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My invention relates to temperature responsive
control circuits and more particularly to such
control circuits for use with electric blankets
and the like.

Heretofore, varicus control circuits have been
geveloped for providing over- ~-temperature pro-
“tection for electric blankets and like heating de-
vices, several cf these circuits being disclosed in
my copending application, Serial No. 91,402, now
Patent 2,565,478, patented August 28, 1951, en-
titled “Temperature Responsive Control Circuit,”
filed May 4, 1949, and owned by the General
Electric Company, assignee of the present inven-
tion. In the circuits shown therein, the opera-
tion of the automatic circuit breakine means is
controlled by a temperature sensitive structure
wilch contains a pair of conductors having be-
tween them a thin layer of material which is
substantially an insulator at one temperature and
at a predetermined high tembverature is a con-
ductor of electricity of conventional domestic
voltage and frequency. Upon overheating of the
blanket, the thin layer of material passes cur-
rent from one conductor to the other, and there-
by causes operation of the eircuit opening means.
The temperature sensitive structure itself is dis-
closed and claimed in the copending application
oI Spooner et al, Serial No. 91,396, entitled
“Thermosensitive Devices and Apparatus Incor-
porating the Same,” filed May 4, 1949, now Patent
2,581,212, patented January 1, 1952, and also
assigned to the General Electric Company.

Although the circuits disclosed in my afore-
mentioned application, Serial No. 91,402, have,
on the whole, given excellent results when -used
with electric blankets, they do not make quite
enough allowance for a mistake made by certain
Inexperienced persons in operating the blankets.
-More specifically, although the control circuits
must, of course, operate when only a portion of
the blanket is overheaied as well as when the
entire blanket is too het, these inexperienced
Jpersons often do not realize that danger exists
when only a portien of the blanket is over-
heated, and they attempt to re-energize the
heating circuit by jamming closed the “on” switch
oefore the overheated pertion of the blanket is
allowed to cool to the temperature at which it
may operate safely.

In a number of the aforementioned control :

circuits, the automatic circuit opening means
consist of the contacts of an electromagnhetic
relay, and it has been found that the jamming
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chattering, of this relay. Naturally, the chatter-
Iing is objectionable both because it causes severe
wear of the relay and its contacts and also be-
cause the blanket is energized during the periods
that the relay is closed. Moreover, the chat-
vering is extremely discomforting to the owner-of
the blanket, often convincing him that there is
something wrong with the control -circuit or
with the blanket itself. This conclusion is a
particularly undesirable cne because ordinarily
overheatsing of a nortion of the blanket does not.
indicate a circuit failure, since any portion of
the blanket may overheat merely because there

is a tight fold or tuck formed ‘in it which pre-

vents the normal dissipation of hest. |
it is a general object of my invention, there-

fore, to provide a new and improved ‘control c¢ir-

cuit for use with electric blankets and the like,
and it is a more specific object of my invention
to provide such a control circuit in which the
Jamming closed of the “on” switech upon an over-
heat condition does not result in chattering ‘of
the control relay.

The features of my invention which T beheve
to be novel are pointed cut with particularity in
the appended claims. The invention, itself,
however, both as to organization and mode of
operation, together with further objects ‘and
advantages thereof, mayv be best understood by
reference to the following description to be taken
in conjunction with the accompanying dramng
which is a schematic diagram of a control cireuit
embodying my invention.

Referring to the diagram, one conductor or
heater resistor 1 of a combined hesat generating
and thermosensitive element 2 is separated from
the second conductor or signal wire 3 of the ele-
raent by a thin layer (not shown) of one of the
organic materials disclosed in the aforemen-
tioned Spooner et al. application, Serial No.
91,396, a synthetic polyamide resin, commonly
called nylon, being preferable. The thin layer
of organic material is essentially an insulator at
normal operation temperatures of element 2 and
is a conductor of electricity at predetermmed
higher temperatures. The combined heatmg and
thermosensitive element 2 may be arrangéed in=-
side a blanket 4 in any one of the smtable pa.t-
terns well known to the art and may be joined
through a multi~terminsl plug and socket 5 to

a control circuit which is housed in the ¢ontrol

box 6. A plug 7T provides the supply terminals

for connecting the control circuit to a source of
power, for example, a conventmnal 115 valt 80

cycle, A. C. domestie cireuit.




3

The control circuit performs a dual function.
Firstly, it serves to regulate the current supply
to the blanket load or heating circuit, which is
comprised of resistor i, and secondly, it serves to
completely de-energize the load circuit upon the
overheating of any portion of the blanket. Thus,
resistor 1, which, for example, may be divided into
two parallel-connected sections having an over-all
resistance of approximately 60 ohms, is connected
to one side of the power source through a cycling
control 8 and to the other side of the source

through the contacts 9 of a control device, such.

as electromagnetic relay 10.
Cycling control 8 regulates the blanket tem-~

perature under normal operating conditions and
preferably is of the room temperature-responsive
type of control described and claimed in the U. S.
patent to William K. Kearsley, 2,199,558, April 2,
1040. It accomplishes this temperature regula-
tion through a cycling bimetallic switch member
{4 which alternately opens and closes the heating
eircuit in response to the heat supplied to it by a
series resistance 12 and the surrounding atinos-
phere. In order that adjustment of the control
‘may be made to obtain various blanket tempera-
tures, an external regulating knob 13 1s provided
to act on switch member 1§, -
~ However, as mentioned above, in addition o
the normal temperature regulation of the blanket,
the control circuit also provides over-temperature
- protection to completely de-energize the blanket
circuit upon any dangerous overheating in the
blanket. Itisby means of relay 10 that such pro-
tection is obtained. The operating coil (4 of re-

lay {8 is connected to be energized across oppo-

site terminals of a 4-legged impedance bhridge
which, itself, is energized from the same power
source as the heating circuit. Comprising two
legs of this impedance bridge is a series resonant
‘circuit, while comprising the other legs are a pair
of 12,000 ohm resistors 15 and 15. The series
resonant circuit includes in serial relationship a
0.1 mfd. capacitor 11, signal wire 3 and a 75 henry
choke coil I8, the resistance of signal wire 3 being
preferably less than 400 ohms. Choke {8 and
resistor {6 are connected directly to one side of
.the power source or line but capacitor 7 and
resistor 15 are connected to the load side of &
‘switch 19 which is biased to the open position

and manually operable to the closed position. .

‘The other side of switch (9 is joined directly to
the opposite side of the line. |

Connected in parallel with or across switch 8,
as far as the resonant circuit is concerned, is a

series circuit consisting of contacts 9 and a 12,000

chm resistor 26. However, with respect to the
heating circuit, it may be said that contacts &
are in parallel with the series combination of
switeh 19 and resistor 20. In any case, the clos-
ing of contacts & serves to energize the heating
circuit directly and to energize the impedance
 bridge through resistor 20. Also connected to be
energized directly by the closing of contacts 8
is an operation indicating circuit consisting of 2
200,000 resistor 2! and a neon glow-lamp Z£2
serially connected. As its name intimates, this

circuit is added merely to provide a means for

indicating to the user whether the blanket is in
operation or not.

Means for de-energizing the blanket circuits at
the option of the user is provided by a switch 23
~ which, like switch 19, is biased to the open posi-
tion and manually operable to the closed position.
Although, as will become apparent hereinafter,
there are various ways in which switch 22 may be
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connected into the circuit, preferably it is con-
nected between the load side of switch I8 and
some point in the resonant circuit so that when
closed, it forms a parallel path around a portion
of the circuit effective to disturb the circuiv
resonance. 'Thus, as shown in the diagram, one
side of switch 23 is joined to switch 19 and the
other side is joined to the junction of chcke (3
and signal wire 3.

Also connected to this junction point, which
actually is one of the aforementioned opposite
terminals of the impedance bridge, is the relay
operating coil i4. The other point to which coil
14 is connected, i. e., the other bridge terminal,
is the junction of resistors 15 and 6. With the
other circuit components being of the magnitudes
given, the impedance presented hetween the
bridge terminals by coil 14 should be approxi-
mately 90,000 ohms with the relay armature
closed, and the construction of relay {8 should
be such that it operates to close contacts 8§ with
approximately 115 volts applied to the operating
coil §4 and drops out to open the contacts whei
the coil voltage falls to a value someplace be-
tween 90-75 volts depending on the relay calibra-
tion. It must be understood, however, that these
numerical values, as well as those given for the
various resistances and impedances, are for a
circuit to be energized from the standard 115 volt,
60 cycle, A.-C. domestic voltage source. Diifer-~
ent voltage sources, of course, would require dif-
ferent values for the circuit components.

To energize the circuift, assuming that the

- thermostatic cycling control 8 is calling for heat,

switeh 19 is closed to connect the impedance
bridge directly across the line. Resistors {5 and
{5 act as voltage dividers to cause the voltage ap-
nearing at the one terminal of the bridge to be
approximately half the line voltage. The voltage

v abt the other terminal of the bridge is, however,

considerably higher due to the effect of the reso-
nant circuit; in other words, the voltage drop

- across choke {8 is much greater than the voltage
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drop across resistor 16. In fact, the voltage

. across choke 18 rises considerably above line volt-

age so that with a line voltage of 115 vells, a
voltage of approximately 150 volts appears across
coil 4. This causes relay {0 to operate and close
contacts 8 placing the heating circuit directly
across the line, | | |
As soon as relay 10 operates, switeh {9 may be
released since the impedance bridge is energized
through contacts 9 and resistor 20 to keep relay
I8 locked in the closed position. The addition of
resistor 28 to the bridge circuit limits the current
in the resonant circuit and the voltage divider
circuif, but under normal conditions does nov
diminish the voltage across coil {4 enough for the
relay to drop out. This is true since the voltage
falls off 2t both the bridge terminals, in the case
of the terminal between resistors {5 and {6 falling
to about 15 of the line voltage. Thus, assuming
that the entire circuit is in good working order,
once relay {0 operates, the heating circuit will re-

main in operation dependent upon the cycling of

contvrol 8.

To de-energize the circuit, i. e., turn oif the
blanket, switch 23 is closed. The closing of switch
23 effectively shorts out capacitor {7 and disturbs
the resonance of the normally resonant circuit.
This causes the voltage across choke {3 to drop
appreciably, while the voltage across coil {§ re-

mains the same, approximately % the line volt-

age. The voltage between the bridge terminals
therefore decreases to a value insufficient to keep
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relay 10 locked in, and the relay drops-out open-
ing contacts 9 and -de-energizing the entire cir-
cuit. -Obviously,-switch 23 may be placed at any
point in the circuit where, by its closing, it will
reduce the voltage ‘between the bridge terminals
enough to allow relay 19 to drop out.

Means are -also provided for an automatic cir-
cuit opening if the blanket overheats to a pre-
determined cut-off temperature, for example,
when it heats .over an external temperature of
186° . if the femperature of the blanket rises
to or beyond this value, the impedance of the
nylon layer between conductors | and 3 decreases
sufficiently in magnitude that it passes appreci-
able current from heater resistor i to signal wire
3. The current paths formed between resistor |
and signal wire 3 effectively complete parallel cir-
cuits-around capacitor 17 and choke (8 which dis-
turb the resonance of the normally resonant cir-

cuiv. As above, the disturbance of the series res- ©

onant effect causes the voltage across choke {8 to
darop off and since the voltage across resistor 18
does not change, results in the voltage across coil
i4 falling to a value insufficient to keep relay 10
from dropping ouf to clear the circuit. Thus,
overheating of any portion of the blanket, brings
aoout an automatic shut-off of the blanket.

It is when the blanket shuts off automatically
in this manner that an inexperienced owner may
jam the “on” switch 19 closed trying to turn the
blanket on again. Under normal operating con-
ditions of the original circuit diselosed in the co~
penaing application, Serial No. 91,402, i. e, in the
original circuit with its relay contacts closed and
the “on” switch open, the current limiting re-
sistor 29 (using the numbers of the present case)
Is"in series with condenser {7 and choke {8 across
the supply potential, and the voltage across each
of the voltage divider resistors 5 and 15 is ap-
proximately 14 the line voltage. However, when
the relay contacts open due to an overheat and
the “on” switch is jammed, the voltage across
each of the voltage divider resistors drops to ap-
proximatiely Y5 of line voltace, due io the fact
that these resistors are then connected in series
with the current limiting resistor 25. The voli-
ages across choke 18 and condenser 11, however,
increase as their circuit is then connected directly
across the power source. -Since the voltage across

the choke increases while the voltages across the |

voltage divider resistors decrease, the result is an
Increase in the voltage across the relay coil. This
increased voltage across the coil causes the relay
to operate and close the relay contacts, which, in
turn, increases the voltage on the voltage divider
resistors. The rise in voltage across the resistors
decreases the voltage on the relay coil and allows
the relay to drop out. The cyele then repeats it~
self, causing rapid chattering of the relay.

However, in this new circuit, current limiting
resistor 29 is in series with impedance bridge as
& whole when the relay contacts are closed. When
the contacts open, due to overheat, and the “on”
switch is jammed closed, resistor 20 is removed
from the bridge circuit entirely, both the voltage
divider circuit and the resonant circuit being con-
nected directly across the power source. Thus,
opening of the relay contacts and jamming of the
“on” switch changes the potential to all the
bridge elements and thereby does not cause any
unbalance of the voltage appearing at the relay
coil. The relay then stays cut and no chattering
occurs, .

When thse nylen contrel layer betwesn resistor
[ and signal wire 3, and thus, the blanket itself,
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has cooled sufficiently that there are no longer
any parallel circuits effective to disturb the res-
onant circuit, the closing of switch 19 will .aggin
restore the blanket to normal operation. How-
ever, besides the shut-off due to overheating, the
blanket control will dlso automatically de-ener-

gize the blanket due to the permanent failure of
any circuit compenent, since 'such a failure -dis-

turbs the resonance of the resonant circuit. In
that case, though, reclosing of the “on” switch
after a length of time sufficient to allow cooling
of the blanket will not return the blanket to op-
eration, and thereby the user may determine
whether his blanket has shut off due to.a minor
causes, such as a tight fold in some portion of
the blanket, as is the usual case, or whether it
has shut off -due to failyre of one of the circuit
components.

The subject matter ¢f this gpplication is also
related to that of G. C. Crowley, R. G. Holmes,
and P. A. Check, Serial No. 236,208, filed July 11,
1951, and to that of J. W. McNairy, Serial No.
134,002, filed December 20, 1949, all having the

same assignee as the instant application.

Although the circuit produces satisfactory re-
sults using the values stated for the various cir-
cuit components, these values are meant to be
merely illustrative. Obviously, numerous modi-
iications and alterations may be made by those
sKilled in the art without actually departing from
the inventicn, and I therefore aim in the ap-
pended claims to cover all such .equivalent varia-
vions as fall within the true spirit and scope of
the invention. |

What I claim as new and desire to secura by
Letters Patent of the United States is:

1. In a control circuit including a control ele-
mentg comprising a heater resistor and a siesnal
wire having between them a layer of material
which is substantially an insulator at cne tem-
perature and at a predetermined higher tempera-
ture a conductor of electricity, a pair of supply
terminals, a manually operable switech biased to
the open position, an impedance bridse connected
In series with said switch across said ferminals,

two legs of said bridge collectively comprising in

serial relationship a capacitor, said signal wire
and reactance means, and the other two legs col-
lectively comprising a pair of resistors serialiy
connected, a control relay having an operating
coil and contacts biased to the open position, a
current limiting resister, a circuit connecting said
contacts and said current limiting resistor in
serial relationship across said switch, means con-
necting said operaing coil across said impedance
bridge to derive voltage therefrom to operate said
contacts to the closed position, and a circuit eon-
necting said contacts and said heater resistor
serially across said supply terminals to enable
the current paths formed between ssid signal
wire and said heater resistor upon conducting
status of said layer to complete parallel circuits
about two legs of said impedance bridee to effect
a reduction in the voltage on said operating coil
to a value such that said contacts return to said
ocpen position and said switch during said con-
ducting status of said layer is ineffective upon
being closed to energize said operating coil to
again close said contacts.

2. In a control circuit including a control ele-
ment comprising a heater resistor and a signal
wire having befween them a layer of material
which is substantially an insulator at one tem-
perature and at a predetermined higher tempera.-
ture a conductor of electricity at conventional
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“domestic voltage and frequency, a pair of supply
terminals, a manually operable switch biased to
the open position, an impedance bridge connected
in series with said switch across said terminals,
two legs of said bridge collectively comprising a
series resonant circuit including a capacitor, said
signal wire and a reactance means, and the other
-two legs collectively comprising a pair of resistors
serially connected, a control relay having an op-
erating coil and contacts biased to the open posi-
tion, a current limiting resistor, a circuit con-
necting said contacts and said current limiting
resistor in serial relationship across said switch,
means connecting said operating coil across said
impedance bridge to.derive voltage therefrom to
operate said contacts to the closed position, a
thermosensitive cycling control having a cycling
switch member, and a circuit connecting said
contacts, said cycling switch member and said
heater resistor serially across said supply ter-
minals to enable the current path formed between
sald signal wire and said heater resistor upon
conducting status of said layer to complete
parallel circuits about two legs of said impedance
bridge effective to reduce the magnitude of en-
ergization of said operating coil to allow said con-
tacts to return to said open position and effective
to prevent operation of said contacts to the closed
position upon the operation of said switch dur-
ing sald conducting status of said layer.

3. In a control circuit including a control ele-
ment comprising a heater resistor and a signal
wire having between them g thin layer of mate-
rial which is substantially an insulator at one
temperature and at a predetermined higher tem-
perature g conductor of electricity at conven-
tional domestic voltage and frequency, a pair of
~ supply terminals, a pair of switches biased to
the open position and manually operable to the
closed position, an impedance bridge connected
directly fo one of said supply terminals and con-
nected to the other of said supply terminals by
one of said switches, two legs of said bridge col-
lectively comprising in serial relationship a ca-

pacitor, said sighal wire and reactance means, .

and the other two legs collectively comprising a
pair of matched resistors serially connected, s
control relay having an operating coi]l and con-
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tacts biased to the open position, a current limit-
ing resistor, a circuit connecting said current
limiting resistor and said contacts in serial rela-
tion across said one switch, means connecting
sald operating coil across said impedance bridge
to derive voltage therefrom to operate said con-
tacts to the closed position, means connecting
the other of said switches in parallel relationship
with a portion of said resonant circuit, a thermo-
sensitive cycling control having a cycling switch
member, and a circuil connecting said contacts,
said cycling switch member and said heater re-
sistor in serial relationship across said supply

terminals to enable the current paths formed

between said signal wire and saig heater resis-
tor upon the attainment of conducting status
of sald layer to complete paralle]l circuits about
two legs of said impedance bridge effective to

-reduce the magnitude of energization of said op-
erating coil to allow said contacts to return to

sald open position and effective to prevent opera-
tion of sald contacts to the closed position upon
the operation of said switch during said con-
ducting status of said layer.

' GEORGE C. CROWLEY.
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