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This invention relates generally to fluid fuel
burner control systems.

In a conventional oil burner control system,
there is customarily provided some means$ re-
sponsive to the presence of flame at the burner,
which means must be maintained in an opera-
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tive condition .in order to permit the supply of -

fuel to the burner. Many types of flame respon-
sive means are well known in the art, for ex-
ample, temperature responsive stack switches,
photocells, flame electrodes which provide a con-
ductive path through the flame, etc. These
flame responsive devices are ordinarily main-
tained conductive due to the heat of the flame,
the light produced by the flame, or the conduc-
tivity of the flame itself. In conventional sys-

tems, when the flame responsive device is con- .

ductive, indicating the presence of flame at the
burner, the feeding of fuel to the burner is
allowed to continue if demanded by the room
thermostat, or other main control device. -

In order to start a burner with a control sys-
tem employing such a flame responsive device,
some means must be provided for permitting
the supply of fuel during -the starting period
,when there is no flame at the burner. Such
means ordinarily consists of a timing device,
which allows the feeding of fuel to the burner
after a call for heat by the main control,
regardless of the flame responsive device. If the
flame responsive means does not respond during
the starting period, the supply of fuel to the
burner is cut off by the timing devne at the end
of a predetermined time.

An object of the present invention’is to provide
an improved and simplified burner ¢ontrol sys-
tem, including a novel means of timing the dura-
tion of the starting period.

Another object of the present .invention is to
provide an improved burner control system in-
cluding an electric discharge device, wherein the
controlling devices are connected in the input
circuit of the discharge device, so that the cur-
rent carried by the controlhng devices is at a
minimum.

A further obJect of the present invention is to
construct a burner control system wherein the
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the appended clanns specmcation and drawing,
in which,
- Figure 1 represent§ a circult diagram of a
control system embodying  our mventlon and
Figure 2 is a modification of the control sys-

- tem of Figure 1, embodying our mvention in a
somewhat dlfferent form. -

~

Fzgure 1

Referring to Figure 1, 10 represents a motor
driving means for supplying fuel to a fluid fuel
burner (not shown). An ignition device Hf is
provided for igniting the fuel as it issues from the
burner. Motor 10 and igniter 11 are adapted to
be energized from a pair of power supply lines
12 and 3. Also connected to the power lines {2:

and 13 is a transformer {4 having a primary
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" ceeds a predeterminéd value.
.comprises a glass tube 26 having a pair of elec-
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timing of the starting period is regulated by a

. condenser connected in the input circuit of an
electric discharge device.

A stil] further object is to provide, in such a
circuit, means for varying the duratlon of the
starting period.

Other objects and advantages of my invention
will become apparent from a consideration of
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winding 15 and a pair of secondary windings 16
and 1.

Operation of the burner motor 10:s controlled
by a .thermostatic device 20 which may be a

room thermostat mounted in the space to be

The thermostat 20.com-
which carries on

heated by the burner.
prises a bimetallic element 21,

its free end a contact arm 22, which on a de-

crease in temperature to a predetermined point
is adapted to engage a stationary contact 23. A
permanent magnet 24 is mounted adjacent the
stationary contact 23 to provide a. snap action
of the contact arm 22 in a manner well known
in the art.

A limit switch 25 responsive to bonnet tem-
perature or some other limiting condition of the
heating /System, is. provided to shut down the.
system in case the said limiting condition ex-
The switch 25

trodes 27 and 28 in one end thereof, and a pool
of mercury 29 which is adapted to roll along the
bottom of the tube and make and break the cir-
cuit between the electrodes as the tube is shifted
back and forth by a suitable condmon respon-
sive element (not shown).

A combustion responsive switch 33 comprises

‘a movable contact arm 34 and a stationary con-
“tact 35.

This switch may be of the usual slip
friction type which is actuated by means of a
thermal element responsive to the stack tem-
perature or the temperature in the combustion
chamber of the furnace. Due to the slip fric-
tion action between the thermal element and
the switch arm, the switch is responsive to a
change in temperature rather than to any pre-
determined temperature.

The thermostat 20, the limit switch 25, and the
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combustion responsive switch 33 cooperate to con-
trol the  conductivity of an electric discharge
device 40 having an anode 41, a control elec-
trode 42, 4 cathode 43, and g heater element 44.

Connected in the output circuit of the dis-
charge device 80 is a relay 48 having a winding

<

46 whose energization controls the operation of .’

3 switch arm 47 into and out of engagement with
the stationary switch contact 48.

The output circuit of the discharge device 20
is conductive only during the half cycles when
the lower end of transformer secondary winding
16 is positive with respect to its upper end. The
output circuit may be traced from the lower end
of secondary winding 16 through a conductor 50,
relay winding 46, a conductor 51, anode 41, cath-
ode 43, a conductor 52, biasing resistor 53 and its
associated parallel by-pass condenser 54, and a
conductor 55 to the upper terminal of trans-
former secondary winding (6.

The input circuit of discharge device 40 com-
prises various branch circuits which connect
cathode 43 and control electrode 42. One of
these branches is effective to maintain control

electrode 42 at a potential sufficiently negative-

with respect to that of cathode 43 that the cur-
rent flowing in the output circuit of discharge
device 40 is too small to energize relay 45 enough
'to make contact between switch arm 47 and con-
tact 48. This branch circuit, hereinafter referred
to as the negative biasing branch may be traced
from cathode 43 through conductor 52, biasing
resistor 53 and its associated parallel by-pass
condenser 54, conductor 55, variable resistance
56, a conductor 51, and resistor 60 to control elec-
trode 42. In this negative biasing branch, con-
trol electrode 42 is at substantially the same po-
tential as the negative (upper) terminal of trans-
former secondary {6 during the half-cycles when
the discharge device 40 is conductive, while cath-
ode 43 is at a substantially more positive poten-
tial, due to the drop across biasing resistor 53.

A second branch of the input circuit is pro-
vided which shunts the major portion of the neg-
ative biasing branch just traced, and when com-
‘pleted maihtains the control electrode 42 at sub-
stantially the same potential as the cathode 43.
‘When the second branch is complete, the dis-
charge ‘device 40 conducts sufficient current to
energize relay 45 and cause engagement of switch
arm 41 with contact 48. This second branch may
be traced from cathode 43 through a conductor
61, combustion responsive switch 33, conductors
62 and 63, limit switch 25, a conductor 64, ther-
‘mostat 28, g conductor 65 and resistor 60 to con-
trol electrode 42.

In this second branch of the input circuit, the
combustion responsive switch 33 is connected in
parallel with a timing condenser 66 by means of
a pair of conductors 67 and 68.

The heater element 44 of discharge device 40
may be supplied with energy from any suitable
source.. For example, in the system shown, it
may be connected to the terminals of transformer
secondary winding {7. ‘These connections have

. been omitted from the drawing for the sake of
’ cla.nty
- Operation of Figure 1

- When the parts are in the position shown in
the drawing, the thermostat 20 is satisfled. In
other words, it is not calling for operation of the
burner motor 18. The bonnet temperature or
other limiting condition is below the predeter-
~ mined limiting value, so that the switch 25 is
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closed. No combustion is taking place in the
burner. Hence, the last change affecting the
combustion responsive switch 33 was a drop in
temperature, and the switch arm 34 is therefore
separated from the contact 35. Let it be as-
sumed thiat the system has been energized for a
length of time sufficient for the heater element
44 to heat the cathode 43 to its operatmg tem-

- perature,
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Under these conditions, the dlscharge device
40 is substantially non-conductive, since the con-
trol electrode 42 is biased negatively by means
of the negative biasing branch of the input cir-
cuit, previously traced. The statement that the .
discharge device 40 is substantially non-conduc-
tive means merely that the current flowing in its
output circuit is insufficient to operatively ener-
gize relay 45.

Let it be assumed- that the temperature to

‘'which the thermostat 20 is exposed now falls,

causing switch arm 22 to move.into engagement
with contact 23. This completes the second
branch of the input circuit and shunts biasing
resistor §3 and its associated parallel by-pass con-
denser 58 from the output circuit of the discharge
device 40. 'This shunt connection may be traced
from the cathode 43 through conductor 68, con-
denser 66, conductors 67 and 63, limit switch 25,
conductor 64, contact 23, switch arm 22, bime-
tallic element 24, conductors §5 and 51, and var-
iable resistance 56 to conductor 55. When this
connection is first completed, the condenser 86
is substantially uncharged so that no potential
difference exists across its terminals. To this end
the condenser 66 may desirably be shunted by a .
resistance 66a of suitably high value. Therefore,

" the potential of control electrode 42 is almost the
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same as that of cathode 43 and the discharge
device 40 becomes conductive. Current flowing
through the output circuit of discharge device .28
energizes relay 45, thereby moving the switch arm
41 into engagement with stationary contact 48.

This operation of relay 45 completes an ener-
gizing circuit for burner motor 0 and igniter ¢,
which may be traced from power supply line {2
through a conductor 10, burner motor {0 and
ieniter 11 in parallel, a conductor 11, switch arm
43, contact 48, and a conductor 72 to power sup-
ply line 13.

As soon as the connection through condenser

66 is completed, the intermittent unidirectionsl

flow of current through it tends to build up a
potential oh its plates. The polarity of this po-
tential is such that the plate connected to the
cathode is positive with respect to the plate con-
nected to the control electrode 42. Each half
cycle during which the discharge device £0 is
conductive adds a small amount tc tiie charge
of the plates of condenser §6. The charge on
condenser 66 therefore gradually increases, and
as it increases the potential of control electrode
42 becomes more and more negative with respect
to the potential of cathode 43. As the potential
of control electrode 42 becomes more negative,
the current flow in the output circuit of discharge

"device 40 becomes less, due to the well known char-

acteristics of such discharge devices. When the
potential across condenser 66 reaches a critical
value, depending upon the characteristic of the
discharge device 40, the output current of the
device 40 is reduced to a point where it is no
longer sufficient to maintain the energization of

"relay 45. When the current through winding 46

falls to this low value, switch arm 47 drops away
from contact 48, thereby deenergizing motor (0.
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The period of tlme necessary to charge con-
denser 66 to its critical value, and thereby ‘cut
off operation .of the burner motor 10, may be
determined by adjustment of the vanable re-

" sistor 56. During the alternate half cycles when
the condenser 66 is not being charged by the

flow of current-through the discharge device 40, .

the charge on its plates is slowly leaking off
through a circuit which may be traced from the
right-hand terminal of condenser 66 through
conductors 68 and 52, resistance 53, conductor 55,
variable resistor 56, conductors 51 and 65, ther-
mostat 20, conductor 64, limit switch 2‘5, and
conductors 63 and 67 to the left-hand terminal
of condenser 66. It may be seen, that as the
value of variable resistance %56 is reduced, a
greater proportion of the charge on the con-
denser 66 leaks off during the alternate half
cycle when it is not being charged. Therefore,

as the value of variable resistance 56 is reduced,

the period of time necessary to build the charge

on condenser 66 up to the point where. it will

cause deenergization of relay 25, is increased.
The variable resistance 56 is adjusted so that

the period of time needed to charge condenser

66 is somewhat longer than the time required by
the combustion responsive switch 33 to close its
contacts following the appearance of a flame at
the burner. Therefore, under normal conditions,
combustion responsive switch 33 will close due to
thepresence of the burner flame before the con-
denser 66 has charged sufficiently to cause de-
energization of relay 45. As soon as the com-
bustion responsive switch closes, it shunts the
condenser 66, thereby removing the condenser
from any further control of the discharge device
40. The burner motor 10 and the igniter 11 will

3
cally. It is only necessary to close the switch 66b
momentarily in order to discharge condenser 66
completely. This returns the circuit to its normal
condition, and allows a new starting period to
begin. '

A normally closed push button switch might
be placed in conductor 63 or 64 in lieu .of switch
66b. It would be necessary, in. using .such a

- switch, to hold it open long enough for condenser
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86 to discharge through resistor 66a.
Figure 2

. Figure 2 discloses a modification of our inven-
tion wherein 'a different type of combustion re-
sponsive device is employed, and wherein a differ-
ent arrangement is used for adjusting the length
of the starting period of the system. All elements
in the circuit of Figure 2 which correspond ex-
actly to elements in the circuit of Figure 1 have
been given the same reference numerals, and will
not be further described. .-

In Figure 2, the combustion responsive switch
33 of Figure 1 has been removed. In its place,
conductor 61 is connected to the metallic strue--
ture of the burner 36, and the conductor 62 has
been connected to an-electrode 37T mounted in a

) position so that it operatively engages the flame
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therefore remain energized until the thermostat

20 again becomes satisfied and opens its contacts.
Opening of the limit switch 25 or of the combus-
tion responsive switch 33 will also cause deener-
gization of the system.
The resistance 66a is.provided to insure that
the condenser 66 will be in a completely dis-
charged condition when the thermostat 20 closes
- its contacts. If the condenser 66 had an initial
charge when the thermostat 20 called for heat,
it can readily be_ seen that the charging time of
the condenser would be affected thereby. If the
polarity of the charge was such that the left
‘hand plate of condenser 66 was negative, the
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charging time would be shortened, and the relay -

45 might be deenergized before the combustion
responsive switch 33 closed. This would effec-
tively prevent the burner from operating. The

resistance 66a may desirably be made ten times-

.as large as resistance 56, in order that its effect
- on the charging time of condenser 66 wili be small
as compared with that of resistance 56.

An initial negative charge having the undesira- -

ble effect mentioned might occur, if resistance
66c were nof used, in various ways. For example,
if, shortly after a call for heat by thermostat 20,
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. and before closure of switch 33, the thermostat

should be manually adjusted to operate at a lower
temperature, the charge on the plates of con-
denser 66 might remain there until the next call
ofor heat, thereby shortening the starting period.

A switch 66b is provided which may shunt the
condenser 66. . This switch 660 is normally open
and may. be manually closed, for example, by
means of a push button. The switch 66b is pro-
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vided in order that the burner may be started -

after it has shut down due to charging of con-
denser 66 during an attempt to start: automati-

75

of the burner 36. Since it is well known that
flames are electrically conductive, it will be ap-
parent that as soon as a flame appears at the
burner, the timing condenser will be shunted
sufficiently so that it cannot charge to a point
where it will cause deenergization of relay 45.

. 'The variable resistance 56 of Figure 1 has been
replaced by a fixed resistance 58 in Figure 2, and
the condenser 66 of Figure 1 has been replaced
by a variable condenser 69 in Figure 2. It will be
readily understood that the time necessary to
charge condenser 69 may be controlled by vary-
ing its capacitance just as easily as it may be
controlled by varying a resistance connected in
circuit with it.

The operation of the circuit shown in Flgure 2
is entirely analogous to the operation of the cir-
cuit in Figure 1. It will not therefore be further
described.

It should be apparent from the preceding de-
scription that we have provided a burner control
circuit in which the timing arrangement is con-
siderably simplified over the devices of the prior
art. Furthermore, since all the condition respon-
sive controls are connected in the input circuit of
an-electrical discharge device, the current flow-
ing through their contacts is substantially neg-
ligible. There is therefore no possibility of arcing
or corresion at the contacts such as is sometimes
encountered in burner control circuits of the
prior art.

While we have shown and descnbed preferred
embodiments of our invention, it will be readily
understood that various modifications will sug-
gest themselves to those skilled in the art. It is
therefore our intention that the scope of our. in-
vention is to be limited only by the appended
claims.

We claim as our invention:

1. A control system for a fluid fuel burner
comprising ‘in combination, a relay controlling
the operation of said burner, an electric discharge
device having an input circuit and an output cir-
cuit, a source of electrical energy, means con-
necting said output circuit, said source, and said
relay, means for biasing said input circuit so as
to hold the current in said output circuit below
the value necessary to energize said relay, a con-
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trol device for initiating operation of said burner,
a condenser, means including said control device
for connecting said condenser in said input cir-

cuit so that the charging current of said con- .

‘denser opposes said biasing means for & predeter-
mined time, thereby permitting the current in
‘the output circuit to rise above the value nec-
essary to energize said relay, and means respon-
sive only to the presence of a flame at said burner
for shunting said condenser so as to maintain said
output current abave said value.
. 2. In a control system for a fluid fuel bumer
in combination, means for supplying fuel to said
burner, an electrical network including a con-
denser 'in a2 branch thereof, means including a
device responsive to a condition indicative of the
need for operation of said burner for completing
a circuit in said network, said circuit including
sald condenser in series, means responsive to a
flame at said burner for shunting said condenser
in said circuit, and means in said network re-
sponsive to the flow of current in said circuit for
operatively energizing said fuel supply means.

3. In a control system for a fluid fuel burner,
“in combination, means for supplying fuel to said
burner, control means for said fuel supply means
including an electric discharge device having an
input circuit and an output circuit, sald control
_ means being effective to operate said fuel supply
means, when said discharge device is conductive
and to stop operation of said fuel supply means
when said discharge device is substantially non-
conductive, said input circuit including a first

connection for maintaining said discharge device.

- substantially non-conductive and a second con-

nection adapted, upon the occurrence of a cur-

rent flow therethrough, to overcome the effect
of said first connection and maintain said dis-
charge device conductive, switch means in said
second connection for permifting a current flow
therethrough, said switch means being responsive
to a condition indicative of the need for dpera-
tion of sald burner, 2 condenser connected in
‘series with said switch means so as to permit a
flow of charging current to said condenser
through said second connection for a predeter-
mined time after closure of said switch, and
means responsive to the presence of a flame at
said burner for shunting said condenser.

4. In a control system for a fluid fuel burner,
in combination, means for supplying fuel to said
burner, control means for said fuel supply means
including an electric discharge device having an
‘input circuit and an output circuit, said control
means being effective to operate said fuel supply
means when said discharge device is conductive
and to stop operation of said fuel supply means
when said discharge device is substantially non~
conductive, and means for controlling the con-
ductivity of said discharge device, comprising a
sensitive switching device responsive to a condi-
tion indicative of the need for operation of said
burner connected in series with a. parallel group
including a condenser and a device for complet-
ing a shunt circuit around said condenser in re-
sponse to the presence of flame at said burner.

5. A system for controlling the temperature in
‘a space, comprising in combination, a fluid fuel
burner, means for supplying fuel to said burner,
control means for said filel supply means inelud-
ing an electric discharge device having an input
cireuit and an output circuit, said control means
being effective to operate said fuel supply means
when said discharge device is conductive and to

. stop operation of said fuel supply means when
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" said discharge device is substantially non-con-

ductive, and means in said input circuit for con-
trolling the conductivity of said discharge device

" including a thermostatic switch responsive to the
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temperature in said space connected ‘in series
with a parallel group comprising a condenser and
a device for completing a shunt circuit around
said condenser in response to the presence of a
flame at said burner. .
6. A gystem for controlling the temperature in
a space comprising in combination, a fluid fuel
burner, means for supplying fuel to said burner,
control means for said fuel supply means includ-"
ing an electnc discharge device having an input
circuit and an' output circuit, said control means
being effective to operate said fuel supply means
when said discharge device is conductive and to
stop operation of said fiel supply means when
said discharge device is substant1a11y non-con-
ductive, and means in said input circuit for con~
trolling the conductivity of said discharge device
including a thermostatic switch responsive to the
temperature in said space and a swit¢h responsive
to a limiting condition connected in series with
a parallel group comprising a condenser and a

‘device for completing a shunt circuit around said

condenser in response to the presence of ‘a flame
at said burner.

7. A safety control system for apparatus nor-
mally operable when energized to establish 'a pre-
determined °condition, comprising. in . combina~-
tion, an electric discharge device having an input
circuit and an output circuit, a source of elec”
trical energy, means connecting said output cir-
cuit, said source, and said apparatus, means for

_biasing said input circuit so as to hold the cur-"

rent in said output circuit below the vaiue neces-,
sary to. energize said apparatus, control means
for initiating operation of said apparatus, a con- -
denser, means including said control means for
connecting said. condenser in said input circuit
so that the charging current of said condenser
opposes said biasing means for a predetermined’
time, thereby permitting the current in the out-

5 put circuit to rise above the value necessary to

energize said apparatus, and means responsive
to the establishment of said predetermined con-
dition for -shunting said condenser so as to main-

- tain said output current above said value.
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8. In a safety control system for apparatus nor-.
mally operable when energized to establish a
predetermined condition, in combination, means
including an electric discharge device for control-
ling said apparatus so that said apparatus is en-
ergized only when said device is conductive,
means responsive to a condition indicative of the
need for operation of said device in its active
sense for operating 'said control means, means
including a condenser in the input circuit of said
discharge device for maintaining - conductivity
thereof for a predetermined time following a call
for operation by-said condition responsive means,
and means responsive to the establishment of
said predetermined condition tor shunting said
condenser so as to maintain conductivity of said
discharge device.

9. A control system for an electrically operated
device including an electric discharge device hav-
ing an anode, a cathode and u control electrode,
means for maintaining said cathode in & contin-
ually heated condition, means for continually
impressing a voltage across said anode and cath-
ode, a relay responsive to the current flow
through said discharge device for initiating op-
eration of said electrically operated device, means
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fpr/‘ normally biasing said cohtrol electrode so

that the current flow through said relay is in-

adequate to energize said relay, means including

a condition responsive device for rendering said
previously named biasing means ineffective and

for producirig a further biasing voltage on said.

control electrode at a predetermined rate so that
after a predetermined time delay a lowering of

current flowing through said discharge device to

a predetermined value will cause said electrically
operated device to be deenergized, and means re.
sponsive to a predetermined normal condition of
operation of said electrically operated device for
overcoming said further biasing voltage so that
said electrically operated device will remain en-
ergized when said predetermined normal condi-
tion of operation obtains before the expiration
of said predetermined time delay.
" 10. In a burner control system, a relay for con-
trolling the flow of fuel to a burner, means for
controlling the energization of said relay, said
means including an electric discharge device hav-
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ing an anode, a cathode and a control electrode,

means for impressing a voltage across said anode

and cathode, means including g condition respon-
sive device: for controlling said electric discharge

25

device to effect current flow therethrough and .

. through said relay, a condenser connected in se-
ries with said condition responsive device for
producing a biasing voltage on said control elec-
trode at a predetermined rate so that after a pre-
determined time delay a lowering of current
flowing through said discharge device to a pre-
determined value will cause said relay to be de-
energized, and means responsive to the estab-
lishment of combustion for discharging said con-
denser so that said relay will remain energized
when combustion occurs before the expiration
of said predetermined time delay.

11. In apparatus for controlling a fluid fuel
burner, a relay adapted to be employed for con-
‘trolling a burner, an electronic discharge device

30

" connections adapted when

having input and output terminals, ‘means for -

employing electrical energy to said apparatus, an
output circuit for said discharge device including
said energy supplying means, said relay, and

. 5
sald output terminals of sald discharge device, ‘
means for applying to said input terminals g bias-

ing voltage of such magnitude as to hold the cur-
rent in said output circuit below the value neces--

- sary to energize said relay, a condenser, and con-

nections between said condenser and said input
terminals adapted to include a control switch,
said connectiong being effective when completed
by said control switch to cause charging of said
condenser and to oppose said biasing voltage dur-
ing the time said condenser is charging, thereby
permitting the current in the output circuit to
rise above the value necessary to energize said

relay, and connections adapted when completed

to include means responsive to the presence of-
& burner flame and effective when completed and
upon the occurrence of a flame to shunt said con-
denser so as to maintain said output current

-above said value. -
20

12. In apparatus for controlling -a fluid fuel
burner, a relay adapted to be employed for con-
trolling a burner, an electronic discharge device
for controlling the energization of said relay, said
device having an anode, a cathode and a control
electrode, means for impressing a voltage across
said anode and cathode, meang for controlling
sald electric ‘discharge -device. to effect current
flow therethrough and through said relay, a con-
denser, connections from said condenser adapted
to be connected to & con ition responsive device
and ‘being effective when connected to such a
condition responsive device to produce a biasing
voltage on said control electrode at a predeter-
ined rate so that after a predetermined time
delay a lowering of current flowing through said
discharge device to a predetermined value will
cause said relay to be deenergized, and .further
completed to include
means responsive to the presence of combustion
and effective when completed and upon the oc- .
currence of a flame to discharge said condenser
so that said relay will remain energized when
combustion occurs before the expiration of said
bredetermined time delay. - ’
: CHARLES B. SPANGENBERG.

ARTHUR H. SWANSON. ’



