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This invention relates to liquid fuel burners,
being intended to provide means for increasing
the certainty of operation of such burners under
varying conditions of use.

. It is common practice to equip automatically
operated burners with safety devices responsive
to conditions of combustion in the combustion
chamber or furnace such that, in the absence of
combustion or substantial combustion at the

10 burner for a definite interval immediately or at
any time after the burner has been started, as
through a room thermostat, the ‘burner is cut
out of operation until the cause of its failure to
produce combustion has been ascertained and

15 remedied. The primary purpose of such devices
is to prevent the danger which follows the delivery
of unignited liquid fuel to and its accumulation
in the furnace. In burners of large capacity this
permissible safety interval must necessarily be

p¢ much shorter than in burners of small capacity
where the rate of discharge is relatively slow.

In the operation of burners where delivery of
the fuel to a fuel distributer from a source of sup-
ply must take place before combustion can oc-

5 cur, it sometimes happens that a more or less in-
determinate time interval elapses affer starting
and before the liquid fuel reaches the distributer
even with the fuel delivery devices in normal work-

. ing condition. This interval may overlap the in-

30 terval to which the safety devices are adjusted,
thereby resulting in stopping the operation of
the burner before any fuel is delivered to the dis-
tributer, despite the fact that the failure may be
due to a natural lag or delay incidental to the

35 character of fuel employed, such as some of the
heavier fuel oils, or to other conditions retard-
ing the initial delivery of fuel on starting, but in-
dicative of no faulty operation or lack of avail-
able fuel.

40  Onpe of the objects of the present invention is to

 so control a liquid fuel burner that an Aa.dequa.te
time interval may be provided after starting to
take care of any lag in the delivery of fuel to the
distributer, while providing means to stop the
operation of the burner if such interval becomes
excessive or such as to indicate failure or stop-

page of the fuel or other faulty conditions which .

require to be remedied. :

This and other objects of the invention will be
best understood by reference to the following de-
scription when taken in connection with the ac-
companying illustration, while its scope will be
more particularly pointed out in the appended
55 claims. -
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1930, Serial No. 485,792
(Cl. 158—28)

The drawing shows in more or less diagram-
matie form one embodiment of the invention in
which one form of the control features is ap-
plied to a liquid fuel burner.

Referring to the drawing and to the illustrated
embodiment of the invention, there is shown an
oil burner comprising a fuel distributer 5 in
the form of a nozzle, by means of which liquid
fuel is discharged into the combustion chamber
of the furnace 9 where it is ignited by any of
the usual ignition devices (not shown). 'The
fuel is delivered by the pump 11 driven by the
electric motor 13, the pump drawing its liquid fuel
from a tank or other source of supply (not shown)
through the supply pipe 15. These elements are
merely shown to exemplify any type of automatic
burner and any type of heater to which it may be
employed, the invention herein embodied being
applicable to a wide range of varying types of
liquid fuel burners and heaters.

For descriptive purposes the fuel is herein re-
ferred to as oil, although the invention is applica-
ble to burners employing liquid fuel other than
oil. In the illustrated embodiment of the in-
vention the burner is controlled by starting or
stopping the electric motor 13 by means of
electric control circuits in conjunction with con-
trolling devices hereinafter described, the latter
including the usual room thermostat 17 in con-
trolling relation to the motor circuit, and pref-
erably a control device 19 responsive to condi-
tions in the heater, where the latter is in the form
of a hot water or steam boiler, as in the illus-
trated embodiment. .

Referring to the specific arrangement of con-
trolling circuits, power is supplied through the
mains 21 and 23 which, for identification, may
be referred to as positive and negative respec-
tively. 'The negative main 23 is connected di-
rectly to one terminal of the motor. The posi-
tive main 21 is connected to a conductor 25 which
leads to a normally closed switch 27 through
which it is connected to a conductor 29.

The switch 27 is of the type commonly em-~
ployed in the control of oil burners and com-~
prises a sealed glass tubé containing a small
body of mercury and pivotally mounted, as at
31, so that it may be tipped to an inclined posi-
tion where (as shown in the drawing) the mer-
cury electrically connects two terminals, the
latter being sealed in the tube at one end thereof
but externally connected to the conductors-25
and 29. When tilted to. a reverse inclination,
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the mercury flows to the opposite end of the tube
thereby opening the circuit,

The switch 27, which for descriptive purposes
may be termed the lock-out or safety switch, is
intended to be opened only on the development,
of conditions which indicate some failure of the
burner properly to function and is normally held
in closed position. 'To that end it is provided with
a detent 33 which normally holds it closed against
the counter or opening action of the spring 35,
the detent being composed of a strip of bi-metallic

thermostatic metal so that when heated, through -

the action of cooperatively related heating de-
vices hereinafter described, it is caused to become
warped or deflected, moving towards the dotted
line position, releasing the switch and permitting
it to be moved by the spring to an open position.

At the lock-out switch the positive side of
the circuit is connected through the conductors
29 and 37 to the room thermostat 17 and boiler

"~ control device 19, the thermostat being adapted
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to open or close the circuit thereat, dependent on
the temperature of the surrounding atmosphere,
and the boiler control to open or close the circuit
thereat, dependent on the pressure of steam in
the boiler. ) i
From the boiler control the positive circuit
leads to a switch 39 which is responsive to con-
ditions of combustion at the burner and, for
descriptive purposes, may be referred to as the
combustion switch. The lgtter may be of any

suitable type or nature but herein, for illustra- .

tive purposes, it is shown as comprising two mer-
cury tube switches 41 and 43 mounted on the
same rocking support 39, the latter being oper-
atively connected to some device, such as the con-

ventionally represented thermostgtic member 45

50 positioned in practice as to bé exposed to the
heat of combustion in the flue, stack or combus-
tion chamber of the furnace. 'The arrangement
is such that in the absence of combustion or sub-
stantial combustion at the burner the switch 41
is tilted to the closed position and the switch 43
to the open position, whereas on and during the
occurrence of normal or intended conditions of
combustion the switch 41 is tilted to the open

position and the switch 43 to the closed position.

At the combustion switch the circuit 37 splits,
being connected through the conductor 47 to one
terminal of the switch 41 and through the con-
ductor 49 to one terminal of the switch 43.
When, therefore, the burner is started, with the
furnace cold, the positive circuit is closed at the
combustion switch through the mercury tube 41,
the circuit extending therefrom through the con-
ductor 51 to a starting magnet 53 operatively
connected to the motor switch 55. The latter 1s
also in the form of a tilting mercury tube which
is shown in its closed position but is normally
thrown to an open position by the spring 57, its
sealed-in terminals being connected, one by the
conductor 59 to-the reinaining terminal of the
motor 13, and the other by the conductors 61 and
29, the lock-out switch 27 and conductor 25 to the
positive side of the circuit. When the starting
magnet 53 is energized the motor switch 55 is
thrown to the closed position (shown in the
drawing), the motor connected to the power cir-
cuit and the burner started into operation.

The remaining terminal of the starting mag-
net 53 is connected.through the conductor 63
to a sealed-in terminal 65 at the fuel delivery
switch 67, the latter being also of the tilting

mercury tube type.

In the switch 67, hawever, .
the terminal 65 is positioned near the middle of
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the tube and the latter is provided with a simi-
lar terminal at each opposite end, the arrange-
ment and quantity of mercury being such that,
in one inclined position of the tube, the central
terminal is electrically connected with one end
terminal and disconnected from the other, and
in the reversely inclined position it is- discon-
nected from the first mentioned terminal and
connected with the other.
connected to a conductor 69 and the other to
a conductor 71.

The switch 67 is pivotally mounted at 73 and is
operatively connected to a device responsive to
the delivery of oil to the distributing nozzle such
that in the absence of oil delivery it is tilted to
one position (that shown in the drawing), clos-

ing the circuit through the conductor 69, but on -

the delivery of oil to the nozzle it is tilted to the
opposite position, closing the circuit through the
conductor 71. )

One end terminal is -

80

95

Any suitable means responsive to fuel delivery )

purpose, -but herein
by the lever arm 75

may be employed for this
the switch 67 is connected

and link 77 to the movable end of a pressure

diaphragm or bellows 79, the opposite end ‘of

100

which is fixed and the interior of which is eon~-

nected through the pipe 81 with the oil delivery

pipe between the pump 11 and nozzle 5. - The:

construction and location of the diaphragm is
herein shown conventionally only, and in prac-
tice it is preferably placed in a position of great-

105

est sensitiveness to the pressure in the delivery - ‘

pipe. - Since the pump delivers liquid fuel only

through the delivery pipe, a condition of pres-
‘110

sure therein occurs only when the oil is being
delivered by the pump to the nozzle. o
When the pump is in operation and effective

in discharging oil under pressure through the :
nozzle, the pressure is communicated through the"

pipe 81 to the interior of the diaphragm 79, ex-
panding the latter and tilting the switch to a-

bosition the reverse of that shown in the draw-

ing. If the pump is at rest no pressure is applied.-

115

to the diaphragm and the switch reverts to the °

position shown in the drawing. Similarly, if,
after starting into operation, the pump fails for

120

an interval to deliver oil to the nozzle, during :
that interval no pressure is applied to the dig- -
phragm and the switch remains in the position -

shown, connecting the terminal 65 to the con- .

ductor 69. :
The conductor 69 is associated with an elec-
trically actuated timing means, herein in the

form of a timing actuator comprising a resistor .

or heating element 83 operatively related to the

180

thermostatic -detent 33 at the lock-out switch 27,

the circuit thence extending through conductors

85 and 87 to the negative main 23 thereof, com-.
pleting the circuit through the heating element

in the initial starting stage of the burner. - The
resistor 83 is adapted after the lapse of a pre-
determined time interval following the closure

of the circuit and the passage of ‘heating cur-
rent therethrough to actuate the detent 33 and:

trip the lock-out switch, thereby cutting out the
motor, ‘

140

The conductor 71 at the fuel delivery switch 67-

is connected to a second heating or actuating ele-
ment 89, connected in turn to the negative main
23 through conductors 91 and 87. The heating
or actuating element 89 is similar in nature to
the heating element 83 and is also operatively

related to.the detent 33 and adapted to trip the )
150

lock-out switch after the lapse of a predeter-
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mined time interval following the closure of its
circuit.

Accordingly, when the room thermostat 17 acts
to start the burner, the motor switch is thrown
to a closed position, starting up the motor and
the pump, this being effected through the action
of the starting magnet 53, the circuit of which
passes through the safety switch, room thermo-
stat, boiler control, mercury tube 41 at the com-
bustion switch, starting magnet 53, fuel delivery
switch .67 and heating coil 83. The drawing
shows the motor switch 55 closed and the fuel
delivery switch 67 tilted to close the circuit
through the coil 83, that is to say, in the posi-
tions occupied during its initial starting period,
immediately after the action of the thermostat
17 and before the actual delivery of fuel to the
nozzle 5. If the time interval to which the heat-
ing element 83 is adjusted elapses without the
delivery of fuel to the nozzle 5, indicating failure
of fuel supply or some fault requiring attention,
the heating element 83 acts to trip the lock-out
switch, opening the mctor circuit and stopping
further operation of the burner. If, however,
within that time interval oil is delivered to the
nozzle, then pressure is applied to the diaphragm
79, causing the latter to tilt the fuel delivery
switeh 67, breaking the connection between the
terminal 65 and the conductor 69, cutting out the
heating element 85. At the same time, however,
the reverse movement of the fuel delivery switch
connects the terminal 65 to the conductor 71,
closing the circuit through the heating coil 89.
Oil is then being delivered to the nozzle 5. If,
during the time interval for which the heating
element 89 is adjusted, the oil fails of ignition,
or the combustion which occurs is insufficient to
actuate the thermostat 45 and move the com-
bustion switch, the circuit thrcugh the heating
element 89 remains closed and at the end of that
interval will similarly act to trip the safety
switch and open the motor circuit, the tripping
of the safety switch through the action of either
of the heating elements 83 or 89 also serving to
open the circuit through the starting magnet 53
and permit the motor switch to tilt to its open
position,

On the other hand, if the normal or intended
combustion takes place during the time interval
for which the heating element 89 is adjusted, the
thermostat 45 will act to reverse the position of
the mercury tubes 41 and 43 at the combustion
switch, cutting out of circuit both heating ele-
ments 83 and 89 and simultaneously closing the
circuit through a holding magnet which holds
the motor switch closed, so long as the intended
combustion persists and the circuit remains
closed at the room thermostat 17 and boiler con-
trol 19. )

When the combustion switch is thus actuated
the mercury tube 41 is tilted to break the con-
nection between the conductors 47 and 51, and at
the same time the mercury tube 43 is tilted to
connect the conductor 49 with a conductor 93,
the latter being connected through the holding
magnet 95 to the negative main 23. The holding
magnet is operatively connected to the motor
switch 55 and so long as energized serves to hold
closed the motor switch. The running control
circuit thus established is from the positive main
through the safety switch, room thermostat, boil-
er control, mercury tube 43 and holding mag-
net 95. . ‘

If, at any time during the running period, the

‘normal or intended combustion ceases, the com-

3

bustion switch will be thrown back to its reverse
position, or that shown in the drawing, tempora-
rily maintaining the motor switch closed how-
ever through the starting magnet 53. If com-
bustion failure is due to the interruption of the
fuel supply, the pressure diaphragm 79 will at
the same time reverse the position of the fuel
delivery switch, throwing it back to the position
shown in the drawing, again cutting into circuit
the heating element 83, and if the delivery of
fuel does not occur within the time interval to
which that element is adjusted, the motor will
be cut out of operation. If fuel delivery takes
place within that time interval the control will
again function as in starting; that is to say, the
position of .the fuel delivery switch will be re-
versed, cutting out of circuit the heating element
83 and cutfing into circuit the heating element
89. If the combustion switch then operates dur-
ing the time interval for which the heating ele-
ment 89 is adjusted, the burner will again resume
its normal operation. If the combustion switch
is not actuated within that time interval the
burner will be cut out of operation.

If combustion fails for other causes than fail- 100
ure of fuel delivery, the fuel delivery switch will
remain in its running position and the reversal
of the combustion switch will connect the heat-
ing element 89 directly into circuit, causing it to
function as already described.

Tt will be seen that the time interval to which
the heating element 89 is adjusted may be select-
ed with reference to considerations of safety, de-
pendent on the interval which may he allowed
without danger between the fuel delivery and 310
combustion. The time interval to which the
heating element 83 is adjusted, however, may
be selected without reference to such consider-
ations, but with reference only to the time which
may be properly allowed for the oil to reach the 115
nozzle after the starting of the burner under the
peculiar conditions which may pertain in the
particular installation in question.

Although the time interval for the element
83 may bear any desired relation to that of the 120
element 89, and may be the same, greater or less
than that of the latter element, it will ordinarily
be adjusted to a greater time interval to allow a
suitable time to elapse for fuel delivery, during
which time, of course, no oil is being discharged 12§
into the furnace and no danger incurred from
the accumulation of unignited oil. This permits
the controls to be adjusted to the particular re-
quirements of the burner. By way of illustration,
if the burner is of large capacity, burning, for 130
example, from ten to thirty gallons of oil an
hour, and therefore having a relatively high rate
of delivery, and the fuel employed is a relatively
heavy oil, the delivery of which will tend to lag
after the pump has started into operation, it 325
may be desirable to adjust the heating element
89 to trip the switch at the close of some rela-
tively short interval, such - as thirty seconds,
while the element 83 is set to trip the switch at a
relatively long interval, such as four or five 149
minutes, these periods, however, being merely
illustrative.

It will be seen that the motor circuit extends
directly between the supply mains through the
safety switch and motor switch, while. the con- 145
trolling circuit is in shunt relation to the motor,
the controlling circuit extending. through the
safety switch, thermostat, boiler control and
combustion switch. The latter in turn controls
the two branches, one of which passes through 150

90
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105
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the starting magnet and fuel delivery switch and
the other through the holding magnet. 95, while
the branch circuit passing through the fuel de-
livery switch is itself sub-divided into two
branches under the control of that switch, one of
which branches includes the heating element 83
and the other the heating element 89. -

- While I have herein shown and described for
the purposes of illustration one specific embodi-
ment of the invention and have described the
same in detail, it is to be understood that exten-

. sive deviations may be made therefrom and vari-

15-
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ous forms of controlling devices and circuits may
be employed and that the essential features of
this controlling system may be employed for
burners of widely varying types, all without de-
parting from the spirit of the invention.

I claim:— - ‘

-1. In a liquid fuel burner, the combination with
a fuel distributer, of means for deliverying fuel
thereto, a burner motor for said means, a room
thermostat in controlling relation to the motor
circuit, timing means effective on action of the
thermostat to cut out the motor after the lapse
of a predetermined interval in the absence of
fuel delivery through the distributer, timing
means effective on fuel delivery to cut out the
motor after the lapse of a predetermined interval
in the absence of combustion, means operable by
fuel delivery to render the first timing means in-
effective and the second timing means effective
and means responsive to combustion at the burn-
sr to render both of said timing means ineffec~

ive. .
2. In a liquid fuel burner, the combination
with a fuel distributer, of means for delivering
fuel thereto, a burner motor for said means, a
plurality of timing devices adapted each when

effective to cut out the motor after the lapse of
- the time interval for which it is adjusted, means

effective during. the operation of the motor and
in the absence of combustion at the burner to
render one or the other of said timing devices ef-
fective dependent on the delivery or the absence
of the delivery of fuel to the distributer, and
means responsive to occurrence of combustion at
the burner to render both said timing devices in-
effective. ) '

3. In a liquid fuel burner, the combination
with a distributer, of means for delivering fuel
thereto, a burner motor for said means, an elec-
trically heated device adapted to open the motor
circuit, a second electrically heated device also
adapted to open the motor circuit, circuit chang-

> ing devices responsive to the delivery of fuel to

the distributer adapted to place the first device
in eircuit and cut out of circuit the second de-
vice in the absence of fuel delivery and to cut the
first device out of circuit and the second device
into circuit on the occurrence of fuel delivery,
and circuit changing means responsive to com-
bustion at the burner adapted to cut out of cir-
cuit both heating devices., '

" '4..In a liquid fuel burner, the combination with
a. distributer, of means for delivering fuel there-
to, a burner motor for said means, an electrically
actuated timing device adapted to cut out the
motor on the passage of current therethrough
for a predetermined interval, a second electri-
cally actuated timing device also adapted to cut
out the motor on the passage of current there-
through for a predetermined time interval, means
responsive to the delivery of fuel to the distrib-

-uter for placing said first device in circuit and

for cutting out of circuit said second deyice dur-

1,063,771

ing the absence of fuel delivery and for cutting
out of circuit said first device and into circuit
said second device on the oceurrence of fuel de-
livery, and means responsive to combustion at
the burner for cutting out of circuit both said de-
vices. :

5. In a liquid fuel burner, the combination with
a fuel distributer, of means for delivering fuel
thereto, a burner motor for said means, an elec-
trically actuated timing device adapted to cut out
the motor after the lapse of a predetermined in-
terval in the absence of fuel delivery, an electri-
cally actuated timing device rendered effective
on fuel delivery and adapted to cut out the mo-

tor after the lapse of a predetermined interval in

the absence of combustion at the burner, means
operable by fuel delivery to render said first tim-
ing device ineffective and said second timing de-
vice effective and means responsive to combus-
tion to cut out of circuit both said devices.

6. In g liquid fuel burner, the combination with
a fuel distributer, of means for delivering fuel
thereto, a burner motor for said means, a power
supply "circuit, a motor circuit, a shunt circuit
having two branches and electrically actuated
time limit cut-out means for opening the motor
circuit having an actuator in each branch and
adapted to cut out of operation the motor on the
passage of current through either of said actu-
ators for its own predetermined interval, means
responsive to the presence and absence of com-
bustion at the burner to close said shunt circuit
on the absence of combustion and to open the
same on the occurrence of combustion, and
means responsive -to the delivery of fuel to the
distributer to place in the shunt circuit one of
said actuators in the absence of fuel delivery and
to place therein the other of said actuators on
the occurrence of fuel delivery.

7. In a liquid fuel burner, the combination
with a fuel distributer, of means for delivering fuel
thereto, a burner motor for said means, a, power
supply circuit, a room thermostat in controlling
relation to the motor, a motor circuit, a motor
switch for opening and closing said circuit, elec-
tro-magnetic means adapted on the closing ac-
tion of the room thermostat to close said motor
switch, a controlling circuit including said elec-
tro-magnetic means, a safety switch in said mo-
tor circuit and said controlling circuit, a plurality
of electrically actuated timing devices in said
controlling circuit and operatively related to said
safety switch, said devices being adapted each to
open the safety switch on the passage of a cur-

rent therethrough for a predetermined interval,

thereby to stop the motor, means .responsive to
the delivery of fuel to the distributer to place in
circuit one of said timing devices in the absence
of fuel delivery and to place in circuit the other

“of said timing devices on the occurrence of fuel
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delivery, and means responsive to combustion at .

the burner to cut out of circuit both of said tim-
ing devices on the occurrence of combustion.

8. In a liquid fuel burner, the combination with
a fuel distributer, of means for delivering fuel
thereto, a burner motor for said means, a room
thermostat in controlling relation to the motor, a
motor circuit, a motor switch, means responsive to
the room thermostat for opening and closing the
motor switch, a safety switch for the motor cireuit,
a plurality of electrically actuated timing devices
each operatively related to the safety switch to
open the latter on the passage of current there-
through for a predetermined interval circuit

changing means responsive to fuel delivery at the
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distributor fo placé one of said elements in circuit

on delivery of fuel and the other of said elements
in circuit in the absénce of fuel delivery, and cir-
cuit changing means responsive to combustion at
the burner to cut said timing elements out of cir-
cuit on occurrence of combustion. :

9. In a liquid fuel burner, the combination with
a fuel distributer, of a pump for supplying fuel
thereto, a motor for said pump, 2 plurality of
electrically actuated timing means each adapted
to cut said motor out of operation, a switch adapt-
ed to cut one of said means into circuit and the
other out of circuit, and vice versa, and means re-
sponsive to the pressure of the fuel delivered to
said distributer for controlling said switeh.

10. In a liquid fuel burner, the combination
with a fuel distributer, of fuel delivery means
therefor, a motor for said means, a plurality of
timing actuators with means operatively related
thereto for stopping the motor, means for render-
ing one of said timing actuators-effective and
the other ineffective and vice versa depéndent
respectively on the absence of delivery or on the
delivery of fuel by the fuel delivery means, and
means operable in response to combustion to ren-
der ineffective the timing actuator which is ren-
dered effective on fuel delivery.

11. In a liquid fuel burner, the combination

5

Wwith a fuel distributer, of fuel delivery means
therefor, a motor for said means, & plurality of
timing actuators with means operatively related
thereto for stopping the motor, one of said actua-
tors being effective and the other ineffective on

motor starting, means operable on fuel delivery

to render said one of said actuators ineffective and
the said other effective, and means operable on the
occurrence of combustion in the burner to render
said other actuator also ineffective.

12. Tn & liquid fuel burner, the combination
with g fuel distributor, of means for delivering
fuel thereto, an electric motor for said means, a
switch for the motor circuit, a plurality of timed
electric actuators for said switch effective to open
the same, means to energize one of said actuators
to render it operable to open said switch on the
absence of fuel delivery for a predetermined time

80

86

interval after motor energization, said last named

means on occurrence of fuel delivery being oper-
able to deenergize the one and energize the other
of said actuators to render the other actuator
operable to open said switch on the occurrence of

95

tuel delivery but on failure of combustion for a -

predetermined time, and combustion responsive
means to deenergize the said other actuator.

ARTHUR H. BALLARD.
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