A SOLVENT RESPONSI VE Sl GNAL- CARRYI NG DEVI CE This invention-relates to a
signal -carrying device, in particular for a security or detector system
which is responsive to the presence of a solvent..The invenfion is
applicable, in one sense, to.a signal-carrying cable provided with a
security systemwhich is designed to protegqt against interference with the
cabl e. The invention 1is applicable, in another sense, to a
fluid-containing system such for exanple an oil pipeline, having a sensor
for sensing | eakage of the fluid fromthe container. The words :
conduct or' and '&FRLNENTeRESPONSRVEUSEENAL~CARRYING DEWDCE D  be
r ead as I ncl udi ng ‘sem - conductor' or 'sem-conductive' whenever
the context permts. According to the one aspect of the present invention
there is provided .a nal carrying device for a security or . %
det ector systerﬁrb’o?‘rpwg?ﬁﬁ ancﬁf&ﬁ:’! EQt é‘no‘?%ﬁ;ﬂa af8Rgying deévice, in

non- conducti ve said co uctor | osed of particyl ate
conducti ve rrat &4 ra"? ‘H@f'ﬁt fox @ar?? YT HEY \%%af— n@’ sV EERE . hic Lh eadt
one sol vent, rhégﬁg Mmeaotpﬁec { Sncgegf a solvent.

The invention 1is applicable, in one sense, to a

s1gna1 carry1ng cable provided with a securlty system

which is deSIgned to protect against interference with

the cable. The invention is applicable, in another
sense, to a fluid-containing system, such for e)::ample
an oil pipeline, having a sensor for sensing leakage of
the fluid from the container. |

The words 'éonductor' and ‘'conductive' when wused
hereinafter should be read as including 'semi-
conductor' or 'semi-conductive' whenever the context
permits.

\v;

According to the one aspect of the present invention
there is provided a signal-carrying device for a
secﬁrity or detector system comprising a conductor
extending along a non-conductive surfa;e, said
conductor being composed of particulate conductive
material held in a carrier medium which is soluble in

at least one solvent, such that when the carrier medium



; :
2 is contacted by a said solvent, it will release conductive nateri al
therefromsufficient to |nterrupt t he conductive path through the
conductive naterial . According to another aspect, -the present invention
provides a signal-carrying device for a security or -detector system

conprising at least tw conductors exténding: al ong a
non- conducti ve -surface i n side-by-side spaced apart rel ationship, at
| east one of said conductors being forned of particulate'conductive

material held in a carrier nedi.umwhich is soluble in at f{ one_sol vent,
such that when tfe &AMGaGtedeqilin id &8hfacte veRy: a?tsaWH sof §LRESe ¢

Il I L t L fr ff t t th
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circui t bet“ee”t%%'%o%W%gE?QQUEEQBS n%%%%ydkﬂg cBBd@c?PGLhﬁgte?§Q?Ctbr the

presert< invention provi or “a Securl
detector: system conprising -at least two conductors extending in
spaced-apart side-by-side relationship and insulated from each other by

non-conductive paicRriddhg atbay@hothe@ONtbdipdicRy thEONGPHEsENE inUBARLbA!
in’ a non-conductive carrier nmedium so printed over, or

provides a 'signal-carrying_ device for a _security or

detector system' comprising at least two conductors

extending along a  non-conductive surface  in

— side-ﬁy-side épaéedfapart relationship, at least one of

| said conductors .being formed of particulate conductivg'

material held in a carrier medium which is soluble in

' at least one solvent, such that when the carrief medium

is contacted by a said solVeﬁt; it will release

conductive material therefrom sufficient to interrupt

the conductive path through the conductive material

and/ot form a short circuit between said two conductors.

.ACCérding to a- further aspect, the present - invention
L,/ _ provides a signal-carrying device for a security or
défec:br system comprising at least two conductqrs
extending in spaced-apart side-by-side relationship and
insulated from each other by non-conductive material, a
layer containing cdnduétive ﬁaterial_ in a-
ndnfconductive carrier medium so printed over, or
otherwise applied over, said conductors that the said

conductors  are. not thereby electfically short



~otherw se applied over, said conductors that the said-conductors . are
not t her eby electrically short ., -3 - circuited;, the non-conductiyve
carki er nedi um befng 'soluble in a solvent such that when said sol vent i S
applied to the layer the non-conductive garrier wll dissolve and permt
the conductive material to migrate betweén Said conductors and short
circuit therebetween. Preferably, the signal carrying device has a jacket
surroundi ng the conductors and secured in position by adhesive, said

adhesi ve a”@:.?éh%t%ﬁ”'tﬁ"e %@J&&hﬁ&&@%ﬁ%@@ %gigg@rmg ﬁ%&hbﬁm

enbodi nent s e ifvention will now be particularly by way of
exanple, w§h pekp1oent EQchhm%c SHRANERAE BoaVeRts i) appilea toi @wee 1 is
a diagrammatic illustration of the process of manufacture of a security

cable. Figulaydri the mof-condudtivehcapeieswitlicdisasblvesand permigattern |
of printed conductors beneath the jacket of the cable, and Figure 3 i
devel opnent thé panﬁucti&hema&hkéadftEigdgrate between said conductors

and short circuit therebetween.

Preferably, the signal carrying device has a jacket
surfouhding the conductors and secured in position by
adhesive, sald adhesive and said carrler medium being

o

soluble in a common solvent.

Some embodiments of the invention will now be particularly
’ descfibed, by way of example, with referenee to the |

aecempanying drawings in which:-

Figure 1 is a_diagraﬁmaﬁic,illustration of the process of

manufacture of a seeurity cable.

Figure 2 is a section through the completed cable showing \
a pattern of'printed conductors-beneath the jacket of the

cable, and | | |

Figure 3 is a development of part'of the cable of Eigure 2.

The security cable shown in Figure 1 forms the subject of

our copending patent application No. GB 2212644 A to which



The security cable shown in Figure 1 forns the subject of our copending
patent application No. ‘GB 2212644 A.to :which -4 - attention is directed
for a'detailed explanation. For the purpose of the present invention, it is
sufficient to say that a core 10 is over-wapped by alternating layers. 11
12 of conductive tape and insulating tape 13, 14. Afifth layer 15 can be

wrapped whi ch ;¢@@ERitieRS iS0deldted Fdr' RS dbt 31D 1Idhat ich.eT Fr the
insulating material 17. The .conductive |ayers are of "a fibrous nature such

that, when pepairposed dfy thes Resents invamtion;oidldld wuffiyishenidd sy
carried through the intervening insulating |ayer and cause short-circuiting
bet ween adj acehatcandorie 10 disr ioverawtappesd dyoalternatingndayersbal, '
detected by sensing apparatus connected at a sel ected position on the
cabl e. This caBl ef aonduciive tapeciandednsullatting jtapeetl3],8 Mhi ciA filfithbe
bondedv-fo the outernpst |ayer by a suitable adhesive. In accordance with
the first enbdayswniSotanhde wrappedh whichn compriigese conductive sxrips
outernost | ayer 15 of the cable, which in this case is a congosite | ayer of
16 embedded in a layer of insulating material 17. The
conductive layersia:é of a fibrous nature such that, when
penetrated by a sharp instrument, conductive fibreé will
be carried through the intervening insulating layef and
cause short-circuiting between adjacent conductive Strip,-
(O and this short-circuiting can be-detected’by sensing;'

apparatus connected at a selected position on the cable.

This cable, as shown, is enclosed within a jacket 18 which
~wi11 be bonded to the outermost layer by a suitablé

adhesive.

In accordance with the first embodimeht of the invention
shown in Figures 2 and 3, the outéfmost layer 15 of the
cable, which in this case is a composite layer of
conductive strips 16 embedded in plastics material 17, is
coated with a printed conductive coafing 19. This
coating;.as illustrated, ¢qmprises a plurality of
parallel?spaced lines 20 printed in cohductive ink so that'
they form an electrically-conductive path which can_carry
a signal. The conductive ink used to form the coating

(and which is described in greater detail below) comprises

a



conductive strips 16 enbedded in plastics material 17, is coated with a
printed conductive coating 19. This coating, as illustrated, conprises a
plurality of parallel-spaced |Iines 20 printed in conductive ink so that
they forman el ectrically-conductive path which can carry a signal. The
conductive ink used to formthe coating §and which is described in greater
detail below) conprises a -5 conductive filler carried in a carrier

medi umwhich is soluble in- - one or nore solvents such -that if this
coating is contacted by such 'a solvent, one or nore of the printed |ines
wi || dissol vecondgotiveo fdddeensiantiebhi sn @i [darmiemimedidme whdoHudts ve
particles which it conprises to migrate and so interrupt the conductive
path throughsolueleprimt c@pe | afe more ceapvenss asuchorthatrcidi t thiitsh an
adj acent printed, line or. between two conductors 16. In this event;-a
signal passedc®atbughisheqntantad |bhesueh @omictants 16nei Pr pere of'e

I nterrupted or othenmﬁsg vari ed, gﬂf éhis ariation can be detected by a
sensor connect®® REiBted JAn&s poitli dhs8pPdME Ofe 80 into suspension.

This will permit the -conductive particles which it
- comprises to migrate and sb interrupt the conductive
path through the ptihted line or complete a short

circuit with an adjacent printed ‘line or between two

conductors 16. 1In this event, a sighal passed through K'} 

the printed lines or conductors 16 will be interrupted.
or otherwise varied, and this variation can be detected
by a sensor connected at a selected position along the

cable.

It will be apparent from this specific description of a
cable that the invention can be utilised in a broader

aspect.

Aé @ first example, a tape or film of nbnfconduccive
matérial bearing conductive strips, printed from the
material déScribed above, can be wrapped around 6r
otherwiseﬂapplied to the 6utside'of a.liquid container
such as a tank or pipeline,'to detect leékagé of liquid
from the_contaiqer, .The'printed'film will be printed
by wuse of a conductive ink of which the carrier
.component'is soluBle in the liquid contained within.the

container.



‘cable. It will be apparent fromthis specific description of a cable that
the i;nvention can be utilised in a broader aspect. As a first exanple, a
tape or filmof non-conductive material bearing- conductive strips,
printed from the material described above,* can be wapped around

or otherwi se applied to the outside of a l4quid container such as a tank or

pi peline, to detect |eakage -of liquid fromthe container. The printed
filmw Il be printed by use of a conductive ink of which the carrier
conponent is soluble in the liquid contained within the container.-- 6 As
a second exanplAs & tsgRoOtsl exémpbe, non-tapeduet i §&lmatodr indn-conduntive

whi ch conductors- extend in parallel-spaced relationship, (the

conduct ors- hawmagebbeh prislen. or #HEDW se £FOPABEGLOrS covereendiith i
| ayer ‘of carrier neﬂiu free frOHTﬁggductiye majerial, so that it forns a
thin iasul ati ngPaEdklebuePaead cBAMREIRINIP, A CRIUGIVIHCYORA T Pa%itthen

printed Qver been printed or _othgrwise formed) is covered with a
layer of carrier medium free from conductive material,
so that it forms' a thin .insulating layef over the
condu;tors. A conductive' layer is then printed over

the insulating layer using the conductive ink.

The conductﬁvé layer can be an uninterrupted layer or
printed ﬁula pattern- of lines or dots or in a random
pattern. In the event of a solvén; coming into contact
with the 'printed. laYer. it will dissolve through this
layer and the insulating layer beneath it and allow
conductive particles of the ink to migrate into contact
with - the condﬁctors and produce - short :circuiting

between adjacent conductors.

Q,/ As a thifd e*ample,_a_fape or film of non-conductive
| material albng “which conductors extend in
‘pérallei—spaced relationéﬁip (the gondUctors' having

been printed or otherwise formed), is overprinted with

the above-described conductive ink. The ink is applied

so that it does not short ciréuit the conductors but

such thét upon contéct with a séid.solvent,nconductive

material wiil be releasgd-frbm, or will migrate-from,



the'insulating | ayer using the conductive ink. The conductive |ayer .can be

an uninterrupted layer or printed .in.a pattern of-lines

or. dots or

random pattern. 1n the event of a solvent coming into contact with

printed layer it will dissolve through this layer and the insulating |ayer
beneath it and all ow conductive particled of the ink to migrate into '

in a
t he

contact with the conductors and produce short circuiting between
adj acent conductors.- As a third exanple, a tape or filn1of non- conducti ve

‘mat eri al -al ong ~conguctQrs ext end
rel ati onship tPFhe‘“‘&oﬁBuc’t*lﬂ%t ﬁéVFHbtb@é‘ﬂaﬁrﬁ“rﬁ P U‘b‘f

Is overprinted with the above-de crlbeﬁlconduct e, ink-.
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the conductors an I hsul"ation suc
' the conductors.

The conductive printing material, referred to herein as

‘ink', can comprise a particulate conductive material

or filler, such as graphite, or other carbon,-

or

a

mixture thereof, énd in particular is known as carbon

black and foliac graphite. The conductive

material

will be carried in a. carrier medium which is soluble in -

at least one solvent, and preferably in a wide range of

solvents. The carrier medium can be a

short chain

polyester resin such as that sold under reference No.

49001 by Dupont. In order that the mixture of the

conductive filler and the carrier medium

printed, a solvent is added such as acetone.

.The- ink is preferably applled to a tape

'may_

be

or film of

1nsulat1ng materxal such as 'a membrane of expanded

polytetrafluoroethylene, for . example that.

. the registered trade mark GORE-TEX by W.

Associates, 1Inc. The '~ ink can be

sold

under

L. Gore &

printed

by

conventional transfer printing methods on to a tape ot

film to which conductive terminal elements had already



the dot dianeter is less than the insulation spacing the conductors. The

conductive printing material, referred.to herein as 'ink', can conprise a
particul ate conductive material or filler, such-as 'graphite, or other .
carbon, - or a mixture thereof, and in particular is known as carbon bl ack

and foliac graphite.  The conductive faterial will be carried in a
carrier nmediumwhich is soluble in at |east one solvent, and preferably in
a wi de range of sol vents. The carrier medium can a short chain

be
I t i h t hat I d f No. 49001.. b |
Brar that -t nER afsacBra *7) g T0N PoRRCTRE) poLiRd irk) sERRTRRE |

di b ' \ S0l . J e , [ is -
oref orabl y appi PAGRTEELS BERBel”Yirldh THICn SHEY, BRnREThBTEe A% paklkrn,

a nmenbrane of ande t ef.raf o] hxkﬁgq? r- fyggg% e hatensol d
under7¢he regis g?gdqfrg%gP%gr%&C%ﬂégggx%gy_ [ L. Eé?et) Asspci%?és,genlnc.
The —ink Canchﬁsd.- Prinl SbwePYp&PEVERt itaRalr SNSRI PELBALEY TR BOdS
on to.a tape or filmto which conductive term nal el enments had al ready
bath containing the ink, and the film to be printed is
caused to move in contact with the top of the roller so

that ink is picked up from the bath and transferred to -

the film.



been attached. The ink can be applied in straight parallel-. spaced
lines or in any other selected pattern froma roller or wheel on which the

pattern had-been_ngngg__~Iggtlomer part of the roller is arranged in a’

bat h cont ai t he ink, an he filmto be printed is caused to nove in -

" cont act w;ﬁ,ﬂﬂ ”W”ﬂm,tn roller so that ink is picked up fromthe bath
and transf I'w "CLAI M5 1. A signal -carrying device

- for security “or *det ect or systen1conpr|5|ng a conductor extending al ong

a non- conductlve surface, said conductor being conposed of particulate

conductive material -held in a carrier cppdMgm which is soluble in at |east
one solvent, such that when the carriér nedium is contacted by a said

solvent it will release conductive material therefromsufficient to

i nterrupt the conductive path through the conductive material. 2. A
si gnal -carryilng devi de dignalscarayringy devidet e€bor asyséeuoricpnor §fng
at least two ~conductors extending al ong a non- conducti ve
surface _idetector system comprising a conductor extending along

a non-conductive surface, said conductor being composed
qf ﬁarticdlate _con&qétive material held ian a carrier
medium wnich is spluble ip at least oﬁe solVent, such
that when the carrier medium is contacﬁed by a said

- , solvent, it will release conductive material tnerefrom-' }~J
sufficignt to interrupt thelCOnduccivé path thfougn the

conductive material.

2. A signal-carrying device for a security or
detector system comprising at least two conduétors .
exfepding_" along | a .'non-;onductive' sﬁtface _ in.
gide-by-side spaced'apaft relationship, at least one of
said conductors being Formed of particulate conductive
material held in a carrier medium wnich is soluble in
at least one solvent, su¢n that when the carrier medium
is ¢ontaéted by a said solvent, it will release
'condqctiﬁe material therefrom sufficient to interrupt
the conductive pach through Ene conductive material

- and/or form a short circuit between said two conductors.

3. A signal-carrying device for a security or

detector system comprising at least two conductors



Si de- by- sj de spaced apart relationship, at |east one of ‘sai.d conductors
bei ng. formed of particul ate conductive material held in a carrier medium
which is soluble in at Ieast one solvent, such that when the carrier nedi um

iss .contacted by a said solvent, it wll" rﬂmwm ﬂ i mat eri al
therefromsufficient to interrupt the Coanlet ive m mmmm
conductive material and/or forma short citcuit betWedn dai 8l tso « o
conductors. 3. A signal-carrying device for . a security or

detector system conprising at |east two conductors 10 extending i-n

spaced- apar t sié%tgwa§+geihe@@gdy@&@dgﬁyﬂk{dguﬂfu§¥HJrfﬁﬂ5¥¥$h§m£§ragd

non- conductive nmateria a | ayer cont al nil ng conductive eri al

in a non- confiehi yeedAFELA eRH WENER Yy Mt fduc OlveOthe ¥t £51 app! i ed
over, said conductors that the said conductors are  not t her eby

electriéal |y Biyat Ciresnéfthidge nofos@uesheve cRaeéeialredi ugybeing
soluble in a solvent such that when -said solvent is applied to the |ayer

t he non-conductaore-codductive | | cdtsset vemaaduper dot i madlucivere, meger i al
to mgrate : :

otherwise applied @ver, said conductors that the said
conductors  are not thereby electrically short
circuited, the non-conductive carrier medium being
soluble in & solvent such that when -said _solvent is
\,/ : applied #o the layer the non-conductive carrier will
dissolve and permit.the conduétive_material to migrate

between said conductors and short circuit therebetween.

4, A signal-caf;ying device according to any
préceding - claim' ‘having a jacket surrounding the
conductor or conductors and lsecufed in position by
adhesive, said adhesive and said carrier medium being

soluble in a common solvent.

5. iA' signal-carrying device comprising a
plurality_ of elongate conductors which have. been
printed - in.l a side-by-side relationship on a
non-conductive;layef by the use of a conductive ink or
OCher' conductive fluid, the priﬁced'-conductors being
soluble in a solvent such that when contacted by the
- solvent, one or more conductors will be rendered fluid

thereby vafying the electrical properties of said one



between said conductors and short circuit therebetween. 4. A

signal -carrying device according to. any preceding “claim haV|ng a,

j acket s i - uctor or conductors and secured in p05|t|on 1
by adhesive | j and said carrier mediumbeing soluble in a ‘
comon sol VB ﬁiﬂﬂ‘gﬂp@i“ﬁ“ si gnal - car nqyii ng device . conprising a -
plurality s conductors which have been printed in - a

si de- by-si de rel ati onship on a non-conductive |ayer by the use of a

conductive ink or other conductive fluid, the printed conductors being
soluble in a @®liMere eertue kTS when contacted by the solvent, one or nore

conductors will be rendered fluid thereby varying the eIectrLcaI properties -
of said one or nore conductors. 6. A signal-carrying device
substantially in accordance qfth any, one of the enbqdi nents descri bed

her ei n. 6. . signal-carrying evice su stant1ally in

accordance with any one of the embodiments described

herein.




