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IMPROVEMENTS RELATING TO ELECTRICAL HEATING

ELEMENTS AND CONTROLS THEREFOR

Field of the Invention:

This invention relates to electrical heating

5 elements and controls therefor and more particularly,
though not exclusively, concerns electrical heating
elements for liquid heating vessels such as electric

kettles and hot water jugs and associated controls
adapted to switch off the supply of electrical energy

10 to the heating element in response to a sensed element
overtemperature condition resulfing, for example, from

the element being switched on when the associated

& vessel is empty. Whilst the present invention has
- .
particular application to electric kettles and hot
15 water jugs and will be described in the following with
particular reference to such application, it is
i however not limited to such application.
Bgckground of the Invention:
The conventional electrical heating element most
20 commonly used in electric kettles, hot water jugs and

the like comprises a wire-wound resistance heating
element contained within a tubular metal sheath with

a mineral insulating material packed around the
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resistance heating element within the sheath.
Sheathed heating elements of this kind are often used
as immersion heaters and comprise a heating element
proper and an element head portion whereby the element
is adapted to be fitted in an aperture formed for the
purpose in a vessel wall. The heating element proper
commonly has a so-called hot return portion where the
element is looped back into contact with the element
head portion so as to define a location on the other
(dry) side of the element head portion whereat the
tenmperature éf the heating element proper can be
sensed. Element protector controls are well known
which are adapted to be fitted on the dry side of the
element head with a thermally-responsive actuator,
commonly a bimetallic element, in close heat transfer
relationship with the aforementioned location. When
the heating element proper overheats, as a result for
example of the heating element being switched on
without the associated vessel containing any water, a
thermal signal is transmitted through the element head
to the element protector control to cause the control
to switch off the element.

An exemplary element protector control of the
abovementioned kind is the X1 control manufactured by
Otter Controls Limited and substantially as described

in GB~A-2194099 with particular reference to Figs. 34,
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3B and 3C thereof. The X1 control provides a primary
level of element protection by virtue of incorporating
a bimetallic actuator as aforesaid, and furthermore
provides a secondary or back-up level of protection,
effective in the event however unlikely of failure of
the primary protection, by virtue of the bimetallic
actuator being mounted in a synthetic plastics carrier
which 1is arranged to deform in the event of the
temperature of the element head portion continuing to
rise above the temperature at which the primary level
of protection would normally operate, the deformation

of the carrier thus caused being arranged to effect a

' switching off of the heating element.

Planar electric heating elements are alsoc known.
Coffee making machines commonly include a hot plate
for keeping the coffee hot after it has been made, and
such a hot plate commonly comprises a sheathed heating
element as aforesaid cast or c¢lenched into an
aluminium casting which may itself form the hot plate
or alternatively may be secured to a stainless steel
hot plate. Another form of planar heating element is
described in our British Patent Application No.
9321681.0 and generally comprises a patterned
resistance heating element formed on an electrically
insulating substrate for example by use of

lithographic techniques using electrically-conductive
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ink or photolithographic techniques as are well known
in the field of semiconductor device fabrication,
and/or by other deposition techniques such as flame
spraying of metals, plasma vapour deposition etc.
which per se are well known. More particularly the
planar heating element that is described in our
British Patent Application No. 9321681.0 comprises a
thin sheet of stainless steel, which forms the upper
surface of the element, on the underside of which
there is provided a thin layer of glass or other
temperature-resistant electrically-insulating
material. A resistance heating element proper is
formed on the surface of the glass layer, for example
by printing using an electrically conductive ink, and
a further thin layer of glass or other temperature-
resistant electrically-insulating material is provided
over the printed element.

The present invention particularly, though not
exclusively, concerns a planar heating element
generally of the kind that is described in our British
Patent Application No. 9321681.0 as outlined above and
an element protection control adapted for use with
such an element. The present invention results from
further work that we have done to develop the planar
heating element aforementioned and to modify the

aforementioned X1 control so as to adapt it to use
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with such a planar element.

Summary of the Invention:

According to the present invention in one of its
aspects there 1is provided a generally planar
electrical heating element which is designed for use
with an element protector control having a primary
thermally-responsive actuator and a secondary
thermally-responsive actuator operable in response to
the element temperature rising significantly above the
temperature at which the primary actuator is designed
to operate, said electrical heating element comprising
a substrate or base plate, an electrically-insulating
layer formed on a portion at least of one surface of
said substrate or base plate, an electrical conductor
formed on said electrically-insulating layer so as to
be isolated thereby from said substrate or base plate,
said electrical conductor being formed of a material
having such an electrical resistance as to constitute
an electrical resistance heating eiement proper, and
a further electrically-insulating layer formed over
said electrical conductor, said further electrically-
insulating layer having an opening therethrough
whereat, in use of the electrical heating element with

the element protector control aforesaid, the primary

thermally-responsive actuator may access the said
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electrical conductor so as to be responsive directly
to the temperature thereof, the secondary thermally-
responsive actuator being prevented from accessing the
said electrical conductor directly and being
responsive to the temperature thereof by conduction of
heat through the further electrically-insulating
layer.

In an exemplary embodiment of the above aspect of
the present invention which is adapted for use with a
modified form of the aforementioned X1 element
protector control, the bimetallic primary thermally-
responsive actuator of the control is arranged to be
responsive directly to the temperature of the heating
element by virtue of being located so as to register
with the opening in the further insulating layef, and
the feet of a plastics material carrier which
constitutes the secondary thermally-responsive
actuator of the control and serves as a mounting for
the bimetallic primary thermally-responsive actuator
are arranged to contact the further insulating layer
outside of the said opening therein. As described in
detail hereinafter, the said embodiment has a
stainless steel substrate or base plate, the two
electrically-insulating layers are formed of a glass
material and the electrical resistance heating element

proper comprises a heater track formed of a conductive
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ink. The heater track has end terminations which are
accessible through respective openings formed in the
second electrically-insulating (eg., glass) layer and
the element protector control has spring metal
conductors adapted to make contact with the said end
terminations when the control is put into operative
positional relationship with the heating element. The
use of a stainless steel substrate or base plate is
advantageous for heating elements which are to be used
in plastics bodied vessels since the relatively poor
thermal conductivity of stainless steel can be
employed to thermally isolate the plastics vessel body
from the resistance heating element proper. However
the use of a stainless steel substrate is exemplary
only and other materials could be used. The substrate
or base layer could even be one and the same as the
first-mentioned electrically-insulating 1layer, in
which case the electrical resistance heating element
proper might be formed diréctlywon the substrate.

The invention also extends to the combination of
a heating element as aforesaid with an element
protector control as aforesaid, and to a 1ligquid
heating vessel incorporating such a combination. 1In
yet a further aspect, the present invention provides
furthermore an element protector control for use with

a generally planar heating element, the said control

This Sheet Has Been Replaced
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. comprising a 'body part formed of electrically
insulating material, a primary thermally-responsive

switch actuator provided on one side of said body part

to be juxtaposed with a generally planar heating

5 element, a secondary thermally-responsive switch
actuator provided on said one side of said body part

to be juxtaposed with said generally planaf heating
element at one or more locations spaced apart from the
location whereat said primary thermally-responsive

10 switch actuator is arranged to be juxtaposed with the
generally'planaf heating element, switch means in said

body part responsive to said primary and secondary
thermally-responsive switch actuator for determining

the supply of electrical energy through the control to

15 the generally planar heating element, and terminal
means electrically connected to said switch means and
extending on said one side of said body part for
electrically contacting electrical terminals of said

generally planar heating element.

20 The foregoing and other aspects and features of
the present invention are set forth with particularity
in the appended claims and, together with the
advantages thereof, will best be understood from
consideration of the following detailed description,

25 given with reference to the accompanying drawings, of

an exemplary embodiment of the invention.
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Brief Description of the Drawings:

Figure 1 shows an exploded perspective view of an
element protector control embodying one aspect of the
present invention;

Figures 2A, 2B and 2C are, respectively, top
plan, side elevation and end elevation views of the
element protector of Figure 1; and

Figures 3A and 3B are schematic sectional side
elevation and top plan views of a planar heating
element embodying another aspect of the present
invention, the control of Figures 1 and 2 being
adapted for use with a planar heating element such as

that of Figures 3.

Detailed Description of the Embodiments:

Before embarking upon a detailed description of
the embodiments, it is to be understood that the
element protector control of Figures 1 and 2 is a
modified form of the X1 control aforementioned which
is described in GB-A-2194099 with particular reference
to Figures 3A, 3B and 3C thereof. Reference should be
had to GB-A-2194099 for a full understanding of all
aspects and advantages of the subject control which
will be described only briefly in the following.

Referring first to Figure 1, the element

protector control illustrated therein comprises first
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and second moulded plastics body parts 1 and 2 which
are adapted to fit together and to capture
therebetween first and second terminals 3 and 4 and
spring metal conductors 5, 6 and 7. On the other side
of body part 2 there is provided a bimetallic primary
switch actuator 8 which, in similar manner to the X1
control described in GB-A-2194099, is adapted to be
mounted in a plastics material carrier 9 which is
adapted in turn to locate in predetermined manner with
the front (not visible) face of body part 2.

The bimetallic primary switch actuator 8 is
arranged, in a manner substantially identical to that
described in GB-A-2194099, to determine the status of
a switch defined by the parts 10 and 11 of the spring
metal conductors 5 and 6, a push-rod 12 being provided
for this purpose. The parts 10 and 11 normally make
electrical contact with each other and are opened by
push-rod 12 when the bimetallic primary switch-
actuator 8 responds, in use, to an element
overtemperature condition. In the event that the
primary switch actuator fails, for whatever reason, to
open the contact between the parts 10 and 11, the
heating element will continue to be powered so that
its temperature will rise to a 1level whereat the
secondary thermally-responsive actuator constituted by

the plastics material carrier 9 will become operative.
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The carrier 9 has rearwardly-facing projections 13 and
14 which are designed to extend through the body part
2 and into contact with the parts 15 and 16 of the
spring metal conductors 5 and 7 so that, when the
control is operatively coupled to a planar heating
element and the carrier 9 is urged rearwardly towards
the body part 2, the spring metal parts 15 and 16 are
urged by the projections 13 and 14 into contacf with
the terminals 3 and 4 respectively. The carrier 9 has
four legs 17 with feet 18 which sit upon the rear
surface of an associated heating element and, when the
element temperature rises to such a level as to cause
the legs 17 to begin to melt, the carrier 9 is
collapsed in a forwards direction towards the heating
element by the spring action of the conductor parts 15
and 16 so that the conductor parts 15 and 16
eventually move out of contact with the terminals 3
and 4 of the control.

The element protector control of Figures 1 and 2
is adapted for use with a generally planar heating
element and it will be seen that the spring metal
conductors 6 and 7 have forwardly extending portions
19 and 20 which are adapted to project forwardly of
the control body part 2 and make electrical contact
with terminal portions of the planar heating element

for supplying electrical energy thereto through the
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control.

Referring now to Figures 3A and 3B, these show
sectional side elevation and schematic plan views
respectively of an exemplary form of planar heating
element in accordance with one aspect of the present
invention. The planar heating element comprises a
stainless steel substrate or base plate 20 having an
electrically-insulating first layer 21 of glass formed
thereon in a central area thergof, a heater track 22
formed of electrically conductive ink formed on the
glass layer 21, and an electrically-insulating second
glass layer 23 formed over the heater track 22 and
over the first glass layer 21. An opening or window
24 is provided in the second glass layer 23 so as to
expose the heater track 22 beneath the opening and, as
shown in Figure 3B, the opening 24 is sized to enable
the bimetallic primary actuator 8 of the control of
Figure 1 to be directly responsive to the temperature
of the heater track 22, but to locate the feet 18 of
the carrier 9 on the glass surface outside of and
surrounding the opening. Additional openings 25 and
26 are provided in the second glass layer 23 at
locations corresponding to terminal ends 27 and 28 of
the heater track 22 and are arranged to be contacted
by the forwardly projecting parts 19 and 20 of the

control spring conductors 6 and 7 when the control is
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fitted in operative relationship with the heating
element. The terminal ends 27 and 28 of the heater
track 22 are preferably formed of silver or of a
likewise good electrical contact material.

Mounting pillars 29 and 30 are provided on the
heating element base plate 20 for enabling the
attachment of the element protector control thereto.
Such mounting pillars may be screw threaded or may be
designed to be engaged by any suitable form of
friction securing means.

In operation of the thus-described planar heating
element with the thus-described element protector
control, the fact that the bimetallic primary actuator
of the control is in direct heat transfer relationship
with the heater track of the element ensures a rapid
response of the control to an element overtemperature
situation. At the same time, by insulating the
secondary protection means, namely the collapsible
carrier 9, from the heater track 22, it is ensured
that the thermal overshoot which normally accompanies
the primary operation of the control, that is to say
the dynamic temperature rise that normally occurs in
the element after operation of the primary protection,
will not result in actuation of the secondary
protection. The close thermal contact of the

bimetallic primary actuator with the heater track
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furthermore enables improved primary protection
response times to be achieved which additionally
reduces the temperature overshoot 1level. These
factors facilitate the selection of appropriate
materials for the carrier 9.

The relatively "flat"™ shape of the element
protector control is furthermore aesthetically
advantageous and simplifies the task of incorporating
the control into an aesthetically pleasing appliance
design.

There has thus been described in the foregoing an
arrangement of a bimetal control with a deforming
backup protection, mounted to a printed element, in
which the bimetal of the control makes direct thermal
contact with the heater track and the deformable
backup protection is thermally insulated from the
track by an outer layer of glass which 1limits the
overshoot temperature to which it is exposed, so that
practical thermoplastics may be wused in its
construction. In addition, in this arrangement, a
construction 1is described in which electrical
connection to the heater track is made by direct
contact between springs, which are integral with the
control, and printed contact points electrically
connected to the heater track.

The invention having thus been described with
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reference to exemplary embodiments, it 1is to be
clearly understood that the described embodiments
illustrate and exemplify the invention and do not
limit the same, and that modifications and variations
will occur to those possessed of relevant skills
without departure from the scope of the invention as
indicated by the appended claims. For example, an
enclosure may be provided on the opposite (wet) side
of the planar element at a location corresponding to
the location of the opening 24 whereat the bimetal 8
senses the element temperature, the enclosure having
apertured walls permitting the ingress of water into
the enclosure when the vessel is filled, but of such
a size and arrangement that when water boils in the
vessel the generation of steam in the enclosure expels
the water therefrom. By virtue of the provision of
such an enclosure, a single control serves both as an
element overtemperature control operating to switch
off the element if, for whatever reason, it overheats,
and also to switch off the element automatically when
water boils in the vessel, the boiling of the water in
the vessel and the expulsion of water from the
enclosure causing an element overtemperature condition
within the enclosure which causes the control to

operate.
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CLAIMS:

1. A generally planar electrical heating element
which is designed for use with an element protector
control having a primary thermally-responsive actuator
and a secondary thermally-responsive actuator operable
in response to the element temperature rising
significantly above the temperature at which the
primary actuator is designed to operate, said
electrical heating element comprising a substrate or
base plate, an electrically-insulating layer formed on
a portion at least of one surface of said substrate or
base plate, an electrical conductor formed on said
electrically-insulating layer so as to be isclated
thereby from said substrate or base plate, said
electrical conductor being formed of a material having
such an electrical resistance as to constitute an
electrical resistance heating element proper, and a
further electrically-insulating layer formed over said
electrical conductor, said further electrically-
insulating layer having an opening therethrough
whereat, in use of the electrical heating element with
the element protector control aforesaid, the primary
thermally-responsive actuator may access the said
electrical conductor so as to be responsive directly

to the temperature thereof, the secondary thermally-

I

I
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responsive actuator being prevented from accessing the
said electrical conductor directly and being
responsive to the temperature thereof by conduction of
heat through the further electrically-insulating

layer.

2. A heating element as claimed in claim 1 wherein
said substrate or base plate is formed of a metallic

material.

3. A heating element as claimed in claim 2 wherein

said metallic material comprises stainless steel.

4. A heating element as claimed in claim 1 wherein
said substrate or base plate is formed of a non-

metallic electrically-insulating material.

5. A heating element as claimed in claim 4 wherein
the substrate or base plate is formed of the same
material as the first-mentioned electrically-

insulating layer formed thereon.

6. A heating element as claimed in claim 5 wherein
the substrate or base plate and the first-mentioned
electrically-insulating layer formed thereon are one

and the same.

This Sheet Has Been Reﬂlaced
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7. A heating element as claimed in any of the
preceding clains wherein the first-mentioned
electrically-insulating layer and/or the said further
electrically-insulating layer is/are formed of a glass

material.

8. A heating element as claimed in any of the
preceding claims wherein said electrical conductor
comprises an electrically-resistive heater track
deéosited onto the first-mentioned electrically-

insulating layer.

9. A heating element as claimed in claim 8 wherein
said heater track comprises electrically conductive
ink printed onto the first-mentioned electrically

insulating layer.

10. A heating element as claimed in claim 8 or 9l
wherein said heater track includes end terminations
underlying respective apertures provided in said
further electrically-insulating layer for enabling
said end terminations to be accessed for supplying

electrical energy to the heater track.

11. A heating element substantially as herein

described with reference to Figures 3A and 3B of the
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accompanying drawings.

12. A heating element as claimed in any of the
preceding claims in combination with an element

protector control as aforesaid.

13. A combination as claimed in claim 12 wherein the
primary thermally-responsive actuator comprises a
bimetallic element and the secondary thermally-
responsive actuator comprises a member formed of a
material selected to be deformable under spring

pressure at temperatures above a predetermined level.

14. A combination as claimed in claim 13 wherein the
secondary thermally-responsive actuator comprises a

member formed of a thermoplastics material.

15. A combination as claimed in claim 13 or 14
wherein the secondary thermally-responsive actuator

comprises a carrier for said bimetallic element.

16. A combination as claimed in any of claims 12 to
15 wherein said element protector control comprises a
body part formed of electrically~insulating material,
said primary thermally-responsive switch actuator is

provided on one side of said body part to be

This Sheet Has Been Re;
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juxtaposed with said opening of the heating element,
said secondary thermally-responsive actuator is
provided on said one side of said body part to be
juxtaposed with said heating element at one or more
locations spaced from said opening, switch means are
provided in said body part responsive to said primary
and secondary thermally-responsive actuators for
determining the supply of electrical energy through
the control to the heating element, and terminal means
are provided electrically connected to said switch
means and extending on said one side of said body part
for electrically contacting electrical terminals of

said heating element.

17. A combination as claimed in any of claims 12 to
16 wherein said element protector control is
substantially as herein described with reference to

Figure 1 of the accompanying drawings.

18. An element protector control for use with a
generally planar heating element, the said control
comprising a body part formed of electrically
insulating material, a primary thermally-responsive
switch actuator provided on one side of said body part
to be juxtaposed with a generally planar heating

element, a second thermally-responsive switch actuator

i
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provided on said one side of said body part to be
juxtaposed with said generally planar heating element
at one or more locations spaced apart from the
location whereat said primary thermally-responsive
switch actuator is arranged to be juxtaposed with the
generally planar heating element, switch means in said
body part responsive to said primary and second
thermally-responsive switch actuators for determining
the supply of electrical energy through the control to
the generally planar heating element, and terminal
means electrically connected to said switch means and
extending on said one side of said body part for
electrically contacting electrical terminals of said

generally planar heating element.

19. An element protector control substantially as
herein described with reference to Figure 1 of the

accompanying drawings.

20. A planar heating element comprising a heater
track formed on a substrate or base plate and provided
with an overlying electrically-insulating layer having
an aperture therein in registry with a portion of the
heater track whereby access may be obtained to the
heater track for directly monitoring the temperature

thereof.
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21. An element protector control for use with a
planar heating element as claimed in claim 20, said
control including a primary thermally-responsive
actuator arranged to be responsive directly to the
temperature of that portion of the heater track which
is accessible through said aperture and a second
thermally-responsive actuator arranged to be
responsive to the temperature of the heater at one or

more locations outside of said aperture.
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According to the present invention in one of its
aspects there 1is provided a generally planar
electrical heating element which is designed for use
with an element protector control having a primary
thermally-responsive actuator and a secondary
thermally-responsive actuator operable in response to
the element temperature rising significantly above the
temperature at which the primary actuator is designed
to operate, said electrical heating element comprising
a substrate defining an electrically-insulating
surface, an electrical conductor formed on said
electrically-insulating surface, said electrical
conductor being formed of a material having such an
electrical resistance as to constitute an electrical
resistance heating element proper, and an
electrically-insulating layer formed over said
electrical conductor, said electrically-insulating
layer having an opening therethrough whereat, in use
of the electrical heating element with the element
protector control aforesaid, the primary thermally-
responsive actuator may access the said electrical

conductor so as to be responsive directly to the
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temperature  thereof, the secdndary  thermally-
responsive actuator being prevented'from accessing the
said electrical «conductor directly and being
responsive to the temperature thereof by conduction of
heat through the electrically-insulating layer.

In an exemplary embodiment of the above aspect of
the present invention which is adapted for use with a
modified form of the aforementioned X1 element
protector control, the bimetallic primary thermally-
reéponsive actuator of the control is arranged to be
ré;bonsive directly to the temperature of the heating
element by virtue of being located so as toc register
with the opening in the insulating layver, and the feet
of a plastics material carrier which constitutes the
secondary thermally-responsive actuator of the control
and serveé as a mounting for the bimetallic primary
thermally-responsive actuator are arranged to contact
the insulating 'layer outside of the said opening
therein. As described in detail hereinafter, the said
embodiment has a stainless ste=sl substrate, two
electrically-insulating layers formed of a glass
material, one on the substrate and a further one on
top of the electrical resistance heating element
proper, and the resistance heating element proper
comprises a heater track formed of a conductive ink.

The heater track has end terminations which are

|
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accdssible through respective openindgs formed in the
second elecﬁrically-insulatinq (eq.,‘élass) layer and
the element protector contrel has spring metal
conductors adapted to make contact with the said end
terminations when the control is put into operative
positional relationship with the heating element. The
use of a stainless steel substrate is advantageous for
heating elements which are to be used in plastics
bodied vessels since the relatively poor thermal
conddctivity of stainless steel can be employed to
theéﬁélly isolate the plastics vessel body from the
:esistance heating element proper. However the use of
a stainless steel substrate is exemplary only and
other materials could be used. The substrate could
even be formed of electrically-insulating material, in
which case the electrical resistance heating element
proper might be formed directly on the substrate.

The invention also extends to the combination of
a heating element as aforesaid with an element
protector control as aforesaid, and to a 1liquid
heating vessel incorporating such a combination. A
preferred form of element protector control for uss
with the heating element of the present invention
comprises a body paft formed of electrically
insulating material, a primary thermally~responsive

switch actuator provided on one side of said body part

- . aeee
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tg be juxtapased with the generally planar heating
element, a secondary thermally—;:esponsive switch
actuator provided on said one side of said body part
to be Jjuxtaposed with said generally planar heating
element at one or more locations spaced apart from the
location whereat said primary thermally-responsive
switch actuator is arranged to be juxtaposed with the
generally planar heating element, switch means in said
body part responsive to said grimar-y and secondary
thermally-responsive switch actuator for determining
th# supply of electrical energy through the control to
the generally planar heating element, and terminal
means electrically connectéd to said switch means and
extending on said one side of said body part for
electrically contacting electrical terminals of said

generally planar heating element.

In another aspect of the present invention, there is
provided a generally planar electrical heating element
which is designed for use with an element protector
control having a primary thermally-responsive actuator
and a secondary thermally-responsive actuator operable
in response toc the element temperature rising
significantly above the temperature at which the
primary actuator is designed +to operate, said
electrical heating element comprising a substrate
defining an electrically-insulating surface, an
electrical conductor formed on said electrically-

insulating surface, said electrical conductor being
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formed _of a material having such an elécfrical
resista;cé as to constitute an electrical resistance
heating element proper, and an electrically-insulating
layer formed over said electrical conductor, said
electrically-insulating layer having an opening
therethrough whereat, in use of the electrical heating

element with the element protactor control aforesaid,

the primary thermally-responsive actuator may access

the said electrical conductor so as to be responsive
directly. to the temperature thereof, the secondary
thermally-responsive actuator being prevented from
accessing the said electrical conductor directly and
being responsive to the temperature therecf by

coenduction of heat through the electrically-insulating
layer.

A further aspect of the present invention provides
an element protector control for use with the heating

element of the present invention, said control comprising

a body part formed of electrically insulating material,
a primary thermally-responsive switch actuator

provided on one side of said body part to be
juxtaposed with a generally planar heating element, a
secondary thermally-responsive switch actuator
provided on said one side of said body part to be
juxtaposed with said generally planar heating element
at one or more locations spaced apart from the
location whereat said primary thermally-responsive
switch actuator is arranged to be juxtaposed with the

generally planar heating element, switch means in said

\
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body part responsive to said primary and secondary
thermally-responsive switch actuators for determining

the supply of electrical energy through t.he control to ‘

the generally planar heating element, and terminal
means electrically connected to said switch means and

extenciing on said one side of said body part for
electrically contacting electrical terminals of said

generally planar heating element.

In an exemplary embo&iment of the present
invention which is described in detail hereinafter a
bimetallic primary thermally-responsive actuator of
the control is arranged so as in use to be responsive

directly to the temperature of a heating el_.emerit

according to the present invention
by virtue of being located so as to register

with the opening in the insulating layer of the
heating element, and the feet of a plastics material
carrier which constitutes the secondary thermally-
responsive actuator of the control ar_ld serves as a
mounting for the bimetallic primary thermally-
responsive actuator are arranged to contact tﬁe
insulating layer of the heating element outside of the
said opening therein. As described in detail
hereinafter, the heating element has a stainless steel
substrate, two electrically-insulating layers formed
of a glass material, one on the substrate and a
further one on top of the electrical resistance
heating element proper, and the resistance heating
element proper comprises a heater track formed of a

conductive ink. The heatar track has end terminations
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which _are accessible through respectiV¥& openings
formed in the second electrically-insulating (egq.,
glass) layer and the element protector control has
spring metal conductors adapted to make contact with
the said end terminations when the control is put into.
operative positional relationship with the heatin
element. The use of a stainless stael substrate is
advantageous for heating elements which are to be used
in plastics bodied vessels since the relatively poor
tnerﬁal conductivity of stainless steel can be
empi;yed to thermally isolate the plastics yessel body
from the resistance heating celement proper. Haowever
the use of a stainless steel substrate is exemplary
only and other materials could be used; The substrate
could even be formed of electrically-insulating
material, in which case the electrical resistance
heating element proper might be formed directly on the
substrate.

The foregoing and other aspects and features of
the present invention are set forth with particularity
in the appended claims and, together with the
advantages thereof, will best be understood from
consideration of the following detailed description,
given with referesnce to the accompanying drawings, of.

an exemplary embodiment of the invention.
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CLAIMS: : borene
1. A generally planar electrical heating element

which is desiqned for use with an element protector
control having a primary thermally-responsive actuitor
and a secondary thermally-responsive actuator operable
in response to the element temperature rising
significantly above the temperature at which the
primary actuator 1is designed to operate, said
electrical heating element comprising a substrate
defifning an electrically-insulating surface, an
electrical conductor formed on said electrically-
insulating surface, said electrical conductor being
formed of a material having such an electrical
resistance as to constitute an electrical resistance
heating element proper, and an electrically-insulating
layer formed over said electrical conductor, said
electrically-insulating layer having an opening
therethrough whereat, in use of the electrical heating
element with the elemant protector control aforesaid,
the primary thermally-responsive actuator may access
the said electrical conductor so as to be responsive
directly to the temperature thereof, the secondary
thermally-responsive actuator being prevented from
accessing the said electrical conductor directly and

being responsive to the temperature thereof by
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canduction of heat through the electrically-insulating

-

layer.

2. A heating element as claimed in claim 1 wherein
said substrate has an electrically-insulating layer
formed on a portion of at least one surface thereof,
said electrical conductor is <formed on said
electrically-insulating layer so as to be isclated
thereby from said substrate, and said opening is
formed in a further electrically-insulating layer.

3. A heating element as claimed in claim 1 or 2
wherein said substrate is formed of a metallic

material.

4. A heating element as claimed in claim 3 wherein

said metallic material comprises stainless steel.

5. A heating element as claimed in claim 1 or 2
wherein said substrate is formed of a non-metallic

electrically-insulating material.

6. A heating element as claimed in claim 35 as
dependent upon claim 2 wherein the substrate is formed
of the same material as the first-mentioned

electrically-insulating layer formed thereon.
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7. = A heating element as claimed in claim 2 or in any
of claims 3 to 6 as dependent upon claim 2 wherein the
first-mentioned electrically~-insulating layer and/or
the said further electrically-insulating layer is/are

formed of a glass material.

8. A heating element as claimed in any of the
preceding élaims whérein said electrical conductor
comprises an electrically-resistive heater <track
deposited onto the electrically-insulating surface.

9. A-heatinq element as claimed in claim 8 wherein
said heater track comprises electrically conductive

ink printed onto the electrically insulating surface.

10. A heating element as claimed in claim 8 or ¢
wherein said heater track includes end terminations
underlying respective apertures provided in the
overlying electrically~-insulating layer for enabling
said end terminations to be accessed for supplying

electrical energy to the heater track.

11. A heating element substantially as herein
described with reference to Figures 3A and 3B of the

accompanying drawings.
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12~ A heating element as claimed in any of the
preceding claims in combination Wwith an element

protector control as aforesaid.

13. A combination as claimed in claim 12 wherein the
primary thermally-responsive actuator comprises a
bimetallic element and the secondary thermally-
responsive actuator comprises a member formed of a
material selected to be deformable under spring
pressure at temperatures above a predetermined level.
14. A combination as claimed in claim 13 wherein the
secondary thermally-responsive actuator comprises a

member formed cf a thermoplastics material.

15. A combination as claimed in claim 13 or 14
wherein the secondary thermally-responsive actuator

comprises a carrier for said bimetallic element.

16. A combination as claimed in any of claims 12 to
15 wherein said element protector control comprises a
body part formed of electrically—insul&tiné material?
said primary thermally-responsive switch actuator is
provided on one side of said body part to be
juxtaposed with said opening of the heating element,

said secondary thermally-responsive actuator is
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pravided on said one side of said body part to be
juxtaposed with said heating element at one or more
locations spaced from said opening, switch means are
provided in said body part responsive to said primary
and secondary thermally-responsive actuators for
deﬁemining the supply of electrical energy through
the control to the heating element, and terminal means
are provided electrically connected to said switch
means and extending on said one side of said body part
for electrically contacting electrical terminals of

said heating element.

17. A combination as claimed in any of claims 12 to
16 wherein said element protector contrel |is
substantially as herein described with reference to

Figure 1 of the accompanying drawings.

18. A planar heating element comprising a heater
track formed on a substrate and provided with an
overlying electrically-insulating layer having an
aperture therein in registry with a portion of the
heater track whereby access may be obtained to the

heater track for directly monitoring the temperature

thereof.

19. A planar heating element as claimed in claim 18
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in” combination with an element protectdy, control
including a primary thermally-responsive actuator
arranged to be ;'esponsive directly to the temperature
of that portion of the heater track which is
accessible through said aperture -and a second
thermally—respons ive actuator arranged to be
responsive to the temperature of the heater at one or

more locations outside of said aperture.

20. A liquid heating vessel incorporating a planar
heating element and element protector control

combination as claimed in any of claims 12 to 17 and

19.

21. An 'element protector control for use with a
generally planar heating element, the said control
comprising a body part formed of electrically
insulating material, a primary thermally-responsive
switch actuator provided on one side of said body part
to be juxtaposed with a generally planar heatirig
element, a secondary thermally-responsive switch
actuator provided on said one side of said body part
to be juxtaposed with said generally plax.xar heating
element at one or more locations spaced apart from the
location whereat said primary thermally-responsive
switch actuator is arranged to be juxtaposed with the

generally planar heating element, switch means in said
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bod¥ part responsive to said primary and secondary
thermally-responsive switch actuators for determining
the supply of electrical energy through the control to
the generally planar heating element, and terminal
means electrically connected to said switch means and
extending on said one side of sﬁid body part for
electrically contacting electrical terminals of said

generally planar heating element.

22. An element protector control as claimed in claim

21 wherein the primary thermally-responsive switch

actuator comprises a bimetallic element and the

secondary thermally-responsive switch actuator
comprises a member formed of a material selected to

be deformable under spring pressure at temperatures

above a predetermined level.

23. An element protector control as claimed in claim
22 wherein the secondary thermally-responsive actuator

comprises a member formed of a thermoplastics

material.

24. An element protector control as claimed in claim
22 or 23 wherein the secondary thermally-responsive

actuator comprises a carrier for said bimetallic

element.
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Abstract of the Disclosure
Improvements Relating to Electrical Heating
Elements and Controls Therefor

A planar heating element for an electrically-
heéted water boiling vessel comprises a stainless
steel plate having a printed heating element formed on
one side thereof, the printed heating element being
sandwiched between electrically-insulating layers of
glass. A control for switching off the element in an
overtemperature situation has a primary actuator in
the form of a bimetal which directly accesses the
printing element ‘through a window formed in the
outermost glass insulating layer, and the bimetal is
held in a secondary actuator in the form of a
thermally-collapsible carrier for the bimetal which
contacts the glass insulation around the window. By
virtue of this arrangement the primary and secondary
actuators are subjected to different temperatures
which ensures that the secondary actuator is not

susceptible to nuisance operation.
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