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10 Claims,

Thfs invention relafes to reley apparatus re-
sponsive to temperature changes, and more por-
ticularly to apparatus for mmmmng & heet
ROULCE.

Among the flelds of applicalion of my present
inveniion iz that of controlling the fuel supply
in cil-burning systems or other similar systems
whereln fuel is supplied to o flame. In certoin
standard = flame-control
known, use has been made of & resistance bridge
in connection with an electronis device to com-
trol the flame. In suich systems, the fame is used
as & part of the voltage. divider which deter-
mineg the poteniial of the conirol grid, the re-
sistance of the dsime usually being in the order
of several megohms. Among the disadvantages
of such an arrangement are (1) the eclement
which is placed in the flame o cbtain the re-
sistance circult is subject to disintegration from
the flame, thereby shortening the life thereof,
and (2) due to the carbon deposits which be-
come &n appreciable part of the total divider
resistance, the device tends to drift in its com-
trol point.

. The primary object of my present inmvention

is to provide an improved system capable of act-
ing as a supervisory means for various types of
flames or other heat sources to shut down the
fuel supply when certain conditions have been
met, which system will not be subject to the dis-
advantages of similar systems herstofore known.

More particularly, it is an object of my pres-
ent inveniion to provide gn Imnproved contzal
systemr of. the type set forth which will pro-
vide instaptanecug fuel supply shut-off when the
flame goes off. -

Another. object of my present invenmn is %0
provide gn Improved system of the type set forih
which mgy be availed of 8s a thermosiad or as
& thermostat contral.

A further object of my inventlon is to pro-
vide an improved system as aforesald which is
simple in construction, has & minimum numbesr
of parts, and is highly efficienst in operation.

One system sccording to my present inven-

tlon comprises g cold cathode gas discharge fube
which is connested to o suitable soures of

B, M. ¥ and 2 varlable impedence network in
the input civenit thereof for controlling the g
of bthe gag discharge tubé. One brsnch of 'c’m
variable network is meanuslly variable so that

it can be seb to balance against o predetermined
value of the other branch in which o varisble
zlement responsive io fempsrature changes Iz
emploved, the latter slement belng srronzed

systems  heretofore

cooperate with the flame or other heat source.

~Any varlation in the impedapce of the laste

named, predetemiﬂed network will place the

" bridze out of balsnce snd causg the gas dis-
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charge tube 0 fire or restore, dependent upon
the polarity of the change, and thereby actuate
s solenoid rdwy in the output circuit of the gas
discherge tubz -i5 sctuate suitable mechanism
for shutting aﬁ‘ the supply of fuel to the flame.

The novel features that I consider character-
istic of my invention are seb forth with particu-
lay ty in the appended claims, The invention it-
self, however, hoth as to its organization and

method of operation, &g well ag additionsl ob-
jects and advantages thereof, will best be under~
steod from the foliowing description of several
embodiments thersof, when read in connection
with the sccompanying drawing, in which

"Figure 1 iz o wiring diagram showing a sys-
tem gucov'dmg to one form of my invention,

Figure 2 Ip o wiring disgram showing & sys-
tem according o a somewhal different form of
my inveniion :

Figure 3 is 8 wiring diagram of a system of.
still another form of my invention; and

Figores 4 and B arve views showing the varig.
tion that may take place in the heat controlled
capacifor of the system of Fig. 1.

Referring more particularly to the drawing,
wherein similar reference characters designate
correzzmnd’mg parts throughout, I have shown

cmplifer comprising a cold cathode gas dis-
3 devieg | ":rhicln ma,y be coupled to a suit-
iz source of B, M, F. 3 through a transformer
8, & curren$ hmitmg’ resistor R: being prefer-
ably connegted {0 the cathode 2 thereof. The
tube | may Bz o tricde, & ¢etrode, or of any
thier sultgble number of elscirodes, that illus-
troted in the drowing beilng a tetrode provided
with a grid elecirede 4, o control grid electrode
8 pnd o plate or ancds 3, in addition to the
iz dcdzrﬂ, o resistor Rz may be pro-
batiresn the resismﬁ 21 and the control
§ o ocpply & hlasing voltage on the control

zrid 4, or in the inpui el
? 1, i3 o kridze constibuied
e 15, the arm T being
m!y vazwabge cmacitor 5}
; provided with a variable
hich hes a fized plate or electrode
loble plate or electrode {3 consti-
2, by & nmetalhc element cone
me {5 or other suil-

2

hich fuel may be supplied




through & pipe or conduit 17 under control of o
guitable valve (not shown). Upon application
/0f heat to the bimetallic element 13 of the capac-
'itor Ca, the element 13 will warp in either direc-
tlon to assume the position of either Fig. 4 or
' Pig. 5, depending upen the relstive coefiicients
of expeansion of the metals of which the element

{8 is formed. In either case, it will be apparent

that the capacity of the capacitor C: will have
been changed. ’ .

Connected to the plate 8, or in the output cir-
cuit of the tube 1, is the winding I of & sole-
noid relay 19 the srmature of which is arrangeg
to cooperate with the movable element 2§ of s
switch in a circuit to be confrolled and which
may be arranged to cooperate with the afore-
mentioned valve i tlie conduit {7 or with other
suitable mechanism for shutting off the supply
of fuel to the flame §6. In operation, the capac-
itor C: is manually adjusted o balance the arm
1 of the bridge against the arm 9. When hest,
is appiied to the bimetallic electrode {3 by the
flame or other suitable heat source {8, it is ob-
vious that the capacity of the capacitor C2 will
change, whereupon the arms 7 and 9 of the
bridge will become unbalanced and the tube
will be fired to energize the relay {9 and operate
the switch element 2f.
if the capacitor Cz is so arranged that its capac-
itance will decrease with a decrease in temper-
ature, the resulting increase in impedance of the
branch or arm 9§ will make the grid 4 more pos-
itive and fire the tube. However, the reverse
action is also possible, that is, the action can be
reversed by making the capacitance of the capac-
itor C: increase in capacity with decrease in tem-
perature. In any event, it will be obvious that,

in my improved system, the tube { acts as & relay -

device with the bridge -8 constituting a voltage
divider for impressing an operating voltage on
the grid 4 to fire the tube { when the element
{3 has reached a predetermined temperature.
Should the flame go cut, the drop in tempersture
of the element {8 will restore the balance be-
tween the arms 7 and 9, and the tube { will shut
down to deenergize the relay {9, whereupon the
switch element 2{ will be returned to original
position, as by a spring 22

The arrangement of Fig. 2 is similar to that
of Fig. 1, but in pl=ce of the capacitors C1 and Co,
I substitute 2 manually variable resistor Ri in
the branch 7 and a heat responsive variable re-
sistor R+ in the branch 9. The resistor Rz is
preferably made of a material which has a zero
temperature coefficient, while the resistor Ba
is made of 2 material having & high temperature
coefficient so that, when heat is applied to the
resistor Rs, its resistance will vary and the im-
pedance of the branch 9 of the bridge will be
altered. As in the case of the system of Fig. 1,
that of Pig. 2 is initially set by adjusting the
resistor Ra to balance the branch 7 against the
branch 8. When a predetermined t{emperature
has been reached, the resistance of the resistor
R4 will have been sufficiently altered to cause the
tubke § to fire and operate the relay 19. When the
heat source is removed from the resistor Ra, its
temperature- will drop, the original impedance
of the branch 9 will be restored to balance it
against the branch 17, and the tube { will go off.

The system of Fig. 3 is similar to those hereto-
* fore described, but in this system I employ a
pair of inductances Ls and L, respectively, in
the arms 7 and 9. The inductances Lz and L
are provided with magnetite cores or the equiv-
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- alent, the inductance Ls keing monvnlly adivst-

able, and the inductance L: being adjustable in

" response to & bimetallic element 23 which is
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connected to the core thereof by a suitable cou-
pling 26 and which is responsive to the hest of
the flame 05. Here, again, the system is orig-
Inally set by manually adjusting the induct-
ance L3 to balance the arm 7 against the arm 0.

- When heat is applied to the bimetallic element

28, the inductance of the coil Ls will be chenged
to alter the impedance of the grm $, whereupon
the tube ! will be fired and the relay 19 ener-
gized. If the flame 5 goes out, the bimetal-
lic element 23 is restored to its original position,
the balance between the arms 7 and § is resumed,
and the tube { becomes inoperative, wheretpon
the relay 19 is deenergized and the switch ele-
ment 2§ restored to normal position by the spring
22. :

From the foregoing description, it will be ap-
parent to those skilled in the art that I have Ppro-
vided & novel flame control system which oper-

~ates instantaneously, when certain predeters

In the circuit of Fig, 1, ,
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mined conditions have been met, to control the
flame. Although I have shown and described
several embodiments of my invention, it is ap-
paren¢ that various changes therein, as well g
other modifications, are possible. For example,
the grid voltage divider circuit, instead of being
2 capacitance, a resistance, or sn inductance
divider, may be a combination of resistance,
capacitance ' and/or inductance, etc. Other
chaenges will, no doubt, readily suggest them-
selves to those skilled in the art. I, there-
fore, desire that my invention shall not be lim-
ited except insofar as is made necessary by the
prior art and by the spirit of the appended
claims. .

Iclaim as my invention:
. 1. In flame responsive apparatus, the combing-
tion of an amplifier comprising an electron dis-
charge device including a pair of bridge arms in
the input circuit therect, variable means in one
of said arms associated with the fiame and re-
sponsive to temperature changes induced thereby,
and g relay in the output cireunit of said device
assoclated with the fuel supply to said flame for
controlling the supply of fuel to said fiame, a pre-
determined temperature change resulting from
sald flame causing & variation in said variable
means sufficient to alter the balance of sald bridge
arms whereby to actuate said relay to alter the
fuel supply to said flame.

2. In flame responsive apparatus, the combing-

5 tion of an amplifler comprising an electron dis-

charge device including a pair of bridge arms
in the input circuit thereof, variable means in
each of said arms adapted to be varied to effect
a balance of said arms, the variable means in
one of said arms being manuelly adjustable and
the variable means in the other of said arms be-
Ing associated with the fiame and responsive to
temperature changes induced by said flame, and
& relay in the output circuit of said device asso-
ciated with the fuel supply to said flame for con-
trolling the supply of fuel to said flame, 8 pre-
determined temperature change resulting from
sald flame causing a yariation in said second-
hamed variable means'sufficient to alter the bal-
ance of said bridge arms whereby to actuate said
relay to alter the fuel supply to said flame.

3. In flame responsive apparatus, the combina-
tion of an smplifier comprising 2 cold cathode
gaseous discharge device, a bridge having 2 pair
of erms in the input circuit of said discharge de-
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vice, varizble means in each of said arms for ef-
f2cting a balance of said arms, the variable means
in one of said arms being manually adjustable
and the variable means in the other of said arms
being essoclated with the flazne and responsive
to temperature changes induced thereby, and a

relay in the output circuit of said device asso-.

clated with the fuel supply to said flame for con-
trolling the supply of fuel thereto, a predeter-
mined temperature change resulting from said
flame causing a variation in said second-named
variable means sufficient to alter the balance of
said bridge arms whereby to actuate said relay
to alfer the supply of fuel to said flame.

4. In flame responsive apparatus, the combina-
tion of an amplifier comprising a cold cathode
gaseous discharge device, a bridge having a palr
of arms in the input circuit of said discharge de-
vice, variable means in each of said arms for
altering the impedance thereof, one of said means
being manually adjustable for adjustment of its
arm into balancing relation with the other of said
arms, the variable means in said other arm being
assoclated with the flame and responsive to tem-
perature changes induced thereby, and a relay in
the output circuit of said device associated with
the fuel supply to said flame for controlling the
supply of fuel thereto, a predetermined tempera-
ture change resulting from said flame causing
& variation in said second-named means to alter

10

15

20

25

30

the impedance of its arm and thereby alter the
balance of said bridge whereby to actuste said
relay to alter the supply of fuel to said fiame.

5, The invention set forth in claim 4 cheracter-
ized in that said variable means coinprise variable
impedance elements.

6. ‘The invention set forth in claim 4 character-
ized in that said variable means comprise variahle
capacitances. .

7. The invention set forth in claim 4 charactesr-
ized in that said variable means comprise variable
capacitances, and characterized further in that
the second-named of said variable means com-
prises a capacitor one of the electrodes of which
is constituted by a bimetallic element.

8. The invention set forth in claim 4 character- -
ized In that said variable means comprise variagble
resistors.

9. The invention set forth in claim 4 character-
ized in that said first-named variable means com-
prises a variable resistor made of smaterial having
substantially zero temperature coefiicient, and
characterized further in that said second-named
variable means comprises & resistor made of ma-
terial having a relatively high temperature co-
efficient.

10. The invention set forth in claim 4 char-
acterized in that said varieble means include
variable inductances.

PORRY C. SMITH.




