| MPROVEMENTS RELATI NG TO ELECTRI CALLY F%Z\;ng
BA LI NG VESSELS Field of the Invention: This inv I on
concerns inprovenments relating to 5 elgctrically heated water boiling

vessel s such as e ' I ' al so
}nq__l S ng bots, p ?zUv M? AT N r0 B Se %%inifidand

urt her concerns i nprovenent '#2%# %% £§ ' el enents for
such vessel s and assopiated.shﬁ A ﬁaﬁoa g%égeEs%FL%ternine t he
operation of theﬂygﬂqrgk the InvarE®RH: Wilst the present invention has
particul ar _ apprication to efectric kettles and hot water jugs and
will be described in tjgd Gvewtieniddnderfey dagedvements redatiing to

application, it is not limted to such an 15 appl i cation.
Background sof t heldutaiidality heated watdnt dwitlingel vessedskesuts amd hot
wat er jugs are conventionally provided with two thermal controls,

electric kettles and hot water jugs and also including
pots, pans, urns, laboratory equipment etc., and
further concerns improvements in electrical heating
elements for such vessels and associated controls
10 adapted to determine the operation of the heating
element. Whilst the present invention has particular
application to electric kettles and hot water jugs and
will be described in the following with reference to
such applécation, it is not 1limited to such an
15 application.
Background of the Invention:
Automatic electric kettles and hot water jugs are
conventionally provided with two thermal controls,
namely an element protector control adapted to switch

20 off the supply of power to the electric heating

element of the appliance in a sensed overtemperature
situation resulting from the appliance being switched
on empty for example, and a steam control for reducing
or switching off the supply of power to the heating
25 element when the water being- heated boils. Such
controls generally have their own thermal sensors,

commonly a  bimetallic element, and the element



nanely an el enment protector control adapted to switch 20 of f the supply

of power to the electric heating el emrent of the appliance in a
sensed overtenperature ~situation resulting fromthe appliance being
swi t ched on enpty for exanple, and steam control for reducing

or switching off the supply of power to the heating 25

el ement when the

wat®er being heat ' I al a heig own
AU dor c&e?cyna ay FEPPRLP! In@906RA!dohd1aFErhN S

t hermal sensors, conmobn I"met

c el enent,

and t he el ement

2 prot ect Qe LSHH4S) JFRYakit-ipeprobebedense@rPahged € operate in

secondary or back-up protection arranged to operate in

t he event,

however unlikely trd dwiidt) aotlevidicupliikely, of failanéraf .th prdemptary
el enent protector control is 5 the X1 control manufactured by Oter
Controls Ltd. andcontrol. suBat axemglaryase lewent bprdotactBdr Ac2h®4039 8 t h

reference particularly to Figs. 3A, 3B and 3C thereof,
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the X1 control manufactured by Otter Controls Ltd. and
substantially as described in GB-A-2194099 with
reference particularly to Figs. 3A, 3B and 3C thereof,
and an exemplary steam control is the J1 control
manufactured by Otter Controls Ltd. and substantially
as described in GB-A-2212664 with reference
particularly to Figs. 3A to 3M thereof.

A single sensor electronic control for a water
boiling vessel is described in GB-A-2228634. This
control utilizes a thermistor and senses element
temperature as a function of the electrical resistance
of the thermistor and the onset of boiling as a
function of the rate of change of the thermistor
resistance. However, even with the current state of
modern electronics a circuit capable of switching a
mains load cannot readily be manufactured at a price
competitive with bimetallic controls.

A single sensor control is proposed in GB-A-1 143
834 (Matsushita) but has never been manufactured, so
far as we are aware. According to this proposal, a
sheathed, insulated, resistance heating element

mounted to a head plate, providing for mounting of the



and an exenplary steamcontrol is the J1 control manuf act ured by
Oter Controls Ltd. and substantially 10 as descri bed I n

GB--A- 2212664 with ref erence particularly to Figs. 3Ato 3M

t her eof . A single sensor electronic control for a water

boiling vessel is described in GB-A- 2228634 Thi s control utilizes

a thermistor and senses "i'rﬁ%eﬁle}:ti@ or 6€H8frx@£1‘:'éffc§:he Pirdd'Rrdddt Ohaldhe

el ectrical resistance t herm st or onset of ‘boiling as

a functi %@B&@H@E&eﬂﬂ‘em@%&gﬁeiﬁ bbhe tHed&t sh@ra hot return
resi stance. However, even Wwth the current state of noder n

el ectronics a ci gt SR RAElch 9k avtheheagta tBE elem@htshébdlatwait
readily be manufactured at a price conpetitive with binetallic

controls. a locatiai nghheveectlier genaradl levsepr offothe imajeR Aaktls3
834 (Matsushita) but has never been manufactured, so far as we are
awar e. Accdr di ng dbb tthe shigatupus & lernent25 and mapmj:ured]gn@tmre is
resi stance heating el enent mounted to a head plate, providing for
mounting of the provided on the element head plate in the reglon where
the element hot return portion attaches thereto. The
provision of a hot return element portion which
attaches to the element head at a level above the
10 major part of the heating element proper was
conventional at the time of filing of GB-A-1 143 834,
this arrangement ensuring that if a non-automatic
kettle is accidentally left to boil dry the hot return
part of the element will be exposed first as the water
15 level drops and will consequently overheat thereby
providing a thermal signal through the element head to
a bimetallic or other control provided on the opposite
side thereof. By this means the element can be
switched off before any substantial part of the
20 element seriously overheats. By enclosing the hot
return pa:rt of the element within an enclosure
provided with small openings sufficient to admit water
to the interior of the enclosure when the kettle is
cold, the proposal of GB-A-1 143 834 was that the

25 steam generated within the enclosure on boiling would

drive the water from the enclosure whereupon the hot



3 _ element in a kettle or other water boiling vessel, has t he
heating el ement proper bent to define a hot return portion which is
att-ached to the el enent head plate at a |l ocation above the general
level of the major part 5 of the heati el ement, and an apertured
enclosure is provi ded on the el enent head plate in the region where

the” el ement hot relilif, Rt ih et atReg1bRERL! RoullCoverheat RIRY iddue Of a
hot return el enment portion I ch attaches to the el enent head at a

level above the thte piFRHtA11iRArbr Obthéhe cdigtidd toel 8pRBhAtepr OPEIn Was

conventional at the tinme of filing of GB-A-1 143 834, this
arrangement ensuradgoidaice fwithhahedatreangement prophsed! tniGBehel detR al |y
left to boil dry the hot return part of the element will be exposed
first as the wat e834 1% singleebitedad ldedoni bthevncenteol |Wibl @prrate

t her eby providing a thermal signal through the elenent head to

a binetal | i% or Ovdieh when rokesitde ded lsnandewbppodikettle is switched
on dry.

As mentioned above, the proposal of GB-A-1 143

834 has not to our knowledge ever been manufactured

despite its apparent simplicity and the promised

10 advantage of a single sensor bimetallic control

providing both element overtemperature protection and

boil sensing. Furthermore, in tests that we conducted

we found it impossible with a heating element as

described in GB-A-1 143 834 to achieve a sufficient

15 temperature rise on boiling to reliably operate a

thermal actuator. Such an actuator, it is to be

understood, has to be able to discriminate between the

temperatures experienced during normal heating, which

may be elevated by lime scale for example, and the

e

20 temperature experienced when the water boils.
In our International Patent Application No.
PCT/GB 93/00500 (WO 93/18631) there is described the
combination of a stainless steel sheathed heating
element having a hot return portion spot welded to a
25 stainless steel head plate and with an enclosure

provided around the hot return portion such as to



si de t hereof.
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operate 5 both when a kettle boils and when a kettle is
M&tdly . generation wiAhirentheneshalimmure t bepplspostienf

therefrom, and a thermally-responsive control adapted
to switch off the supply of electric power to the
element when the element head plate temperature
reaches a predetermined level, the control being
adapted and arranged to be responsive to the
temperature of the element head plate substantially at
the location of said spot weld. As is explained in WO
93/18631, by replacement of the brazed area
conventionally used to couple the hot return portion
of the heating element to the head plate by a highly
localized spot weld, and by restricting application of
heat sink compound between the bimetal blade of the
thermally-responsive control and the rear of the
element head to the small area of the spot weld, we
were able to obtain satisfactory operation of the
control in both element protector and boil sensing
modes of operation and thus overcome the problems
associated with GB-A-1143834.

In an alternative arrangement which is described
in our International Patent Application No. PCT/GB
93/00501 (WO 93/18632) the ends (cold tails) of an

elongate, metal-sheathed, electrically insulated,



834 has not to our know edge ever been manufactured despite its
apparent sinplicity and the prom sed 10 advantage of a single

sensor binetallic control provi di ng both el enent overtenperature
protection and boi|l sensing. Furthergrore, in tests that we conducted
we found it inpossible with a heating el enent as described in GB-A-1

143 834 to achi e\/feéléﬁl;ﬁe&'@éuuﬂé e lencHPakal Hﬁﬁaééé%?ﬂh%'él%ér@t
reliably operate a her mal act uat or. an actuator it isto

be under stpesa atuaﬁartﬁg%@énip (tholighC hoXl 88s6nbea1een fo&emed of
t enper atures experienced during normal heating, which may be

el evated by |ine stal gpppopeiattpl eheandrebéstift symrghertdicur plagieigsenced
when the water boils. I'n our International Patent Application
No. PCT/ GBa &t DAEP0a( \Wea33/ iB8sssffer helemeptddispmiestdofhe high
conbi nati on of a stainless steel sheathed heating el ement having a
hot return Porti othepmalwebodictivity2aterdiadi mxands efrofead hrated and

wi th an encl osure g rovi ded around the hot return portion such as to
part of the element adjacent to one of its ends and

through the element head to provide for sensing of the
element temperature by means of an appropriate
control, and an enclosure surrounds the said heated
10 part of the element portion, the arrangement being
such that in use of the heating element with a water
boiling vessel the enclosure will £ill with water when
the vessel is filled and the onset of boiling and the
consequent generation of steam in said enclosure will
15 cause the water substantially to be expelled therefrom
so as to mimic a dry boil situation sensible by an
appropriate thermally-responsive control thermally
coupled to said heat transfer élement. As is

explained in WO 93/18632, this arrangement also

20 enables a single control to perform both element
protection and boil detection functions.

Summary of the Invention:

The present invention provides yet a further
arrangement which enables a single thermally-
25 responsive control to provide both element protection

and boil detection functions. According to the



el emrent water is
boidl ed in an associ ated vessel an B ation within the

encl osure expels water 5 therefrom and,a thernally responsi ve contr ol
adapt ed to switch off the supply of electric power to the

el €ment when the glerent 9AhPlohEe 4CPPSARYE Uh€ating eldfd¥PO9hfch, as
predeterm ned | evel, the control bei ng adapted and arranged to be

responsive to thedeé@rlbecl&{&ﬁéﬁiélf@e@f ddie telkaimanvabeadypbateifferent
substantial ly at the location of said spot weld. As is explained in
VO 03/ 1863flormdy isr eltAnanestlampéd e otheaxeice acéapled to or
conventionally used to couple the hot return portion of the heating
el enent to the heedngtitetdy a Wwalh) ya btitom logc bhseewatpofonedxamphel, by
restricting application of heat sink conpound between the binetal

bl ade of the of tehewntkery-bekibbngi mess®krop dfrermally-responpive

el enent head to the snall area of the spot weld, we
control, such as the aforementioned X1 control for

cause the tenperature of the hot gl L on ol i rise
significantly above 100[err]C wheﬁ ﬁ iy ﬁEE;.REchN 1

example or an adaptation thereof, is arranged in
thermal contact with the heating.element at a specific
locaéion thereof, and an enclosure is provided in the

"""" 10 vessel at a location on the said wall thereof
corresponding to the location of the thermal contact
of the control with the heating element, the
arrangement of the enclosure being such that in use of
the vessel the enclosure will f£fill with water when the

15 vessel is filled and the onset of boiling and the
consequent generation of steam in the enclosure will
cause the water substantially to be expelled therefrom
so as to mimic a dry boil situation sensible by the

e thermally-responsive control.

20 The invention also extends to the combination of
a planar heating element as aforesaid, for coupling to
or incorporation as a wall of a water boiling vessel,
and an enclosure as aforesaid. The enclosure may be
affixed to the heating element in the case that the

25 heating element is adapted itself to form a wall of

the liquid heating vessel, or may have formations
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were able to obtain satisfactory operation of the 20 control in both

el ement protector and boil sensing nodes of operation and thus
overcone the problens associated with GB-A-1143834. In
an alternative arrangenment which is descrihed in our Internationa

Pat ent Application No. PCI/GB 25
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In operation of an arrangement in accordance with
the present invention, the filling of the vessel with
water will cause water to be admitted to the enclosure
and, when the water is heated and eventually boils,
the generation of steam within the enclosure will
cause water to be expelled therefrom thereby giving
rise to a simulated dry-boil condition in the
enclosure which causes a local increase in the
temperature of the heating element and trips the
temperature sensitive control. The openings in the
enclosure are designed so that local boiling within
the enclosure, which can occur on account of the
limitation by the enclosure of convection currents
established within the volume of water being heated,
will cause steam to be ejected and to be replaced by
relatively cool water from the main part of the
vessel, but when the water in the vessel boils as a
whole there is no longer a supply of relatively cool
water and the area of the element beneath the
enclosure boils dry and its temperature rises
significantly and rapidly so as to trip the control.

The aforementioned planar heating element may for

el enent tenperature by



contr ol

and an encl osure surrounds the said heated 10 part of the

el ement portion, the arrangement being such that in use of the
heating elenent with a water boiling vessel the enclosure will fill
wi th water when the vessel is filled, and the onset of boiling and
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made and commonly comprises a sheathed heating element
as aforesaid cast or clenched into an aluminium
casting which may itself form the base of the vessel
or alternatively may be adapted to be secured to the
commonly stainless steel base of the vessel.
Alternatively, the planar heating element may be of a
kind having patterned resistance heating elements
formed on an electrically insulating substrate by use
of lithographic techniques using conductive ink or by
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. The present invention is not limited

to any particular form of planar heating element.

The thermally-responsive control ﬁay be a
modified form of the aforementioned X1 control which
is described in GB-A-2194099 with particular reference
to Figs. 34, 3B and 3C thereof. The X1 control
provides a primary level of element protection by

virtue of incorporating a bimetallic actuator arranged



7 pr esent

i nvention, a planar heating el ement which, as

descri bed hereinafter, can take a variety of different forms is
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yatweirtsas sifartthiea ld imeata 16l @ quetiu atebrt Heriafg arowtt et i
situation sensible by the thermally-

a synthetic plastics carrier which is arranged to
deform in the event of the temperature of the element
head portion continuing to rise above the temperature
at which the primary 1level of protection would
normally operate, the deformation of the carrier thus
caused being arranged to effect a switching off of the
heating element. Modification of the X1 control as
described in GB-A-2194099 would normally be necessary
on account of the fact that planar heating elements
would not necessarily include the so-called "cold
tails™ which make electrical connection with the
resistance heating element within a conventional
sheathed heating element, though obviously if such
cold tails or their equivalent were provided then the
need for modification of the X1 control might,
depending upon other circumstances, be obviated.
Modification of the X1 control in this regard so as to
enable it to be connected in circuit with the planar
heating element is generally within the range of the
routine skills of the notional man skilled in the art,

but a preferred modification which forms the subject

of

generation of steamin the enclosure wll



responsi ve control. 20 The i nventlon al
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suitable control) might be arranged below and in
thermal contact with a portion of the heating element
and the enclosure arranged directly above the bimetal
blade of the X1 control, the enclosure having openings
to allow the entry of water and the exit of steam as
in WO 93/18631 and WO 93/18632.

Described hereinafter is an exemplary planar
electrical heating element which can advantageously be
utilized in the practice of the present invention and
which is designed for use with an element protector
control, such as the X1 control or a modified form
thereof, 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. The planar
electrical heating element in question comprises a
substrate or base plate, an electrically-insulating
layer formed on a portion at least of one surface of
said substrate of base plate, an electrical conductor
formed on said electrically-insulating layer so as to

be isolated thereby from said substrate or base plate,

heating el enent is adapted

ﬁBb‘i 1*&%%&'0‘?19 NESSRlo 1% 9, (yr{ﬁ’
With Oﬂhée‘i!;l%@xatrhqlé?@iﬂélg

operative attachnment of "the enclosure to
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the present invention, the filling of the vessel
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t he generation of steamw thin the enclosure will 10 cause water to be
expel l ed therefromthereby giving rise to a sinulated dry-boi
condition in the encl osure whi ch causes a |local increase in the
tenperature of the heating elenent and tri t he tenperature
sensitive control. The openings in the 1 encl osure are designed so

that |ocal bO'|'n%d@é*&ﬂbctrlcaltéBhdﬂEﬂdF“ﬁé&nﬁmfGPm&&no?cﬁUha@gréﬁqo“nt
of the limtation by the enclosure of convection currents

establ i shed wi t hi haiigig/ Gudiie a8f elicer-ibalngeleatafice as to Wbhktsause
steamto be ejected and to be replaced by 20 relatively cool water from

the main part of tde electricaisasdsidttinsdaredtingosbementt peopassehndoi | s
as a whol e there is no longer a supply of relatively cool

wat er and the area ofurtizer| elentriienddyhingelating laydrosfioemédi byeary
and its tenperature rises 25 significantly and rapidly so as to trip
the control 5 said eletigighdr conduicsord shadafunthernglectmisaldly for

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

.... 10 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

15 heat through the further electrically-insulating
layer.

Also described hereinafter 1is an exemplary
modified form of the aforementioned X1 element
protector control which is particularly well suited to

20 use with the abovementioned planar heating element.
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

25 the further insulating layer, and the feet of a

plastics material carrier which constitutes the



9 exanple be in the formof an el ongate, netal-sheathed,
electrically insulated, resistanceg[t TefFenen afflxed to a

pl anar elenment, as is known for efarpiSeSH ET HAS iBEEmO]f| f ee maki ng machi nes
where such an elenent is 5 con Rﬁ?‘ CED keepjjthe coffee hot after
It has been made and conmmonly conprl €5 a-sheat hed heat i ng elenent

‘af id t t
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vessel . Alternatively, the planafﬁ%eatlng el enent

kind having patt efiiefhnd EEy St S&senHE0é | A& €5 e arrang édJrﬁEd:d}ﬁ:éHl:
electrically insulating substrate by use of I|thograph|c t echni ques
usi ng conductive thk durdtherl5insuphatingi t hogenplbutdifthnoguethas sxiad wel |
known in the field of sem conductor device fabrication, and/ or by
ot her depositi on ¢opeming utsereion. aAd |desersihed/iinm dftail hereimsmftier;,

pl asma vapour deposition, etc. which per se are well known. The
present inventiorthe mpianami hegting element 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
10 comprises a heater track formed of a conductive 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
15 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
20 in plastics bodied vessels since the relatively poor
thermal conductivity of stainless steel can be
employed to thermally isolate the plastics vessel body
f?om the resistance heating element proper. However
the use of a stainless steel substrate is exemplary
25 only and other materials could be used. The substrate

or base layer could even be one and the same as the
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20 to any particular formof planar heating el enent. The

thermal | y-responsi ve control nay be a nodi fied formof the

af orenenti oned X1 control which is described in GB-A-2194099 with
particul ar reference to Figs. 3A B and 3C t hereof. The X1
control 25 provides a primary | evel of “el enent protection by

virtue of i nCOfp%ﬁ}é{%ﬂé’n@iéﬁé&l lé?e@{;{'fﬁéfi g&fxg‘ﬂ? ting.  layer, in

10 to be | ocat In use 1n close t con

heating el ement, by %é&@rﬁnéeemée&@ealara%fi@%qwé heatmglorelfa%&lp
| evel of protectlon effective in the event owever i kel'y of

failure of the prafBger PEIYIEEtBONEorhed dib’eé‘ttl?%oihé heubseprig!lic

actuat or being nmounted in a synthetic plastics carrier which is
arranged to defMore igerdra EMeNntarnfe Tdmerite Hrastddticr dortrlelesent

head portion continuing to rise above the tenperature at which the
primary | ewel of ysetewtitbn woul ggenerally planar heating element
advantageously conprises 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
10 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
15 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 secondary thermally-responsive switch
s actuator for determininé the - supply of electrical
20 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

25 element.

The foregoing and other aspects and features of



10 normal |y operate, the deformation of the carrier thus caused

being arranged to effect a switching off of the heating el enent.
Modi fication of the X1 control as described in GB-A-2194099 woul d
normal |y be necessary on account of,the fact that planar heating

el emrents 15

woul d not necessarily include the so-called "cold

tarl s’ which kel ealddeil 16ARARGNORRY LOcASren vith Jaidlihanes

elenent within a conventi onal

sheat hed heating elenment, thoug

ating

fﬁv' Oggly i f sgcmn the &Ppéndédl scRaihbei anaqui \t@b@r&hé@eww}pvnw t hen
e nee

dependi ng upon otdwBrartadgessitherenf bewdllli abedt be unddbsitdodatfrom of

the XI control

for nmodification of the X1 control mght,

nthis regard so as to enable it to be connect

ed in

circuit with the qumsiateration ofiethengodlewdny idetgdiedaldesamiiptiionhe
routine skills of the notional man, skilled in the art,
but a preféred rmiNen cithyrrefensnderis the agggmranying drawings, of

range of the

10

i5

20

25

25

an exemplary embodiment of the invention.
Description of the Drawings:
Figure 1 schematically illustrates an exemplary
water boiling jug embodying the present invention;
Figure 2 shows an exploded perspective view of an

exemplary element protector control which could be

utilized as the control 3 in the jug of Figure 1; and

Figures 3A and 3B are schematic sectional side
elevation and top plan views of an exemplary planar
heating element which is well adapted for use with the
control of Figure 2.

Detajled Description of the Embodiment:

Referring first to Figure 1 of the accompanying
drawings, an electrically powered water boiling jug 1,
formed for example of a moulded plastics material, is
shown as having a base formed as a planar electrical
heating element 2, and with a thermally-responsive
control 3 at a specific location on the underside of
the heating element 2 and an enclosure 4 located
opposite the control 3 on the opposite side of the

heating element, the enclosure 4 having openings 5



of our British Patent Application No. 9401559.1 wil| be descri bed
herei nafter. Wth the planar heating el emrent form ng the base of a
wat-er boiling vessel, for exanple, the nodified X1 control (or any
other 5 suitable control) mght be ar agnged bel ow and in

thermal contact with a portion of the heating el ement and the

encl osure arrangegoxcﬂlé&c{ﬁgrgﬂqve t he bi net al bl ade of the X1
control, the encloSure having openi ngs to allow the entry of water

and the exit of steamgs adfremedtidhrd3/ b HefWthg@ 2} P07 ana the

Descri bed hereinafter is an exenplary planar el ectrical heating

el ement whi ch cancasiedt ageogahy tike diffedbhti ZRfnid) t BRePragddmeiaf the
present invention and which is designed for use with an el enent

protector 15  reqiivémesticinashiber¥yaednbedngothatmitid ithermaIly-
thereof, having a primary thermally-responsive actuator and a
secondary tHer nal fgspespivei \ectamtmt oof the caperebl 8 | muséspbeaseino t he
el enent tenperature rising significantly above the tenperature at
whi ch the sufficiently close thermal contact with the heating
element as to be responsive to the temperature
thereof. The control 3 may for example comprise a
modified form of the aforementioned X1 control and may
10 have its bimetallic actuator in contact with the
underside of the heating element 2. The heating
element 2 may comprise a thin sheet of stainless
steel, which forms the upper surface of the element,
on the underside of which there is provided a thin
15 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 conducting ink, and a further thin layer

20 of glass or other temperature-resistant electrically-
insulating material is provided over the printed
element.

The holes 5 in the enclosure 4 permit water to
enter the enclosure as the jug is filled and, as

25 aforementioned, serve for the expulsion of water from

the enclosure by steam generated when water boils in



20 primary actuator is designed to operate. The planar

el ectrical heating elenent in question conprises a substrate, an
electrically-insulating |ayer formed on a portion at |east of one
surface of said substrate, an el ectrical conductor forned on said
elgptrically- Insulating |ayer so as to be isolated thereby from
said substrate, the vesseb 1. Loéaqomslﬂnsr watﬁEnPeﬁsnénépaéﬁféu ks No.
9401559.1 is avai l abl e to the pub Ic I1n the Patent Ofice
files of the main Fody88#5hated B B2outh& up to temperature,

12 said electrical conductor being fornmed of a materi al

havi ng such an elcaiged dby rise slagic cofsignichitdnt Wenvection aumtenttts i cal
resi stance heating el enent proper, and a further

el ectrically-insutdthing the endloaswrk ogdivesbrise onily tbeatstean kleeflict or,
said further electrically- I nsul ating | ayer having an opening

t her et hr ough fromhtheaenciasure andi kheelfdow iafalrapdadengnt fafrr wit h

into the enclosure from the relatively cooler main
body of water. However, when the main body of water
begins to boil, so the ihflux of relatively cool water
to the enclosure ceases and the steam generated in the

10 enclosure cause it rapidly to boil dry with a
consequent rapid rise in the local temperature of the
heating element. This rapid temperature rise is
sensed by the control 3 which acts to switch off the
supply of power to the element 2.

15 The enclosure 4 may be formed as in the
arrangement described in WO 93/18631 as a sheet metal
fabrication which may be spot welded or riveted or
otherwise attached in the requisite position above the
control 3. If the heating element 2 is formed on a

20 metal plate, or attached to a metal plate, and the
plate forms the bottom of the vessel, as in the
arrangement described, then the control could
alternatively be located towards the side of the
plate, close to the edge; the enclosure could then be

25 formed as an integral part of the vessel moulding

which might be arranged to overlap the plate and cover



the el ement protector control aforesaid, the primary

thermal | y-responsi ve actuator may access the said 10 el ectrical
connductor so as to be responsive directly to the tenperature

t hereof, the secondary thermally- rQ?ponsi ve actuator being
prevented from accessing the said electrical conductor directly

and  bei ng tHERUB kKR red e BRrRTREr 8bUERe LHEREOS 1 DY oSSt U Of

15 heat through the further “electrically-insulating | ayer.

Al so described hegid nedriteFol 5 @fid e¥REPVBA¥s in theMedichedrkodBudia the
af orenenti oned X1 el enment protector control which is particularly

well suited to Z2Hefinedcoywi détepdeinbolienbottoncedgkandr theatdrul oswrent .
The binetallic primary thermally-responsive actuator of the control
is arranged to bendspmswenatie drelgs in its tioop heurfaper at ure of the
heating el ement by virtue of being located so as to register with
the openindin 25  Akeemnatinelynsdhstipreseyer inveatiome eeuldofbe a
Plastics materal oo ived 10 S wi¥eY 'Bolfihd Vessel of the so-called
cordless type, for example with a rotationally free
cordless connector system of the kind described in our
International Patent Application No. PCT/GB 93/01814
10 (WO 94/06185). In such an application, the control
might be placed centrally under the heating element,
or at least centrally with respect to the vessel, and
the enclosure could be a plastics moulding supported
from the sides of the vessel and located at the centre
15 of the heating element. Such a moulded plastics
enclosure could be moulded integrally with the vessel,
or alternatively coﬁld be separately formed but
attached to and supported from the vessel walls.
Given the close proximity of the enclosure to the
20 heating element, it might be preferable if a moulded
plastics enclosure is to be employed to form the
enclosure of a material having superior heat resistant
properties; a suitable material might for example be
polyphenylene sulphide, e.g. Ryton™ from Phillips

25 Petroleum, which is flame retardant and has a melting

point in excess of 300°C.



secondary thermally-responsive actuator of the control and serves as
a nounting for the binetallic primry thermal | y-responsi ve act uat or

are-arranged to contact the further insulating | ayer outside of the

said 5 opening therein. As described ijg detail hereinafter, t he
pl anar heating el enent has a stainless steél substrate or base

plaie: the two el ectrigakb¥ring now tOSPiGhr892 | ek Se Bt O pES & Er 9l ass
mat eri al and the electrical resistance heating el enent proper 10

conprises a heat egchtagk LBoWRd tereiapnddchi MdiHied form bife tRAtRL
track has end term nations which are accessi bl e through respective

openi ngs forned i dohteol aforemetwibriceckliichl liy i dsstribed @(0g.GBEAASS)

| ayer and the el ement protector control has spring netal 15

conduct ors adapt e2194098kwithnipactt wular heefarenemdto Figureserdd na3Bons

when the control is put into operative ositional relationship with

t he heatingSel eneand Bi§e 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 to Figure 2, the element protector

10 control illustrated therein comprises first and second
moulded plastics body parts 11 and 12 which are
adapted to fit together and to capture therebetween
first and second terminals 13 and 14 and spring metal
conductors 15, 16 and 17. On the other side of body

15 part 12 there is provided a bimetallic primary switch
actuator 18 which, in similar manner to the X1 control
described in GB-A-2194099, is adapted to be mounted in
a plastics material carrier 19 which is adapted in
turn to locate in predetermined manner with the front

20 {not visible) face of body part 12.

The bimetallic primary switch actuator 18 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 20 and 21 of the spring

25 metal conductors 15 and 16, a push-rod 22 being

provided for this purpose. The parts 20 and 21



use of a stainless steel substrate S advant ageous
for heating elenents which are to be used 20 I n plastics bodied vessels
since the relatively poor thermal conductivity of stainless
steel can be enpl oyed to thermnal i solate the plastics vessel
body fromthe resistance heating elenent proper. However

the use of a Staiﬂﬂﬁxfasldﬂ ex%]léé;%:gééééfcéf Eéﬁﬁﬁhér%itﬂ5each°'yt¥xe%ngarﬂi her

materi als coul d be use strate coul d even be

one and the sane f#% tdifened by push-rod 22 when the bimetallic p¥ima
first-nentioned electrically-i%gulating | ayer, in whi ch casésihe

el ectrical resistanochendtutcd emBniresponds, PiAPRse] v BA faliaimmsht
directly on the substrate. More general ly, an el enent protector
control for 5 oversseenperdture gemdizlion. pl amarthéeasvenys: thaterthe
advant ageously conprises a body part fornmed of electrically
i nsul ati ng Srat er iptimarpswidich aleduatidry fails, for whatever reason, to
open the contact between the parts 20 and 21, the
heating element will continue to be powered so that
its temperature will rise to a level whereat the
secondary thermally-responsive actuator constituted by
10 the p}asﬁics material carrier 19 will Dbecome
operative. The carrier 19 has rearwardly-facing
projections 23 and 24 which are designed to extend
through the body part 12 and into contact with the
parts 25 and 26 of the spring metal conductors 15 and
15 17 so that, when the control is operatively coupled to
a planar heating element and the carrier 19 is urged
rearwardly towards the body part 12, the spring metal
parts 25 and 26 are urged by the projections 23 and 24

into <contact with the terminals 13 and 14

20 respectively. The carrier 19 has four legs 27 with
feet 28 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
27 to begin to melt, the carrier 19 is collapsed in a

25 forwards direction towards the heating element by the

spring action of the conductor parts 25 and 26 so that



responsi ve switch actuator provided on one side of

said body part to

be juxtaposed with a generally 10 pl anar heating elenent, a
secondary thermally- responsi ve switch actuator provided on said
one side of said body part to be ju§ aposed with said generally

pl anar heating el enent at one or nore |ocations spaced

apart from

the | ocation wherggd ééhéue{:bfmert@zs ahﬁerz%méﬁ)éx{]e £ eraﬁé% €hoe

actuator is arranged to be j uxt aposed wit

heating el ement, contactSw)Mi:ﬁhtHEaﬂérinﬂnéﬁédlbogﬁdpQﬁt
primary and secondary thermal | y-responsi ve switch

y pl anar

ofesnangbyerbe . said
actuator for

determ ning the suppl yThé ellesidritcaprof@ctorerssmirdr oggiFidersontrps to
t he general ly pl anar heati ng el enent, and term nal neans
electrically adapbedecfard tussaiwdtiwi achgenaralagd pXanadi ngeatingi d

one side of said body part for electrically contacting

el ectri cal

terminals df sai delementl lapdpl nawildathengseed thadl ehkat spring metal The

foregoi ng and ot her aspects and features of

conductors 16 and 17 have forwardly extending portions

29 and 30 which are adapted to project forwardly of

the control body part 12 and make electrical contact

with terminal portions of the planar heating element

10 for supplying electrical energy thereto through the

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

15 element which can advantageously be utilized in the

practice of the present invention. The planar heating

element comprises a stainless steel substrate or base

plate 31 having an electrically-insulating first layer

32 of glass formed thereon in a central area thereof,

20 a heater track 33 formed of electrically conductive

ink formed on the glass layer 32, and an electrically-

insulating second glass layer 34 formed over the

heater track 33 and over the first glass layer 31. An

opening or window 35 is provided in the second glass

25 layer 34 so as to expose the heater track 33 beneath

the opening and, as shown in Figure 3B, the opening 35



15 the present invention are set forth with particularity in
t he appended cl ains and, together wth the advant ages thereof, wll
best be understood from consideration of the foll ow ng detail ed
description, 5 given with reference to 4he acconpanying draw ngs, of
an exenpl ary enbodi nent of the invention. Description of the

Dr awi ngs: : : Egu LCak Lhhust pat n r

wat er boiling juglgngég$?nggt%g§%?gggﬁ% ?%ééﬁ??%%? ﬁ?%ﬁ§r§ aﬁﬁﬁ%?éﬁrész

shows an expl odedopethpeeonteoli ¥¥ FHidlre 2 to BXedPra&y1p! pEBPEnBLGLECt OF
control which could be utilized as the control 3 in the jug of

Figure 1; and to the téhperetudd T Ofe aheatelRenrtdck S6GLI gl gbde
el evation and top plan views of an exenplary planar 15 heati ng el enent
which is well adaptedteorthesefeeth2iBheof the cmatirend D$ BNgutlee 2glass
Det ai | ed Description of the Enbodi nent: Referring first to
Figure 1 of 5the ag@yﬁpggyiqgtside of and surrounding the opening.
Additional openings 36 and 37 are provided in the
second glass layer 34 at locations corresponding to
terminal ends 38 and 39 of the heater track 33 and are
arranged to be contacted by the forwardly projecting
10 parts 29 and 30 of the control spring conductors 16
and 17 when the control is fitted in operative
relationship with the heating element. The terminal
ends 38 and 39 of the heater track 33 are preferably
formed of silver or of a likewise good electrical
15 contact material.

Mounting pillars 40 and 41 are provided on the
heating element base plate 31 for enabling the
attachment of the element protector control thereto.

i Such mounting pillars may be screw threaded or may be
- 20 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

25 of the control is in direct heat transfer relationship

with the heater track of the element ensures a rapid



drawi ngs, an electrically powered water boiling jug 1, 20 formed for

exanpl e of a noulded plastics material, is shown as havi ng a base
formed as a planar electrical heating el enent 2, and with a
t hermal | y-responsi ve control 3 at specific location on the
under si de of the heating elenent 27and an enclosure 4 |ocated 25

opposi te the contiilpcndd AXUPRISHEFPI S & dient overdliffdbetem™nt .

t he encl osure 4 havi'ng openi ngs

formed therein. situation. Asadf otgEENddpdedindle Boatingueheirgt hand
t he control 3 can take different fornms, the eSsenti al

requi rement in thiscondaryd peiot@edtidin tieah8er Mdnely She dESRPSidTe

actuator of the control 3 nmust be in sufficiently cl ose thernal

contact with the ¢emetien 19, froel efenthewstdm traclksppsiite ilsd érimured

tenperature thereof. The control 3 may for exanple conprise a

[ 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

10 protection. The close thermal contact of the

bimetallic primary actuator with the heater track

furthermore enables improved primary protection

response times to be achieved which additionally

reduces the temperature overshoot level. These

15 factors facilitate the selection of appropriate
materials for the carrier 19.

The relatively "flat" shape of the element
protector control ~of Figure 2 1is furthermore
aesthetically advantageous and simplifies the task of

20 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 planar heating

25 element, in which the bimetal of the control makes

direct thermal contact with the heater track and the



nodi fied formof the aforenmentioned X1 control and may 10 have its
binmetallic actuator in contact with the under si de of the heating
el enent 2. The heating el enent 2 may conprise a thin sheet of

stainl ess

on the underside
or other tenpe
A resistance

gl ass | ayer, for
conducti ng i nk,
tammaUMer%|
over the printed

permt water to that mrHeticdr adroplastsiddiemayg be fuddded imnditas

af orenenti oned,
by steam geder at

10

15

20

25

steel, which forns the upggf surface of the el enent,
a

of which there is provide thin 15 layer of glass
rak¥b méﬁiéStb?{Hkup prot&é@f&ﬁ' ?@' 'ﬁh 'Eﬂs fatea! al .
eatlng enent” proper orne on tHe sur ace of the

£¥8fiPtRe Diyrdik by Hh WRives: Q.'&yer of g@.laegt czh:-zahl Yimits
and a further thin layer 20 of glass or other

sthat cokeghbbealteperature iU WHildHN U el Lrédpossdpr 8y ded
el enent . The holes 5 in the encl osure 4

25

serve for the expulsion of water from t he encl osure

edonmgtnughien. boi I® jaddition, 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. By providing an
enclosure, as shown in Figure 1, located on the wet
side of the Theating element at a location
corresponding to the location on the dry side of the
element whereat the control makes thermal contact with
the element, single sensor control of the element for
both automatic switch-off on boiling and
overtemperature protection can be achieved.

The invéntion having thus been described with
reference to exemplary embodiments, it is 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,

whereas in the arrangement of Figure 1 the enclosure



17 the vessel 1. Local boilipg-wthin the enclgsure 4 as t he
mai n body of water is brought up to it enpesiatireas geey || caused by the |ack
of significant convection currents RBP 'ggtﬁe closure, gives rise
only to a steambleed 5 from t he=eretost fl ow of repl acenent
wat er into the enclosure fromthe rélatively cooler main body

of vater. Hovever, WheRy i it OtndehBiay ot thh°FelSel0 0idne 0

the influx of relativel'y cool water e enclosure ceasés_aﬁ% t he
steam generated idnél@surd coudRC! BEUGFoBRIEE ohtsiall Uy the wdiderdry
wth a consequent rapid rise in the local tenperature of the
heating el enent. body)j Sbudpicormiptcatine thefewith via aansEserburédd
control 3 which acts to switch off the supply of power to the
elenment 2. 15 wall, 3ahd thec|planar élemgntbecodlad ntikewisei haviehea
arrangenment described in WD 93/ 18631 as a sheet netal fabrication
whi ch may e spotpaxt dedtendingeoutl of the vessellebeidye axid aniderlynindge

requi site position above the
the enclosure, such part co-operating with the control

3. Such an alternative arrangement provides
additional possibilities as regards aesthetic design

of the vessel body.

This Sheet Has Been Reilaced

TR




control 3. |If the heating elenment 2 is forned on a 20 et al and
attached to a netal plate, and the W he bottaﬂmﬂﬂme“m“!l”““‘
vessel, as in the arrangenenfl TTHESHEERAS BEERA the co Lcoul ds =+
alternatively be located towards thg_si de?EfLAGED plate, close to the
edge; the enclosure could then be 25 forned as amrintegral part of the
vessel noul di ng whi ch m ght be arranged to overlap the plate and

cover 18 t he area thereof
opposite to the bpfiRkmkki c el enent of the control, and the vents in

t he encl osure coul d be defined by steps in the bottom edge of the

encl osure and opfi OeleRteikahay-heaited t Qatdd f WHL1iRy vessel
Alternatively, the present invention could be enpl oyed in a water

boi l'i ng vessel ofwhéeedn- cal pednar heatdoigdl €keménpe i ocoapdad! &avi éh a
rotationally free cordl ess connector systemof the kind described in

our constitutes a wall of the vessel, a thermally-

5 responsive' control for said heating element is
arranged in thermal contact with said heating element
at a specific location thereof, and an enclosure is
provided in the vessel at a location on the said wall
thereof corresponding to the location of the thermal

10 contact of the control with the heating element, the
arrangement of the enclosure being such that in use of
the vessel the enclosure will fill with water when the
vessel is filled and the onset of boiling and the
consequent generation of steam in the enclosure will

15 cause the water substantially to be expelled therefrom
so as to mimic a dry boil situation sensible by the

thermally-responsive control.

2. An electrically-heated water boiling vessel as
claimed in claim 1 wherein the planar heating element
20 comprises an elongate, metal-sheathed, electrically-
insulated, resistance heating element affixed to a

planar element.

3. An electrically-heated water boiling vessel as

T



I nternational Patent Application No. PCT/GB 93/01814 10 (!ﬂmmﬂ ﬂm
In such an application, the control m ght be placed cen
t he" heati ng el enent, or at least centrally with respect t'o fhe*

vessel, and

t he encl osure coul d be §7plastics nmoul di ng supporte

fromthe sides of the vessel and |ocated at”"'the centre 15 of the

h ' I : ‘ | | i
col D Lo ASUE R UL e 1 ankitn oy FREL UEEL AR el

noul ded integrally w

e vessel

separately fornmedeSibrises aalp@ELendd aPQs§§@§HféE“hé££T%%heeY%%éﬂt

wal | s. G ven the close proximty of the enc
heating el enent,

_ | ( osure to tThe _
férié@hén bgn peéet2bbe11{-an8QVhEEHg substrAkastics

enclosure is to be enployed to formthe encl osure of a materi al

havi ng superi or
for exanple be

heat resi stant properties; a suitable material
pol yphenyl ene sul phide, e.g. Ryton[err] from Phi

W

d

m ght
I'1ips

25 Petrol eum 4hi chAns efleatr icatldiyddvetatadd wasern boliling vessel asint
in excess of 300[err]C

10

15

20

claimed in claim 1 wherein the planar heating element
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 formed
on said layer of electrically-insulating material, and
a further thin layer of glass or other temperature-
resistant, electrically-insulating material formed

over the resistance heating element proper.

5. An electrically-heated water boiling vessel as
claimed in any of the preceding claims wherein said
thermally-responsive control comprises a primary
control and a secondary control, the secondary control
being operative in the event of failure of the primary

control.

6. An electrically-heated water boiling vessel as
claimed in claim 1 wherein said planar heating element

is designed for use with a thermally-responsive



19 Referring now to Figure 2, t -

son o snown chere 12 et e S o I MY
af orenenti oned which is described i ArgpiLACED 2194109 with parficul &t * *
reference to Figures 3A, 3B 5 a . erence shoul d be had

to GB-A- 2194099 for a full understanding of all aspects and

advant ages of the Lect ; I ' ' - '
PR SE ndPlid o pPIhtpy bhertf 1y peepPREEH AL

briefly inthe fo _ ring t gure 2,
protector 10 L0t Qleddnlgasty eheémtaﬂ@yqﬁas@eﬁe&bae&éﬁa@ér Hpkrasnad

noul ded pl astics body parts 117and 12 which are adapted to fit
together and to cgpturBspbasebett#enthe elehbhé! Fdshpeeatnde! errising 13
and 14 and spring netal conductors 15, 16 and 17. On the other side
of body 15 pasigRPfibently s ghiove dathen Ilriempleafaltineepr attaryhieht cthe
actuator 18 which, in simlar manner to the X1 control described in
GB- A- 2194089, s pditpaxy actbatopuisedesigned to mpsinadte,csaig planar
carrier 19 which is adapted in turn to | ocate in predeterm ned

manner with t he fheating 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

10 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 element proper, and a

15 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

i the thermally-responsove control aforesaid, the
20 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

25 being responsive to the temperature thereof by

conduction of heat through the further electrically-

This Sheet Has Been Reﬂlaced
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20 (not visible) face of body
primary switch actuator 18 is

| ner SLb Mﬂlﬂl II!J llIII Il

i dehtical to that descri bed A &==F0 determ ne

of : a switch defined by the p&ar égﬂd 21 of the spring 25

nmetal conductors 15 and 16, a push-rod 2 ei ng provided for this
pur pose. The pa 20
normal |y make eIe%%?P%gFﬁﬂgn%éX?rﬁﬁth each ot her and are opened by
push-rod 22 when the binetallic primary swi tch-actuator 18 responds,
In use, to an el enent overtenperature condition. In the event that

the 5 primary7swi t Bh aQledtirdicdldiy-hedtdid Wit €¥eboigdngn vddsel as

open the contact

between the parts 20 and 21, the heati ng el ene

nt

will continue to b2apmedrech solaimt 6 whereihs gadrpesabsteatel lorri baséo a
| evel whereat the secondary thermally-responsi ve actuat or

constituted by

10

15

20

plate is formed of a metallic material.

8. An electrically-heated water boiling vessel as
claimed in claim 7 wherein said metallic material

comprises stainless steel.

9. An electrically-heated water boiling vessel as
claimed in claim 6 wherein said substrate or base
plate 1is formed of a non-metallic electrically-

insulating material.

10. An electrically-heated water boiling vessel as
claimed in any of claims 6 to 9 wherein the first-
mentioned electrically-insulating layer and/or the
said further electrically-insulating layer is/are

formed of a glass material.

11. An electrically-heated water boiling vessel as
claimed in any of claims 6 to 10 wherein said
electrical conductor comprises an electrically-
resistive heater track deposited onto the first-

mentioned electrically-insulating layer.

This Sheéet Has Been R
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10 the plastics material carrier 19 wll becone
The <carrier 19 has rearwardly-facing prOJectlons 23

are designed to extend through the body part 12

17 so that, when the control is operatively coupled to

G

and into~cont act
with the parts 25 and 26 of the spri metal conductors 15 and 15

a pl anar

heatlng elenent agg thg C%@@ﬁ%&iﬁ%lfiiﬂégﬁé Watﬁrzg 49 gigedﬁﬁgidﬁ the

body part 12, the spring net parts

projections 23 andig4med in cldi® 1L UHAEin Walily hEQ%ertQEHbﬂaiﬁcluéés and
14 20 respectively. The carrier 19 has four legs 27 w

28 which sit uponehfie teghindtiese Oofurd@erlying
and, when the el enent

Eﬁéﬁ&%ﬁ&ﬁ@ h
tenperature rises to such a | eve

f eet

+adrekenent
as to cause

the | egs provodbagim daidreirthieltcetactrétaldy-ineallhepngdlapen 25

forwards direction towards the heating el enent by the

spring action

of the conBluctor fartenablind g88idoenflaterminations to be accessed for

supplying electrical energy to the heater track.

13. An electrically-heated water boiling vessel as

10

15

20

claimed in any of claims 6 to 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. An electrically-heated water boiling vessel as
claimed in claim 13 wherein the secondary thermally-
responsive actuator comprises a member formed of a

thermoplastics material.

15. An electrically-heated water boiling vessel as
claimed in claim 13 or 14 wherein the secondary
thermally-responsive actuator comprises a carrier for

said bimetallic element.

16. An electrically-heated water boiling vessel as



21

netal

the conductor parts 25 and 26 eventual ly nove out of
contact with the termnals 13 and 14 of the control.

el enent protector control of Figure 2 is adapted for
general ly pl anar

heat i ng 5 el enent an

jlllm |ﬂ|| !llll IlIII Il |I||

% it wll be seen that t he sprlng
conductors 16 and 17 have formé&dly ext endi ng portions

20 and 30 whi ch apgaaganl ofl 4y Pl SRl d 04l ¥ s0hnerein shiA GPBRLAL body

part 12 and make e ectrlca

t act term nal por

pl anar heating el 5£rsetact39 coﬁt%oful%latn)bk'ige@ egt ool SARE DEdMIE!t 8
control Referring now to Figures 3A and 3B,

t hrough t

he

t hese show

respectively of an exenplary form of planar heating 15 el enent whi ch

eia@trci&ahlyl-dﬁsatta\ﬁhgon datexghanat i CsPlan VpeiRary

can advant ageous!| ¥heemalllly~zedponstike switch paathaterofist hergvidedt on
I nventi on.

| ayer

10

15

The pl anar heating el ement conprises a stainless steel
substrate Br baseone sidepbétsa3d badingamh tbeberjuatapeseduwathngaidr st
32 of glass formed thereon in a central area thereof,

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.

I ons o the



20 a heater track 33 forned of electrically conductive i nk
formed on the glass |ayer 32, and ang= '

secbnd gl ass | ayer 34 forned over thg '
first glass layer 31. An opeRi ng ES ow-235-% provided in the
second glass 25 | ayer 34 so as to pose t he heater track 33 beneath
t he opening and, as shown in Figure 3B, the opening 35

22 is sized to enable t stirsettaldfi & ' tor 18 of

the control of Flgure 2 to be directly responS|ve tenperature
of the heater trackIBRroNgmenpts Relatipg Tp-Elgctricpaldy ﬁﬁatﬁ carrier 19
on the glass 5 sWaLgx.Bodiing Nesgels, surrounding the eni ng.
Addi ti onal openi ngs 36Aan§19¢tﬁiéaéﬂﬁvhséﬁednWPWGr bOlllQExX#ﬁF@fa%%SIayer
34 at locations correspondin : term nal ends 38 and 39 of the
heater track 33 aRdPiaRrAr hea 1Qﬂr%%ﬂﬂﬂfq(%Wﬁ?qﬁﬁﬁﬁééﬁeénﬁy the Pas®a?tl y

proj ecting

the vessel, the planar heating element comprising a

5 stainless steel plate having a printed heating element
formed on the underside thereof, the printed heated
element being sandwiched between electrically-
insulating layers of glass. A control for switching

off the element in an overtemperature situation has a

10 primary actuator in the form of a bimetal which
directly accesses the printed heating 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

15 bimetal which contacts the glass insulation around the
window; by this means the primary and secondary
actuators are subjected to differenﬁ temperatures. -An
enclosure is provided on the opposite (wet) side of

the planar heating element at a location corresponding

20 to the window location, the enclosure.beinq ;bertured
to admit water when the vessel is filled and serving
to simulate an overtemperature situation sensible by
the bimetal when water boils in the vessel and the

steam generated 1in the enclosure expels the water

25 therefrom; by this means a single control can achieve

This Sheet Has Been Reﬂlaced
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16 and 17
nshlp with the
't he heater track 33

10 parts 29 and 30 of the control spring conductors
when the control is fitted in operative ..y
heating el ement. The term nal >

are preferably formed of sil 2 w se good electrical 15
contact material . Mbunt i\ Ars 40 and 41 are provi ded on

t hé heating el ene 1; e hment
of the el enent pPgFQFPo conﬁigpﬂfﬁtggﬁluggh %%ﬂﬁéh%ﬁahﬁuﬁ%ng 5??%2?2 may
be screw threaded,qp fRY obr%r eré:i:ﬁﬁ:lég'iﬁ%té&l% engaged by any
suitable form # Fon securing neans. I n operation
of the thus-described pl anar heatlng el ement with the thus-described
el enent protector control, the fact that the binmetallic primry
actuator 25 of the control is in direct heat transfer relationship

with the heater track of the elenment ensures a rapid

This Sheet Has Beenllleilaced
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23 responge of the control to an elenent overtenperature

situation. At the sanme tinme, by insulatjng-the 7~ secondary protection
meahs, namely the collapsible ahniter19, fromthe heater track 33,
it is ensured 5 that the thetM@l pver shgerLadiriéh ||y acconpani es

the.primary operatiaon._of the cgontrol bt o say__. _ . .the_dynanmc
tenperature rise that normally occurs in the el enment after operation
of the primary protection, Wi |l “not result i'h actuation of the
secondary 10 protection. The close thermal contact- of the
binmetallic primary actuator with the heater track furthernore
enabl es i nproved primary protection response tinmes to be achieved
whi ch additionally reduces the tenperature overshoot |evel.
These 15 factors facilitate the selection of appropriate

materials for the carrier 19. The relatively "flat" shape of

t he el enent protector control of Figure 2 1is furthernore

aest hetical ly advant ageous and sinplifies the task of 20 i ncor porating
the control into an aesthetically

r’_‘j

Fia 1
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pl easi ng appl i ance desi gn. There has thus been described in the

foregoi ng an arrangenent of a binmetal control with a deform ng
baekup protection, nmounted to a planaﬂ_heatinQNWZS_,m el ement, in which the
bi retal of the control nakes di”%%fz?ﬁeﬁﬂnlppontqcl with the heater
track and the ‘”ﬂSSHiij“éBMZW [ def or mabl e
backup protection is thermally insul at &d RE %ggnLLh@—Erack by an outer

| ayer of glass which limts t he overshoot tenperature to which it is
exposed, so that practical thernoplastics nay be used inits 5
construction. In addition, in th 3arrangenent, a construction is
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 10 connected to the
heat er track. By providing an

This Sheet Has Been Replaced
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encl osure, as shown in Figure 1, |ocated on the wet side of the
heati ng element at a |ocation corresponding to the location on
the dry side of the el enent whereat the control nmakes thermnal
contact with 15 t he el ement—sTng! opntrol of the elenent for
both automatic  swi tch-off 1 BﬁﬁiiggﬂzﬁgggﬁEgn% overtenperature

protection can be achieved. I on having thus been

3

described with reference to ex&mpl ary embodi ments, it is to be .20
clearly understood that the described enbodi nents il l'ustrate and
exenplify the invention and do not limt the sane, and that
nodi fi cations and vari ati ons w Il occur to those possessed of

rel evant skills wi t hout departure fromthe scope of the invention as
25 i ndi cated by the appended cl ai ns. For exanpl e, whereas in
t he arrangenment of Figure 1 the enclosure

REPLACEMENT SHEET 25

RPERTURE IN INSULATION

FIG.3A ===

TERMINRTION POINTS
S.S. SUBSTRARTE

MOUNTING PILLARS

FIG38

7
./~ 55 CARRIER FOOT POSITION (4 PLACES)
‘WINDOW” IN GLASS INSULARTION LAYER
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4:fé”provided within the body of the vessel 1, the encl osure coul d

be provi ded outside of the vessel body, but communi cati-ng. therew th==
via an apertured wal |, and the planar elenent could |mm;§mm &7
5 part extending out of the vessel body and underlying ] q ﬁAN

encl osure, such part co-operating with the control : Lalc “"Agg .......
alternative arrangenent provides addi ti onal possi“ -.L.604&§:f
regards aesthetic design of tABSTRACE| body. 10 It should

be noted that Figures 2, 3A and 3B of t he acconpanying draw ngs,

and the description pertaining thereto, also appear in our British
Pat ent Application No. 9421280.0 (Serial No. 2283156).

CLAI Ms: 1. An electrically-heated water boiling vessel

Improvements Relating to Electrically Heated Water

Boiling Vesgsels

A planar heating element incorporated into the base of
the vessel, comprises a stainless steel plate 31 having
a printed heating element 33 formed thereon, the printed
heated element 33 being sandwiched between
electrically-insulating layers of glass 32, 34. An
overtemperature control has a primary actuator, a
bimetal 8, which directly accesses the printed heating
element 33 through a window 35 formed in the outermost
glass insulating layer 34. The bimetal is held in a
secondary actuator, a thermally-collapsible carrier 19,

which contacts the glass insulation around the window.

(] An enclosure 4 is provided on the opposite (wet) side of
the planar heating element 2, at a location
corresponding to the window location, the enclosure
being apertured 5 to admit water .when the vessel is
filled and serving to stimulate an overtemperature
situation sensible by the bimetal when water boils in
the vessel and the steam generated in the enclosure

expels the water.

Figures 1, 3A, 3B



wherein a planar heating elenent is coupled to or

wal | ,of the vessel, a thermally- 5 responsi ve .
heating elenment is arranged in thermal co heatji ng
el enent at a specific location thereof, and igp-€0cl DSUT SIVES--...

pipasttuigoay

provi ded at a |l ocation corresponding to the | ocation

tact of th Is tJ Q el e t _but an, the other
cde of the heat PResens thYeRtaci®ad Harks neacfid Pitnge RLEHC 72

bei ng such that | i y fe S h r \ | W t h
wat er mﬁ%ﬁcfﬁgeeegge?qu'ﬁ%?ﬁe gghg£¥ﬁe§dﬁ§€%82? ﬁ%ﬁ?*#@ééﬁ -

the consequent geBenst ijd) @itAkeareiingddlf 8PClANEisd couplhh! teAUse the
wat er substantially to be expelled therefromso as'to mimc a dry

boi | situation sebakbli€utes a wallly, thBotBemet| Yas&SWANS| ¥F6r COMMPle,
2. An electrically-heated water boiling vessel as claimed in

claim1l whérein olie | avarerhedboilginegd enessel?0 a theamEl FesréspehoHigat e,
net al - sheat hed, el ectrically- i nsul at ed, resistance heating
el ement affi xed congrol, such as the aforementioned X1 control for
example or an adaptation therecf, is arranged in
thermal contact with the heating element at a specific
location thereof, and an enclosure is provided at a
10 location corresponding to the location of the thermal
contact of the control with the heating element but on
the other side of the heating element, the arrangement
of the enclosure being such that in use of the vessel
the enclosure will £ill with water when the vessel is
1s filled and the onset of boiling and the consequent
generation oflsteam in the ehclosure will cause the
water substantially to be expelled therefrom so as to
mimic a dry boil situation sensible by the thermally-
responsive control.
20 The invention also extends to the combination of
a planar heating element as aforesaid, for coupling to
or incorpeoration as a wall of a water boiling vessel,
and an enclosure as aforesaid. The enclosure may be
affixed to the heating element in the case that the
25 heating element is adapted itself to form a wall of

the ligquid heating vessel, or may have formations



pl anar el enment. 3. An electrically-heated ~heiling vessel

as . 27

wherein the planar heating el enent conpri ses ance
heati ng el ement formed on an elezirically-ingu ate. Jj -
4. An electrically-heated water boiling vessel as 5 stakand el i m
1 wherein the of aoar Britiisip @asrantt ApplicatiompNose®4818APnl5heitl of
stainless steel, which forns t he upper surface_of the el enment, on

thﬁ under si de b¢ describeghi benei®ater pr oWiigdd ¥ie nPA2PAFerlALIRISS or
ot her t enper at ur e-r esi st ant electrically-insulatin 10
material, a resiePanse SesAing thembasendpet Y’BFﬁédtmlllng ‘g?P%%ﬂ-d | ayer

of electrically-insulating materi al d a '
gl ass or ot her&’Enﬁéﬁﬂ the modi?{]gd X1 contrc;lur%ggr a:[nr}l not':t?ggr of
s suitable control) might be arranged below and in

thermal contact with a portion of the heating element

and the enclosure arranged directly above the bimetal

blade of the X1 control, the enclosure having openings

to allow the entry of water and the exit of steam as
10 in wWO0-93/18631 and WO 93/18632.

Pescribed hereinafter is an exemplary planar
electrical heating element which can advantageously be
utilized in the practice of the present invention and
which is designed for use with an element protector

15 control, such as the X1 control or a modified form .
thereof, having a primary thermally-responsive
actuator and a secondary thermally-responsive actuator
operable in response té- the element temperature rising
significantly above the temperature at which the

20 primary actuator is designed to operate. The planar
electrical heating element in question comprises a

substrate, an electrically-insulating layer formed on
a portion at least of one surface of said substrate,
an electrical conductor formed on said electrically-
insulating layer so as to be isolated thereby from

said substrate,

25 ! A copy of British Patent Application No. 9401559.1 is
available to the public in the Patent Office files of
GB 2283155 and GB 2283156.



resistant, electrically-insulating material forned q%—~__"“"”7
resi stance heating el enent proper. 15 5. An a y- §FE

wat er boiling vessel as claimed in any of th m&@gm '
wherein said thermal | y-responsi ve control cobpsses A pr “

control and a secondary control, the secoﬁéary control bel ng
operative in the ev allure of the @ilnagyb ) contro

6. An electri ca"’ﬁ"';?‘f‘fta(ﬁ TFETRPIRLLR AcRuator of the) genEroln
claim1l1 wherein sa Ian eatln el enen Lo e ned.for use
with a thernall s % 5 e a mgun ing Eor the blmé%é&fxg primary

8
trol h
s g ngi’fgy I Yy LI GBNLY e SRENSELE 2L UL Olngeg o cBifad

uat or era
el ement tenperatuye 'FhHth@r insulating layer outside of the said

5 opening therein. As described in detail hereinafter,
the planar heating element has a stainless stsel
substrate or base plate, the two electrically-
insulating layers are formed of a glass material and
the electrical resistance heating element proper

10 compfises a heater track formed of a conductive ink.
The heater track has end terminations which are
accessible through respective openings formed in the
second electrically-insulating (eg., glass) layer and
the elament protactor control has éprinq metal

pR-1 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

20 in plastics Sodied 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

25 only and other materials could be used. The substrate

could even be one and the same as the

FeSponsé to the



significantly above the tenperature at which the 5 i %i T ,#éggé Tl is
desi gned to operate, said planar heati ng el ijﬂ%@%ﬂgr 'g a
substrate, an el ectrical ly-insulating layer|forne@ prysy negg i dp
at | east of one surface of said substrate, an é&@%tr?car """"""""" i
conductor fornmed on said eIectricaIIy-insuI&Fing | ayer 10 So as to be

i sol ated thereby fram sai trat.a,; i I ri onducior
bei ng forned of a];ng{gersﬁégyﬁgelangﬁ&lé%g%ugﬁdgn %‘Teegﬁéi ca sregsrhgsj? a‘ﬁgg as

to constitute an enciosurl eebhia! nbe it NBALEIGe! SR 998Le 12N

a _ further electrically-insulati'ng layer formed over said _
el ectrical condugoRl, B@tdcdmintéatbhgCichies@hlitn via an bﬁéiﬂ"l:éi'laﬁg

| ayer having an opening therethrough whereat, in use of the
el ectrical heatingaglgnmedid wehie planar ellementhetddlidyliRepdseovaveoat rol
aforesaid, the primary thermally-responsive actuator nmay access

the 20 Ssai d glasdd réxcEndimgiuotier oo the tvedsel dspiynsand underlving
directly to the tenperature thereof, the secondary )
t her mal | y- r esponsithe socl@str sheiswFp rardhcedoPesmting with fbeesontigoilhe
said electrical conductor directly and . bei ng responsive to the
tenperature theredf- by Such an alternative arrangement provides
additional possibilities as regards aesthetic design
of the wvessel body.
10 "~ It should be noted that Figures 2, 3A and 3B of
the accompanying rawings, and <the description

pertaining thereto, also appear in our Sritish Patent

Application No. 9421280.0 (Serial No. 2283138).



25 conducti on of heat her electrjicallys—
i nsul ating | ayer. || q1 l png@@ENTSHEET
el ectrically-heated water

| An

alped in claim
wherein said substrate is formed of a met alj| gt ie IR -
8. An electrically-heated water boiling vé?sel as - ' “aim 7
wherein said netallic materi al conpri ses stainless steel
9. An electrically-heated water boiling vessel as claimed in claim
6 wherein said gghsiysat e or base plate- is fermed of a non-netallic
electrically- 10 i nsul ating material . 10. An

el ectrical ly-heated vai erehoét+DgaYe§shba8®d water boiling vessel
wherein a planar heating element is coupled to or
constitutes a wall of the vessel, a thermally-

5 responsive control for said heating element is
arranged in thermal contact with said heating element

at a specific location thereof, and an enclosure is
provided at a location corresponding to the location

of the thermal contact of the control with the heating

10 element but on the other side of the heating element,
the arrangement of the enclosure being such that in

use of the vessel the enclesure will £ill with water

when the vessel is fille& and the onset of boiling and

the consequent generation of steam in the enclosure

15 will cause the water substantially to be expelled
therefrom so as to mimic a dry boil situation sensible

by the thermally-responsive control.

2. An electrically-heated water boiling vessel as
claimed in claim 1 wherein the planar heating element
20 comprises -an elongate, metal-sheathed, electrically-
insulated, resistance heating element affixed to a

planar element.

3. An electrically-heated water boiling vessel as



e e Y ) 5 3 e
a

‘gt-ass naJ%?ia :

el ectrically-insulating |ayer ret 1% f or med _
11. An electrically-heated mater boi li ng vessel as : crared—rr=any
of claims 6 to 10 wherein said el e¢Crical conductor conprises

eleotri cally. . eontrg I RRY o P Gy {ACnAPROSELELoALNd e el

ment i oned electrlcal -1 nsu

30 12. Aanﬁlgcééégﬁ&£¥¥2€ﬁéeﬂa %QEeEBbHEQQ'VQE%%E*%ﬁ'ogﬁgable

clainmed in claim1ll wherein sa eater track i ncludes

term nations undghnggbﬁéﬁggctbﬁeagﬁgtugggment tenfiéVa ced inrg@@%q
further electrically-insulating |ayer for enabl’ ng sal

an .

20

termnations to bigaigdsaertIyor above tnwpltlewp&aaixﬁié rigaal «endy che the

heat er track.
5 primary actuator is designed to operate, said planar

heating  element comprising a substrate, an
electrically-insulating layer formed on a portion at
least of one surface of said substrate, an electrical
conductor formed on said electrically-insulating layer
10 S0 as to be isolated thereby from said substrate, said
eléctrical 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
15 electrical conductor, said further electrically-
insulating - layer having an opening therﬁthrough
whereat, in use of the electrical heating element with
the thermally-responsove control aforesaid, the
primary thermally-responsive actuator may access the
20 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
25 conduction of heat through the further electrically-

insulating layer.
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of clains 6 Lo 12 whorei n ﬁ’iﬂlllllﬂﬂlllllﬂﬂmﬂlle't nerml |y EE ST

or
conprises a binetallic 10 * efenknt" " the sec Y2 7.JAN

thermal | y-responsi ve actuator coygrises a ner -
mat eri al selected to be deformabl e under spring pressure at
tenperat ures above &n peddeteidaldydmisted water boildind\vessel as

el ectrical ly-heated water boiling vessel as 15 claimed in claim 13
wherei n the sel@imred imalwin 6 wherein saidEubstars Uiai Tors@ddses a
menber formed of a . t hernopl astics material . - 15. An

el ectrical | y- ReRatr ki@ rmaoeriad.vessel as claimed in claim13 or
14 wherein the secondary 20 . thermal | y-responsi ve actuator conprises a
carrier for said bimetallic element. 16. An

[ - wat er boiling vessel as
electrically t&e.at eckn eiectr:.cal yY-heated water boiling vessel as

5 claimed in claim 7 wherein said metallic material

comprises stainless steel.

S. An electrically-heated water boiling vessel as
claimed in claim 6 wherein said substrate or base

plate—is formed of a non-metallic electrically-

10 - insulating material.

10. An electrically-heatad water boiling vessel as
claimed in any of claims 6§ to 9 wherein the first-
mentioned electrically-insulating layer and/or the
said further electrically-insulating layer is/are

1s formed of a glass material.

11. An electrically-heated water boiling vessel as
claimed in any of claims 6 to 10 wherein said
electrical conductor comprises an electrically-
resistive heater track deposited onto the first-

20 mentioned electrically-insulating layer.



31
protectar control

el enent, said secondary

claimed in any of claims 13 to 15 mhereln
conprises a body part forned of
el ectrically-insulating nmaterial,

t hermal | y-responsi ve switch actuator
body part to be juxtaposed with said

sai d primary
i's provided on

74208

t her nal |

s ol /) e Dt SHEET

on said one
heating el enent at oye or
switch means are pro
primary and secondary
determ ning the

t he heati ng el
el ectrically connected
said one side of said b

FIG.1.

- ————— . e

openi ng of the heating
pon5|ve act uat or

=sai d

I s provided

Jf 9 AT d buuy |JUI.I L9 v UC J t /\1. QPUD t h Sal d
nore | ocations spaced frpm 10 aid open
ded}in said body part responsivg to said
thermal | y-responsi ve| g ors jor
pply of electrical energy{throygh the control
t, and term nal means areg Jprovijded }15
said switch neans and exfendi ng on
part f or

ng,

to



electrically contacting electrical termnals of said heat ing

el ement . - REPLACEMENT SHEET
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