-1- 'ELONGATE ELECTRI CAL ASSEMBLI ES This i.nvention relates to el ongate
el.ectrical heater which are suitable for use in the circuits which (Ep
desc{ibed and clained in Application No. 83 10334, fromwhich this .
application is divided, and (b) contain _a two-phase or three-phase powerééggy
souree. Reference should be nmade to Apﬁﬂfbation No. 83 10334 for details

the ways in which the heaters of this

discl osed in the pareht,appﬁ' | $
i pr yent s can, be. nade | . ia
el ect¥yical heaters conprising two elongate electric

a plurality of

e discavered.t hat substanti

EARE, eriio i

w0

- elf-regulatin
al connection nmeans
el ectrical elenments which are connected in parallel bet

them . by connecting the power supply to one of the electrical connect
means at one end of the device and to the second el ectrical connection
means at the other end of the device. Wen the device is connected in

way, the resulting 'gﬁiénﬁjz%@i{oﬁ 'leel%gzte@%oglrer}%%%%t@/%%e%g?tﬁgfgt h of

device | eads to sub

antta nprovea per rcular, th

1687%.3 3¢

nventiop are preferably enpl oyed. As

al

g
and

ween

i"on

this
t he
e

probl em of cur reeatenrvkich ArgAnitable fary useddvetheagdroubssanbiah| y
longer circuit [£Nn0iPe dedtdib&IMinY o Amed>TRAARH1Eeat2BKERb,ONal Ccircuits

I n which power

noator . vhen ¢ 183 o S B MUK (RAYARRL Loatian: 45, AAEAaRdncrRd Lo

par- ticularly (skfebntaina stwarpiase luxitheeephase ppweg source.

rn

Reference should be made to Application No. 83 10334
for details of the ways in which the heaters of this
invention are preferably employed.

As disclosed in the:parent aﬁplication,-we-haVe
discovered that substantial improvements can be made in
the performance of elongate self-regulating electrical
heaters comprising two elongate electrical connection |
means and a plurality of electrical elements which are
connected in parallel between them, by connecting the
power supply to one of the electrical connection means
at one end of the device and to the second electrical
connection means at the other end of the device. When
the device is connected in this way, the resulting
balancing of the potential drop over the length of the
device leads to substantially improved performance. In
particular, the problem of current inrush is substan-
tially reduced, and substantially longer circuit
léngths'can be employed as compared to conventional
circuits in which power is fed to both connection means
at the same end of the heater. When the power supply
is a two-~-phase or three-phaée power supply, par-
ticularly useful results can be obtained by employing

ly,



~-2- two or three_éelffregulating heaters which are con- nected to each

~other. in a circuit such that power reaching one end of each heater has

- @ﬁigﬁ'bassed t hrough anot her heater; the heaters can be physically
_-maﬂ”poned,-for exanmpl e, end-to-end_,as is usual |y pre- ferred, or . .

si d®<to-side. Such circuits can nost con- veniently be assenbled from 152

el ongat e devi ces which contain all the required-el ongate conponents, and

the present gjavept haeeéssaﬂaceéesﬂaﬁw se%ﬂswwf& ddk idgnd i rst aspect,
Pﬁ pr esent |nvent|onegrov |te devi ce whi ch conprlses
1

0s.
an el oRgsteds&pPs ¢ SBuPSP?ﬁglﬂeﬁt r?%hb rg% hEhaly BPWaL (st el ongate
connection li‘eaamngb):neaendcoﬂdead:hnlgeaeezolmmcfimt rpwa and (c) a

Plural ity obpskSsh WRBEL HERLSINLED ALECSO0NEE] b dhANAlLS Dt veen

the first a CONNec ectrlcal
connection pesstioped, foroexampleengedzterend ias| zs:d;mltlsbrprfﬁeans (4)

a fl}‘tp el 0'?@?&%&9' eet gigal-tecnngel | Oﬁxéﬁaéﬁr?ﬁiﬁbd (&dn r&éfrﬁlﬁgij[ Rg body” of
“insulating ma er| secpres. t he _devi ce an e con-
‘nection neaf{§?¢ ggeaﬁﬁge%ﬁ*egokgﬁﬂhe ??ﬁﬁtet¢ﬁy¥ﬁﬁﬁe§h2 he connection
neans (2), bbatamnne&ﬁlthensequlte¢ ehongate coomparients ,ead the belng #
electri-  present 1nventzon is concerned with such devices.

In 1ts first aspect, the present 1nventlon provxdes
an elongate composite devzce thch comprises

(1) an elongate self-;egulating-heatet'comprising
(&) a. flrst elongate connectzon means,
(b) a second elcngate connection means; and
(c) a pluralxty of electrxcal elements which
are connected in parallel between the
first and second connection means;
(2) atthird elongate~electticel_connection meenss
(3) a fourth elongetenelectrical connection means;
(4) a fifth elongate electrical connection means; L
amd - | :
(5) a conneoting body of insulating materiai ﬁhich .

physically secures the device (1) and the con-
. nection means (2), (3) and (4) to each other;

the heater, the connection meaass (2), the connection
means (3) and the connection means (4) being electri-



second aspect, -the present invention provides an el ongate conposite ).
whi chconprises (1) an elongate self-regulating heater conprising (a) 7
first. el ongate connection neans; (b) a-second el ongate connection neans;
and™~c) a plurality of electrical elements which are connected in parallel
between the first and second connection neans;. (2) a third elongate

el ectrical connesllpnimsglstedifron ach athemalangwithe, lengkht ofethe - --
strip,or an el Qgﬁ%g sel f-regul ating heater conprising two el ongate
connegtl on nean a plurality of electrical elements connected in
paral | el - between them (3) a fourth elongate electrical connection neans

Wh:fch i's Houndhrm%@l it ré‘ec_&;&'a'ﬁtpé@,?'th‘ét {ﬂrléseﬁrt anveheneat e .
self-regulating heater conprjsing two el ongate cqnnecti.op neans,and a

Dl urality of ol REDYINSR B CHAARIAts MARAGR] heh A8TA4S h1BD: FRBRELARR, and
(4) a connecting body of insulating material which physically secures.the

device (1) and the £op- gﬁCéi?@giﬁgﬁFé#§?§§§%ia&§hg%%ﬁgg%g_?é?sgéfﬁﬁg-4_ the

cal l.y-insulated from each dtherfalbng'thefléngth of the device. In'iaéégé;

heater, the connection neans and t nnect i
el ectrically insulated fromeach other

"(a) a first elongate connection means;
- ~ (b) a second elongate connection means; and
' (c) a plurality of electrical elements which
are connected in parallel between the-
first and second connection means;

(2) a third elongate electrical connection means
which is a round metal wire, a flat metal
gstrip. or an elongate self-regulating heater
comprising two'elongate.connection;means and a
-plurality of electrical elements connected in
parallel between them;

(3) a fourth elongate electrical connection means
which is a round metal wire, a flat metal
. strip, or an elongate self-regulating heater
_comprising two elongate connection means and a
plurality of electrical elements connected in
parallel between them; and .

o

(4) a connecting bbdy.of insulating material which.
physically secures the device (1) and the con-
nection means (2) and (3) to each other;



.along t he Iength of the devi ce. The devices of the present invention are:
physically located so that one end of the device.is nearer to the
pply than the other. Accordingly, for ease and'clarity in _
ng and claimng the inventiag. the terns *near end" and "far end"
~ are uSed in this speci fication to-identify the ends of the el engate s
~connection neans and the devices containing them It is to be understood,
hovvever t hathe hma'uuantﬂmn connlecdiondmeanss (2hi ahdhthe tommectiowged, e.g.
a Ioop, SQ .1 t far (o] e p han .t he
ar end" &e%ng] t? ri’t egfrj\leeé%gq &cﬁﬁkr igéu%fgggé ﬁlpﬁme'% i?] Jf'!)c{)erﬁt‘the power
suppl y. The alrmgnttilm liength @ft thecdeNjcehe acconpanyi ng drawi ngs, in which
Figures 1 to 5 are circuits in which two conductive polynmer PTC heaters are

connected to a ﬁﬁ% 4gwwe p%%Fr source tﬁ formcircuits as clained in the
parent applicati £hegpresen dligeﬁFé°E|?Eﬁl?§“? $hi ch three
conductive mﬁgaﬁeaﬂﬂ?Clheateﬂssarehamnoneeenédofothetaetbeehase power
source to f éggwgg1E§ﬁg?oghgggﬁggg?tghggpeﬁgnb +AApl i cation; Figures 10 to

16 are cross sections vices surtable for use in Figures
1to9, 17 &m&qgglnleFoﬁOEr@9P9yaﬂﬁdcéFEFF¥y1Pnd€§§€¥bbm%ga@®e present ¥

claiming the invention, the terms "near end"™ and "far

end" are used in this specifzcation to identify the : *

ends of the elongate conﬂection-means'andfthe devices -

containiag them. It is to be understood, however, that

the invention includes devices which have been : e
- arranged, e.g. in a loop, so that the "far end" is

closer to the power supply'than_the.'near end” or so

that the near and far ends are equidistant from the

power supply. . '

-The-invéntionuis illustfatéd by the accompanying
drawings, in which '

Pigures 1 to 5 are circuits in which two conductive
polymer PTC heaters are connected to a two-
phase power source to form circuits as claimed
in the parent application; .

Pigures 6 to 9, 17 and 18 are circuits in which
three conductive_polymer'PTc heaters are con-
nected to a three-phase power source to form
.circuits as claimed in the parent application;

Figures-;o.to 16 are cross-sections through
- composite devices suitable for use in Figures
1 to 9, 17 and 18.



i nvention, the term"elongate parallel device" is used in this _
specrfrcatron to denot.e an el ongate self- regulatrng heat er which conpri se:

(@) afirst elongate electrical connection neans; (b) a second el ongate.
el eetrical connection neans; ‘and (c) a pIuraIrty of el ectrical el ements

whi c ar e connect-ed in paraIIeI w th each other between the first and

second connection means. The heater is Theferably at.least 330 feet |ong.

The various €l ectrical connectlon means will often be S|nple conduct ors,

whi ch n be conposed o sanme, or. di fferent, materi.als, round netal
wi'resi@Ewhi ch may beFebl ﬂe ty ang, AAT %ﬁyfqﬁﬂdﬁﬁ9§£b¥ﬂﬂfﬁﬁ§ %ﬁﬁﬂeaFe

soneti nes sinpl inveftiory the hezrm N"elomyatd garalldll devitebdsundedst ood,

however, that a (agygg%l a used.

Gener al I y it i sEI is:%ab?éeﬁtfgéﬂi?ﬁaé? or eac )ﬁglégﬁgggegpgregﬁl devi ce,
(a) the first akggubabieg cheakesr okl ompyisaf i al |y the sane as each

ot her; (b) each of the conductors has substantrally t he sanme cross-section

throughout the |l ength of e de er tance of the _conductors
is as low as is consistef® vvr?h e%,e é]fcgdﬁ%r% e&fﬁ%”ﬁ? CORPECFLRibility
and cost; and (d) the conductmeanswe at a constant di stance fronteach other
(they may be for exanple, straight or spiralled). :

: o (b) a second elongate electrical connection
means; and '

(c) a plurality of electrical elements which

are connected in'parallel with each other
between the first and second connection
means.

The heater is preferably at least 330 feet long.

The various electrical connection means will often
be simple conductors, which can be composed of the same
or different materials, e.g. round metal wires (which

‘may be solid or.strahded)-or flat metal strips, and are
sometimes simply referred to herein as conductors. It
, is to be understood, however, that any form of electri-
';”; ‘cal connection means can be used. ' Generally it is T

desirable that in the (or each) elongate parallel
device, (a) the first and second conductors are

. : substantially the same as each other; (b) each of the
conductors has substantially the same cross-section
throughout the length of the device; (c) the resistance
of the conductors is as low as is consistent with other
‘factors such as weight, flexibility and cost; and (d)
the conductors are at a constant distance from each
other (they may be for example, straight or spiralled). -

©



~6- The.electrical elenments (c), which are connected in-parallel w'th each .
ot her _ ‘between the first and second connection nmeans, -will usualdy be the
g4 ns each other, but this is not necessary. In one preferred enbodi nent
of i nvention, at | east some of the ele- nents (c) conprise a PTC
el enent , which can be conposed of a conductive polyner, or a.ceramc.
PTC el enent can'itself be the sole'ﬂ%atlng el ement; alternatiwely it can-
have a ZTC resistive heating elenment in series MAth it. The el ements (c)

be in the formof at |east one el enent conposed of a conductive

c L
pdlymer, for exBhpl electsieahustanents p(ok, iy argh meamestedolipner or a
plurality O{aaﬁamnantﬁ;eﬁ eaenlusthye etweat - thel L&Y @A igeeondl the '

conductive el enent t hr,ou hout or c n vary; thus

. the conductg Xﬁ8¥§ rm%?%ﬂén 1€§ u%kﬁéxgnéat i tudinally
ext endi ng cotbenenbutwbhis have0U|ﬁ¢QQSSAIXﬂexinlqnﬂ pﬂeﬁemcadriStics

Sui tabl e COBH%-JS&iM&nE%!‘ Ehe ei@é’&!i‘éfod nCAﬂdeea(sfﬁ adile” B [cheMall@ll consi st

essentially o con- ductj|ve g ner Which e Its ZTC behavior; and (b)
el enents WhPR@REBOAB! | SERREHIE 0t SReHor ISR e SomRosefat t he .
device is aoSehf cbﬁ@ubaivegpdsmma‘, er mamrent'rhmlm @d'ementts -t

essentlally Fggf%cggd eas glgog%%ggﬁéyefghéﬂ rng#tégyiglﬁsagprlses a ZTC

conponent - eF one onert “erenen exanpl e at _
| east one P¥E canpbmmaezmemsm'ev\e sh#am@@#@txﬁ imh@eries -'

with it. The elements (c) can be in the form of at
least one element composed of a conductive polymer, for _
example a continuous strip-or web of conductive polymer . ;;;
or a plurality of segments of conductive polymer. The
composition of the conductive polymer element may be
the same throughout, or can vary; thus the conductive -

' polymer element can cémprise-two or more longitudinally
extending components. which have different electrical

- characteristics. Suitable conductive polymer elements
include ' e '

. (a)r elements which consist essentlally of a con~
-~ ductive polymer whzch exhlbits 2TC behavxor;

and
(b) elements which comprise é'PTC-conducfive ' L:}
' polymer element such that the device is'a = .

self-regulating heater,=e.g. an element which
consists. essentially of a PTC conductive

| polymer or an element which comprises a ZTC
component element and at least one PTC com-
ponent element, for example at least one PTC
component element which surrounds one of the
elongdte conductors.

W -



el ongat e conductors. . -7- In another preferred enbodi ment of the
i pvention, the -elenents (¢) are in the formof -one or nore heating wires :
whi ch’\are connected at intervals to the two con- ductors, e.g. as in a
conyéntional zone heater, with the connections to at | east one of the
conduct ors bei ng-t hrough a PTC conponent. A wide variety of different
effects can be obtained by correlatingJgue electrical characteristics of
the el.ongate "paral | el device and of the electrical connec- tion neans mhlch
cénneg;§ t he power source and the far end of ‘the second el ectrical

t

connegtion means of1h henstingPreferrdd enbddimeat oEhehenpadanttonf the < -
connec- tion ne u V. S 85l stjve or all of t edance
can be mductw@g%r&%%n%%%) cﬂveaf f)i'rn g?aenpf%ém{)%f °gﬁn85t Pﬁﬁengﬁﬁgl 9n be a
SECT (skin effe’ﬁr%rwmh tamuqny)nevé@derat Astenyadst &0 shevbwoacommber of

ltoartlcult ﬁrl y ulsei@i?fs;%u S g 'aSQ:o%vféP&dx%alhrz%ﬁepﬂéiﬁei?ov‘ﬁitﬁUpp' y and
wo or ree el ongate r evices as defin hese _devi ces

preferably the %%%E Tﬁ&°§kﬂpﬁx$9hq (iﬁ§ﬁ§nfme ﬁ§n§ SpGPRABEEAFS, b%%“?hese
circuits conpritkreugtews rEPC compodert.t hey do, the neutral is preferably

provi ded by an elongate el ectrical connection nmeans. However, it is also
possible to use a floating neutral. Various circuits of this kind are shown

inFigures 1 to 9, A iR variqty @f different,effectsnmast benobhaineds

by correlating the electrical characteristics of the

elongate parallel device and of ‘the electrical connec~
] tion means which connects the power source,and the far
N end of the second electricallconneotion means of the

elongate parallel device. The impedance of the connec-

tion means can be purely resistive or part or all of

the impedance can be inductive or capacitative; for

- example thé connection means can be a SECT (skin effect
current tracing) heater.' ' '

. A8 indloated above, a number of partxcularly useful
circuits comprise a two or three phase power supply and
two or three elongate parallel devices as defined;
these devices are preferably the same, but can be dif-
ferent. Many, but not all, of these circuits comprise
‘a neutral, and when they do, the neutral is preferably

RN provxded by an elongate electrical connection means.

' However, it is also possible to use a floatlng neutral.
Various circuits of this kind are shown in Figures 1 to
9, 17 and 18, in which the neutral connection which is
preferably present is shown as a broken line.

Preferred circuits (because they are balanced) are those
shown in Figures 1, 4 and 17. In these Figures, and in
the other Figures, the various heaters are shown as
conductive polymer heaters, but the same circuits and



_preferably present is shown as a broken line. Preferred circuits (because

' they are bal anced) are those shown in Figures 1, 4 and 17. In these

R s, and in the other Figures, the various heaters are shown as
co tive ‘pol ymer heaters, but the same circuits'and -8- devices are - .
very suitable for use with self-regulating zone heaters and other .- Hﬁj

sel f-regul ati ng ‘el ongate paral l el heaters. Cbnp05|te devi ces_of the
i‘nvention which can be used in the eBrcui t s conpri-sing a two- phase or
t e- phase power source include those defined in paragraphs (1) and (2)
b&low. Cross-secti-ons of particul ar. Exanpl es: of- such devices are shown in-
Fi gures 10 tdeviges preyerdt siitaple foscuse withnselfrregubatipgric

mat eri al physdenjea ety amids cthereasl foragiisteagdetonga¥e POl ymer heater
(101 102 and .1Q3) th|Bg an insu- lating. polymeric jacket and-at |east one

W re conduct 3 and . 114) having. an insul ating pol ymeric
jacket. (1) Conposite devices which conprise at |east two el ongate

paral | el devi ce%&fpdiqfeeﬁ%lm Wi %ﬂeciﬂvéhg%h“ﬁhﬂ@ﬁ Qaf p& nore

el ongat e connecti on neans. ur es ow-devices of this :
type. The d8A%dRHrths dj}rré’ui‘(ﬁ'- | Somprigipg Aotwasehape A€ ERFe®Tt of Fi gure?
1, it is tognageigabdihaourke ladlude ehosecdefinsdneanpatigraphdi gure 10.

(and l'keM”%ﬁJ'%nd (2) below. Cross-sections of particular
Examples of such dev;ces are shown in Figures 10 to 16,
in each of which a tube 41 of insulating polymeric _
material physically connects at least one PTC conduc- : Sy
tive polymer heater (101, 102 and 103) havzng an insu- k"J
lating polymeric jacket and at least one wire conductor
(111, 112, 113 and ll4) hav1ng an 1nsulating polymeric
jacket.

=)

(1) Composite devices which comprise at least two
elongate parallel devices as defined, and
which can also include'one or'more elongate
connection means. Pigures 10, 11 and 12 show
devices_of this type. The device of Figure 10
is suitable for use in the circuit of Figure
1; it is to be noted that the neutral connec-

~tion means 111 in Figure 10 (and likewise in
Figures 12, 13 14 and 15) can be smaller than
the conductors in the heaters themselves. The
device of Figure 11 is suitable for use in the
c1rcuit of Figures 2 and 3. The device of
Figure 12 is suitable for use in the circuit
of Figure 7. '

o)

(2). Composxte devices which comprise at least one |
' elongate parallel device as defined and at



Figures 12,” 13 14 and 15) can be smaller than the conductors in the heaters
‘tthemsel ves. The device of Figure 11 is suitable for use in the circuit—e
Figufés 2 and 3. The device of Figure 12 is suitable for use in the .
cirguit of Figure 7. (2) Conposite devices which conprise at |east d :
elohgate paral | et device as defined and at -9- least two el ongate
connection neans. Figures 13, 14, 15 and 16 show devices of this type. :The
device of Fidure 13 is suitable for use9+n Figure 14, and is also in Figure
5, wigth the smal |l er conductors not being used in the part of the circuit
furthest fromthe power_source. The devices of Figures 14 and 15 are
suitable for use in Fi ghtast7tweelengaFe roanpatdan mgansg .ondignrege |arge
conductors not being usesl,i 14} hes paid I6rdHwméladvived bF pader type.ce, and
also in Figure 18, with the.snall conductor .not Jbeing.used in_the
“md-section and with thﬁ"?nﬁ?’fl%%n'ﬁﬁcr?ﬁura%&&gne"sofs"ﬁ'é:alij'leggofoﬁaﬁct ors not
bei ng used in the sec- ipoRigurenhkd: dndnis edgwvier Riguree s, Twéthevi ce of
E! gure 36 is suitable fpheUskaffet NConButt drP Hdt Beidg WRRACHKC¢he OF
igu :
g ) part of the circuit furthest from the power.
source. The devices of Figures 14 and 15 are
suitable for use in Figure 17, and also in
Figure 8, with one of the large conductors not
being used in the part furthest from the power
source, and also in Figure 18, with the small
conductor not being used in the mid-section
and with the small conductor and one of he
large conductors not being used in the sec~-
tion furthest from the power source. The
o .device of Figure 16 is suitable for use as the
'middle portion of the circuit of Pigure 9.

[0



~ -10- CLAIMB 1. An el ongat e cenposite device mhlch conprlses (1) anm '
'_elongate sel f-regul ating heater conprising (ar—afi+st—elongate connectlon

b) a second el ongate connecti on neans; and a plurality of

al el enents which are connected in paiﬂm m‘&m&/ﬂﬂtu)ﬂne first and--
connection neans; (2) a third el ongat ection neanbﬁ
~(3) a fourth elongate electrical comgecti on neans; 4) d fi*fth el ongate
~electrical connection neans; and (5) a connecting body of insulating

; rial which phy- sically secures the device (1) and the conpection neans
= (2), (3) and.{4).L0 each other; the heater, the connection neans (2), the
connecti on n%é%%§$3) and the connection neans (4) being electri- cally

i nsul ated fromeach other along the |length of the device. 2. A device
according toy ¢l ahm d19ResEd kdnifodd &6 lddvidle SIHEEN Coulpl seRPY | Se a
..continuous strip of a C conductive polymer. 3. A device according to.
claim2, wherein the first and second connection neans are netal wires .

whi ch are -11¢1) n & rebdngond andl v dyu et ity theat@rs cdmpirii sihgconduc-

(a) a first elongate cohnectipn means;

(b) a secondmelcngate-gonngction means; and o 3

(c) a plurality of electrical elements which are
connected in parallel between the first and
second connectién means;

(2) a third elongate electrical cohhection means;
- (3) a fourth'elpngate electrical connection means;
- (4) .a fifth elongate electrical connection means;
and '
(5) a connecting body of insulating material which phy-
' sically secures the device (1) and the connection
means (2), (3) and (4) to each other;
the heater, the connection means (2), the connection o
("

means (3) and the connection means (4) being'électri—
cally Lnsulated from each other along the length of the

)

device.

14

2. A device acéording'to claim 1 wherein the electrical
elements (c) comprise a continuous strip of a PTC conductive
polymer. '

3. A device according to claim 2, wherein the first
and second connection means are metal wires which are



tive -polyner. 4. A device accordl_E_FB*ETETHTI“VhereIn the heater s a
- zone heater. 5 A devi ce*-accor di ng precedi ng cl ai ns @
whi gfr.i s at | east 330 feet long.. 6. "{! %ﬂmﬂj iﬂ ng to any one of t|
precedlng cl ai s wherein each of the * hier d fifth connection -+
meaws is a round netal wire or a flat netal strip. 7:° A device accordi ng
to claim6 wherein each of the third, sfgurth and fifth connection nmeans is
around netal wire. 8. A device according to any one of clains 1 to 5
mhenetn at | east one of the third, fourth -and fifth el ongate connection
eans i s a s edmdliaderyty aton taedtf wnthgu:het cogtihravas sboppiof nepddwc-€l ongat e
- connection Mg, §ﬂ¥$ q%rurallty of electrical elenents connected-in

paral |l el betweén em A devi ce according to claim1l substantially as
herein- before described. 10. A device according to claim1 substantially
as herein- bef@.reﬁ%’éiﬁldée%d&drhxhgf Qbe&iﬁlholaﬁﬂeﬁélﬁt:ﬂétﬁé’é@&'ibaély one
of Figures 11, 12 14 and 15 of the accom panying drawi ngs. 11. An
el ongate conmpd& qﬁﬁh?ﬁ?anch conprises. . -12- (1) an elongate
self-regulatlng heater conprising (a) a first eIongate connecti on neans;

(b) a second | ONYYL iU RRHrA1ngE2BS angd'8ne of the precedl.ng claims
which is at least 330 feet long.

(¢80

6. A device according to any one of the precedlng claims
) _ _wherexn each of the third, fourth and f£ifth connection
. \_/ .  means is a round metal wire or a flat metal strip.

7. A device acoording to claim 6 wherein each of the
thlrd, fourth and flfth connection means is a round
metal n;re. '

8. A devxce accordzng to any one of claims 1 to 5
wherezn at least one of the thzrd, fourth and fifth
elongate conneotion means is a second elongate self~
regulating heater'comprising two elohgate connection
means and a plurality of electrical elements connected
in parallel between them._

S C '9. A device acoordingtto claim 1 substahtially as.herein-
E before described. -

¢ 10. A device according to claim 1 Substantially as herein-
before described with reference to and as illustrated
in any one of Figures 11 12, 14 and 15 of the accom-
panylng drawings.

ll. An elongate composite device which comprises



(c).'a plurality of el ectrical elenents whi ch are connect i n-parall el
bet the first and second connection ne ; a third elongate _-

~ ekey al connection nmeans which is a round “Mq t nmeta
~ostri r an elongate self-regul ating heater ﬁﬁlﬁ“\m“ﬁ“\l ongate. - O
a

connection neans and a plurality of e]ectric ement ¢ cénnécted in

. parallel between'them (3) a fourth ®tongate el ectrical connection neans
‘which is a round netal mﬁre .a flat metal strip, or an elongate °

sefi-regulatlng ter co g £ nnection. _ne and a .

pI urality of el el ? i c3f 8 #’% %% nec%@ggﬂ rtélqﬁeter ﬁ&%@ﬁ em - and

(4) a connecting body of |nsulat|ng mat eri al which phy- sically secures

the device (1) and thegagongegiipp (g)céagggggog(héaﬂgm other; the

heater, the connection peans connection neans (3 being - ‘
electrical l'y insul at efP ?roﬁ1%éS%P ?kﬁniﬂiﬁl FUMLTHUP pegn %N?QﬁEVICE 12.

b7

A devi ce according to(cbara1ﬁlnr&&ityrbfreﬂedtxiaakxﬂleﬁenusﬂnhubm ar@npriSe.

a continuous strip of a P g?ﬁ [ ¢5§ o
accordi ng to-claim12, V\he‘rg%llg‘g & i’r? aa/nfd?éslec%enta' connté%tlon rreans are

- nmetal wires which are in d$¢%@@dc%9n45ﬁt¥ﬁﬂfﬂﬁﬁmﬁkont|nuous strip of-
conduc-

(2) a third elongate electrical connection means
~which is a round metal wire, a flat metal
' strip, or an elongate selféregulatinq heater

_ comprzsing two elongate connection means and a _ \‘)

plurality of electrical elements connected in-
~ parallel between them,

(3)- a fourth elongate'electfical'connection means
which is a round metal wire, a flat metal
strip, or an elongate self-regulating heater
comprising two -.elongate connection meéns and a
plurality of electrical elements connected in

~ parallel between them; and ”

(4),.e'connecting body of insulating material uhich phy-
sically secures the device (1) and the connection

means (2) and (3) to eaohfother; _ o

“the neater, the connection means (2) and'the'oonnection
means (3) being electrically insulated from each other
.along_the-length of the device. '

- 12. A devzce accordlng to claim 11 whereln the electr1ca1
elements (¢) comprlse a contlnuous strip of a PTC conductlve
polymer. '
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tive polyner 14. A device according to craimIT wherein the heater is&§§§2>

zone heater. 15. A devi ce accordln ims 11 to 14 whic

at l-east 330 feet Iong 16. A devi Mﬁlﬂmm l,jg‘li‘x one of clains 11

15/ Wherei n each of the third and fow ans is a round netal -
wi el 17. A-devi-ce according to any one of claims 11 to 16 wherein at |east

one of the third and fourth el ongate cok¥recti on neans is an el ongate

self-regul atii.ng heater conprising two eIongate connectlon means and a plur-
ality.of electrical Ienents conpgect ed i ar between them . 18. A _
“devi & accordi gt B g?%%ﬁ?li?%ﬁ&é&%ﬁn?%ﬂ? <§h§ &3 She §é§§Fibed £19:-

A devi ce accordndgseeomdacmdécsmmtm:laléz;e aetadr siiresbehdech deecri bed
i ref erencesh oafplo@Scbhtaist "6 dl Whiitfucis BeiEPor! donddcand 10 of

t he acconpanylng raw
tlve polymer.

14. A device according to claim 11 wherein the heater
- ' ' is a zone heater.

E , - . 15. A device according to any one of claims 11 to 14
' which is at least 330 feet long.

i 16. A device according to any oné of claims 11 to 15'
o ' wherein each of the third and fourth co.uiiection means
' is a round metal wire.

17. A device according to any one of clzims 1l to 16

. wherein at least one of the third and fourth elongate
connection means is an elohgate self-regulating heater
comprising two elongate connection means and a plur-
aiity_of electrical elements connected in paréllel
between them. :

18. A device according to claim 11 substantially as herein-
before described.

19. A device according to claim 11 substantially as herein-
before described with reference to and as illustrated in
- any one of‘Figuresllo, 13 and 16 of the accompanying
drawings. ' o
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