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My invention relates to control systems and

to a system responsive to the presence of arcing

across & pair of electredes, and although not

limited thereto it has application to a control
circuit for a fuel burning device.

QOil burner control systems which employ an
arrangement for producing an electric ignition
for igniting the combustibles of the furnace, may
have an arrangement responsive to a call for heat
for producing the ignition and for initiating
oreration of the electric means for producing the

combustibles provided that the ignition is fune- -

tioning properly. In this menner the combus-
- tibles will not be pumped into the furnsce if the
ignltion s not present to ignite them. One
method of checking the ignition spark includes
an arrangemens responsive to high frequency im-
pulses which are produced in the ignition circuit
if sparking is present across the 1gnitxon elec-
trodes. Other safety arrangements include flame
detectors for turning off the oil burner provided
that the flame is not present in a predetermined
time after the burner has been turned on, such
a conirol system being described in Patent

2,136,258 to Sweet, which is assigned to the same

assignee as this present invention.

1% is, therefore, an object of my invention to
provide an improved fuel combustion control sys-
tem for determining whether o proper spark is
present across vhe ignition elscirodes,

Another object of my inveniion Is to provide
an Improved control system responsive to e pre-
determined arcing conditlon acress ‘a2 pair of
eiectrodss,

A furtiier object of my invention Is to provide
an hmproved fusl burner control arrangement
for inltlating operation of the combusiible pro-
ducing means after it has been determined that
8 predetermined spark is present across the igni-
tion electrodes.

Further objects and adv&mages of my inven-
tlon will become apparent from the following
description referring to the accompanying draw-
ing, and the features of novelty which character-
ize my invention will be pointed out with par-
ticularity in the claims annexed {o and forming a
part of this specification.

The single figure in the drawing illustrates a
control system for an oil burner which is pro-
vided with an embodiment of my invention.

In the arrangement illustrated in the drawing,
I have provided improved means for detecting
the presence of an arc across the ignition elec-

trodes which utilizes the phenomenon that the.

action of the arc upon an inductive alternating
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current supply circuit for the ignition trans-
former is such as to produce peak voltages across
the transformer primary in excess of the normal
alternating current terminal voltage. In order
t0 provide a system responsive to these peak
voltages, I connect a control circuit including an
electric discharge device directly. across the pri-
mary of the ignition transformer. To detect the .
peak voltages the electric discharge device is
biased beyond cutoff by a condenser which is in-
cluded in the control circuit and is arranged to
be charged to the normal transformer terminal
voltage through a half wave rectifier. The trans-
former terminal peak voltages, therefore, are im-
bressed upon the control circult so as to allow the
discharge device t0 be made conductive and to
operate a suitable relay in the plate circuit to
properly control the fuel burning device, in any
suitable manner.

Referring more particularly to the single figure
in the drawing, I have illustrated a control sys-
tem for s domestic furnace which burns fuel,
such as oil, the combustibles being provided ai
the furnace through a burner arrangement indi-
cated generally by the numeral i%. This burner
arrangement is of the conventional type and in-
cludes an electric motor for operating a com-
presgor and pump, and an ignition transformer
b4 having its secondary or high voliage winding
12 connected to srcing electrodes {3 and (4, the
latter being placed adiacent the nozzle of the
buraer srrangement in order to ignite the mix-
ture of fuel and alr as it passes out the nozzls.
The motor of the burner arraﬁ{;b-mm and the
primary or low voltags winding {8 of the ignition
iransformer moy be energized from a source in
any suitable manner. Thus, lines (6 and {7 may

-be connected o & suitable source through the line

switch §8 and one side of the motor of the burner
arrangement 18 is connected toc the line {6
through a conductor {8, while the other side of
the motor of the burner arrangement is con-
nected to the line §7 through a conductor 26,
contacts 21 of & relay indicated generally by the
numeral 22, conductor 23, contacts 24 of the relay
indicated generally by the numeral 25, and a
conductor 26. One side of the primary winding
{5 of the ignition transformer may be connected
to the line 16 through conductors 27 and 28, while
the other side of the transformer may be con-
nected to the line {7 through a conductor 29, a
reactor 30, contacts 31 of the relay 25 and the
conductor 26. The relay 25 is adapted to be
energized upon & call for heat, which call may be
produced 'in any suitable meanner, such as by
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providing a suitable condition responsive device,
such.as a thermostat 32 within the room to be
heated. Operating coil 33 of the relay 25 may,
therefore; be energized when the thermostat
closes its contacts and calls for heat, and this
circuit may be traced from the line {6 through a,
conductor 34, thermostat 32, a conductor 3§,
operating coil 33, and a conductor 36 back to
the line (1. It will, therefore, be seen that when
the thermostat 32 closes its contacts, the relay
25 will pick up and thus energize the ignition
transformer. However, the motor of the burner
arrangement 18 will not be energized until the
contacts 21 are closed upon energization of the
relay 22, and this relay is energized upon my
improved control system having determined that
a proper spark is present across the electrodes 13
~and 14,

In order to provide an improved system for
detecting the presence of a suitable arc across
the electrodes, I employ a detecting arrangement
which is responsive to peak voltages which are
present in the ignition transformer primary cir-
cuit, these voltages being in excess of the A.-C.
terminal voltage which is impressed across the
lines 6 and 17. These peak voltages result from
the action of the arc upon the alternating cur-
rent supply and apparently arise from the fact
that near the current zero the decrease in con-
ductance due to the arc brings about a rapid
change of current in the reactance of the supply
circuit, which is indicated in the diagram as
the lumped inductance element 30, leading to
peak vcltages of short duration. In a low react-
ance circuit inductance in the form of a reactor
30 may be added to the circuit.  These peak
voltages may be detected by any suitable means
which are not responsive to the high f{requency
character of the generated impulse but only to
their maximum value, and in the illustrated em-
bodiment of my invention I have provided an
‘electron discharge device 37 which is allowed to
become conducting when these peak voltages are
present in the ignition circuit. This electric dis-
charge device includes an anocde 38, a cathode
39, and a control electrode 40, and the plate
and cathode are connected in circuit with any
suitable device responsive to current passing
through the plate cathode circuit which may in

turn accomplish the desired control in the fuel 5

burning circuit. 'The cathode may be suitably
heated by a filament 41 which is connected to a
suitable source, such as a secondary winding #2
of a transformer 43. Thus, the cathode 39 and

anode 38 are connected in series with an oper- ¢

ating winding 44 of the relay 22 through con-
ductors 45 and 46, a secondary winding 47 of the
transformer 43 and a conductor 48. The second-
ary winding 47 provides the necessary potential
in the anode cathode circuit to produce the flow
of current in the circuit. A primary winding 48
of the transformer 43 is ecnergized, when the
thermostat 32 calls for heat, through a circuit
which includes a conductor 59 connected to the
line 16 and to one side of the primary winding,
‘a conductor 5 which is connected to the other
side of the primary winding and which is also
connected to contacts 5% of the relay 25, the
latter being in turn connected to the conductor
26 which connects with the line 7. It is to oe
understood that any other suitable source of
supply may be provided for producing the flow
of current in the anode cathode circuit. To de-
tect the peak voltages the conftrol tube is biased
beyond cutoff by a condenser 53 which is charged

&

10

30

35

65

70

75

2,276,803

through a half-wave rectifier 4. Thus, the con-
trol electrode is connected to one side of the pri-
mary winding of the ignition transformer and to

~the line [T through a conductor 55, a suitable

current limiting resistor 56, conductor 29, and re-
actor 30, contacts 31 and conductor 26. The
cathode is connected to the line 16 and to the
other side of the primary of the ignition trans-
former through conductor 48, a conductor 57,
capacitor 53, conductors 58 and 59, and con-

-ductors 271 and 28. The capacitor 53 is shunted

by the circuit which includes a half-wave recti-
fler 54 and any suitable source of supply such
as a secondary winding 60 of the transformer 43.
Thus, the plate of the capacitator 53 which is
connected to the cathode is also connected to one
side of the winding 60 through the conductor 48,
while the other side of the winding 60 is con-
nected through a conductor 61, half-wave recti-
fler 54, conductors 62 and 58 to the other side
of the condenser.

Operation of my improved control circuit is as
follows: Upon call for heat, the thermostat 32
will close its contacts thus energizing the relay

. 25 so that its three contacts 24, 3(, and 52 are

closed. .The closing of the contacts 31 completes
the eircuit for energizing the ignition frans-
former i, while the closing of the contacts 52
encrgize the transformer 83 which is in the cir-
cuit for producing the negative bias on the con-
trol electrode. The circuit which includes the
burner motor, however, will -not be energized
with the closing of the contacts 24, since the con-
tact 21 of the relay 22 must also be closed before
this circuit is energized. Before the suitable arc-
ing is present across the arcing electrodes 13
and 14, a charge will be produced on the controil
electrode and make it more negative than the
cathode so that no current will be allowed to
flow in the plate-cathode circuit. Or, two volt-
ages will be impressed across the control elec-
trode and cathode in opposite directions, and one
having a sufficiently larger magnitude so that
the tube will be non-conducting. When, how-
ever, suitable arcing is present between the elec-
trodes i3 and {4 peak voltages will be produced
across the lines 21 and 29 and these lines are in
turn connected between the control electrode and
the condenser 53 so that these peak voltages
will overcome the negative bias on the control
electrode and allow it to become sufficiently posi-
tive so as to permit a current to flow in the plate-
cathode circuit. When this current reaches a
sufficient value the relay 22 will pick up thus
closing its contacts 21 and energizing the burner
motor circuit. )

In view of the foregoing, it will be seen that
I have provided an improved arrangemeit re-
sponsive to the presence of an arc for controlling
8 fuel burning circuit. My improved control cir-
cuit is responsive to the presence of peak voit-
ages which are in excess of the A.-C. terminal
voltages for producing the desired control. Thus,
to detect the peak voltages an electric discharge
tube is biased beyond cutoff a sufficient amount.
The peak voltages produced by the arc, however,
are present in the ignition transformer primary
circuit which is connected between the control
electrode and cathode so as to overcome the
biasing voltage which is proportional to or equal
to the peak line voltage, and allow the control
electrode to become sufficiently positive so that
a current will flow in the circuit including the
plate and cathode. The plate-cathode circuit
may be connected in circuit with any suitable de-
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vice so as to produce the desﬁ‘ed control. In the

illustrated embodiment of my invention a relay is

connected in the plate cathode circuit for com-
pleting the motor circuit which produces the flow
of combustibles in the furnace. It is to be un-
derstood, however, that the plate-cathode cir-
cuit may be connected in circuit with any other
suitable arrangement responsive to a flow of pre-
determined current through the plate circuit for
producing- the desired control. - Therefore, in-
stead of connecting my control circuit which is
responsive to the arcing, in a control circuit
- which produces & continuous ignition, my im-
proved circuit may be applied in an oil. burner
-ignition circuit of the intermittent type. It will
also be apparent that my improved control cir-
. cuit which is responsive to the presence of an arc
may also be employed in an oil burner control
circuit which employs other safety mechanisms
or arrangements, such as a device responsive to
the presence of a flame and suitable timing

mechanism for deenergizing the burner provided

the flame does not appear within a predeter-
mined time after the burner is energized.. Thus,
my arc detection control circuit may be em-
ployed in such oil burner control circuits as are
described and claimed in Patent 2,058,577 to
'Eaton or as described in a copending application
Serial No. 347,994, Eaton, filed July 27, 1940, both
of which are assigned to the same assignee as
this present invention. It will also be apparent
- that although I have described a particular cir-
. cuit for producing the negative bias on the con-
. trol electrode when the arcing is not present and
for overcoming this negative bias when the arc-
ing is present through the peak voltages, any
other suitable circuit may be provided for de-
tecting the presence of these peak voltages which
are in excess of the A.-C. terminal voltages.
Modiflcations of the particular arrangement
which I have disclosed embodying my invention

will cccur to those skilled in the art, so that I

do not desire my invention to be limited to the
particular arrangement set forth and I intend
in the appended claims to cover all modifications
‘which do not depart from the spirit and scope
of my invention.

What I claim as new and desire to secure by
Letters Patent’ of the United States, is:

1. A control for 4 furnace burner having means -

for producing a flow of combustibles to the fur-
nace and spearking electrodes for igniting the
combustibles including. an ignition transformer
having ' an inductance in the primary ecircuit
thereof for connecting said sparking electrodes
across a source of alternating potential to cause

3

a cathode, and a control electrode for energizing
sald electrically operated means, means includ-

" ing a eapacitor and a rectifier for impressing a

10

charge on said control electrode so as to prevent

& current from flowing in a plate circuit includ-"

ing said anode and cathode, the presence of arc-
ing between said' arcing electrodes producing
voltages across the primary of said transformer
of a value greater than that of said source, and
means for impressing the last-mentioned voltage
on said control electrode in the reverse direction
than the biasing voltage so as to allow current
to flow in the said plate circuit when arcing is
present across said arcing electrodes.

3. In combinsation, a pair of electrodes, means
including a transformer for impressing an alter-
nating potential across said electrodes to produce
arcing therebetween, an electric discharge device
having an anode, a cathode and a control elec-
trode, a circuit including a condenser for im-

_ bressing the energizing potential of said trans-

30

40

former across said cathode and control electrode,
separate means for charging said condenser to a
potential of substantially the same magnitude as
said energizing potential but in a fixed direction

‘such that no current will flow in the plate cath-

ode circuit of said electric discharge device, and
inductive means in the energizing circuit of said
transformer for producing a peak voltage in said
control circuit in excess of said transformer en-

- ergizing potential in response to the presence of

a predetermined alternating arcing between said
electrodes for overcoming said condenser poten-
tial to allow current flow in the anode cathode
circuit of said electric discharge device.

4, A control system responsive to a predeter-
mined arcing condition including a pair of elec-
trodes, a source of aliernating potential, means"
including a transformer having a reactor con-
nected in series with the primary winding there-
of across said source for impressing a higher po-
tential across said electrodes to produce & pre-
determined arcing therebetween, an electric dis-
charge device having an anode, a cathode and a
control electrode, a circuit including a condenser
connected acress the primary winding of said
transformer for -impressing the energizing po-
tential of said transformer primary winding

"~ across said cathode and said control electrode,

arcing across said electrodes, an electric dis- .

charge device, means responsive to the flow of
current through said device for completing the
circuit’ through said combustible producing
means, means for biasing said discharge device
beyond cutoff, and means responsive to peak
~ voltages present across the primary of said trans-
former when the arcing is present across said
electrodes for overcoming said cutoff means.

~ 2. A control for a.furnace burner having elec-
trically operated means for producing a flow of
combustibles to the furnace and sparking elec-
trodes for igniting the combustibles including a
source of alternating potential, means including
~ an ignition transformer having an inductance in
the primary circuit thereof for impressing said
potential across said sparking electrodes when
heat from said furnace is desired, means includ-
ing an electric discharge device having an anode,

separate means for charging said condenser to
bias said discharge device beyond cut-off, means
including said transformer and said reactor for
producing peak voltages in said circuit in excess
of the potential of said source to overcome the
bias of said condenser and allow said electric
discharge device to become conductive, and
means connected in circuit with said anode and
cathode to be responsive to the flow of current
therebetween. .

5. A control system for a burner having a pair
of ignition electrodes comprising means includ-
ing & transformer for impressing & potential
across said electrodes o produce arcing therebe-
tween, an electric discharge device having an
anode, a cathode and a conirol electrode, a cir-
cuit inciuding & condenser for impressing the en-
ergizing voltage of said transformer across said
control electrode and sald cathode, means for:
charging said condenser to a potential of slightly
larger magnitude than said transformer ener-
gizing potential but of fixed polarity to bias said
electric discharge device beyond cut-off, means
including ‘said transformer for producing peak
voltages in said circuit of larger magnitude than
said energizing potential -for overcomng the bias
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of sald condenser to allow current to pass be-
tween said anode and sald cathode when arcing
is present between sald electrodes, and means
connected in circuit with said anode and cathode
for controlling the operation of the burner.

8. A control for a burner having supply means
for producing s flow of combustibles and a pair
of spaced apart arcing electrodes for igniting the
combustibles comprising means including =2
transformer for impressing a high voltaze across
seld electrodes, an clectrie discharge device have
ing an anode, 8 cathode and a conirol electrode,
s, civeult including a condenser for impressing the
energlzing potential of sald transformer across
said control electrodes and said cathodes, means
for charging seid condenser to bias said electric
discharge device beyond cut-off, means including
said transformer for producing peak voltages In
said eircuit of & megnitude greater than sald
transformer energizing wpotential to overcome
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the bias of said condenser and allow current to
flow between sald anode and sald cathode, and
means responsive to the flow of current between
said anode and said cathode for effecting opera-
tion of said supply means. :

7. A control for a burner having means for
supplying combustibles and arcing electrodes for
igniting the combustibles comprising means In-
cluding a transformer for energizing said elec-
trodes to produce arcing therebetween, and
maans including an electric discharge device
having a control electrode energizing circult
connected to be responsive to the energizing cir-
cuit of sasid transformer to produce peak volt-
ages in sald circult of substantialiy larger value
than said energizing potential upon the estab-
lishment of a predetermined sarcing condition
between said elactrodes for effecting operation of
said supply means.

CHAUNCEY G. SUITS.



