2265070 ' 1 | MPROVEMENTS RELATI NG TO CONTROLS FOR

ELECTRI CALLY HEATED WATER BOI LI NG VESSELS ' C Field of the
I nvention: This invenii ¥wEerns i nprovenents relating to 5 controls
for electricall C?r'@oi ling vessels guch as el éctric kettles and

hot water jugs afd also including pots, pans, urns, |aboratory equi pnent
etc. Wil st t he pr esent I nvention has particul ar application to
electric kettles and hot water jugs and 10 wi Il be described in the
following with reference to such application, it is not limted to such an
application. Background of the Inventlon Autonatlc eIectrlc kettles and
hot water jugs are 15 ' BT S VREL2 1] [R -
control-s, nanely an el enent protector control adapted to smntch off the i {:f
supply of power to the el BhE EATED BOTRHENG| NESSELS

sensed overtenperature situation resultlng frontthe appl i ance be|ng
swi tched 20 on enpty for exanple, and a steam control for reducing or
switching off the su I of pomer to the heating el ement when the water
bei ng heated boils. QVent ~”Fly have their own therma

sensors, 2 connDnI a-bl t II|c | enrent, and {he el enen
Y hfg ﬁhventfon concéerns improvements relating to

5 controls for electrically heated water boiling vessels
such as.electric kettles and hot water jugs and also
including pots, pans, urns, laboratory equipment etc.
Whilst the ©present invention has particular
application to electric kettles and hot water jugs and

10 will be described in the following with reference to
such applioation, it is: not 1limited to such an
application.

Background of the Invention:
Automatic electric kettles and hot water'jugs are

15 conventionally provided with two thermal'controls,
namely an element protector control adapted to switch
off the supply of power to the electrlc heating
element of the appliance in a_sensed overtemperature
situation resulting from the appliance being switched

20 on empty for examﬁle, and a steam control for reducing
or switching off the supply of power to the heating
‘element when the water being heated boils. Such

controls generall? have their own thermal sensors,



protector control may further include some formof secondary or back-up
protection arranged to operate in the event, however unlikely, of failure
of the primary 5 control. An exenplary elenment protector control is
the Xl control manufactured by Qiter Controlg Ltd. and substantially as
described in GB-A-2194099 wth reference par?i cularly to Figs. 3A, 3B and

3C thereof, and an,exe gﬁ;g St%ﬁg'?_e%%ﬁ. i 'élérﬁ]@nﬁycgﬂar OghLO ele énen

manuf act ur ed by O Ter S substantl escri be
CB- A-2212664  wit SESECRERMAAL | Gk it SAc134e! Cbé’iﬁétheiﬁOfofA
singl e sensor ele ronlc control for ter boiling vessel is described in

GB- A- 2228634. T'Eécéﬁda:};y of%Eé]@lu]?'tﬁﬂ'é&@étl@nti@fiﬁ‘x@é@rt@mbm&n
el em?nzt tenperature as a function of the electrical resistance of the

t her or and t herpaseernt, Hodwéver asnBikely] i of £iilice rof et potiamgey of
the thermnistor resistance. However even with the current state of 20

nodern el ea§ r oni cseGn€rdTUI t mpaioénpmrgvmeﬂcdmerg; Ppretestdvagonkmed: is
readily be nmanufactured at a price conpetitive with binetallic controls. A
singl e sensor conttié XB qomposkdranufBstuted 43y Sutenontrels)lidt and
never been manufactured, so 25 far as we are_aware. Accordlng to this
proposal , a sheat hedbstantinaddyd, as eqlescmibleed hohhi n§B-3réddh099 i ith

reference particularly to Figs. 3A, 3B and 3C thereof,

and an exemplary steam control is the J1 control

O/ 10 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

15 control utilizes a thermistor 'ana 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

20 modern glectronics 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

25 far as we are aware. According to this proposal, a

sheathed, insulated, resistance heating element



nmounted to a head plate, providing for mounting of the elenment in a kettle .
- or other water boiling vessel, has the heating el enent proper bent to

define a hot return portion which is attached to the el enent head plate at

5 a |l ocation above the general |evel of the major part of the heating

el ement, and an apertured enclosure is pr%vided on the el enent head pl ate

in the region: elepent, At .return portion attaches thereto. The
provi si on of a\ﬂ% éi] % B PERENP /i & Wi gl(for mountingef the he

l5 t heatin el ement
o opor bt IR L AOKEEER 1 Bendd el ealing 3058, B s
arrangenment engll B@a%@.%%bfle%eﬂwlﬁ-%g?tﬂe%tr@&l qqa%gbd nt aI§I left. to

boil dry the hot return emen!

i
as the water | @uehidmoRhidid iy Eltt% tglr% QSRS pLley ?ﬁétp M a

t hermal signal through the el enent hea nmet a |c or roI
provi deg on the Qeredich Hktvé MQOPen&atlhll%maﬁtfﬁe%ﬁgsl ' o83 be: 20

switched off before any substantia part - of the enent s
over heat s. Bpfe thleo hiciag: itrite eleimeret Lirdnd P&l t ap@ftui-88 eﬁEQB'QﬁE-eW'J.Eh' n-

encl osure provided with snmall openings sufficient to admt water to the
interior of thprenddesuca theneflmendt head plate in thel Begliba whepesal of
GB-A-1 143 834 was that the steam generated within the enclosure on boiling
woul d ' the element hot return portion attaches thereto. The
provision of a hot return element portion which
10 ‘attaches to the element heéd- at a level above the w
major part of the heating 'éleme-nt' ‘proper was
conventional at the time of filinq'o'f'GB-A—l 143 834,
this arrangement ensuring that if a non-automatié
kettle is accidentally left to boil d'r'y. the hot return
15 part of the element will be exposed first as the water
level drops -ahd Will conse‘qﬁe_n-tly' ox-re_rheat thereby
providing a thermal signal 'through the element head to
- ‘a bimetallic or other control provided on the oppo:s-i.te
side thereof. By this means the element can be
20 switche@ off. before any substantial . part of the
element seriously overheats. By enclosing the hot
return part.' of the element within: an. 'enclosurg
provided with small openings 'su.fficient to admit water
" to the 'interio_r of the enclosure when the kettle is
25 cold, the. proposa:l of GB-A-1 143 834 was that the

steam generated within the enclosure on boiling would



4-drive the water fromthe enclosure mhéreupon the hot return portion of
t he el ement woul d overheat and cause the binetallic or other control to

oper at e. I n accor dance w th the arrangenment proposed in GB-A-1 143 5
834, a single bimetallic or_other control wil| operate both when a kettle
boils and when a kettle is %witched on dry. - mentioned above, the

B0 aepite - iestig gt hIRdHE iR uind a1k 1888, €Y ShebRER IR ARG o
singl e sensor bi ”?#8%&.-8. ge%;sh EEO%Q Efe Q{:@ ¥ %vé%@?éé@;&dﬁ d&{{§e

protection and boi T ~“Ssensi er nor e, ests at we con

found it inpossi bl gpyl typ%ﬂe%meg 5L CTBiHeaS cﬂoitrol 9gsCohbpgn CB 7 1

143 8% to0 achieve a sufficient tenperature rise on boiling to reliably

operaf%)h thermal getd#hBhce wtahtAB astaRgehenti préPoséd bin WSt ool
has to be able to discrimnate between the tenperatures experienced during

nornmal heatgng, whggh,2Q singlesyiketaliieted dyhér reosamE Willl opepdte
and the tenperature experlenced when the water boils. Objects and Summary

of the Invention: bbthswhea abkettlefbohispandewiten revketitie tic ewdirtszes or
at | east substantially reduce the 25 abovedescri bed problens of the
arrangenent describnddey.GB-A-1 143 834. '
As mentioned above, the proposal of GB-A-1 143
834 has not to oﬁr knowledge ever been manufactured
o/ 10 despite its apparent simplicity and the promised
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
15 described in GB-A-1 143 834 to achieve a sufficient
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
20 may be'elevated by lime scale for example, and the
- temperature experienced when the water boils.
objgcts-and Summary of the Invention:
It is the object of the.presenﬁ invention to
overcéme or at ' least substantially reduce the

25 . - abovedescribed problems of the arrangement described

in GB-A-1 143 834.



5 According to the present invention in one of its aspects there is

provi ded the conbination of a stainless steel sheathed heating el enent
having a hot return portion spot welded to a stainless steel head 5

plate and with an encl osure provided around the hot return portion such as
to cause the tenperature of the hot retur? portion to rise significantly

b 1000C wh [ th t t boi |, ed an assogi at ed
3egggl and'stegg152 $%3§%ﬁp%f§%lﬁgﬁﬂgr%%eg iggﬁgkﬁgﬂrége?ﬂélgfwéF§r

t herefrom and ﬁéggémﬂéﬁér%engn %Yfgn&ro%ﬂgdagg ﬁ%gﬁightgpgggf the

supply of electrirc pomer he el

T e poXtiE by WY AGLhEY Reat IRg"0TLhehe "ERDIng RPREE P00

arranged to be respon3|ve 1 erature

head  plate sylsha igbtvidh sP6t! Redkkan «f Salth fPMlsdelfseINgeLBVE

al so extends to a stainless steel sheathed heating el enent as above def ned

for usesin suchlat@dhdaiien. a?) enclosure pPRYvVidedl Wbui efni hot
consideration to the results of the tests aforementioned, we arrive at theu

concl usi-on t hatreftairnipordfidheuctsas to aauduceh&ateﬁfaaeheurer eguths mi-ght
be due to our use in the tests of conventional copper sheathed heating
el ements 25 hoﬂwzatnrntporbmanstohea¢erﬁrgmmflcan91yhagbvethmmnel )
conduct|V|ty of the el enent sheath possibly causing
when in use of the element water is b01led in an
associated vessel and steam generation within the
10 enclosure expels water ﬁherefrom, and a thermally- - SU
responsive control adapted to switch off the supply 6f
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
15 the temperature of the element head plate.
| substantially at the location of said spot weld.
The invention also extends to a stainless steel
sheathed heating element as above defined for use in
such a combination. ' ' o | N\
20 Haying given careful consideration to the results
of the tests aforementioned; we arrived at the
conclusion ‘that failure of the tests to produce
satisfactory results might be due to our use in the
tests of conventional copper sheathed heating elements

25 brazed to brass head plates, the high thermal

conductivity of the element sheath possibly causing



6 the hot return portion of the element within the enclosure to be cool ed
by heat transfer into the water at [ERR] outside of the enclosure. In an
attenpt to achieve a successful arrangenent 5 generally in accordance
with the teachings of [err].143 834 and. in opder to.test the conclusion
‘that we arrived at following the failure of our tests utilizing

convent i onal coppeehélgwegeehgﬂe%érﬂéﬁ Rysas gnheath St €S witth €T ftiydred

further experinents using a stainless steel ‘sheathed el enent havi ng

a stainless steel dipaodhpéeto BaiddaIed Yyetleathedahnaded! Mol he Galtagwn
in which the hot return portion of the elenent proper is brazed to the

stai nl ess steel hegfl pPhede oddidh stidthel @Edsuree not popular with 15

el enéfit .-manuf act urers on account of difficulties that are experienced wth
stainleds steel in br azimoan et tanipt dcuachiievieha beadepsfind. arrihgemedict ed
our ‘experinents using an X1 control as aforenmentioned in conjunction with
the el enents head ayehewahly hhgbhcgdrdancet Wdithaltheortrachingy @faEBsAT™R
conpound provided, as is conventional, between the binetal b]ade of the Xl
control and the rek43 0834hand dremrdrmdtel kesti FhehcanqpusiomcEhat Weer e,
on the other side of the head, the_hot return portion of the el ement

contacts the 25 arriged. € wEPdloWibge tdobifAilurs i PhcthRy rkestss

utilizing conventional copper sheathed elements with
brass head plates, we performed further experiments
W, 10 - ‘using a stainless steel shéathed. element having a
stainless steel head plate. Stainless steel sheathed
elements are known in which the hot return portion of
the element proper is brazed to the stainless steel
head plate, though such elements are not popular with
15 element_manufacturers on account of difficulties that
are experienced with stainless steel in brazing the
hot return to the head plate. We conducted our
experiments using an X1 control as aforementioned in
conjunction with the element head and with a high
20 thermal.conductivity heat sink compound provided, as
is conventional, between the bimetal blade of the X1
control and the rear of the element head plate in the
region thereof where, on the other side of the head,
the hot return portion of the element contacts the

25 head.

We were unable to. obtain satisfactory results



7 fromour experinents until we made the followi ng two changes: (i) we
repl aced the brazed area conventionally utilized to couple the elenent
return 5 portion of +the heating: elenment to the el enent
head plate by a highly localized spot weld; and (ii) we restricted
application of the heat sink conmpound between the binetal blade of the Xl

10 . fronf Qi Ui hBRtECaRteh W2e Rl 1hge el |
area of the spotrovvel d. By}.{ na I|}lng thgéeg?:'hangeng, ' vveewehféﬁéﬁﬁgéﬁgoto tain -
tenperat ures ochamdgex:[err] at the binmetal within a period of 30 seconds

following the initiation of 15 boiling of the water in the vessel and

this was fully suffi@ientwd orepLacedethablbraoRe alrve bnvdReXbnaiy' ol - -
When -heat sink conpound was applied nore liberally to the binetal =

bl ade of the Xl control, wsiPikzed taoucdupdecortrnt ighuwher®’ He€ueh t e X
control solely as an elenent protector, a tenperature rise of the bineta
to aroufd only [err] was psesmorsonefvhathel dweatifgl | evéementoi tongthe the:
wat er, and investigation of the blade tenperature renote fromthe spot weld
using 25 - a thernoco®diemefity headr vkatet bypea ahdgbdyabbecalizeld
spot weld; and
(ii) we restricted applicétion of the heat sink_'..
compound between the bimetal'blade of the X1
10 . control and the rear of the element head to N/
the small area of the. spot weld. o |
By . making these changes, we Weré .able to. obtain
temperatures of up to 180°C at the bimetal within a
period of 30 seconds folléwingv the initiation of
15 - boiling of the water in the vessel and this was fully.
sufficient to 'cause reliable operation of the. X1
control.
When heat sink comPOund” was applied more
liberally to the bimetal blade of the X1 control, as
20 would'bg conventional for use'of the X1 control solely
as an-eiement protector, a temperature rise of the
bimetal to around only 120°C was seen, somewhat slowly,
following boiling of the water, and investigation of
the blade temperature remote from the spot weld using

25 - a thermocouple did not reveal temperatures above 100°C.:

It thus seems clear that the low thermal conductivity



It thus seens clear that the | ow thermal conductivity 8 of stainless
steel is particularly advantageous in the application of the present
invention, firstly as regards restriction of the flow of heat to the region
of the el ement sheath imedj ately outside of gthe 5 . encl osure where the
water is boiling at a relatively cool [err] thereby enabling the sheath

tenperature at theSpitaifeldsd GEdsP iBPA i ar AP Baa Kl dods f1F4 S

concentration of the heat fromthe hot feturn porti'on of the elenment to a

very restricted regpeli®itifn of idie elEiintedthwimiion) tfiedtmpdial e
vicinity of the spot weld, thereby limting the ambunt of heat needed to
achi eve a sati sf actegardenpesttictiohsefattHealfllow b heatt ttablthearetyigatl
therﬁﬁk\actuator to react quickly to switch off the kettle upon boiling. 15
Whi | st~€t ai nl ess sifelthes elemendseshbathr eimneddatelyr i autsddet hef hddte ng
el ement sheath and for the el enment head plate, on account of the remarkably
| ow t her mal5 condumnclesuné wherel tbe wader, is heeilkimgralbl 8 redatiyely

|l ow thermal conductivit as 20 conpared to copper or brass, such as
a ni ckel -si | ver orce@bribo@iGkdierghnenakpl Bhanphe, SBQGEB FeTpespiuze at
utilized in the practice of the present invention. Furtherpore, whilst it
is preferred to spdtewePat: elbiteetds® Juich oRigherne stk nEgeondlyhas

el ement head
regards concentration of the heat from the hot return

portion of the element to a very restricted region of
o 10 the element head plate in the immediate vicinity of
the spot weld, thereby limiting the amount of heat
needed to achieve a satisfactory temperature rise and
allowing a suitably arranged thermal actuator to react

quickly to switch off the kettle upon boiling.
15 | Whilst stainless steel is the presently preferred
| material for the heating element sheath and for the
element head plate, on account of the remarkakly low
thermal conductivity of stainless steel, other
materials having a low thermal conductivity as
20 compared tb copper or brass, sﬁch as a nickel-silver
or cupro-nickel alloy for example, could possibly be
utilized in the practice of the present invention.
Furthermore, whilst it is preferred to.spot.wéld the
. hot return poftion of the element to the element head
25 . plate,'other means of providing the requisite_highly

localized securement of the hot return to the head



25 pl ate, other means of providing the requisite highly |ocalized
securenent of the hot return to the head 9 plate coul d possibly be used,
including localized brazing or silver soldering, and seam wel ding of
various kinds including argon arc welding and | aser beam wel ding. The heat
of the hot return portion of 5 the ePement coul d also be transferred
to the sensor éé_neans of. a high,thermal conductiyvity |ink passi:ng through

t he el err?nt hedtatte SOdidbsBP sl’rﬁ}ybeb?or‘?'%%das 1&‘%% HeFaddéathvi ng
: ted t dj th t. _head d hayi

lote at oppoodban the G pervEY, nEoHBRIAE 028 creeh R bty

shoul d be as "“\eri tilﬁ E' Zi?-{!:tlﬁidl fé&hcﬁtrcd'd@ﬂﬁr? Sand? %bée 12

t he general plane o he e as - can convehi ently

acconmodat ed bipdip zbﬁféndﬂégat eThanae;%e of tH&NEPErAbn! BorpIcOY &

per pendi cul ar to [ate out 1 times the element sheath
dianeters  The RN Qsdre EBLRE atlssa(i)é G ridis b P THY @AYy Hy tWo -

spot wel ds on flanges formed at the vertical sides of the enclosure for®

exanpl e, or 20 peans "R¥ 2t @riRp | ¥Akymhe desh@nEHivet g Tinpppasyiny t he
el enent sheath and to fit snugly against the el ement head plate though

wi t hout any euﬁnrﬁugmlﬂmdeelémenthheadng a water tight seal. The enclosure
deS|raer The enclosure may be formed as a rectangular box
" having an open face adapted tbeadjoin'the element head
10 = plate and having slots at'pppbsed_éides_to permit the N/
element to enter. The bdx’desirably Shbuld be as wide
in its horizontal and vertical dimensions, parallel to
the general plane of the element head plate, as can g
COnveniently'be'acCommOdated by thé"heéd'plate, and
15 the depth oflfhe enclosure, perpendicular to the head
| plate, may be about 1.5 times the element sheath.
diameter. The enclosure may be'fiXed to the head
plate by means of two spot weids'bneflanQes formed at
the vertical sides of the enclosure, for example, or L\
20 = may alternatively be designed to be clipped onto the
‘element sheath and to fit snugly against the element
head plate 'thodgh without any attention made to
‘achieving a water tight seal. The_encloeufe desirably
‘'should cover as long'e length of the ‘element sheath as
25 is practical, having regard to the size of the element . .

head plate, in order to increase the heat path between



kY

shoul d cover as long a length of the el enment sheath as 25 IS _
practical, having regard to the size of the elenent head plate, in order to

i ncrease the heat path between 10 the hot return join to the el enent
head plate and the water boiling at [err] oufgide of the enclosure and

t hereby avoid "cooling" of the joi n by the water at [err] Water desirably
shoul d only be al lenethée £8E8FNnSjoin tdeh&enel Sl Hilad BPRANRY Yra WIS

the el enent passes through the walls of the enclosure, since such water

woul d then be evapeaiéedbey Iigy heat 106°d heuek eaBNbLEL &S ceht168ULE faEz‘ﬁFh
and cool the hot return join, and whilst this may not econom cally and

i nexpensi vely 10 therdahyaalvloe.\ded'cmdmg" usg theurjdds bl eheerhselrt at
should Be a design feature to restrict undesired | eakage of water into the
encl osbfe. The i nvEdRi®bn Hatgandeslirpbdysshobid only e fadrlenmd donenter
herei nafter be further | ai ned by 15 reference to an exenplary
embodi nent £ whi ct‘Fh%r%nFEPEZ#ﬁataéd the (Dedniet oreirg | Hee dedanant. pessels
Description of the Drawi ngs; Figure 1 shows a sectional side elevation view

of the el ement hedth¥RReRokhsf W2 1S i dha M°$’6@4 einee such yateran

I r |ts tur ortlon u djfication of
? Eg g??aﬁgglﬁgﬁt of V¢ h:g% evaporatecgJ {ay % heat on:P the element

before it could reach and cool the hot return join,
and whilst this may not economically and inexpensively
W, 10 be achieved without use of undesirable seals it should
be a design feature to restrict undesired leakage of
water into the enclosure.
The invention as generally described in the
foregoing will hereinafter be further explained by
15 reference to an exemplary embodiments which are
illustrated in the accompanying drawings.
Brief Description of the Drawings:
Figure 1 shows a sectional side elevation view of
the element head portion of a heating element provided
20 with an'enclosure about its hot return portion;
Figure 2 shows a modification of the arrangement
of Figure 1; |
Figure 3 shows a front elevation view of the
element head portion providing further details of the
. 25. - arrangement of the enclosure; and

Figure 4 shows a front elevation view of a



Figure 3 shows a front elevation view of the el enent head portion providing
further details of the 25 arrangenent of the enclosure; and Figure 4
shows a front el evation view of a nodi fied formof the el ement head
plate. Detailed Description of the Enbodi ments: Referring first to

Figure 1, an electrical heating el enmedtlis shown therein which, apart
fromthe 5 provi sion of an enclosure about the hot return portion of
the el enent, |§n%%tfmy°ﬁoﬁbén9ﬂ-ﬁﬁﬁptl HeFF}aPléﬁ"eel enent head plate 1

| %h.a3|swell known,
| oops back towdek O eturn 10

ele t t 3 - - h h h . .

LrevreTFnof pt(:)Elel (r)rgi n p Pﬁg%iaghgééigﬁ; 'Eo igdﬁg%?f gfliléda Bref né%%gﬁ‘%%t h the
rangenent en QM%; r;g'ﬁ\p

wat er boili ng Jrrwaé]fél?? una% téi{éndgﬂ{‘ an e%&"?%ﬁ :a?aqﬂ:to b0| dry,

the el e t ed h%r%ﬁ#{ié‘?%ﬁ?ﬁ“er@féétﬁ‘b Apddd the W&%@u&@prs%rm%d iquid-

| evel e ore t e elenent 1s exposed and will locally overheat
(since it will gotehe &PohéRe DYis heubstihBganayeepnoentionalpioyithats -
thermal signal to 20 and’ through the el enent head plate 1. On the dry’

side of the heagh dBdferit aiedd Iplxtatl sepportsalal sheatheghresistamoey part
of an eI enent protector control (not.
heating element 2 which, as is well known, loops back
_ towards the head plate 1 and defines a hot return
10 element portion 3 which attaches to the head plate 1 o/
at .a.t.'level abové the level of the main part 4 of the
element. As mentioned hereinbefore this arrangement
ensures that in a situation where an associated non-
automatic water boiling vesS'e_l is left unattended and
15 ‘allowed to boil dry, the elevated hot return element
portion 3 will be exposed above the liquid level
before the bulk of the element is exposed and will
locally overheat (sihce it will not be cooled by the
boiling water').' 'so as to provide a thermal signal to = W
20  and through the element head plate 1. On the dry side
of the head plate 1 an illustrative bimetallic element
5 forming part of an elemen{: protector control (not
shown) responds to this thermal signal to switch off
the electrical power supply to the heating elem’ent;
25 As aforementi'bned, the element p‘r_étector control ma'y'

for example be an X1 control manufactured by Otter



shown) responds to this thermal signal to switch off the electrical power
supply to the heating elenent. 25 - As aforenentioned, the el enent
protector control nmay for exanple be an Xl control manufactured by Qter
12 Controls Ltd. In accordance with the teacy ngs of the present invention,
the sheath of the heating elenent 2 is fornmed of stainless steel, the

el ement head pl at &edntizfobs Ltq.forned of stainless steel, and the hot
return portion of the heating elenent is secured to‘the el ement head pl ate

by neans of a small areknspotonghficé Wwital athedltdadiPinys 08t BReC bR thead
pl ate where the binetallic elenent 5 is in close thermal contact with the

head 10 pl at envehtsion) ameunshedthealf sthé ¢gtimy eikhenitn 2159 Of
the efgnent arrangenent thus described, be provided between the el enent
head ﬁﬁte 1 and thermsdmfalstairdlesentdel the dlemrntohezd Platepat jwel d
to ensure efficient heat transfer fromthe hot return 15 portion of
the el enen®, throfgFrme ok Btainiessesteel, wand thenbotnretune poretan ic
element. Further in accordance . with the teachings of the Eresent

i nvention, an. encl¥sthe Peating \girmenl ks t secwsed r ke uthepelementoheate

heati ng el enent, the enclosure 20 being fornmed to nake a_snug fit with
t he frgnt surfacepg'latt%g’yelnlﬁf’é?ﬁ e ShatL arep: FBAE Weldng %Bcﬁgﬁé as

a point on the element head plate where the bimetallic

element 5 is in close thermal contact with the head

W, 10 plate. A small amount of heat sink compound will, in.
use of the element arrangement thus described, be
provided between the element head plate 1 and the
bimetallic element 5 at the 1ocation of the spot weld

- to ensure efficient heat transfer from the hot return

15 portion of the element, through the region of the spot
weld 6 and into the bimetallic element. Further in
accordance . with the teéchings of the. present
invention, an enclosure 7 is provided over the hot
return portion of the heating element, the enclosure

20 being formed to make a snug fit with the front surface.
of the élement head plate 1 without having to make an
airtight or watertight seal thereto and having side

walls formed to define smalllgaps 8 around the heating
element where it passes through the walls. The

25 enclosure 7 may, as shown, be formed to be an

interference or push fit onto the heating element, or



airtight or watertight seal thereto and having side walls formed to define
smal | gaps 8 around the heating elenent where it passes through the walls.

‘The 25 enclosure 7 may, as shown, be fornmed to be an .
interference or push fit onto the heating el ement, or 13 alternatively
may be designed to be affixed thereto by-Zspot melding of tabs provided on
the enclosure to the el enent head plate as schenatlc sh mn I.n ure 3.

| n operation oﬁltqﬂrﬁafﬁﬂs"%l]e}éé‘%a}lbé@ @Ieé’?ﬁﬂeda @ He af E’é?? .

combi nation, the enclaqosure 7

Eﬂe el tem::'[lt |ssﬂl°|ttt éff%dsn?‘ﬂ?g aps /%r? ﬁgt%t eﬁ‘ﬁﬂ%ﬁ?@ﬁ&%&ﬁ?&%ﬂ Fgg
e situation w ar,i 3

encl osure will ee"’ﬁ%ﬂ ﬁ%‘?af% ee\aﬁ?t S %“%gt%%atﬁéy@glwghre e'; te§|t33 the
permtting the teﬁ&%{ﬁ%ﬁ&faeioah%fe'a{@nahagra Qi Dol BfieREC SRS o

rise rapidly above [errJ*SThce I't Ts no |onger e water. -This

temper akur e 11 $q dubrtd aBSbeCEedr! Micitihdtifodieathel drpiidmide vegian of 15

the spo meld cause the binetallic element 5 to shap to.its:

opposi te condi tdsqn tvh\%t?m’a@@t'svhlﬁ%tﬂWé@sﬁDntbohhiﬁhS’ﬁhéCblein‘ew&ssupp" y
of electricity to the heating el ement. The arrangenent w |l thus operate

to switch off tgw-thamt i8g Bl ET@ds wren théerwéafbr is tima'sedntplmndssel
t he sane way as it would
boiling, the situation w111 arise that steam generated
by water boiling within_the_en¢16$ure will expgl'the
10 water from the enclosure thereby permitting the = \V
temperature of ' the element portion within the u
enclosure to rise rapidly'abdve 1d0%:-sinCe it is no
longer "cooled" by the Watefl'iihisﬁtemperature rise
is transferred through the héad“blate in the region of
15 the spot weld 6_and will cause the bimetallic element
5 to snap to its opposite donditidn thereby causing
the X1 control'to.switch off the supply of electricity a
to the heating element. Thé'arrangémént will thus
operate to switch off the heating .element when water
20 boils in the vessei‘ in the same way as it would
operate to switch off the héating element if it were
to be turned on without'any'watéf in the véséel (a so-
called dry boil situation). A single element
protector control thus, in fhe described arrangement,
25 prbvides dry bpil_protection*éhd'aISO automatically

switches off the element when water boils in the



operate to switch off the heating elenent if it were to be turned on _

W t hout any water in the vessel (a so- called dry boil situation). A
single elenment protector control thus, in the described arrangenent, 25
provides dry boil protection and also autongfjcally switches off the

el ement when water boils in the 14 vessel. The  cross-sectional profile
of the heating efesg®sl.head plate 1 as shown in Figure 1 is the sanme as
the profile that is nornmally-used with an X1 5 -wscontrol.  An
alternative profile is ThewncinsErgectidnald, mofild befseehe tReatiRg
part of the binetallic element 5 is distanced fromthe head plate. AS
previ ously descri b»tehentiheadhplateahgeseshowh fiheFjpgagent iknthet safe
provides, highly localized heat 10 transfer through the elenent
head pP&te and t3® &heer Raefidee| theht ¥ omidrmaddownusedFiwiklke ZrenXar es
that the heat that is transferred through the el enment head plate when water
is boiled B the ML s ApRrErernatavenrragidgpispehave ineFliguwei 2n of

the 15 bimetallic _ele responsible for causing it to switch
The invention is % i?ﬁt"@ﬁé’% FeS oS YRPSE Rartngfethpobinetallic

SPore "rned MO dididne s | 9 %idlndd! A’ R nila' P 2250
previously described herein, the arrangement of the
present iﬁvention provides highly 1localized heat

W, 10 | transfer through the element head plate and the
~alternative element profile shown in Figure 2 ensures
that the heat that is transferred through the element
head plate when water is boiled by the element is
concentrated in the appropriate small region of the

15 bimetallic element responsible for causing it to

switch.

The invention is not limited to the provision of
a single spot weld securing the hot return portion of
the heating element to the element head plate. The

20 requirement in this regard is to conduct the high

temperature that is developed in the hot return
portion of the element, when water is boiled, through
the element head plate to the bimetallic element in an
efficient manner despite the low thermal conductivity
25 - of the stainless steel or other material from which

the parts are made. The hot return portion of the



20 requirenent in this regard is to conduct the high tenperature that
i s developed in the hot return portion of the element, when water is
boi |l ed, through the elenent head plate to the binetallic elenent in an

efficient nmanner despite the |ow thermal conductivity 25 of the
stainless steel or other material from whtZh the parts are made. The hot
return portion of the 15 heating el ement may be_constructed so as to

Tonract, Brd hoBLgE SLLLG. £ Sl Gt foShTh bt e et S pke.
ﬁg;(rjesr)gtngi' ng Iftgﬁzrgi‘;n azgoﬁ‘:?ggt ?}th ?Iﬂ%rq%&%?fgrﬁ _a(tj)%"af't. ﬁ%?é’seqr%rrent_
10 engbl'i ng i g Qr acBRAL ic(ﬁ??aoce*{rﬁeéré@eﬁgﬁfhg{g?#rgg?é%n%g'gm | %n%({}ﬁéimhoﬂ
Securing the nof SREHEFRY, B Hrrsified BeoineRY & BerReStolilng Murkhr . ¢ o

an equi vgl ent | pgaanoer vﬁﬁﬁ;ﬂ’aﬁéd rAUvhite Bt 0xed 1Y agh BfleAt HULE'iNg
of the hot return portion of the elenent to the el enment head plate could

even be enpl oyed;gfel ONgighreNd Bhet@® @nh tlement Hladeipldtes prafvidhsa not
applied to excess so as t0 cause the tenperature rise of the el enent hot
return portion {9theat eerwatdoy diosenadildthg Byneser coraredtiaroitto ddhé n an
arrangenent as - _— o .
' element hot return portion. With such an arrangement,
a pluralify of spot welds could’ be-'pfovided for
10 securihg the hot réturn portion’ of the ‘element tb. the W
element head plate o:'an éQuivalentzlinear or seam
weld could be employed. Brazing or scldering of the
hot return portidn of the el_eme'ht' to the element _head
plate could even be employed so long as the braze or '
15 solder material was not applied to excess so as to
cause the temperature rise of the e_lemént hot return
portion to be too widely dissipated.
By use of an X1 control in an airahgement as
described in the fo'regoing,' without"médification of W
20 ‘the X1, there would be no on/off switching "fa.cilit.y.
since the bimetal in the X1 "c:onltrol_ would cycle
between its hot and cold conditions.  This could be
achieved by use of a modified X1 control with a
'modified J1 control in which the bimetal of the J1.
25 control was replaced by a simplé 'sp'fiﬁg, the push rod

in the X1 being affanged to operate the trip lever of



described in the foregoing, wthout nodification of 20 the X1, there
woul d be no on/off switching facility since the binetal in the Xl contro
woul d cycle between its hot and cold conditions. This could be achi eved by
use of a nodified X1 control with a nodifie 1 control in which the

bi metal of the J1 25 control was replaced by a sinple spring, the push

rod in the X1 bei rhedr mABFEdL 91er 8ie hdendri _ e
nodi fied J1 by being coupled thereto gia an %pﬁ?ﬂ%ﬁ%ﬁ%eq%g?ﬁgégcéﬁﬁﬁ ﬁWhge.

Wien the binet al | iapptcpeiite méBRaADEh] i an)é%g‘élqgr g&ﬁ&iaé%ﬁggﬁta%gﬁqc

boi'ling of water in an associated vessel, it wou _
modi fied J1 to opelenentswihctheonmedifiéduxl NSeFaBéd Ndnt Neadiiete SERP! Y

to th“lheating el enent. On nmanual resetting of the J1, the trip lever of

the J1¥G || transhedling nofemartert himugh tdusoreidtred cekskienkaoge: t Gollig
push rod of the X1 and will reset the 10 binmetallic elenent of the
X1. WtR suchcausesthengoddfiied Ja poi ppep dbst swischncoheadtscenug be
omtted, whilst the secondary contacts would function as nornal. In a
nore radical rededPfeBURHNNthemower suprly dperthe dpeatifig ehement.

~nodified X1/J1 1% conbi nation abovedescribed could _all be
effected within of® TRt TRI/RT LRI WENERR dipr &e &xdp | Isvgre, of okhe

exanpl e a Bowden ble,.to allo .
P Sq Jill trans%ﬁr its movement through the mechanical

linkage to the push rod of the X1 and will reset the

k#/ 10. bimetallic element of the X1i. With such an
arrangement, the primary contacts in the X1 could be

omitted, whilst the secondary contacts would function

as normal. In a more radical redesign of fhe X1

control, the operations of the modified X1/J1

15 combination abovedescribed could all be effected
within one control provided with an éppropriate

linkage, for example a Bowden cable, to allow

operation of the control from a remotely positioned

rocker knob or other manual operating means.



operation of the control froma renotely positione er
manual operating neans. CLAI M5: 1. An electric ' or a
wat er boiling vessel, the elenment conprising a head Hmmﬂmllﬂmgm hed
heati ng el enent proper having a hot return_ 5 portion & fimxed teo the
head plate, the head plate and.the sheathldf the el ement proper being
formed of a material having a |ow thernmal conductivity as conpared to
copper or brass and the hot return portion of the el ement proper being -
affixed to the Q ? gLate by 10 means of a highly localized fixation,
and an encl osur Eg B¢ ded ar ound the hot return portion, the enclosuré
bei ng such as tgo adni her when e It .3 . el enent -
Js t111ed and shth t BB %?retr‘llw ﬂeéa(}eﬂgfpee eRERE Eok] trao%&t%/@%&%#lg é
gener ati on whe _ i oL e 2 _elkeCtfie, heatd ng ‘w&
el enent as cl ainvrré S?%'m%h?n \%q\%/ﬁ%#gisn%%fﬂgéﬁgplaafgegédcé#eeeshggltdhn%f 't he
el ement proper gheatReHEhdt it &lenéntt peloper Qia@iﬁ?_che-hbts%e\!@ﬁrﬂr o
cupro-ni ckel alloy. 20 3. An el ectric heating elenent as clained in
claim 1l ®r clai po2tibar aFfiked Rogkthe head plertd, aie dread plwcdcindet urn
portion of the element proper to the head plate conprises a spot weld. .
the sheath of the element proper being formed of a -

material having a low thermal.conductivity'asacompared
to copper or brass and the hot return portion of the
element proper being affixed ﬁo'the head-plate by . QJ
10 means of a highly localized fixation;'ahd'an enélosﬁre |
provided around the hot réturn'portion;fﬁhé enclosure
being such as to admit water thereﬁb-when~a vessel
fitted with the element is filled'and'sﬁCh'that water
will be expelled therefrom by-steam'genefation when

15 the water is boiled.

2. An electric heating element as claimed in claim
‘1 wherein the head plate and the sheath éf the element W
proper are formed of stainless steel or of a nickel-

silver or cupro-nickel alloy.

20 3. An electric heating element as claimed in claim
1 or claim 2 wherein the highly localized fixation of
the hot return portion of the element proper to the

head plate comprises a spot weld.



18 4. An el ectric heating elenment as clainmed in claim1l or 2 wherein the .

-highly localized fixation of the hot return portion of:tU “ m

to the head plate conprises a high thermal conductivit “l ” | |,!||ms|cmm
passi ng through the head plate. 5. An el ggric heating el ehent as ¢l ai ned
in any of the preceding clains wherein the enclosure is such that water is

admi tted thereto gubstgnt babb¥reBl Hedkihbe QM T 814 8eaN¢At A in
heati ng el enent proper 10 > passes through the walls of the enclosure.

6.  An electric lhegki B0 wieEIH Bte ChagREY 1BcANM 2&id tHExPt E68JbRY thledi NB
In conmbination with a thermal sensor arranged to be responsive to the
tenperature of thotelestainhpegthbat efaithe Rkilghient gardpeedtoeghenhefadls
the sfde thereof which is opposite to the side whereto the hot return
porti®|e’ of the elpdere oxErises afd i baghanthermads poodduct ivieyl oddmkon of
said highly localized fixation. 7. A conmbination as clainmed in claim®6
wherein s& d 20 passingrbiroughsthechepdi pdate.-binetallic el enent. 8. A
conmbination as clainmed in claim7 wherein the binetallic elenent is

| ocated cl osely adjacent to the - 19

5. An electric heating element as claimed in any of
the preceding claims wherein the enclosure is such
that water is admitted thereto substantially only at
KJJ' the points where the sheathed heating element proper

10 passes through the walls of the enclosure.

6. . An electric heating element aé claimed in any of
the preceding claims in combination with a thermal
sensor arranged to be responsive to the temperature of
the element head plate at a highly localized region of
15 the side thereof which is opposite to the side whereto
the hot return portion of the element proper ié
affixed and corresponds to the location of said highly

localized fixation.

7. A combination as claimed in claim 6 wherein said

20 thermal sensor compfises a bimetallic element.

8. A combination as claimed in claim 7 wherein the

bimetallic element-is located closely adjacent to the



el enent head plate with a small quantity of heat sink conpound thermal |y

coupling said highly localized region of the head p H “'["ﬁﬁJllc
el enent. 9. A conbination as clained in claim®6 o”mm)ﬂmm ﬁl I erein
said thermal sensor is arranged to be responsiVe to'a fredet®rmn ned
tenperature rise at said hlghly Iocallzedi?eglon of the el enent head~pl ate

to switch off th r to.the heati nt n por. for .an
electrically he%f%ﬂeﬁgté 80833%& Yéth sF@é& %uﬁﬁﬂgiyrﬂ#fhﬁqﬁwﬁhﬁ a .
st ai nl ess st eel 3@8\3&@ @ﬁ%gglg %IQ% n%gdhq{léﬁ% g_‘g%il)iron spot
wel ded to a stalnlBss Ste6 n en 5t

around the hot- r n h 0 &2 t t he hot
return portion %éf&ﬁ 8? Eh sgégﬁgRQ?F%angﬁgﬁg%ove ierriiﬁh%%g?%ﬁﬁse of~t'he
el enment water is boiled in an associated vessel and steam generation we
- the encl osure expels water therefrom and a thernally-responsive control
adapted to switgh of A ieampitRiderPfag! 8¢hinedPOMEr c1Qihhe 28 7 o:ele?m?nt
when the elenent head plate tenperature reaches a predeterm ned |evel
the contsol beivigerdent edaidnd thtrhlgederdor beisr eapeasged o the

tenperature of the elenent head plate substantially at the l|ocation of sa
id spot weld. responsive to a predetermined temperature rise at said

highly localized region of the element head plate to

switch off the supply of power to the heating element.’

10. In or for an electrically heated water boiling

10 vessel, the combination of a stainless steel sheathed

- heating element having a hot return portion spot
welded to a stainless steel head plate and with an
enclosure provided around the hot return portion such
as to cause'the:temperatureIOf'the hot feturn'portione:

15 to rise Significantly_avaeeIOO%: when in use of the
element water ‘is boiled-in;an.associated vessel and
steam generation within.the enclosure.expele water ___\)_
therefrpm) and a thermally—reéponsive control adapted |
to switch off the supply ef_electric power to the

20 element when the element. head plate temperature
reaehes a predetermined level, the control being’
adapted and arranged to be responsive to the
temperature of the elementuhead plaﬁe’substantially at

the location of said spot weld:



