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The present invention relates generally to con-
trol systems and more particuiarly to a safety
control system for fluid fuel burners such as are
operated intermittently in accordance with heat-
ing requirements.

The principal object of the invention is to pro-
vide a simple and effective control system which
will discontinue burner operation within a pre-
determined time if there is an initial absence of
proper combustion or a subsequent failure of
proper combustion during burner operation.

A further object is to provide a conirol sys-
tem in which thermally responsive resistors are
employed instead of the customary contact type
stack and timing switches to provide the same
and certain additional safety features.

Another object is to provide a control system
in which a thermally responsive resistor is also
employed to continue operation of the fan which
supplies combustion gir for a predetermined time
after stopping of the fluid fuel feed to purge the
heater of combustible matter and obnoxicus
fumes.

As will be hereinafter described, the basic con-
trol system includes a thermally responsive re-
sistor as a temperature-sensitive element sub-
ject to heat of combustion gases and a ther-
mally responsive self-heating resistor as a tim-
ing and voltage regulating element with these
elements so associated in the system as to jointly
control a relay for the power supply to the
burner.

In the drawing:

Fig. 1 is a circuit diagram of the present basic
control system.

Fig. 2 is a graph showing certain characteris-
tics of one of the thermally responsive resistors.

Fig. 3 is a circuit disgram of an elaboration of
the basic control system of Fig. 1.

Referring first to the showing in Fig. 1, the
reference characters A and B have been applied
to thermally responsive resistor units which will
be hereinafter referred to as a stack resistor and
a timing resistor, respectively. Each of these
units, as employed in the present system, is a
resistance unit having g relatively high negative
temperature coefficient wherein the resistance to
current flow through the resistance decreases
materially as the temperature thereof rises.
will be understood that these resistor units may
be of any suitable type having resistance mate-
rial with the desired negative resistance tem-
perature characteristic. Such materials are well-
known in the art and may consist, for instance,
of various semi-conducting materials including
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oxides of copper, chrome, iron or manganese
and combinations of these oxides which have
been heretofore employed for negative resistance-
temperature coefficient resistor units.

In the present system the stack resistor A is
located in the exhaust stack of the fluid fuel
burner so as to be primarily responsive to the
temperature of the combustion or exhaust gases
and is preferably so designed as to have a rela-
tively low thermal inertia to respond readily to
variations in gas temperature. The timing re-
sistor B is of the self-heating type with its tem-
perature primarily responsive to current fow
through the resistance material and such tem-
perature may be controlled by controlling the
dissipation of heat generated within the resistor
due to the I2R loss.

In the wiring diagram of Fig. 1 a source of
current such as the grounded battery 4 is shown
as connected by conductor 6 to the fixed contact
8 of a control switch, such as a conventional
thermostat S, having the movable contact 10
connected to one side of a fixed dropping re-
sistance R by conductor 12. The other side of
resistance R is connecied by conductor 14 fo the
timing resistor B which is grounded at 18. This
side of the resistance R is also connected by a
conductor 18 to one end of a control relay coil
C having its other end connected by conductor
20 to the stack resistor A which is grounded at
22. It will be noted that the stack resistor A
is in series with the relay coil C and that the
timing resistor B is in shunt with the resistor A
and coil C. A conductor 24 connects conductor
{2 to a contact 26 of a relay switch having a
contact arm %8 adapfed to move upon proper
energization of control relay coil C to engage
both contact #§ and a contact 30 which is con-
nected by conductor 32 to the grounded load L
which may consist of a fuecl pump or valve,
ignition coil, fuel air fan or such other elements
as may be used to operate the burner and pro-
vide combustion when there is a demand. for
heat by the thermostat S.

Before describing the operation of the com-
plete circuit it is believed it would be desirable
to explain the functions of the stack resistor A
and timing resistor B. Considering first the
stack resistor A it will be seen that since re-
sistor A is in series with the relay coil C, the
voltage indicated at Eb in Fig. 1 between con-
ductor 18 and ground will be shared between
these elements. The electrical characteristics of
the stack resistor A and relay coil C are so
chosen that at a given steady value of voltage
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Eb, when stack resistor A is cold and of high
resistance the greater part of this vcltage ap-
pears across the resistor A so that relay coil C is
not energized, but as the stack resistor A ig heat-
ed to reduce its resistance, a greater part of the
voltage Eb appears across and energizes the re-
lay coil C. If, however, the wvoltage Eb should
assume values. congiderably higher than normal,
the relay coil C will be energized even though
the stack resistor A is cold and it will therefore
be seen that the relay coil C can be controlled
by the ambient temperature of resistor A and/or
by the value of voltage Eb.

The timing resistor B and fixed resistance R
are adapted to control and regulate the voltage
Eb. The timing resistor B is designed and cp-
erated so that self-heating from current I causes
its resistance to vary with time until a steady-
state condition obtains where the current rise
is limited by resistance R as shown by the graph
in Fig. 2. In the final steady-state condition
voltage Eb iz substantizlly independent of the
source voltage indicated at E in Fig. 1 and load
current variations due to the seli-regulating
action of the timing resistor B. As will be noted
hereinafier the initial falling-off portion of the
Eb voltage-time characteristic is employed in the
present control system so that the relay coil €
will be deenergized at a given time after the

closure of thermostat S if normal combustion -

fails to occur.

Upon closure of the thermostat S current will
flow from the battery 4 through the fixed resist-
ance R and then through conductor {§ and timing
resistor B to ground (%, and through conductor 18,
relay. coil C, conductor 28 and stack resistor A to
ground 22. If the burner has not been.in opera-
tion for some time so that hoth the resistors are
cool, the relatively large value of the voltage Ed
appearing across the timing resistor 13, as noted
above, will immediately energize the control relay
coil C to thereby close the relay switeh and supply
current through conductors 24 and 32 to the load
L to operate the burner. If proper combustion
occurs, the stack resistor A will be rapidly heated
by the exhaust gases to thereby reduce. its resist-
ance to a very low value and throw a large por-
tion of voltage Eb across the magnet coil C.
Meanwhile the timing resistor B is heating due to
its. own I?R loss to thereby decrease its resistance
and cause voltage Eb to fall toward a prede-
termined level such that if the stack resistor A is
hot, the relay coil C will remain energized but if
the stack resistor A is not heated the relay coil C
will not receive sufficient voltage to retain the re-
lay switch in closed position. Therefore if the
burner fails to ignite or provide proper combustion
when started, or if during operation combustion
should fail or become 50 poor as to reduce the tem-
perature of the stack resistor A below some prede-
termined point, the relay switch will open to dis-
continue burner operation.

To provide the foregoing operation it will be
apparent that the electrical characteristics of the
timing resistor B and fixed resistance R should
be so chosen as to allow sufficient time to elapse
before reducing voltage Eb to such an extent as
to drop out the relay switch to accommodate nor-
ma] ignition of the fuel and heating of the stack
resistor A by the burner exhaust gases. It is pref-
erable to employ -a control relay having cut-in
and cut-out voltage points close tozether with a
relay coil -that requires a minimum of current
to reliably operate the relay switch to avoid any
appreciable self-heating 6f the stack resistor 4.
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If burner operation has been discontinued as
described above as a result of initial or subse=
quent failure of combustion it will be apparent
that the relay coil C cannot be sufficiently ener-
gized to close the relay switch and resume burner
operation as long as the thermostat S is closed
since the timing resistor B remains heated to
maintain voltage Eb at a low value in the pre-
viously mentioned steady-state condition. There-
after the operation of the burner can only be
initiated or attempted if the thermostat S is
opened for a short time to permit cooling of the
timing resistor B.

Various. safety factors of the present control
system should be noted in addition to the “nomal”
safety operation described heretofore. . If, for in-
stance, the stack resistor A should fail by open-
circulating when subjected to high temperature
operation, the relay coil C would be deenergized,
and either open-circuiting or short-circuiting of
the relay coil C would result in opening of the re-
lay switch. If an enclosed type of mounting is
employed for the timing resistor B and it should
fail by a short-circuit, the voltage Bb would be
reduced to zero to deenergize relay coil C; and
the resistor R may be so constructed as to pass
short-circuit current without damage to itself or
other parts of the system.

With reference to the effects of ambient tem-
rerature extremes on the operating efficiency of
the present control system it will be seenthat very
low temperatures produce & higher resistance in
the timing resistor B and lenzthen the timing
thereof to thereby provide more time for the burn-
er to heat up the stack resistor A. Since the
stack resistor A is responsive to the relatively high
temperature of the exhaust gases it can readily
e designed so that ambient temperature changes
have no material effect and the relay coil C ean of
course be temperature compensated in.any known
mannery, if desired.

Fig. 3 shows one possible elaboration of the con~
trol system of Fig. 1 for use where the electrical
loads may be too great for the contacts of a sensi-
tive control relay such as in Fiz.'l and for use
where it may be desired to continue operation of
the fan which supplies combusticn air to the bur-
er for a predetermined time after the fuel feed
has been stopped to purge. the heater of com-~
bustible matter and obnoxious fumes.

In the system of Fig. 3, the several parts which
correspond to similar parts in Fig. 1 have been
designated by the same reference characters. It
will be noted that what might be termed the basie.
control system of Fig. 1 wherein the stack resistor -
A, timing resistor B,-and control relay coil C are"
so related and associated in the cireuit as to fune-
tion in the manner heretofore described, as’ in-
corporated in the system of Fig, 3 without change
except for the addition of the resistance Re in
conductor (4 to reduce the voltage across the tim-
ing resistor B and the addition of the variable re-
sistance V in corductor 20 to provide for adjust-
ment of the voltage across the stack resistorA. LI
will also be noted, however, that the control relay
coil C does not operate a switeh inthe load ciretiit,
as in Fig. 1" but controls the ensrgization of a
power.relay as will be hereinafter described.

As shown in Fig. 3 the conductor {2 is connected’
by a conductor 35 to the contact arm. 38 which is
adapted to be moved uron energization of control
relay coil C into engagement with a contact 40
connected by conductor 42 to the grounded power
relay coil P. . When the relay coil .C is not, ener-
gized, the contact.arm 38.is adapted to.engage.a
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contact 44 connected by conductor 46 to a
grounded warning light or other signal W. The
conductor §2 is also connected by a conductor 48
to a contact 50 adapted to be engaged by a mov-
able contact arm 52 when the power relay coil P
is energized to supply current through a conduc-
tor 54 to operate such elements as the fuel pump
and high tension ignition system for the burner
and any desired elements of the heating system
associated with the burner such as a water circu~
lating pump, warm air blower, etc.

To control the operation of the fuel air fan
which is adapted to supply air to the burner to
be mixed with the fluid fuel, the battery 4 or
conductor 6 is connected by a conductor 56 fo
a contact 58 adapted to be engaged by a con-
tact arm 60 movable with contact arm 52 when
the power relay coil P is energized with the arm
60 connected by conductor 62 to the fuel air fan
or motor operating the same. The operation of
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the fuel air fan is also controlled in the manner

to be hereinafter described by a fan relay coil P,
a resistance Rb and a thermally responsive re-
sistor H. A conductor 64 connects conductor 56
to a contact 66 adapted to be engaged by a mov-
able contact arm 623 when the fan relay coil F
is energized. The contact arm 68 is connected
to a conductor 16 which connects conductor 62
to one end of the relay coil F with the other end
of this coil connected by a conductor T2 to the
grounded resistance Rb and by a conductor 74
to a thermally responsive resistor H which is
connected by conductor 16 to a contact 78 adapt-
ed to be engaged by the movable contact arm 60
when the power relay coil P is not energized.
The thermally responsive resistor H is generally
similar to the previously described timing resistor
B in that it consists of a resistance unit having
a negative temperature coefficient and is of the

self-heating type in which the resistance ma- *

terial is primarily heated by current flow there-
through to decrease its resistance.
In the system of Fig. 3 it will be apparent that

the safety control operation provided by the.

basic contro]l system which includes the stack re-
sistor A, timing resistor B and control relay coil
'C is the same as that of Fig. 1 with the previously
noted exception that the control relay coil C does
not directly operate a switch in the load circuit
but controls the energization of the power relay
coil P to operate switch arms 52 and 60 to supply
current to the burner, etc. With reference
thereto it should be noted that a warning signal
‘W has been provided in Fig. 3 which will be en-
ergized upon engazement cf the switch arm 38
with contact 44 to call attention to the failure of
proper combustion whenever the thermostat S is
closed ang ealling for heat but the control relay
coil C has been deenergized in the manner here-
tofore described upon absence of proper com-
bustion.

When the thermostat S closes upon a demand
for heat, the initial operation of the fuel air fan
is controlled by the energization of the power
relay coil P to move contact arm 69 into engage-
ment with contact 58 to thereby connect con-
ductor 56 to conductor 62. As soon as contact
arm 60 engages contact 58 current passes
through conductor 78, fan relay coil F and
grounded resistance Rb and energizes the coil F
to actuate contact arm 68 into engagement with
contact 66. The closure of this switch completes
a holding circuit for the fan relay coil F from
conductor 56 throush conductor 64 and the
switeh, and also ccnnects conductor 56 to con-
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. 6
ductor 62 through conductors 64 and 10 to there-
by connect the source of current directly to the
fuel air fan and bypass both the thermostat S
and the power relay switch contact 58 and arm
60.

Whenever either the thermostat S opens or
there is a failure of proper combustion, the power
relay coil P will be deenergized and the contact
arms 52 and 60 will move out of engagement with
the respective contacts 50 and 58. The current
supply to operate the fuel pump and ignition for
the burner will be thereby interrupted but cur-
rent supply to operate the fuel air fan will be
maintained for g predetermined time thereafter

by the bypass connection around thermostat S

and the power relay contact arm 60 and contact
58 through the fan relay switch, as described
above. As the contact arm 60 moves away from
contact 58 it engages the contact 78 to complete
a shunt circuit through conductor 16, resistor
H and conductor 74 and shunt the resistor H
across the fan relay coil F. ‘The resistor H is
then heated by its resistance to current flow to
thereby decrease its resistance until it has caused
the voltage across the relay coil F to reach such
a low value that this coil is deenergized or in-
sufficiently energized to retain the contact arm
68 in engagement with contact 66 and the circuit
will then be opened by this fan relay switch to
disconnect the fuel air fan, fan relay coil P and
resistor H from the source of current.

Although the preferred basic safety control
system and one elaboration thereof have been
shown and described herein, it should be under-
stood that the present invention is not limited
specifically thereto since medifications in .the
basic system and further elaborations thereof
will oceur to those skilled in the art and are con-
templated as within the scope of the present in- .
vention as defined in the claims appended hereto.

I claim:

1. In a control system for a fuel burner, a re-
lay switch to control the supply of fuel to a burner,
g relay coil for operating said switch, anq means
to control the voltage across said coil to thereby
control the energization thereof including a re-
sistor whose resistance varies inversely with its
temperature adapted to be mounted adjacent to
the burner and responsive to the heat of com-
bustion connected in series with said relay coil,
a second resistor connected in series with the
relay coil and a timing resistor whose resistance
varies inversely with its temperature produced
by seli-heating due to internal resistance con-
nected in shunt with said relay coil and first
named resistor to vary the voltage across the
series circuit.

2. In a control system for a fuel burner, a
grounded source of current, electrical burner op-
erating means, a relay switch between said source
of current and burner operating means, a relay
coil for operating said switeh, and means fo con-
trol the energization of said relay coil including
conducting means from said current source fo
said relay coil and a groundesd stack resistor in
series therewith, said stack resistor having a
negative temperature coefficient and adapted to
be mounted adjacent said burner and subject to
heat of combustion, a second resistor connected
between the current source and the relay coil,

.and a grounded timing resistor connected be-

tween said second resistor and relay coil, said
timing resistor having a negative temperature
coefficient and subject to self-heating by internal
resistance to current flow and having an ohmic
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value:reducible: below that: necessary: to:develop::
anzoperating-voltage -across -the relay coil:and
unheated-stack: resistor.-.

3.-In ‘& :control.system: for a -fuel burner, a:
grounded source of current, electrical burner op-.. 5
erating; means, a relay switch between said cur-
rent: source ‘and the ;burner: operating means;-a:
relay:coil.for. operating:said switch, and meansi-
to control-the energization of said relay.coil ins:.
cluding;:a .fixed resistance,. conducting : means:.10
from’said:current:source to one side:of the fixed -
resistance,  and.-parallel .grounded circuits:con-:.
nectedto the other:side. of said resistance, .one.
of said:circuits-including in series said relay coil ..
and: a'stagk resistor adapted- to be.mounted ad- 15
jacent:the burner and to be.affected by the heat
therefrom: ‘whose iresistance: varies Adnversely: .in
response:to the heat of combustion.and the.other:.
cireuit -including: a ‘timing resistor whose resist-
aneewaries inversely:in response to its tempera-: 20
ture generated: by internal resistance to. current
flow, the; decrease in ohmic value of said stack -
resistor; tending; to .increase the voltage applied:
across:the.relay coil, and the decrease. in. ohmic
value;of :said timing resistor tending to decrease: 25
the. same, 50 that-if. the temperatures. vary as
desired, the relay. coiliwill remain energized, but
if the.temperatures: do:not vary as desired, the
relay coil:will become.deenergized, -

4.,In-a control-system for a fuel burner; elec-: 30
trical burner.operating means, a source of. elec~
trical: pewer;  conductive ‘means connecting the
souyce.of - power:and the:burner operating means,
switching. means--in ;said: conductive :means. to
control-the:operating means, a relay coil for op- 35
erating said-switching means; a resistor having
a negative temperature coefficient connected in:-
series-withrthe relay coil and the source of power,
said resistor-adapted to-be.mounted in proximity
to the burner.and subject; to. the heat. produced 40
thereby and having an ohmic value at room ten-.
perature -such.that: sufficient current: will. Sow
through the relay coil to-actuate the switch, and
timed: contrel:means including a dropping resistor .
and -a ;negative-temperature coefficient. resistor 45
connected to the-power supply and the relay coil
to gradually-reduce the initial voltage across the
series connection for a predetermined time period -
after: initiation.:;

5./In a control system-for a fuel burner; elec- 50
trical burner .operating means, a source of elec-
trical power, conductive :means.connecting the
source of power and the burner.operating means;
switching. - means in -said conductive means to
control the operating means, a relay coil for op- 53
erating said .switching. means,. a -first resistor
having a negative temperature coefficient.con-
nected in series with the relay coil and the source
of power, . said .second. resistor adapted to be

8
mounted in proximity:to the:burner:and subject:c
to :the heat. produced -thereby and having:any:
ohmic.value at.room temperature such that suffis:..
cient current.will flow.through the relay.:coilito :
actuate the. switch, a:second resistor having a:
negative . temperature . coefficient . connected.:in:
shunt across the coil and first resistor, and a third::
resistor: in.series between the source of power::
and the shunt circuit to reduce the voltage acros;
the series connection as.the second resistor heats::
up due to current.flow.therethrough.
6.:Insa:control system for:a. fluid fuel.burner’

having:.a :zone. heated :directly by the burner; ai:
switch, for: controlling:;the burner.and a source =
of electrical power for operating:the burner, time::
and. temperature actuated control:means for.the;
switch comprising a . pair of- resistors having, a:i
negative ;temperature. -coefficient. connected : in;:
barallel circuits, - an operating coil for the switch

connegted-in series with one of the resistors,said «

ohe of:said resistors being adapted to be mount-;-
ed in the heated zone of the burner, and a drops :
ping. resistor. connected between the parallel cir--
cuilrand the: source of .electrical power:to vary:-
the. potential across-the parallel. circuit as the. .
total current:changes..

7. In:a control system for an electrical:burner.
overating :means: adapted to :generate .a source :
of heat. which:is. to be started.and stopped,.a .
grounded source. of - electrical:power, conductive -
means adapted .to connect the source-of power..
with the - burner operating . means,  switching ,
means-interposed in .the conductive means.-to.
control: the source. of heat,.a solenoid-.coil for
actuating. said - switch, a plurality -of -resistors
whose: resistance varies.inversely with tempera-. -
ture connected in parallel circuits-to ground, one
of said resistors being adapted to be mounted:
adjacent.the source of heat and subject:to. heat-.
ing thereby, said-solenoid . coil beingconnected:
in series:with the: resistor subject to heat from.
the source and a third-resistor interconnecting...
the; paraliel, cireuit -of ithe resistors. to. the.source
of electrical power. .

ROBERT . J. CASSIDY.
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