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This invention relates to electrically operated
control apparatus for industrial furnaces, and
more particularly to automatic means embody-
ing a safety shut-off, operative to discontinue the
supply of fuel in case of extinguishment of the
flame. :

In industrial furnaces of the gas-fired ‘type, it
is essential in the interests of safety that there

A further object is found in the protection of
the metallic electrode ‘from direct contact with
the flame and thus in the preservation of its sur-
face from oxidation by said flame. . ‘

A further object is found in the provision of
means whereby theére is prevented false opera-

. tion of the device due to formation on the elec-

be at no time an accumulation of unburned gases

which may become ignited at one time and cause
an explosion. To this end it is necessary that
gas be not admitted to the combustion chamber
unless there be present an igniting agent where-
by complete combustion of the gas will be as-
sured, and that in the event of accidental ex-
tinguishment of the igniting agent, the supply
of gas will be immediately discontinued.
It is a well-known fact that a flame and the
, lonized atmosphere immediately surrounding it
are to some extent electrically conducting; and
this principle has been made use of in a number
of devices for purposes similar to that of the
present invention. A well-known example of the
application of this prineciple is found in U. S. Let-

ters Patent No. 1,809,280 issued June 9, 1931 to -

D. D. Knowles, and wherein a metallic electrode
exposed to the flame or to the heated products

of combustion in a furnace forms a part of an’

electrically conducting path to be completed by
sald flame or said combustion products for the
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trode of an accumulation of soot which might
bridge the gap between the electrode and ground
normally essential to broper operation ‘of the
device and thus simulate the presence of a flame
between the electrode and ground without actual
combustion taking place. This is especially im-
portant in oil-fired installations, A :

A further object is found in the provision of
means:to assure that, not only is a pilot flame

bresent, but that the region of the pilot flame .

has reached a temperature adapted to ignition
of fuel before the main fuel supply is admitted
to the furnace. .

A further object is found in the provision of

- an inherent time delay characteristic in the

actuation of certain protective devices. It has X
‘been found, however, that in apparatus operating

upon this principle there exist a number of in-

herent weaknesses among which may be named

that due to the possibility of an alternative con-
" ducting path in parallel with the flame heing
provided by deposited .soot or other conducting
material so that in the event of extinguishment
of the flame the conductivity of said path will
simulate -the condition of combustion and the
protective function of the device be inhibited.

It is an object of this invention to provide
means whereby in the event of temporary inter-
ruption of the fuel supply or the extinguishment
-of the flame or igniting agent for any reason

whatsoever, valves controlling the admission of
fuel to the furnace will be closed, and may not
be reopened until normal conditions are estab-
lished. ] :

A further object is found in the provision of

' means to'prevent sagging of the electrode which
.. normally is exposed to the high temperature of
the flame in such apparatus, and thus to elimi-
nate the undesirable conditions arising upon the
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-turning on of the main fuel supply, without the
introduction of g corresponding time delay in
the shutting off of the fuel in the event of flame ‘

failure. . .

With these and other objects in view, it is pro-
posed to utilize the high negative temperature
coefficient of electrical resistivity possessed by
certain refractory ceramics such as quartz, in
combination with the electrical conducting prop-
erty of flame or ionized gases, in a suitable elec-
trical circuit. .

It is a well-known fact that most ceramic ma-
terials possess high negative temperature co-
efficients, the electrical resistivity decreasing
rapidly with increasing temperature; and the
available list of natural and artificial materials
of this nature provides a wide range of selection

‘suited to various operating temperatures. . Fused

quartz, for example, at ordinary atmospheric
temperatures possesses a resistivity approximat-

" ing 2x1018 ohms'per inch-cube (Smithsonian
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Physical Tables, 1934) ; while at temperatures of
the order of 2,000° F., the corresponding value
becomes 1X 104 ohms per inch-cube (L. G. Hall
in “Product Engineering,” May, 1933). Quartz

thus provides one example among many of ma- -

terials eminently suited to the purposes of the
invention. The term “ceramic” as hereinafter

‘employed, may be taken to designate any of the
‘group of refractory materials such as porcelain,

Alundum or quartz, which are possessed of the
negative resistange temperature characteristic
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1t is proposed to utilize the desirable property
of a ceramic material for the purpose of the in-
vention by providing an electrode having in asso-
ciation therewith an isolating or enclosing shield
formed of said material, interposed bgtween the
electrode and the flame in & manner that the
‘flame and the shield will be electrically in serles.
It is thus rendered. essential, in order, for suffi-
cient current to flow for the operation of the
protective devices, that not only must there be
a conducting path in the part of the circuit rep-
resented by the flame, but that the ceramic shield
must have reached g temperature exceeding a
predetermined critical value, the attainment of
which temperature involves a certain time inter-
val which may be advantageously utilized in fur-
" ther increasing the safety features of the device.
_ In the drawing: '

Fig. 1 is a diagrammatic representation of a’

control system utilizing the principles of the in-
vention, : - '
Fig. 2 is a partial view of a modification there-
of. Referring now to Fig, 1 of the drawing:
The numeral I8 designates 2 furnace or en-
closed space to be heated by the combustion of
fuel at & burner ! adapted to receive fluid fuel
through a conduit §2 having therein an electri-
cally operated valve i3, from 2 main supply §4.
A pilot burner 15, receiving fiuid fuel through a
conduit 46, from an auxiliary supply i1, serves
_ to ignite the fuel at the burner 1i. The several
objects of the invention hereinbefore referred
to are directed to the avoidance of hazardous
conditions in the event of extinction of the pilot

burner {5 or the main burner !, or of fallure &

of any of the protective devices associated there-
with.

Fixedly mounted in a.position so as to lie in
the pathbs of the fames from both the main burn-
er {f and the pilot burner 5 is a metallic elec-
trode 18 enclosed in, and supported by, a tube 1§
formed of quartz or similar ceramic material se-
cured at its outer end to the wall of the furnace
and sealed at its inner end, whereby direct con-
tact of the flames or their immediately adjacent
atmosphere with the electrode 18 is rendered im-
possible. While the electrical circuit with which
the electrode 18 is associated may take any one:
of a variety of forms without departing from the
spirit of the invention, there is shown for pur-
poses of clarity a simple but operative circuit
.having the following structure and arrangement:
a vacuum tube 20 having therein an electron-

_emitting filament 21, a confrol grid 22, and a
plate 23, is included in a network including & bat-
tery 24 connected to the terminals of the filament
21 and adapted to supply current for heating the
same to a temperature at which emission will
take place, and a battery 25 connected between
the fllament 21 and the plate 23 and adapted to
provide a plate supply voltage to maintain said
plate at an electrical potential normally positive

- with respect to the fllament 21. A relay 26 hav-
ing an actuating winding and electrical contacts
-adapted to the control of the valve 13, is con-
nected with said winding in series with the cir-
cuit between the battery 25 and the plate 23,
so that'said relay will respond to changes in the
plate current, A battery 21 is connected to the
grid 22 through two resistors 28 and 29 in series
relationship, the voltage and polarity of said

_battery being such as normally to maintain the
grid 22 at a potential 'sufficiently negative with
respect to the fllament 21 that the plate current
is below the value necessary to energize relay-
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26. . The positive side of the battery 25 is con-
nected to a terminal A, which in turn is connected
to both the main gas line 12 and the auxiliary
gas conduit 16 and to ground. The electrode 1]
is connected to a terminal B and thence to the
junction point 30 between the resistors 28 and
29. 'The resistance of a flame between electrode
i3 and the auxiliary gas conduit {6, together
with resistor 28, form a voltage divider across
the batteries 27, 24, and 25 in series. When no
flame is present, the resistance between the point
30 and the positive terminal of battery 25 is
substantially infinite and grid 22 is negative with
respect to filament 21 by the potential battery
27. When a flame is present its resistance de-
creases the negative grid potential by changing
the voltage gradient along said voltage divider
formed by the flame resistance and resistor 28.
As the potential of battery 28 may be several
times that of battery 27, the flame resistance
necessary to cause & substantial reduction in the
negative potential of the grid 22 will be several
times the value of resistor 28. The contacts of
the relay 25 are connected to the actuating wind-
ing of the value 13 and to a source of power 3/
in such a manner that as the grid 22 becomes
less negative with respect to the filament 21 with
a corresponding increase in plate current, the
resultant energization of relay 286 will cause the
contacts of said relay to be actuated in a manner
to open the valve i3 and turn on the main fuel
supply to the burner (i. A direct.connection
between the electrode tube 18 and the metallic
parts of either of the burners [ and 15 would
normally tend to apply a high positive voltage
to the grid 22, and draw an undesirably large
amount of current from the grid circuit. The
resistor 29 located in the network between the
electrode 18 and the grid 22 serves to limit to a
safe value any current which might flow under
said abnormal condition. )

The ceramic tube 9, completely surrounding
the electrode {8, when at ordinary atmospheric
temperatures will have between its inner and
outer.surfaces an extremely high electrical resist-
ance, which for all practical purposes -may be

' _considered equivalent to that of an open circuit.
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<

At temperatures above 800° F. the resistance of
the ceramic material will drop sharply to a point
below that of a flame of equivalent.dimensions.
Under this condition it will be apparent that the
flame and the portion of the ceramic tube (9
in immediate contact therewith will function as
two resistors in series, and that the total resist-
ance between the electrode 8 and the burners 11
and 15 will be that of the combination.” -Since

. the portion of the ceramic tube secured to the

60

-3
-3

70

wall of the furnace 10 will be relatively cold its
conductivity will be low, and for the purposes of
this invention that portion may be considered
as a substantially perfect insulator. The pro-
portioning and adjustment of the elements of the
electron tube circuit are made such that the crit-
ical value of plate current sufficient to actuate
the relay 26 will be attained when the resistance
value in the branch of the network including the
burners and the electrode 18 lies intermediate the

-cold resistance and the resistance when at oper-

ating temperatures. Thus it will be seen that in
order for the relay 26 to function in a sense to

- open the supply valve 13, it will be necessary not

»

only that there be a path of flame between the
electrode structure and the burner structure but,
that the ceramic tube 18 be at a temperature
approximating that of the flame. Temporary ex-



tinction of either the auxiliary or rhain flame
alone will not introduce a hazardous condition,
because the remaining flame will serve to ignite
any gas which may enter the furnace from the
extinguished burner. Since the arrangement of
the burners in relation to the electrode is such
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that either flame alone will provide a conducting .

path and will maintain the ceramic shield 19 at
8 conducting temperature, such an occurrence
. as the failure of one of the flames will not actu-
ate the safety device; but.the system will be re-
tained in an operative condition.
of extinguishment of both flames, the conducting
path provided by the ionized gases will disappear
immediately, the grid 22 in the tube 20 will at

once attain a negative potential sufficient to block .

the passage of current from the filament 21 to
the plate 238, and the relay 26 will be reléased,

causing the valve (3 to be closed and the fuel-

supply shut off substantially instantaneosuly.
Operating conditions have shown that while it
is important that the supply of gas be discon-
. tinued as quickly as possible upon extinguish-
ment of the flame, a slight delay is not only per-
missible but desirable in the reignition. . Since
the ceramic tube 19 requires a certain time in-
terval of heat application before it can attain a
conductive state, it follows that such a delay

characterizes its use as a part of ‘the electrical -

circuit, thus rendering inherent to the . system
the desirable characteristic of a few seconds de-
lay in starting up the furnace. It will further
be obvious that the combination of the vacuum
tube and associated circuits as shown is such
that failure of the electric supply, of the vacuum
tube 20, or of almost any other part of the circuit
will result in an interruption of the plate current,
with consequent instantaneous -closing of the
valve {3. , o :
Should there occur an accumulation of soot or
other conducting ‘material upon either of the
burners, the ceramic tube being substantially an
insulator when in a cold state will effectively pre-
vent completion of the circuit between the burn-
ers and the electrode, thus making possible auto-
matic discrimination between a true condition of
combustion and the simulation of such s condi-
tion by an accumulation of conducting material.
It has also been. found that in cases when a fur-
nace has been shut down for some time there
may be condensed water vapors in the gas lines
or in the neighborhood of the burners; and where
the products of combustion' are brought into
direct contact with a metallic electrode erratic
performance sometimes results, The insulating
and time delay characteristics of the cold cera-
mic tube will effectually prevent such undesir-
able performance, A further undesirable char-
acteristic of devices of this nature having an un-
protected metallic electrode is found in the tend-

In the event -
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be obvious that, should circumstances render
the same desirable, either burner alone may be
connected in"the electrical circuit without de- -
parting from the spirit of the invention. It will

also be. obvious that the protective device as -

‘herein disclosed and claimed is fully applicable

to a furnace in which there is only one burner,
and. in which the pilot flame for ignition pur--
poses is not present, i . :

A further alternative arrangement of elec-
trodes is shown in Fig. 2, in which the burners
it and IS are physically related to the furnace
10 exactly as shown in Fig. 1, ’and the electrode
18" with its ceramic shield I8 also appears in
the form as hereinabove set forth. Instead,

‘however, of having either or both of the burners

definitely connected to the: electrical circuit,
there is provided a further electrode 32 posi-
tioned in the path of the flame in such a man-
ner that said flame will tend to form between
the electrode 3! and the ceramic shielq 19 of
the electrode 18 a conducting path whenever a
flame is present. The terminals A and B repre-
sent the corresponding terminals as shown in

-Fig. 1, and the electron tube circuit of which

they form a part is identical with that shown in
Fig, 1. Whiie in this form of the invention the
electron tube circuit is not at any point definitely
grounded, the burners may generally be assumed
as being at ground potential. The performance
of the circuit will be identical to that previously
shown except that neither of the burners forms
a. definite part of the electrical circuit. It will
be obvious that the shield 19 may he placed on .
either of the electrodes 18 and 31, or that both

- electrodes-may be so shielded without departing
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ency of the electrode to warp, sag, or become

otherwise distorted due to the high temperatures
to which it is exposed. The ceramic tube or
shield 19  being formed .of material having an
extremely high melting point, tends to provide a
permanent support for the electrode and pre-
vents not only these undesirable distortions bus
also protects the material of the electrode from
oxidation or other chemical attack in the pres-
ence of the flame. ‘

While the invention has been shown as em-
bracing both the main burner and the pilot
burner in the electrical circuit, so” that ex-
tinguishment of both flames is essential to cause
the safety device to perform its function, it will
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from the spirit of the invention. :

As hereinbefore pointed out, the desirable
characteristics of the material forming the
shield or tube 18 are primarily that it have pro-
nounced . negative temperature coefficient. of re-
sistivity, and that it maintain its structural form
and gas-tight features through the whole range
of operating temperatures. While there are a
number of known materials, as, for example,
Alundum, carborundum and magnesia, which
Dossess these characteristics to a. greater or less
extent, it has been found that fused quartz
possesses them to an optimum degree.. A fur--
ther advantage in the use of quartz lies in the
fact that it is commercially available in a form
suited to the purposes of the invention and that
at suitably high temperatures it is readily worked
to form a closed end over the tip of the electrode.

The terms and expressions which I have em-
ployed are used as terins of description and not
of limitation, and I have no intention, in the
use of such terms and expressions, of excluding
any equivalents of the features shown and de-’
scribed or portions thereof, but recognize that
various modifications are possible ‘within the
scope of the invention claimed.

I claim: N :

1. In combination with a burner for fluid fuel,
means for controlling the flow of fuel thereto,
an element of material having a negative co-
efficient of electrical resistivity positioned in the
path of the flame from said burner, and an
electrical circuit including in series portions of
said flame and said element, said circuit being
responsive to changes in the total resistance of -
said portions, to operate said controlling means:

2. In combination with a burner for fluid fuel,
means for. controlling the flow of fuel thereto,

an element of refractory material having a nega~ a
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tive coefficient of electrical resistivity positioned

in the path of the flame from said burner, and
an electrical circuit including in series portions
of said flame and said element, said circuit being
responsive to changes in the total vesistance of
said portions, to operate said controlling means.

3. In combination with a burner for fluid fuel,

_meens for controlling the flow of fuel thereto, .
an electrode, an element of refractory material

having a nega.tive temperature ccefficient of
electrical resistivity, and an electrical circuit, in-
cluding in series said electrode, said element and
a portion of the flame from said burner, and re-
sponsive to changes in the combined resistance
of said element and said flame, to actuate said
controlling means.

4. In combination with a burner for ﬂuid fuel,
means for controlling the flow of fuel thereto,

an electrode, an element of refractory material -

forming an enclosure for the same and posi-

tioned in the path of the flame from said burner,

and an electrical circuit including in series said
electrode, said element and g portion. of said
flame and responsive to changes in the com-
bined resistance of said element and said flame,
to actuate said controlling means.

5. In combination with a burner for fluid fuel,
means for controlling the flow of fuel thereto,

“an electrode, an element of refractory material
forming a support for the same and positioned
in the path of the flame from said burner, and
an electrical circuit including in series said elec-
trode, said element and g portion of said flame
and responsive to changes in the combined re-
gistance of sald element and said flame, to
actuate said controlling means.

6. In combination with & burner for fluid fuel,
means for controlling the flow of fuel thereto,
an element having a negative coefficient of elec-

. trical resistivity, and an appreciable thermal in-
ertia of response, positioned in the path of the
flame at said burner, and an electrical circuit
including a portion of said flame in series with
said element and responsive to changes in the
combined resistance of said flame portion and
said element to operate said controlling means.

7. In combintion with a burner for fluid fuel,
means for controlling the flow of fuel thereto, an
element of material having & negative tempera-
ture coefficient of electrical resistivity in con-
tact with an ionized atmosphere produced by
combustion of said;fuel on said burner, and an
electrical circuit responsive to changes in the
combined series resistance of said element and a
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portion of said ionized atmosphere, to cause said
controlling means to interrupt the flow of fuel
to said burner. ’

8. In combination, fluid fuel-controlling means,
an element of material substantially non-con-
ducting when cold and having when heated a
negative temperature coefficient of electrical re-
sistivity positioned in the flame of said fuel, and
means responsive to changes in the series resist-
ance of said element and a portion of said flame
for actuating said fuel-controlling means.

9. In'combination with a burner for fluid fuel,
means for controlling the flow of fuel thereto, an
electric circuit adapted teo actuate said controlling
means, an electrode juxtaposed to the flame of
said burner, a shield formed of material elec-

trically non-conducting when cold and having a’

negative temperature co-efficient of electrical re-
sistivity when hot, said shield being interposed
between said electrode and said flame to prevent
direct contact therebetween, said electrode and
said burner being connected in said circuit in
such a manner that current traversing the ma-
terial of said shield and flowing through a portion
of said flame in series therewith will actuate said
controlling means to maintain the flow of fuel to
said burner.

10, In combination with & burner for fluid fuel,
means for controlling the flow of fuel thereto, an
electric circuit adapted to actuate said control-
ling means, an electrode juxtaposed to the flame
of said burner, a shield enclosing said electrode
and formed of a material electrically non~-con-
ducting when cold and conducting when hot, said
electrode and said burner being connected in said
circuit in such manner that current traversing
through the material of said shield and flowing
through a portion of said flame will actuate said
controlling means to maintain the flow of fuel to
said burner.

11. In combination with a burner for fluid
fuel, meang for controlling the flow of fuel there-
to, an electrode, a quartz shield forming an en-
closure for said electrode and positioned in the
path of the flame from said burner, and an elec-
trical circuit between said electrode and said
burner including portions of said flame and shield
in series relationship and responsive to changes
in the combined resistance of said portions to
cause said controlling means to interrupt the
flow of fuel to said burner upon the increase of
the combined resistance of said shield and flame
portions above a predetermined value,

FRED B. MAcLAREN, Jr.



