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Electric Heaters

This invention relates to electric heaters,
particularly those for liquid heating vessels and to
ways of detecting when the liquid has boiled.

Tn the field of electric liquid heating vessels
such as water boiling kettles and jugs, it has now
become.standard to provide a steam switch incorporating
a snap-acting or creep-acting bimetallic actuator in
order to switch the appliance off when the water has
boiled. There are two standard configurations. In the
first configuration, the steam switch is located at the
top of the vessel, usually somewhere near the top of the
handle. This requires'either a mechanical or electrical
link to the control which is located in the base of the
vessel. This arrangement is most common in water
boiling jugs.

Alternatively, the steam switch may be located in
the base, either separately or integrated with a control
unit. In such arrangements, a steam pipe 18 necessary
to convéy gsteam from the space above the water at the
top of the vessel down to the bimetallic actuator. Both
of these arrangements have their disadvantages. In
particular, they both limit the freedom of design of the
vessel.

There have been several proposals for detecting
boiling electronically, although so far as we know, only
one commercially available product to date has used such
an approach and this still required an electrical
connection to the handle. The approach is generally
congidered to be prohibitively expensive and has only
been proposed for use with thick film heaters.

It is proposed in our earlier PCT application
WO 97/04694 to form a sump having a relatively small
volume in the centre of the base plate of a planar



WO 02/085169 PCT/GB02/01886

10

15

20

25

30

35

- 2 -

heating element which can detect boiling by sensing a
sharp rise in temperature consequent upon vigorous
convection associated with boiling. The sump in this
document 1is incorporated into an air pot rather than a
more conventional European water boiling kettle or jug.
As a result, the element used has a relatively low power
- namely 700 Watts.

The Applicant has now recognised that it may be
difficult to successfully apply the arrangement of
WO 97/04694 to such European-style kettles and jugs
where the heating element tend to be rated at
significantly higher powers such as 2.2 kW or even 3 kW
gince heating of the sump by the element could tend to
mask the temperature rise of the water when it boils.
There remains, therefore, a need to provide an improved
arrangement for boil detection.

When viewed from a first aspect the present
invention provides an electric heater for a liquid
heating vessel comprising a generally planar substrate,
an elongate heating element comprising terminations at
respective ends for making electrical connection
thereto, the heating element being mounted to or formed
on said substrate such that said terminations are spacéd
apart on the substrate, the heater further comprising a
sump having a relatively small volume formed in the
gubstrate between said terminations.

When viewed from a second aspect the present
invention provides a ligquid heating vessel including an
electric heater comprising a generally planar substrate
and an elongate heating element comprising terminations
at respective ends for making electrical connection
thereto, mounted to or formed on said substrate such
that said terminations are spaced apart on the
substrate, said heater further comprising a sump having
a relatively small volume, in comparison to the ligquid
heating vessel as a whole, formed in the substrate

between said terminations.



WO 02/085169 PCT/GB02/01886

10

15

20

25

30

35

-3 -

Thus it will be seen by those skilled in the art
that in accordance with the invention, a sump is placed
between the heater terminations (known in the art as
"cold tails"). Since this area of the heater is
unheated, its temperature will be influenced to a lesser
degree by the element, thereby allowing it more closely
to reflect the temperature of the water in the sump.
This allows the jump in temperature upon the rapid
convection associated with boiling to be detected more
reliably. Furthermore, there will be reduced convection
in the bulk of the liquid in such an unheated area which
tends to discourage premature mixing between the bulk
liquid and that in the sump i.e. until the former begins
to boil.

By providing boil protection as part of the heater
assembly itself, which is not based on steam detection,
there is a much greater freedom to design the vessel
into which it will be incorporated since there is no
need to provide steam tubes, mechanical or electrical
links etc.

The heating element is preferably arranged to
extend in an arc around the heater. Although
arrangements may be envisaged whereby the heater
continues e.g. radially inwardly, preferably the whole
length of the element is arranged in an arc, preferably
substantially at the periphery of the heater.
Accordingly in such arrangements, the sump is arranged
substantially on the same arc i.e. preferably
substantially at the periphery of the heater.

The terminations may be separated just sufficiently
to accommodate the sump and also to allow electrical
connection to be made thereto, but may equally be
separated by a significantly greater amount. In one
preferred embodiment for example, the heating element
extends around approximately 180° of the periphery of
the heater. In this arrangement the sump is preferably
provided on the same arc. In this and other
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embodiments, the sump is preferably located midway
between the two terminations.

Means will be required for sensing when the
temperature of the sump rises as a result of the rapid
convection brought about by boiling. Suitable
electronic sensing means such as a thermostat and
associated electronic circuitry could be employed, but
preferably a mechanical actuator is used. One potential
form that such an actuator could take would be a
suitable shape-memory alloy, but preferably a bimetallic
actuator, most preferably a snap-acting bimetallic
actuator, is used. In a particularly preferred
embodiment, the snap-acting bimetallic actuator is
provided by a standard steam switch module, for exampie
the Applicant's R48 steam switch. This is particularly
convenient gince it allows existing parts to be used,

thereby significantly saving on cost. 1In a potential

- variant, a steam switch provided integrally with a

control unit . such as the Applicant's Ul8 control may be
used.

Where a separate steam switch module is used, it
may be mounted completely separately from a control unit
for the heater, but alternatively a separate steam
switch is mounted on a common mounting plate with a
control unit. For example, the mounting plate for a
standard control unit may be extended to accommodate the
steam switch.

As mentioned above, the invention is particularly
beneficial when used in conjunction with relatively high
power heaters and preferably therefore the heating
element is rated at at least 1 kW, most preferably at
least 2 kW.

The actuator is preferably arranged to open a set
of electrical contacts when liquid boiling in the vessel
is sensed. These contacts may simply be arranged in
series with the electrical supply to the heating element
go that the electrical supply is interrupted upon
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boiling to de-energise the heater. Alternatively, the
contacts may be part of an arrangement to energise, or
maintain solely energised, a simmer or keep-warm element
once liquid in the vessel has boiled. This may be a
separate element or may indeed be the same heating
element operated at a lower power.

In a preferred embodiment, the actuator is arranged
to trip an over-centre mechanism which maintains the
reduction or interruption in power to the heating
element until such time as it is reset by a user. Most
preferably, this is the over-centre trip arrangement of
a separate steam switch module, e.g. the Applicant's
R48. Preferably, a reset lever is provided to allow a
user to reset the steam switch's over-centre mechanism.
In the most preferred embodiment, the steam switch
module reset lever is coupled to the trip lever of a
control unit such as the Applicant's Ul8 series control
so that the reset lever is able to reset both the steam
switch and the control unit proper if either should
operate.

The heating element may be mounted to or formed on
the substrate directly. More preferably however a
thermally conductive heat distribution plate is provided
between the two to enhance the even distribution of heat
across the heater. Preferably a cut-out is provided in
the heat distribution plate to prevent excessive
transfer of heat to the sump. The edge of the heat
distribution plate is preferably at least 6mm from the
sump, preferably at least 10mm and most preferably at
least 14mm.

The Applicant has further appreciated that a
similar effect to that achieved by locating the sump
between the cold tails and providing a cut-out in the
heat distribution plates or the like, where such a plate
is provided, may be achieved by locating the sump on an
area of the substrate which is not covered by a heat

distribution plate. The sump will not, in general, be
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between the cold tails since these would normally be
located above such a heat distribution plate. Thus,
such an arrangement is considered to be novel and
inventive in its own right and when viewed from a
further aspect the present invention therefore provides
an electric heater for a liquid heating vegsel
comprising a generally planar substrate and an elongate
heating element mounted to or formed on a heat
distribution plate which is in turn mounted to or formed
on said planar substrate, said heater further comprising
a sump having a relatively small volume formed in the
substrate on a part of the substrate outside the
footprint of said heat distribution plate.

The invention also extends to a liguid heating
vessel incorporating such a heater.

By virtue of the arrangement set out above,
conduction of heat from the element to the sump is
minimised, thereby allowing the sump temperature to be a
truer reflection of the temperature of the liquid inside
it. In common with the earlier aspects of the invention,
as well as limiting thermal conduction between the
heating element and the sump, it is also important for
successful operation of the sump that the liquid therein
does not convect significantly until such time as the
bulk of the liquid in the vessel begins to boil. By
locating the sump in a relatively cooler area of the
heater, this object is assisted since there will be
reduced convection in the liquid above such areas of the
heater during the heating process.

In a preferred arrangement, the heating element is
arranged around the periphery of the heat distribution
plate, these two preferably being substantially
circular. The sump is therefore arranged radially
outwardly of the heating element and thus outside the
footprint of the heat distribution plate.

Preferably the sump 1s arranged substantially at
the periphery of the substrate with the heating element
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and heat distribution plate being arranged towards the
centre thereof. This gives a maximum separation between
the sump and the heat distribution plate whilst still
allowing relatively isotropic heating.

The optimum separation between the sump and the
heat distribution plate will depend upon a number of
factors, including the thickness and thermal
conductivity of the substrate and the power of the
heating element. Preferably however the separation is
greater than 6 mm, more preferably greater than 10 mm
and ideally at least 14 mm. The thermal conductivity of
the substrate is preferably less than 100 Watts per
metre per Kelvin (Wm'K?), more preferably less
than 50 Wm™K' and most preferably approximately
25 Wm™K .

More generally the Applicant has now appreciated
that optimum heating of the liquid in the sump - that is
to say ensuring that temperature sensed externally of
the sump is not unduly influenced by the heating element
- whilst minimising the total area of the heater, may be
achieved by judicious control of the relative thermal
conductivities of the substrate immediately surrounding
the sump in comparison to that of the bulk of the heater
i.e. that part covered with a heat distribution plate.
In particular it has been found that successful
operation of the sump in detecting boil may be achieved
by arranging the sump in a cut-out in the heat
distribution plate wherein the thermal conductivity of
the material surrounding the sump is less than 20% of
the thermal conductivity of the part of the plate
covered by heat distribution plate.

Thus when viewed from a further aspect the present
invention provides an electric heater for a ligquid
heating vessel, comprigsing a generally planar substrate,
an elongate heating element mounted to or formed on said
substrate, the heater further comprising a sump having a
relatively small volume formed in the substrate, said
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sump being surrounded by a first zone of material having
a first thermal conductivity said first zone being
surrounded by a second zone outwardly thereof having a
second thermal conductivity wherein the first thermal
conductivity is less than 20% of the second thermal
conductivity.

As mentioned above, by arranging the ratio of
thermal conductivities to be less than 20%, heat
transfer from the element to the liquid being heated may
be maximised whilst minimising the space necessary to
accommodate the sump with a sufficient degree of thermal
isolation to prevent premature operation thereof.

For successful operation, the ratio should be less
than 20%, more preferably less than 10% and more
preferably still, approximately 5% or less.

The relative difference in thermal conductivities
ig preferably achieved by providing a cut-out in a heat
distribution plate so that the first thermal
conductivity is that of the substrate alone, whilst the
second thermal conductivity is essentially that of the
heat distribution plate (the effect of the substrate
being negligible in comparison to the effect of the
heat distribution plate in such circumstances) .

The sump may be the same material and the same
thickness as the substrate per se. Preferably however
at least the walls of the sump are thinner than the
substrate, preferably less than half the thickness.

This further enhances the thermal isolation of the sump
from direct influence by the heating element without
increasing the overall area of the heater.

This arrangement ig considered to be novel and
inventive in its own right and thus when viewed from a
vet further aspect the present invention provides an
electric heater for a liquid heating vessel comprising a
substantially planar substrate, heating means mounted to
or formed on said substrate and a sump having a

relatively small volume integral with said substrate
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wherein the side wall or walls of said sump is/are
thinner than said substrate, preferably less than half
the thickness thereof.

Such arrangements may equally be used on thick film
heaters as to those in which a sheathed element is
mounted to or formed on the substrate.

The requirement in accordance with at least some
aspects of the invention to ensure sufficient thermal
isolation of the sump from the heating means to prevent
excegsive heating of the liquid therein may be expressed
in terms of heat flow. In the case of watexr, the
requirement may be expressed as a maximum temperature
rise of approximately 40°C to be experienced by the
water in the sump prior to the jump in temperature
associated with boiling. Temperature rises
significantly higher than this will cause premature
operation of the thermal sensor e.g. bimetallic actuator
and thus will prevent the proper detection of boiling.

Equivalently, the heater should preferably be
arranged such that the amount of heat transferred to the
liquid in the sump during heating of the bulk of the
liquid should be less than approximately 170 Joules per
cubic centimetre of volume in the sump. The total heat
flow to the sump will depend not only on the power of
the element and the degree of thermal isolation, but
also on the time taken for the water to heat to boiling.
The maximum such time (and therefore the maximum oxr
'worst case' heat flow) will occur when the vessel is
filled to its maximum. Thus for a given liquid heating
vessel, the maximum desirable heat flow to the sump will
be predetermined.

When viewed from a yet further aspect the present
invention provides a water boiling vessel comprising a
substantially planar heated base including a sump having
a relatively small volume in comparison to the volume of
the vessel as a whole, said heated base being adapted
and arranged such that in use the maximum transfer of
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energy into the sump during boiling of water in the
vegsel is less than 200 Joules per cubic centimetre of
the sump volume. Preferably said energy is less than
170, more preferably less than 150 Jcm™.

The sump may be formed separately and attached to
the substrate by any suitable means such as laser or TIG
welding. Alternatively, a separately formed sump may be
attached by brazing. In a preferred example of such a
method the sump is brazed onto the substrate in the same
brazing operation as for the heat distribution plate
and/or heating element. This is considered to be novel
and inventive in its own right and thus when viewed from
a further aspect the invention provides a method of
manufacturing an electric heater comprising providing a
generally planar substrate including an aperture defined
therein, positioning a separately formed sump over said
aperture so as to close it and brazing said sump to the
substrate in the same brazing operation as for at least
one of an element and a heat distribution plate.

Alternatively and preferably the sump is formed by
deep drawing of the substrate. This has the advantage
that the deep drawing process naturally causes thinning
of the side walls. Thus when viewed from a further
agpect the invention provides a method of making an
electric heater comprising providing a substantially
planar substrate, deep-drawing a sump having a
relatively small volume in said substrate and mounting
or forming a heating element on said substrate.

As mentioned above, mixing between the liquid in
the sump and the bulk liquid is minimised by locating
the sump in a relatively unheated area of the heater
substrate and/or thermally isolating it from the heating
element. In order further to enhance this object, the
gsump is preferably dimensioned so as to inhibit
convection therein. The Applicant has realised that
this may be achieved by choosing suitable dimensions and
proportions for the sump. In particular, it has been
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found that the sump should have a depth which is at
least as great or greater than its diameter. Preferably
said depth is at least 5 mm, more preferably at least

10 mm and most preferably approximately 12 mm. The
diameter is preferably at least 5 mm, more preferably at
least 10 mm and most preferably approximately 11 mm.

It has been found that the angle of the side walls
of the sump is also important and particularly that the
steeper the sides, the greater the extent to which
convection within the sump is inhibited. Thus, it is
preferred that the walls of sump are inclined at an
angle of at least 45°, more preferably at least 75° and
most preferably approximately 90°, i.e. vertical.

Angles greater than 90° are not preferred since the
resulting undercut could result in manufacturing
difficulties.

The sump may be of any cross-sectional shape but is
preferably circular.

The material of the substrate is preferably
stainless steel, more preferably 300 or 400 series
stainless steel and most preferably 304, 316 or 430
series stainless steel.

Certain preferred embodiments of the present
invention will now be described, by way of example, with
reference to the accompanying drawings in which:

Fig. la is a perspective view of a heater in
accordance with the first embodiment of the invention;

Fig. 1b is a view similar to Fig. la but showing a
control unit and steam switch mounted to the heater;

Fig. lc is an enlarged scrap section showing the
sump in greater detail; and

Figs. 2a and 2b to Figs. 5a and S5b are
corresponding views of second to fifth embodiments of
the invention respectively.

Turning now to Fig. la, there may be seen an
electric heater for a liquid heating vessel which
embodies the present invention. The heater comprises a
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heater substrate 2 made of 300 series stainless steel
0.9 mm thick which has a thermal conductivity of 25
Wm'K™?. Other grades of stainless steel may be used such
as 400 series. A thickness in the range 0.5 to 0.9 mm
ig preferred. The edge of the heater substrate 2 is
formed with a raised lip and downwardly depending
channel to form a sealing fit with a plastics heating
vessel. Further details of this arrangement may be
found in WO 96/18331.

An aluminium heat distribution plate 4 is bonded
onto the dry face of the heater substrate covering
substantially the whole of this face. A sheathed
heating element 6 having a nominal power rating of 2.2
kW is brazed onto the aluminium plate 4 around the
periphery thereof as is well known in the art. At
either end of the heating element 6 are low resistance
terminations 8 for making electrical connection to the
heating element, better known as cold tails.

Between the cold tails 8, on the same arc as the
heating element 6, there is provided a sump 10 formed in
the substrate 2. The sump 10 is pre-formed by deep-
drawing a flat stainless steel plate and is brazed onto
a pre-formed aperture in the substrate in the same
brazing operation as is used to attach the element 8.
Alternatively, the substrate 2 could be deep drawn to
form the sump 10.

The sump 10 may be seen more clearly in the
enlarged scrap section of Figure lc. It will be seen
that the sump is circular with an inside diameter of 11
mm and an inside depth of 12 mm. It may further be seen
that a cut-away 4a is formed in the heat distribution
plate around the sump 10. The cut-away 4a is
sufficiently big that there is a gap of at least 6 mm
between the heat distribution plate 4 and sump 10 all
the way round.

The substrate 2 is 0.%9mm thick and has a thermal
conductivity of 25 Wm™K™" (Watts per metre per Kelwvin).
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The heat distribution plate 4 is 2mm thick and has a
conductivity of 210 Wm™K™. Thus the relative efficiency
of thermal transfer through the zone of substrate 4a
surrounding the sump 10 compared to that through the
heat distribution plate 4, is 0.9 x 25 / 2.0 x 210 =
5.4%.

A series of mounting bosses 12 are formed on the
heat distribution plate 4 for mounting a control unit
and a steam switch module thereto.

Figure 1b is a view of the heater of Fig la with a
control unit 14 and a steam switch 16 mounted to it.

The control unit 14 is the applicant's commercially
available U1830 control, the basic principles of which
are described in WO 95/34187 to which further reference
should be made for fuller details. The steam switch
module 16 is the applicant's standard R48 steam switch
module which incorporates a snap-acting bimetallic
actuator (not visible) which acts on an over-centre
switch mechanism to open a pailr of electrical contacts.
The steam switch module 16 is mounted with its
bimetallic actuator in good thermal contact with the
underside of the sump 10. It is mounted by means of a
mounting bracket 18 which is bolted to two of the
mounting bosses 12 formed on the heat distribution plate
4, sharing one of these with the control unit 14.

Electrical interconnection is provided by suitably
heat resistant wires as is known in the art, but these
have been omitted for clarity. The steam switch 16 is
connected electrically in series between the line output
of the control unit 16 (not shown) and one of the cold
tails 8 of the heating element 6.

Also omitted for clarity is a trip lever which is
attached to a coupling point 16a of the steam switch and
is able to operate in an upward direction (as viewed
from Fig. 16) on a similar coupling point 14a on the
U1830 trip lever.

In operation, a liquid heating vessel fitted with
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the heater shown in Figures la and 1b is filled with
water which of course means that the sump 10 becomes
filled with water. When the heater 6 is energised, it
will begin to heat the water in the vessel. 1In view of
the relatively small area of the mouth of the sump 10 in
comparison with the area of the heater as a whole, there
will be relatively poor mixing between the water in the
sump 10 and that in the main body of the vessel.
Accordingly, the temperature of the liquid in the sump
10 will lag between the temperature of the water being
heated in the vessel. Furthermore, since the sump 10 is
located between the cold tails 8, i.e. on an area of the
subgstrate which is not heated, and since conduction of
heating element 6 can only occur by means of the
relatively poorly conducting substrate 2 (because of the
cutaway in 4a in the heat distribution plate) the
effects of direct heating of the sump 10 by the heating
element 6 is relatively marginal. The result of this is
that the temperature at the base of the sump 10 that is
sent by the bimetallic actuator of the steam switch 16
is much lower than that sensed by the two bimetallic
actuators forming part of the control unit 14 which are
in thermal contact with the heat distribution plate 4.
However, once the bulk of the ligquid in the vessel
begins to boil, it will convect vigorously which induces
a much more thorough mixing of the water in the main
body of the vessel with that in the sump 10. This means
that the relatively cooler water in the sump 10 will
suddenly be replaced with water from the main body of
the vessel which will be at or near boiling point. This
sudden increase in the temperature of the water in the
sump 10 takes the temperature in the sump above the
operating temperature of the bimetal in the steam switch
16, thus causing it to snap to its opposite curvature,
trip the over-centre switch mechanism and thus open the
electrical contacts, interrupting the power supply to
the heating element 6. In order to restore power to the
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element 6, a user must operate a trip lever protruding
from the vessel in order to reset the over-centre
mechanism of the steam switch 16.

Assuming that the heater is installed in a vessel
having a maximum capacity of 1.7 litres and that the
vessel 1s filled to capacity with water initially at
20°C, the flow of energy into the sump directly from the
heater may be estimated. Consequently the temperature
rise of the liquid in the sump may be estimated. In the
present example it has been calculated that
approximately 190 Joules of energy will flow into the
sump, meaning that the temperature of the water therein
will rise to 60°C whilst the bulk of the ligquid
approaches boiling. This ensures that premature
actuation of the bimetal will not occur.

In the event that the heater is energised without
any liquid in it, the temperature of the heat
distribution plate 4 will rise rapidly until one or both
of the bimetal actuators of the control unit 14 operates
to trip the trip lever thereof, thereby interrupting the
electrical supply to the heating element 6. Power may
be restored by the user manually operating the same trip
lever as 1s used to reset the steam switch 16.

Turning now to Figure 2a, there may be seen a
second embodiment of the invention. Features of this
embodiment in common with the first are denoted by like
reference numerals. The difference between this
embodiment and that shown in Figs. la and 1b is that in
this embodiment the heating element 6 extends around
only approximately 180° of the periphery of the heat
distribution plate 4. 1In this embodiment, the sump 10
is not located midway between the cold tails 8 but
rather is closer to one of them. However, it is no
closer to either cold tail 8 than in the previous
embodiment .

Some further minor differences may be noted by

considering the view in Fig. 2b which shows the control
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unit 14 and steam switch 16 mounted to the heat
distribution plate 4 and sump 10 respectively. Firstly
it may be seen that the control unit 14 and steam switch
16 may now be oriented to be substantially parallel to
one another, thereby facilitating the provision of a
single operating lever protruding from the vessel in
use. It may also be seen that the steam switch 16 is
not mounted on a separate bracket as in the previous
embodiment, but rather it is mounted on an extension of
the mounting bracket 18' of the control unit 14.
Operation of this embodiment is exactly the same as the
previous one and will not, therefore, be described
again.

Figures 3a and 3b show a third embodiment of the
invention. This embodiment is substantially similar to
the first except that a second heating element 20 is
provided inwardly of the first heating element 6. The
nominal power rating of the first element 6 is 2400
watts, whilst that of the second element 20 is 200
watts. The two elements 6, 20 are connected
electrically in parallel so that during normal heating
operation their combined power output is 2600 watts.
However, the steam switch 16 in this embodiment
interrupts power only to the first element 6, thereby
leaving the second element 20 energised. This means
that upon boiling of water in the vessel, the waterx
continues to be heated at a relatively low 200 watts in
order to keep it warm. The control unit 14 however is
connected electrically in series with both of the
heating elements 6, 20 so that in the event the heater
is switched on dry or boils dry, power to both elements
6, 20 will be interrupted.

Figs. 4a and 4b show a fourth embodiment of the
invention. It will be seen in this embodiment that the
substrate 2 extends beyond the heat distribution plate 4
thus forming an unheated rim 2a. It is in this unheated
rim 2a that the sump 10 is provided. It will therefore
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be seen that the sump 10 igs provided outside of the
footprint of the heat distribution plate 4. The
relatively poor thermal conductivity of the stainless
steel substrate 2 ensures that there is relatively
little direct heating of the sump 10 by the heating
element 6, 20. PFurthermore, convection of the bulk of
the water in the vessel during normal heating will be
confined generally to the area in the centre in the
heater within the footprint of the heat distribution
plate 4. It may be seen from Fig. 4b, that in this
embodiment the steam switch 16 is entirely separate from
the control unit 14 and is mounted on its own mounting
bogses 12'. The electrical connections in this
embodiment are the same as those in the previously
described embodiment so that upon boiling, the keep-warm
element 20 remains energised.

Finally, Figs 5a and 5b show a fifth embodiment of
the invention which differs from the fourth embodiment
in that the sump 10 is no longer located in the vicinity
of the cold tails 8, 22, but rather is mounted further
round the element 6, 20 but still outside the footprint
of the heat distribution plate 4. The electrical
connection and operation of thisg embodiment is identical
to that of the third and fourth embodiment.

It will be appreciated by those skilled in the art
that many variations or modifications may be made to the
described embodiments within the scope of the present
invention. In particular, any particular combination of
element lengths, element powers, double or single
elements and sump locations is envisaged within the
gcope of the present invention. Moreover the sump may
be provided with thinner walls than the substrate and
could be located elsewhere than between the cold tails
or outside the footprint of a heat distribution plate.

Furthermore the invention ig not restricted to use
with heaters having a sheathed heating element bonded to
a substrate. For example in accordance with several



WO 02/085169 PCT/GB02/01886

- 18 -

aspects of the invention the heater may be a thick film

heater.
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Claims:

1. An electric heater for a liquid heating vessel
comprising a generally planar substrate, an elongate
heating element comprising terminations at respective
ends for making electrical connection thereto, the
heating element being mounted to or formed on said
substrate such that said terminations are spaced apart
on the substrate, the heater further comprising a sump
having a relatively small volume formed in the substrate

between said terminations.

2. A ligquid heating vessel including an electric
heater comprising a generally planar substrate and an
elongate heating element comprising terminations at
regspective ends for making electrical connection
thereto, mounted to or formed on said substrate such
that said terminations are spaced apart on the
substrate, said heater further comprising a sump having
a relatively small volume, in comparison to the liquid
heating vessel as a whole, formed in the substrate

between said terminations.

3. A heater or liquid heating vesgsel as claimed in
claim 1 or 2 wherein the heating element is arranged to

extend in an arc around the heater.

4. A heater or liquid heating vessel as claimed in
claim 3 wherein the whole length of the element is

arranged in an arc.
5. A heater or liguid heating vessel as claimed in
claim 3 or 4 wherein gaid element is arranged

substantially at the periphery of the heater.

6. A heater or liquid heating vessel as claimed in any
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of claims 3 to 5 wherein the heating element extends
around approximately 180° of the periphery of the

heater.

7. A heater or liquid heating vessel as claimed in
claim 6 wherein the sump is provided on substantially

the same arc as the heating element.

8. A heater or liquid heating vessel as claimed in any
preceding claim wherein the sump is located midway

between the two terminations.

9. A heater or liguid heating vessel as claimed in any
preceding claim comprising a mechanical actuator for
sensing when the temperature of the sump rises as a

result of boiling.

10. A heater or liquid heating vessel as claimed in
claim 9 wherein said actuator comprises a bimetallic

actuator, preferably a snap-acting bimetallic actuator.

11. A heater or liquid heating vessel as claimed in
claim 10 wherein the snap-acting bimetallic actuator is

provided by a standard steam switch module.

12. A heater or liquid heating vessel as claimed in
claim 11 comprising a control unit, wherein said steam
switch module is mounted on a common mounting plate with

said control unit.

'
t

13. A heater or liquid heating vessel as claimed in any
of claims 9 to 12 wherein the actuator is arranged to
open a set of electrical contacts when liquid boiling in

the vessel is sensed.

14. A heater or liguid heating vessel as claimed in

claim 13 wherein said contacts are arranged in series
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with the electrical supply to the heating element so
that the electrical supply is interrupted upon boiling

to de-energise the heater.

15. A heater or liquid heating vessel as claimed in
claim 13 or 14 wherein said contacts are part of an
arrangement to energise, or maintain solely energised, a
gimmer or keep-warm element once liquid in the vessel
has boiled.

16. A heater or liguid heating vessel as claimed in
claim 13, 14 or 15 wherein the actuator is arranged to
trip an over-centre mechanism which maintains the
reduction or interruption in power to the heating

element until such time as it is reset by a user.

17. A heater or liguid heating vessel as claimed in
claim 16 comprising a reset lever to allow a user to

reget the over-centre mechanism.

18. A heater or liguid heating vessel as claimed in
claim 17 wherein the reset lever is coupled to a trip
lever of a control unit so that the reset lever is able
to reset both the steam switch and the control unit

proper if either should operate.

19. A heater or liquid heating vessel as claimed in any
preceding claim comprising a thermally conductive heat
distribution plate between the heating element and the

substrate.

20. A heater or liquid heating vessel as claimed in
claim 19 comprising a cut-out in the heat distribution

plate.

21. A heater or ligquid heating vessel as claimed in

claim 20 wherein the edge of the heat distribution plate
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ig at least 6mm from the sump, preferably at least 10mm

and most preferably at least 14mm.

22. An electric heater for a liquid heating vessel
comprising a generally planar substrate and an elongate
heating element mounted to or formed on a heat
distribution plate which is in turn mounted to or formed
on said planar gsubstrate, saild heater further comprising
a sump having a relatively small volume formed in the
substrate on a part of the gubstrate outside the

footprint of said heat distribution plate.

23. A liquid heating vessel including an electric
heater comprising a generally planar substrate and an
elongate heating element mounted to or formed on a heat
distribution plate which is in turn mounted to or formed
on said planar substrate, said heater further comprising
a sump having a relatively small volume compared to the
volume of the vessel formed in the substrate on a pért
of the substrate outside the footprint of said heat

distribution plate.

24. A heater or liquid heating vessel as claimed in
claim 22 or 23 wherein said sump is arranged
substantially at the periphery of the substrate with the
heating element and heat distribution plate being

arranged towards the centre thereof.

25. A heater or liguid heating vessel as claimed in

claim 22, 23 or 24 wherein the separation between the
sump and the heat distribution plate is greater than 6
mm, more preferably greater than 10 mm and ideally at

least 14 mm.

26. A heater or liguid heating vessel as claimed in any
of claims 19 to 25 wherein the heating element is

arranged around the periphery of the heat distribution
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plate.

27. An electric heater for a liquid heating vessel,
comprising a generally planar substrate, an elongate
heating element mounted to or formed on said substrate,
the heater further comprising a sump having a relatively
small volume formed in the substrate, said sump being
gsurrounded by a first zone of material having a first
thermal conductivity said first zone being surrounded by
a second zone outwardly thereof having a second thermal
conductivity wherein the first thermal conductivity is

less than 20% of the second thermal conductivity.

28. A heater as claimed in claim 27 comprising a heat
distribution plate including a cut-out in which the sump
is provided so that the cut-out comprises said first
zone and she surrounding heat distrubution plate

comprises the second zone.

29. A heater or vessel as claimed in any preceding
claim wherein said sump comprises at least one side wall

which is thinner than said substrate.

30. An electric heater for a liquid heating vessel
comprising a substantially planar substrate, heating
means mounted to or formed on said substrate and a sump
having a relatively small volume integral with said
substrate wherein at least one gide wall of said sump is

thinner than said substrate.

31. A water boiling vessel compriging a substantially
planar heated base including a sump having a relatively
small volume in comparison to the volume of the vessel
as a whole, said heated base being adapted and arranged
such that in use the maximum transfer of energy into the
sump during boiling of water in the vessel is less than

200 Joules per cubic centimetre of the sump volume.
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32. A water boiling vessel as claimed in claim 31
wherein said energy is less than 170, more preferably
less than 150 Jcm™.

33. A heater or vessel as claimed in any preceding
claim wherein said sump has a depth which is at least as

great or greater than its diameter.

34. A heater or vessel as claimed in any preceding
claim wherein the walls of said sump are inclined at an
angle of at least 45°, more preferably at least 75° and
most preferably approximately 90°, i.e. vertical.

35. A method of manufacturing an electric heater
comprising providing a generally planar substrate
including an aperture defined therein, positioning a
separately formed sump over said aperture so as to close
it and brazing said sump to the substrate in the same
brazing operation as for at least one of an element and

a heat distribution plate.

36. A method of making an electric heater comprising
providing a substantially planar substrate, deep-drawing
a sump having a relatively small volume in said
substrate and mounting or forming a heating element on

said substrate.
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