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[5 7] ABSTRACT 
A cable connector assembly for minerally insulated 
electric cables and comprising a cable plug disposed at 
the cable end and a socket adapted to receive the 
cable plug. The cableplug is composed of contact 
members and of insulators disposed in consecutive 
aligned relationship and being of cylindrical shape, the 
outside diameter thereof corresponding in size to the 
cable diameter. The socket comprises contact ele 
ments separated by insulating discs provided with a 
common passage extending therethrough which is 
adapted to receive the cable plug. 

8 Claims, 3 Drawing Figures 
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CABLE CONNECTOR ASSEMBLY 
This is a continuation of US. Pat. application Ser. 

No. 193,607, ?led Oct. 28, 1971, now abandoned. 
The invention relates to a cable connector assembly 

adapted to be used for connecting to equipment or in 
terco'nnecting minerally insulated electric cables hav 
ing two conductors which are embedded in an inor 
ganic insulating material and which are surrounded by 
a metal tube, more particularly for measuring and con 
trol systems comprising thermocouples, piezoelectric 
signal generators or pick-ups or the like. The cable con 
nector assembly comprising a cable plug disposed at 
the cable end and'a socket adapted to receive the cable 
plug. 
A frequent requirement in the electric measuring and 

control art is to transmit signals from pick-ups or signal 
generators which are mounted in relatively hot zones or 
through high-temperature areas. Minerally insulated 
cables have accordingly been devised in which the steel 
conductors are embedded in an inorganic insulating 
material, generally magnesium oxide, enclosed by a 
steel tube. Cables of this kind tolerate temperatures up 
to above 1,000° C. One important job for which such 
cables are used is to supervise aircraft engines, in par 
ticular they are used in the vibration monitoring sys 
tems of rotating engine parts by means of piezoelectric 
accelerometers and for temperature supervision by 
means of thermocouples in a ?re alarm system or for 
function checks. The pick-ups —- not just the thermo 
couples but the vibration pick-ups too - are required 
to be placed inside the engine very near the parts to be 
supervised, so that detailed information from any dis 
turbances which may occur is available and diagnosis 
is greatly simpli?ed, since it is immediately apparent 
which particular engine component is causing abnor 
mal vibrations, or the exact place where there is over 
heating. 7 ' i 

A main difficulty in assembling pick-ups or signal 
generators inside an engine is the laying of the cable. 
The places where the pick-ups are actually disposed are 
usually not very hot since bearings, gearboxes and so 
on are oil lubricated and thus cooled. However, the ca 
bles usually have to extend through zones inside. the en 
gine where there is spraying oil; also, they often have 
to pass through stationary engine parts on their way to 
the outside surface of the engine. This is why minerally 
insulated cables are preferred, for they can withstand 
high temperatures, have good mechanical strength and 
are of relatively small diameter — something like 1.6 
to 3.5 mm. For example, thin minerally insulated cables 
must be used where a signal line, as is usually the case, 
inside a stator blade leads to the outside of the engine, 
since stator blades are fairly thin and so any passages 
in them for cables must be relatively narrow. 
There are therefore special difficulties in connecting 

cables to signal pick-ups and in interconnecting cable 
conductors. Since conventional cable plugs are usually 
of much greater diameter than the cable, the plugs can 
be ?tted to the cable ends only after the laying of the 
cable. However, the cable ends of minerally insulated 
cables must be hermetically sealed since the inorganic 
insulant is hygroscopic and its dielectric coefficient 
would drop undesirably if it absorbed mositure, yet it 
is virtually impossible to thoroughly heat, evacuate and 
hermetically seal cables already assembled in‘ an en 
gine. 
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It is an object of this invention to obviate these diff 
culties by the provision of an adequately heat-resistant 
cable connector assembly for minerally insulated ca 
bles, which assembly comprises a cable plug providing 
a hermetic closure of the cable end and which can be 
?tted thereto before the cable is assembled in the en 
gine without making cable assembly more difficult. 
According to the invention the cable plug comprises 

two substantially cylindrical ceramic insulators and two 
tubular contact members whose outside diameters cor 
respond at least substantially to the metal tube size of 
the minerally insulated cable, the two tubular contact 
members being disposed in consecutive aligned rela 
tionship so that the ?rst insulator follows the metal tube 
of the cable, the first contact member engages like a 
sleeve or nipple or the like over the two insulators and 
the second contact member is engaged like a cap on the 
outside end of the second insulator, the insulators being 
metallized on their surfaces in contact with the metal 
tube and with the contact members and being hermeti 
cally secured thereto by brazing. The socket for receiv 
ing the plug element according to the invention com 
prises at least two consecutive contact elements which 
are separated from one another by insulating discs and 
through which at least one common passage extends. 
Spring liners or the like are inserted into the contact el 
ements and cooperate with the contact members of the 
cable plug which is adapted to be plugged into the com 
mon passage and ensure satisfactory electrical contact. 

Pin-like plug elements of relatively small diameter 
are used in radio and telecommunications, in the form 
of a contact pin which is connected to an electrical 
conductor and which has a widened head, a sleeve 
made of an insulant, as a rule plastics, being drawn on 
to the pin shank and bearing a sleeve-like contact ele 
ment connected on its outside. to the second conduc 
tor. A plug casing whose dimensions greatly exceed 
cable diameter is needed to provide a strong connec 
tion between the plug element and the cable sheath or 
covering. Also, a conventional plug element of this 
kind cannot provide hermetic sealing of the cable end, 
nor is its ability to withstand heat sufficient for use in 
conditions of severe thermal stressing. 
The cable plug according to the invention, on the 

other hand, forms a hermetically tight cable end piece 
whose diameter is little, if at all, greater than cable di 
ameter and which is in a strong mechanical connection 
with the metal covering of the cable. Cable assembly is 
therefore facilitated even though the passages for the 
cable are narrow. Since a hermetic closure can be pro 
vided by the cable plug according to the invention be 
fore assembling the cable in the engine, there is no 
need to dry out and evacuate the cable in the place of 
assembly. Also, although of simple construction, the 
ability of the cable plug according to the invention to 
withstand high temperatures is the same as that of min 
erally insulated cable. The socket of the cable connec 
tor assembly according to the invention is of simple de 
sign and advantageously adapted to receive the cable 
plug. With three contact elements disposed one after 
another in this fashion, not only do the cable conduc 
tors have provision for electrical connection but the 
metal covering or sheath of the minerally insulated 
cable has provision for connection as screening. A 
socket of this kind can be disposed on or in the casing 
of the associated signal generator; it is particularly suit 
able for providing a conductive connection between 
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two pieces of cable, e.g. between a minerally insulated 
cable disposed in an engine to be monitored and a con 
ventional cable extending from the outside of the en 
gine. 
The insulating members of the cable plug according 

to the invention can, with advantage, be identical; pref 
erably, the insulators are formed with axial passages 
through which the conductors extend, one conductor 
being secured to a place on the inside surface of the 
contact member between the two insulators, the other 
conductor extending through a central passage of the 
cap-like end contact member and being hermetically 
secured to the outside thereof by brazing or welding. In 
this construction it is a fairly simple job to beat out the 
cable end and to evacuate through the axial passages in 
the insulating members and through the central passage 
of the cap-like contact member before the second con 
ductor is welded to the outside of the cap-like contact 
member to close the central passage hermetically. 
Also, the insulators can be reduced on those of their 
surfaces with- which they contact the metal covering of 
the cable and the contact members, so that the contact 
members can be wholly or partly recessed in the insu 
lating members and the cable. plug has a relatively 
smooth outside surface. , 

Conveniently, if the cable plug according to the in 
vention is to be used for thermocouple lines, the con 
tact members are made of the same material as the 
cable conductors, to obviate the formation of extra 
thermocouples at the contact zones. 1 
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The common passage provided in the contact ele- ' 
ments of the socket may extend through the insulating 
discs separating the contact elements. If the common 
passage in the insulating discs is smaller than the out 
side diameter of the spring means preferably formed by 
radially resilient contact sleeves inserted into the com 
mon passage, the sleeves are reliably anchored in the 
passages of the contact elements. 

In a preferred embodiment of the invention advanta 
geously suitable for connecting a minerally insulated 
cable to piezoelectric signal generators, in particular to 
piezoelectric accelerometers, the socket adapted to re 
ceive the cable plug is formed by the piezoelectric sig 
nal generator itself having piezoelectric crystal discs 
separated by electrodes. In this embodiment, the elec 
trodes of the signal generator are used as the contact 
elements of the socket, the crystal discs forming the in 
sulating discs. With this construction, the minerally in 
sulated cable can be connected to the signal generator, 
just by means of a single central passage in the piezo 
element itself, thus rendering the provision of a sepa 
rate socket unnecessary. 
The invention is explained in more detail below with 

reference to the accompanying drawings, in which: 
FIG. 1 shows, by way of example, a view in axial sec 

tion of a cable plug according to the invention con 
nected to a cable end; 
FIG. 2 shows a view in longitudinal section of a 

socket or box for interconnecting two cables, and 
FIG. 3 shows an axial central section through a piezo 

electric accelerometer to which a minerally insulated 
cable is directly connected. 7 
Referring to FIG. 1, a minerally insulated cable 1 is 

provided with a cable plug according to the invention 
as an end piece. Cable 1 comprises two electrical con 
ductors 2, 3 embedded in an inorganic insulant 4, for 
example magnesium oxide, surrounded by a metal, 

45 

55 

60 

65 

preferably steel, covering or sheath 5 which also forms 
the electrical screening of cable .1. Sheath 5 is followed 
by a cylindrical insulating member 6 of a ceramic mate 
rial, for example aluminum-oxide ceramic, and a sec 
ond and identical insulating member 7 is disposed in 
alignment with member 6. Between the two members 
6 and 7 is a ?rst contact member 8 which is tubular and 
which acts as a connecting nipple between the two in 
sulating members 6, 7. A cap-like second contact mem 
ber 9 is disposed on the outwards end of the insulating 
member 7. The two insulating members 6, 7 have axil 
passages 10, 11 through which the conductors 2, 3 ex 
tend. Between the two insulating members 6, 7 the con 
ductor 2 is secured to a place, 12 of the inside surface 
of contact member 8 by brazing or welding, but con 
ductor 3 extends through axial passage 11 in insulating 
member 7 and terminates in a central passage 13 of 
contact member 9. A weld connection 14 secures con 
ductor 3 to the outside of member 9 and closes passage 
13 hermetically. . 

The outside diameter of all the integers 6-9 is no 
greater than the outside diameter of cable sheath 5. 
The cable plug is therefore no‘thicker than cable 1 and 
therefore does not cause any difficulties in cable assem 
bly. In the embodiment shown theinsulating members 
6,7 are reduced or stepped at their ends to receive the 
components following them, so that the cable plug has 
a substantially smooth outside surface. The cable plug 
components and the integers 6~9 are hermetically 
sealed together by brazing, as is the insulating member 
6 to sheath 5. An adhesive metal layer is applied to 
boundary surfaces 15 in FlG. l to metallise the insulat 
ing members 6,7. One possible way of providing the 
metallising is to sinter molybdenum at a high tempera 
ture on the surface of the members 6,7, whereafter the 
sintered layer is consolidated by electro-nickel-plating. 
The resulting brazed bond is mechanically strong and 
sealing-tight and can withstand temperatures of more 
than 800° C. 
The weld 14 on the outside of the contact member 9 

is the last item to be formed when the cable plug is as 
sembled. Before welding, the cable 1 and the inside of 
the otherwise finished. cable vplug is first thoroughly 
heated to remove moisture, then evacuated via the cen 
tral passage 13 in contact member 9, then filled with an 
inert gas, for example helium or a helium-nitrogen mix 
ture. After the gas ?lling the conductor 3 is welded to 
contact member 9 by means of the weld 14, the cable 
plug and therefore the cable end being sealed hermeti 
cally. The cable plug can then be tested for hermeticity 
in a mass spectrometer, conveniently with the helium 
serving as indicator. 
The minerally insulated cable 1 can have a cable plug 

according to the invention at both its ends and thus be 
hermetically sealed. It is a simple matter to assemble 
such a cable, one of its ends being connected to a signal 
pick-up such as a piezoelectric accelerometer or a ther 
mocouple while its other end is connected to an appro 
priate socket or box of a signal line which is connected 
for example outside the engine to be monitored. Alter 
natively the minerally insulated cable can have one end 
permanently connected to signal generator or thermo 
couple, in which event a cable plug according to the in 
vention is required only for its other end. When such 
a system is assembled, for example inside an engine, 
signal generator or thermocouple is fitted first, where 
after the cable is led through the various passages to the 
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outside. The job of laying the cable in this way is facili 
tated by the narrowness of the cable plug according to 
the invention and the factthat the same is ?rmly con- . 
nected to the cable sheath, the plug element'not being 
connected in this case to the signal generator or ther 
mocouple. . 

FIGS. 2 and 3 show two different ways of connecting 
the cable plug of FIG. 1. The embodiment shown in 
FIG. 2 is of a connecting socket or box which can be 
disposed for example on the outside of an engine cas 
ing. The socket or box comprises two metal contact el 
ements 16,17 which are secured in casing 19 of the 
socket by a metal screw 18 serving as contact member 
for the steel covering or sheath 5 of cable 1. One insu 
lating disc 20 each, conveniently ‘of ceramic, is dis 
posed between the contact elements 16,17 and the 
screw 18, and at the end of contact element 16 is an 
other insulating disc 21 which bears via a plate spring 
22 on an end wall of casing 19. The spring 22 serves to 
compensate for any inequalities in heat expansion be 
tween the components of the box or socket and to en 
sure that the contact elements 16,17 fit without clear 
ance inside the casing 19. 
A common passage 23 extends through all the inte 

gers 16—20 and is adapted to receive a cable ‘plug se 
cured to the end of cable 1. A resilient sleeve 24 is dis 
posed in each contact member 16,17 and in the screw 
18. The members 24 provide electrical contact be 
tween the contact members l6,l7 and the contact 

- members 8,9 of the cable plug and between screw 18 
and cable sheath 5. Socket apertures 25 are provided 
laterally on the two contact elements 16,17 and receive 
spring liners or sleeves or the like 26, to receive plug 
pins 27 disposed at the-end of a conventional cable 28 
screwed by means of a locknut 29 to a cylindrical plug 
extension 30 secured to casing 19. 
Screw 18 has on its outside an O-ring 31 which serves 

to seal the box or socket and, if necessary, to secure the 
cable. ' 

A minerally insulated cable could be connected at 
this place to the box or socket instead of the conven 
tional cable 28, in which event the requisite contact el 
ements for receiving a cable plug according to the in 
vention in the plug extension 30 could be disposed in 
very much the same way as in the casing 19. Alterna 
tively, the contact elements can be disposed in consec 
utive and aligned relationship to one another so that 
the ends of two cables can be interconnected coaxially. 
Another advantageous possibility is for the same con 
tact elements to have two passages disposed in parallel 
adjacent relationship to one another and to have the 
requisite spring sleeves or liners or the like, in which 
event two pieces of cable can be inserted into the two 
passages either parallel and beside one another in the 
same direction or in opposite directions and thus be 
joined together. 

In the construction shown in FIG. 3, a minerally insu 
lated cable 1 having at its end a cable plug of the kind 
shown in FIG. 1 is plugged directly into a piezoelectric 
accelerometer comprising a casing 32 in which a base 
plate 33 having a prestressing sleeve 34 is secured, a 
seismic weight 35 and a piezoelement 36 being dis 
posed in sleeve 34. Piezoelement 36 comprises three 
crystal discs 37 with electrodes 38,39 therebetween. A 
central passage 23 extends through the integers 33 and 
37-39 and is adapted to receive the cable plug. in just 
the same way as in the embodiment shown in FIG. 2, 
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6 
spring sleeves 24 or the like are inserted in passage 23 
and provide direct electrical contact between the cable 
contact members 8,9 and the electrodes 38,39 and be 
tween the cable sheath 5 and the baseplate 33, which 
serves as an earthing connection. Sealing-tightness and, 
where applicable, location of cable 1 is provided by an 
O-ring 31. In this embodiment, therefore, the cable 
plug is inserted directly in the pick-up — i.e., the piezo 
element 36 -—'and so no separate connecting socket or 
box is required. 

I claim: 
1. A cable connector assembly adapted for use in 

completing connection to equipment or interconnect 
ing electric cables having a'pair of conductors embed 
ded in an inorganic insulating material enclosed by a 
metal tube, said assembly comprising: 
cable plug means including, 
a v?rst cylindrical insulator of main body diameter 

less than that of the cable metal tube outer diam 
eter and having one end of reduced diameter that 
is fittingly received within said cable metal tube 
with the cable conductors passing through longi 
tudinally extending openings in said insulator, 

a hollow cylindrical metal tube of outer diameter 
substantially identical to that of the cable tube 
fittingly received onto a reduced diameter end 
portion of said ?rst insulator, one of said cable 
conductors being connected to said metal tube at 
an interior surface, 

a second cylindrical insulator having an end of re 
duced diameter fittingly received within the hol 
low cylindrical metal tube and spaced from the 
?rst insulator end portion, said second insulator 
having a main body diameter not more than the 
outer diameter of said hollow cylindrical metal 
tube, said second insulator being provided with 
an opening extending longitudinally thereof 
through which the other cable conductor passes, 
and 

a cylindrical metal cap of diameter substantially 
identical with that of the cable metal tube having 
an open end received onto a reduced diameter 
portion of the other end of said second insulator 
and a closed end wall with an axially extending 
opening through which the other cable conduc 
tor extends for securement to the metal cap on 
its outer surface, 

said reduced diameter end portions of said first and 
second insulators being metallized and bodies of 
brazing means interconnecting said metallized 
end portions and the cable tube, hollow cylindri 
cal metal tube and cylindrical metal cap, respec 
tively, hermetically sealing the interior of said 
plug means; and 

socket means for receiving therewithin said cable 
plug means and the end portion of the cable tube 
received onto said first insulator including, 
individual contact means for the cable tube, hollow 

cylindrical metal tube and metal cap arranged in 
mutually spaced relation and having a common 
opening therethrough through which said plug 
means and cable tube passes, 

insulating discs separating the contact means, and 
individual spring means resiliently electrically in 
terconnecting the cable tube, hollow cylindrical 
metal tube and metal cap to the respective con 
tact means. 
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2. A cable connector assembly as in claim 1, wherein 
the common passage provided in the contact elements 
of the socket extends through the insulating discs and 
is smaller in diameter than the outside diameter of the 
spring means. 

3. A cable connector assembly adapted for complet 
ing connection to equipment or interconnecting elec 
tric cables having a pair of conductors embedded in an 
inorganic insulating material enclosed by a cylindrical 
metal sheath, said assembly comprising: 
cable plug means including, 
a ?rst cylindrical insulator of main body diameter 

less than that of the cable metal sheath outer di 
ameter and having one end ?ttingly received 
within said cable sheath with the cable conduc 
tors passing through respective longitudinally ex 
tending openings in said insulator, 

a hollow cylindrical metal tube of outer diameter 
substantially identical to that of the cable tube 
received onto the other end portion of said ?rst 
insulator, one of said cable conductors being 
connected to said metal tube at an interior sur 

face thereof, 
a second cylindrical insulator having an end re 
ceived within the hollow cylindrical metal tube 
and spaced from the first insulator ‘end portion, 
said second insulator having a main body diame 
ter not greater than the outer diameter of said 
hollow cylindrical metal tube and said second in 
sulator being provided with an opening extending 
longitudinally thereof through which the other 
cable conductor passes, and 

a cylindrical metal cap of diameter substantially 
identical and no greater than that of the cable 
metal sheath having an open end received onto 
the other end portion of said second insulator 
and a closed end wall with an axially extending. 
opening through which the other cable conduc 
tor extends for securement to the metal cap, 

said end portions of said ?rst and second insulators 
being metallized and bodies of brazing means in 
terconnecting said metallized end portions and 
the cable tube, hollow cylindrical metal tube and 
cylindrical metal cap, respectively, thereby her 
metically sealing the interior of said plug means; 
and 

socket means for receiving therewithin said cable 
~ plug means and the end portion of the cable sheath 
received onto said ?rst insulator including, 
individual contact means for the cable sheath, hol 
low cylindrical metal tube and metal cap ar 
ranged in mutually spaced relation and having a 
common opening through which said plug means 
and cable sheath passes, 

insulating discs separating the contact means, and 
individual spring means resiliently electrically in 
terconnecting the cable sheath, hollow cylindri 
cal metal tube and metal cap to the respective 
contact means. 

4. A cable connector assembly adapted to be used for 
connecting to equipment or interconnecting minerally 
insulated electric cables having two conductors embed 
ded in an inorganic insulating material enclosed by a 
metal tube, said assembly comprising: 
a cable plug disposed at the cable end and a socket 
adapted to receive the cable plug; 
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8 
the cable plug being composed of two tubular con 

tact members connected to the cable conductors 
and of two substantially cylindrical insulators of ce 
ramic material electrically insulating the contact 
members from one another, the outside diameters 
of the contact members and of the insulators corre 

' sponding at least substantially to the metal tube 
size of the cable, the two tubular contact members 
and the insulators being disposed in consecutive 
aligned relationship so that the first insulator fol 
lows the metal tube, the ?rst contact member being 
disposed between and engaging at both ends 
thereof over the two insulators and the second con 
tact member being engaged like a cap on the out 
side end of the second insulator, the insulators 
being metallized'on their surfaces in contact with 
the metal tube and with the contact members and 
being hermetically secured thereto by brazing; and 

the socket including at least two consecutive contact 
elements provided with at least one common pas 
sage extending therethrough and insulating discs 
separating the contact elements from one another, 
spring means being inserted into the contact ele 
ments and cooperating with the contact members 
of the cable plug which is adapted to be plugged 
into the common passage in the contact elements 
of the socket. _ ' . ~ 

5. A cable connector assembly adapted to be used for 
30 connecting to equipment or interconnecting minerally 
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insulated electric cables having two conductors embed 
ded in an inorganic insulating material enclosed by a 
metal tube, said assembly comprising: 
a cable plug disposed at the cable end and a socket 
adapted to receive the cable plug; 

the cable plug being composed of two tubular con 
tact members connected to the cable conductors 
and of two substantially cylindrical insulators of ce 
ramic material electrically insulating the contact 
members from one another, the outside diameters v 

of the contact members vand of the insulators corre 
sponding at least substantially to the metal tube 
size of the cable, the two tubular contact members 
and the insulators being disposed in consecutive 
aligned relationship so that the ?rst insulator fol 
lows the metal tube, the ?rst contact member being 
disposed between and engaging at both ends 
thereof over the two insulators and the second con 
tact member being engaged like a cap on the out 
side end of the second insulator, the insulators 
being metallized on their surfaces in contact with 
the metal tube and with the contact members and 
being hermetically secured thereto by brazing; and 

the socket including at least two consecutive contact 
elements provided with at least one common pas 
sage extending therethrough and insulating discs 
separating the contact elements from one another, 
spring means being inserted into the contact ele 
ments and cooperating with the contact members 
of the cable plug which is adapted to be plugged 
into the common passage in the contact elements 
of the socket, said socket further including a piezo 
electric signal generator having piezoelectric crys 
tal discs separated by electrodes, the electrodes 
forming the contact elements and the crystal discs 
of the signal generator forming the insulating discs 
of the socket. 
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6. A cable connector assembly as claimed in claim 3, 
wherein the insulators of the cable plug are formed 
with axial passages threugh which the cable conductors 
extend, one conductor being secured to a place on the 
inside surface of the contact member between the two 
insulators, the other conductor extending through a 
central passage of the cap-like end contact member 
and being hermetically secured to the outside thereof 
by brazing or welding. 

7. A cable connector assembly as claimed in claim 3, 
wherein the insulators of the cable plug are reduced in 
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10 
diameter below that of the surfaces with which they 
contact vthe metal tube of the cable and the contact 
members. 

8. A cable connector assembly as claimed in claim 3, 
wherein the common passage provided in the contact 
elements of the socket extends through the insulating 
discs and is smaller in diameter than the outside diame 
ter of the spring means inserted into the contact ele 
ments. ' 
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