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Claim

A sensor cable for use in detecting and obtaining information

about an event, the cable comprising

(A) a trunk line cable which follows an elongate trunk path
having a near end and a far end; and

(B) at least one branch line cable which extends from the
trunk line cable at an intermediate point along the trunk
path and follows an elongate branch path from the
intermediate point to a distant point;

wherein

the trunk line cable comprises first, second, third, and fourth elongate
electrically conductive members,

each of the first and second members running along the
whole length of the trunk path but being discontinuous at
each intermediate point to provide an incoming end
nearer to the near end of the trunk path and an outgoing
end nearer to the far end of the trunk path,

each of the third and fourth members running
' ../2
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' contmuo’u_sly along the whole length of the trunk path.

the first and third members beihg electrically connected
to each other at the far end of the trunk cable, and

the second and fourth members being electrically
connected to each other at the far end of the trunk cable;

the branch line cable comprises fifth, sixth, seventh, and eighth
elongate electrically conductive members, each of which runs
continuously along the whole length of the branch path and has a first
end at the intermediate point and a second end at the distant point;

each of the first ends of the fifth, sixth, seventh and eighth members
is respectively connected to one of the incoming and outgoing ends of
the first and second members, and each of the second ends of the fifth
and sixth members is respectively connected to each of the second
ends of the seventh and eighth members, so that the incoming and
outgoing ends of the first member are electrically connected to each
other through the branch line and the incoming and outgoing ends of
the second member are electrically connected to each other through
the branch line;

the first and second members are, in the absence of an event,
insulated from each other ard from other components of the cable
along the length of the cable except for said connections at each
intermediate point and at the far end of the trunk cable;

the third and fourth members are, both in the absence of an event and
upon occurrence oi an event, electrically insulated from each other
and from other components of the cable, along the length of the cable,
except for said connections at the far end of the trunk cable; .

the fifth and sixth members (a) are, in the absence of an event,
insulated from each other and from other components of the cable
except for said connections at each intermediate point and distant
point, and (b) become, upon occurrence of an event at a point along
the branch path, electrically connected to each other at that point;
and
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the seventh and eighth members are, both in the absence of an event
and upon occurrence of an event, electrically insulated from each
other and from other components of the cable except for said
connections at each intermediate point and distant point.
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including the best method of performing it known to n.=2/us:-

4665A:rk




P ’ : -1R- MP1197-FF

‘This invention relates to methods and apparatus for

detecting and locating changes in variables.

European Patent Publications Nos. 133,748, 160,440,
144,211, 164,838, 160,441, 191,547, 222,012, and 242,029
disclose methods and apparatus for detecting and obtaining
information about (particularly locating) chahges in
variables. Such changes are referred to in that applica-
tion, and likewise in this application, by the generic term
"event". In a preferred embodiment of such methods, and in
other methods, there is used a sensor cable comprising two
insulated wires and two "non-insulated" wires which are not
connected to each other in the absence of an event but which
become electrically connected to each other upon occurrence
of an event. The non-insulated wires can for example
comprisé a metal core surrounded by a conductive polymer
jacket, so that the wires become electrically connected if
there is a water leak. The possibility of connection can
for example exist at all points along an elongate path or
over selected stretches or at discrete locations of an
elongate path; for example the non-insulated wires can be
wires which are insulated except at spaced locations and
which can become connected at one or more of those locations
through a switch which is switched on by occurrence of an
event at the location of that switch.

When such a four-wire sensor cable is used to detect
events along a path comprising one or more branch paths
extending from a main (or trunk) path, the cable can simply
be routed along the branch path tc the end of the branch
path and then straight back to the trunk path. However,
this can lead to misleading results, since an event taking
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place along the branch can cause connection of the non- ' ' R

insulated wires in both the outgoing branch cable and ‘the
ineceming branch cable. This problem can be overcome by
runn.ng the gensor cable from the junction of the trunk and
branch paths to the end of the branch path only, and using
four insulated "jumper" wires to make the appropriate
connections from the end of the branch back to the trunk;

but this is an expensive and inconvenient solution,
especially when space is limited, eg. in a double contain- 2

ment system.

We have now recognizéd that in a branched system using a
four-wire sensor cable, the two insulated wires are not
needed in the branch line to perform the functions for which -

e« they are needed when the four wire sensor cable is part of a

.".. trunk line, and that these insulated wires can, therefore,
.: “' be used (a) as insulated jumper wires to connect the non-
¢+ *«' insulated wires between the junction of a branch and the end oy

«es Of a branch, or (b) can be connected to each other at the end

sseees oOf a branch and to incoming and outgoing ends of one of the

insulated wires at the junction of a branch, thus providing f

a loop around the branch for continuity checking purposes. ﬁ

° oo L
* oo

., Ina first embodiment of the invention, the insulated wires

N

of the trunk cable are simply connected to each other across

PR,

¢ +'°. the junction; the non-insulated wires of the branch are con-

nected (a) at the junction, to the non-insulated wires 4
coming into (or going out of) the junction along the trunk
«'*« ¢ path, and (b) at the end of the branch, to the insulated
wires of the branch; and the insulated wires of the branch
are connected at the junction to the non-insulated wires
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going out of (or coming into) the junction along the trunk path. In this way :
“the errors which can occur with a simple loop system are substantially
reduced or eliminatzd, as is the expense of the return leg of the four-wire
sensor cable, or the inconvenience and expense of ﬁsing separate jumper
5  wires. Furthermore, the connections which have to be made at the end of
the branch line can be the same as those made at the end of the trunk line,
g0 that the same termination apparatus can be used. '

Accordingly, in one aspect, the present invention provides a sensor
10  cable for use in detecting and obtaining information about an event, the
cable comprising '

(A) a trunk line cable which follows an elongate trunk péth having ;
a near end and a far end; and L

(B) at least one branch line cable which extends from the trunk [
line cable at an intermediate point along the trunk path and |
follows an elongate branch path from the intermediate point to
a distant point;

wherein

the trunk line cable comprises first, second, third, and fourth elongate
electrically conductive members,

o0

.
]
.
.
[
e%e oo

each of the first and second members running along the whole

o s length of the trunk path but being discontinuous at each intermediate
‘. point to provide an incoming end nearer to the near end of the trunk

: path and an outgoing end nearer to the far end of the trunk path,

each of the third and fourth members running continuously along
the whole length of the trunk path,

e | the first and third members being electrically connected to each other
35 at the far end of the trunk cable, and '
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the second and fourth members being electrically connected to each ,
other at the far end of the trunk cable; ' i

s e SR S T A T T L IR

5 the branch line cable comprises fifth, sixth, seventh, and eighth elongate
electrically conductive members, each of which runs continuously along
the whole length of the branch path and has a first end at the intermediate
point and a second end at the distant point;

10  each of the first ends of the fifth, sixth, seventh and eighth members is !
respectively connected to one of the incoming and outgoing ends of the first :
and second members, and each of the second ends of the fifth and sixth
members is respectively connected to each of the second ends of the seventh
and eighth members, so that the incoming and outgoing ends of the first

15 member are electrically connected to each other through the branch line
and the incoming and outgoing ends of the second member are electrically
connected to each other through the branch line;

the first and second members are, in the absence of an event, insulated i
2 from each other and from other components of the cable along the length of o
the cable except for said connections at each intermediate point and at the

far end of the trunk cable;
SR . the third and fourth members are, both in the absence of an event and upon
sened 25 occurrence of an event, electrically insulated from each other and from , ,
CRIH other components of the cable, along the length of the cable, except for said 1 1
.t connections at the far end of the trunk cable; i
eee (

&
s e the fifth and sixth members (a) are, in the absence of an event, insulated 1 5

30 from each other and from other components of the cable except for said : f S
seeed connections at each intermediate point and distant point, and (b) become, E % i
upon occurrence of an event at a point along the branch path, electrically

fue connected to each other at that point; and
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the seventh and eighth members are, both in the absence of an event and
upon occurrence of an event, electrically insulated from each other and
from other components of the cable except for said connections at each
intermediate point and distant point.

In one embodiment of the invention, as illustrated for example in
Figure 2, at least one of the branch line cables comprises at least one zone
cable which extends from the branch line cable at a sub-intermediate point
and follows an elongate zone path from the sub-intermediate point to a zone
distant point, the zone cable comprising ninth, tenth, eleventh, and twelfth
elongate electrically conductive members, each of which runs continuously
along the whole length of the zone path and has a first end at the sub-
intermediate point and a second end at the zone distant point;

each of the fifth and sixth members runs continuously along the whole
length of the branch path, one of the seventh and eighth members runs
along the whole length of the branch path, and the other of the seventh and
eighth members runs along the whole length of the branch path but is
discontinuous at each sub-intermediate point to provide an incoming end
nearer to the intermediate point and an outgoing end nearer to distant
point;

the first ends of the ninth and tenth members are connected to the fifth and
sixth members respectively at the sub-intermediate point;

the ninth and tenth members (a) are, in the absence of an event, insulated
from each other and from other components of the cable except for said
connections at the sub intermediate point,and (b) become, upon occurrence
of an event at a point along the zone path, electrically connected to each
other at that point;

the near ends of the eleventh and twelfth members are respectively
connected to the incoming and outgoing ends of the seventh or eighth
members at the sub-intermediate point, and the far ends of the eleventh and
twelfth members are connected to each other at the zone distant point;

SRSIT S (E s MeC e
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the e_l_eventh and twelfth members are insulated from each other and from
other compohents_ of the cable, except for said connections at the sub-
intermediate point and at the 'zone_ distant point, both in the absehce ofan
event and upon occurrence of an event; and

the cable includes, adjacent tc each sub-intermediate point, two identical
resistors, one forming part of the fifth member before the sub-intermediate
point and the other forming part of the sixth member after the sub-
intermediate point.

This embodiment provides for location of the zone along which the
event has occurred, but not for identifying the point along the zone path at

which the event occurred.

The novel sensor cables of the invention preferably form part of an
apparatus for detecting and locating an event which comprises

(1) a sensor cable as defined above;
(2)  a power source; and

(3) a voltage measuring device.

The apparatus is preferably such that, upon occurrence of an event at
a location along the cable, an electrical connection is made at that location
either between the first and second members, or betwcon the fifth and sixth
members, or between the ninth and tenth members; and the making of said
connection results in a system in which

(i) the first member is electrically cornection (a) at the near end of
the trunk path, to the power source and to the voltage- '
~ measuring device, and (b) at the far end of the trunk path, to

~ the thlrd member;
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i)
(ii1)

(iv)

and

)

the third member is electrically connected (a) at the near end of
the trunk path, to the voltage-measuring device, and (b} at the
far end of the trunk bath, to the first member; = ’

the fourth member is electrically connected (a) at the near end
of the trunk path, to the power source, and (b) at the far end of
the trunk path, to the second member;

there is a test circuit in which a current of known size flows
and which comprises

(a) - those parts of the second, sixth and seventh members
which lie between the connection point and the far end of
the trunk path,

(b)  the connection;

(c)  those parts of the first, fifth and eighth members which
lie between the connection point and the near end of the
trunk path,

(d) the fourth member of the trunk cable, and

(e) the power source,

there is a reference circuit which comprises

(a) the first, fifth and eighth members,

(b)  the éhird member, and

(c) the voltage-measuring device;

whereby the voltage measured by the voltage-measuring device can be used
to determine the location of the connection point.

- MP1197T
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In preferred apparatus of this kind, at all points on
the sensor cable at which occurrence of an event can cause

connection betwéen the first and second members or the fifth
and sixth members, the sum of (a) the resistances of the

first, fifth and eighth members and any resistors in series

therewith, bétween the near end and the connection point,
and (b) the resistances of the second, sixth and seventh
members and any resistors in cseries therewith, between the
connection point and the far end, is substantially indepen-
dent of the location of the connection point.

In order to achieve this resﬁlt; it is preferred that L

i

(i) the incoming ends of the first and second members
at each 'intermediate point are connected to the

... first ends of the fifth and sixth members
ceceet respectively, or to the first ends of the seventh ; :
se 0, and eighth members respectively; } b
E.%.. - (ii) the outgoing ends of the first and second members 5'?5
cssees at each intermediate point are connected to the ‘;j
- first ends of the eighth and seventh members i;
respectively, or to the first ends of the fifth and '
o o0
*e%ee’ sixth members respectively, o
e e0 [‘- i
o oo » » ' ) L§ B
(iii) the second ends of the fifth and eighth members are : ?E.
LR T
L connected at each distant point; and Y
(iv) the second ends of the sixth and seventh members ¢
e o being connected at each distant point.
The trunk line cable comprises first, second, third and
fourth elongate electrically conductive members. For any
segments of the trunk line along which detection of an event
SHRRATAN,
& g
en
5 "y .‘} élg I3
7 O
Ny 0%
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is not required, the cable can simply comprise four

insulated wires which are of low resistance. For any
extended segments along which detection of an event is

AN S TR S GBI LT T R R WL

required, the trunk cable'can,comprise two low resistance
insulated wires and two high resistance conductive-polymer-
coated wires which become electrically connected to each
other if an event occurs, eg. a leak of water or another
electrolyte, or a leak of a hydrocarbon or other organic
fluid which causes swelling of a component in the cable,
thus effecting electrical connection; the high resistance

i

wires are preferably identical and have a resistance per
unit length which is substantially ‘invariable under the
operating conditions. -The trunk cable can also comprise
spaced-apart locations at which connection between the

e« «°*« source and locating members takes place upon occurrence of

an event, eg. through the operation of sWitcH, One form of

switch is a pair of conductive-polymer-coated wires which

extend from the trunk cable; one wire is connected to the

see source member and the other to the locating member. The = f Eé
':"°: pair of wires can be part of a zone cable which extends from 3.&{
the trunk cable and which comprises in addition two ! |
insulated low resistance wires which are connected as a loop
Tetee to form part of the return member and thus enable the i
*e®se® continuity of the system to be checked. Other possible

[ N O

features of the branch line cable are described in the
o European patent applications referred to above.

The branch line cable can have the same characteristics
*, *,* as are described above for the trunk line cable, except that
at least part of the branch line comprises members which,
upon occurrence of an event, become electrically connected.
However, the invention is particularly useful when the
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branch line cable comprises two low resistance insulated
wires (which may be the same or different) and two
condiuctive-polymer-coated wires (which are preferably the
same) , particularly when at least part of the trunk cable
has substantially the same physical construction as the
branch line cable. Particularly under such circumstances,
it is preferred to put resistors in the connections between
the conductive-polymer-coated wires; this results in
discontinuities in the possible readings of the voltage-
measuring device, so that despite a small error in the
reading, the location of the event can be identified as
being in the trunk line or branch line, as the case may be.

A very useful attribute of the apparatus of the present
invention is that is can be assembled at an installation
site from pre-terminated cables and preassembled connection
and termination units which can be manufactured in a
factory, thus eliminated the need to carry out in situ
wiring, with the attendant risk of error. The various
connection and termination units can be assembled (and if
desired sealed) as flexible harnesses or in boxes.

Referring now to the drawing, each of the Figures is a
current diagram of an apparatus of the invention which

comprises
(A) a constant current power supply (100);
(B) a high impedance voltmeter (200);

(C) a trunk line cable which has a near end (300) and a
far end (400), and which is made up of a plurality
of segments, each segment comprising a first member

e e S
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(11, 12, 13 etc.), a second member (21, 22, 23
etc.), a third member (31, 32, 33 etc.) and a
fourth member (41, 42, 43 etc.); and

(D) at least one branch line cable which extends from
an intermediate point (500) along the trunk path to
a distant point (600) and which is made up of one
or more segments, each segment comprising a fifth
member (51, 52, 53 etc.!), a sixth member (61, 62,
63 etc.), a seventh member (71, 72, 73 etc.) anrd an
eighth member (81, 82, 83 etc.).

In each of the Figures, the phantom lines enclose _:omponents
which can conveniently be preassembled in a manufacturing
facility (eg. as & box or a flexible harness), with

z::: appropriate connecting means for the cables which make up

*2v**: the rest of the apparatus. The pre-assembled parts and the

5%’} cables can then be assembled at the site of “he

. installation.

""'E Referring now to Figure 1, this comprises a trunk cable
having two. identical branch cables connécted thereto in

e »» Aaccordance with the first embodiment of the invention. The

f:: segment of the trunk cable closest to the near end 300

e ee comprises four low resistance insulated wires 11, 21, 31 and

. oo 41 and extends along a path along which detection of an

Teseet event is not required. The second; third and fourth
segments of trunk cable comprisé two low resistance

«e o Ainsulated wires 32, 33 and 34, and 42, 43 and 44, and two

e tes identical high resistance conductive-polymer-coated wires
12, 13 and 14, and 22, 23 and 24 which become connected to
each other if an event occurs, eg. a leak of water or a
hydrocarbon. At each intermediate point 500, the trunk

o oerilig

-2~ ,  MP1197-FF

BRI R ORI

AR el b b e L R AR

L St

®
3
[
i
i
'

B N e naitisseriahs st g el




BRI ol A b 5 4 i o iadhclid N 52 S D 4 RIS ]

: > , 1, , : ci
x L ' -z- ' '  MP1197-FF

-cable ahd the branch‘cable are connected to a preasSembled

T-connector 501 which will not detect occurrence of an

évent, which makes the connections showr, and which includes ,
four identical resistors 1, 2, '3 and 4. The branch cable
has a single segment which runs from the intermediate point 

500 to the distant point 600 and which has the same physical
construction as the second segment of the trunk cable and
comprises two low resistance insulated wires 71 and 81 and
two identical high resistance conductive-polymer-coated
wires 51 and 61 which become connected to each other if an
event occurs. At the distant point 600, the branch cable is
connected to a preassembled terminator 601 which makes the S
connections shown. The final segment of the trunk cable is )
connected to a preassembled terminator 602 which makes the
connections shown and which can be identical to terminator

aoroc: 601'

IR - The wires 11, 12, 51 and 13, the resistors 1 and 2, and 2
E . the connections between them together form a locating i i5
.:".: member. The wires 21, 22, 61 and 23, the resistors 3 and 4,

and the connections between them together form a source

member. b

o oo i

L4 i
o oe¢ e
ICTEE When the occurrence of an event causes a connection to ' AR

be made at a single point along the trunk or branch cables

e %, (ie. between members 12 and 22, or members 51 and 61, or
members 13 and 23), the voltage measured by the voltmeter
depends upon the resistance of the locating member between

%« 5 the neaf end 300 and the connection point. Through

) knowledge of the resistance per unit length of the various
components; or through prior mapping of the system, the
measured voltage indicates the location of the event. The

FE A R A TR | W01 s B O s P e
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resistors 1, 2, 3 and 4 ensure that, despite a small error
in the voltage measurement, an operator can distinguish
between an event at an end of the trunk cable close to a

T-connector and an event at the end of a branch cable close
to a T-connector or at the end of a branch cable close to a b
terminator 601. ¥

In Figure 1, the connections in the T-connector are r

between members 51 and 12, 61 and 22, 71 and 23, and 81 and '

13. However, since the members 71 and 81 have much lower i

* .,'*, resistance than the members 51 and 61, results which are

R

substantially the same could be obtained by making the

connections between 51 and 12 (as before), 81 and 13 (as
‘before), 61 and 23, and 71 and 22; and results which are
*ees equally accurate, or substantially as accurate, but in which
sesses locations on the branch line were measured from the distant
point instead of the intermediate point, could be obtained L
by making the connections between 12 and 71, 22 and 81, 51 f{f

*e*ee®* and 23, and 61 and 13 (equally accurate) or between 12 and biéé

s;eiit 71, 22 and 51, 81 and 23, and 61 and 13 (substantially as L b
accurate). -

Figure 1 shows two branch lines, but there could be any i=f%
number of branch lines. :

L]
L]
eo0e
@ e
pES L
R N

Referring now to Figure 2, this shows a system in

v b L

accordance with the second embodiment of the invention which

.

will detect the occurrence of an event in one of a plurality
of zones, but not elsewhere, and will identify the zone in
which the event took place, but will rot identify the
location of the event in the zone. Between the zones, both
the trunk cable and the branch cable comprise four insulated

low resistance wires. In each zone, a first conductive-~

1;.'\ L
: \}J ()"/\\' .
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polymer-coated wire extends from the locating member, and a 1

second conductive=polymer-coated wire extends from the

o T

source member, close to but not touching the first wire;

3
i

upon occurrence of an event anywhere in the zone, the first
and second wires are brought into electrical contact, thus
connecting the source and locating members. Resistors are
placed in the locating member so that the voltage measured
by the voltmeter identifies the zone in which an event has
taken place, and balancing resistors are placed in the

source member.

oo The segment of the trunk cable closest to the near end
:ft:: 300 comprises four low resistance wires 11, 21, 31 and 41l.
¢« "« At the intermediate point 500, the trunk cable and the
53... branch cable are connected to a pre-assembled T-connector

sesees 501 which makes the connections shown. The first segment of
the branch cable has the same physical construction as the

trunk cable and contains four low resistance insulated

e ee wires, and is connected to a T-zone connector 701, which | %ﬁ
*,*..* Mmakes the connections shown between a zone cable and the
first and second segments of the branch csble, and which %
eees’ contains resistors 5 and 6. The zone cable has the same
physical construction as the branch cable of Figure 1, and

iy S o,

contains two lcw resistance insulated wires 171 and 181 and

e

e e two conductive-polymer-coated wires 151 and 161. It is,
however, connected differently both at the T-zone connector :
701 and at the zone terminator 80l1; the wires 171 and 181 1;!?
are connected as a loop between insulated wires 81 and 82 so '

SN AL S s e, e B St

that it is possible to make a continuity check of the zone

T I

cable. The second segment of the branch cable likewise
contains four insulated wires 52, 62, 72 and 82. The second
segment is connected to another T-zone connector 702 which
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is the same as 701 and to which is connected a second zone

cable comprising insulated wires 271 and 281 and conductive-
polymer-coated wires 251 and 261 and'terminating in zone ‘f
terminator 802. Terminator 603, which can be the same as
terminator 601 used in Figure 1 makes the appropriate

-connections at the end of the branch line.

The second segment of the trunk cable, comprising four
insulated wires 12, 22, 32 and 42, is connected via an end
zone connector 901 to a zone cable which is like that in the
other zdnes, which comprises two insulated wires 371 and 381
and two conductive-polymer-coated wires 351 and 361, andr
which is connected to zone terminator 803.




16
The claims defining the invention are as fOllows:

1. A sensor cable for use in detecting and obtaining information

| ébout an event, the cable comprising

(A) a trunk line cable which follows an elongate trunk path
having a near end and a far end; and

(B) at least one branch line cable which extends from the
trunk line cable at an intermediate point along the trunk
path and follows an elongate branch path from the
intermediate point to a distant point;

wherein

the trunk line cable comprises first, second, third, and fourth elongate
electrically conductive members,

each of the first and second members running along the
whole length of the trunk path but being discontinuous at
each intermediate point to provide an incoming end
nearer to the near end of the trunk path and an outgoing
end nearer to the far end of the trunk path,

each of the third and fourth members running
continuously along the whole length of the trunk path,

the first and third members being electrically connected
to each other at the far end of the trunk cable, and

the second and fourth members being electrically
connected to. each other at the far end of the trunk cable;

the branch line cable comprises fifth, sixth, seventh, and eighth
elongate electrically conductive members, each of which runs
continuously along the whole length of the branéh path and has a first
end at the intermediate point and a second end at the distant point;

:
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-each of .the first ends of the fifth, sixth, seventh and eighth members

is respectively connected to one of the incoming and outgoing ends of
the first and second members, and each of the second ends of the fifth
and sixth members is respectively connected to each of the second
ends of the seventh and eighth members, so that the incoming and
outgoing ends of the first member are electrically connected to each
other through the branch line and the incoming and outgoing ends of
the second member are electrically connected to each other through
the branch line;

the first and second members are, in the absence of an event,
insulated from each other and from other components of the cable
along the length of the cable except for said connections at each
intermediate point and at the far end of the trunk cable;

the third and fourth members are, both in the absence of an event and
upon occurrence of an event, electrically insulated from each other
and from other components of the cable, along the length of the cable,
except for said connections at the far end of the trunk cable;

the fifth and sixtt members (a) are, in the absence of an event,
insulated from each other and from other components of the cable
except for said connections at each intermediate point and distant
point, and (b) become, upon occurrence of an event at a point along
the branch path, electrically connected to each other at that point;
and

the seventh and eighth members are, both in the absence of an event
and upon occurrence of an event, electrically insulated from each
other and from other components of the cable except for said
connections at each intermediate point and distant point.
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(1) | vthe incommg ends of the first and second members at

~ each intermediate point are connected to the first ends of L

the fifth and sixth members respectively, or to the first
ends of the seventh and eighth members respectively;

- (ii)  the outgomg ends of the first and second members at each 7

intermediate point are connected to the first ends of the
eighth and seventh members respectively, or to the first
ends of the fifth and sixth members respectively;

(iii) the second ends of the fifth and eighth members are
connected at each distant point; and

(iv) the second ends of the sixth and seventh members are
connected at each distant point.

3. Acable according to Claim 1 or 2 wherein the 'physical

construction of at least a part of the trunk cable is identical to the
physical construction of at least a part of the branch cable.

4, A cable according to any one of the preceding claims wherein at
least a part of each of the fifth and sixth members comprises a
metallic wire which is electrically surrounded by a conductive

polymer.

5. A cable according to any one of the preceding claims which
includes four substantially identical resistors adjacent to each
intermediate point, each resistor providing one of said connections

between the first ends of the fifth, sixth, seventh and eighth members

and the incoming and outgoing ends of the first and second members
respectively. '
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- 6. A cable according to any one of the preceding claims wherein .

the trunk cable comprises a plurality of preterminated lengths of -
cable, each length comprising a part of the first, second, third and
fourth members; each branch cable comprises a preténninated length
of cable which comprises the fifth, sixth, seventh and eighth

members; at each intermediate point, the préterminated lengths and

the trunk cable and the branch cables are terminated by substantially
identical termination units which are such that the elongate members
can only be connected in an electrically correct arrangement; and the
trunk cable and the branch cables are terminated by substantially
identical termination units which are such that the elongate members
can only be connected in an electrically correct arrangement.

7. A cable according to any one of claims 1 to 4 wherein

at least one of the branch line cables comprises at least one zone cable
which extends from the branch line czble at a sub-intermediate point
and follows an elongate zone path from the sub-intermediate point to a
zone distant point, the zone cable comprising ninth, tenth, eleventh,
and twelfth elongate electrically conductive members, each of which
runs continuously along the whole length of the zone path and has a
first end at the sub-intermediate point and a second end at the zone
distant point;

each of the fifth and sixth members runs continuously along the whole
length of the branch path, one of the seventh and eighth members
runs along the whole length of the branch path, and the other of the
seventh and eighth members runs along the whole length of the
branch path but is discontinuous at each sub-intermediate point to
provide an incoming end nearer to the intermediate point and an |
outgoing end nearer to distant point;

the first ends of the ninth‘and tenth members are connected to the
fifth and sixth members respectively at the sub-intermeqliate point;

the ninth and tenth members (a) are, in the absence ¢f an event,
insulated from each other and from other components of the cable
except for said connections at the sub-intermediate point, and (b)

o et e e el et et hesial s e it 2
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‘become, upon occurrence of an event at a point along the zone path,
‘electrically connected to each other at that point;

the near ends of the eleventh and twelfth members are respectively
connected to the incoming and outgoing ends of the seventh or eighth
members at the sub-intermediate point, and the far ends of the
eleventh and twelfth members are connected to each other at the
zone distant point;

the eleventh and twelfth members are insulated from each other and
from other components of the cable, except for said connections at
the sub-intermediate point and at the zone distant point, both in the
absence of an event and upon occurrence of an event; and

the cable includes, adjacent to each sub-intermediate point, two
identical resistors, one forming part of the fifth member before the
sub-intermediate point and the other forming part of the sixth
member after the sub-intermediate point.

8. A cable according to Claim 1 substantially as hereinbefore
described with reference to and as illustrated in the accompanying
drawings.

9 Apparatus suitable for use in detecting and locating an event, the
apparatus comprising;:

(1) a sensor cable as claimed in any one of the preceding
claims;

(2) a power source; and

(3) a voltage measuring device;
10. Apparatus according to Claim 9 wherein upon occurrence of an
event at a location along the cable, an electrical connection is made at

that location either between the first and second members, or
between the fifth and sixth members, or between the ninth and tenth
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which

(1)

i)

(iif)

(iv)

and

(v)

21 ~ MP1197 AU
inembelfs; and the making of said connection results in a system in I_

the first member is electrically connected, at the near end
of the trunk path, to the power source and to the voltage-
‘measuring device; '

the third member is electricaliy connected, at the near
end of the trunk path, to the voltage-measuring device;

the fourth member is electrically connected, at the near

~end of the trunk path, to the power source;

there is a test circuit in which a current of known size
flows and which comprises

(a) those parts of the second, sixth and seventh
members which lie between the connection point
and the far end of the trunk path,

(b) the connection;

(c) those parts of the first, fifth and eighth members
which lie between the connection point and the near
end of the trunk path,

(d) the feurth member of the trunk cable, and

(e) the power source,

there is a reference circuit which comprises
(a) the first, fifth and eighth members,

(b) the third member, and
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(c)  the voltage-measuring deviég; :

‘whéreb'y' the voltage measured byr'_the voltage-measuring _devicc'carf‘be' :
~used to determine the location of the connection point. '

11. Apparatus according to Claim 10 wherein, at all,poirité; on the
sensor cable at which occurrence of an event can cause cennection
between the first and second members or the fifth and sixth members
or the ninth and tenth members, the sum of (a) the resistances of the
first, fifth and eighth members and any resistors in series therewith,
between the near end and the connection point, and (b) the
resistances of the second, sixth and seventh members and any
resistors in series therewith, between the connection point and the
far end, is substantially independent of the location of the connection
point.

DATED this 6th day of August 1991

RAYCHEM CORPORATION

By their Patent Attorneys

GRIFFITH HACK & CO.
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