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The invention relates generally to fuel burn-
ing systems, and more particularly to the auto-
matic control of such systems whereby safety in
automatic starting and running of such systems
is assured.

Where an oil fired fuel burner is used, as for
example, in a domestic heating plant, the fuel
feed is normally controlled by a room thermo-
stat to start the burner when low temperature
is sensed by the thermostat, and to stop the
burner, and thereby completely extinguish the
flame when the thermostat senses the presence
of the desired temperature. Since continued
feeding of fuel to the burner in the absence of
combustion would result in dangerous accumu-
lation of fuel in the combustion chamber, it is
essential to provide safety means in dominating
controlling relation to the burner whereby ab-
normal combustion conditions, and particularly
failure of combustion in the starting or running
of the burner, will result in disabling of the burn-
er operating and controlling means in such 8 man-
ner as to prevent further feeding and accumula-
tion of fuel. Such safety means usually include a
safety lock-out switch which is opened and
latched in open position when failure of com-
bustion is sensed and prevents further operation
of the burner until the lock-out switch has been
manually re-set by the householder or attendant.

The primary object of the present invention is
to provide a new and improved oil burner sys-
tem of such a character wherein simplicity and
reliability are attained in all of the component
elements and with which safety of operation in
an oil burner is assured.

Another important object is to provide a new
and improved oil burner system wherein a safety
lock-out switch tending constantly to assume its
lock-out or safety position is retained in its
closed position by the successive restraining ac-
tion of a plurality of shiftable mechanical abut-
ment devices which in normal starting, running
and stopping of the burner are shifted in a pre-
determined normal sequence which maintains
the lock-out switch in its closed position, and
which in an abnormal functioning of the burner
are shifted in a different sequence which results
in the release and lock-ouf of the safety switch.

A further object of the invention is to provide
an oil burner system wherein g safety lock-out
switch is governed by a series of inter-acting
latches in such a manner that the frictional
forces between the several latch elements are
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compartively slight, thereby to render the oper-
ation of the system more dependable and uni-
form. ) )

Another object of the present invention is to
provide such an oil burner system wherein the
burner governing relay cooperates with the other
control elements in establishing the desired se-
quence of operation of such other control ele-
ments.

Another object is to provide a new and im-
proved burner system wherein the safety lock-
out switch is governed by a shiftable latch mem-
ber which in the course of & normal burner start-
ing operation has a limited shifting movement
adapted to be utilized for attaining supplemental
control operations such as the termination of the
ignition operation; and a further object is to

-provide such a system wherein this shiftable

latch member is returned to its normal or initial
position by the main burner control relay as an
incident to the burner stopping operation of the
relay.

Another object is to provide an improved elec-
trically ignited oil burner system in which a °
burner starting operation is impossible in the
event that the line voltage falls below the mini-
mum required for satisfactory ignition of the
fuel.

A further object is to provide an automatic oil
burning system having the energizing coil of its
control relay constantly connected across the
power leads and embodying means operable to
prevent chattering of the relay when open or de-
energized. , ’

Other objects and advantages reside in cer-

© tain features of construction, circuit arrange-
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ment and operation of the various parts and ar-
rangements which will hereinafter be more fully
described in the. specification and particularly
pointed out in the appended claims, and which
are illustrated in the accompanying drawings.

In the drawings:

PFig. 1 is a front elevational view showing the
assembly of the control elements of the oil burn-
er system of the present invention, the outer
cover and inner guard member being removed so .
as to show the disposal of the various operative
elements;

Pig. 2 is a side elevational view, partially in
section, showing the assembly of the control ele-
ments of the oil burner system of the present in-
vention;

Fig. 3 is a fragmental perspective view showing
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the details of arrangement of the timer and var-
jous control elements;

Fig. 4 is a diagrammatic view generally similar
to Fig. 2, showing the various control elements in
their normal idle or burner stopped relation;

Fig. 5 is a similar view showing the control ele-
ments in the positions which they assume during
normal running of the burner;

Fig. 6 is a view showing the lock-out relation-
ship of the control elements, and

Fig. T 13 a schematic wiring diagram illustrat-
ing the oil burner system of the present invention.

In the form chosen for disclosure herein the
invention is embodied in an oil burner system of
the intermittent ignition type having an oil burn-
er 10 (Fig. 7) including an actuating motor 11
and ignition means (2 governed in its normal
starting and running operation by the coopera-
tive actlon of a conventional snap acting room
thermostat (3 and a safety control device 14,
which is shown in detail in Figs. 1 to 3. The
safety control device 4 is adapted for mounting
adjacent to the combustion chamber, or on the
stack, so that a combustion responsive means 18
carrled by the mounting base 18 of the control
device may be subjected to the heat of combus-
tion produced by the burner. The mounting base
18 also carries a main control relay 17, a timer 18,
and a shiftable control member 19 which coop-
erate in controlling a lock-out switch 20 to dis-
able the burner 10 upon failure of ignition or
combustion.

The relay |7 has an actuating coil 2{ which, as
shown in Fig. 7, is preferably connected across
the power leads 22 and 23 in series with the pri-~
mary 24 of a transformer 25. The secondary 28
of the transformer acts as a choke to prevent ap-
preciable current flow to the relay so long as the
circuit of the secondary is open. With this ar-
rangement, the room thermostat 13 or other suit-
able control means may be utilized to close the
circult to the secondary 26 and thereby energize
the relay 17, or to open the circuit to secondary
28 and thereby release the relay 17.

When the relay 17 is energized and moves to its
burner starting position, a circuit is closed to the
burner motor (| from the power lead 22, through
the lock-out switch 20, a normally closed re-set
switch 27, wires 28 and 29, a relay switch 30 which
has been closed by the relay, wires 31 and 31’, the
motor (1, and wires 32 and 33 to the other power
lead 23. By closure of the switch 30 the ignition
circuit is also closed from the wire 29, through a
wire 38 from the switch 30 to a normally closed
switch 37, wires 88 and 38’, the ignition means 12,
wire 39, and wire 33 to the other power lead 23.

When the thermostat 13 engages its contact 40
the circuit through the secondary 26 includes a
heater 41 for the thermal timer 18 and a starting
switch 42 which is normally closed by the timer
18 in its initial or cold position, and upon closure
of the relay 17, a shunt circuit is provided about
the starting switch 42 by closure of a relay switch
43, thereby to provide a continued closed circuit
to the secondary 26 after opening of the starting
switch #2 by the timer 18.

The relay actuated switch 30 comprises a pair
of connected movable spring contacts, indicated
as 30’, carrled on an insulating member IT’ of
the pivoted relay armature {1/’ so that when the
armature ig attracted to the relay magnet, these
spring contacts 80’ engage and bridge correspond-
ing spaced filxed contacts 30°’ on the forward face
of the mounting base 16. The switch 43, as here-
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in shown, comprises a pair of normally open [
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spring contacts, one of which is on the base 18 and
the other of which is carried on the relay arma-
ture to close the switch 43 when the relay is
energized.

In the event that the line voltage falls to a
level which is insufficient to satisfactorily operate
the ignition means {2, it is desirable that opera-
tion of the burner 10 be prevented. This end is
attained in the present system by means such as
& permanent magnet 44 (Fig. 1) mounted so as to
exert a restraining action on the relay armature
17"’ in its open position tending to prevent actua-
tion or closure of the relay. The magnet #4 is
herein shown as being mounted in a fixed position
and the attractive action on the armature is ad-
justable by means of a screw 44’ which acts as a
stop to determine the open position of the arma-
ture. By adjusting the stop screw 44, the gap be-
tween the armature and the magnet may be varied
to provide a minimum pull-in voltage for the re-
lay which is ample to insure proper ignition.

The magnet 44 also functions to prevent chat-
tering of the relay in its open position, since volt-
age pulsations in the power line are insufficlent
to overcome the stabilizing or restraining action
of the magnet 44. Hence the magnet 44 obviates
one of the principal objections to the choke-coil
method of controlling the relay; and in addition,
serves as a means for assuring adequate ignition
voltage in each burner starting operation.

As herein shown the combustion responsive
means [6 is of the type shown and claimed in the
co-pending application of Willlam Christiansen,
8erial No, 236,818, filed October 24, 1938, now
Patent No. 2,266,721, December 16, 1941, and com-
prises, generally, a U-shaped expansive element
48 projecting rearwardly from the mounting base
18 adjacent the central upper edge portion there-
of, and having a relatively non-expansible ele-
ment 48 secured to the closed projecting end of
the U-shaped element, The element #6 extends
into a sliding bearing (not shown) on the base 8,
and has a resilient connecting strip 47 projecting
from the other or forward face of the mounting
base 16. The movement of the connecting strip
41 induced by expansion or contraction of the
element 45 is employed to shift a control element
such as a stack arm 48, the upper end of which is
pivoted on a horizontal axis above the strip 41 by
means such as a flat blade type spring 49 con-
nected at opposite ends to the base 18 and one
end of the arm #48. A slip-friction means 50 pro-
vides the desired operating connection between
the strip 47 and the stack arm 48, so that initial
movement of the strip 47 in either direction pro-
duces immediate movement of the stack arm 48.
The movement of the stack arm 48 in one direc-
tion is limited by a cold stop 51 and in the other
direction by a hot stop 52, and after abutment
of the stack arm with either of these stops, the
connecting strip 47 may continue its movement
by reason of the slip friction means 50, which may
be adjustable, if desired, by means of a screw 83,

The stack arm 48, as shown in Pig. 2, extends
downwardly toward the control member 19, gen-
erally parallel to the forward face of the mount-
ing base 18 but with a substantial space there-
hetween, and the thermal timer I8 is mounted
in the space between the stack arm 48 and the
base 16. The timer 18 as herein shown com-

prises a pair of bimetallic structures 53 and 56
of similar construction (Figs. 1, 2 and 3) mount-
ed on a carrier 5T which is pivoted on a hori-
zontal axis parallel to and beneath the pivotal
axis of the stack arm 48. The pivota) mounting
is provided by projecting ears 58 secured to the
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insulating plate 598 of the base 16, and the car-

- rier 51, which is formed from a flat sheet metal’

plate, has corresponding outstanding ears 60 at
opposite sides of its upper end which are piv-
oted to the stationary ears 58 by a pivot pin 61.
Preferably each of the bimetallic structures 5%
and 56 has one bimetal strip 62 secured at its
lower end by a pair of screws 63 and spacing
sleeves 64 to the lower forward face of the car-
rier 51, so as normally to project upwardly in
parallel spaced relation to the carrier. Each
strip 62 terminates adjicent the upper end of
the carrier 57, and has the upper end of a simi-
lar bimetal strip 65 secured in spaced relation
to its upper end by a pair of rivets 66 and spac-
ing sleeves 61. Thus each bimetal strip 65 is
supported by and extends downwardly from and
in spaced relation to its strip 62. The bimetal
strips 62 and 65 of each pair are disposed in an
opposite relation with respect to each other, so
that their individual warping movement has an
additlve action.

In the present instance the bimetal structure
. B% serves as the active or heated element of the
timer 18, and has the heater 41 mounted between
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the two bimetal strips 62 and 65 thereof, while .

‘the bimetal structure 58 serves as the compen-
sator for the timer. In attaining this compen-
sating function, the strip 65 of the compensat-
ing structure §6 projects downwardly beyond the
lower end of the carrier 37, and by means of a
spring 68 acting on the carrier 57, this project-
ing lower end of the compensating element 56 is
biased into contact with a stop such as an ad-
justable stud 89 (Fig. 3) so that the initial or
cold position of the active element 55 of the timer
is maintained the same despite variations in am-
bient temperature. In the other or active bi-
meta] structure 88, the strip 62 similarly extends
below the carrier 57 and carries one contact 42’
of the starting switch 42, the other element of
which comprises a stationary contact 42’' formed
by an adjustable screw stud. The stud 42’ and
the stud 69 are so adjusted in practice that the
switch 42 is closed when the compensator 86 en-
gages its stop or stud 69. -

In asccordance with the present invention the
timer {8 and the stack arm 48 of the combus-
tion responsive means are arranged to function
successively and independently in a normal burn-
er starting operation to maintain the lock-out
switch 20 in its clesed position. and this end is
attained by latching means which is so con-
structed and arranged as to minimize the force
required between the various elements of the
latching means, thereby to render the system
more sensitive and reliable in its controlling ac-
tion.
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In attaining this desirable control, the lock- -

out switch 20 is located adjacent the lower edge
of the mounting base 16, with its stationary con-
tact 20’ located on the back of the insulating
plate 59, and having the movable contact 20"’
carried on one arm of a bell crank 10. As here-
in shown, the bell crank 70 is formed from &
stamping having mounting ears Tl at the junc-
ture of the arms 76 and 77 thereof, and these
ears Tl are mounted on a pivot pin T4 which

60

extends across between the sides of a U-shaped °

bracket 15 projecting from the forward face of 7

the insulating plate 59. One arm 76 of the bell

crank 10 extends upwardly along but in spaced
relation to the insulating plate 59, while the
other arm 11 of the bell crank has an insulating
par portion 18 which projects through an open-

75
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ing 19 in the plate 59 and has a transverse spring
mounting member 80 thereon (Fig, 3) carrying
the movable contact 20’’ of the lock-out switch
20.

The lock-out switch 20 is constantly urged
toward open position by means such as a- coil
spring 81 acting between the U-shaped bracket
15 and the upwardly projecting arm 76 of the bell
crank 10, the spring 81 acting to rock the bell
crank in a clockwise direction in Fig. 2 so as to
move the contact 20’’ downwardly away from
the stationary contact 20’. To insure against
objectionable sticking of the contacts 20'—20"’,
a rigid back-up strip 82 is carried on the arm
portion 18 over the spring strip 80 to apply a
positive contact-separating force in the event
that the contacts tend to stick.

In securing the desired latching action upon
the lock-out switch 20 under the successive indi-
vidual control of the timer I8 and the stack arm
48, the present invention utilizes the shiftable
control member 19 as an intermediate latch
shiftable under the successive individual control
of the relay (1, the timer {8 and the combustion
responsive means 15 to effect the necessary con-
trolling actions upon. the burner in a normal
starting and stopping operation, and to effect a
lock-out of the safety switch 20 in the event of
ignition failure or combustion failure. In the
form herein shown the shiftable control member
i$ comprises & relatively flat, plate-like lever
pivoted intermediate its ends on a horizontal
pivot pin 86 located parallel to and just rear-
wardly of the forward face of the insulating
plate 59; so that one arm of the lever 19 pro-
jects rearwardly from the plate §9, and the other
arm thereof projects forwardly of the plate 59.

The control lever {8 is constantly biased in
a clockwise direction (Fig. 2) by a spring 87
so that its forward end tends to move upwardly
toward abutment faces 89 and 90 formed respec-
tively by the lower end of the active bimetal
5% and the lower end of the sack arm 48. When
the relay 17 is de-energized, or released, its piv-
oted armature {1’ is biased toward its open po-
sition by a spring 91 and acts through an arm
92 fixed to the armature to raise a vertical link 93
to the elevated position of Figs. 1, 2 and 4, and
in such movement a projection 94 on the lower
end of the link 93 engages the lower face of the
rear end of the control lever {9 to rock the lever
19 against the force of its spring 87 to an initial
or idle position. When in this initial or idle con-
trol position, shown in Figs. 1, 2 and 4, the control
lever 19 has a latching face 95 engaging the rear
side face of the governing arm 16 of the safety
switch 20, so that the safety switch is maintained
closed. o

When the control lever {9 is in its initial or
idle control position, an insulating block 96 on
the lower face of its forward end aclis on the
movable spring contact 31’ of the switch 37 of
the ignition circuit to prevent opening thereof
by the spring bias of the arm upon which the
contact 31’ is mounted; and the block 96 acts
on the spring contact 97’ of a switch 97 to hold
it from its spring biased closed position wherein
it would act to complete a shunt circuit around -
the heater #i.

When the control of Figs. 1 and 2 is packed
for shipment, the armature of relay 17 is fixed.
by means such as a screw, in its open or released
position so as to hold the lever {8 against move-
ment in one direction through the part 34 of the
link 93. To prevent appreciable movement in
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the other direction, a stop arm 1% is mounted
on the bracket 18 so as to underlie the insulat-
ing block 98 (Fig. 2) of the lever 19, Thus move-
ment of the lever 19 is limited during shipment
to but a slight range which will not disrupt the
operative relation of the mechanism,

When in a normal burner starting operation
the lever 19 is released by closure of the relay 17,
the lever {9 shifts from the full line position of
Fig. 4 to a first active position shown in dotted
outline in Fig. 4 wherein the lever 19 is restrained
or latched against further movement by engage-
. ment of the upper surface of the lever 18 with
the lower end face or abutment 89 of timer 18.
When in this first active control position, the
latching action on the lock-out latch arm, or
governing arm, 18 is maintained even though
there has been a slight movement of the latch
face 95 toward the end of the arm 716. In this
first active position of the control lever I9 the
switch 97 is maintained open and the switch 371
is maintained closed; so that the ignition device
12 and the heater #f are both energized, it being
noted that the relay switch 30 controlling the
fgnition and motor circuits has been closed by
the relay 11, Thus this first active control posi-
tion of the control lever 18 may be termed its
burner starting control position.

Since the heater 41 is energized while the con-
trol member 19 is in its burner starting position,
- the active bimetal structure $8 warps so as to
move its lower abutment face 89 forwardly or to
the right (Fg. 4) along the upper face of the
control lever 8. At the end of a predetermined

burner-starting period, for example 90 seconds, .

the abutment 89 of the timer moves into aline-
ment with an opening 88 in lever 19, as illus-
trated in Fig. 5, so as to release the control lever
19 for movement by its spring 87 to a second
active control position which is determined by
the abutment 80 formed by the lower face of the
stack arm 48 which lies in the path of movement
of the lever 19 when the stack arm is in its hot
position. Thus if combustion has been created
in the 90 second starting period, the control lever
19 will be restrained or latched in a second active
control position by the stack arm. This position,
which is shown in Fig. 5, may be termed the
running position of the control lever 19,

As the control lever 19 shifts from its normal
starting position, shown in dotted outline in Fig.
4, to the normal running position of Fig. 5, the
switch 97 is allowed to close, due to upward with-
drawal of the forward end of the lever {9, and
the shunt circuit around the heater 41 is com-
pleted by this closure of the switch 97, so that
the heater 41 is de-energized; and the ignition
cut-off switch 37 is, by the same action of the
lever 19, opened so as to cut off the ignition. In
this running position of the control lever {9, its
latching relation with the lock-out lever arm
T6 is maintalned so as to retain the lock-out
switch 20 in its closed relation.

Since the heater 41 has been shunted, due to
movement of the control lever 19 to its running
position, the timer (8 starts to cool immediately,
but is restralned against return to its initial or
normal cold position by the latching action of the
control lever 19 upon the active bimetal structure
55. This latching action of the lever 19 on the

timer is caused by the projection of the bimetal
element 55 into the opening 98 in the lever 189,
Hence in a normal running period of the burner
the timer cools to the ambient temperature, so
that the abutment face of the compensating bi-
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metal structure 88 is shifted away from its sto
§9. Thus the two bimetal structures 685 and §
return to their normal relation to each othe
and the carrier 87 is rocked outwardly away fror
the mounting base 18 against the force of th
spring 68. Hence the timer 18 is reconditione
or cooled during normal burner operation, an
upon return of the control lever 19 to its initis
position of Figs. 2 and 4, the timer 18 is release
by the lever (9 and is returned to its initial po
sition by its spring 68. Upon its return to its ini
tial position, the timer 18 closes the startin
switch 42 so that the thermostat circuit is con
ditioned for a subsequent burner starting opera
tion. .

In the event that combustion has not beer
produced within the timed burner starting period
the stack arm 48 remains in its cold position o!
Figs. 2, 4 and 6, so that when the control lever I3
Is released by the timer I8, the lever 19 move:
through and beyond its normal running positior
of Fig. 5 to a terminal or lock-out position of
Fig. 6, wherein the latching face 95 of the con-
trol lever 19 moves off of the end of the lock-out
lever arm 16, thereby to unlatch the safety lock-
out switch 20 and cause opening thereof by its
spring 81. As the lock-out switch 20 is opened
the end of the lever arm 716 moves beneath the
lower surface of the control lever (9 to an ex-
tent limited by stop 19/, thereby to lock the lever
19 against return movement to its initial position
by the relay link 93. This stop 19’ is shown
diagrammatically in Figs. 4 to 6, but in practice
Is formed by a lug projecting downwardly from
the lever 19, as shown in Fig. 2. The burner sys-
tem is thus rendered inoperative, and the burner
cannot be re-started until the lock-out switch 20
has been manually restored to its closed position.
In the present instance this manual restoring
means comprises a vertical slide 100 having a
finger pilece 101 projecting from the lower edge
of the mounting base 16, and having a projecting
arm (02 (Fig. 3) engageable with the lower face
of the insulating block 18 of the bell crank 710.
Thus by upward actuation of the slide 100, the
end of the arm 76 is rocked forwardly to release
the control lever {9, which is then returned to
its initial position of Figs. 2 and 4 by the link 93
of the relay, thereby to again latch the switch
20 in its closed position. To prevent disabling of
the safety switch 20 as by blocking of the reset
member 100 in its elevated position, the re-set
switch 27 has its movable contact 21’ formed by
a resilient bar which is interconnected to the
slide 100 so as to open the switch 21 whenever
the slide 100 is moved into contact with the safety
switch lever 78. Thus the resillent bar which
forms the contact 271’ also serves to maintain
the slide 100 in its downward or inactive position.

In the event of flame failure during a normal
running period of the burner 10, immediate lock-
out of the system results, since the control mem-
ber 19 is then under the sole control of the stack

5 arm 48, as shown in Pig. 5. When such a flame

failure results in cooling of the combustion re-
sponsive means {5, the first movement of the
transmitting strip 47 acts through the slip fric-
tion means 50 to shift the stack arm 48 from its
left hand or hot position of Fig. 5 to its right

‘hand or cold position of Fig. 6. The control lever

19 is thereby released and moved to its lock-out
position of Pig. 6, so that the lock-out switch 20
is allowed to open and the system is disabled.
Hence the system cannot operate until the safety
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switch 20 has been manually re-set as herein-
before described.

Where the combustion responsive means and
its stack arm are mounted along the central
vertical portion of the rectangular mounting
base I8, as shown in Fig. 1 with the control lever
19 and the lock-out switch 20 located beneath the
stack arm, the relay 17 and the transformer 25
are preferably mounted on opposite sides of the
stack arm 48 adjacent the upper edge of the
mounting base. This arrangement provides two
relatively remote terminal mounting areas 105
and 106 disposed on opposite sides of the stack
arm 48 and lock-out switch 20. The left hand
area as shown in Fig. 2 contains two thermostat
terminals 107 and (08 through which the room
thermostat 13 is connected in low voltage circuit
shown in Fig. 7. The other area 106 has four
line voltage terminals 109, 110, ({1, and 12
mounted therein, so that in connecting the con-
trol into the oil burner system, the terminal 109
is connected to the line voltage lead 23, and the
terminal {10 is connected through a limit control
113 to the hot line 22 of the line voltage source.
The terminal 109 is also connected by wire 33
and branch lead 32 to one terminal of the motor
{1, and by a branch lead 38 to one terminal of
the ignition means (2. The terminal {11 is con-
nected by the wire 3{’ to the other terminal of
the burner motor {1 while the other terminal 112
is connected by the wire 38’ to the other terminal
of the ignition means 12. The locations of the
several terminals in the electrical circuits are
shown in Fig. 7 of the drawings.

Since the timer {8 is located behind the broad
flat lower portion of the stack arm 48, the stack
arm 48 is preferably made in two sections, with
the lower section which overlies the timer 18
removably secured to the upper section by means
such as screws {15, When the lower section of
the stack arm 48 is thus secured in position, the
narrow lower portion of a keyhole slot 116 therein
loosely embraces a fixed stud {i7 so that move-
ment of the arm 48 toward its cold position is
limited by the enlarged head of the stud {17, the
head of the stud (17 thereby constituting the
cold stop 81. The stud {7 is mounted on the
" cross bar of a U-shaped bracket 118, the side
members of which are fixed to the insulating plate
59 of the base 16, This bracket 118 extends over
the timer {8 in spaced relation thereto, and its
cross bar extends behind the stack arm 48 so as
to function as the hot stop 52. A leaf spring
118’ is preferably mounted on the bracket 118
s0 as to urge the stack arm 48 toward its cold
position, so that in case the elements 45 or 46
break or are burned away, the stack arm will
assume its cold position and thereby insure lock-
out of the system.

Since the terminals in the mounting area 10§
form part of the low voltage circuit, a- mechani-
cal barrier between the area 105 and the line
voltage terminal area 106 is desirable, and in the
present instance such mechanical barrier is
formed so as to function additionally as a pro-
tecting means for the safety switch 20 and the
timer (8, thereby to avoid damage to these parts
during the connection of the wires to the vari-
ous terminals. To this end a combined guard
and barrier structure 120 (Fig. 2) is provided
which is removably positioned on the forward
face of the base 16 and overlies the stack arm 48,
the timer 18 and the safety switch lever 70. The
structure {20 as herein shown comprises a strap-
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like sheet metal stamping having leg portions 75
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122 and 123 at its opposite ends connected by g
face member (24, The end of the upper leg
portion 122 has an ear {25 thereon which is se-
cured to the base 16 by a screw 126 directly above
the combustion responsive means 15, so that the
face member 124 extends downwardly along and
in spaced, protecting relation to the stack arm
48, timer 18 and lock-out switch lever 710. At the
lower end of the face member 124 the lower leg
123 extends beneath the lock-out switch lever 10
to the base 16, and is secured to the base by screws
121 passing through attaching ear 128 formed
on theleg 123. To more fully protect timer 18 and
the lock-~out switch mechanism, the structure 120
also includes a U-shaped wall structure formed
from an insulating fibre material and having its
cross member 130 secured to the face member 124
so that its sides {31 extend from the face mem-
ber (24 to the base 16 on opposite sides of the
structure which is to be protected. ‘The wall struc-
ture preferably extends from the lower end of
the structure (20 to a point relatively close to
the lower portions of the relay 11 and the trans-
former 25. At their rear edges the side members
{131 have projecting ears 132 formed in spaced re-
lation along their edges and projecting into com-
plemental slots 133 (Fig. 1) in the base 16. These
ears 132 provide an interlocked relation with the
base 16 which renders the side members 3f more
effective in protecting the switch structure, and
In addition, facilitate mounting of the structure
{20 on the base 6. :

In making the connections to the thermostat
terminals 107 and 108 the incoming wires are
passed through a guiding and positioning means
such as a rubber knock-out grommet 135 (Fig. 1)
which is supported in an opening in a flange 136
located along one side of the base 16 adjacent the
area 105. The flange 136 is relatively narrow, and
is formed from the metal which is struck from the
base 16 in forming the enlarged open area 371
therein. It is through this open ares 137 that a
substantial portion of the forward face of the in-
sulating plate 59 is exposed for mounting of the
terminals and other elements thereon.

A similar apertured flange 138 is formed along
the lower edge of the terminal area 106 through
which wires from the motor {1 and ignition means
12 may be extended into the terminal area {06,
Along the side edge of the terminal area 106 an-
other apertured flange 139 is formed through
which the line voltage leads 22 and 23 are extend-
ed into the terminal area 106 for connection with
terminals 109 and 110.

After connection of the various leads to the
terminals, all of the structure on the forward
face of the base 16 is enclosed by & box-like hous-
ing or cover {40 the side walls (41 of which abut
the base 16 adjacent its edges. The side walls {4}
have suitable clearance slots therein which regis-
ter with the openings in the flanges 136, 138 and
139. The cover {40 is secured in position by a
screw 142 which projects through the front face
of the cover with its enlarged head outside there-
of. The inner end of the screw (42 is screwed
into a threaded aperture formed in the face mem-
ber 124 of the guard structure {20. Thus the
guard structure 120 serves the additional function
of holding the cover 140 in place.

Since portions of the switch structure and con-
trol levers extend beyond the rear face of the
insulating plate 59, the base i6 has a rearwardly
projecting flange 145 about its edge, and this
flange, together with the plate 59 and a remova-
ble rear wall (46, define a chamber or space 147 to
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enclose and protect these elements and provide
wiring space. The rear wall 146 comprises an in-
ner insulating sheet and an outer metallic heat
shield supported on studs {49 by means of screws
150 extending through the elements of the wall
148 and threaded into the studs 149. Preferably
the wall 146 is spaced slightly from the flange
148 so as to provide for ventilation and cooling of
the space 141,

From the foregoing description it will be evi-
dent that the present invention provides an im-
proved oil burner system wherein a dependable
and uniform control is obtained. It will also be
apparent that the shiftable control element which
governs the lock-out switch of the present system
is simple in construction, and is adaptable in its
movements to effect supplemental control func-
tions such as the control of the ignition means.

Since the burner system of the present inven-
tion embodies a thermal timer which cools dur-
ing normal burner operation, immediate recycling
takes place after short power failures; and since
the timer is inactive during normal burner opera-
tion and the safety lock-out switch is governed
solely by the latching action of the combustion
responsive means, a flame failure during such
period results in an immediate lock-out of the
system.

In the control device of the present system the
arrangement and disposal of the several com-
ponent parts upon the mounting base is of par-
ticular advantage, since it provides two remotely
located terminal mounting areas between which
portions of the operative mechanism are disposed;
and with this arrangement, the guard which pro-
tects this intermediate mechanism serves also to
provide a mechanical barrier between the two
terminal areas.

What is claimed is:

i. In a control system for a burner, the com-
bination of a control circuit for the burner, a
safety lock-out mechanism comprising two pri-
mary latch members, an intermediate latch mem-
ber adapted to be governed by either of said pri-
mary latch members, a terminal latch member
adapted to be governed by said intermediate latch
member and operable when released to govern
re-setting of said intermediate latch member, a
safety lock-out switch controlling said circuit

and governed by said terminal latch member, a *

timer governing one of said primary latch mem-
bers, and a combustion responsive means govern-
ing the other of said primary latch members.
2. In a control system for a burner, the com-
bination of a relay for placing the burner into
and out of operation, a safety lock-out mecha-
nism comprising two primary latch members, an
intermediate latch member adapted to be gov-
erned by either of said primary latch members,
a terminal latch member adapted to be governed
by said intermediate latch member, & safety lock-
out switch for preventing said relay from main-
taining the burner in operation and held in po-
sitlon permitting burner operation by said termi-
nal latch member, means operated by said relay
upon stopping of the burner for moving said in-
termediate latch member to starting position, a
timer controlling one of said primary latch mem-
bers in & manner to prevent said intermediate
latch member from releasing said terminal latch
member until the expiration of a timed period,
and a combustion responsive lever for controlling
the other primary latch member in a manner to
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leasing the terminal latch member when com-
bustion is present.

3. In a control system for a burner having a
motor and ignition means, the combination of, a
relay controlling the motor and ignition means
for the burner, a lock-out switch for preventing
operation of said motor, operating mechanism
for said lock-out switch for normally maintain-
ing said lock-out switch in position permitting
motor operation while maintaining the same in
position preventing motor operation when sald
mechanism shifts to a terminal position, means
actuated by said relay upon de-energization
thereof for shifting said mechanism to a start-
ing position, means including timing mecgns for
preventing shifting of sald mechanism toward
sald terminal position until after a timed perlod,
means operated upon presence of combustion to
limit the degree of shifting of said mechanism to
brevent it from reaching its terminal position,
and a permanent magnet associated with said re-
lay for alding said relay in assuming its de-ener-
gized position and shifting sald mechanism to its
starting position.

4. In a control system for a burner having a
motor and ignition means, the combination of,
& relay controlling the motor and ignition means
for the burner, a lock-out switch for preventing
operation of said motor, operating mechanism for
sald lock-out switch for normally maintaining
said lock-out switch in position permitting mo-
tor operation while maintaining the same in po-
sition preventing motor operation when said
mechanism shifts to a terminal position, means

5 actuated by said relay upon de-energization

thereof for shifting sald mechanism to a starting
position, means including timing means for caus-
Ing shifting of said mechanism toward said ter-
minal position after a timed period, means oper-
ated upon presence of combustion for preventing
sald mechanism from reaching its terminal posi-
tion, and permanent magnet means associated
with said relay for aiding said relay in assuming
its de-energized position and shifting sald mech-
anism to its starting position, said permanent
magnet means also resisting pulling in of said re-
lay, and means for adjusting said permanent
magnet means so as to prevent said relay from
pulling in unless line voltage is at a sufficiently
high value to insure broper operation of the igni-
tion means.

5. In a control system for a burner having a
motor and ignition means, the combination of,
& relay having a coil continuously connected
across & source of alternating current electric
Power through a choke, a thermostat for con-
trolling said choke to energize and de-energize
said relay, said relay controlling the motor and
ignition means for the burner, s lock-out switch
for preventing operation of sald motor, operat-
ing mechanism for said lock-out switch for nor-
mally maintaining saiq lock-out switeh in posi-
tion permitting motor operation while maintain-
ing the same in position preventing motor opera-
tion when said mechanism shifts to a terminal
position, means actuated by said relay upon de-
energization thereof for shifting said mechanism
to a starting position, meang including timing
means for causing shifting of said mechanism
toward said terminal position after a timed pe-
riod, means operated upon presence of combus-
tion for preventing said mechanism from reach-
ing its terminal position, and a permanent mag-
net associated with said relay for aiding said re-

lay in asspming its de-energizeq position and
shifting said mechanism to its starting position,
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said permanent magnet also preventing sald re-
lay from pulling in unless line voltage is at a
sufficiently high value to insure proper operation
of the ignition means and preventing chattering
of the relay when in de-energized position.

6. In a control system for a burner having a
motor and ignition means, the combination of, a
relay having a coil continuously connected across
8 source of alternating current electric power
through a choke, a thermostat for controlling
said choke to energize and de-energize said relay,
said relay controlling the motor and ignition
means for the burner, and permanent magnet
means for attracting said relay toward de-ener-
gized position, said permanent magnet means be-
ing constructed and arranged to prevent the re-
lay from pulling in unless line voltage is at a suf-
flciently high value to secure proper ignition, and
to prevent chattering of the relay in its de-ener-
gized position.

7. In a control system for a fuel burner, a con-
trol relay governing said burner, a thermal timer
having an electric heater, combustion responsive
means, a control member governed by said timer
and said combustion responsive means and mov-
able under such governing action in one direction
from an initial position through a series of con-
trol positions including starting, running and dis-
abling control positions, switch means governed
by said control member to de-energize said heater
when said control member is in said running
bosition, a safety lock-out switch controlling said
burner normally biased toward a position pre-
venting burner operation and held latched in
position permitting burner operation in all posi-
tions of said control member except said dis-
abling position and said control member being
operable to unlatch and release said safety switch
when said control member moves to said dis-
abling position, means operable by said relay as it
moves to open position to apply a yielding force
to said control member urging the control mem-
ber to its initial position, means operable to latch
said control member in said disabling position to
prevent return movement of said control member
by said relay, and manually operable means to
unlatch said control member from said disabling
position and return it {o said initial position.

8. A control system for a fuel burner, in com-

bination, a starting and running circuit for said :

burner, a relay in said burner starting and run-
ning circuit to control the starting and stopping
of said burner and having burner starting and
burner stopping positions, a combustion respon-

sive means having an abutment shiftable in re- 5:

sponse to combustion from a cold position to a
hot position, a timer having an abutment mov-
able during a predetermined timed burner-start-
ing period from an active position to an inactive
position, a safety lock-out switch included in a
dominating controlling relation to said burner
starting and running circuit, a shiftable switch
operating member operatively associated with
said lock-out switch to control the opening and
closing thereof, said switch operating member
having a releasing position in which the switch is
in lock-out position and at least two operative
positions in which it acts to maintain said switch
in position permitting burner operation, means
biasing said switch operating member from said
operative positions toward said releasing position,
said timer abutment being operable when in its
active position to hold said switch operating
member in one of said operative positions, and the
other abutment being operable when in its hot
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position to hold said switch operating member in
the other of said operative positions, and means
operable after the completion of a timing move-
ment of said timer abutment to hold said timer in
said inactive position until said relay is returned
to its burner stopping position.

9. A control system for a fuel burner, in com-
bination, a starting and running circuit for the
burner, a safety switch dominating said circuit,

-a relay for normally controlling said circuit and

having burner starting and burner stopping posi-
tions, means for maintaining said switch closed
during normal starting and running of said burner
comprising a timer mechanism the timing opera-
tion of which is initiated as an incident to the
movement of said relay to its burner starting posi-
tion and having an abutment movable during a
predetermined burner starting period from an
initial position to a second position, a combus-
tion responsive means having an abutment mov-
able thereby in response to combustion from an
initial cold position to a hot second position, a
first shiftable latch element operatively connected
to said switch to control the opening and closing
thereof, a second shiftable latch element biased
in one direction away from a normal latching
relation to said first latch element wherein said
second latch element holds said first latch ele-
ment in switch closing relation, said second latch
element being held in said latching relation dur-
ing normal burner starting and running by suc-
cessive action of said timer abutment in its initial
position and by the abutment of said combustion
responslve means in its hot position, and said
first latch element when in its switch-opening
position acting on said second latch element with
a latching action to prevent return of said second
latch element to said normal latching relation.

106. An automatic fuel burning heating system
comprising, in combination, a fuel burner includ-
ing an operating motor and an energizing circuit
therefor, automatic means controlling said cir-
cuit for normally starting and stopping said
burner, a safety lock-out switch controlling said
circuit, a latch element operatively connected to
said switch for movement as the switch shifts
between open and closed positions, a .thermal
timer having a heater energized during & pre-
determined timed period and then de-energized.
a heater circuit for energizing said heater includ-
ing a starting switch closed when said timer is
cold and open after said timer is heated, a shunt
circuit for said heater around said starting switch
closed by said automatic means as an incident to
the starting of said burner, a combustion respon-
sive means having an abutment shiftable thereby,
and a control member shifted to an initial posi-
tion by said automatic means as an incident to
the normal stopping of said burner and con-
stantly urged away from said initial position
toward a terminal position, said control member
having a latching action upon said latch element
to hold said switch closed when said control mem-
ber is in said initial position and until said con-
trol member reaches said terminal position and
then to release said latch element, said latch
element then being operable upon said control
member to latch the same in said terminal posi-
tion, said thermal timer being operable during its
energized timing period to latch said controi
member against movement toward said terminal
position, a switch for de-energizing said heater
governed by said control member to de-energize
said heater at the end of said timing period, said
control member being operable upon the de-ener-
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gized thermal timer after completion of the tim-
ing period to restrain said timer against return
movement and thereby prevent closure of said
starting switch, and said abutment of said com-
bustion responsive means being operable in re-
sponse to combustion to restrain said control
member against movement toward said terminal
lock-out position,

11. An automatically controlled fuel burner
system comprising, in combination, a fuel burner,
a control circuit therefor, a safety switch included
in a dominating controlling relation to said cir-
cuit, a relay for normally controlling said circuit
and having burner starting and burner stopping
positions, means for maintaining said switch
closed during normal starting and running of said
burner comprising a timer mechanism the timing
operation of which is initiated as an incident
to the movement of said relay to its burner start-
ing position and having an abutment movable
during a predetermined burner starting period
from an initial position to g second position, a
combustion responsive means having an abut-
ment movable thereby in response to combustion
from an injtial cold position to a hot second po-
sition, a first shiftable latch element operatively
connected to said switch to control the opening
and closing thereof, a second shiftable latch ele-
ment biased in one direction away from a normal
latching relation to said first latch element
wherein sald second latch element holds said first
latch element in switch closing relation, said sec-
ond latch element being held in said latching re-
lation during normal burner starting and run-
ning by successive action of said timer abutment
In its initial position and the abutment of said
combustion responsive means in its hot position,
and said first latch element when in its switch
releasing position acting on said second latch ele-
ment with a latching action to prevent return of
said second latch element to said normal latch-
ing relation, resetting means for manually shift-
ing said first lateh element from its latching re-
lation to said second latch element, and means
operated by said relay in its motor stopping posi-
tion to restore said second latch element to its
latching switch closing relation upon acuation
of said resetting means.

12. In a fuel burner system, a fuel burner, an

energizing circuit therefor, a control relay gov- !

erning said circuit, a timer, combustion respon-
sive means, a control member governed by said
timer and said combustion responsive meang and
movable under such governing action in one gi-
rection from an initial position through a serieg
of control positions the terminal of which is a
disabling control position, a safety lock-out
switch governing saig circuit, saild switeh being
normally biased to open position and held latched
in closed position in all positions of said control
member except saild terminal position and said
control member being operable to unlatch and
release said safety switch when said control mem-
ber moves to said terminal position, means op-
erable by said relay as it moves to open position
to apply a yielding force to said control member
urging the control member to its initial position,
means operable to latch saig control member in
sald terminal position to preven{ return move-
ment of said control member by said relay, and
manually operable means to unlatch said control
member from said terminal position and return it
to said initial position.

13. An automatic fuel burning heating system
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ing an operating motor and an energlzing circuit
therefor, automatic means controlling said cir-
cuit for normally starting and stopping said
burner, a safety lockout switch controlling said
circuit and biased toward open position, a latch
element operatively connected to said switch for
movement as the switch shifts between open and
closed positions, a thermal timer energized dur-
ing a predetermined timed period and then de-
energized, a combustion responsive means hav-
ing an abutment shiftable thereby, and & control
member shifted to an initial position by said
automatic means as an incident to the normal
stopping of said burner and constantly urged
away from said initial position toward a terminal
lock-out position, said control member having a
latching action upon said latch element to hold
said switch closed when said control member is
in said initial position and until said control
member reaches said terminal position and then
to release said latch element, sald latch element
then being operable upon said control member
to latch the same in said terminal position, said
thermal timer being operable during its ener-
gized timing period to latch said control member
against movement toward said terminal position
and said control member being operable upon
the de-energized thermal timer after completion
of the timing period to restrain said timer against
return movement, and said abutment of said com-
bustion responsive means being operable in re-
sponse fto combustion to restrain said control
member against movement toward said terminal
lock-out position.

14. In a fuel burning heating system, a fuel
burner including an operating motor and an en-
ergizing circuit therefor, g relay controlling said
circuit and having burner starting and burner
stopping positions, a combustion responsive
means having an abutment shiftable in response
to combustion from a cold position to a hot posi-
tion, a timer having an abutment movable at the
end of a predetermined timed burner-starting
period from an active position to an inactive po-
sition, safety lock-out switch means, a shiftable
latch member operatively associated with sald
lock-out switch means to control the opening and
closing thereof, said latch member having one
switch releasing position and at least two opera-
tive positions in which it acts to maintain said
switch means in position permitting operation of
the burner, meang biasing saild latch member
from said operative positions toward said re-
leasing position, said timer abutment being op-
erable when in its active position to hold said
latch member in one of said operative positions
and being operable in itg Inactive position to re-
lease said latch member for movement to the
other one of said operative positions, and the
other abutment being operable when in its hot
position to hold said latch member in said other
one of said operative positions angd being oper-
able in its cold position to release said latch mem-
ber for movement from sald other one of its op-

5 erative positions to itg switch releasing position,

means on said latch member operable after com-
pletion of a timing movement of said timer abut-
ment to hold the same in sald inactive position
until said relay is returned to its burner stopping
position, and meang operable upon saig latch
member in its switch releasing position to latch
said latch member in said switch releasing po-
sition.

15. In a control system for a fuel burner, the

combination of, automatic means tg start and
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stop said burner, safety control switch means for
said burner, latch means for governing said
switch means including a shiftable control mem-
ber normally urged from a latched relation in
which the switch means is positioned to permit
burner operation to an unlatched relation in
which the switch means is positioned to prevent
burner operation, a timer operable upon said
control member during a timed burner starting
period to maintain said control member in said
latched relation and thereafter to release said
control member, a combustion responsive means
operable in response to combustion to maintain
said control member in said latched relation and
in the absence of combustion to release said con-
trol member, and means operable upon said con-
trol member when released by both said combus-
tion responsive means and said timer to latch
said control member in switch releasing position.

16. In a control system for a fuel burner hav-
ing electric ignition means, operating circuits for
said burner and said ignition means, a relay gov-
erning said circuits and having an armature
shiftable from a normal open position to a closed
position, an actuating coii for operating said ar-
mature, and a permanent magnet means attract-
ing said armature in its open position, said per-
manent magnet means being constructed and ar-
ranged to establish & minimum pull-in voltage
for said relay which is sufficient to insure opera-
tion of said electric ignition means. ’

17. In a control system for a fuel burner, the
combination of, safety cut-off means for the
burner having a first position permitting opera-
tion of the burner and a second position in which
the burner is prevented from operating, means
responsive to the demand for heat from the
burner for starting and stopping the same, an op-
erating member, separate timing mechanism for
controlling said operating member, said operat-
ing member having an initial position in which
the safety cut-off means is maintained in its first
position and being movable successively to an in-
termediate position and to a terminal position
upon movement of said timing mechanism,
means for causing such movement of the timing
mechanism upon demand for heat from the
burner, means controlled by said operating mem-
ber for preventing return movement of said timer
mechanism when the operating member reaches
said intermediate position, means actuated by
said operating member for causing said safety
cut-off means to be in its second position when
sald operating member is in its terminal posi-
tion and to remain in said second position until
manually reset, combustion responsive means for
preventing movement of the operating member
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to its terminal position when combustion is pres- .

ent, and means for causing said operating mem-
ber to be in its initial position upon starting of
the burner,

18. In a control system for a burner having
fuel feeding means and an igniter, the combina-
tion of, a condition responsive device responsive
to the demand for operation and non-operation
of the burner, means including a relay controlled
by said condition responsive device and having &
relay element movable from a first position which
renders the fuel feeding means inoperative to a
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second position which renders the fuel feeding
means operative, a safety switch having a nor-
mal position permitting operation of the burner
under the control of said condition responsive
device and a lock-out position in which the
burner is prevented from operating, an operating
member for operating said safety switch, biasing
means for urging said operating member toward
lock-out position causing movement of the safe-
ty switch to lock-out position, an ignition switch
for controlling the igniter, means including a
timer controlled by said condition responsive de-
vice for influencing said operating member and
controlling said ignition switch, said timer means
having an initial position in which it prevents
movement of said operating member to its lock-
out position and positions said ignition switch
for rendering the igniter operative, said timer
means being constructed and arranged to move
from its initial position a period of time after
starting of the burner for actuating the ignition
switch to discontinue operation of the igniter, a
combustion responsive device having a cold po-
sition and a hot position, sald combustion re-
sponsive device moving from its cold position to
its hot position upon occurrence of combustion,
means for preventing movement of said operat-
ing member to its lock-out position when either
the timer means is in its initial position or the
combustion responsive means is in its hot posi-
tion, and means actuated upon said relay mov-
ing to burner stopping position for applying a
force to said operating member which opposes
said biasing means for preventing movement of
said safety switch mechanism to its lock-out po-
sition irrespective of said timer means or said
combustion responsive means,

19. In a control for a fuel burner having an
operating motor and an energizing circuit there-
for, in combination, a relay controlling said cir-
cuit and having burner starting and burner stop-
ping positions, a combustion responsive means
having an abutment shiftable in response to com-
bustion from a cold position to a hot position, a
timer having an abutment movable at the end
of a predetermined timed burner starting period
from an active position to an inactive position,
safety lock-out switch means, a shiftable latch
member operatively associated with said lock-
out switch means to control the opening and
closing thereof, said latch member having one
switch releasing position and at least two oper-
ative positions in which it acts to maintain said
switch means in position permitting operation of
the burner, means biasing said latch member
from said operative positions toward said releas-
ing position, said timer abutment being operable
when in its active position to hold said latch
member in one of said operative positions and
being operable in its inactive position to release
said latch member for movement to the other one
of said operative positions, and the other abut-
ment being operable when in its hot position to
hold said latch member in said other one of said
operative positions and being operable in its cold
position to release said latch member for move-
ment from said other one of its operative posi-
tions to its switch releasing position.

HOMER E. MALONE,




