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Description 

The invention relates to the connection of metal 
electrical conductors by means of a conductive resin, 

· and to oil lea.kage detection sensors and apparatus in­
corporating such a connection. 

Electrically conductive resins have been de­
veloped In recentyears and, depending on the appli­
cation involved and the location of use, are being used 
increasingly to make electrical connections between 
metal conductors. For example, it is known to use con-

\_)- necting structures of this type in the detecting parts of 
oil leakage detection sensors designed to check for oil 
leakage from oil tanks, piping in chemical plants, or 

·... aqueous or organic fluid carrying pipelines. 
One ·example of a conductive resin which may be 

used in the sensing part of an oil leakage detection sen­
sor is carbon-filled polytetrafluol'Qethylene (PTFE), 
which is endowed with electrical conductivity by the 
admixture of powdered carbon in a PTFE insulation 

\___../ material. PTFE resins have the p 
roperty of repelling water while allowing the per­

meation of oil. In addition, carbon-filled PTFE resins 
have the property of exhibiting a change in electrical 

· resistance when permeated by oil, and it is this prop­
erty which is utilised by the sensor in detecting oll 
leakage. 

A form of oil leakage detecting sensor of this type 
is disclosed in DE-A1-3 422 394 and comprises a pair 

·· of conductive metal lead wires which are mounted so 
thatthey are separated from each other. In the detect­
ing part of the sensor, these lead wires are electrically 
connected to each other by a resistor which consists 
of an electrically conductive resin, such as carbon-fil­
led PTFE. This resistor is usually In the form of a con­
. necting band extending between the wires. ·The 
respective ends of the resistor are bonded to the cir­
cumferential surfaces of the lead wires by means of a 
conductive adhesive, with each end covering ap-

V proximately half of the circumferential surface of the 
corresponding lead wire. Furthermore, these lead 
wires and the resistor are covered by an insulating 
substrate, which may comprise a PTFE resin. 

The respective lead wires of the oil leakage de­
tecting sensor are connected to a detection circuit, so 
. that a closed circuit is formed by the lead wires, the 
resistor, and the detection circuit. When oil contacts 
the detecting part of the sensor, the oil permeates 
through the insulating substrate and penetrates into 
the resistor. As a result, the electrical resistance ofthe 
resistor changes, so that an accompanying electrical 
change occurs in the detection circuit, whereby the 
ieakage of oil can be detected. 

In the above conventional structure, different 
materials, such as the lead wires, which are made of 

. metal, and the resistor, which is made of a resin ma­
terial, are bonded directly to each other by means of 
an adhesive. Accordingly, the bonding strength is 

weak, wh.ich can lead to improper or inconsistent con­
tact, and in some cases to an interruption of electrical 

· continuity owing fo peeling of the bonded area. As a 
result, such conventional structures have lacked re-

5 liability. 
Further, since the resistor is in contact with only 

about half of the circumferential surface of each of the 
lead wires, the area of contact is small, so that there 
is a large increase in electrical resistance in the con-

10 necting part. In the case of an oil leakage detecting 
sensor as described, this results In reduced sensitivi-
ty. 

In vie\v of the problems encountered with the 
above described electrical connecting structure, ac-

15 cording to the invention there Is provided a connecting 
structure in which at least two metal electrical conduc­
tors are connected comprising: 

(a) a covering layer of electrically conductive re­
sin surrounding each metal conductor over at 

20 least a portion of its length; 
(b) a band of electrically conductive resin inter­
connecting the covering layers of said metal con­
ductors, the band at least partially wrapping 
around and attaching to the covering layer of 

25 each conductor; and 
(c) a hydrocarbon-penetrable jacket surrounding 
said covered metal conductors and said conduc­
tive resin band. 
Since the entire circumference of the connection 

30 ~rea of each metal conductor is covered by its resin 
covering layer, the joint between each metal conduc­
tor and the corresponding covering layer is secure de­
spite the fact that the materials involved are different. 
Furthermore, the contact area is also large. Accord-

35 ingly, a good electrical connection is obtained. In ad­
dition, since both the covering layers and the 
connecting band are made of a resin material, suffi­
cient mechanical strength can be obtained in the join­
ing ofthe covering layers and the connecting band. As 

40 a result, a connecting structure is obtained which is 
favourable both in terms of electrical characteristics 
and in terms of mechanical strength. 

According to a further aspect of the invention, 
there is provided an oil-leakage detection apparatus 

45 comprising: 
(a) means for detecting a change in the electrical 
resistance of an electrical circuit; 
(b) an electrical circuit connected to said resistan­
ce-change detecting means; and 

50 (c) an oil detecting sensor including electrically­
conductive resin covered metal electrical conduc­
tors connected to the electrical circuit, a porous, 
electrically conductive resin band connecting 
said cavered metal conductors, and an oil-penetr-

55 able jacket surrounding said covered metal con­
ductors and said band. 

2 

An embodiment ofthe connecting structure in ac­
cordance with the invention will now be described, by 
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way of example, In the context of an oil-leakage de­
tecting sensor and with reference to the accompany­

. ing drawings in which:-
Figure I Is a perspective view of the oil-leakage 
detecting sensor; and 
Figure 2 is a cross-section of the oil-leakage de­
tecting sensor along line 11-11 of Figure I. 
The oil leakage detecting sensor ! shown hi the 

drawings has a pair of conductive carbon-filled PTFE 
resin-covered conductors 2 which are arranged so 
that they are separated m:lm each other. Each con­
ductor 2 comprises a metal lead wire 3 and a covering 
±.which comprises a conductive carbon-filled PTFE 
resin and which surrounds the entire circumference of 

· the lead wire~ in a tightly adhering state. Accordingly, 
the connection between the lead wire 3 and the cov­
ering 4 in each conductor 2 is extremely strong 
mechanically. Also, since the area of contact is large, 
this connection is also favourable from an electrical 
standpoint The method used to cover each lead wire 
3 with its covering 4 may be the same as the method 
;:ised generally to manufacture PTFE resin-covered or 
·~oated wires, and a description of the method is there­
fore omitted here. 

The tip portion of each of the conductors~ forms 
a connection area ~ in which the coverings ± of the 
two conductors are elecbically connected to each 
ether via a band-shaped resistor or connecting piece 
5 which is formed from conductive carbon-filled PTFE 
resin. Each of the ends of the band-shaped resistor!?. 

. is joined by thermal fusion to approximately half of the 
circumferential surface of the covering 4 of a respec­
tive one of the conductors ~· As is known, joints for­
med by thennal fusion are excellent in terms of 
mechanical strength. Such a connection method is 
also extremely favourable from an electrical 
standpoint 

Although conductive carbon-filled PTFE resin­
covered wires are used In this example as described 
above, it would also be possible to provide the cover­
ing layer± only in the connection area ~of each lead 
wire3. 

The conductors ~ and resistor ~ are covered by 
an insulating substrate !! formed of porous PTFE re­
sin, so that one end of each conductor is embedded 
in the insulating substrate~. while the other end of the 
conductor 2 projects from the insulating substrate 6. 
The projecting portions of the conductors 2 serve is 
terminals for connection to a detection Circuit (not 
shown), for which purpose the covering layers 4 are 
stripped away at the tips of the projecting portions of 
the conductors 2 to expose the lead wires 3. as shown 
ln Figure I for connection to the detection circuit. After 

· the lead wires~ have been connected to the detection 
circuit, the conductors 2 and naked lead wires 3 pro­
jecting from the Insulating substrate 6 may be covered 
by insulation moulded from an appropriate insulating 
material. 

5 

10 

16 

20 

25 

30 

35 

40 

45 

50 

55 

3 

In the oil leakage detecting sensor! as described 
above, the joints between the lead wires 3 and the 
covering laye.'$ ~·and the joints between the covering 
layers 4 and the resistor band 5 are extremely strong 
mechanically. Accordingly, the Joint areas tend not to 
be damaged even if the sensor I is subjected to vib­
ration or external forces. Further;these joints are also 
extremely favourable in tenns of elecbical character­
istics. Accordingly, there are no problems of improper 
contact or interruption of electrical continuity as in the 
case of sensors employing a conventional connection 
structure. The electrical resistance of the connecting 
structure can also be made smaller than is possible in 
the case of a conventional device, so that the sensiti­
vity of the oil leakage detecting sensor ! is also im­
proved. 

The operating principle of the oil leakage detect­
ing sensor of this example is the same as that of a con­
ventional oil leakage detecting sensor, in that the 
electrical resistance of the resistor?_ and the covering 
layers 4 in the connection areas A changes when the 
sensoris permeated by oil, and this change in elec­
trical resistance is detected by the detection circuit. 

It will of course be appreciated that the invention 
Is not limited to the specific example described above, 
and that various other configurations may be used. 
For example, there is only one pair of lead wires ~ In 
the oil leakage detecting sensor described above, 
whereas it would be possible, If desired, to install two 
pairs of lead wires ~or an even larger number of lead 
wires 3. The conductive resins which may be used in 
the present Invention are not limited to conductive car­
bon-filled PTFE resins. Conductive metal powder 
could be used as the filler, and porous polyethylene, 
porous polypropylene, and porous rubber are exam­
ples of other resins which may be used. Also, the con­
necting structure described may be used in other 
devices besides oil leakage detecting sensors. 

Claims 

1. A connecting structure in which at least two metal 
electrical conductors (3) are connected compris­
ing: 

(a) a covering layer (4) of electrically conduc­
tive resin surrounding each metal conductor 
(3) over at least a portion of its length; 
(b) a band (5) of electrically conductive resin 
interconnecting the covering layers (4) of said 
metal conductors, the band at least partially 
wrapping around and attaching to the cover­
ing layer of each conductor; and 
(c) a hydrocarbon-penetrable jacket (6) sur­
rounding said covered metal conductors and 
said conductive resin band (5). 

2. A structure according to claim I, wherein said con-
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. ductive resin covering layer (4) of each metal con­
ductor (3) comprises carbon-filled porous expan-
. ded polytetrafluoroethylene. · 

3. A structure according to claim I or claim 2, whe­
rein said conductive resin band (5) comprises 
carbonfilled porous expanded polytetraf­
luoroethylene. 

4. A structure according to any one of claims I to 3, 
wherein said jacket (6) comprises a porous hyd­
rocarbon resin. 

5. A structure according to claim 4, wherein said 
porous hydrocarbon resin is porous expanded 
polytetrafluoroethylene, porous polypropylene, 
porous polyethylene or porous rubber. 

6. An oil-leakage detection apparatus comprising: 
(a) means for detecting a change in the elec­
trical resistance of an electrical circuit; 
(b) an electrical circuit connected to said resis­
tance-change detecting means; and 
(c) an oil detecting sensor {I) including eleo­
trically-conductive resin covered metal electri­
cal conductors (2) connected to the electrical 
circuit, a porous, electrically conductive resin 
band (5) connecting said covered metal con­
ductors, and an oil-penetrable jacket (6) sur­
rounding said covered metal conductors (2) 
and said band (5). 
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7. An apparatus according to claim 6, wherein the 
electrically conductive resin covering (4) of said 
·covered metal conductors (2) and the band (5) 36 

connecting said covered metal conductors com-
prise conductive carbon-filled porous expanded 
polytetrafluoroethylene. 

V ;.- An apparatus according to claim 6 or claim 7, 40 

wherein the oil-penetrable jacket (6) comprises 
porous expanded polytetrafluoroethylene. 

9. An oil leakage detecting sensor comprising at 
least two metal electrical conductors (3) each 45 

having a covering layer (4) of electrically conduc-
tive resin surrounding it over at least a portion of 
its length, a band (5) of porous, electrically con­
ductive resin inter-connecting the covering layers 
(4) of said metal conductors (3), the band at least so 
partially wrapping around and attaching to the 
covering layer of each conductor; and a hydrocar­
bonpenetrable jacket (6) surrounding said cov-
ered metal conductors and said conductive resin 
~~ ~ 
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Patentansprliche 

1. Verbindurl~~sh-uktur, in der mindestens zwei me­
tallische elektrische Leiter verbunden sind, um­
fassend: 

a) eine Deckschicht (4) aus elektrisch leitfahi­
gem Kunstharz, welches jeden metallischen 
Leiter (3} Ober zumindest einem Langenab­
schnitt umgibt; 
b) ein Band (5) aus elektrisch leitendem 
Kunstharz, welches die Deckschichten ( 4) der 
metallischen Leiter abdeckt, wobei das Band 
zumindest teilweise um die Deckschicht (4) ja­
des Leiters herumgewickelt und an der 
Schicht befestigt ist und 
c) einen kohlenwasserstoff-durchdringlichen 
Mantel (6), der die bedeckten metallischen 
Leiter (3) und das Band aus leit.endem Kunst­
harz umgibt. 

2. Struktur nach Anspruch 1, bei der die aus leiten­
dem Kunstharz bestehende Deckschicht (4) ja­
des metallischen Leiters (3} mit Kohlenstoff 
gefulltes, por0ses, expandiertes Polytetrafluor­
athylen aufweist. 

3. Struktur nach Anspruch 1 oder 2, bei dem das lei­
tende Kunstharzband (5) mit Kohlenstoff gerull­
tes, poroses, expandiertes Polytetrafluorathylen 
aufweist. 

4. Struktur nacti einem der AnsprOche 1 bis 3, bei 
der der Mantel (6) ein poroses Kohlenwasser­
stoffharz aufweist. 

5. Struktur nach Anspruch 4, bei der das pori>se 
Kohlenwasserstoffharz porases, expandiertes 
Polytetrafluorathylen, por0ses Polypropylen, po­
l'Oses Polyathylen oder poraser Gummi isl. 

6. Otleckage-Detektorvonichtung, umfassend: 
a) eine Einrichtung zum Erfassen einer Ande­
rung des elektrischen Widerstands eines 
elektrischen Kreises; 
b) einen elektrischen Kreis, der an die eine Wi­
derstandsanderung erfassende Detektorein­
richtung angeschlossen ist; und 
c) einen Oldetektorsensor (1) mit durch elek­
trisch leitendes Kunstharz abgedeckten me­
tallischen elektrischen Leitem (2), die an den 
elektrischen Kreis angeschlossen sind, einem 
poriisen, elektrisch leitenden Harzband (5), 
welches die abgedeckten metallischen Leiter 
verbindet, und einem oldurchHissigen Mantel 
(6), der die abgedeckten metallischen Leiter 
(2) und das Band (5) umgibt. 

7. Vorrichtung ·nach Anspruch 6, bei der die elek-



·:·, t' 

7 EP 0 354 733 B1 8 

. 
v 

trisch leitende Kunstharzabdeckung (4} derabge­
deckten metallischen Leiter (2) und das Band (5), 
das die abgedeckten metallisctieri Leiter verbln­
det, leitendes, kohlenstoffgerulltes, por0ses und 
expandiertes Polytetrafluoriithylen aufwelsen.. 5 

i'·. Vorrichtung nach Anspruch 6 oder 7, bei <tern der 
Oldurchlissige Mantel (6) por6ses, expandiertes 
Polytetraftuorathylen eufweist. 

!J.. Olleckage-Detektorvonichtung, umfassend min­
destens zwei metallische elektrische Leiter (3), 
die jeweils eine Deckschicht (4) aus elektrisch lei­
tendem Kunstharz aufweisen, welches den Leiter 
Ober mindestens elnem Lingenabschnitt umglbt, 
ein Band (5} aus porasem, elektrisch leitendem 
Kunsthai'z, welches die Oeckschichten (4) der 
metallischen Leiter (3) verbindet, wobei das Band 
mindestens teilweise die Deckschicht jades Lei­
ters umschlingt und an ihr befestigt ist; und einen 
kohlenwasserstoff-durchlassigen Mantel (6), der 
die abgedeckten metallischen Leiter und das lei­
tende Kunstharzband umgibt. 

. f~evendicatlons 

"!. Structure de c<>nnexlon dans laquelle deux 
conducteurs electriques metalllques au moins (3) 
sont connectes, comprenant : 

(a) une couche de revAtement (4) d'une resine 
conductrice de l'electricite, entourant chaque 
conducteur metallique (3) sur une partie au 
molns de sa longueur, 
(b) une bande (5) d'une resine conductrice de 
l'electricite, interconnectant les couches (4) 
de revAtement des conducteurs metalllques, 
la bande s'enroulant au moin~ partiellement 
autour de la couche de revitement (4) de che­
que conducteur et etant flxee a cette couche; 
et 
(c) une gaine (6) dans laquelle peuvent pene­
trer des hydrocarbures et entourant les 
conducteurs metalliques revAtus (3) et la ban­
de (5) d'une resine conductrice. 

.l. Structure selon la revendication 1, dans laquelle 
la couche (4) de rev!tement de resine conductri­
ce de chaque conducteur metallique (3) contlent 

. du polytetrafluorethylene expanse poreux et 
charge de carbone. 

3. Structure salon la revendication 1ou2, dans la­
quelle la bande de resine conductrice (5) contient 
du polytetrafluorethylene expanse poreux charge 
de carbons. 

4. Structure selon l'une quelconque des revendica-
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tions 1 a 3, dans laquelle la gaine (6) est formee 
d'une resine hydrocarbonee poreuse. 

5. Structure salon la revendication 4, dans laquelle 
la resine hydrocarbonee poreuse est du polyte­
trafluorethylene expanse poreux, du polypropyle­
ne poreux, du polyethylene poreux ou du 
caoutchouc poreux. 

6. Appareil de detection de fuites d'huile, compre-
nant: 

(a) un dispositif de detection d'une variation 
de la resistance electrique d'un circuit electri­
que, 
(b} un circuit electrique connect& au dispositif 
de detection d'une variation de resistance, et 
(c) un capteur(1) de detection d'huile compre­
nant des conducteurs electriques metalliques 
(2) rev!tus d'une resine conductrice de l'elec­
tricite et connectes au circuit electrique, une 
bande (5) d'une resine poreuse et conductrice 
de l'electricite, connectant les conducteurs 
metalliques revAtus, et une gaine (6) qui peut 
Atre traversee par une huile et qui entoure res 
conducteurs metalliques rev6tus (2) et la ban­
de (5) • 

7. Appareil selon la revendication 6, dans lequel le 
revfttement (4} d'une resine conductrice de 1'81ec­
tricite des conducteurs metalliques rev&tus (2) et 
la bande (5) connectant les conducteurs metalll­
ques revitus contiennent du polytetrafluorethyl8-
ne conducteur expanse poreux charge de 
carbone. 

8. Appareil selon la revendication 6 ou 7, dans le­
quel la gaine (6) dans laquelle peut penetrer une 
hulle contient du polytetrafluorethylene expanse 
poreux. 

9. Capteur de detection de fuites d'huile, compre­
nant au mains deux conducteurs electriques me­
talliques (3) ayant chacun une couche de 
revAtement (4) d'une resine conductrice de l'elec­
tricite qui l'entoure sur une partle au mains de sa 
longueur, une baode (5) d'une resine poreuse et 
conductrice de l'electricite, interconnectant les 
couches (4) de rev!tement des conducteurs me­
talliques (3), la bande entourant au moins partielle­
ment la couche de rev~tement de chaque 
conducteur et etant frxee a cette couche, et une gai­
ne (6) dans laquelle peuvent plmetrer res hydrocar­
bures et entourant les conducteurs metalliques 
rev6tus et la bande d'une resine conductrice. 


