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2 Clalms,

Cur invention relates to protective devices snd
more perticularly fo s device for effecting an
opening of the main line switch of a series light-
ing elreuil, in vesponse {0 current Interruptions
in the cirouit, '

One object of ouwr invention is to vrovide an
improved construction and arrangement of gap-
paratus for effecting an opening of the main Hne
switch for a series lighting cirenit in response to
current interruptions ceused by apparatus faile
ures other than lamp failuves,

For current interruptions in series lighting cir-
cuits caused by lamp fellures it is desirable $o
mainigin the main switch closed and to allow &
shori circulting device, connected across the ter-
minals of the lamp, L. e, the usual fllm cutout, to
reestablish the circuis, For current interruptions
due 1o other causes, however, such as the break-
Ing oi an overhead wire, for example, it is desir-
able 0 open the main line switch quickly and,
11 possible, before the wire falls to the ground.
In view of these requirements, the time period
betweén the actusl interruption of current fow
In & series lighting eircuii snd the insiant ot
which the main switch should ke openedq, is criti-
cal. A time delay device for efiecting the open-
Ing of such main line switch should operate ac-
curately at the expiration of a predetermined
time delay pericd, The delay period should be
such that if the current interruption is caussd
by a lamp feilure the dlm cuiout will have time
¢ operate to establish the circuit.

Furthermore, devices of this tvpe are mounted
outdoors, preferably nesr the line switch, and ave
exposed {0 outdoor ambient temperaiure through-
oub -the seasons of the year. The fime delay
period, under which the switch operates, should
remain constani, irvespective of the smbient
termperature.

It is, therefore, another object of our invention
to provide a protective device operable, through-
ocut & wide range of ambient temperatures, %e
open & circuit within o predetermined constant
jime delay pericd.

For a better understanding of our invention,
‘together with other and further objects thereof,
reference is had to the following description taken
in comnection with the accompanying drawing,
and its scope will be pointed out in the sppended
clsims,

In the accompanying drawing Pig. 1 is a cross
sectional elevation of a protective device built in
accordance with our invention; Fig. 2 is 2 frag-
mentary view of ig. 1 looking in the direction
of arrow 2 in Fig. 1; and Fig. 3 is a diagrammatic
illusiration of the elements of Fig. 1, together
with their interconnecting circuifs.

Referring to the drawing in detail Fig. 1 dis-
closes a cross sectional elevation through g eylin-
drical casing 5 of sheet metal attached to 2 hase
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6. The bese supports two porcelain bushings
8 and 5 (see Fig. 2) which extend through the
base and ave provided with openings through
which condusiors enter the casing 4o conduct
ctirrent o elements of $he device mounted within
the casing. The base § has attached thereto
brackeis 18 and 14 upor which the elements of
the protective device are mounied.

The elements mounted upon the brackets it~
clude a transformer 12, This transformer is

-provided with & winding 13, arranged to be con-

necied In series with the lighting cireuit which
is to be profecied, and is provided with leads (4
and 13 projecting through bushing 8. This same
transforimer is vrovided with 2 secondary wind-
ing 16 having leads 17 and 15 connected to & relay
(8. The transformer 12 and the relay §9 are both
mounted on the bracket {0, the transformer be-
Ing supporied at the upper end of the bracksd
by screws 18’ projecting through the transformer
core and through g suiteble cross member welded
©0 the upper end of the bracket, and the relay
being attached to sars 28 projecting from the
bracket direcily below the iransformer {%.

A second transformer 2{ is mounted on the
bracket 1i. This transformer is provided with
windings 22 and 28, the first of these windings
being energized irom an auxiliary source of
power and the second being connected o supply
heating current to o thermostatic switch 85, The
vhermostatic switeh 24 is mounted on the bracket
1§ below the trensiormer 21.

An adjustable resistor 29 is mounted on the
bracket {! beside the thermostatic switeh in
& suitable manner and is connected into the trans-
former winding 22 o vegulate the current there-
In. ‘This resistor is preferably a resistance wire
wound upon & spocl and is provided with a collay
2%’ which is slidable along the surface of the
spool.

The thermostatic switch 24 is provided with =
handle 26 which is movable to an upper position
when the switch 24 is closed and is moved %o 3
lower position when the switch 24 is open. At 27
is indicaied a switch reset member having an
elongated opening 28’ through which switch han-
dle 26 projects. The reset member 27 is supported
by handle 28 and projects through %he base g,
being freely movable through an opening in the
base. This member follows the switch handle o
its two positions and thereby provides an indicg-
vion outside of the casing as to the position of the
switch handle. The opening 28’ (see Fig. 2) is
elongated so that the switch handle 26 may move
to its open position without a corresponding

downward movement of the reset member 27, .

This is & necessary precaution bhecause an ac-
cumulation of ice on the outside of the casing §
and its base § which may occur in winter weather,
may freeze the reset member in its upper closed
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switch position. If it becomes necessary under

those conditions for the switch 24 to operate, such

operation can take place without & movement of
- the reset member 21. An opening 27’ is provided
in the lower end of the reset member so that it
may readily be moved and thereby correspond-
ingly move the switch handle 26 to either of its
two positions.

A pair of contacts 28 and 28 are mounted in
cooperative relationship with the thermostatic
switch handle 26. In its movement to the up-
per and closed switch position the switch handle
26 moves the contact 28 to engage the cooperat-
ing contact 29, and thereby closes a circuit to
a line-switch operating-coil. For convenience
these contacts 28, 29 are supported upon the ends
of resilient arms 28’ and 29’. (See Fig. 3.) The
other ends of these resilient contact arms ars
attached to a common block 3! which is in turn
attached to the bracket ({. The contacts are so
positioned in relation to the switch handle 5
that when the latter moves to its uppermost po-
sition it engages the end of a block 32 attached
to the under side of the contact arm 28 and lifts
the block and contact 28 into - engagement
with the contact 28.

The above-described apparatus is united into
a rigid assembly by connecting the transformers
12 and 21 to each other by spacing bolts 33 and
by suitably attaching the brackets {8 and ({ to
the base 6. This latter is preferably done by
welding the brackets to the base. The casing §
is attached to the base 8 by screws 35.

The operation of the protective device may be
understood by reference to Fig. 3. This figure
illustrates diagrammatically each of the ele-
ments above described and the operating circuits,
including a protected series lighting circuit. The
circuit which is protected by the above-described
device and into which the transformer winding
13 is directly connected by its leads {4 and 1§,
is supplied by a power supply transformer wind-
ing 4f{. The primary winding 42 of this power
supply transformer i connected to a suitable
power source by a double pole switch 43 held in
closed position when its operating coil 44 is en-
ergized. This line switch 43 opens at the instant
of deenergization of coil 44, The protected cir-
cuit includes series connected lamps 4¢’ indicated
diagrammatically. Each lamp may be provided
with a film cutout (not shown) in the usual well
known manner, to establish a circuit in shunt
to the lamp terminals in case of lamp failure.

The coil 44 is normally energized through the
contacts 28, 29 of ihe protective device. The cir-
cuit may be traced from a suitable source, indi-
cated by a plus sign, which source may be of
relatively low potential compared to the light-
-ing circuit, through a switch 45 located outside
of the protective device at any snitable location.
- The circuit for the coil 44 continues through a

conductor 46, a conductor &7 to contact arm 28,
contacts 28, 29, contact arm 28’ and conductor
48 to the coil 44. The coil is grounded through
a conductor 49. The circuit just traced is closed
by the control switch 45 whenever it is desired
to turn on the lights in the protected circuit.
The circuit is opened by the movement of handle
26 effected by the operation of the thermostatic
switch 24. The thermostatic.switch is set to op-
erate at the expiration of a predetermined time
period, usually a fraction of a second, after the
“interruption of current in the lighting circuit.

The interruption of current in the lighting cir--

cuit is detected by the relay 139 which automati-
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cally initiates the timing operation at the switch
24. Relay 19 comprises an operating coil §0 con-
nected to and energized by the transformer

" winding 6. The leads {7 and 8 are connected
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directly to the terminals of the relay coil 58 so
that the relay coil is energized whenever there
is current in the primary winding 13 and in
the lighting circuit. It becomes deenergized at
the interruption of current in the protected
lighting circuit. The relay is provided with &
moving arm 5f which carries & contact 82 and
is biased by & spring §3 to move this contact into
engagement with & cooperating contact B64.
When the coil 50 is energized the arm 51 is raised
to separate the contects 52,53 and thereby to
hold open & circuit to the transformer winding
22, This circuit may be traced from the auxil-
iary source, switch 4§, feed wire 46, to the relay
arm 514, contacts 52, 54, conductor §6, transform-
er winding 22, conductor 22’ (collar 25'), adjust-
able resistor 25, conductor 57, and through con-
ductor 49 to ground. The conductor 46 is con-
nected to the conductor i7 as indicated at their
point of crossing to prevent a rise of the relay
coil circuit potential above the auxiliary source
potential. The elements of the protective device
are thereby held at the comparatively low poten-
tial of the auxiliary source whereby insulation
on the elements is relatively small and insulat-
ing oils are not needed. The resistor 25 is an
adjustable resistor, preferably comprising a re-
sistance wire wound on a porcelain spool. It is
connected at one end to ground through the con-
ductors 57 and 48, and is connected to the pri-
mary winding 22 by a conductor 22’ -and the
collar 25’. This collar is movable along the re-

" sistor to regulate the resistance in this primary
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winding circuit of the transformer, thereby to
determine the secondary heating current and to
set the #ime interval of the thermal switch op--
eration.

The thermal switch is a modified form of the
switch described in detail in U. S. Patent 2,047,-
815, Atwood. It is a toggle switch having an
operating lever 58 pivoted upon a pin §9, a trip
member 66 pivoted upon the pin 58, and a
contact-operating arm 614 also pivoted on the pin
59. A toggle spring 62 connected between the
operating lever §8 and the contact arm 61 moves
the contact arm 6t info an upward position so
that a contact 63, mounted on the arm, engages
a contact 68 within a shield 85 when the oper-:
ating lever, and the handle 2€ attached thereto,
are moved to-an upper position. The trip mem-

5 ber is held in position by a thermostatic ele-

ment 66, the free end of which engages a trigger
87 on the trip member 60. At normal tempera-
tures the thermostatic element catches the trig-
ger 67 and holds the member 60 stationary
against the pressure of a pin 68 urged down-
wardly by a spring 63. When the thermostatic
element is heated by current flowing through it,
it flexes to release the trigger 67 and the pin
68 then moves the member 68 about its pivot pin -
59 in a clockwise direction. The trip member,
in turn, engages & tripping lug 70 on the arm
6{ and carries the arm 81 in a clockwise direc-
tion, against the pull of the spring 62, to sepa-
rate the contacts 63, 64. The switch 24 is reset
by first: moving the lever 58 counter-clockwise,
the lever being provided with a projection T
which engages the trip member 60. The trip -
member is so moved until the trigger 67 is en-
gaged by the thermostatic element €6. The trip
member 60 is then held in its normal position
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by the thermostat. The lever 58 is thereafter

- moved clockwise to its uppermost position, the
over-center spring 62 is moved past the pivot 59
and the arm 61 is thereby raised to close the
circuit of contacts 63, 64.

The thermostatic element 66 is heated by
current supplied by the transformer winding
23. The circuit may be traced from one ter-
minal of the winding 23 through a conductor 12
to the thermostatic element 66, through the
thermostatic element to & conductor 13, contacts
63, 64, and conductor 14 back to the winding.
When the switch 24 is tripped by the thermo-
static element 66, the contacts 63, 64 open the
circuit to the thermostat and the handle 26
releases the contact 28 to open the circuit to the
switch coil 44, .

The timing of the thermostat operation is pro-
bortional to the heating current supplied by the
transformer winding 23. The regulation of this
current is obtained by adjusting the resistor 25
in the circuit of the primary winding 22. The
thermostatic element 66 is arranged to operate
at a relatively high temperature, at a tempera-
ture which is much higher than the average am-
bient temperature, being, for example, on the
order of several hundred degrees Fahrenheit, a
multiple of the average ambient temperature
under which the device may be required to op-
erate, The varlations in outdoor ambient tem-
perature, therefore, become a relatively small
part of the operating temperature and have a
correspondingly small influence upon the timing
of the switch. The thermostatic element is also
enclosed in a casing, thereby eliminating air
currents and the accompanying heat loss. A
single setting of the resistor 25 therefore suffices
to maintain a constant time delay for all tem-
peratures normally encountered throughout the
seasons of a year in any one location.

In operation, the relay 19 becomes deener-
gized-and immediately closes its contacts 52, 54
whenever a current interruption occurs in the
serles circuit. The closure of contacts 52, 54
initiates the timing of the thermostatic switch
24. If the current Interruption is due to a lamp
failure, the current is re-established by the short

circuiting device connected across the terminals-

of the lamp before the thermostatic switch 24
operates and the relay again becomes energized,
the time Interval for this interruption being
shorter thanthe time interval for which the
switch 24 is set. The circuit to the main switch
coil 44, therefore, remains closed at the contacts
29, 28 and no further operation of the protective
device occurs.

In case the current interruption is due to
causes other than lamp failure, the relay be-
comes deenergized, the contacts 52, 548 close and
establish the circuit to the transformer winding
22 and current flows from the transformer
winding 23 to the thermostatic element 66. If
the contacts 52, 54 In this instance remain closed
for the period for which the thermostatic ele-
ment 66 is set to operate, the trigger 87 is re-
leased and consequently the switch 24 operates
to separate the contacts 29, 28 thereby breaking
the circuit to coil 44 and opening the switch 43.
The circuit to coil 44 then remains open until an
operator has determined the cause of the current
failure and, after eliminating this cause, manu-
ally recloses the switch 24, The circuit to coil
44 is thereby closed at the contacts 29, 28 and
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assuming switch 45 to be closed, the coil 44 be-
comes energized and closes the main line switch
43. The relay coil 50 is then again energized
and opens the circuit through contacts 52, 54
and the protective device is ready for another
operation.

Advantages of this device over the devices
hitherto used for similar purposes arise from the
low potential at which the elements of this de-
vice are held through the use of the insulating
transformer 12. Insulating oils which are nec-
essary in high potentlal devices and also hamper
contact operation in cold weather thereby be-
come unnecessary. .

Other advantages of this device arise from the
use of the thermostatic element for effecting a
time delay. A relatively high operating temper-
ature, at which such devices may be adjusted to
operate, reduces the influence of ambient tem-
peratures to an amount that is inconsequential
whereby the device operates at a substantially
constant time delay period throughout the sea-
sons of the year, :

Still other advantages arise from the fact that
this device may be reset only by manual opera-
tion of a thermostatic switch. In our device it
is necessary to actuate the reset member 27 be-
fore it is possible to reclose the main line switch
for the protective circuit. This element neces-
sitates the attendance of an operator at the point
of installation of the switch and thereby elimi-
nates the danger of the switch being closed by a
distant operator not familiar with the condi-
tions at the switch.

What we claim as new and desire to secure by
Letters Patent in the United States is:

1. In a protective system for a series lighting
circuit, the combination of an actuating cireuit
including a pair of contacts operable to effect an
opening of the supply switch to said circuit,
means for operating said contacts comprising a
time delay switch provided with a thermostatic
element, said thermostatic element being oper-
able at & temperature which is on the order of
a multiple of the average ambient temperature
under which said thermostatic element is caused
to operate, and means for conducting heating
current to said thermostat responsive to an in-
terruption of current in said protected circuit to
effect- an operation of said time delay switch.

2. In a protective system for a serles lighting
circult, the combination of an actuating circuit
including 8 palr of contacts operable to effect a
disconnection of said lighting circuit from its
current source, a time delay device arranged to
operate sald contacts provided with means re-
sponsive to an interruption of current in the pro-
tected circuit, a thermostatic element, means re-
sponsive to an interruption of current in said
protected circuit for establishing a circuit for a
heating ‘current to heat sald thermostatic ele-
ment to its operating temperature, and means
in sald eircult for adjusting said heating cur-
rent to obtain a predetermined timing for the
operation of said thermostatic element at an av-
erage ambient temperature, sald operating tem-

_ perature being on the order of a multiple of said

70

average ambient temperature whereby the ef-
fect of a variation In said ambient temperature
upon the timing of said thermostatic element

. becomes negligible. -

JUSTIN PETERSON.
FREDERICK A. WEIGEL,




