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1

The present invention relates to apparatus for

detecting and indicating the presence of sus-
pended matter in fluids, the apparatus being par-
ticularly suitable for detectmg the presence of
smoke in a fiuid stream.

Apparatus in accordance with the invention
may be used, in addition to other purposes, for
the defection of smoke in rooms or sections of
industrial buildings, or in the compartments or
holds of ships. The apparatus is arranged to ac-
tuate g fire extinguishing system and to give a
smoke signal when the presence of smoke is in-
dicated, the apparatus also being arranged to ac-
tuate a trouble signal in the event of a malfunc-
tion of its principal parts. It is generally desir-
able that the sighals be given at a remote location,
such as at a central station or control room.

Apparatus of this fype generally includes a
source of light, means for bringing a stream of
fluid such as smoke from the space to be pro-
tected into the light beam, means for indicating
the presence of the smoke, and electric respon-
sive means such as a relay for controlling the
production of an audible or visible warning signal,
or for actuating additional apparatus such as the
fire extinguishing system. |

it is very important that smoke detectmg ap-
paratus function properly at all times and that
an indication he given if trouble should develop.

Further, it is important that the apparatus be .

constructed so as to minimize the possibility of
a false warning being given or that an unneces-
sary discharge be had of a ﬂre extmgulshmg

system.,
The present invention aims to provide smoke

detecting apparatus in which means are provided
to indicate any cond1tlon adversely affecting its

proper operation.
Another object of the invention is to prowde a

smoke detector which is emment 1n operatmn

angd durable in use.
In accordance with the invention this is ac-

complished by providing a smoke detector having
an improved circuit including means adapted to
be actuated upon the occurrence of any condition
wherein the apparatus will 'fail to _operate

properly.,
A feature of the 1nventlon is the prov:nsmn of

means whereby the apparatus will give a smoke

alarm only if both smoke detecting photoelectnc
cells and balancing cells operate in a proper

manner,

Another feature of the mventmn is the provi-
sion of means to indicate the improper operation
of either of the smoke detector photoelectric ele-
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ments or of either of the balancing photoelectric
elements., =

Still another feature of the invention is the
provision of means whereby when any of the
component parts are in any condition affecting
its proper operation, the trouble signal will be

~given separate and d1st1nct from the alarm

signal. -

A further feature of the mvention is the pro-
vision of ecircuit interrupting means arranged
to be actuated by the opening of the door to the
cahinet enclosing the apparatus so that there can

be no accidental actuation of the central station
alarm or accidental discharge of the fire extin-

guishing system  while ad;;ustments ‘are being

‘made on the apparatus.

Other objects and advantages of the 1nvent1on

:.Wlll be apparent from the following description

and from the accompanying drawings which

show, by way of examples, embodiments of the
invention. -

In the drawings:

~ Figure 1 i1s a perSpectrve view of an apparatus
in accordance with the invention. A visual
smoke detecting unit is shown positioned above
an audible smoke detecting unit and connected
therewith by piping. The inlet pipe for the vis-
.ual unit is shown broken away and may be ex-
tended to a space from which the air is to be

tested for smoke. The cover of the audible

cabinet is opened and the cover of the smoke
detecting compartment removed to expose the
-smoke detecting photoelectric elements.

Figure 2 is a sectional view taken along the

'lme 2—2 of the visual unit shown in Pigure 1.

Figure 3 is a front view of the audible unit

of Figure 1. .
Figure 4 is a sect1ona1 view taken along the

line 4—4 of Figure 3.
40

“Pigure 5 is a wiring diagram of the apparatus

shown in F1gure 1.
Figure 6 is a front view of a modlﬁed form of

the invention utilizing a simplified circuit.

Figure 7 is a wiring diagram of the apparatus

shown in F1gure 6.

‘Figure 8 is a detarled sectional view of the door
switches shown in :PFigures 1 and 6.
- Referring to the drawings there is shown ga
smoke detector 10 In accordance with the inven-
tion comprising a visual detector ti, and an audi-
ble detector 12 connected by a pipe {4. The term
visual detector is used herein to distinguish from
the audible detector, it being understood that in

the wsual detector when smoke is present it
‘actually is seen due to light reflected by suspended
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smoke particles in the fluid. In the audible de-
tector electro-mechanical means are employed,
such as photoelectric cells, to indicate
the presence of smoke in the fluid being tested,
the indication thereof being given in the form
of an alarm as by the sounding of a gong or by
the lighting of a signal lamp.

The visual detector {1 has an inlet pipe I8
shown broken away but which may lead to any
space to be protected and from which samples of

air are to be drawn for testing for smoke. The
visual detector I may be an individual unit as

ilustrated, or it may be constructed as a plu-
rality of units each having a pipe (5§ leading to
a separate space to be protected, the outlets from
all of the visual detectors being manifolded to
the pipe 14 to the audible detector. As shown,
the individual smoke detecting unit {1 comprises
a housing enclosing a visual electric light source
7, and a lens {9 used to concentrate and project
licht from the source 17 through the visual {est-
ing compartment 20. The smoke is brought into
the visual testing compartment 20 through the

] |
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pipe (5 and ejected through the pipe {4 into the

audible testing detector 12. A viewing window 21
made of & transparent materinl is positioned in

one side of the visual testing compartment 20 at

the side of the light beam projected through the
lens {9. The inside of the detecting compart-
ment 28 is painted or otherwise covered with a
dark non-reflecting material so that normally no
licht may be seen through the window 21. How-
ever, when smoke is present in the detecting
chamber. light is reflected from the particles of
smoke and may be observed through the window.
Because of the concentration of the beam of
light by the lens {9, a very small percentage
of smoke in the air being tested is readily visible
through the window 2{. |
The audible detector {2 Is encased in a cabi-
net 22 having a swinging door 24 providing easy
access to the mechanism within the cabinet. A
transformer 25 is mounted on the top of the
cabinet and connected to the apparatus in the
interior thereof by suitable conduit means,
within the cabinet 22 is an audible smoke detec-
tor housing 26 having an inlet 27 connected with
the pipe 14. The outlet of the audible smoke de-
tecting compartment 26 leads to the inlet of the
suction blower 29 which may have its outlet 30
either within the ecabinet 22 or piped to the out-
side as may be desired. A sensitive relay panel
3} is positioned in front of the smoke detecting
cabinet 26 in alienment with a transparent win-
dow 32 in the door 24. A pair of boxes 3% and 356
are used to enclose relays to be hereinafter de-
seribed. An electrical power supply is connected
throueh fuses 36 and 37 to & main switeh 39.
An audible smoke detector lamp 48 is positioned
at one side of the smoke detecting housing 26
to project light therethrough by means of a suit-
able lens system #1. Within the housing 286 are
located a pair of detecting photoelectric elements
or cells 83 and 44. A pair of balancing photo-

electric elements or cells 45 and 4% is positioned

outside the housing 28 and connected in a eir-
cuit which will be later deseribed.

The audible detecting housing 26 may be made
of any suitable material such as sheet metal and
is preferably provided with a removable cover
41 for inspection and cleaning of the interior
thereof. The detecting photoelectric cells 43 and
44 located within the housing 26 are positioned
at an angle with respect to each other and facing
the path of the beam of light projected by the
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lens 41 into the smoke detector compartment.
The pair of balancing photoelectric cells 45 and
46 are supported by a bracket 49 and are posi-
tioned at one side of and below the light 40 to
avoid a high concentration of rays of light on
the face of the cells. Any suitable means may be
used for varying the amount of light received
by the cells such as a semi-transparent glass
cover, a diaphragm shutter, or the like, so that
& balance may be had as will be later described.

The blower 29 is actuated by a motor 30 to
produce a negative pressure within the piping
system and smoke detector compartment. An
indication of a failure of the blower is given by a
suction actuated switch 51 inserted ahead of the
blower 29.

An indicating light 52 is supported within the
cabinet {2 in juxtaposition with a window 54 in
the door 24 to indicate the energization of the
unit.

The wiring diagram of the smoke detector 10, is
shown in Figure 5. A pair of smoke detecting
units is formed of the photoelectric cells, one unit
comprises the detecting cell 43 connected in op-
position with the balancing cell 45 and in series
with & resistance 55, while the other unit com-
prises the detecting cell 44 connected in opposi-
tion with the balancing cell 46 and in series with
a resistance $6. The outputs of the detecting
cells for the two units are respectively connected
to coils 5T and 59 of sensitive relays 60 and 61.
The sensitive relays include double throw switches
having movable elements §2 and 64, trouble sig-
nal contacts 685 and €6 and smoke signal con-
tacts 87 and 68.

The trouble contact 85 of the sensitive relay
60 is connected by a wire 10 to one terminal of
a double coil detecting cell supervisory relay T{
having a relay coil 72 connected by a wire 13 to a
common ground T4. The supervisory relay 11 is
adapted to indicate trouble in either or both of
the detecting cells 43 and 44. The trouble con-
tact of the sensitive relay 61 is connected by a
wire 15 to & second coil 18 of the relay T{. The
coll 76 has its other terminal connected by a lead
11 to one side 18 of a power supply protected by
the fuse 88. In the event either of the detecting
cells become open circuited or for any reason

fafl to produce normal current output, its cor-

responding balancing cell causes the sensitive
relay moveable contact to go to the trouble posi-
tion. When either of the coils of the relay Ti
are energized its contacts 79 and 80 are closed
connecting a second power supply 81 protected by
the fuse 3Y to a trouble signal bus 82. A trouble
signal lamp 84 and a trouble buzzer or gong 85
are connected between the trouble bus 82 and the
power supply 8{ in order to provide a trouble in-
dication.

To provide a source of supply for the actuation
of the relay 1{ by its coil 12 a wire 86 is con-
nected between the power supply 17 and the mov-
able element 52 of the sensitive relay 60. The
relay T4 is actuated by its other coil 16 by mak-
ing a ground connection through the movable
element 81 of the other sensitive relay 61 and a
wire 87 to the common ground 74. While the
relay 1{ has been described as being a two coil
relay, it is obvious that in an alternative con-
struction a pair of single coil relays might be
used each having their contacts 79 and 80 con-
nected in parallel so that either relay may ac-
tuate the trouble signa] in the same manner as
it is now actuated by one of the coils of the

relay 11,
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A pair of balancing cell relays are provided for
- each of the sensitive relays, each balancing cell
relay being adapted to actuate a plurality of
switching contacts. These relays also cause the
actuation of an alarm signal. The balancing cell
supervisory relays are indicated by the numerals
89 and 90 and respectively have operating coils
9f and $2. The operating coil §1 is connected to
the smoke signal contact 67 of the sensitive relay
60, the operating coil having its other contact
connected by a wire 94 to the ground bus 74. The
other supervisory relay 90 has one terminal of its
coil 92 connected to the power supply 18 by a
wire 95 while the other contact of the coil 92 is
connected by a wire 96 to the smoke sagnal con—
tact 68 of the sensitive relay 61. |

A smoke signal bell 100 and a smoke swnal lamp
181 are connected in parallel across a wire 104
connecting with the ground bus 714, the other
sides of these devices are connected in parallel by
a wire 105 to contact 106 of a smoke sighal relay
[6T. The smoke signal relay (07 is used to avoid
the necessity of providing the contacts of the
balancing cell supervisory relays with high ca-
pacity current contacts. In an alternative con-
struction the smoke signal bell and lamp might be
directly connected to contacts of the balancing
cell supervisory relay.

The smoke signal relay 107 is energized only
upon the actuation of both of the balancing cell
supervisory relays 89 and 98. This is accom-
plished by providing each of the supervisory re-
lays 89 and 20 with a pair of double throw con-
tacts having their movable elements connected
in series and having their double throw contacts
arranged in a parallel connection. The connec~
tion is so arranged that in the event only one of
the relays 89 or 90 are actuated, a connection is
made to the trouble signals. This is done by pro-
viding a series connection (89 between the mov-

sble element for relay 89 and a movable element

il for the relay 90. Contact ({2 of a double
throw switeh for the relay 88 is connected to a
contact 114 of a double throw switch of the relay
80 by a wire {15, in turn, connected to the trouble
bus 82 by a wire {{16. The power suppbly 8! is
connected by a wire 11T to another contact (19
of the double throw switch for the relay 90, in
turn, connected by a wire 120 to the other con-
tact 121 of the relay 88.

The power supply 18 is connected by a wire {22
to the movable clement of a normally open single
throw contact 124 of a normally open switch hav-
ing its other contact 125 connected by a wire {26
to a2 movable element {27 of a single throw switch
actuated by the relay 89 and its other contact
129 connected by a wire 130 to one terminal of
an operating coil 131 of the smoke signal relay
187, the operating coil 131 having its other ter-
minal connected by a wire 132 to the ground
bus 74.

In the connection in which the photoelectric
cells are connected in opposition in series with a
resistance, the resistances have the effect of in-
creasing the sensitivity of the unit by reducing the
effective output of the balancing cells.  The de-
tecting cells do not generate excess current unless
smoke is present.

If it were possible to provide a detecting cabi-
net in which no stray light was present it would
be unnecessary fto use a bhalancing cell. How-
ever, as stray light is always present the balanc-
ing cells 45 and 46 are required and are con-
nected in opposition with the detecting cells 43
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. 186 having cone terminal connected to the re-
sistance 151 by a wire 16T and to the other sgide

. of the resistance by wire 169. A supervisory relay

65
. 171 to the power supply 81 and its other contact
" connected by a wire 1712 to the trouble bus 82.

and 44, and the outputs of the balancing cells 45

and 46 are adjusted so as to counteract the out-

75

‘connected to a
turn, connected in a parallel connection with a
~contact (35 of the relay 90 by a wire 158.: The

- .
. 6 [

puts of the detecting cells 43 and 44 under the
effects of stray light. In the event smoke is

present, the outputs of the detecting cells in-

crease and initiate actuation of the smoke signal
through the relays 89, 90 and 107.

The photoelectric elements are inherently of
slightly different characteristics thus making it
difficult to adjust both units so that they will
actuate their smoke signal at practically exactly
the same time. This is disadvantageous in that,
unless provision is made otherwise, if either of
the detecting cells calls for smoke, and the other
does not, a trouble signal is given. This difficulty
is overcome hy providing a normally closed short-
ing switch for each of the resistances 5% and 56
so connected that the shorting switch for the
resistance of one of the units is opened when the
detecting cell for the other unit actuates its relay
to the smoke signal position.

The resistance tends to effect an increase in
the sensitivity of the unit by causing a voltage
drop across the balancing cell and resistance in
series thus lessening 1ts opposition to the positive
action of the circuit. Thus by opening the short-
ing switch a possible time lag is overcome and a
smoke signal is given rathm than a trouble
alarm signal. -

The resistance 55 is connected by . a pair of
wires (34 and {39 connecting it to a normally
closed single throw switch having contacts (36
and 127 and actuated by relay 89, while the re-
sistance 56 has a pair of wires 139 and 140 con-
necting it to a normally closed single throw
switch having contacts (41 and (42 and actuated
hy the relay 92. |

The audible detector 13 provided mth a source
of light such as the electric lamp 40 connected

by wires 143 and 144 with the secondary {45 of

a transformer 146. A primary winding {47 of
the transformer 146 is connected by a wire I49

“to the power supply 17T and by a wire 188 to th

wire 104 connecting, in turn, to the ground bus

14. A resistance 181 is connected in series with

the lamp 40 and is adapted to be shorted by single
throw switches actuated by either relay 89 or 99.
A wire 132 from one side of the resistance i81 is
conttact 154 of the relay 29, in

other side of the resistance {51 is connscted by a
wire 133 to a contact (59 of the relay 90. in turn,
connected in a parallel connection with a con-

tact 160 of the relay 89 by a wire {51.

The resistance (51 is normally connected in

series with the light 40 to reduce its operating
55
increase the intensity of the light at periodic
“intervals, a timing control 162 energized by a
~wire 164 connected to the ground bus T4 and by a

intensity and thus add to its life. In corder to

wire (65 connected to the power supply 78, is
adapted to periodically close a shorting switch

170 is connected in series with the timing conirol
unit 162 and has its contacts connected by a wire

‘The visual lamp (7 is connected to the power

supply 18 by a lead 114 through a series resist-
70
is-connected through the coil of a sup;ervisary
~relay {16 to the ground bus T4 by a wire (88,

ance (713, the other terminal of the visual lamp

The contacts of the supervisory relay 176 are con-

- nected to the power supply 81 by a wire |77 and

to the trouble bus 82 by a wire 119. The visual
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lamp series resistance 115 is connected by a wire

i81 to a normally open contact (82 of the smoke
signal relay (01, and a corresponding contact
184 of the normally open switch is connected DY
a wire 185 to the other side of the resistance {1%.
The electric discharge plug 102 is connected by
a wire 186 through a door switch 18T and a wire
189 to a contact 198 of a normally open switeh

having its other contact 191 connected by 2a wire
(92 to the wire 18. The door switch 18T is nor-

mally resiliently urged into the open positicn and
is held closed by the door 24, thus eliminating the
possibility of an accidental discharge oi the fire
extinguishing system while the door is open as
for adjustments of the apparatus within the
cabinet 22.

The blower 50 has one of its terminals con-
nected with the power supply 78 by a wire (84
while its other terminal is connected by a wire
195 to the ground bus T4. The bklower super-
visory switch 51 has one of its contacts {36 con-
nected by a wire (97 to the power suprly i while
its other contact 199 is connected by a wire 280
to the trouble bus 82. The Llower supsivisory
switeh 5{ is normally closed and is adapted to
be actuated into the open position upon the
cessation of the suction in the blower inlet.

A stop discharge relay 201 has ifs coil con-
nected with the ground bus by a wire 282 znd
with the trouble bus by a wire 204, iis contacts
being connected in series with those of the door
switehh (87 so that in the event the trouble circuld
is energized the electric discharge pluz 122 i3
prevented from becoming energized and thus
causing an unnecessary discharge of the systeis:.

In the operation of the system of the smoke
detector shown in Figure 5, the main switch 39
is closed energizing the system and causing the
pilot indicating lamp 52 to light. The blower
50 is started providing suction to actuate the
suction control switch 51 preventing the trouble
signal, and at the same time the visual lamp
{7 and the audible lamp 40 are lighted. The
balancing cells 45 and 46 are adjusted to pro-
duce the required output so that the midpoints
62 and 64 of the sensitive relays 60 and 61 are
positioned intermediate their contacts. The sys-
tem is then operating normally, the timing con-
trol unit 162 being energized to periodically short
the resistance {51 for the audible Jamp 40 so that
its intensity is periodically increased to increase
the sensitivity of the audio-detector.

In the event smoke is drawn into the housing
26, light from the audible lamp 40 is reflected
from the smoke to the surface of the detecting
cells 43 and 44. By reason of their inherent dif-

ferences in characteristics, it is quite possible that

one of the detecting units will have a larger
output, and assuming this to be the case for
the detecting cell 43, the sensitive relay 61 will
be operated so that the movable element 64 of
the double throw switch is moved to the con-
tact 68 energizing the coil 92 of the relay 90.
The contacts of the relay 90 are actuated, con-
tact 155 being connected with contact 133 to
short the resistance 151 for the audible lamp
therefore increasing its intensity tending to pro-
duce a ereater output from the detecting cell
44. At the same time, the relay 90 has opened
contacts 141 and {42 normally shorting resist-
ance 36 thus giving the effect of further increas-
ing the output of the detecting cell 44, contacts
124 and 125 are connected providing a source of
supply to the contact 127 of the relay 89, and

the movable element (1! of the double throw
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- power circuit 81.
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switeh is actuated from contact (19 to the con-
tact 114,

In the event the system is operating properly,
and smoke is present, by this time relay 44 will
have actuated its sensitive relay 60 so that its
movable element 62 is moved to the contact 67,
thereby energizing coil 91 of the relay 89, actu-
ating all of its contacts so that no trouble signal

is given, the movable element [{0 opening its
connection with the contact 121, simultaneously

the contact 127 has been connected to the con-
tact 129 energizing the smoke signal relay (01
and actuating its armature to close the contacts
193 and 191 respectively to the contacts (06 and
190, to energize the wires 165 and (88 from the
power source 1.

The smoke signal bell 100 and the smoke sig-
nal lamp 181 are thus energized to give a sighal,
and the electric discharge plug 102 is energized
to discharge the fire extinguishing medium into
the protected space to complete a normal cycle
of operation of the apparatus resulting from the
presence of smoke. The energization of the
smoke signal relay (0T causes the closing of its

5 contacts 182 and 184 shorting the resistance 115

for the visual lamp [1, thereby increasing its in-
tensity and thus giving a better visual indica-
tion of the presence of smoke.

Assuming there is no smoke present, and that
the operation of the sensitive relay 61 is caused
by a defect, for example, in the detecting photo-
electric cell 43 causing an increase in its out-
put. In this event, even though the intensity
of the visual light 40 is increased and the re-
sistance 56 is cut into the circuit decreasing the
effect of the balancing cell 46, the output of the
cell 44 is not increased enough to actuate the
sensitive relay 60 to move its movable element
62 to its smoke signal contact 67. Thus the
supervisory relay 8% is not actuated and its con-
tact 110 remains connected to its contact 121,
thereby connecting the power circuit 81 through
the wire 109, through the actuated contacts {11
and ({4 through the lead (16 to energize the
trouble bus 82 to actuate the trouble lamp 84
and the trouble gong 8% to indicate that the
system is operating defectively.

In the event either one of the detecting cells
is defective in that its output is decreased a
trouble signal will also be given. Assuming, for
example, that the detecting cell 43 is defective
and its output is decreased then its sensitive re-
lay 61 is actuated so that the movable element
64 is connected to the contact 66 energizing the
detecting cell supervisory relay Tl to close its
contacts to energize the trouble bus 82 from the
It should be noted that the
energization of the trouble bus 82 automatically
energizes the stop discharge relay 201 so that
the electric discharge plug (02 is prevented from
becoming energized.

In the event either one of the balancing cells is

-defective in that its outnut is deercased o trouhle

signal will also be given. Assuming, for example,
that the balancing cell 45 is to hecome defective
and its output is decreased, then the same effect
is produced as if the outrut of the detecting cell
43 had been increased. The sensitive relayv 61 is
actuated so that the movable element 63 makes
a connection with the contact €8 energizing the
relay 80. As the relay 89 is not energized, a
trouble signal is given by the completion of the
circuit through the contacts 11t and {14.
Referring to the embodiment of the invention
shown in Figure 6-8, there is shown a smoke ge-



tector 218 which differs from the embodimeént
shown in Figures 1-5 mainly in that only a single

detecting and balancing cell unit is used. The

supervision of the circuits is also simplified re-
sulting in a smoke detector which may be pro-
duced at a lower cost for installations in which
the added safeguards of the first embodlment are
not warranted.

The detector 2i0 is encased in a housing or
cabinet 222 having a door 224 providing access
to the mechanism within the cabinet. A trans-
former 225 is mounted within the cabinet 222,
together with an audible smoke detector housing
226 having an inleft 2271. The outlet of the smoke
detecting compartment 226 leads to the inlet
of a suction blower 229. A sensitive relay panel
231 is positioned in front of the smoke detecting
cabinet 226 and in alignment with a transparent
window 232 in the door 224. A relay box 234 is
positioned above the transformer 223J.

A power supply is connected through fuses 236
and 237 to a main switch 239. An audible lamp
240 is positioned at one side of the smoke de-
tector housing 226 and is adapted to project into
the housing through a lens 241. Within the
housing 226 is a detecting photoelectric element
243 connected in opposed relationship with a bal-
ancing photoelectric element 245 positioned out-
side of the housing 226 and in range of the light
from the electric lamp 240. Suitable means are
provided for varying the light to the balancing
element 245 such as by the use of a shutter 246.

The blower 229 is actuated by a motor 250
to draw air to be tested for smoke through the
smoke detector housing 226. A suction actuated
switch 251 is connected into the inlet piping to
the blower 229 at any suitable location, suoh a8s
in the inlet 2217.

The wiring diagram of the smoke detector 210
is shown in Figure 7. The photoelectric ele-
ments 243 and 245 are connected in opposed
relationship and in parallel with a coil 25T of a
sensitive relay 260. A movable element 262 of
the sensitive relay 260 connects a ground wire
264 through a coil of a smoke signal relay 265
to one of the dual power supplies 266 and 267.
‘A smoke signal lamp 269 is connected between
the ground wire 264 through a movable element
219 of the smoke signal relay 268 to the power
.supply 207 by a wire 2T1f. The movable element
270 also connects through a wire 212 to a door
switeh 274 and a wire 2715 to an element 216 of
g, fire extinguishing discharge plug. A ground
-.connection 27171 connects the element 274 with a
eround connection 279 of an alarm bell or gong
‘280 which may be positioned at a remote loca-
‘tion if desired.

A trouble lamp 281 and a trouble gong 282 are
connected through a trouble bus 284 and the
syction switeh 251 through a wire 285 to the
power supply 266. The trouble bus 284 is also

2,654,082
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the balancing cell 245. In the event the audiblé
lamp 240 is defective a trouble signal is given
by the supervisory relay 281. Likewise, a trouble
signal is given if the suction switch 251 indi-
cates a lack of suction in the piping system such
as by a failure of the blower 229 or its motor 259.
The door switch 2714 is actuated by the closing
of the door 224 making the system ready for a
discharge of the fire extinguishing system
through its actuating element 276 upon the pres-

- ence of smoke in the housing 226.
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- While the invention has been described and
illustrated with reference to specific embodi-
ments thereof, it wil lbe understood that other
embodiments may be resorted to without depart-
ing from the invention. Therefore, the forms
of the invention set out above should be con-
sidered as illustrative and not as limiting the
scope of the following claims.

This application is a oontmuatlon—m—part of
our co-pending application Serial No. 5,524 filed
January 31, 1948,

We claim:

1. In apparatus for detecting smoe:e in a ﬂmo
a visual light source to provide a visual indication

- of smoke, a visual light series resistance con-
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nected in a circuit with the visual light source
to normally decrease the intensity of the visual
light source, a trouble signal, a visual light
supervisory relay to complete an electrical cir-

- cult to the trouble signal for indicating the op-
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connected through a movable eclement 286 of

an audible lamp supervisory relay having a coil
2871 to the power supply 266. The blower motor

959 is connected by a wire 289 to the ground bus
264 and by a wire 290 to the power supply 267.

65

The audible lamp 240 is connected in the sec-

ondary of the transformer 228 in series with the
coil 2871 of its supervisory relay by wires 291, 292
and 293. The transformer 225 is connected with
the ground bus 264 by a wire 285 and with the
power supply 267 by a wire 296. |

In the operation of the smoke detector 2 I 0 it
is connected to the electrical power supply by
the switch 239. The sensitive relay 260 is ad-
justed by the manipulation of the shutter 246 of
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erability of the visual light source, 3 suctlon
blower, a suction conduit for oonductmg a Stream
of ﬂuld into the apparatus, a suction actuated
switch to complete an electrical circuit to the

~ trouble signal for indicating the operability of

the suction blower, an audible light source %o
provide an audible indication of smoke, a series
resmtanoe connected in g circuit with the audible
light source to decrease the intensity of the
audible light source, a timing switch connected
across the audible light series resistance - for
periodically increasing the mtenmty of the audible
light by by-passing the audible light series re-
sistance, an audible light supervisory relay to
complete an electrical circuit to the troubie signal
to indicate the operability of the audible light
source, a timing switch supervisory relay to com-
plete an electrical circuit to the trouple signal

for indicating the operability of the timing switch,
0 a pair of detecting photo-electric cells adapted

to receive light reflected from smoke in the
fluid, a pair of balancing photo-electric cells, a
palr of photo-electric cell resistances, each of the
detecting and balancmg cells connected in op-
position and in series with one of the photo-
electric cell 1e51stanoes to form a pair of smoke
detecting units, a pair of sensitive relays each

| electrlcally connected across one of the detect-

ing cells, a sensitive relay double throw switch
actuated by each sensitive relay, balancing means
for each of the photo-electric cell units o vary

__thelr respeotrve outputs to each of the sensitive

relays so that the sensitive relay double throw

switches are normally positioned intermeaiate

their contacts, a detectmg cell trouble signal
supervisory relay for each sensitive relay adapted

to complete an electric circuit to the trouble

signal irom one of the sensitive relay switch
contacts, a balancing cell superwsory relay for
each sensitive relay adapted to actuate a plu-
rality of switching means, a trouble signal double

throw switch for each balancmg cell supervisory

relay, series connection means between the mid-
points of the trouble signal double throw switches -

_of both sald relays connectmn means from the
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contacts of one balancing cell supervisory relay
troubie signal double throw switeh to the contaets
of the other balancing cell supervisory reiay
trouble signal double throw switch arranged in
a reversed connection so that when either one
of said relays is actuated a conneciion is ma&e
through the contacts controlled by the ether of
said relays to the trouble signal while if beth
of said relays are acfuated the trouble circuit
is opened, a smoke signal, a smoke mgnal relay,
a normally open smoke signal relay single throw
switch actuated by each of the balancing cell
supervisory relays, series connectmn means :l’or
the smoke signal relay single throw switches of
both relays, the smeke signal relay connected
1n series with the smoke mgnal 1relay smgle
throw smtches so that when both balancing cell
supervisory relays are actuated the Smoke sighal
relay is actuated, a Tiormally dpen Sioke sighal
single throw switc‘h ‘sethated by the siicke signal
relay 10 ‘complEté an ‘eléctrical sireult ty the
smoke signal a pair of audible Iight resistance
normally open single throw switches each actu-
ated by 'a balancing -cell supervisory ¥elay and
both ‘connected across the audible lizht series
resistance, a pair of ‘phdto=electric ' cell resistance
sinigle throw normially closed switches each actu-
dated by 'a ‘balancing cell “siipervisory relay, ohe
of said 1ast mentionéd -switches adaptst to he
actuated -by one balancing ‘cell ‘supervisory re-
1ay and connected across the -photo-electric -¢ell
resistance for -the other -balancing ‘cell super-
visory relay, ‘the other -of 8aid last ‘mentioned
switehes adapted to be acfitated by the other'bal-
ancing cell supervisory relay and-¢conneécted-across
the photo-electric cell resistance -for the one bal-
ancing -cell -supervisory relay,-an électrical dis-
charge mearns-for a {fre extinguishing-system, a
normally open single throw fire ‘extinguishing
system switeh adapted o -be actuated by the
smoke sienal relay o complete an electric ‘cir-
cuit to actuate the -electrieal -discharge means, a
stop discharge ‘relay -conneeted ‘in -patrattel -with
the trouble sienal, -and 2 normally¢tlosed single
throw stop ‘discharge switeh actuated by-the stop
dis¢charge relay :to open -the ‘eleetric - discharge
meéans circuit when-the trouble sighal is ’actuateﬂ

‘2. In apparatis-for-detecting smoke-in a Auiq,
a visual light; sotifceto-provide a viswal indication
of ‘smoke, a visual light -series -resistance con-
nected in @ -cireutt ‘with -the -visual -light source
to nermally decrease the-intensity of the visual
light Bource, a trouble ‘signal, a suction bhlower,
‘a ‘suetion cendmt -for eenductmg -a-'stream of
ﬂuid into the apparatus,-an ardible light source
to provide an-audible tndication of smoke; 3 series
tesistance-connected in a ‘circuit with- the aﬁdible
-Hg'ht source to decrease ‘the ' intensity - ‘of “the
-andible light-séurce, a timing switch{connected
across the -audible licht series ‘resistance for
periodically increasing the ‘intensity “of “the
audible light by bywpassmg the auchble llght“series
resistance,a pair-of -detecting photo-electric cells
adapted to receive: light reflected from smeke in
the fiuid, a-pair-of- balancmg photo- _electric tells,
8 pair of phote-electric cell resistances, ‘each of
the deteeting -and ‘balancing: cells connected in
*opposmon and in - serles 'Wlth -one 'of 'the photo-
electric -cell resistance.s 1o form~a ‘palr of srmoke
detecting units, ‘a- pair of ‘sensitive relays esth
‘electrically- eennected -across ‘one of the detect-
ing ‘cells, -a sensitive relay ‘double throw switeh
actuated by each: sensitive relay, balancing means
for each of the photo- electric ¢ell umts to vary
their reSpecti've ‘outputs toeach of the sen51tive
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smtches are normally positioned mtelmedlate
their contacts, a detecting cell frouble signal
supervisory relay for each sensitive relay adapied
to complete an electric circuit to the trouble
signal from one of the sensitive relay switch
contacts, a balancing cell supervisory relay for
each sensitive relay adapted to actuate a plu-
rality of switching means, a trouble signal double
throw switch for each balancing cell supervisory
relay, series connection means between the mid-
points of the trouble: signal double throw switches
of both said relays, connection means {rom the
contacts of one balancing cell supervisory relay

- trouble signal double throw switch to the contacts

15

of the other balancing cell supervisory relay
trouble signal double throw switch arranged in
a reversed connection so that when either one
of said relays are actuated a connection is made

~ through the -contacts controlled by ihe other of

20

30

4.0

50

55

60

65

70

said relays to the trouble signal while if ‘both
of said relays are actuated the trouble circuit is
opened, a smoke signal, & smoke signal relay,
& normally open smoke signal relay single throw
switch -actuated by each of the balancing cell
supervisory relays, -series connection means for
the smoke signal relay single throw switches of
both -relays, the smoke signal relay connected
in .series with the smoke signal relay single throw
switches.so that when both balancing cell super-
visory relays are -actuated the smoke signal re-
lay is -actuated, a normally open smoke sjgnal
single throw switch actuated by the smoke signal
relay to complete an electrical circuit to the
smoke signal, a pair of audible light resistance
normally open single throw switches each actu-
ated by a balancing .cell supervisory relay and
both connected across the audible light. series re-
sistance, a pair .of photo-electric cell resistance
single:-throw.normally-closed switches each actu-
ated by a balancing cell supervisory relay, one
of .said last mentioned switches adapted to be
actuated by one balancing céll supervisory re-
lay -and .connected across the photo-electric cell
resistance for the other balancing cell supervisory
relay, - the other  of said last mentioned switches
adapted to be actuated by the other halancing
cell supervisory . relay and connected across the
photo-electric cell resistance for the one balanc-
ing.-cell supervisory:relay, an electrical discharge
means for & fire.extinguishing system, and a nor-
mally open single throw fire extinguishing .sys-
tem. switch adapted.to be-actuated by the smoke
signal relay -to .complete an .electric circuit to
actuate the electrical discharge means, a stop dis-
charge -relay connected in parallel with the
trouble signal, and a normally closed single throw
stop: discharge- switch ‘actuated by the Stop dis-

charge relay to.open.the. electric discharge means
-cmcmt when the trouble signal is actuated.

3. In apparatus-for.detecting smoke in a fluid,
Q, treuble signal, a suction blower, a suction con-
duit -for -.conducting .a -stream of fiuid into the

apparatus, an.audible light.source. to provide an

audible.indication of smoke, a series resistance
connected in -a -.circuit with -the -audible light

source to decrease the Intensity of the audible

Heght Bource, -a timding - switch :connected -across
the gudible light series resistance for. periodicaily
increasing ‘the intensity..of :the :audible light by
‘By-passing the audible: light-series. resistance,..a
pair of detecting: photo=electyic :cells:adapted:to
receive light reflected from:smoke in-the ifiuid, a

‘detectinig: anid ‘baldncing ‘cells: connected:im. op-

pair-of ‘balancing photo=electric célls, each of the

relays so ‘that the “sensftive relay double throw 76 “posftion to form a ‘pair -of smoke’ detef:ting urits,
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2, pair of sensitive relays each electrically con-

nected across one of the detecting cells, a sensi-
tive relay double throw switch actuated by each
sensitive relay, balancing means for each of the
photo-electrie cell units to vary their respective
outputs to each of the sensitive relays so that the
sensitive relay double throw switehes are normal-
ly positioned intermediate their contacts, a de-
tecting cell trouble signal supervisory relay for
each sensitive ralay adapted to complete an elec-
tric circuit to the trouble signal from one of the
sensitive relay switch contacts, a balancing cell
supervisory relay for each sensitive relay adapted
to actuate a plurality of switching means, a
trouble signal double throw switeh for each bal-
ancing cell supervisory relay, series connection
means between the midpoints of the trouble
signal double throw switches of both said re-
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lays, connection means from the contacts of one

balancing cell supervisory relay trouble signal
doubie throw switchh to the contacts of the other
balancing cell supervisory relay trouble signal
double tarow swiven arranged in a reversed con-
neetvion 2 that when either one of said relays
are actuated a connection is made through the
contvacits controlled by the other of said relays to
the trouble signal while if both of said relays are
actuated the trouble circuit is opened, a smoke
signal, a smoeke signal relay, a normally open
smoke signal relay single throw switch actuated
by each of the balancing cell supervisory relays,
series connection means for the smoke signal re-
lay single throw switches of both relays, the
smoke signa] relay connected in series with the
smolke signal relay single throw switches so that
when bhoth balanecing cell supervisory relays are
actuated the smoke sighal relay is actuated, a
normeally open smoke signal single throw switch
actuated by the smoke signal relay to completse
an electiricgl circuit to the smoke signal, a pair
of audible light resistance normally open single

throw switches each actuated by a balancing cell

supervisory relay and both connected across the
gudible light series resistance, an electrical dis-
charge means for a fire extinguishing system,
and a normally open single throw fire ex-
tinguishing system switch adapted to be actuated
by the smoke signal relay to complete an electric
circuit to actuate the electrical discharge means.

4. ITn apparatus for detecting smoke in a fluid,
g trouble signal, a suction blower, a suction con-
duit for conducting a stream of fluid into the ap-
paratus, an audible light source to provide an
audible indication of smoke, a pair of detecting
photo-eleciric cells adapted to receive light re-
flected from smoke in the fluid, a pair of balanc-
ing photo-electric cells, each of the detecting and
balancing cells connected in opposition to form a
pair of smoke defecting units, a pair of sensitive
relays each electrically connected across one of
the detecting cells, a sensitive relay double throw
switch actuated by each sensitive relay, balancing
means for each oi the photo-electric cells units
10 vary their respective outputs to each of the
sensitive relays so that the sensitive relay double
throw switches are normally positioned inter-
mediate their contacts, a balancing cell super-
visory relay for each sensitive relay adapted to
actuate a plurality of switching means, a smoke
signal, a normally open smoke signal single throw
switch actuated by each of the balancing cell
supervisory relays, series connection means for
the smoke signal single throw switchs of both re-
lays, the smoke signal connected in series with the
smoxe signal single throw switches so that when

20

20

30

G
[ {

14

both balancing cell supervisory relays are actu«

ated the smoke signal is actuated, and a pair of

audible light resistance normally open single
throw switches each actuated by a balancing cell
supervisory relay and both connected across the
audible light series resistance.

5. In apparatus for detecting smoke in a fluid,
a trouble signal, a suction blower, a suction con-
duit for conducting a stream of fiuid into the ap-
paratus, a light source to provide an indication
oi smoke, a pair of detecting photo-electric cells
adapted to receive light reflected from smoke in
the fluid, a pair of balancing photo-electric cells,
each of the defecting and balancing cells con-
nected in opposition to form a pair of smoke de-
tecting units, a pair of sensitive relays each elec-
trically connected across one of the detecting
cells, a sensitive relay double throw switch actu-
ated by each sensitive relay providing smoke and
frouble signal contacts, balancing means for the.
photo-electric cell units to vary their respective
outputs to each of the sensitive relays so that
the sensitive relay double throw switches are nor-
mally positioned intermediate their contacts, a
detecting cell trouble signal supervisory relay for
each sensitive relay adapted to complete an elec-
tric circuit to the trouble signal from one of the
sensitive relay contacts, and a smoke signal, the
smoke signal contacts of both of the sensitive re-
lays conuected In series with the smoke signal so
that when both of the sensitive relays are actu-
ated to their smoke signal contacts a smoke gsig-
nal is given. - |

6. In apparatus for detecting smoke in a fluid, a
light source, a conduit for conducting a stream of
fluid into the apparatus, a trouble signal, a smoke
signal, 2 pair of detecting photo-electric cells
adapted to receive light reflected from smoke in

- the fluid, a pair of balancing photo-electric cells,
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eachr of the detecting andbalancing cells connected
in opposition to form a pair of smoke detecting
units, a pair of sensitive relays each electrically
connected across one of the detecting cells, a sen-
sitive relay double throw switch actuated by each
sensitive relay, balancing means for each of the
photo-electric cell units to vary their respective
outputs to each of the sensitive relays so that the
sensitive relay double throw switches are normally
positioned intermediate their contacts, a2 balanc-
ing cell supervisory relay for each sensitive relay
adapted to actuate a plurality of switching means,
8 trouble signal double throw switch for each bal-
ancing cell supervisory relay, series connection
means between the midpoints of the trouple sic-

- nal double throw switches of both said relays, con-

nection means from the contacts of one balancing
cell supervisory relay trouble signal double throw:
switch to the contacts of the other balancing cell
supervisory relay trouble signal double throw.
switch arranged in a reversed connection so that
when either one of said relays are actuated a con- -
nection is made through the contacts controlled
by the other of said relays to the trouble signal
while if both of said relays are actuated the
trouble circuit is opened, a single throw smoke
signal switch actuated by each of the balancing:
cell supervisory relays, and series connection
means for the smoke signal single throw switches
of both relays, the smoke signal connected in
series with the smoke signal single throw switches
S0 that when both balancing cell supervisory re-
lays are actuated the smoke signal is actuated,
discharge means for a fire extinguishing system,
a normally open single throw fire extinguishing
System switch adapted to be actuated by the
smoke signal relay to complete an electric circuit
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to actuate the electrical discharge means, a stop"

discharge relay connected in parallel with the
trouble signal, and a normally closed single throw
stop discharge switch actuated by the stop dis-
charge relay to open the electric discharge means
circuit when the trouble signal is actuated.

7. In a smoke detector, a source of electric
light, means to conduct a stream of fluid to be
tested into the light, supervisory relay means pro-
viding trouble indication upon the failure of the
electric light, a resistance in series with the elec-
tric licht to reduce its intensity and with the
supervisory relay means completing a circuit
therebetween, and switch means to by-pass the
resistance to increase the intensity of the light,
whereby the electric light may be intermittently
energized at full voltage to provide light for the
testing and is continuously energized at low cur-
rent to provide a supervisory indication of its op-
erativeness.

8. ITn a smoke detector a source of electric light,

means to conduct a stream of fluid to be tested
into the light, supervisory relay means providing
trouble indication upon the failure of the electric
light, a resistarice in series with the electric light
to reduce its intensity and with the supervisory
relay means completing a circuit therebetween,
switch means to by-pass the resistance to increase
the intensity of the light, and timing means to
actuate the switch, whereby the light may be in-
termittently energized at full voltage to provide
light for the testing and is continuously energized
at low current to provide a supervisory indication
of its operativeness.
9. In a smoke detector, a source of light, means
to conduct a stream of fluid to be tested for smoke
into the light, a pair of detecing photo-electric
means responsive to the presence of smoke in the
stream of fluid, each operative between trouble
and smoke contacts, a trouble signal, a smoke
signal, and switching means actuated by the
photo-electric means to operate the trouble signal
when either or both of the photo-electric means
are operative at their trouble contacts, the switch-
ing means actuated by the photo-electric means
to indicate the smoke signal only when both of
the photo-electric means are operative at their
smoke contacts.

10. In a smoke detector, a source of light, means
to conduct a stream of fluid to be tested for smoke
into the light, a pair of detecting photo-electric
means responsive to the presence of smoke in the
stream of fluid, relay means electrically con-
nected with each -of the detecting photo-electric
means, smoke signal contacts for each of the re-
lays connected in series, and switching means,
whereby a smoke signal is given only when both
of the pair of detecting photo-electric means re-
sponds to the presence of smoke.

11. In a smoke detector, light source means,

fluid conduction means to bring a stream of fluid

to be tested for smoke into the light, a pair of
detecting photo-electric means responsive to the
presence of smoke in the stream of fluid, a pair of
balancing photo-electric means to compensate
for variations in the light source, means to elec-
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trically connect one of the detecting and one of
the balancing photo-electric means in opposition
in an electric circuit, an electrical resistance in
series with the one detecting and one balancing
photo-electric means to minimize the effect of the
bhalancing photo-electric means to increase the
effectiveness of the detecting photo-electric
means a normally closed switch connected across
the resistance, the other detecting and balancing
cells connected in an opposition circuit, and a
relay in said last-mentioned circuit, the relay op-
eratively connected to open the normally closed
switch, whereby the one detecting photo-electric
means is rendered more effective upon the ac-
tuation of the relay by the other detecting photo-
electric means.

12. In a smoke detector, a source of light,
means to conduct a stream of fluid to be tested
for smoke into the light, a pair of detecting photo-
electric means responsive to the presence of smoke
in the stream of fluid, relay means for the detect-
ing photo-electric means operable between a
trouble contact and a smoke contact, a pair of
balancing photo-electric means each of which is
electrically connected with a detecting photo-elec-
tric means and adjusted in the absence of smoke
to maintain the relay contacts in a position so
that neither trouble nor smoke contacts are com-
pleted, switching means adapted to produce a
trouble signal when any contact is made, and
switching means adapted to nullify the effect of
sald last-mentioned means when both smoke
signal contacts are closed.

13. In a smoke detector, a source of light,
means to conduct a stream of fluid to be tested
for smoke into the light, a pair of detecting
photo-electric means responsive to the presence
of smoke in the stream of fluid, relay means for
the detecting photo-electric means operable be-
tween a trouble contact and a smoke contact, a
pair of balancing photo-electric means each of
which is electrically connected with a detecting
photo-electric means and adjusted in the absence
of smoke to maintain the relay contacts in a
position so that neither trouble nor smoke con-
tacts are completed, switching means adapted to
prdouce a trouble signal when any contact is
made, switching means adapted to nullify the
effect of said last-mentioned means when both
smoke signal contacts are closed, and switching
means to produce a smoke signal when both
smoke contacts are completed.

CLARENCE NOEL CAHUSAC.
FRANK B. ALLEN,
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