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The present invention relates to an electric
blanket or the like and to a control device thers-
for for regulating and maintaining the tempera-
ture of the blanket.

It is an object of the present invention to pro-
vide such a control device which operates by
reason of the temperature of the electric heating
element itself and, more specifically, by reason
of the change in the electric resistance of the
heating element due to a change in temperature.

It is a further object of the invention to provide
a control device for an electric blanket or the
like, all the operating parts of which can be
placed outside of the blanket itself.

These and other objects of the invention will
best be understood from the following descrip-
tion taken in connection with the accompanying
drawing in which Fig. 1 is a representation of an
electric blanket with a control device attached
thereto, and Fig. 2 is a schematic diagram of the
blanket and control device.

Fig. 1 illustrates an electric blanket { having
attached thereto, by a suitable cable 2, a control
box 3 having an external adjustable temperature
selecting knob 4. A power input connection plug
is illustrated at 5.

Referring now to Fig. 2, the electric blanket or
other heating apparatus represented at t is pro-
vided with g heating winding 6. Where the de-
vice [ is an electric blanket, the heating winding
6 will preferably be uniformly distributed within
the blanket over substantially the entire blanket
area; for example, a blanket body may be used
like that described in Patent 2,203,918 to I. O.
Moberg issued June 11, 1940, The winding 6 is
made of g material having a high temperature
coefficient of resistance, for example, copper or
a suitable alloy thereof. It is supplied with alter-
nating current power from supply lines T and 8
through line switch 8. One terminal of the heat~
ing element 6 is connected through contacts 10
and 11 of a relay {2 to line conductor T, while the
other terminal of the element 6 is connected in
series with a low ohmic resistor i3 to line con-
ductor 8. The relay 12 is normally open and is
closed by excitation of its operating coil. In the
particular embodiment of the invention illus-
trated in the drawing, operating current for the
relay is provided by a control circuit which is
operable at regular intervals to effect excitation
of the relay operating coil, and to maintain such
excitation, following each such operation for a
period of time which is determined by the tem-
perature of the element 6 and with relation to
the temperature selected by the operator. To
this end, the heating element 6 forms one leg of
a resistance bridge network whose unbalance
voltage is amplified and rectified and is used to
determine the length of time the relay 12 is held
closed following each of its periodic closing opera-~

5

10

15

20

25

30

40

45

60

2

tions. When starting up, the relay, having once
been closed, does not open until the element 6
reaches its predetermined temperature; at that
point the bridge voltage will be zero and the relay
12 will become deenergized, opening contacts 10
and {{ and disconnecting the heating element
from the line until the next successive closing op-
eration. In practice, the bridge voltage does not
have to be zero, but of such value that the relay
12 becomes deenergized; the exact voltage value
used depends upon the particular circuit design
and its parameters, as will be understood by those
skilled in the art.

The bridge network, of which the heating ele-
ment 6 forms one leg, consists further of re-
sistances (3, {4 and 15. The element 6 is con-
nected across terminals (6, 17; the element (3
between terminals 17, i8; the resistance #4, which
is preferably variable, is connected between ter-
minals 18 and 19; while the fixed resistance {5
is connected between terminals 16 and {5. Volt-
age is applied to the bridge network from con-
ductors T and 8 across terminals (6 and 18. The
control voltage appears across terminals (T and
{9 when all of resistor [4 is used. Since this
resistor is preferably variable and is provided with
an adjustable contact arm 20 operable by knob &,
the control voltage is actually taken batween ter-
minal 1T and the arm 20.

This voltage is supplied to the primary 2( of
a transformer 22 having a secondary winding 28,
whereby the unbalance voltage of the bridge is
magnified. The voltage of the transformer sec-
ondary 23 is amplified by vacuum tube 24. This

5 has a filament 25 supplied with power from a

transformer 26 connected across the line in con-
ventional manner. The cathode 27 of the tube
24 is connected in series with resistance 28 %o
line conductor 8. The resistance 28 is shunted
by a condenser 29 and this combination is for
the purpose of adjusting the voltage in the grid
cathode circuit of the tube 24 for best operation.
The grid 30 of the tube 24 is connected to trans-
former secondary 23, whose other terminal is con-
nected to line conductor 8 and thereby to the
cathode. The rectifier section 32 of a vacuum
tube 31 provides direct current for the anode
circuit of tube 24, the anode 34 and cathode 27
being connected across resistor 88 in the cathode
circuit of rectifier 32. The resistor 38 is shunted
by condenser 39 for smoothing out the half wave
rectified pulses.

In series with the anode 34 is the primary 35
of the transformer 36, the secondary winding 42
of which is connected to a voltage doubler recti-
fler 41 whose output voltage appears across a
resistance 42. The drop across resistance 42 is
supplied to the grid 43 of the beam power ampli-
fler section 33 of tube 31. The screen grid and
the anode circuit of amplifier 33 are likewise sup-
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plied with D.~C. from the rectifier 32. The anode
current of amplifier 33 is used to operate the
relay 12, whose operating coil is connected by
conductors &4 and 45 to the cathode resistor 38

of the rectifier and to the anode 37 of the ampli~

fier, respectively. A condenser 45 is connected

across the relay winding to suppress possible. : .
chattering of the relay which may occur where

the tube 32 is a half wave rectifier. :

Closing of the relay {2 independently of the
condition of the other parts of the control circuit
is necessary, because the bridge circuit is not
energized and is non-operative when the relay
{2 is open. For this purpose, there are provided
contacts 47 which are closed periodically by a
cam 48 driven by a motor 43. The contacts 47,
when closed, short resistor 42 and thereby reduce
the bias on grid 43, permitting tube 323 to pass
current and energize the relay {2 to close its
contacts.

The operation of my control circuit is therefore
as follows: When the line switch 9 is closed, the
cam 48 will close the contact 417, thereby connect-
ing the control grid 43 to the cathode of the tube
33 and permitting current to flow through tube 33
to energize relay (2, which closes contacts 10, 1
and energizes the heating element 8. The bridge
circuit, being simultaneously energized, will pro-
duce only a low voltage in the primary of trans-
former 21§ so long as the heating element § has not
reached its proper temperature as determined by
the adjustment of the arm 28 on the resistor {4,
Thus the bias developed on the control grid 43 of
the relay tube will not be sufficient to cause the
relay 12 to open when the contacts 47 are opened
by operation of the cam 48 until the heating ele~
ment 6 reaches the selected operating tempera-
ture. As the heating element & becomes hotter,
its resistance increases, reducing the voltage drop
across resistor {3. The voltage across primary 21
therefore increases. This voltage, being magni-
fied by transformer 22 and amplified by vacuum
tube 24 and again magnified by transformer 386, is
rectified by the voltage doubler rectifier 41 and
appears across resistor 42 to place a negative bias
on the operating grid 43 of the tube 33 during
periods when the contacts 47 are opened, thereby
cutting off the fow of plate current through this
tube. The relay 12, therefore, becomes deener-
gized, permitting contacts {8, {{ to be opened and
thereby deenergizing the heating winding 6. Re-
lay (2 remains open until cam 48 again closes
contacts 47, after which the operating cycle is re-
peated. It will thus be seen that the periodically
closed contacts 47 provide for periodic connection
of the heating element 6 to the power supply, and
that the length of the period during which the
element § is energized is controlled by its tem-
perature and the adjustment of resistor 4.

It will thus be seen that I have provided a di-
rect control of the.electric energy delivered to
the heating element of an electric heating: device
such as an electric blanket, which confrol can
be placed entirely outside of the heating device
itself. My invention requires only that the heat-
ing element have a sufficiently high temperature
coefficient of resistance to provide an appreciable
current change in the heating element circuit in
response to a change in the element’s tempera-
ture. '

My invention contemplates in the control sys-
tem g device for producing a voltage change . in
response to a change in the heating element re-
sistance, this voltage change being compared to a
reference voltage to obtain a control voltage for

4
controlling an electron tube circuit which in turn

provides holding current for a relay or switch hav-
ing contacts in the heating element circuit, the

.relay in the illustrated embodiment being pe-
- riodically closed by operation of a cam switch, as

previously described.
-In the embodiment of my invention as shown
and described, the heating element is connected

~ 50 as to comprise one arm of a four armed re-
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sistance bridge, and the heating element current
is conducted through a second arm of the resist-
ance bridge. " The voltage drop across the second
arm is thus proportional to the change in heating
element resistance and temperature. While I
have illustrated motor operated, cam controlled
contacts for effecting periodic application of the
control potential to the power tube in the circuit,
it will be understood that the purpose of this is to
produce the closing of the heating circuit relay
which is necessary to the operation of the circuit
of my invention, and that this résult can also be
cbtained by other arrangements; for example, the
contacts can be operated by a temperature re-
sponsive thermostat device sueh as is used in
flasher circuits.

I wish it t6 be understoocd that I do not desire
to be limited to the exact details of construction
shown and described, for obvious medifications
will occur to a person skilled in the art.

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

1. A conirol for an electric heating device hav~
ing a heating winding adapted to change its re-
sistance with change in its temperature, relay
means having contacts in circuit with said heat-
ing winding, means for intermittently momen-
tarily closing said contacts for energizing said
heating winding and means including an electron
tube circuit respoiisive to the resistance of said
heating winding for enérgizing said relay to hold
said contacts closed until said heating winding
reaches a predetermined temperature.

2. A control for an electric blanket having a
heating winding with a high temperature co-
efficient of resistance comprising, in combination
therewith, means for estaklishing a change of po-
tential in response to a change in resistance of
said winding, means for comparing said potential
with a reference potential and thereby deriving a
control potential, an electron tube circuis, means
applying said control potential to the input of
said circuit and thereby producing a change in
the output current thereof, relay means having
contacts in circuit with said heating winding and
adapted to be operated by said output current to
disconnect said heating winding from a supply
source and means operable at the beginning of
eachi ‘heating interval to close said contacts.

3. A conirol for an electric bianket having a
heating winding with a high tempeérature co-
efficient of resistance comprising, in combination
therewith, a resistor in series with said winding
whereby the petential drop across said resistor

~varies in accordance with current flow through
said winding, means comparing said potential

drop withh a reference potential and thereby
deriving a control potential, an. electron tube
circuit, means applying said control potential to
thie input of said circuit and thereby producing a
change in the output current thereof, relay
means having contacts in circuiit with said heat-
ing winding and adapied to be operated by said
output current to discontnect sdid -heating wind-
ing from a supply souice and ieans operable at
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the beginning of each heating interval to close
said contacts.

4. A control for an electric hlanket having a
heating winding with a high temperature co-
efficient of resistance comprising, in combina-
tion therewith, a resistor in series with said
winding whereby the potential drop across said
resistor varies in accordance with current flow
through said winding, a resistance bridge neg-
work having said winding in one leg and said
series resistor in an adjacent leg, means apply-
ing a potential to said network, an electron tube
circuit, means applying the unbalance bridge
potential to the input of said circuit and thereby
producing a change in the output current there-
of, relay means having contacts in circuif with
said heating winding and adapted to be operated
by said output current to disconnect said heating
winding from a supply source and means oper-
able at the beginning of each heating interval
to close said contacts.

5. A control for an electric blanket having a
heating winding with a high temperature co-
efficient of resistance comprising, in combination
therewith, a resistor in series with said winding
whereby the potential drop across said resistor
varies in accordance with current flow through
said winding, a resistance hridge network having
said winding in one leg, and said series resistor
in an adjacent leg, resistors in the other two legs
of said bridge, means applying a potential to said
bridge, and across said heating winding and first
resistance in series, a transformer having pri-
mary and secondary windings, said primary be-
ing connected across said series resistor and an
adjacent resistor of said bridge, an electron tube
circuit having its input coannected across said
secondary winding and a relay in the output
thereof, said relay having contacts in circuit with
said heating winding and being adapted to be
operated by a change in the output current to
disconnect said heating winding from a supply
source and means operable at the beginning of
each heating interval to close said contacts.

6. A control for an electric blanket having a
heating winding with a high temperature co-
efficient of resistance comprising, in combination
therewith, a resistor in series with said winding
whereby the potential drop across said resistor
varies in accordance with current flow through
said winding, a resistance bridge network having
said winding in one leg, and said series resistor
in an adjacent leg, resistors in the other two legs
of said bridge, one of said latter resistors being
adjustable in accordance with a desired tempera-
ture to be maintained by said heating winding,
means applying a potential to said bridge across
said heating winding and series resistance legs,
a transformer having primary and secondary
windings, said primary being connected across
said series resistor and said adjustable resistor of
said bridge, an electron tube circuit having its
input connected across said secondary winding
and a relay in the output thereof, said relay hav-
ing contacts in circuit with said heating winding
and being adapted to be cperated by a change in
the output current to disconnect said heating
winding from a supply source and means op-
erable at the beginning of each heating interval
to close said contacts.

7. A control for an electric blanket having a
heating winding with a high temperature co-
efficient of resistance comprising, in combination
therewith, a resistor in serles with said winding
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whereby the potential drop across said resistor
varies in accordance with current flow through
said winding, a resistance bridge network having
said winding in one leg and said series resistor
in an adjacent leg, means applying a potential to
said network, an electron tube circuit, having an
output tube normally biased to produce an out-
put current, relay means having contacts in cir-
cuit with said heating winding and an operating
coil connected to said output tube and adapted
to be operated by said output current to close said
contacts thereby connecting said heating wind-
ing to a supply source, means applying the un-
halance bridge potential to the input of said elec-
tron tube circuit, said circuit being adapted to
cut off said normal output current in said out-
put tube and thereby open said relay contacts in
response to a predetermined increase in said
heating winding resistance and means operable
at the beginning of each heating interval to close
said contacts.

8. A control for an electric blanket having a
heating winding with a high temperature co-
efficient of resistance comprising in combination
therewith, a resistor in series with said winding
whereby the potential drop across said resistor
varies in accordance with current flow through
said winding, a resistance bridge network having
said winding in one leg and said series resistor
in an adjacent leg, an electron tube circuit hav-
ing an output normally biased to produce an out-
put current, relay means having contacts in cir-
cuit with said heating winding and an operating
coil connected to said output tube and adapted
to be operated by said output current to close
said contacts thereby connecting said heating
winding and said network to a power supply,
means applying the bridge potential to the input
of said electron tube circuit, said circuit being
adapted to cut off said normal output current in
said output tube in response to a predetermined
increase in said heating winding resistance, and
intermittently closed contact means in said elec-
tron tube circuit for intermittently reestablish-
ing said normal output current flow through said
output tube.

9. A control for an electric blanket having a
heating winding with a high temperature co-
efficient of resistance comprising in combination
therewith, a resistor in series with said winding
whereby the potential drop across said resistor
varies in accordance with current flow through
said winding, a resistance bridge network having
said winding in one leg and said series resistor in
an adjacent leg, an electron tube circuit having
an output tube normally biased to produce an
output current, relay means having contacts in
circuit with said heating winding and an operat-
ing coil connected to said output tube and
adapted to be operated by said output current to
close said contacts thereby connecting said heat-~
ing winding and said network to a power supply,
means applying the bridge potential to the input
of said electron tube circuit, said circuit being
adapted to cut off said normal output current
in said output tube in response to a predeter-
mined increase in said heating winding resistance
and contact means in said output tube circuit for
reestablishing when closed said normal output
current flow through said output tube, and a
motor operated cam for periodically opening and
closing said contact means.

LEONARD W. COOK.
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