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(54) HEATING CIRCUITS

n We, DREAMLAND ELECTRICAL AP-
PLIANCES LIMITED, a British Company, of
Shipyard TFEstate, Hythe, Southampton,
Hampshire SO4 6YE, do hereby declare
the invention for which we pray that a
patent may be granted to us, and the
method by which it is to be performed,
to be particularly described in and by the
following statement:

This invention relates to heating circuits.

According to the invention, a heating
circuit comprises input terminals for con-
nection to an AC supply, an elongate heat-
ing conductor and switch means connected
in series between the input terminals, switch
control means operative to close the switch
means to cause AC current to flow from
the supply through the heating conductor,
an elongate sensor conductor spaced from
the heating conductor, temperature sensi-
tive means disposed between the heating
and sensor conductors and responsive to
overheating at any position along the length
of the heating conductor to drop substan-
tially in impedance at that position to con-
nect the sensor conductor to the potential
of the heating conductor at that position,
means to cause the control means, whilst
the control means, whilst the control means
is operative to close the switch means, to
periodically open the switch means so that
the heating conductor is at substantially
the same potential along -its length, and
sensing means to sense the potential on
the sensor conductor during each periodic
opening of the switch means and respon-
sive to the potential being such as to in-

dicate that there is an overheat at any posi-

tion along the length of the heating con-
ductor to prevent subsequent re-closure of
the switch means.

Periodically switching off the switch
means and sensing the potential on the
sensor conductor at that time enables re-
liable detection of localised overheating at
any position along the length of the heat-
ing conductor, because due to the heating
conductor not passing heating current there
is no voltage drop along its length.

The switch means may be of any suitable
type, preferably solid state. The switch
means may comprise a pair of inversely
connected thyristors. The thyristors may be
in a master/slave configuration, the switch 5§
control means being arranged to supply
firing pulses to one of the thyristors to fire
it during supply half-cycles of one polarity
and the switch means including means to
slave trigger the other thyristor into con- 60
duction at the commencement of the sub-
sequent half-cycles of the opposite polarity.
This arrangement simplifies the design of
the switch control means, thereby making it
more reliable, and also provides good resis- 65
tance to potential reverse voltage. break-
down damage of the thyristors.

The heating circuit may further com-
prise a shunt switch connected in parallel
with the heating conductor and switch 70
means, a voltage detector means arranged
to monitor the voltage across the switch
means, the voltage detector means being
responsive during the periodic opening of
the switch means to turn the shunt switch 75
on only for the periodic opening duration to
establish a voltage for enabling subsequent
operation of the switch control means if the
monitored voltage is such as to indicate
that the switch means is in fact open and 80
to turn it on continually if the monitored
voltage is substantially zero, and disabling
means responsive to continual turning on
of the shunt switch to disable operation of
the heating circuit.

In this way, periodic closure of the shumt
switch is essential to correct operation of
the heating circuit, and a short circuit
failure of the switch means, which leads to
a substantially zero voltage across the 99
switch means when it is supposed to be
switched "off, continually switches on the
shunt switch to causes the heating circuit
to be disabled.

The disabling means may comprise a re- 9§
sistor in series with the shunt switch, which
may be a thyristor, and thermally con-
nected to a thermal fuse in series with the
heating conductor, the dissipation in the
resistor being sufficient to operate the 100
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thermal fuse only if the switch is turned
on continually.

The heating and sensor conductors and
the temperature sensitive means are pre-
ferably constituted by a unitary heating
cable. For example, the temperature sen-
sitive means may comprise a layer dis-
posed around the heating conductor with
the sensor conductor wound around the
layer so as to be coaxial of the heating con-
ductor. It is within the scope of the inven-
tion, however, for the heating and sensor
conductors not to be formed as parts of
a common cable.

Heating circuits in accordance with the
invention are particularly- applicable to
heating some object or medium by means
of a heating cable. The heating cable may
be used, for example, in pipe warming,
industrial process heating or-in space heat-
ing, for instance in ceiling heating or under-
floor heating. The invention is, however,
especially applicable to the-heating of an
electric blanket, which term is to be deemed
to encompass not only electrically-heated
over-blankets, but also electrically heated
under-blankets and electrically-heated pads.

The invention will: now be further de-
scribed, by 'way of example, with reference
to the accompanying drawing, the sole fig-
ure of which is -a circuit diagram .of an
electric blanket heating circuit in accord-
ance with the invention. ;

Referring now to the drawing, the illus-
trated heating control circuit has a pair
of input terminals 1, 2 for connection to
the live and neutral conductors of an AC
mains supply- (not shown). Connected to
the terminals 1, 2 respectively are live and
neutral “rails” 3 and 4, respectively. A
thermal fuse F1 is connected in series with
the live rail 3 adjacent the live input ter-
minal 1. As will be known to those skilled
in the art, the thermal fuse F1 is a non-
resettable thermal link and comprises a
current carrying device (generally incor-
porating a low melting point alloy) respon-
sive to the application of external heat to
non-resettably stop the passage of current
therethrough. N
. A heating conductor RL and a powe
switch network shown generally at 5 and
described in more detail - hereinbelow are
connected in series between the rails 3
and 4, and therefore between the AC mains
supply input terminals 1 and 2.

The heating conductor RL forms part of a
dual concentric heating cable, for example of
the form disclosed in UK Patent Specifi-
cation No. 804 086, and serves as a heating
element of an electric blanket. . The cable
comprises the heating conductor RL and a
sensor conductor RS which surrounds the
heating conductor. Disposed between the
two conductors, throughout the length of the

cable, is a polyvinyl chloride (PVC) material

which is schematically shown in the draw- -

ing as having an impedance ZT. The sensor
conductors RS is in fact wound around the
PVC material. The PVC material has resis-

70

tance and capacitance and; as explained ...

below, the impedance of the material is
monitored. The PVC material may or may
not be doped with a substance which en-
hances its conductivity. The PVC material,
whether loaded or not, is essentially an in-
sulator at room temperature, but its im-
pedance decreases with temperature such
that at elevated temperatures a control func-
tion can be achieved. These temperatures
may . for instance be attained during the

‘normal course of pre-heating a bed when

the whole length of heating cable is uni-
formly raised in temperature to a predeter-
mined level, or from localised overheating
of a short length of heating cable brought
about by a ruck in the blanket or a twist
in the heating element.

The power switching network 5 com-
prises a pair of thyristors S1 and S2 inversely
connected in master/slave relationship. The
network 5 further comprises a diode D9,
resistors R21, R23 and R24, and a capacitor
C7. ‘

Connected between the rails 3 and 4 is an
internal DC power supply constituted by a
diode D1, a resistor R1, a smoothing capa-
citor C1 and a Zener diode D2. In use, the
DC .power supply generates +5V on a
+5V.DC supply rail 6.

- The illustrated heating circuit further
comprises a zero crossing pulse generator
shown generally at 7. The zero-crossing
pulsé generator 7 -comprises resistors R2,
R3 and R4, a capacitor C2, and a two-input
NAND gate Gla. The resistors R2 and R3
form a potential divider network connected
between the live mains rail 3 and the +5V
DC power supply rail 6. The junction of
the resistors R2 and R3 is connected to-the
two inputs of the gate Gla, which are
coupled together. The capacitor C2 and the
resistor R4 act as a differentiator.

Another component of the illustrated cir-
cuit is a- gate/driver stage for the power

-switching network 5. The gate/driver stage

comprises a three-input NOR gate G2a and
resistors R8 and R28; the resistors being
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connected 'to the thyristor S1 of the power

switching network. 5 as illustrated.

The differentiator - C2/R4 of the zero-
crossing pulse generator 7 is generated to
one input of the gate G2a. ‘

‘A second input of the gate G2a is con-
nected to the slider of a. preset potentio-
meter R7 which, together with an adjustable
resistor R6 and a negative temperature co-
efficient (NTC) thermistor RS5, constitutes
a normal temperature control arrangement
in the form of -a potential divider connected
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between the +5V DC power supply rail 6
and the neutral rail 4.

The thermistor R5 is thermaily coupled
to a resistor R33 as depicted by a dotted

8 line 8. The resistor R33 is in parallel with

the - heating conductor RL and subjected
to the ambient temperature, whereby the
dissipation ‘therein, and therefore the tem-
perature to which the thermistor R5 is

10 heated, is proportional to the dissipation in

the heating conductor RL and also to the
ambient temperature.

The series combination of a resistor R11, a
thyristor S3 and a resistor R12 is connected

15 between the supply rails 3, 4 and therefore

in parallel with the series combination of
the heating conductor RL and the power
switching network 5. The thyristor S3 is
provided with a gate/driver stage com-

© 90 prising a three-input NOR gate G2b, a

"~ NAND gate G1b acting as an inverter, and
resistors R9 and RI10. )

The resistor R11 is thermally coupled to
the thermal fuse F1 as indicated by a dotted

25 line 10. ‘ :

A pair of voltage detector networks 11
and 12 are each connected to a line 13
connected to the junction of a pair of resis-
tors R26 and R27 connected in series be-

30 tween the anode of the thyristor S1 and the
+5V DC supply rail 6. The voltage detector
network 11 comprises a diode D6, a capa-
citor C6 and resistors R29 and R30, the
output of the network being connected to

35 one input of a two-input NAND gate Glc.
The output of the gate Glc is connected to
a first pair of inputs of the gate G2b, which
are coupled together, and also, via a diode
D10, to the third input of the gate G2a.

- 40 The voltage detector network 12 comprises
a diode D7, a capacitor C5 and resistors
R31 and R32, the output of the network
being connected to the third input of the
gate G2b.

45 The illustrated heating circuit further
comprises another voltage detector network
shown generally at 14. The network 14
comprises the resistor R12, a diode D4, a
capacitor C3 and resistors R13 and 14, the

50 output of the network being connected to
the second input of the gate Glec.

~A further component part of the illus-
trated heating circuit is an overtemperature
control arrangement which comprises resis-

55 tors R17 and R20, together with a further
voltage detector network 15. The resistors
R17 and R20 are connected in series with
the sensor conductor RS, as shown, between
the live and neutral rails 3 and 4. The

60 voltage detector - network 15. comprises a
fixed resistor R19 and a preset variable
resistor R16 connected across the series
combination of the.sensor conductor RS
and the resistor R20, together with a peak

.65 detector constituted by a diode D8, a capa-

. of the thyristor S1 to minimise the pos-

citor C4 and a resistor R15, the output of
the detector being connected. to the third
input of the gate G2a. o ‘

- The illustrated circuit finally comprises,
connected as shown, resistors R18, R22 and 70
R25, a neon indicator lamp N1, and three
ganged sets of contact SWa, SWb and SWc
operated by a test button (not shown), the
contact set SWa and SWb being normally
closed and the contact set SWe being nor- 75
mally open.

The illustrated heating circuit functions
in the following manner. Assume that the
circuit is not connected to the AC supply
and that the blanket is cold. Consider then 80
what happens when the AC supply is con-
nected to the input terminals 1 and 2. The
power supply circuit generates the internal
+5V DC supply on the rail 6. When the
mains voltage first passes upwardly through 85
zero, the linked inputs of the gate Gla pass
through +2.5V (50% of the internal DC
supply) causing the output of the gate Gla
to go low. The resultant negative-going edge
is applied by the differentiator C2/R4 to 99
the first input of the gate G2a, whereby
the first input of the gate G2a goes low for
approximately 100 microseconds. Provided
there are no inhibit levels on either of the
other two inputs of the gate G2a, the output 95
of the gate G2a goes positive driving cur-
rent into the gate of the thyristor S1 via
the resistor R8, thereby turning on the
thyristor S1 whereby it conducts through-
out the following positive halfcycle of the
mains supply and passes current through
the heating conductor RL, thereby heating

100

the blanket. (The resistor R28 provides a

low impedance between the gate and cathode

. .y . . : 105
sibility of self-triggering of the thyristor
S1).

The result of the thyristor S1 being trig-
gered on at the beginning of a positive half-
cycle of the mains is that the voltage de-
veloped across the heating conductor RL
causes the capacitor C7 of the power switch-

110

ing network 5 to charge up via the diode

D9 and the resistor R21 to a positive poten-
tial. At the end of the positive half-cy¢le,
when the supply current goes downwardly
through zero, the thyristor S1 is reverse
biassed and therefore switches off and the
thyristor S2 becomes forward biassed. The
positive charge stored in the capacitor C7 {20
now flows through the resistor R23 into
the gate of the thyristor S2 thereby trig-
gering the thyristor S2 into conduction dur-

115

ing the negative half-cycle. Thus, for every.

positive half-cycle conduction of the thyris- 125
tor S1, which can be considered to be a
master thyristor, the thyristor S2, “which
can be considered to be a slave thyristor,
is slave triggered into conduction during
the  subsequent negative. half-cycle. As a 130
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result “of this, the number of positive and
negative half-cycles passing through the
heating conductor RL are always equal.

The functioning of the voltage detector
networks 11, 12 and 14 will now be de-
scribed. The object of the voltage detector
networks 11, 12 and 14 is to determine
whether or not each of the thyristors S1,
S2 and S3 respectively is or is not conducting
or, to put it another way, to detect whether
the thyristor has failed either open circuit
or short circuit.

The voltage existing across the thyristors
S1 and S2 is divided in potential by the
resistors R26 and R27. As will now be de-
scribed, if the positive and/or negative vol-
tage across either of S1 and S2 is zero,
implying a short circuit failure of one or
both of them, the thyristor S3 is turned on
continually thereby causing the thermal fuse
F1 to blow and thereby isolating the heat-
ing circuit from the mains supply.

In normal operation, if the thyristor S1
is:not conducting, the capacitor C6 charges
up via D6, RL and R26 during positive
half-cycles of the supply voltage, driving the
associated input of the NAND gate Glc
high. Assuming that the thyristor S3 is
functioning correctly (see below), the other
input of the gate Glc is also high so that
the output of the gate Gle goes low, thereby
disabling the gate G2b and enabling the
third input of the gate G2a via the diode
D10, whereby the thyristor S1 is turned on.
When the thyristor S1 turns on, the capa-
citor C6 discharges towards zero via the
resistors R29 and R30. The values of the
capacitor C6 and the resistors R29 and R30
are such that, approximately 1 second after
the thyristor S1 turns on, the detector 11
is operative on the NAND gate Glc to cause
its output to go high inhibiting the gate
G2a and hence stopping further firing of
the thyristor S1. When S1 is turned off the
capacitor C6 charges up again via D6, RL
and R26, to drive the associated input of
the gate Glc high whereby, as explained
above, the thyristor S1 is turned on again,
the values of RL and R26 being such that
the thyristor S1 is off for about 50 milli-
seconds. Each time that the output of Glc
goes high or low the thyristor S3 is switched
on or off, respectively, via the gates G2b
and G1b, whereby the thyristor S3 is on or
off whilst the thyristor S1 is off or on, re-
spectively. Thus, during normal operation,
and assuming that the blanket has still not
heated up to the operating temperature,
the thyristors S1 and S2 conduct continually
throughout respective alternate half-cycles
of the supply voltage to heat up the heating
conductor RL, except that for a short period
of about 50 milliseconds, occurring period-
ically every one second, the thyristors S1
and S2 are temporarily turned off for 50 ms

and the thyristor S3 is temporarily turned
on for 50 ms.

The voltage detector network 12 functions
in a similar manner to the voltage detector
network 11. Thus, the capacitor CS is nor-
mally charged negatively via the diode D7,
RL and R26 during negative half-cycles of
the supply voltage, causing the third input
of the gate G2b to be normally low.

If either of the thyristors S1 and S2 fails 7

short circuit, whereby when they are turned
off the voltage across them is zero, the
voltage detector network 11 or 12, respec-
tively, will fail to disable the gate G2b at
the end of the next 50 ms off period follow-
ing failure. Consequently, the thyristor S3
will be held continually on. During normal
operation, since the thyristor S3 conducts
with a duty cycle of about 5%, the heat de-
veloped in the resistor R11 is less than
1 watt. However, if due to a short circuit
failure of either of the thyristors S1 or S2
the thyristor S3 is biassed continually on,
the dissipation in R11 increases to about
3 watts, whereby the thermal fuse F1 is
actuated and disconnects the heating cir-
cuit from the supply. ,

Turning now to the voltage detector net-
work 14, provided that, as explained above,
the thyristor S3 conducts only for about
59, of the time, a positive bias is established
across the capacitor C3 which keeps one
input of the NAND gate Glc high and al-
lows the system to cycle every one second
as explained above. If, however, the thyristor
S3 were to fail short circuit, the thermal
fuse F1 will blow due to the increased dis-
sipation in the resistor R11. If, on the other
hand, the thyristor S3 were to fail open
circuit, no DC bias would be established
across the capacitor C3 and the gate G2a
would be inhibited thereby stopping the
supply of heating current to the heating
conductor RL.

As explained above, the voltage detector
networks 11 and 12 are provided to respec-
tively sense short circuit failure of the
thyristors S1 and S2. (The network 11 also
functions, again as explained above, to cause
the periodic switching off of the thyristors
S1 and S2 for 50 ms every one second). It
will be appreciated, however, that if the
thyristor S1 goes short circuit, the thyristor
S2 is also slave triggered into conduction
whereby strictly speaking only detection of
short circuit faituré of the thyristor S2 is
necessary. However, provision of both the
voltage detector networks 11 and 12 has
the following advantage. If both networks
were not provided, in the event that S2
failed open circuit, a subsequent short cir-
cuit failure of the thyristor S1 would go
undetected. The provision of both of the
detector networks 11 and 12 will detect a
short circuit failure of either of the thyristors
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S1 and S2 and also an open circuit failure
" of the thyristor S2 followed by a short cir-
cuit failure of the thyristor Si.
As the blanket heats up, so also does
§ the resistor R33. Eventually, the consequent
reduction in the resistance of the thermistor
RS causes the voltage applied to the second
input of the gate G2a to rise to a value
which will inhibit the gate G2a, whereby no
10 firing pulses are supplied to the power
switching network 5 whereby power stops
from flowing through the heating conductor
RL. No current flows until the heater re-
sistor R33, and thus the thermistor RS, has
15 cooled down sufficiently for the gate G2a
to be enabled again. Thus, the thermistor
RS and the resistors R6, R7 and R33 act
as a normal temperature control arrange-
ment to switch the supply on and off from
20 time to time to enable a desired temperature
to be maintained. The desired temperature
can be varied by manually adjusting the
value of the resistance of the adjustable
resistor R6. '

25 The functioning of the overtemperature

control arrangement described above will
now be explained.

As the heating cable warms up, the im-
pedance ZT of the PVC material between

30 the heater conductor RL and sensor con-
ductor RS falls logarithmically. This causes
a corresponding increase in the voltage de-
veloped across the resistor R20. This voltage
is tapped down by the high resistance
34 potential divider constituted by the resistors
R19 and R16 and peak detected by the
- voltage detector network 15. Should the
temperature of the element reach a pre-
determined excessive value, set as desired
40 by the value of the preset adjustable resistor
R16, the voltage level developed across the
resistor R15 inhibits the gate G2a, thereby
preventing the thyristors S1 and S2 from
being triggered into conduction until the
45 temperature has dropped.

It will thus be seen that a general over-
heating of the blanket heating element
causes an inhibit level to be directly ap-
plied to the gate G2a, regardless of the

s0 correct functioning of any other part of
the control circuit.
"~ The overtemperature control arrange-
ment also acts to ensure that heating is dis-
continued if a localised overheating of the

55 PVC material occurs at any position along
the length of the heating conductor RL. As
explained above, the thyristors S1 and S2
are turned off for a short period every one
second. As a consequence, during this off

60 period the whole of the heating conductor
or winding RL is at substantially the same

potential, that is to say that thc mains.

voltage is not dropped across the heating
conductor RL as it is when the thyristors
65 S1 and S2 are on. Thus, regardless of where

along the length of the heating conductor
RL such a localised overheat should occur,
during the next off period the potential on
the heating conductor RL conducted _
through the impedance ZT to the sensor 70
conductor RS 1s effective on the voltage
detector 15 to ensure that the gate G2a is
inhibited until sufficient cooling has taken
place to remove the local overheat. Thus,
for example, even if a localised overheat 75
(caused for example by a blanket ruck or
twisted element wire or by arcing across -
a break in. the heating conductor) should
occur at the end of the heating conductor
RL near the thyristors S1 and S2, further 80
heating will be discontinued. In this con-
nection it is pointed out that a local over-
heat at this end of the wire would not be
detected with the thyristors S1 and S2
turned on, since in this case the potential g§
at this end of the wire would be substan-
tially that of the neutral rail 4.

In summary, the overtemperature control
arrangement senses the impedance between
the sensor conductor RS and load conductor 90
RL to provide both general overheat pro-
tection and localised overheat protection,
the latter being achieved regardless of the
position of the overheat along the heating
conductor, by periodically switchirig off the 95
supply of heating current and sensing the
potential on the -sensor conductor.

It is desirable that a break in the sensor
element RS should prevent further oper-
ation of the heating circuit.. The resistor 100
R17 fulfils this function since, if a break
in the sensor conductor occurs, the resistor -
R17 causes an inhibit voltage to be applied
to the gate G2a via the diode D8.

Depressing the above-described
button : :

(i) closes the contact set SWe to simulate

an overheat by putting the resistor
R18 between the heating conductor
RL and sensor conductor RS;

(i) opens the contact set SWa so that
the normal temperature control ar-
rangement effectively demands full
power; and : : '

(iii) opens the contact set SWh to con- 115
nect the neon indicator lamp NI
across the heating conductor RL in
series with the resistors R22 and
. R25.

Tf the system is functioning correctly, the 120
result of ‘pressing the test button is that
the overtemperature control actuation pro-
vided by insertion in circuit of R18 will
override the normal temperature control
enable function, causing the thyristors S1
and S2 to turn off. The neon indicator
lamp N1 will go out.

The operation of the heating circuit de-
scribed above may be summarised as fol-
lows. AC power is switched to the heating 130
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protection * arrangement. comprising

conductor RL via the inversely connected
thyristors S1 and S2 which  are triggered
near. the zero-crossing- points- of the supply
voltage, - which minimises the generation of
radio frequency inteference. While heating
is called for by the normal temperature con-
trol arrangement, the power to the heating
conductor is shut off for.a short period every
second. During the off period, the following
three functions-are carried out. Firstly, with
the heating conductor RL at a uniform
potential :along its length, the potential on
the sensor conductor ‘RS, which will vary
with the impedance ZT of the PVIC material,
is sensed,  whereby the impedance ZT and
therefore the .temperature of the PVC
material is monitored. If the impedance ZT
is too low, whether this is due:to general
or localised overheating, further firing of
the thyristors  S1 and S2 is .inhibited.
Secondly, the shunt protection thyristor S3
is turned on, leading .to the establishment
via the ‘detector 14 of a voltage which en-
ables firing of .the thyristors S1 and S2 for
a further period. Thirdly, the voltage ap-
pearing across the thyristors-S1 and S2 are
monitored and, if the positive or negative
voltage across the thyristor is zero, implying
short circuit failure of one or both of them,
the -shunt protection “thyristor: S3 is 'con-
tinually fired so that the resistor R11 heats
up sufficiently to blow the thermal fuse F1
to isolate the heating circuit from the mains
supply. @ . : K

The  heating circuit - described above is
very highly fail safe. Both the normal tem-
perature control and the :general overtem-
perature control functions act directly on
the gate G2q. If: either or:both' of ‘the
thyristors S1 and S2 fail to turn -off every
second, one or both of the voltage detector
networks 11+7and. 12. is ' operative on ‘the
thyristor -S3 to -cause the thermal fuse Fi
to blow. Similarly, if the thyristors.S1 and
S2 are continually triggered on, for example
due to a failure. of the gate G2a or.of either
of the thyristors, one or both of the voltage
detector networks 11 and 12 will indepen-
dently cause the thermal fuse F1 to blow.
Further, ‘failure - of -any part of the shunt
the
thyristor “S3 ‘and the  associated circuitry

‘causes either the thermal fuse F1 to blow

or the drive to the thyristors S1 and S2 to be
disabled. Should the regulation of the DC
power supply: circuit fail due.to an open
circuit of the capacitor Cl or-a gate failure

‘causing an unduly high' current consumip-
tion, then because of the DC: coupling be-

tween the gates G2b. and Glb and the
thyristor S3, the latter tends to turni:on for
a very much higher duty cycle whereby the
fuse F1 is blown. The various.gates in the
circuits 'disclosed above are C/MOS gates of
proven reliability which are completety but

fered against mains -transient and work
from a stabilised DC supply .of less than
30% of the manufacturers maximum recom-
mended rating. The’ thyristors S1 and 52
are rated at 400 V and 4 amps mean cur-
rent, driving a resistive load, the maximum
rms current through either device being less
than 0.5 amps. The use of back-to-back. (in-
versely. connected) . thyristors minimise
potentially dangerous reverse voltage break-
down, since one device is alway, forward

70

biassed. for a voltage transient - of either

polarity. - : L ,

Suitable values for thc components in
the accompanying circuit diagram -are
given below, all capacitancs values being
in microfarads. .

R1. 100K ~ R23 100K
R2 3.3M R24 1K
R3 3.3M .. R25 270K
R4 100K, - . . R26 270K
.- R5 7K (nominal) R27 47K
- R6.0to22K ...  R28 15K
R7 100K ~ R29 10M .
"R8 4.7K - R30 3.3M
R9 4.7K R31 10M
R10 1.5K - R32 10M
R11 20K - R33 330K .
R121K . . -
R13 10M. . .
R14:10M - CL. 100 .
. R15 10M. C2 001
R16 0.to 100K .C3 01
- . R17.270K ‘ - C4 0.01 .
...-R19 33M c5 .01
R20 68K - C6. 0.047 "
R21 100K - C7 0.047

- R22 270K

WHAT WE CLAIM IS: _
1. A heating circuit. comprising input
terminals for connection to an:AC supply,
an elongate heating conductor and switch
meaus connected in series between the input
terminals, switch control means. operative

to close the switch means to cause AC cur-

rent, to flow from: the supply through the
heating conductor, an elongate sensor con-
ductor spaced from the heating conductor,
temperature sensitive means disposed be-
tween the heating and sensor conductors
and responsive to overheating at any posi-
tion- along the. length of the heating con-
ductor to:drop substantially in impedance at
that position to..connect the sensor con-

control means, whilst the control means is
operative to close the switch means, to

‘periodically open the switch means as that

the ‘heating conductor -is at - substantially
the same potential along its length, and
sensing means -to.sense the potential on the

ing of the switch-means and responsive :to

85

90

o5
100

. 108

110

115

120

.ductor to- the potential of the heating con-
ductor at that position, means to cause the

125

sensor. conductor during each periodic open--

130
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the potential being such as to indicate that
there is an overheat at any position along
the length of the heating conductor to pre-
vent subsequent re-closure of the switch
5 means.

2. A heating circuit according to claim
1, wherein the switch means is a solid state
switch means.

3. A heating circuit according to claim

10 2, wherein the switch means comprises a
thyristor.

4. A heating circuit according to claim
3, wherein the switch means comprises a
pair of inversely connected thyristors.

15 5. A heating circuit according to claim
4, wherein the pair of thyristors are in a
master/slave configuration, the switch con-
trol means being arranged to supply firing
pulses to one of the thyristors to fire it

20 during supply half-cycles of one polarity
and the switch means including means to
slave trigger the other thyristor into con-
duction at the commencement of the sub-
sequent half-cycles of the opposite polarity.

25 6. A heating circuit according to any
one of the preceding claims, comprising a
shunt switch connected in parallel with the
heating conductor and switch means, a vol-
tage detector means arranged to monitor the

30 voltage across the switch means, the voltage
detector means being responsive during the
periodic opening of the switch means to
turn the shunt switch on only for the
periodic  opening duration to establish a

35 voltage for enabling subsequent operation
of the switch control means if the monitored
voltage is such as toindicate that the switch
means is in fact open and to turn it on
continually if the monitored voltage is sub-

40 stantially zero, and disabling means respon-
sive to continual turning on of the shunt
switch to disable operation of the heating

circuit.

7. A heating circuit according to claim
6, wheréin the shunt switch comprises a 45
thyristor.

8. A heating circuit according to claim
6 or claim 7, wherein the disabling means
comprises a resistor in series with the shunt
switch and thermally connected to a thermal 50
fuse in series with the heating conductor,
the arrangement being such that the dis-
sipation in the resistor is sufficient to oper-
ate the thermal fuse only if the switch is
turned on continually. 55

9. A heating circuit according to any
one of the preceding claims, wherein the
heating and sensor conductors and the tem-
perature sensitive means are constituted by
a unitary heating cable. 60

10. A heating circuit according to claim
9, wherein the temperature sensitive means
comprises a layer disposed around the heat-
ing conductor with the sensor conductor
wound around the layer so as to be coaxial 65
of the heating conductor.

11. A heating circuit substantially as
herein described with reference to the ac-
companying drawing.

12. An electric over-blanket incor- 70
porating a heating circuit according to any
one of claims 1 to 11.

13. An electric under-blanket incor-
porating a heating circuit according to any
one of claims 1 to 11.

14. An electric pad incorporating a heat-
ing circuit according to any one of claims
1 to 11. .
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