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My invention relates to a burner control sys-
tem and more particularly to one provided with
means for checking the electrical ignition.

It is common in the burner control art to em-
ploy electrical ignition means for igniting the
fuel as it is fed to either a main or pilot burner.
This ignition means usually takes the form of a
pair of spaced electrodes between which a high
voltage spark is produced. In view of the fact
that it is always possible that this ignition means
may not function properly and that it is unde-
sirable to have fuel supplied to the burner if
the ignition means is not properly functioning,
it has been proposed to provide means for check-
ing the ignition to be sure that it in operating
properly. Some of the prior art arrangements
relied for the checking upon conditions that
existed only when the ignition means was in
operation. In the case of intermittent ignition
in which the ignition is turned off as soon as
the burner becomes lighted, this has the disad-
vantage that some other means must be provided
for continuing the burner in operation after the
ignition is deenergized. For this reason, it has
been proposed to employ a temperature respon-
sive means positioned adjacent the gap between
the two electrodes for controlling the burner
motor according to the heat of the spark gap.
This furnishes a very reliable check inasmuch as
the device responds only to a spark of approxi-
mately the proper intensity to light the burner.
If the electrodes are spaced too far apart, no
spark at all will result. If, on the other hand,
the electrodes are in engagement so as to pro-
vide a short circuit, practically no heat will be
produced at the spark gap. This arrangement
has a further advantage that the control device
for the burner controlled thereby will continue
to maintain a position such as to keep the burner
in operation since even though the ignition is
turned off the temperature to which the tem-
perature responsive element is subjected will
continue to be very high by reason of the opera-
tion of the burner. The objection to such prior
art arrangements however has been that diffi-
culty has been encountered by reason of the
very much higher temperature during burner
operation than is encountered when the ignition
means alone is energized. It will be obvious that
if a switch, valve, or other control device is so
adjusted as to be operated at one temperature
the subjecting of the temperature responsive
element to the much higher temperature of
burner operation may severely injure the switch
or other control device. Another digadvantage

. system, reference is made to the drawings.

(Cl1. 158—28)

has been that such arrangements have not only
not been compact but have usually decreased the
efficiency of the ignition means.

An object of the present invention is to provide
an ignition checking arrangement wherein one
of the electrodes is hollow and in which a tem-~
perature responsive device is located in the hol-
low portion in conductive relationship with .the
tip of the electrode, the temperature responsive
means controlling the flow of fuel to the burner.

A further object of the invention is to provide
such an ignition checking arrangement in which
the temperature responsive means is a volatile
fluid.

A further object of the invention is to provide
such an ignition checking arrangement in which
the temperature responsive means is a vaporiz-

-able fluid, the quantity of the fluid being such

that it is completely vaporized when subjected
to a temperature slighly higher than the normal
temperature of a spark.

A further object of the invention is to provide
a burner control system employing temperature
responsive means for checking the spark in
which the further rise in temperature resulting
from ignition of the burner is used to actuate a
switch to place the apparatus in the position
which it assumes during normal operation of
the burner.

A further object of the invention is to provide
a burner control system employing a novel form
of temperature responsive switch for deenergiz-
ing the ignition and the heating. element of a
thermal safety switch upon the burner being
ignited.

A further object of the invention is to provide
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a novel form of condition responsive switching .

mechanism providing overlapping in one direc-
tion but not in the other,

Further objects of the invention will be appar-
ent from a consideration of the accompanying
specification, claims and drawings, of which:

Figure 1 is a schematic showing of one form
of the improved oil burner control system, and
of which

Figure 2 is a schematic form of a modified
form of the burner control system.

For a more detailed understanding of the
The
species of Figure 1 will first be described inas-
much as the species of Figure 2 is a further
development of that of Pigure 1.

The oil burner is generally desxgnated in this
flgure by the reference numeral 10. This burner
comprises a nozzle {1 and a burner motor 12. It

40

45

50

&5




10

15

20

25

30

35

40

45

60

2

is understood that the burner is of the conven-
tional type wherein a motor operates to force a
mixture of fuel and air through the nozzle.

A thermostat {4 is used as a primary control of
the oil burner, this thermostat being prefer-
ably located in a room of the building being
heated. Asshown in the drawings the thermostat
comprises a bimetal element I5 to which is se-
cured a contact arm (6 adapted to engage the
fixed contact 17 upon the temperature falling
below a predetermined value.

The thermostat (4 directly controls the ener-
gization of a relay 18. This relay comprises a
relay coil 19 and a pair of switch arms 20 and 21.
The switch arms 20 and 21 are adapted to co-
operate with fixed contacts 22 and 23, being
biased out of engagement therewith by any suit-
able means (not shown). TUpon energization
of the relay coil 19 switch blades 20 and 21 are

moved into engagement with contacts 22 and 23 .

against the action of the biasing means.

. A thermal safety switch is generally designated
by the reference numeral 25. This safety switch
may take any suitable form, one preferable form
being that shown in the patent to F. S. Denison
No. 1,958,081 issued May 8, 1934. As shown in
the drawings, the switch comprises a pair of

switch arms 26 and 27, the lower one of which

is pivotally mounted and adapted to drop away
from switch arm 26. The switch blades 26 and
21 are normally held in engagement by bimetal
element 28, the upper end of which projects. under
the right-hand end of the lower switch blade 27.
Associated with bimetal element 28 is a heating
element 29. The heating element 29 upon
energization thereof is adapted to heat the -bi-
metal element 28 to cause the same to deflect to
the right. Upon such deflection continuing suffi-
ciently far, the end of the bimetal element is
moved out from under the switch blade 27 per-
mitting this blade to drop away from switch
blade 26. After this has happened it is necessary
to manually reclose switch blades 26 and 2T to
reestablish the system controlled thereby.

A stack switch. is generally indicated by the
reference numeral 35, this stack switch com-
prising two switch blades 36 and 371. The switch
blade 36 is adapted to move between two con-
tacts 38 and 39. The switch blade 37T is adapted
to move in and out of engagement with a fixed
contact 40. The two switch blades 36 and 37
are actuated by a temperature responsive ele-
ment secured in the stack, the switch blades be-

" ing connected to the temperature responsive ele-
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ment through a slip friction connection. By
reason of this slip friction connection, the switch
blades are moved almost immediately when the
temperature changes in a direction opposite to
that in which it was previously changing. Thus,
if the temperature should be rising to cause move-
ment of switch blades 36 and 37T to the right, the
initial change in temperature is effective to move
the switch blades 36 and 37. As soon, however,
as the necessary movement of switch blades 36
and 37 has taken place, the blades will there-
after slip with respect to bimetal element. The
result is that as soon as the temperature starts
falling, the blades will be almost immediately
moved in the reverse direction. The assembly
consisting of switch blades 36, 37, 38, and 39 ‘is
so constructed that upon a temperature rise
switch blade 36 engages contact 39 before it
disengages contact 38. Upon a temperature fall
however the switch blade 36 disengages contact
39 before it engages contact 38. The assembly

2,196,443

consisting of the ‘temperature responsive ele-
ment, the switch: blade 36, and the contacts 38
and 39 may take the form shown in the patent
to A. P. Erickson, No. 1,969,974, issued January

2, 1934,

The system as described so far is 'a conven-
tional one and the improved features of the sys-
tem of Figure 1 will now be described. Located
adjacent to one end of the nozzle i1 are two elec-
trodes generally indicated by the reference nu-
merals 42 and 43. Electrode 43 is of more or less
conventional structure consisting of a conduct-
ing rod 48 the upper portion of which is bent

10

angularly and the lower portion of which ex- -

tends through an insulating member 45 secured
in position by two collars 46 and 41. Electrode
member 42 likewise consists of a conductive rod

15

48, the upper end of which is bent at an angle |

so as to be inclined towards the upper portion of
rod 44. Similarly, the lower portion of rod 48
extends through a cylindrical member 49 of in-
sulating material. A collar 50 adjacent one end
of the insulating material serves partially to hold
the insulating member in position. It is under-
stood that members 45 and 49 are of an insulating
material which will resist the high temperatures
to which they will be subjected by reason of
their proximity to the burner. TUnlike the rod
44, the rod 48 is provided with a passage 51 ex-
tending therethrough so as to form a hollow
portion throughout the entire length of the rod.
Welded to the end of rod 48 is a tip member 53
in the form of a cap, the welded connection being
indicated in the drawings by the reference nu-
meral 54. The space enclosed by cap 53 forms an
enlarged continuation of the hollow portion pro-
vided by passage 51. The cap 53 is of good
heat conductive material so that the temperature
at the tip will be readily transmitted to the in-
terior of the cap 53. It is also to be understood
that the cap 53 is of good electrically conductive
material since it is necessary that this carry the
current or spark. The lower end of rod 48 is
provided with a collar 56 of a phenolic conden-
sation product or other suitable insulating ma-
terial. It is to be understood that the rod 48 is
preferably sufficiently long that the collar 56
is not in a region of excessive heat. Located
between the collar 56 and the insulating mem-
ber 49 is a terminal member 51, which terminal
member is electrically connected at 58 to the rod
48. Threadedly engaged with the collar 56 is a
tubular member 59 of material the. same or
similar to that of which collar 56 is formed.
Clamped between a shoulder of tubular portion
59 and collar 56 is a diaphragm 60 which may
be corrugated as at 61. A gasket 62 may be
interposed between the diaphragm 60 and the
collar 56 to insure a fluid tight connection there-
between. A closure plug 67 of insulating ma-
terial similar to that of which collar 56 is formed
is screw threaded into the lower end of member
59. A corrugated spider 68 is clamped between
plug 67 and member 59, and a contact 69 is
secured to the spider 68. Extending between
spider 68 and diaphragm 60 is an insulating rod
70. The plug 67 is apertured as at 71 and ex-
tending into this aperture is a contact member
12 carried by conductive plate 13 secured by any
suitable means to the plug 67.

It will be noted that the electrode 42 is hollow
throughout .almost its . entire length. In the
upper portion of the electrode the cap 53, the rod
48, and the diaphragm 60 enclose a fluid tight
chamber. Located within the cap 53 is a volatile
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fluid. Whenever the cap 5§53 is subjected to &
temperature such as exists when a spark occurs
between the two electrodes, this voltaile fluid is

volatilized increasing the pressure within the’

chamber above referred to and causing dia-
phragm 60 to be forced downwardly. This down-
ward movement of diaphragm 60 is effective

"through the insulating push rod 10 to move the

central portion of spider 68 and consequently
contact 69 into engagement with contact 72.
When the fluid is cooled, the spider 68 is effective
to return the contact 69 to the position shown in
the drawing by reason of the inherent flexibility
of the spider. In order to avoid any distortion
of the parts whe.. the electrodes are subjected to
the burner flame itself, the volatile fluid, which
is designated by the reference numeral 16, is so
chosen that at or slightly above the tempera-

ture of a normal spark, the liquid is completely.

volatilized. After the liquid has so volatilized

- there will be no increase in vapor pressure and

the .only increase in pressure exerted on the
diaphragm will be that due to an expansion of
the vaporized liquid which increase is relatively
slight. While the liquid will tend to condense

~ in the space between collar 56 and diaphragm 60,

this liquid will be volatilized by reason of the
heat conducted by rod 48 to the interior of this
space adjacent diaphragm 60. In lieu of a va-
porizable fluid, the space within cap 53 may be
filled with charcoal which has been subjected to
a gas so as to be absorbed thereby. As the tem-
perature to which the charcoal mixture is sub-
jected rises, the gas is forced out of the charcoal
to expand the diaphragm in the same manner
as is done with the vaporizable fluid. - The pres-
sure that the mixture is capable of exerting how-
ever is limited by the total amount of gas in the
mixture so that there is no danger of distorting
any. of the parts.

The two electrodes 42 and 43 are connected
through conductors 16 and 11 to the secondary
18 of the step-up transformer 718. The secondary
winding 18 is a high voltage winding whereas
the primary transformer which is designated by
the reference numeral 80 is a line voltage winding.

Power is supplied to this system through line
wires 81 and 82 leading to any suitable source of
power (not shown).

Operation of Figure 1 species

The various elements of the system of Figure 1
are shown in the position in which they occupy
when the temperature to which thermostat 16 is
subjected is at or above the desired value. Let
it be assumed now that the temperature drops
until contact arm 16 is moved into engagement
with contact {1. TUnder these circumstances, the
following circuit will be established to relay coil
19: from line wire 82 through conductor 85, bi-
metal element 15, contact arm 16, contact 11,
conductor 86, switch blades 26 and 21, conductor
81, switch blade 36, contact 38, conductor 88,
heating element 29, conductors 88 and 30, relay
coil 19, and f*onductor 81 to the other line wire
81. The establishment of this circuit causes the
energization of relay (8 with the result that

-switch arms 20 and 21 are moved into engage-.

ment with contacts 22 and 23.

The movement of switch arm 21 into engage-
ment with contact 23 establishes the following
circuit to the primary winding 80 of the ignition
transformer 19: from line wire 82 through con-
ductor 93, contact 23, switch blade 21, conductor
o, sw1tch blade 31 contact 40, conductor 9%,

3

primary 80, and conductor 86 to the other line
wire 81. Under normal conditions, the estab-
lishment of this circuit to the primary 80 of step-
up transformer 19 results in a spark being pro-
duced between electrode members 42 and 43. If
the electrodes are properly spaced apart to pro-
vide a proper spark, the spark will be accom-
panied-by considerable heat. The effect of this
heat will be to cause the vaporization of the fluid
15 causing the latter to exert pressure on the
diaphragm 60. This in turn will yield and will
move contact 69 into engagement with contact 72.
When this takes place, the following circuit will
be established to the oil burner motor 12: from
line wire 82 through conductor 93, contact 23,
switch blade 21, conductor 98, plate 73, contact
12, contact 69, conductor 99, burner motor (2,
and conductor 100 to the other line wire 81.

The establishment of the above traced circuit
to the oil burner will result in fuel being -issued
through nozzle {i. By reason of the fact that
the burner has not been energized until it has
been assured that the ignition means is working
properly, the probability is that the oil will be
immediately ignited. ‘When this takes place, the
temperature within the stack of the furnace will
rise very rapidly causing the temperature re-
sponsive element of stack switch 3§ to move
switch blades 36 and 37 to the right, switch blade
36 being moved into engagement with contact 39.
Movement of switch blade 36 into engagement
with contact 39 results in the establishment of
the following holding circuit to relay coil 19:
from line wire 82 through conductor- 85, bime-
tallic element 15, contact arm 16, contact 17, con-
ductor 86, switch blades 26 and 21, conductor 81,
switch blade 36, contact 39, conductor 101, switch
blade 20, contact 22, conductor 90, relay coil 19,
and conductor 91 to the other line wire 8i. It
will be noted that this new circuit is independent
of the heating element 29 and effectively shunts
the same out of the circuit. Almost immediately
after switch blade 36 makes contact 39 to estab-
lish this new relay circuit, the switch blade 36
is separated from contact 38 thus interrupting
the circuit through heating element 29 and en-
tirely deenergizing the same. -

The separation of switch blade 37 from contact
40 results in deenergization of the primary 80 of
the ignition transformer and consequently of the
deenergization of the ignition means. In view
of the fact that the burner is now ignited, the
ignition means is no longer needed and it is de-
sirable to have the same deenergized to prolong
the life of the electrodes and to save the current
which would otherwise be consumed thereby.
The deenergization of the ignition means does

not result in the separation of contacts 69 and 72.

by reason of the fact that the tip 53 of electrode
52 is now subjected to the burner flame. The
temperature of the burner flame is now effective
to maintain the volatile liquid 75 sufficiently
vaporized to maintain contacts 69 and 712 in
engagement. By reason of the fact moreover
that the quantity. of the volatile liquid 75 is lim-
ited as described above, the pressure within the
chamber formed by diaphragm 60, passage 5i,
and cap 53 will not reach an excessively high
value in spite of the fact that the oil burner

flame is much higher than that produced by the
spark. It will thus be seen that in spite of the

deenergization of the ignition means, the oil
burner remains in operation without the estab-
‘lishment of a parallel circuit thereto.

The operatlon which has just been descnbed
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is that which takes place when everything occurs
as it should and as it normally does. Under
hormal circumstances the burner wiil continue
in operation until thermostat 16 is satisfled at
which time the entire system is deenergized. The

stack will then cool off and the switch blades 36 -

and 37 will return to the position shown in the
drawings. It is to be understood that.if a proper
spark does not occur, contacts 69 and 72 will
never be closed with the result that the burner
is not placed in operation. If combustion does
not take place by reason of this fact or by reason

of the fact that for some reason or other even -

after the burner motor is in operation the fuel
is not ignited, the stack switch 35 will remain
in the position shown in the drawings. When
this occurs the current to relay 19 will continue
to pass throiigh the heating element 29. If this
action continues sufficiently long the upper end
of bimetallic element 28 will be deflected to the
right sufficiently to allow switch blade 27 to drop
away from switch blade 26 entirely deenergizing
the system. The system cannot again be placed
in operation until switch blades 26 and 21 are
again manually reclosed. This insures that the
attendant will have an opportunity to inspect the
cause of the difficulty. :

If the system is placed in operation in the
normal manner as outlined above and the burner
is-for some reason or other temporarily extin-
guished, provision is made for reigniting the
burner, if possible. As soon as the burner-.is
extinguished, the temperature within the stack
begins to fall causing switch blades 36 and 317
to almost immediately move to ‘the left.. The
switch blade 36 first disengages contact 39 and

deenergizes the relay (9 thus deenergizing the.

burner motor 2. Shortly thereafter switch blade
31 reengages contact 40 reestablishing the circuit
to the ignition transformer and consequently re-
energizing the ignition means. The apparatus
is so adjusted however that a certain amount of
time is allowed to elapse between the disengage-
ment of switch blade 36 from contact 39 and

the engagement of switch blade 31 with con-
-tact 40." During this time no fuel is being in-

troduced into the furnace and an opportunity
is given the fuel already accumulated therein

to pass out through the stack. Shortly after”

switch blade 37 engages contact 40 to reenergize
the ignition, switch blade 36 reengages contact
38 to reestablish the first traced energized cip-
cuit to relay coil 19 through the heating element
29. After the relay has thus been reenergized
and as soon as the ignition is established, causing
contacts 69 and 72 to reclose, the burner is placed
into operation and conditions are again estab-
lished to produce combustion. If the conditign
which caused the extinguishment of the burner
has been overcome, the burner will again Be
placed in operation, the stack switch will be
heated and the operation just described will be

repeated. If, however, the burner is not ignited

due to the condition having produced the ex-
tinguishment being of a more permanent nature,

the heating element 29 will cause the separation’
of switch blades 26 and 27 shutting down the.

system in a manner similar to that previously
described. :

~ Species of Figure 2 »
In the species of Figure 2, the bulb associated

with the electrode tip is employed to perform the

functions which the stack switch 35 performs
in the previously described species. Thus with

2,186,443

the arrangement:of Figure 2; it is unnecessary to
employ a stack switch.

In order to enable a more ready comparison
of the two figures, those elements in the species
of Figure 2 which correspond identically to ele-
ments -of Figure 1 have been assigned reference
numerals {00 higher than the same elements of
Figure. 1.
they. are identical to such .elements of Figure 1,
a detailed description. thereof has been omitted.

The oil burner in this figure is designated
by the reference numeral (10, being provided
with a nozzle 11¢ and.a motor 12. .

The room thermostat is designated by the ref-
erence numeral 114, being provided with a bi-
metallic element ({5 to which is secured a con-
tact: arm- {6 movable into engagement ‘with a
fixed contact 11.. A thermal switch which cor-
responds to thermal switch 25 of Figure 1 is
designated by the reference numeral 125. The
switch comprises blades 126, 127, bimetallic ele-
ment 128 and a heater 129.

A pair of ignition electrodes which are em-
ployed: for igniting. the fuel issuing from the
burner.is designated generally by reference char-
acters 142 and (43.: These two electrodes are
shown as though they extend from the opposite
side of the furnace towards the oil burner. They
are shown in this position, however, merely to
more clearly illustrate the same. It is to be
understood that- the electrodes of the associ-
ated apparatus will extend into-the furnace from
the same side as theoil burner, the electrode tips
being adjacent.the oil burner nozzle.

The electrode {43 is more or less conventional
in form, consisting of a conductive rod 144, the

.outer ‘end of which.is bent angularly and the

inner- portion of which.extends through an in-
sulating member 145 secured in position by two
collars 46 and (471. '

Electrode member 142 likewise consists of a
conductive rod 148, the inner portion of which is
bent at an angle so as to be inclined towards the
inner. portion .of rod 144. Similarly, the outer
portion. of rod 148 extends through a cylindrical

" member {48 of insulating materiai. It is to be

understood: that. this insulating member is rela-
tively long-so that it projects through the wall of
the furnace. As shown in the drawing, a por-
tion of the insulating member 149 and the rod
148 has been broken away. The rod 148 is en-
larged at (82 in the form of a hollow disc. The

Moreover, because of the fact that’
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insulating member 149 abuts at one end against -

the shoulder formed by disc 162. At the inner
end of the rod, a collar 156 of a phenolic con-
densation product, ‘or some similar material, is
secured to the rod. The collar 156 serves to
clamp the insulating member (49 in position.
Interposed between the insulating member. 149
and the collar 156 is a terminal member 151,
which terminal member is electrically connected
at 158 to the rod .148. .

It is to be understood that members 145 and’

149 are both of insulating material which will
resist the high temperatures to which they are

. Subjected by .reason of  their proximity to the

burner. The rod (48 unlike the rod 144 is pro-
vided with a passage 151 extending therethrough

"'so ‘as to form a hollow portion threughout the

entire length of the rod. This hollow portion 151
includes the hollow portion within the disc 152.
Welded to the end of the rod 148 is a tip member

- 183 in the form of a cap, the welded connection

being indicated:.in the drawings by the reference
numeral {64; The space enclosed by cap 153
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forms an enlarged continuation of the hollow
portion provided by passage §i. The cap 153 is
of good heat conducting material so that the tem-
perature at the tip will be readily transmitted to
the interior of the cap 153. It is also to be under-
stood that the cap 153 like cap 53 is of good elec-
trically conducting material.

The two electrodes form the high tension elec-
trodes of a spark ignition system. A step-up
high tension transformer 179 is employed to sup-
ply high voltage power to these electrodes. The
transformer (79 comprises a primary (80 and a
high voltage secondary 118. ‘'The high voltage
secondary is connected by conductors {76 and 117
to electrodes 142 and 143, respectively. When the
circuit to primary 180 is closed, a high voltage is
applied between the electrodes 142 and 143 which
results in a spark therebetween if the electrodes
are properly spaced from each other.

The rod 148 of electrode 142 is filled with an
expansible fluid, as will be discussed later, and is
employed as both a spark temperature and a
flame temperature responsive device to actuate
switching mechanism. This switching mecha-
nism is located within a casing 205 of insulating
material, which casing is threadedly engaged
with and supported by the collar 156. The cas-
ing 205 is preferably of the same type of insulat-
ing material as the collar 156. Secured between
the casing 205 and the collar 156 is a diaphragm
206 which is corrugated at 207. The diaphragm
206 is so clamped between the casing 205 and
collar 156 as to have fluid tight engagement with
collar 156. If desired, a gasket may be inter-
posed between the diaphragm 206 and the collar
156.

Mounted within casing 205 are resilient switch
The middle switch
blade 21§ has secured thereto a rod 213 of insulat-
ing material, which rod abuts at one end against
the diaphragm 206 and at the other end against
a spring retainer- 214, and which extends freely
through openings in blades 210 and 212. A set
screw 215 engages the spring retainer 214 and
serves to vary the force with which spring re-
tainer 214 urges rod 213 against the diaphragm

‘206. The blade 21{ carries a magnet 217 which

cooperates with an armature 218 carried by

switch blade 210. The switch blade 210 is biased"

to the right but by reason of the attraction of
magnet 217 and armature 218, upon movement of
switch blade 211 to the left, the switch blade 210
is likewise moved to the left against its bias until
it engages a stop 220. The switch blade 212 is
biased to the right, the movement thereof to the
right being limited by a stop 22i. The stop 220
is so positioned with respect to the stop 221 that
the switch blade 211 engages switch blade 212
before switch blade 210 engages the stop 220 to
be separated from switch blade 211.

At its upper end, the switch blade 212 carries
an arcuate friction plate 223. Cooperating with
this friction plate is a resilient spring member
224, which is secured at its innermost end to the
casing 205. At its outmost end, spring member
224 is provided with a downwardly extending
portion 225 which is adapted to engage the fric-
tion surface 223 when the spring member 224 is
not otherwise restrained. If is to be understood
that the spring member 224 is biased in the direc-
tion of the friction member 223. The spring
member 224 is held away from its biased position,
as shown in the drawings, by the engagement of a
roller 228 carried by the end of switch blade 211
against a depressed portion 229 of spring member

S

224, As long as the roller 228 is under this de-
pressed portion 229, the spring member 224 is
held against its bias in a position wherein the
downwardly extending portion 225 thereof is out
of engagement with the friction member 223,
Upon movement of switch blade 211 to the left,
the roller 228 is carried beyond the depressed
portion 229 allowing the downwardly extending
portion 225 of spring member 224 to engage the
friction surface 223. The friction between spring
member 224 and friction member 223 is sufficient
to retain switch blade 212 in any position to which
it is moved. The parts are so designed that
switch member 211 will ride off of the depressed
portion 229 before it engages switch blade 212 so
that during all the time that it is in engagement
with switch blade 212, the friction between mem-
ber 224 and friction surface 223 is effective.

The chamber formed by the diaphragm 206, the
rod 151, the disc 152, and the cap 153 has an
expansible fluid therein which upon temperature
rise expands and exerts a pressure against dia-
phragm 206. 'This fluid is preferably a fluid
which volatilizes within the temperature range to
which it is subjected although it may be a fluid
whose expansion is solely the normal expansion
with change in temperature. The pressure ex~
erted on diaphragm 206 causes this to move the
rod 213 to the left and consequently to move

switch blade 211 to the left. This volatilization

of the fluid may occur both by reason of the heat-
ing of the cap 153 by a spark between rods 142
and 143 and by reason of the radiant heat to
which disc 152 is subjected during burner opera-~
tion. .

A relay 235 controls the operation of the oil
burner. This relay comprises a relay coil 236, a
switch blade 237, and a fixed contact 238 with
which the switch blade 237 is adapted to engage
on energization of coil 236. The energization of
the ignition is controlled by a second relay 240.
This relay comprises a relay coil 241, a switch
blade 242, and a contact 243 with which the switch
blade is engaged upon energization of coil 241.

Operation of Figure 2 speciés

The various elements are shown in the draw-
ings in the position which they occupy when the
system is shut down. This is the condition as-
sumed when the temperature to which thermo-
stat {14 is responsive is 4t or above the desired
value. Let it be assumed that the temperature
begins to fall. The bimetallic element (14 is so
arranged that upon a sufficient drop in tempera-
ture, contact arm 116 is moved into engagement
with contact {1T. When this happens, the en-
ergizing circuit is established to-relay coil 24i
as follows: from a line wire 252 (one of two line
wires leading to a suitable source of power, not
shown), through conductor 253, bimetallic ele-
ment {15, contact arm 116, contact {117, conduc-
tor 254, switch blades 126 and 127, conductor
255, switch blade 211, switch blade 210, conduc-
tor 256, relay coil 241, and conductors 258 and
259 to the other line wire 260. Upon the estab-
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lishment of this energizing circuit to relay coil -

241, the relay is energized causing switch blade
242 to move against its bias into engagement
with contact 243. When this happens, the fol-
lowing circuit is established to the primary of
transformer 179: from line wire 252 through
conductors 265 and 266, contact 243, switch blade
242, conductors 268 and 269, primary winding
180 and conductor 270 to the other line wire 260.
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with contact 243 also establishes the following
circuit to the heating element 129: from line
wire 252 through conductors 265 and 266, contact
243, switch blade 242, conductors 268 and 271,
heating element {29, and conductor 273 to the

other line wire 260. The establishment of this

last circuit causes the heating of bimetallic ele-
ment 129.

The establishment of the circuit traced to pri-
mary winding 188 causes the transformer 179
to be energized so that a relatively high voltage
is impressed between electrodes 142 and {43.
If the electrodes are properly spaced, a spark
will appear between electrodes 142 and 143 upon
the voltage of secondary 178 being impressed
upon them. This spark by reason of the rela-
tively great heat conductivity of cap 153 will
heat up the volatile fluid contained within the
cap 153 so that the vapor pressure thereof is
exerted upon the diaphragm 206. The dia-
phragm 206 is moved to the left by reason of this
increased pressure, moving switch blade 211 also
to the left. As the switch blade 211 moves to
the left, switch blade 210 is carried along with
it due to the magnetic attraction between the
electromagnet 217 and the armature 218. After
this movement has proceeded for a while, the
roller 228 will ride off of the depressed portion
229 of spring member 224 allowing the lower
portion 225 of spring member 224 to bear upon
the friction surface 223. Continued movement
of switch blade 211 will result in the same mov-
ing into contact making engagement with switch
blade 212. .

As soon as switch blade 211 is moved into such
contact making engagement with said switch
blade 212, the following circuit will be estab-
lished: from line wire 252 through conductor
253, bimetallic element { {5, contact arm {16, con-
tact 17, conductor 254, switch blades 126 and
121, conductor 255, switch blade 21, switch blade
212, conductor 212, relay coil 236, and conductor
258 to the other line wire 260. The establish-
ment of this energizing circuit to relay coil 236
results in switch blade 237 being moved into
engagement with contact 238, establishing the
following circuit to the oil burner motor 112:
from line wire 252, through conductor 265, con-
ductor 2174, contact 238, switch blade 237, con-
ductor 275, burner motor 112, and conductor 276
to the other line wire 260. With the establish-
ment of the circuit last traced, both the oil
burner motor and the ignition means are oper-
ating if the equipment is functioning properly.
In view of the fact that the oil burner motor was
not energized until an assurance was had that a
spark existed between electrodes 142 and 143, the
probability is that the oil will be immediately
ignited. As soon as the oil is ignited, the radiant
heat from the burner flame will act upon disc
152 to further raise the temperature of the fiuid

within rod 151 to further volatilize the same. .

The result would be that diaphragm 206 will be
subjected to an even greater pressure to move
the switch blade 211 even farther to the left.
The continued movement of switch blade 211 to
the left will cause switch blade 210 to engage the
stop 220 so that armature 218 is pulled out of
engagement with magnet 217. As soon as this
happens, the switch blade 210 will spring back
to the right to the position to which it is biased
and in which it is shown in the drawing. The
switch blade 211 will continue to move switch
blade 212 to the left until a point is reached at
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which the temperature to which disc 152 is sub-
jected no longer rises.

The separation of switch blade 2{f from blade
210 interrupts the previously traced energizing
circuit to relay coil 241 with the result that switch
blade 242 is separated from contact 243. This
results in both the deenergization of the ignition
transformer and in the deenergization of the
heating element 129. By reason of the deener-
gization of the heating element, bimetallic ele-
ment 28 is no longer warped to the right so that
switch blades §26 and 127 remain in engagement.
If for some reason or other, combustion did not
take place either by reason of the ignition means
failing to operate or by reason of combustion not
taking place even though the ignition means was
operating properly, the heating element 2% would
continue to remain energized with the result that
bimetallic element 128 would warp to the right
sufficiently to permit separation of switch blades
126 and 121. 'The separation of these switch
blades as in the preceding case results in deen-
ergization of the entire system and prevents the
system being again placed into operation until
the switch is manually reclosed.

If for some reason, combustion is interrupted
after it has once been established, the volatile
fluid will be cooled down quite rapidly causing the
diaphragm 286 to move back towards the right.
Due to the frictional engagement of portion 225
of spring member 224 with the frictional surface
223, the switch blade 212 does not travel back as
switch blade 211 is moved back to the right. The
result is that the burner motor is almost imme-

_diately stopped so that oil is no longer pumped

into the combustion chamber. As the furnace
cools down, a point will be reached when switch
blade 211 has moved back to the right sufficiently
that roller 228 engages the shoulder adjacent the
depressed -portion 229, this shoulder being desig-
nated in the drawing by the reference numeral
280. By the time that the roller 228 does en-
gage the shoulder 280, the switch blade 211 will
have moved to a point where engagement of
switch blades 211 and 212 could not be effected
even if switch blade 212 were released. The
switch blade 212 is not, however, immediately re-
leased at this stage of the operation. Due to the
abruptness of the shoulder 280, there is little
tendency of the roller 228 to raise the spring
member 224, As the rod 213 continues to pull
the switch blade 211 to the right, the switch blade
2i1 is merely bowed. This bowing effect tends
to move the contact carried thereby still further
away from the contact carried by switch blade
212 so that it would be impossible upon release
of switch blade 212 for the contacts of switch
blades 2{1 and 212 to be moved into engagement.
After this bowing has continued sufficiently far,

- the roller 228 will ride down the shoulder 280

onto the depressed portion 229 raising the spring
member 224 and releasing the switch blade 212.
This has no effect, however, due to the fact that
the contact of switch blade 2if which would
normally engage the contact of switch blade 212
is in a position where such contacts cannot be
engaged, the movement of switch blade 212 to
the right being limited by the stop 221. After
the temperature has cooled down somewhat fur-
ther, the switch blade 21 will be moved to a
point where the engagement of switch blades 211
and 210 is effected. This engagement is an
abrupt one by reason of the magnet 217 and ar-
mature 218. As soon as switch blades 211 and
218 are reengaged, the energizing circuit to re-
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lay coil 241 is reestablished, again energizing the
ignition transformer 1719 and the heating ele-
ment (29. It will be noted that the heating ele-
ment 129 is not reenergized until the ignition
means is also reenergized. This is advantageous
in that considerable time may elapse between the
extinguishment of the oil burner and the reen-
ergization of the ignition and if it were not for
the feature just mentioned, the heating element
129 might well open the switch 125 before the
ignition was reenergized. If conditions are again
rroper to establish combustion, the cycle pre-
viously outlined will be repeated.

If, as is usually the case, the burner continues
to operate until the room temperature is satis-
fied, the thermostat {14 will open its contacts to
deenergize the entire system. The various ele-
ments will then cool off and eventually assume
the position shiown in the drawings.

It will be seen that with the species just de-
scribed, the use of a stack switch is entirely
avoided. With this arrangement, the spark is

" checked and also the establishment of combustion

is checked by a single relatively compact device.

It will further be seen that with both forms of
the invention, the presence of a proper spark is
checked by a device which is extremely simple
and compsact.

While certain specific embodiments of the in-
vention have been shown, it is to be understood
that this is only for purposes of illustration and
that the scope of the invention is to be limited
only by the scope of the appended claims.

I claim as my invention:

1. In combination, a burner, means controlling
the flow of fuel to said burner, an ignition cir-
cuit including a pair of electrodes for igniting
the fuel supplied by said fuel controlling means,
one of said electrodes having a hollow portion,
temperature responsive means in said hollow por-
tion and located in heat conducting relationship
with the electrode tip, a control device, means op-
eratively connecting said temperature responsive
means to said control device to actuate the lat-
ter, and means including said control device op-
erative to so control the fuel flow controlling
means as to cause a flow of fuel to said burner
only when the ignition means is properly opera-
tive. :

2. In combination, a burner, means controlling
the flow of fuel to said burner, an ignition cir-

“cuit including a pair of electrodes for igniting

the fuel supplied by said fuel controlling means,
one of said electrodes having a hollow portion,
an expansible fluid partially filling said hollow
portion and in heat conducting relationship with
the electrode tip, a control device, pressure re-
sponsive means operatively connected to said con-
trol device and exposed to the pressure of said
expansible fluid, and means including said con-
trol device operative to so control the fuel flow
controlling means as to cause a flow of fuel to
said burner only when the ignition means is
properly operative.

3. In combination, a burner, means controlling
the flow of fuel to said burner, an ignition circuit
including a pair of electrodes for igniting the fuel
supplied by said fuel controlling means, one of
said electrodes having a hollow portion, tempera-
ture responsive means in said hollow portion and
located in heat conducting relationship with the
electrode tip, a switch, means operatively con-
necting said temperature responsive means to
said switch to actuate.the latter, and means
including said switch operative to so control the

7

fuel flow controlling means as to cause a flow of
fuel to said burner only when the ignition means
is properly operative. )

4. In combinsdtion, a burner, means controlling
the flow of fuel to said burner, an ignition circuit 8
including a pair of electrodes for igniting the
fuel supplied by said fuel controlling means,
one of said electrodes having a hollow portion,
temperature responsive means in said hollow
portion and located in heat conducting relation-
ship with the electrode tip, a control device also
located in said hollow portion, means operatively
connecting said temperature responsive means to
said control device to actuate the latter, and
means including said control device operative
to so control the fuel flow controlling means as
to cause a flow of fuel to said burner only when
the ignition means is properly operative.

5. In combination, a burner, means controlling
the flow of fuel to said burner, an ignition cir-
cuit including a pair of electrodes for igniting
the fuel supplied by said controlling means, one
of said electrodes having a hollow portion, tem-
perature responsive means in said hollow por-
tion and located in heat conducting relationship
with the electrode tip, a switch also located in
said hollow portion, means operatively connect-
ing said temperature responsive means to said
switch to actuate the latter; and means includ-
ing said switch operative to so control the fuel
flow controlling means as to cause a flow of fuel:
to said burner only when the ignition means is
properly operative. ;

6. In combination, a burner, means controlling
the flow of fuel to said burner, an ignition circuit
including a pair of electrodes for igniting the fuel
supplied by said fuel controlling means, one of
said electrodes comprising an elongated hollow
conductive member and a relatively large hollow
member secured. thereto with the hollow por-
tions in communication, an expansible fluid in
the hollow portion of said elongated member,
pressure responsive means in the hollow portion
of said relatively large member, a control device
operatively connected to said pressure respon-
sive means, and means including said control
device operative to so control the fuel flow con-
trolling means as to cause a flow of fuel to said
burner only when the ignition means is properly
operative. ) , .

7. In combination, a burner, means controlling
the flow of fuel to said burner, an ignition cir-
cuit including a pair of electrodes for igniting
the fuel supplied by said fuel controlling means,
one of said electrodes comprising an elongated
hollow conductive member and a relatively large
hollow member secured thereto with the hollow
portions in communication, an expansible fluid
in the hollow portion of said elongated mem-
ber, pressure responsive means in the hollow
portion of said relatively large member, a con-
trol device also located in the hollow portion of.
said relatively large member operatively con-
nected to said pressure responsive means, and
means including said control device operative to
so control the fuel flow controlling means as to
cause a flow of fuel to said burner only when
the ignition means is properly operative.

" 8. In combination, a burner, means controlling
the flow of fuel to said burner, an ignition cir-
cuit including a pair of electrodes for igniting
the fuel supplied by said fuel controlling means,
one of said electrodes comprising an elongated
hollow conductive member and a relatively large
hollow member secured thereto with the hollow «
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portions in communication, an expansible fluid
in the hollow portion of said elongated member,
pressure responsive means in the hollow portion
of said relatively large member, a switch also
located in the hollow portion of said relatively
large member and operatively connected to said
pressure responsive means, and means including
said switch operative to so control the fuel flow
controlling means as to cause a flow of fuel to
said burner only when the ignition means is
properly operative.

9. In combination, a burner, means controlling
the flow of fuel to said burner, an ignition cir-
cuit including a pair of electrodes for igniting
the fuel supplied by said fuel controlling means,
one of said electrodes having a hollow portion,
a volatile fluid partially filling said hollow por-
tion and in heat conducting relationship with
said electrode tip, a control device, pressure re-
sponsive means operatively connected to said
control device and exposed to the pressure of
said volatile fluid, and means including said
control device operative to so control the fuel
flow controlling means as to cause a flow of fuel
to said .burner only when the ignition means is
properly operative, the amount of said volatile
fluid being such that the fluid is completely va-
vorizable at a temperature corresponding to or
slightly higher than the normal temperature of

, & proper spark.

10. In combination, a burner, means control-
ling the flow of fuel to said burner, an ignition
circuit including a pair of electrodes for igniting
the fuel supplied by said fuel controlling means,
one of said electrodes comprising an elongated
hollow conductive member and a relatively large
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hollow member secured thereto with the hollow
portions in communication, a volatile fluid in the
hollow portion of said elongated member, pres-
sure responsive means in the hollow portion of
said relatively large member, a control device
operatively connected to said pressure responsive
means, and means including said control device
operative to so control the fuel flow confrolling
means as to cause-a flow of fuel to said burner
only when the ignition means is properly opera-
tive, the amount of said volatile fluid being such
that the fluid is completely vaporizable at a tem-
perature corresponding to or slightly higher than
the normal temperature of a proper spark.

11. In combination, a burner, means control-
ling the flow of fuel to the burner, an ignition
circuit including a pair of electrodes for igniting
the fuel supplied by said fuel controlling means,
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one of said electrodes having a hollow portion .

extending adjacent the electrode tip and also
into an extension of the electrode exposed to the
radiant heat from the burner, a temperature
responsive fluid partially filling said hollow por-
tion, a control device, pressure responsive means
operatively connected to said control device and
exposed to the pressure of said fluid, and means
including said control device operative upon the
existence of a temperature adjacent said elec-
trode of a value accompanying proper operation
of said ignition means to cause said fuel flow
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controlling means to effect a delivery of fuel to .

said burner and upon a rise in the radiant tem-
perature as a result of the burner being ignited
to deenergize said ignition circuit.

MEADE J. MAYNARD.
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