chamber therein for receiving a

mixture of gases capable of combustion, elec- 7

trical contacts positioned in said chamber
and adapted te have the gases pass around
and between them, an electrical control sys-
tem for said burner, said system having said
electrical contacts included therein, means in
said control system for passing sparks across

"said contacts - for igniting the mixture of

gases, another means in said electrical system

affected by the gases, when. unignited by the.

sparks, and offering relatively high resist-
ance to the passing of sparks between said
contacts while the sparking continues, said
other means adapted to vary said electrical
control system to stop the operation of said
burner, a thermostat responsive to heat con-
ditions at a predetermined place for operat-
ing said burner intermittently, and safety de-
vices in the electric control system for pre-

8
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venting the operation of said burner when .

said thermostat closes if the burner is in ab

normal condition. : o

11. In combination, a liquid fuel burner]
a combustion chamber therein for receiving a
mixture of gases capable of combustion, elec-
trical contacts mounted in said chamber and
adapted to have the gases pass around and
between them, an electrical confrol system
for said burner, said system having said elec-

trical contacts included therein, means’ in.

said control system for passing sparks across
said contacts for igniting the mixture:of

. gases, a magnet connected in circuit with the

spark passing means and capable of being
excited to a greater or less degree due to the
variations in electrical current in said spark
passing means caused by the- variations in

.resistance offered by the gases to the passage

of sparks between said contacts, a heat re-
sponsive safety switch connected in said elec-
trical control system which when actuated
opens said control system and stops the
burner, a circuit in.said system for shunting
said heat responsive-safety switch, a switch
in said shunt circuit adapted to be influenced
by said magnet to maintain closed said shunt
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cireuit when the resistance of the gases to the -

passage of sparks is relatively small, #nd a
thermostat positioned to be responsive. to
heat conditions at a predetermined place and
arranged to cause said burner to normally
operate intermittently. ' :

~12. In combination, a liquid fuel burner,
a combustion chamber therein for receiving

a mixture of gases capable of combustion,-

electrical contacts mounted in said chamber
and adapted to have the gases pass around

and between them, an electrical control sys:.

tem for said burner, said system having said
electrical contacts included therein, means in
said control system for passing sparks across
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said contacts for igniting the mixture of

~ gases, a magnet conuected in circuit with the

spark passing means and capable of being ex-
cited to a greater or less degree due to the
variations in électrical current in said spark
passing means caused by the variations in
resistance offered by the gases to the passage

“of sparks between said contacts, a heat re-

* sponsive safety switch connected in said elec-

10

trical control system which when actuated
opens said control system and stops the burn-
er, a circuit in said system for shunting said

- heat responsive safety switch, a switch in
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said shun$ circuit adapted to be influenced by
said magnet to maintain closed said shunt
circuit when. the resistance of the gases to the
passage of sparks is relatively small, a ther-
mostat positioned to be rssponsive to héat
conditions at a predetermined place and ar-
ranged to cause said burner to normally oper-
ate intermittently, and safety devices con-
nected in series with said thermostat to pre-
vent operation of said burner when abnor-
mal conditions exist. ' : '

13. In a liquid fuel burner the combina-
tion of a combustion chamber, a spark-plug
mounted in said chamber in the path of
liquid fuel and air fed to said burner, an elec-
trical control system for governing the oper-
ation of said burner, a sub-electric circuit in
said system for supplying current to said
spark-plug, an electro-magnet in said sub-
circuit, the strength of said magnet being
varied due to the variation in current flowing
in said magnet in response to the resistance
offered to the passing of sparks between the
points of said spark-plug due to the variation
in conductivity of the gases between the
points of said spark-plug, a second subcir-
cuit in said control system, a magnet con-
nected in said second subeireuit, a third sub-
circuit in said system, a heat responsive

_safety switch miounted in said third subeir-

cuit and adapted to open the control system
under abnormal conditions -of operation, a

7

thereby permitting current to flow through
said heat responsive safety switch causing
the same to open said. electric control system.
and stop the operation of said burner.

14. In combination, an operating appara-
tus having a varying mixture of gases there-
in during operation, and electrical means for
controlling the operation of said apparatus,
said electrical means having included therein
electrical contacts mounted in spaced relation
to form a spark gap and being positioned in
the path of said gases, said electrical means
adapted to be varied by the changes in the re-
sistance to the passage of sparks between said
contacts due to the variations in the electrical
conductivity of said gases to maintain con-
tinuation of operation of said apparatus un-
der predetermined conditions and to stop
said operations under other conditions.

15. In combination, an operating appara-

-tus having a varying mixture of gases there-

in during operation, and electrical means for
controlling the operation of said apparatus,
said electrical means having included therein
electrical contacts mounted in spaced relation
to form a spark gap and being positioned in
the path of said gases, said electrical means
adapted to be varied by the changes in the re-
sistance to the passage of sparks between said
contacts due to the variations in the electrical
conductivity of said gases to maintain con-
tinuation of operation of said apparatus un-<
der predetermined conditions and to stop said
operations under other conditions, and means:
in said electrical control system -being
brought into operation when the resistance
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to the passage of sparks between said con- -

tacts is high and continuous thereby varying
the electrical control to stop the operation of
said apparatus. » :

~16. The method of controlling the opera-
tion of -a liquid fuel burner which includes
majintaining the passage of sparks across a
gap located in the combustion area of. the
burner, and controlling the operation of the

95

shunt circuit connected around said heat re-' burner in response to the lesser resistance of- 100

sponsive safety switch, a flexible switch mem-
ber mounted 1n said shunt circuit, said flex-
ible switch member being responsive to the
differcnces of the pulls of said magnets, said
flexible switch member adapted to be opened
by said second magnet when the resistance to
the passage of sparks between the points of
said spark-plug is continuous and material

fered by the gases at the gap to the passing of
said sparks across said gap when there is com-
bustion of said gases than when there is no -
combustion théreof. : ,

This specification signed this 5th day of
May, 1926. : ‘

ROBERT F. METCALFE.
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