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To all whom it may concern: _
Be it known that we, Epwin M. CHANCE
and Tmomas M. CuANCE, of the city of

Wilkes-Barre and of the city of Philadel--
phia, respectively, both in the State of.

Pennsylvania, have invented a certain new

. and Improved Method and Apparatus for
. the Detection of Combustible and Vitiated

10

15

20

25

Atmospheres, of which the following is a
specification. *

The object of our invention is to provide
means whereby the presence of combustible
gases, or of a deficiency in oxygen, in the
atmosphere may be made known to work-

men or others where such conditions of the

atmosphere may obtain. One of the princi-
pal difficulties attendant upon the use of
electric lamps, whether stationary or port-
able, in mines or in places where dangerous
atmospheric conditions may exist, is- that
such lamps give no indication whether the
atmosphere is either respirable or inflamma-
ble, and this has caused accidents both from
ignition of inflammable gas and from as-
phyxiation by irrespirable atmospheres, such

" accidents having occurred in coal mines
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where electric lights were used. The object
of our invention is to provide means for
overcoming this- defect attendant upon the
use of electric lamps under such conditions.

To attain these ends we provide a source
of heat in operative relation to temperature
responsive elements operatively connected
to aural or visual signaling devices. If these
connections be electrical they may prefer-
ably, but not necessarily, be inter-connected
directly, or through resistance, with the elec-
tric circuit serving the lamps used for illu-
mination.
* The drawings Figures I, II, and III illus-
trate diagrammatically the general associa-
tion of elements necessary to the operation
of the invention. Like numbers in the sev-
eral drawings indicate like parts.

In the drawing, Fig. I, which is a vertical
cross-section, 1 indicates a flame, provided:
with foraminous means, shown as giuzes 2,

. for preventing exterior ignitions in inflam-

50

mable atmospheres; a source of combustible,
shown in the drawing as an oil vessel 3 and
wick 4, but intended diagrammatically to
represent any source of flame producing com-
bustible; and a bonnet 5 for shielding the
flame from currents of air moving at high

‘velocity. A temperature responsive ‘element,

shown as a thermostat, is indicated dia-
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grammatically by 6, and in the drawing is

shown as composed of a tube 7 sealed at the
top and provided with an expansion chamber
8 at its lower end, the whole being partly
filled with mercury 9. An electric contact
10 connects circuit 11 and a source of elec-
tricity 12 with the mercury 9. Circuit 11 is
connected: through circuit 18, warning lamp
14 and. contact 18 with mercury 9. %ircult
13 is also cross-connected through shunt re-
sistance 15, electrical contactor diagrammati-

cally indicated as a buzzer by 16 and warn-

ing lamp 17 with circuit 11. Circuit 11 is
also connected through electrical contactor
20 diagrammatically shown as a buzzer and
warning lamp 21 to contact 22, by means of
circuit 19. S -

The operation of the device illustrated in
Fig. I is as follows: Assuming the flame 1
to be burning in a normal atmosphere, the
mercury 9 as it becomes heated by flame 1
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will rise to the level of normal operation,

indicated diagrammatically by the line
A—A and cover contact 18. (gurrent will
then be free to flow through circuit 13 and
light warning lamp 14 to its normal bril-

liancy. As the resistance of shunt 15 is far .
greater than that of the mercury 9 the elec-.

trical contactor 16 will not operate nor will
warning lamp 17 be lighted to normal bril-

liancy. Curcuit 19 will still be broken as-

contact 22 will not be covered and warning
devices 20 and 21 will be inoperative.
If an atmosphere deficient in oxygen now

reaches the flame 1, the extinction or the-

lowered rate of combustion and reduced quan-
tity of head generated by the flame will per-
mit the mercury 9 to contract. - If this chill-
ing of the mercury proceeds far enough
it will drop to line B—B, the contact 18
will become uncovered and the circuit 13
will only be connected with dircuit 11

‘through the shunt resistance 15. Warning

light 14 will now be operating at greatly re-
duced voltage and will hence be dimmed,
giving the warning for deficient oxygen. At
the same time lamp 17 will increase in bril-

liancy and. electrical contactor 16 will be

brought into operation, due to the flow of
current passing through resistance 15, both
of which operate as warning signals to indi-
cate a vitiated condition of the atmosphere.
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If on the other hand the flame 1 burns in
an atmosphere containing inflammable gas,
the increased heat generated from the com-
bustion of said gas will cause the mercury
9 to expand above the line A—A until it
eventually may reach line C—C, or above,
covering contact 22. Circuit 19 will now be
energized and the electrical contactor 20 and
warning light 21 will both be placed in op-
eration, providing a warning of the presence
of inflammable gas in the atmosphere.

It will be understood that if both deficient
oxygen and, inflammable gas be present, the
element having the preponderating influence
on flame 1 will actuate the warning signal,
although in general the presence of both
conditions will result in a warning signal
being given for deficient oxygen. .

In certain cases it may be advisable to
operate the inflammable atmosphere warn-
ing by the melting of a fusible member when
the combustion, inaugurated by flame 1 of
Fig. T, reaches a certain rate. This may be
accomplished by-apparatus such as is illus-
trated diagrammatically in Fig. II. It will
of course be understood that the portion of
the apparatus for warning against deficient
oxygen, if any be used, and for providing
a source of flame, may be constructed as
shown in Fig. I, just described.

In the drawing Fig. II, 12 indicates a
source of electric current connected through
circuits 11 and 19 and fusible element 23
with a lamp 24. Circuits 11 and 19 are
also cross-connected through resistance 25,
electrical contactor 20, and warning light 21.
The rest of the apparatus is identical with
that shown in Fig. I and need not be fur-
ther described. .

The operation of the apparatus is as fol-
lows: If the flame 1 burns in an atmosphere
containing inflammable gas, the fusible
member 23 will be heated, until, if the rate
of combustion increase be sufficient, said
member 23 is fused, breaking circuit with
11 and 19. The only connection between 11
and 19 will then be through resistance 25,
warning light 21 and electrical contactor 20,
Warning light 24 will now operate at
greatly decreased voltage, giving the warn-
ing for inflammable gas. At the same time
electrical contactor 20 will be brought into
operation and warning light 21 will increase
in brilliancy (due to the flow of current
through resistance 25) both of which operate
as warning signals to indicate an inflam-
mable atmosphere. ’ o

In the operation of certain classes of
mines, such as metalliferous mines, where no
combustible gases are likely to be met, it
may be desirable to operate the method for
the detection of vitiated atmospheres only,

~and Fig. TII is a diagrammatic vertical

cross-section of apparatus adapted to such
use,

1,800,407

In the drawing Fig. III, 1 indicates a
source of heat, in this case a flame, burning
from a wick 4 receiving oil from supply ves-
sel 3. 6 indicates a heat responsive element,
in this case 'a bi-metallic thermostatic de-
vice, in operative relation to a valve stem 40
carrying valve 39 at its upper end. Valve
89 is held to its seat by said thermostatic
device 6 and is adapted to be lifted there-
from by spring 41 when thermostatic device
6 is cooled. A warning device, in this case
shown as a whistle 16, actuated by. com-
pressed air or other elastic fluid, is placed in
operation when said thermostatic device 6
cools, permitting valve 39 to open and said
elastic fluid to flow from supply pipe 42
through said valve 89 and into whistle 16.

The operation of the device is as follows:

Assuming flame 1 to be burning in normal
atmosphere, thermostatic device 6 is heated
and valve 39 raised to its seat, preventing
the operation of whistle 16. If now a viti-
ated atmosphere deficient in oxygen reaches
flame 1, the rate of combustion of said flame
will be lowered and thermostatic device 6
will cool. When the rate of combustion has
decreased to the desired degree at which the
warning is to be operated, the thermostatic
device 6 will have cooled sufficiently to per-
mit valve 39 to open, under the pressure of

spring 41. The elastic fluid for the opera- -

tion of whistle 16 will now flow past valve
39 and operate said whistle 16, providing a
warning of the vitiated condition of the at-
mosphere,

While in the drawing Fig. TIT a mechani-
cal connection is shown between the heat re-
sponsive element 6 and warning device 16,
it will of course be understood that electri-
cal means for the operation of said warning
device may be applied as heretofore de-
scribed.

It will be clear that warning lights 14 in
Fig. T and 24 in Fig. IT may also be used
as lights for ordinary illumination and that
a plurality of such lights may be used. Tt
will also be clear that mechanical or visual
signals alone may be employed, or that they
may be used together as shown in the draw-
ings. It will be understood that whether
mechanical or visual signals, or both, be em-
ployed, a plurality of such signals ‘may be
placed in circuit with one or more Sources
of flame, and that a plurality - of flame
sources may be used to operate one or more
sets -of signals, : ' '

The term electrical contactor used in the
description of the several drawings is in-
tended to include any type of electromag-

netic buzzer, gong, switch or circuit-breaker
It may operate a signal

in common use.
such as a semaphore or colored glass moved
over a lighted lamp, and it will of course
be understood that if g circuit breaking type
be employed, it will be possible to arrange
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the system so that the signals will stand at
warning until reset, after they have once
been brought to the warning position.

It will be understood that the invention
may be employed with either stationary or
portable electric lighting systems, and that
in certain cases it may profitably be used
for operating a signaling system in' coal
mines, gas works, etc., where no electrical
illumination is used, without departing from
the spirit thereof. _

It will be clear that the source of flame
may be widely varied, any permissible liquid
or gaseous fuel being available for use.

It will be understood that the combiped
use of a detector for inflammable atmos-
phere and a detector for deficient oxygen is
not essential and that use of either detector
may be dispensed with in locations where
there is no necessity for its use, without. de-
parting from the spirit of this invention.

Any type of flame safety lamp employing
foraminous or other means for preventing
exterior ignitions may be used in the opera-
tion of this invention without departing
from the spirit thereof, and in certain cases
the use of a flame safety lamp burning a
gaseous fuel under pressure, such is dis-
solved acetylene, may be advantageously
employed, especially where stationary de-
tectors are to be used at remote points. The
employment of “long-time” burners using
liquid” fuel, such as those used in'railway
signal lighting, will in certain cases prove
desirable. ’ '

The type of temperature responsive ele-
ment may be widely varied, and is not con-
fined to the use of an expanding liquid or
of a fusible member, as shown in the draw-
ings hereof, as any type of temperature re-
sponsive element, such as thermostatic de-
vices employing the differential expansion
of metals, the expansion of a gaseous me-
dium under pressure, etc., may be employed
provided it possesses the necessary operat-

_ing characteristics.

It will be understood that the particular
arrangement of circuits, shown in the draw-
ings Figs. I and II is not essential to the
operation of the invention and that these
arrangements may be widely varied within
the scope thereof. In many cases it may be
desirable to use stationary detectors wired
to signaling apparatus at a central point, or
to a plurality of signaling apparatus at dis-
tant points where it may be desirable to pro-
vide danger warnings, and such remote con-
trol of said signaling devices is entirely
within the scope of the invention.

Tt will of course be understood that-the
use of foraminous or other means for:the
preventing -of propagation of combustion
from the source of heat to the exterior at-
mosphere will not be necessary in -cases
where this method and apparatus are used

i

for the detection of vitiated atmospheres .

alone. oL '

The operation of the method and appa-
ratus of our invention provides a means for
automatically measuring any diminution in
the quantity or percentage of oxygen in the
atmosphere from the normal quantity of
oxygen down to that at which extinction'of
the flame occurs. One of the advantages of
using an acetylene flame, or flame that will
continue to burn in atmospheres in which the
quantity of oxygen is reduced nearly 40 per
cent. below normal is that the use of such
flame enables us to set the apparatus to give
notice of a lowering of the oxygen percent-
age to any predetermined point above this
limit at which such warning is desired. The
apparatus may of course be used, by noting
the degree of expansion or contraction of the
temperature responsive element, to in-
stantly determine the percentage of oxygen
present in the atmosphere. In other words,
the reduction in heat due to reduced oxygen
will be registered by a lowering of the mer-
cury (9) in the thermostat (6) of Figs. I
and I or by a change in position of the
thermostat 6 of Fig. ITI and this may, if de-
sired, be used to determine the reduction in
oxygen before the reduction becomes great
enough to operate the warning signals. It is
therefore possible by use of our invention to

give warning of a reduction.in the oxygen

content of a mine or other atmosphere before
this reduction is great enough to render the
atmosphere dangerous to life and before the
reduction is sufficient:to extinguish a flame,

Having described the invention we claim:

1. A method of detecting changes in the
constituent gases of the atmosphere and
measuring the oxygen‘content thereof, which
consists In maintaining a temperature re-
sponsive element in operative relation to a
source of heat maintained at a predeter-
mined constant value whereby the tempera-
ture of said element will be a function of the
composition of said constituent gases, said
element being operatively connected to sig-

‘naling means adapted to give warning of
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such changes; bringing said gases in contact -

with said source of heat; in causing said ele-

ment to operate said signaling means when
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the temperature of said element reaches a -
predetermined lower limit; and in permit-. -

ting reductions in the heat received .from 120

said source of heat, due.to changes in said
constituent gases, to cause the temperature
of said element to reach said limit; where-
by said signaling means are operated and a
warning of said changes given. :

9. A method of detecting changes in the
constituent gases of the atmosphere and
measuring the oxygen content thereof, which
consists In maintaining a temperature re-
sponsive element in operative relation to a
source of heat maintained at a predeter-
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mined constant value whereby the tempera-
. ture of said element will be a function of the

composition of said constituent gases, said
element being operatively connected to sig-
naling means. adapted to give warning of
such changes; in bringing said gases in con-
tact with said source of heat; in causing said
element to operate said signaling means
whien the temperature of said element
reaches predetermined upper and lower
limits; and in permitting variations in the
heat received from said source of heat, due
to changes in said constituent gases, to cause
the temperature of said element to reach said
limits; whereby said signaling means are

operated and a warning of said changes

given, )
8. A method of detecting changes in the

~ constituent gases of the atmosphere and

measuring reductions in the oxygen content
thereof which consists in bringing said at-
mosphere in operative relation to a source of
heat maintained by combustion, whereby if
combustible gases be present in said atmos-
phere, the temperature produced by said
source of heat is, by the combustion of said

© gases, increased and whereby if the oxygen
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content of said atmosphere is reduced the
temperature produced by said source of heat
is decreased, 1n causing said changes in tem-
perature so produced to act upon a tempera-
ture responsive element adapted to indicate
such change in temperature by movement to
a position indicating such change and to
maintain said position during the continu-
ance of said change in said constituent gases,
said element being in operative relation to
means adapted to give warning when said
changes in temperature reach predetermined
limits, and in causing said temperature re-
sponsive element to operate signaling means

1,300,407

adapted to give warning when said changes
in temperature reach predetermined limits
at which such warning is desired.

4. Apparatus for the detection of changes
in the constituent gases of the atmosphere
and measuring the oxygen content thereof
comprising in combination a source of heat in
operative relation to a closed thermostat, said
source of heat being adapted to be main-
tained at a predetermined constant value
whereby the temperature of said thermostat
will be a function of the composition of said
constituent gases; electric contacts sealed
within the envelop of said thermostat; a
source of electric energy in operative rela-
tion to said contacts, and signaling means
adapted to give warning of such changes in

operative relation to said contacts and to

said source of electric energy.

5. Apparatus for the detection of changes
in the ‘constituent gases of the atmosphere
and measuring the oxygen content thereof,
comprising in combination a source of heat
In operative relation to a heat responsive ele-
ment, said source of heat being adapted to

be maintained at a predetermined constant
value whereby the temperature of said ele-
ment will be a function of the composition

of said constituent gases, and signaling
means in operative relation to said element
and adapted to be actuated thereby when the
temperature of said element falls to a prede-
termined lower limit,

In testimony whereof we have hereunto
signed our names at Wilkes-Barre, Pennsyl-
vania, this 14th dEa of A%I{-il, 1917,

WIN M. CHANCE,
_ THOMAS M. CHANCE.
‘Witnesses: ) :
G. W. Reyworbs,

Josera FrurcEr.

486

50

55

60

68

70

75



