2118810 ELONGATE ELECTRI CAL ASSEMBLI ES This invention relates to

circuits containing elongate self-regulating heaters. Many el ongate
el ect al heaters, eg. for heating 5 pipes, tanks and other apparatus in
the c i cal process industry, conprise two (or nore) relatively | ow

resi stance conductors which are connected at one end to tE urce
and run the length of the heater, with a plurality of hea Laogﬁm
connected in parallel 10 with each other between the conductors.

advant age of such heaters is that they can, if necessary, be cut to | engt h.
In one class of such heaters, the heating elenments are in the-formof a
cont.inuous or segnented strip of conductive polynmer which |ies between the
15 conductors. In a second class, the heating elenents are in the form of
one or nore resistive heating wires which progress down thé I ength of the
heater and are connected at intervals to alternate conductors; such heatefs
are usually referred to as zone heaters. Zone 20 heaters, when cut to

| engt h, have a cold spot at the cut end, the length of the cold spot
dependi ng on where the cut is made. For nmany uses, elongate heaters are
preferably self-regul ating. Thls-chn be achi eved, for -exanple, in the first
cl ass given above, by using a 25 continuous strip of conductive polyner at

| east a part of which exhibits PTC behavior, and in the second cl ass, by
connecting the heating wire(s) to one or both
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30 Al though the conductors in such elongate heaters are of relatively Io
resi stance, there is still -2- afinite loss of potential between thekg
as the .di stance fromthe power source increases, and this limts the length
of heater which can be enpl oyed, since the power generated by the heating
el enents depends in part .upon 5 the pelgnrtial difference between the
conductors. The maxi num | ength of such a heater can be increased by

i ncreasing the size of the conductors, but this is expensive and results in
a heater which is heavier and has reduced flexibility. Another limtation

of 10 self-regul &higgx%éhﬁién'§ei§€ést9§'éd£@éi§§ aiifigly col d, is

often much I ess than their resistance at stea state operatlon
consequent |y t R&PRERLR §e#ﬁcﬁegﬁlﬁﬁ¥niu??%ﬁ?r%hen they are first swtched
on, and .therefore suffer fromthe problemof current inrush. 15 Anot her
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conducti ves20 pipesyntasksoandsether sappathatu®rin thethenﬂazﬁed in U S
TR 00%,  gro8nd®ogdntid CEamBLed ui5 %o ibie Pk Ay v
4,072, 848 4 oggsgggance conductors which are connected at one end to
the power source and run the length of the heater, with
a plurality of heating elements connected in parallel
N 10 with each other between the conductors. An advantage
of such heaters is thét they can, if necessary, be cut
to length. In one class.oflsuch heaters, the heating
elements are in the form of a continuous or segmented
strip of conductive polymer which lies between the
15 conductors. In a second class, the heating elements
are in the form of one or more resistive heating wires
which progresé down the length of the heater and are
connected at intervals to alternate conductors; such
heaters are usually referred to as zone heaters. 2Zone
20 heaters, when cut to leﬁqth, have a cold spot at the
cut end, the length of the cold spot depending on where
the cut is made. For many ﬁsés, elongate heaters are
preferably self-regulating. This can be achieved, for
example; in the first class given above, by using a
25 continuous strip of cgnducti?e polymer at 1east a part
of which exhibits PTC behavior, and in the second
class, by connecting the heating wire(s) to one or both
of the conductors through a'éonnecting element composed
of a PTC material.

of -t he conductors through a connecting el ement conposed of a PTC materi al l;

30
Although the conductors in such elongate heaters

are of relatively'low resistance, there is still
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of el 6ngmt theepbwer egounte nindeesses, camdrtlsisglimite| theat e el ectri cal

CO””GEEWEF”EE”ﬁeQEQfﬁwHiH%%éﬁybé’fe%f%édﬁaézﬁéénﬁﬁ ;%M:Ch are connect ed

in para ower to one of the
el ectgeearaégﬂ bxothenbe@tbmnshmems oiepends oxntmﬁer'aelm% and to the

oisher tRbepbtbABLaLoRNEEL ScaCEEEwEn | Hife CbdifIudtSLH] tlge device, via a
third connectio I n thi , the propl em of rrent inrush is
r educBA*ARYM, hﬁ d°goﬁﬁ?hd?s$??f%k|?ﬂPl ecﬁﬂ%ﬁ?ﬁipg A first aspect of
t he |mnenEaemngrbhedskzenoEItherccﬁductotm;tbutnthusohmrlses (1) an
e'OngékseﬁskbefSH&'?&é&ﬂt?efﬁeé M@é&é& which is heavzer and
has reduced fleXLbllltY. Another lzmltatlon of
10 self-regulatlng heaters is that thezr resxstance, when
cold, is often much less than thelr resistance at - k_)
steady state o ratlon: consequently they draw a much
larger current when they are first sw1tched on, and
therefore suffer from the problem~of current 1nrush.
15 Another 11m1taf-on of many heaters is’ that they can
only be powered by supply_voltages within a particular
range,

Elongate heaters of varlous klnds and conductive
20 polymers for use in such heaters, are disclosed in U. S.
Patents Nos. 2,952,761, 2,978,665, 3, 243,753,
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20 conprises (a) a first elongate electrical connection

nmeans; 25 ) (b) a second elongate electrical connection neansé%éb
and (c) a plurality of electrical elenents which are connected in parallel ™~
with 30 . : each other between the first and second

el ectrical connection neans; (2) a third elongate el ectrical connection
-4- neans; and (3) a source of electrical power which (a) is connected to
the one end of the first 5 =3~ connection neans and (b) is
connected to the opposite end of the second connection nmeans by the third
connection neans., .10, _. . A secon spegt of .this inventjo rovides an

el ectrical cirzgkqiiﬂﬁﬁﬁ?q§053§?§5§g(%f a§°VFr§F é?ﬁﬂﬁﬁ?ﬁagﬁafg?ﬁﬁh?ating
heat er whi ch cdyprdeferen®e.a) a first elongate el ectrical connection neans;
(b) a second elongate electrical 20 . connection neans;

and (cJj a pIuraIi%y of electrigal elements which are connected in parallel
wWith e have now discovered that substantial improve-~

5 ments can be made in the performance of elongate self-
regulating heaters éomprising two elongate electrical
connection means and a plurality of electrical elements
which are connected in parallel between them, by con-
necting the power supply to one of the electrical con-

: 10 nection means at one end of the device and to the other

k; electrical connection means at the other end of the
device, via a third conncction means. In this way, the
problem of current inrush is reduced and imprdved power
distribution is obtained.

15 .
A first aspect of the invention provides an
electrical circuit which comprises '
(1) an elongate self-regulating heater which
20 comprises
(a) a first elongate electrical connection
& 3 means;
L
25 (b) a second elongate electrical

connection means; and

(c) a plurality of electrical elements
which are connected in parallel with
30  each other between the first and
‘second electrical connection means;

(2) a third elongate electrical connection



each other between the first and 25 . ~second el ectri cal
c.'ect ion neans; (2) a second elongate sel f-regul ating heater which

ckibri ses 30 (a) a first elongate electrical connec- tion
nmeans; (b) a second elongate electrical connec- tion neans; and . (c¢) a
plurality of electrical elenents which are connected in parallel wth each
ot her between the first and second el ectrical connection neans; 5

and (3) a two-phase AC power “Source; one end of one of the connection neans
of the first 10 heat er being connected to the first phase of the-power
~saurce, the opprdéaﬁguiaﬁithe ot her connection neans of the first heater
bei ng connected to one ‘end of one of the connection neans of the second
heater; and the opposite end of the other connection neans of the 15

second heat ergPei N JHPEE IdH d1@dH cRAC PN ahe cf (lahe jgower source. A

third aspect of the present .invention prqQvides. an _electrical circuit which
conprises 20 (1) £Hegtes o rtg’&m% ﬁé‘%hg tZ"lhe\MfriIEﬁ%corrpri ses (a) a fu st
elpngate el ectri cadommution means and (b) is connected to '

the opposite'end of the second connection
means by the third connection means.

10 A second aspect of this invgntion provides an
electrical circuit which comprises o _ W

(1) a first elongate self-regulating heater
which comprises

15 _
{a) a first elongate electrical connection
means; '
. (b) a second elongate electrical
20 connection means; and
(c) a plurality of electrical elements
which are connected in parallel with ;-
each other between the first and ' U
25 ‘second electrical connection means;
(2) a second elongate self-regulating heater
which comprises
30 (a) a first elongate electrical connec-

tion means:

(b) a second elongate electrical connec-~
tion means; and



25 -

connection neans; and 30

tion nmeans; (b) a second elongate el ectrical jEQ
»,
L.

(c) a plurality of electrical

el enents which are connected in parallel with each other between the first T

and second el ectrical

connecti on neans; (2) a second el ongate

sel f-regul ati ng heater which conprises (a) a first elongate electri cal

connec- 5
el ectrical
el ectri cal

el ectri cal
ti.on neans;

second~€l ectri cal

~

connec-

thﬂ neans,

tion neans; (b) a second el ongate

and 10=5- (c) a plurality of

el ements which are connected in paraIIeI mﬁth each ot her between

the first and second el ectri cal g 3 a
third el ongate sel f-regul ati ffhedt & mléﬁyc@rf‘pﬂlﬁ§r€-5)alaeﬂ-ﬂ“§f‘ &l ongat e

connec-

5

10

15

20
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30

ti on means;

COﬂﬂECtIOﬂ neans,

20 wHich a&@cmn@l&r@aatm paealllie¢alviennnec-

and (c) a plurality of elkgcér# calrlP L g{e\,\éi‘ﬁ ?ﬁgsﬁ apd o

whi ch are connected in paraIIeI\Mﬁﬁ?

(3)

connecti on neansecond electrical connection means;

and

a two-phase AC power source;

one end of one of the connection means of the first

heater being connected to the first phase of the power

source, the opposite end of the other connection means

of the first heater being connected to one end of one -
of the connection means of the second heater; and the
opposite end of the other connection means of the

second heater being connected to the second phase of

the power source.

A third aspect of the-présent invention provides an
electrical circuit which comprises

(1) -

a first self-regulating heater which

comprises

(a)

(b)

{c)

a first elongate electrical connec-~
tion means;

a second elongate electrical
connection means; and

a plurality of electrical elements
which are connected in parallel with
- each other between the first and
second electrical connection means;



and_ 30

tejfconnection means of each of the first,

ddbhected to the

(4) a three-phase AC power source; one end of one of

bei ng connected to a different phase or to each other. 5 In circuits’
according to al
el ements (c) may be provi ded~6for exanple, by a continuous strip of a -
conductive polyneric material which

el ectrical ele-

the potenti al

(

n

{dPNEAtS Sl ar
first and second el agfiloh Wompiigest i on neans. 15
connected in the circuits.in the manner according to the invention,
two con- nection neans have the sane inpedance (as is usually the case), .
drop HBa&hean fiilxst: wlongatec elecsrirednsonges-m | ar (and, Ngh

theory at |east, 20 can Q9°hh§“?ﬁ§§

the far end. This balancing o
| eads to substantially inproved performance. In addition, the
vol tage dropped over(knach @lecond @longate etecitikbaiscbhaacthe voltage

tion means; and

heat er

10

15
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30

(3

(4)

aspects of the invention, the plurality of electrical

second and third heaters being
-7- first, second or third phase of thé power source,
and the other ends of the other connection neans of each of the heaters.

exhi bits PTC beha- 10 viour. . Such a
stripis electrically equivalent to a plurality of closely spaced discrete
& ediand, egril

Atdaghh8ARBE bet ween t he

) at the near end of the heater as at

potential drop over the length of the

(c) a plurality of electrical elements.
-which are connected in parallel with
each other between the first and
- second electrical connection means;

a-third elongate sélf-regulating heater
which comprises

(a) a first elongate-elecfrical connec-

tion means:

(b) a second elongate electrical connec-

tion means; and

" (¢) a plurality of electrical elements
which are connected in parallel with
each other between the first and

- second electrical connection means;

and

a three-phase AC power source:;

one end of one of the connection means of each of the
first, second and third heaters being connected to the

When the heaters are
and t he



25" dropped over the elenents (c) nearest the power source when the heater
is connected in the conventional way. The reduction in the voltage dropped
over the elenents (c) is particularly nmarked when the third connection
means has.substantial inpedance. Furthernore, by 30 connecting a
self-regulating heater in this way, the problemof current inrush is
substantial ly reduced: In.addition, since the power supply is connected to
t he second connection neans (at the of{ar end of the heater t hrough t he
third connection neans, which can be of any kind, very valuable results can

be obtained by gorrela-_ ti of &?e roperties of the third connec%ion

neans with the {%ﬁﬁﬁﬁuﬁﬁco e & ﬁﬁ#iﬁ%aﬁﬁ BngSSUPQVthgpPrge' pBEative

i mpedances and theiother iendsomfiitihe oherpecanect iokxmephesobf eaaht abl e

g e et COné Weadtid L P Wsholddtlt I3 o( 1) pdrEelBhe GRALUCHO! eoc- O 2
1 iC g) as

W re or “netal strip, an 1 npédance whi ch does
not va™ subst BATHIPENSGr t he tenperature range of operation and which is
substantialgy the 15 sanme as, or substantially |ess than,

or substanttally greater_than, the inypedance, qf each,of the first and
second el ectri - calfaxﬁﬁﬁﬁﬂﬁ REHE fnGi%?Oali aspacts °%b§hehas an
i npedance whi chimesteiaes thé pglaraliityl lof alecheitaipelemenesi ficdemaes; or

(c) has an i npegance,whidd), | #ir Sa5aD1RUP By A continuous strip of a
conductive polymeric material which exhibits PTC beha-
- 10 Viour. Such a strip is electrically equivalent to a
\_ plurality of closely spaced discrete electrical ele-
ments connected in parallel with each other between the
first and second electrical connection means.

15 When the heaters are connected in the circuits in
the manner according to the invention, and the two con-
nection means have the same impedance (as is usually
the case), the potential drop between the two connec-
tion means is similar (and, in theory at least,

20 can be the same) at the near end of the heater as at
the far end. This balancing'of the potential drop over
the length of the heater leads to substantially

N improved performance. 1In addition, the voltage dropped
(\ over each of the elements (¢) is less than the voltage

25 dropped over the elements (¢) nearest the power source
when the heater is connected in the conventional way.
The reduction in the voltage dropped over the elements
(c) is particularly marked when the third connection
means has substantial impedance. Furthermore, by

30 <connecting a self-regulating heater in this way, the
problem of current inrush is substantially reduced. 1In
addition, since the power supply is connected to the
second connection means (at the other end of the heater



ly as the tenperature increases; 25 (2) another electrical device, eg.
f- regulating heater, conprising two el ongate el ectrical connection
‘and a plurality of el ectrical el ements which are connect ed in 30
parallel bet ween them and (3) when a DC power supply is used, a ground
connecti on. -9- The heaters used in the present invention are usually
physically |located so that one end of the heater is nearer. to the power
supply than the other. Accordi&mly, for ease and clarity in describing-and
5 claimng the invention, the terms "near end" and "far end" are used in
this ecifi.cati t.0 dent | . he ends of the el ongate connection nmeans
and t% %'sh B'Th Cin on means;, whd chn Fansbeo@E RB¥ever, that the
i nventhmi.l manmezanmm Yeastilds mueuaemtaeneaarbya&geéelag in a loop, so

that t r su .t han the "near end" or so
t hat the near and %ﬂor% 3’5 arotgoé:%ﬁ 5’%3‘ FOPF‘%F#?H’@ 5‘8\?@? supply. 15
The i Ridh Qh?|§?ﬂ§ﬂn@?FT&ﬁb@huycnhcuacconpaﬂytngudaawmhgs; in which Figuse

| %Oss a:aaaawmmpéaa\ﬁc@g %fndat(f:@l‘fe'%arﬁ'aQE%h gEhC%aﬁkuctlve polymer strip

ater whi ¢ch conp es conductors 1 and
perature. Examaies of sditable th rd electrical con-

nection means include -

(1) a simple conductor, e.g. a wire or metal

10 strip, which ¢
(a) has an impedance which does not vary
substantially in the temperature range of
operation and which is substantially the
15 same as, or substantially less than, or
substantially greater than, the impedance
of each of the first and second electri-
cal connection means; or
20 (b) has an impedance which decreases substan- -
tially as the temperature increases; or
(¢) has an impedance which increases substan- ,“)
tially as the temperature increases; L
25 ' '
(2) another electrical device, eg. a self-
regqulating heater, comprising two elongate
electrical connection means and a plurality of
electrical elements which are connected in

30 ' parallel between them; and

(3) when a DC power supply is used, a ground
' connection.



enbedded in a conductive polynmer strip 11 and which is conventionally \
connected to a power supply 8; 25 Figure 2 is a diagrammtic
view of a conven- tional zone heater which conprises heating wires 15 ?'
connected.to conductors 1 and 2 and which is conventionally connected to a
power supply 8; 30 Figure 3 is a diagrammatic view of a conductive polymer
strip heater as in Figure.1 which is connected to a power -10- supply
through & third connection neans 3 to%ovide a circuit of the invention;
Figure 4 is the equivalent circuit of Figure 3; 5 Figure 5is a

cross-section throygh C osi te devi whi ch conprises.a heater and a
third connection nggﬂiehﬁéggiﬁMPﬁﬁQagPa FE&FF?%|Hn¥F§§F8n3?IFhe heater 10
and t he connectusuakigarphysdical Jyr ddcddednisioh thatuloae egdpofykbei ¢ j acket s

12 and 34 respeﬁwﬁa Yig %@é%&% ggHégnggggﬁf ttﬁahniuga&ﬂarbody 41

whi ch connects ater t he conn
Figure™ is a AIRPEHAZIY \foryexse aadhelarity in describing and

5 claiming the invention, the terms "near end" and "far
end" are used in this specification to identify the
ends of the elongate connection means and the heaters
containing them. It is to be understood, however, that
the invention includes heaters which have been

L 10 arranged, eg. 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.

15 The invention is illustrated by the accompanying
drawings, in which

Figure 1 is a diagrammatic view of a conven-
‘tional PTC conductive polymer strip
20 : heater which comprises conductors 1 and 2
embedded in a conductive polymer strip 11
and which is conventionally connected to
A a power supply 8;

25 Figure 2 is a diagrammatic view of a conven-
tional zone heater which comprises
heating wires 15 connected to conductors
1l and 2 and which is conventionally
connected to a power supply 8;

30

Figure 3 is a diagrammatic view of a
‘conductive polymer strip heater as in
Figure 1 which is connected to a power



%

heater in which heating wires 32 are connected to conductors 1 and 2

t W axgh 20 PTC conmponents 31 and which is connected to a
poi%hfsource to provide a circuit of the'invention; Figure 7 shows the
currént in the circuit of 25 Figures 1 and in the circuit
of Figure 4 as a function of time imediately after the circuit has been
conpl eted; Figure 8 shows how power is generated, during 30

steady state operation of thel@trcuits of Figures 1, 2 and 4, between the
two ends of the heater; Figure 9 is the sane as Figure 3, except that
the near ends of the first and second conductors are connected to each
other through a resPapPBlY3through ga,ehixd jconnretion Beans ghire 3 except

that the near ends g6 phevi@8dacéDiSuilt 30 Ehél Enediisi £d to each ot her
through a voltage-limting device 36, eq. a Zener 10

di ode. Figures 11 to 15 are circuits in which two conductive polyner PIC
heaters are coRigured4t bsatheoeghival embecrisouiteof oFigure 3; ¢
f%rn1circuits of the invention; Figures 16 to 19, .28 and 29 are circuits in
Figure 5 is a cross-section through a composite
" device which comprises a heater and a
third connection means as shown
‘diagrammatically ‘in Figure-B, the heater
10 ‘and the connecting means being provided
with insulating polymeric jackets 12 and W/
34 respectively, and also comprising
polymeric insulating body 41 which.

-

connects the heater and the connectzon
15 ' means;

Flgure 6 is a dxagrammatxc view of a zone
heater in which heating wires 32 are
connected to conductors 1 and 2 through

20 PTC components 31 and which is connected
to a power source to provide a circuit of
the invention; '

Figure 7 shows the current in the circuit of L
25 Figures 1 and in the circuit of Figure 4
'as a function of time immediately after
the circuit has been completed;

Figure 8 shows how power is generated, during
30 steady state operation of the circuits of
Figures 1, 2 and 4, between the two ends
‘of the heater:; I '



whi ch three conductive pol ymer PTC heaters are connected to a three phase

20 power. source to formcircuits of the invention; Figure
20 to 26 are cross-sections through conposite devices suitable for use in
25 o : Figures 13 to 19, 28 and 29; and Figures 27 is a

di agrammatic view of a test circuit used in the Exanples. 30 For

brevity and clarity in describing the present invention, the term "el ongate
paral lel heater" is used in this spectrilcation to denote an el ongate

sel f-regul ati ng heater which preferably has a length of at |east 330 ft and
whi ch conpri ses -12-.éab a first elongate electrical connection neans;
(b) a second el ongate eFeGBFRCAI 180kRRCEMMP AR FIUEHPB 5 §%FeRE ihatal ity of

el ectrical elenents which ar eheonaset eflds nopatie | £1rat tdhEagdedider bet ween
the first and second connection ectri,cal,.circuits of

n @nsS 10 n The e% e

the présent invention conprigg ?ﬁ? 2k e?Bﬁg%T% ?ﬁﬁ?ﬁl ? ?ﬁﬁﬁeﬁ, %hd 15

(2) a“ﬁomer source which i sthoanegbt @adrégistohi35; el ongate el ectri cal

connectionsneans to the near end of the first connecti on neans of the

Figure 10 is the same as Figure 3 except that

the near ends of the conductors 1 and 2
are connected to each other through a
voltage-limiting device 36, eg. a Zener

10 diode.

< -

Figures 11 to 15 are circuits in which two
conductive polymer PTC heaters are
connected to a two phase power source to

15 form circuits of the invention;

Figures 16 to 19, 28 and 29 are circuits in
which three conductive polymer PTC
heaters are connected to a three phase

20 power source to form circuits of the
invention; '

N { Figures 20 to 26 are cross-sections through
— composite devices suitable for use in
25 Figures 13 to 19, 28 and 29; and

Figures 27 is a diagrammatic view of a test
circuit used in the Examples.

30 For brevity and clarity in describing the present -
invéntion, the term "eiungate parallel heater™ is used
in this specification to denote an elongate
self-regulating heater which preferably has a length of
at least 330 £t and which comprises



g;r (1) and to the far end of the second connection neans of the heater -
<‘0 As indicated above, a wde variety of third electrical connection
meaks” can be used to connect the power source to the far erid of the second
connection nmeans. The third connection neans can be physically separate .25

from or physically secured to (but electrically insulated from the

el ongate parallel device. The arlous el ectrical connection neans wll

of ten be sinple conductors, W&ICh can be conposed of the sane 30 or
different materials, e.qg. round metal wires (which may be solid or .
stranded) (@) f lalfimaitalelshgR® 1@et#1@a30BhhERE 15h RbYnEST €T M ed to herein
as conductors. It is to be understood, however, that any form of - 13-

el ectrical connection. neans can be used. Gbnerally it is desirable that in
the (or eddd) & segand pdongatle edacerichld) cohfettish mednsecond conductors
~are substantiallys the sane as each other; (b) each of the 5 conductors,
has substantially the sane cross-section throughout the length of the \»
de¥%ice; (c) the resistance of the conductors is as low as i s consistent

with ot her(d)acta0ipuzrddli £3s o\fekeqaktr&lcsil inehbutandhieﬁt arand (d) the

conductors are at a onst.ant ance fromeach 10 her (they may be for
exanmpl e, strai §f® HQIP@J? E% Bﬁ&?lGE§Py°ﬁBPEdbe§weﬁaracter|stlc
feature of thetMEeiamsu andniieednds cohaectlion inBansi.rst and second
10 The electrical circuits of the present invention .
comprise ' ' : ' v
o/
(1) an elongate parallel heater; and
15 (2) a power source which is connected by a third
elongate electrical connection means to the
- near end of the first connection means of the
heater (1) and to the far end of the second
connection means of the heater (1l).
20 B |
As indicated above, a wide variety of third electrical
connection means can be used to connect the power
source to the far end of the second connection means. RN
The third connection means can be physically separate L,j

25 from, or physically secured to (but electrically
insulated from) the elongate parallel device.

The various electrical connection means will often
be simple conductors, which can be composed of the same
30 or different materials, e.g. round metal wires (which
may be solid or stranded) or flat metal étrips, and are
sometimes simply referred to herein as conductors. It
is to be understood, however, that any form of



connection nmeans are the sane, the potential drop 15 bet ween themis
stmlar at the near end of the heater as it is at the far end of the e
device. Theoretically the potential drop can be the sane at the near enqﬁgb”
and the far end, but in practice, variations in electrical and/or thernma
characteristics along the length of the 20 device can result in

substanti al deviations fromtheory. hb{ﬁrtheless t he bal anci ng of the
potential drop along the length of thé*R€ater is nmuch better than when the
near ends of: the fi.rst and second connection neans are connected to the

power sour ce. v I nge ngt hs
to be used. The é%%c |%;ﬂ %%ﬁgﬁgg %2§hg ng ﬁ?ego éegéééfkﬁcﬁglenent
whi ch can be chﬁxﬂRﬁi&ﬂbkﬁ(ﬁh@¢u6m|¢éepdbyWBRCbﬂ GlcegahﬁcparthFIC:elenent

can itself be 3Ratddle @Ol Etﬂée%tz'r@l %harr%at-ona' ESEH@Et&EEYakE can have a
ZTC resi'stive he t| g el in series with i1t The nentsglg%%can be

in the>f orm of SHPS éﬁh&réﬁf“ecéﬁpﬁégﬁ SFhﬁrcoﬁBElcFFGB B The
conposi tior of conddbtoﬁduhamomdm&&am&iaﬂlyntheebaﬁentrﬂns -Bactbensane

tuo of mor e 1 oriidtelie (HE TalGC R She BePlclin IS, SHE kepTaraRFR ' o
el ectrical 5 chf dthedandustors: iist asadowe aanisl eppaistenthwibhspther

essentially of @a&mscm:ptasvezqulmenerfmhs@ﬁw”aaa wbkeh spartases a ZTC
conponent el enent and at | east oné onponent_ el enent,  for exanple at
| east one PTC the conductors are at a constant distance from each

- 10 other (they may be for example, straight or spiralled).

L

: As previously noted, a characteristic feature of
the present invention is that when the first and second
connection means are the same, the potential drop

15 between them is similar at the near end of the heater
as it is at the far end of the device. Theoretically
the potential drop can be the same at the near end and
the far end, but in practice, variations in electrical
and/or thermal characteristics along the length of the

20 device can result in substantial deviations from _
theory. Nevertheless the balancing of the potential
drop along the length of the heater is much better than

. when the near ends of the first and second connection

(N means are connected to the power source. This improved

25 balancing enables longer circuit lengths tolbe used.

The electrical elements (c), preferably comprise a
PTC element, which can be composed of a conductive
polymer or a ceramic. The PTC element can itself be
30 the sole heating element; alternatively it can have a
ZTC resistive heating element in series with it. The
elements (c) can be in the form of at least one element
composed of a conductive polymer. The composition of



conmponent el enent whi ch surrounds one of the elongate 10 conductors.
angggfr enbodi nent of the invention, the elenents (c) are in the form of

on

obt
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t he
of

t he
con
t he
con
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of

con
one

In

more heating wires which are connected at intervals to the tw 15
conductors through PTC elenents. A wide variety of different effects

ained by correlating the electrical characteristics of the el ongat

can be

e

all el heater and of the electrical 20 connection neans whi ch connects

power source and the far wkd of the second el ectrical connection
the elongate parallel device. For exanple, in the sinplest circuit
invention, as,illusirated for exanple in Figures 3, 4 and 6, the
necti@rconductive palymer e AR e BRI $3Me el ectrical charac

ci terbughiependsr vedy vawh; othddeche| ddridiretifad Pgollyarsg of third

nmeans
s of
third

ter of

ar e} el 2 TS s £ORRE " ot hartat AT The 30t mpedange

theexmu@mm¢mmmmmm plirtfierends iglidotr isalpart or al |

”Bedaéﬁfrféf'ei@fstﬁ'émtéi/%@rcﬁ?ﬂzé'érﬁt 1vanerit0rwtﬁwm&.s.t dhird

necti on can. be a SECT ect current tracing heater.
cl%l%%e‘b‘l”'@f%u?fsa oRNRiie Rokymex 1% A SlARenton neans i s

cﬁ\the

In

subst xthich | yompsisédan, ZTC ecfam&ﬂen& aslsenidit) dhdb dt rm%asuoart icularly less

t ha

10

15

20

25

30

n o Eet#ﬁ“?sco&ﬁ‘&néﬂ@ egf‘&feen of £6¥ hexoafmptlrée aftl rlsea.sal:n one - PTC
component element whxch surrounds one of the elongate
conductors.

Zun another embodiment of the invention, the
- elements (c) are in the form of one or more heating
wires which are connected at intervals to the two
condrutors through PTC elements. -

A wide variety of different effects can be obtained
by correléting the electrical characteristics of the
elongate parallel heater and of the electrical
connection means which connects the power source and
the far end of the second electrical connection means
of the elongate parallel device. For example, in the
simpléét circuits of the invention, as illustrated for
examplé in Figures 3, 4 and 6, the third connection
means is a simple conductor, and the electrical
character of the circuit depends very much on the
relative resistances of third connection means and the
components (a), (b) and (c¢) of the elongate parallel
heater and any change thereof with temperature. The
impedance of the third connection means can be purely
resistive or part or all of the impedance can be
inductive or capacitative; for example the third
connection means can be a SECT (skin effect current
tracing) heater. '

N

—



5 second conductors, at |least at roomtenperature and generally also at
hi gher tenperatures, eg. .throughout the range 25 to [err], and preferabl{
at all tenperatures likely to be encountered in use of the device. 10 In a ~*
second class of circuits, the inpedance of the third connection nmeans is
substantially the same as eg. 0.9 to 1.1 tines, the inpedance of each of
the first and second conductors, at |east at roomtenperature and 15
general ly also at higher tenperaturestl®yg. throughout the range 25 to 200
C, and preferably al so at all tenperatures likely to be encountered in use
of the device. athird ¢ laszOf circuits, the inpedance of the

third connectlon né&n?“?s°§8ﬁ§taﬁtFéFF9 $ eathe %WEﬁﬁaﬁﬁ%ﬁ?ﬁeﬁﬂﬁ'nnre t han
1.2 tines, espedizdl yonneetibanmdahsnNes, s@astsntnaﬂfytlé§§ tﬁéEEInpedance

f h f th
Cenperature andrecareiy, 1680RnER 0LE Pigins pafEicately ee than, e
rangeFEf?] andOp etém&gbythesemaedanceteﬁpea@humésthek5495t0mht encountered
in use of the dawopa. cbadaeebrslﬁrsu' téasthstttﬂ% &ﬁk{@f&%
| butin o the povver output of

functions as a serie eater contr
the heater. Uﬁ&@P'ﬁiﬁﬂaPlﬁP at §§EBG§ S?EPﬁﬁaEEEF%tlﬂb cHhrpughanrt the
ratio of the irhedzangeoRs(&o0d20060al | andupreédérasesstiraly the heat

generated by) EQEgEQhEQ:&Q”E?E&i?”to be encountered in use of the
device.
10
o In a second class of circuits, the impedance of the
third connecticn means is substantially the same as eg.
0.9 to 1.1 times, the impedance of each of the first
.and second conductors, at least at room temperature and
15 generally also at higher temperatures, eg. throughout
the range 25 to 200°C, and preferably also at all
temperatures likely to be encountered in use of the
device.

20 In a third class of circuits, the impedance of the
third connection means is substantially greater than,
preferably more than 1.2 times, especially more than 3
Lo times, eg. 3 to 15 times, the impedance of each of the
- first and second conductors, at least at room
25 temperature and generally also at higher temperatures,
eg. throughout the range 25 to 200°C, and preferably
also at all temperatures likely to be encountered in
use of the device. 1In such circuits, the third’
connection means functions as a series heater, thus
30 contributing to the power output of the heater. Under
normal (i.e. steady state) operating conditions, the
ratio of the impedance of (and usually but not
necessarily the heat generated by) the third connection



ns to the inpedance (and usually but not necessarily the heat generated
b he parallel heater may be, for exanple, from0.05 to 20, preferably
0} 0 2.0, particularly 0.1 to 0.5. There may be sone | oss of the |ocal
selT-regulating characteristic of the PTC heater, because the third
connection means continues to generate heat until the whole of the PTC
heat er has been converted to ifie_hi gh i npedance state. Under the expected
operating conditions of the heater, therefore, 10 t he heat output of ‘the
PTC heater is preferably 2 to 15 tines the heat output of the third

connechédis M@ NEhe Tiifpedendd Gk wdately tithd i iy d connection

means al so results in a substantially |ower proportign of the applied
vol taggh%(e)ll"%% TR hY ee-l%ﬂﬁ‘;%’t]sellé‘eat(% mAY they didfgat e paral | el

heat erexampke § ofx ot €lGSstof2@; rppefexablie GJ1 b @uonecti on means has an

I nped ' ' S idh t ' yre._ The Jjncre can be small ;- as
in a 2%%%%“%%%?8‘?\2? tFeféesfly\fs‘ntf'ance r%’ S‘Kqﬁ}e eers’pnbeg.lo[sr,?e qaéqe}&fance at [ erd
cas belacalisebftrequlating igharacteristis df the ATCtheatier,, t he i ncrease

can bepécaudé Vehe tRIEEP, coifnddt h PR DARIdE rd1eat er as ‘defined in
whi ch the co nent%ﬂéci“are pr.ovi ded by a PTC con&hctive pol ymer 25
stri p,g?rb?r%éggﬁﬁitt L thels of e 8TG heaten S desP can be at

| east dénvértesd its thedligiccimiedaticdd .staten fithdercltws of circuits, the
third giﬁggg 4 O jmed whch decregses wth tenperature, 30
eg. whicC atéct e‘% 'S %gorﬁ}aénl %aqr%cﬁé'se %ﬁ”gﬁe r'a%li?rle ¥ S%han 0.2 tines,
i 10 i n‘if@%ia‘?ﬁ,%t aRutent |of Stheh BIQ Higatesorise priefienakdys a0 déntrol current .
| nr ushe vhdd1Othe Need ot Y Idle IVHIGH WoANE S on HeHls . _ v
The use of a relatively high impedapce_third,connection et
means also results in a substantially lower proportion
of the applied voltage being dropped over #he elements
15 (c) of the elongate parallel hgater.

In a fourth class of,circnits, the third connection

means has an impedance which increasés with tem-

perature. The increase can be small, as in a conven-
20 tional resistance wire heater, eg. the impedance at

300°C can be 1.2 to 2 times the impedance at 25°C.

Alternatively, the increase can be relatively_largé, as

in an elongate parallel heater as defined in which the .

components (c) are provided by a PTC conductive polymer '
95 Strip, for example the impedance at a temperature below
' 300°C can be at least 10 times its impedance at 25°C.

N~ Y

In a fifth class of circuits, the third connection
means has an impedance whch decreases with'temperature,
30 eg. which at 150°C is less than 0.8 times, preferably
less than 0.2 times, its impedance at 25°C. Such_é
third connection means can control current inrush
without having substantial impedance.under normal
operating conditions.



resi stance i s connected between the near ends of the first and second
connection -means of the elongate parallel heater. Such a circuit is
illustrated in Figure 11. The resistance 5 is preferably selected so
that it is substantially higher than the inpedance of the heater at 25C and
conparable with it (e:g. 0.5 to 5 tines preferably 0.5to 2 tines) at
normal operating tenperatures; in this , t he vol tage dropped over the
paral | el -connected 10 = elenents at ot Tra operating conditions is
reduced. In a seventh class of circuits, a voltage-limting device, e.g. a

Zener diode, is coppect t .t f t second
connecti on neans o?H é §9x€§ gﬁggfeQE é%f%ﬁeggkt (514%§ Eﬁéi W%e s
i | lustrated i ncPhgaeted 2betiweey otherear mndmg:ﬂd:he:efmm tsmtomdhe

vol t age dr oppe I S GRINIQYr EXGRRE a
pr edet & ni ned ggﬁﬁgétiébﬁ BEkAs! 5t - %P%%ﬁ}a@ébove P’he third el ongate

connect i on neaﬁscéﬁﬁ“FPséFf1%%P%$F%ﬁ?ﬁmﬁﬁefkﬁﬂ%ﬂIkﬂ héheerresfd st@mcfed, and
t he i nventii on iscprdéarabbynbelectedado ﬁhéuﬂiﬁlﬁslsuﬁsdanrﬂaMMytS whi ch

conpri se a t wo r h p nd I ate
paral | el hgéh{*grgﬁ%ﬁ? g’z?l e%&i?igg J’% %f r‘iev%e ﬁt eréﬁl he sane,
but can be di f Femparablanyithuitnbe.qd 10.Dfta Hedumss (RHetfsr@zhim i0sd a
nleutralt, and wegn2t ReKed?. at NRoPfal ' Sper st ST Eanid patiirdd 06%h Bhidn

€ 9”9a € way, the voltage dropped over the parallel-connected

i/f' 10 elements at normal operating conditions is reduced.

operating conditions. -17- In a sixth class of circuits, a fixed €§§5

In a seventh class of circuits, a voltage~limiting
device, e.g. a Zener diode, is connected between the
near ends of the first and second connection means of

15 the heater. A circuit of this kind is illustrated in
Figure 12. The voltage~limiting device ensures that
the voltage dropped over the parallel-connected ele-
ments cannot exceed a predetermined value.

20 As indicated above, the third elongate connection
means can itself be an elongate parallel heater as
. defined, and the invention includes a number of par-
K,; ticularly useful circuits which comprise a two or three
phase power supply and two or three elongate parallel
25 heaters as defined; these heaters are preferably the
same, but can be different. Many, but not all, of
these circuits comprise a neutral, and when they do,
the neutral is preferably provided by an elongate
electrical connection means. However, it is also
30 possible to use a floating neutral.

Thus an eighth class off circuits of the invention
comprises



g neutral. Thus an eighth class of circuits of the invention

conp¥t ses (1) a first elongate parallel heater as defined; (2) a second
el ongate parallel heater as defined; and 5 (3) a two phase AC power source;
one end of one of the connection neans of the first heater being connécted
to the first phase of the power 10 source; the opposite.end of the other
connection neans of the first ;Reater being connected to one end of one-of

t he connection neans of the séCond heater; and the opposite end of the

ot her connection neans of the second heater being connected to the second -

phase of 1) WLt paPaii@1okektele ot Bokihedlso | ncludes a
further electrical connection neans whi ch connects the neutral of the power

source to the connection between the two heaters. Various circuits of this

kind are df2own a rsedopdr @lohyatte barallledhheltbieaBedbEazhegpnnec- 20  tion
which is preferghly present is shown as a broken line. Preferred circuids
(gecause they are bal anced) are those in which the near ends of the first
connection nmeans of the two elongate parallel heaters are connected to the

first and (gaconrd Wmsreeiee%\égl &o?ﬁ:ch'?e 25 power supply and the far

ends of the second connection neans of the two heaters are connected to
each ot her B : : Co
one end of one of the connection means of the first

heater being connected to the first phase of the power

10 source; the opposite end of the other connection means
of the first heater being connected to one end of one
of the connection means of the second heater; and the
opposite end of the other connection meanS-of the
second heater being connected to the second phase of

15 tlie power source. Preferably the circuit also includes
a further electrical connection means which connects the
neutral of the power source to the connection between
the two heaters. Various circuits of this kind are
shown in Figures 11 to 15, in which the neutral connec-

20 tion which is preferably present is shown as a broken
line. Preferred circuits (because they are balanced)
are those in which the near ends of the first connection .
means of the two elongate parallel heaters are connected ' v
to the first and second phases respectively of the .

25 power supply and the far ends of the second connection
means of the two heaters are connected to each other
and to the neutral of the power supply, as shown in
Figure 11 for heaters which are physically located
side-by-side and in PFigure 14 for heaters which are

30 physically located end-to-end.

ele‘? I cal connection neans. However, it is also 30 possible to use a
fl od¥n

-y

C

A ninth class of circuits of the invention
comprises



whi ch are physically | ocated side-by-side and in Figure 14 for heaters

whi ch are 30 physically | ocated end-to-end. A ninth class of circuits

t he i nvention :conpri ses -19- (1) a first elongate parallel heater as
defined; (2) a second elongate parallel heater as defined; 5 (3) a
third el ongate parallel heater as deflﬂgd; and (4) a three phase AC power
source; 10 one end of one of the conh&ction neans of each of the first,
second and t-hird heaters being connected to the first, second or third
phase of the power Urgeg; r Jon means
of each of the heafg?s efﬁgggo%g§%§%ggtggggiﬁéie§é§§g%2%%é§ 2?%% 15
connection) or to each other (star connection). Wen the other ends are
connected to each qphera LBEHRA! E18ngate SarPPLeL hdatde 4d 'dd¥inadid the
circuit preferably includes a further electrical connection neans which
connect$ the neutral point and the neutral of the power 20 source. However,
a floatinggneutral (8an al shib@ elengabt@rparsllel chedtsernfad Mefided; are
shown in Figures 16 to 28 and 29 in which the preferred neutral connec-
tion is shown as a broken'line. Figure 28 is a par- ticularly preferred,
bal anced circuit. 25

(4) a three phase AC power source;

and to the neutral of the power supply, as shown in Figure 11 for heaters‘r\
‘l!'
O

: 10 ©one end of one of the connection means of each of the
\v; first, second and third heaters being connected to the .
first, secord or third phase of the power source, and
. the other ends of the other connection means of each of .
the heaters being connected to a different phase (delta
15 connection) or to each other (star connection). When
the other ends are connected to each other, there is a
neutral point in the circuit and the circuit preferably
includes a further electrical connection means which
connects the neutral point and the neutral of the power
20 source. However, a floating neutral can also be used.
Various circuits of this kind are shown in Figures 16
to 19, 28 and 29 in which the preferred neutral connec-
: tion is shown as a broken line. Figure 28 is a par-
- ticularly preferred, balanced circuit.
25 |
When the circuits of the eighth and ninth classes
comprise an elongate connection means which carries the
circuit current, as in Figures 12 to 15, 18, 19, 28 and
29, then the impedances of the connection means and of
30 the elongate devices (and their variation, if any, with
temperature) can be correlated in order to obtain
desired results, as generally discussed above.



COF tion neans which carries the circuit current, as in Figures 12 to 15,
18 9, 28 and 29, then the inpedances of the connection neans and of 30
the el ongate devices (and their variation, if any, with tenperature) can be
correlated in order to obtain de®ded results as generally discussed’
above. 20 In Figures 11 to 19, 28 and 29 the various heaters are shown
as conductive polymer heaters, but the sane circuits are very suitable-for

- use wt hImtmtg'umésmg‘at'ﬁ: plagalaaelarmela‘g theg Wadliong Ih@a]t@li'b% ayhen the

elo | t f the ei and ni nth cl asses,
are physi (F:?%I Y l'Fdocaé ecfespsoc}’ﬁ J‘%Sel s lét’h(saof/&ca&' “p &2, 8 RC81EBom each ot her
or ARAi Y Sudaklks far e W{Qherotffﬁlre elanigade @Iaoagé.teé sedfect i on means

rm&xkghdxhgxﬁgﬂﬁggtéﬂya different circuits can |ikew se be separate fromthe
other circuit conponents or physically secured to one or nore of them

Co t wh b th ts of th hth and ninth
o nooes Wl i o dieahel Hheal et eabend d% ERenadr oy toantn and ar e

cl ai the ekstmmla;ld)nulntmmhasatesqn e dhysiealllyPQotated2sidev)]. Cur

Di vigy odede AniHd i HdrP b STarARS g?'%mﬁ 2o oEREROB! ﬁp? \! %ﬁﬁg"m' ch are

SU|tabIe for us€ in the circuits present inve h conprise a
t wo- TS D Le ash pkher podde Janieas @ﬁ@§§a§§cppan§06ﬂ°partlcular

exampams ofeeiexh tie\oupd etiee tHROWI fifereindUePcd@th0 ol 1iReGdsh Of which a
tl"“%é“ségarate from the other circuit cdmponents or physically
Secured to one or more of them. | '

Mh§§§ihe circuits of the eighth and ninth classes conprise an el ongate

Composite devices which can be used in the circuits of
the eighth and ninth classes include those defined in
paragraphs (1) and (2) below and are claimed in Divisional
Application No 8525177 [MP0812 GB2 (Div)l. Our Disisional
Application_describes'and claims composite devices which are
suitable for use in the circuits of the present invention
which comprise a two-phase or three-phase power source.
Cross-sections of partidular'examples of such devices are
shown in Figures 20 to 26, in each of which a tube 41 of
insulating polymeric material phySically connects at least
one PTC conductive polymer heater (101, 102 and 103)'having
an insulating polymeric jacket and at least one wire conduc-

tor (111, 112, 113 and 114) having an insulating polymeric Ny

jacket.

(1) Composite devices which comprise at least
two elongate parallel heaters as defined, and
which can also include. one or more-  elongate
connection means. Figures 20, 21 and 22 show:
devices of this type. The device of Figure 2.
is suitable for use in the circuit of Figure
11; it 'is to be noted that the neutral connec-

4

i



i nsul ating polymeric material physically connects at |east one PTC =
conductive pol ynmer heater (101, 102 and 103) having an insul ating polyneriaéﬁs’
j acket and at |east one wire conduc- tor (111, 112, 113 and 114) havi nhg an~—

i nsul ating pol-ymeric jacket. (1) Conposite devices which conprise at |east

two el ongate parallel heaters as defined, and which can al so include one or
nore el ongat e connecti on neans. Figures 20, 21 and 22 show devices of this
type. The device of Figure 20 is suitzhle for use in the circuit of Figure

11; it is to be noted that the neutral connec- -21- tion neans Ill in

Figure 20 (and |likewi se in Figures 22, 23, 24 and 25) can be smaller than

the conductors in the Hoxmemearnseidd ims Figuered@0i dandf likewise2ini s
suitable for use in th ' ci ot Fi gur : 1 The
device of Figure 22 i segs{t};lt%raebﬁ ezzf'or23u'se2r4|0lri£nlt§h%%c)i rc%& fggo%aﬁiggfeghﬁ. (2)
Conposi t.&~devi ces whi cHFR®FAMARCHAry dasithendeapers themselvesongfhe

paral | & heater as defigwficnbAtrigas W] selsaitabe ecFopeakiOinMeaBS.
Figures 23, 24, 25 and 26 sh Wogte%\.ces of e }Be evi,ce of. Figure

hi s _t )
23 is suitable for use T EIYJur® FAIURRS &%s&nﬁnigrgu ©18%Y* R Phe 15
smal | er conductor not Higureis2® iis suitapde for uise dir thet cimculiest from

t he power source. of Figures 17.

(2) Composite devices which comprise at least one
j ; 10 elongate parallel heater as defined and at
— least two elongate connection means. Figures
23, 24, 25 and 26 show devices of this type.
The device of Figure 23 is suitable for use in
Figure 14, and also in Figure 15 with the
15 smaller conductor not being used in the part
of the circuit furthest from the power source.
The devices of Figures 24 and 25 are suitable
for use in Figure 28 and also in Figure 18,
with one of the large conductors not being used
20 in the part furthest from the power source,
and also in Figure 29 with the small conductor
not being used in the mid-section and with the
s small conductor and one of the large conduc-
'~ tors not being used in the section furthest
25 from the power source. The device of Figure
26 is suitable for use as the middle portion
of the circuit of Figure 19. '

EXAMPLES
30
The invention is illustrated in the following .
Examples, in which Examplé 1 is a Comparative Example.
In these Examples the power source was 120 volts AC and



I n gure 18, with one of the large conductors not being used 20 .

in e part furthest fromthe power source, and also in Figure 29 with the
smal | conductor not being used in the md-section and with the snall .
conductor and one of the large conduc- tors not being used in the section
furthest 25 fromthe power source. The device of Figure 26 is
suitable for use as the m ddi"@ portion of the circuit of Figure 19.
EXAMPLES 30 The invention is illustrated in the follow ng Exanples,. in

whi ch Jfxa i a these | es the power
source was fgﬁﬁbo %r% g%ﬁfgxngpgoﬁggFgﬁ ﬁa§°§§?ggf-regulatlng
condwﬂﬁﬁk?;hﬁ%ﬁﬁﬁ'Qﬂﬁﬂh@hﬂeaﬁbpmaﬁawaBMeCbrpnrﬁayohennderporat|on under

the trage tciawrassl%at@wlopm NeFhE" nediiar! SBipe s8Rk a0l 18 AVG
tin-coat.ed er trande wire 5 el ectrodes Beé I n a strip of PTC
condu®diFe ‘%SW dc&PBBﬁ’bP&EE“GP@pEP-§§d in radiation "
cross-dliedtabdes ye@nuemeadameaf |sthfipd6)E pi‘hecbaahtetlgad a Eﬁs\?\lle \r/g power of
Sgggteg%%y,/éf&grﬁdggegggﬁtf 'b §8ka &slfg%g teg'f'o(?)faa"a Pstors of small
but pre&@ssaili ﬂl‘r@dmpqlé'sivsmdener €luogdded .cofhecheaber had

a passive power of about 9 watts/foot. The heater was

cut into sections which were, successively, 10, 150,
10 10, 150 and 10 feet long. Resistors of small but

precisely known resistance were used to connect the

wire electrodes of the dlfferent sections. In the

Examples, the potential drop over each of these

resistors was measured and hence the currents flow1ng
15 in the different parts of the connection means were

calculated. In Examples 1 and 2, only the first 170

feet of the heater were_used_(the rema;nder being

disconnected) and in E#ampie.3'the_whole 330 feet of

the heater were used. 1In Example'l, which is a
20 comparative Example not in accordance with

the invention, the flrst 170 feet of the heater was

connected to the power supply in the convent1onal way

(as shown in Figure 1). In Examples 2 and 3, the

heater was connected to the power'supply in accordance : s
25 with the invention (as shown in Figufe 3), using a

third connection means which was an insulated 18 AWG

tin-coated copper stranded wire and which was secured

to the heater as shown in Figure 6. In each of the

Examples, the heater and the third connection means
30 were secured by adhesive tape to a 2 inch diameter -

stuel pipe having water at about 9°C circulating

through it, and were then covered with 1 inch thick

thermal insulation. The assembly used in Example 3 is

Thaéﬁevices of Figures 24 and 25 are suitable for use in Figure 28 and al so

R
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wire el ectrodes of the different sections. In the Exanpl es, the potenti al

drop over each of these resistors was neasured and hence the currents
flow ng 15 -
cal cul at ed.

used (the remai nder being discOnnected) and in Exanple 3 the whole 330 feet

of the heater were used. In Exanple 1, which is a 20 conparative Exanple

In Exanmples 1 and 2,

in the different parts of the connection neans were
only the first 170 feet of the heater were

not in accordance with the invention, 423 first 170 feet of the heater was

connected to the pomer supply in the conventi onal
1). In Exanples 2 and_3, the heater was connected to the power suppli
rd

accordance 25 Shewn idagrammatigalls ihFigure R9%ufsom whishndtawipi

connection nmeanse Wib€&a Vefa BNt Ay Mt Heatldr dettion! dar@dretnst r anded
wre and which was secured to

es,
adhesi ¥ tape theaterisedtibmiflerfedteciran Sedtdvnngd Ut desdgnatedt 9C

% Theoeftion: 2 2 ind Sy b AR Heabel 'ddEhibh FirthEE!

t he Exanpl

circulatin
i nsul ati on.

heater section Ae9&mSly t iifed VP EXMPISE 2 %#%sgm I9CF
10 foot heater

sectlon 160 feet fr Section 1 is de5|gnat aﬁ
and that the 108¥O%REhEhR%e TR W‘(ﬁﬁﬂ"ﬁrﬁé‘ﬁs connected" t e end O

hown _i n

way (as shown in Figure

I_.n each of

t heat 6
e S o AR Hacioi 110 kel Reba 0 BBoRa 0 0L,

The _assenbl y” used
di agrammati cal | §¥eh Hheupewen sqyuas vmﬂ designatied [Bectdond 3t-haffhehe 10 f oot

10

15

20

25

30

Section 2.

The results obtained in the Examples are summarized
in the Table below, which shows the Inrush Factor (ie.
the ratio of the current to the steady state current)
initially and after 10, 60 and 120 seconds; the current
(in amps) in each bus wire (electrode) in each of
Sections 1, 2 and 3; the voltage drop (in volts) bet-
ween the bus wires in each of Sections 1, 2 and 3 and
the power generated in watts/foot) in (a) the bus wires
of the heater, (b) the conductive polymer element in
the heater, (c¢) the third wire in the assembly, and (d)
in total, each of Sections 1, 2 and 3.

The various figures given in the Table below
reflect the fact that the Examples were made with a
view to obtaining a qualitative rather than
quantitative assessment of the benefits of the present
invention. No undue reliance should, therefore, be
placed on the precise relationships between the
different figures. However, the figures clearly
demonstrate that by connecting the power source to the
far end of the heater through a third connection means,
there is obtained a reduction in current inrush, a more
even power distribution along the length of the'heater

rd 2bhat the
Se%tlon 2,



fromthe power source is designated Section 3. The assenbly used in Exanple
2 was as shown in Figure 29 except that the third wire was connected to the
end of Section 2. 10 The results obtai ned%n the Exanples are sumarized in
t he Tabl e, bel ow, which shows the Inrush Factor (ie. the ratio of the
current to the steady state current) initially and after 10, 60 and 12
seconds; the current 15 (in anps) in each bus wre (electrode) in eac
Sections 1, 2 and 3; the voltage drqp |(|§ volts) bet- ween the bus wires in
each of Sections 1, 2 and 3 and™~ he pqweg, generated in watts/foot) in (a)
the bus wires of the heater, ( t he cdneuctive polymer elenent in 20 the
heater, (c) the third wire i e ag’senblcy, and (d) in total, each of
Sections 1, 2 and 3. The varg1 4= fi gurfs.'gi ven in the Tabl e bel ow refl ect
the fact that the Exanples weremdé Witly a 25 view to obtaining a
qualitative rather than quantggptive assessnent of the benefits of the
presentsinvention. No undue S®BIR nce sgog d, therefore, be placed on the
preci se rel ationshi ps betwe 8he di ffegrgnt figures. However, the figures
clearly 30 denonstrate that ez;%.s" nnect4#ng t he power source to the far end
of the heater through a third connectionsreans, there is obtained a
reduction in current inrush, a reseven™ower distribution along the

| engt h of the heater [err.gz'__.s'.3 o a9
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3rd Wire

(gauge)
None
18
18

tength
(ft)
170
170
330

B,
No.
1
2
3



Clainms 1. An electrical circuit which conprises (1) —ametongate self

regulatlng heat er whi ch conprises (a) a f|r trical
c ction neans; (b) a second el ongate el ilm Emﬁﬁu ilon means; and
( plurality of electrical elements mhl in paraIIeI with

ea ot her between the first andsgecond el ectri cal connectlon means; (2) a
third el ongate electrical connection neans; and (3) a source of electrical
power which (a) is con- nected to the one end of the first connection neans
and (b) is conngéted to the opposite end of the-second connection Aeans by
the third con- f8n nmeans. 2. A circuit according to claim1 wherein the
electri- cal elements (c) conprise a continuous strip of a PTC conductive
pol yner .1.3. Am<ahennnucadcaddnmgttuhcba|np@pnhaee|n the first and second

el ongate el ectrical connection neans conprise two substantially identical

parall el net@l) W @3oHgatR delfl Peguigeinghyehealk GAREACt With the

conti nuous strlp of conductlve pol yner. ot
comprises _ .

(a) a first elongate electrical conﬁebtion means;

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

(¢) a plurality of electrical elements which are W/
connected in parallel with each other between
the first and second electrical connection means;

(2) a third elongate electrical connection means;
and '

(3) a source of electrical power which (a) is con-
nected to the one end of the first connection
means and (b) is connected to the opposite end
of the second connection means by the third con-
nection means. '

2. A circuit according to elgim 1 wherein the electri-
cal elements (c¢) comprise a continuous strip of a PTC o/
conductive polymer. ' '

3. A circuit according to claim 2 wherein the first and
second elongate electrical connection means comprise two
substantially identical parallel metal wires which are
in direct physical contact with the continuous strip of
conductive polymer. '



-27- 4. A circuit according to any onguilféggogéggggLngﬂclains wherein

the heater is a zone heater. 5. Acir I'ng to any one of the. —
precedi ng cl ai ms wherein the third connection ne | wire. 6. R aya
A circuit ,according to any one of the prececu ‘ i \ml n at 25C the

| npedance of the third connection neans is | .bstihes the

| npedance of the first connection neans and | &ss than 0 5 tinmes the

i npedancé of the second connection neaps. 7. A circuit according to any

one clainms 1 to 5 wherein at all tenperatures in the range 25 to [err] the

i npedance of the third connection means is 0.9 to 1.1 tinmes the inpedance

of the first cqnnectlgncggeg§taggcgrglﬁ€ do lady "Gve Lo PSSl Qg t he

second con- nectiQn nmeans. 8. rcult according to any one of cl ai s
1to5 mherelncéﬁlﬁérrYhFﬁéanﬁBﬁahﬁétGF iRca 13079 ReAR¥%t i on neans is nore
than 2-times the inpedance of the first connection neans and nore than 2

ti mes t¥e inpegdance o gond . connect i on neans
according to C'dim 8 \%\‘7{1%?‘2?1’%? na‘g?°?§%“% ?ra?n%t%lé%lym‘sttaqeep?p é‘ﬁ'ilhr?g
condi tions of chReimsrwhbereinhthenphilvdceontectiton meahs cimertmahrleans is

nore than 3 tigggethe inpedance of the first connection means and nore than
3 tinmes the inpedance of the second connectlon nmeans.

6. A circuit according to any one of the preceding
o claims, wherein at 25°C the impedance of the third
_/ connection means is less than 0.5 times the impedance
of the first connection means and less than 0.5 times
the impedance of the second connection means.
7. A circuit according td\any one claims 1 to 5
wherein at all temperatures in the range 25° to 200°C,
the impedance of the third connection means is 0.9 to
1.1 times the impedance of the first connection means
and 0.9 to 1.1 times the impedance of the second con-
nection means.

8. A circuit according to any one of claims 1 to 5
wherein at 25°C the impedance of the third connection

(N means is more than 2 times the impedance of the first
connection means and more than 2 times the impedance of
the second connection means.

9. A circuit according to Claim 8 wherein under the
normal steady state operating conditions of the
circuit, the impedance of the third connection means

is more than 3 times the impedance of the first '
connection means and more than 3 times the impedance of
the second connection means.



10. A circuit according to Clain18 or 9 wherein under the nornmal

state operating conditionrs—of—the bilbuil —the ratio of the heat .
ted by the heater to the hea ene he third connecti-on neans
\ om2 to 15. 11. ACII’CUI'[ ﬂﬂm one of clainms.1tp 5
wherei n the i npedance of the thir s at [err] is less than
0.2 tinmes its inpedance at [err]. 12 A C|rCU|t*according to any one of
-'ains 1 to 10 wherein the inpedance of the third connection neans at [err]
is 1.2 to 2 tinmes its inpedargg=-at [err]. 13. A circuit accordi‘ng to any

one of clainms 1 to 10 wherein the inpedance of the third connection neans
at a tenperature between [err] and [err] is at least 10 tines its inpedance
at [edf.. 14A cirgudkr egecordingr $ongladmaByoon@ wherkénprecedi ng clains
wher elhalh® o “’ﬁbrﬁﬂ!;%'éehagas?hﬂﬁ' sﬁgk}mné cBRMTEisAM B€. 15. A

circuit accordin wherein the power source.is
a twotbﬁa§érﬂelﬁowéhesééFé8 ofcthe haati geperazedobPyi £t o any one of We'

pr ecedeadt et &brr&h&haéatngéherbeaaebyl ghat théedt cdgfebetbnl ong. 17. A
circuit accordhn% g % gne of the preceding clains which conprises a
vol t aJ8aRsnis f3CR4i &8 & nected between the ends of the first and
second connec- tion neans which are closer to the power source.

11. A circuit accordxng to any one of clazms 1l tos
wherein the impedance of the third connectlon means at
150°C is less than 0.2 times lts_lmpedance at 25°C. -

o/
12. A circuit according to any one of ~laims 1 to 10
wherein the impedance of the third connection means at
300°C is 1.2 to 2 times its impedance at 25°C.
13. A circuit according.to any one of“claims 1 to 10
wherein the impedance of the third connection means at
a temperature between 25°C and 300°C is at least 10
times its impedance at 25°C.
14. A circuit according to any one of the preceding
claims whereln the power source is a single phase Ac
power source. o W,
15. A circuit according to any one of claims 1 to 13
wherein the power source is a two phase AC power
source.
16. A circuit according"to ény one of the préceding

claims wherein the heater is at 1east 330 feet long.

17. A circuit according to éhy oné_éf the_pneceding
claims which comprises a voltage—limiting device con-
nected between the ends of the first and second connec-
tion means which are closer to the power source.



conpri ses a fixed i npedance which (i) is ¢ ends of th
first and second con- nection neans which are _nearer to the power source
and 5 * ., (ii-) has an inpedance which is suﬂ“‘wm’ um”ﬂlmuﬁr than the
| npedance of the heater at 25C and 0.5 to 5tV M P ce of the
heater under the normal steady state operating conditions of the circuit.
19. An electrical circuit: which conpfTses (1) a first elongate
sel f-regul ati ng heater which conprises 5 (a) a first elongate electrical
connection neang; (b).,.a.second elongaie electrical 10. .
connecti on meagg;' andA(Efréubgu?%??{g@”bq B9 Y W8 U S RFSERAANS €
connected in peilaimgl which ecomprisésra bfixetninpeidnestwhhnh 16) is
second e €C! Il £8hne0RAACHEEReER e &rds %of SO AN L SRldnd Whn Al | N
(a) a el ectrical

heat er; whi ch conprises 2 . ITst elongate
connechon neaR€Ctipn mgang Which| aFQReAERRCED | Ehe RWARSOUNSh 3”fans; and

- 30- 5 (ii) has an impedance which is substantially higher
than the impedance of the heater at 25°C and 0.5 to 5
times the impedance of the heater under the normal
steady state operating conditions of the circuit.

-29-. 18. A circuit accordi ng to any one of the preceding clains which @

- 19.  An electrical circuit which comprises
N -
(1) a first elongate self-regulating heatey
which comprises
5
(a) a first elongate electrical connection
means;
(b) a second elongate electrical
10 ' connection means; and
{c) a plurality of electrical elements
which are connected in parallel with
W each other between the first and
15 second electrical connection means:
(2) a second elongate self-regulating heater
- which comprises
20 ' (a) a first elongate electrical connection

means:;

(b) a second elongate electrical connec-
tion means; and



(c) a plurality of electrical elenments which are connected in parallel with
egC\ot her between the first and seco tion neans; and 30
(9
f

tmo phase AC power source; of the connection neans of
i rst heater being connected to theu Hllﬂmﬁﬂ mm)he power .35 »
source the opposite end of the other f the first heater

bei ng connected to one end of fge of the connection means of the second
heat er; and the opposite end 6?¥The ot her connection nmeans of the second
heater being connected to the second phase of 40 t he power source. 20.

A circuit accordin e ond heaters are
arranged end to eng 20 assig}%%#%? £€i$% ?i%$ose % ygﬁ%gl | ength is at
| east as great as the swhioh ahe ¢Qngp¢$e®flnrma#akaelsw1tMe 5 end of

the first connection maggého{,tﬁgf % éﬁée‘he@ﬁézrfmighad§ closer to the power
source is connected to the fiIrsf ase of the power source; the end of .the

first connection neans BECPRR eie W‘F&ht%‘?n &4PR MRAN/Er to the povew-
source is connected to ah& second phase of 10 t he power source; and the

nds of the second connection neans of the first and second heaters which
are further fromthe power source are connected to each other and to the
neutral of thé&3pownar twonpbase2AC power csouxde; according to Caim 20 wherein
i n each of the heaters the electrical el enents (c) conprise a continuous

strip of a PTC conductive pol yne
one end of one of the connectlon means of the first

heater being connected to the first phase of the power : -
35 source, the opposite end of the other connection means "/
of the first heater being connected to one end of one
of the connection means of the second heater; and the
opposite end of .the other connection means of the
second heater being connected to the second phase of
40 the power source.

20. . A circuit according to Claim 19 wherein the
first and second heaters are arranged end to end so
as to form a circuit whose physical length is at least
as great as the sum of the lengths of the heaters; the
5 end of the first connection means of the first heater
which is closer to the power source is connected to the
first phase of the power source; the end of the first
connection means of the second heater which is closer
to the power source is connected to the second phase of
10 the power source; and the ends of the second connection
means of the first and second heaters which are further
from the power source are connected to each other and
to the neutral of the power source.

21. "A circuit according to Claim 20 wherein in each
of the heaters the electrical elements (c¢) comprise a
continuous strip of a PTC conductive polymer.



- 31 - 22. Acircuit according to Claim in_each of the heaters
the first and second el ongate electrlczy!ﬂ@nnectlng means conprise two

substantially identical parallel netal ”ﬂ n direct phy5|c
con- tact wWth the continous .strip of tﬂﬂw:yner 23. A circul

according to claim22 wherein each of the first "and second heaters is a
zone heater. 24. Acircuit according ta.agy one of clainms 19 to 23 wherein
each of the first and second heaters is at |east 330 feet long. 25. An

el ectrical CJFCﬁ% Ig@;ch §8 +$§$ré#%% { %glﬁ”éwl &l i r%g%Iat%ng

heat er which co ectr| connecti on nean
(b) a second eIohgatheetecsrtbalftoﬁhe%m¢omﬁ¢n§ﬁuﬁlQﬂﬁ??&ﬂehfqﬂﬂhQﬂllty of

el ectrical el emeghbanubt¢hgahEakoNBSHDLIsd ntmrédaﬁlammlq,aqmemdwalbet ween
the first and second elecgrlcal connect on neans; ééa %§%§1 Ion ate
sel f-regul ati ng ReGediehnPehalofpresceh %%B are j %ékﬁﬁ

connectNN nmeanstact with the continous strip of PTC conductive polymer.

23. A circuit according to claim 22 wherein each of the
first and second heaters is a zone heater.

24, A circuit according to any one of claims 19 to 23
wherein each of the first and second heaters is at least
\__/ 330 feet long. '

25. An electrical circuit which comprises .

(1) a first elongate self-regulating heater which
comprises

(a) a first elongate electrical connection
means;

(b) a second elongate electrical connection
means; and

(e) a plurality of electrical elements which
are connected in parallel with each other
between the first and second electrical
connection means;

(2) a second elongate self-regulating heater which
comprises

(a) a first elongate electrical connection
means;



25

30

35

40

45

50

-32-_(b) a second el ongate eIectriﬁgg%ggggﬁg%Lgﬂﬂﬂggﬂ§4 and 25
(r’. plurality of electrical ele are connected in parallel
ph\each ot her between the first and seco connecti on peans;
(3) athird el ongate mm eat er which conprises
(a) a first elongate el ectrical con nss 35 (b) a second el'ongat e
el ectrical connection neans; and (c) a pIurallty of electrical elenents 40
whi ch are connected in paral [-<92-w th each other. between the first and-
second el ectrical connection nmeans; and 45 (4) a three-phase
AC power source; one end of one of the connection neans of each of the
first, second and ¢ r i Hefad sdanaatemleatedaad the first, second or

third phase of the powdorudti®n dMan23d and the other ends of the ot her
connection nmeans of each of the heaters being connected to a different

phase or to each other. 26. A circuit according to Claim25 wherein_{he
first, second and tdi r ca hpdatrald tyr eofarelactad cald dlemendt s -

whxch_are connected in parallel w1th
each other between the first and
second electrical connection means;

(3) a third elongate self-regulating heater
which comprises _ -

{a) a first elongate eleccrical connection
means;

(b) a second elongate electrical
connection means; and

(c) a plurality of electrical elements
which are connécted in parallel with
each other between the first and
second electrical connection means;
and

(45 a three~phase AC power source;

one end of one of the connection means of each of the
first, second and third heaters being connected to the -
first, second or third phase of the power source, and
the other ends of the other connection means of each of
the heaters being connected to a different phase or to
each other.

26. A circuit according to Claim 25 wherein the
first, second and third heaters are arranged end-to-end



-33- so as to forma circuit whose physical length is at | east as great as

the sumof the lengths of the 5 he ; the first connection. .
means of the first heater which is closer to the power source is connect

to the first phase of the power sour “m\“ \L‘!ﬁg first connection
means of the second heater which is Emm r source is connect

to the 10 second phase of the pow&r Soutce; the end of the first

connecti don nmeans of the third heater which is closer to the power source is
connected to the third phase of the povwss- source; and the ends of the
second connection neans of the first, second and third heaters which are 15
further fromthe power source are connected to each other and to the
neutral of the pOws touferm RLircuik othame tphysicadi dgngshCisi at25 wherein

the end of the {dst EOTYRGIL b RN df1%d NngREA" G Wiiech 5 near er

to the- pgwer source is connected to e first phas t he power source;
the emd/8f the Beakersonthe.-en of the Jiixnftycengections@edns REatde which

is nearer to theipoychesOal Gfhich ¥ AGRE (o (he powedd spagee @k the power
source; the end_ of the%élrst co ctlgﬁlnean f the third heater,which is
SR

nearer to the poRRReRHRt e &55 It PRV SHaSLU5F S hENSover
source; the 10 end efidthd fimstamnecidormeans wofatheosechedf heatereat er

which is furth ' { f
SniERM 4 N SUET£S LS ovier YLl RobbRetraord Riiase o

t he power source; he seco connecti on neans e secon
heater WRi ch i sSeEPREPDASYRE Hh RAWeL ARUEESss thenead of the Fdrefkird 15
phase of the poyshineOtics: médik tdl el WHidddedr@@Ndwhich is closer

- to the power source is connected to the third phase of
the power source; and the ends of the second conrection
means of the first, second and third heaters which are

15 further from the power source are connected to each
other and to the neutral of the power source. '

27. A circuit according to Claim 25 wherein the end
of the first connection means of the first heater which
is nearer to the power source is connected to the first
phase of the power source; the end of the first connec-

5 tion means of the second heater which is nearer to the
power source is connected to the second phase of the
power sourcé: the end of the first connection means of
the third heater which is nearer to the power source is
connected to the third phase of the power source; the

10 end of the second connection means of the first heater
which is further from the power source is connected to
the second phase of the power source; the end of the
second connection means of the second heater which is
further from the power source is connected to the third

15 phase of the power source; and the end of the second
connection means of the third heater which is further
from the power source is connected to the first phase
of the power source.



connection nmeans of the third heater mthh_Ls’#ﬂ%%her—frﬁﬁTthe pomer source
i s _connected to the first phase of the power source. A
each of t he

uit according to any one of dains 25 uﬂ“ w!l! !‘
ers the electrical elenents (c) conpri trip of a.PTC

conductive polymer. 29. Acircuit according to O aim28 wherein in each of
the heaters the first and second3gl ongate el ectrical cohnec- tion neans
conprise two substantially identical parallel nmetal wires which-are in

di rect yS|c ta h L he C [ u f,ETC canpducti ve
polynerag §h5§§CU|%LS§% B#ngotgggngHgnéfoéi %?n% t%PZY wherei n each
of the whpgplnseoonacaanthhedhhaﬁeessths ﬁli@ﬁélﬁﬁht%lemﬂﬂtsA‘CIrCUIt

accord'Qﬁ)t%oﬁB¥iQBeaOEoEEQhﬁBu35s£91§OQFh§rPT@ Eakduotiyde first, second
and third_heaters is at |east 330 feet |ong . Acircuit accordlng to

cl ai m 1PO4¥MEF 25 subst an- tially as hereinbefore described. 33. Acireuit
~according to cllaim 1 substantially as hereinbefore described with refewence
to and 29.i Al edreatibdacnofidgngeso3Chaiim428f whéee fiocimpeagi nof dr awi ngs. 34.

A Circuighe2pegk ngth %k?h%‘& UQéE@H&iéi&%géﬁehggéé?PF% 21 Cedpgdibed with
reference to and as | | ustrat e I gur es e acconpanyi ng
tion means comprise two substantially identical parallel

metal wires which are in direct physical contact with
the continuous strip of PTC conductive polymer.

30. A circuit according to any one of Claims 25.to 27 i.j
wherein each of the first, second and third heaters is a
zone heater.

31. A circuit according to any one of Claims 25 to 30
wherein each of the first, second and third heaters is
at least 330 feet long.

32. A circuit according to claim 1, i9 or 25 substan-
tially as hereinbefore described.

33. A circuit according to claim 1 substantially as

hereinbefore described with reference to and as '

illustrated in Figures 3 and 4 of the accompanying

drawings. \-2

34, A circuit according to claim 1 substantially as
hereinbefore described with reference to and as
illustrated in Figures 9 and 10 of the accompanying
drawings. '

35. A circuit according to claim 19 substantially as
hereinbefore described with reference to and as



draﬁdngs. 35. Acircuit according to claim19 substantially as hereinbefore

described with reference to and as -35- illustrated in any one of w
Figures 11.to 15 of 't he acconpanyi ng draw ngs. 36. A circuit accordi
to claim 25 substantially as hereinbefore described with reference to and
as illustrated in Figure 28 of the acconpanying draw ngs. 37. Acircuit
according to claim25 substantially as herei nbefore descibed with reference
to and as illustrated in any one of Figures 16 to 19, and 29 of the
acconpanyi ng draw ngs. 35~

- illustrated in any one of Figﬁres 11 to 15 of the
accompanying drawings.

€

36. A circuit according to claim 25 substantially as
hereinbefore described with reference to and as
illustrated in Figure 28 of the accompanying drawings.

37. A circuit according to claim 25 substantially as
hereinbefore descibed with reference to and as
illustrated in any one of Figures 16 to 19, and 29 of
the accompanying drawings.




