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@ Wet electrical connector.

@ Connector assembly for use in a fluid medium compris-
ing a male connector with a cylindrical pin with several
axially spaced contact elements, and a female connector

with a tubular housing and axially spaced annular contacts -

secured inside the housing. Seals with a fiexible central
portion are alternated with the contacts and with the latter
define a bore to accommodate the pin. A chamber filled with
dielectric liquid is defined within the housing as a rear
extension of the bore, the entry of which is closed to external
fiuid by a sealing member. A free space is left around the
fiexible portion of each tubular seal, and each of said spaces

communicates with the aforementioned chamber. meansare

provided by which the pressure increases in. the ‘¢hamber
when the pin is inserted. The pressure rise ‘in the spaces
around the seals increases the pressure force of the seals
against the pin.

o
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20.2335/2344

WET ELECTRICAL CONNECTOR

‘This invention concerns an electrical connector assembly for
effecEing repeated connections between groups of electrical contacts in a
fluid medium, and comprising a male connector and a female connector each
having a group of contacts.

A connector aséembly of this type is necessary p;x:ticularly more in
deviated hole logging techniques based on U.S. Patent 4,349,072 and
co-pending patent application 460,340, f£iled on January 24, 1983, in view
of establishing the electrical connection between a logging tool placed
at the end of a drill pipe and a transmission cable connected to a
surfaée unit.

The drilling mud which f£ills a well has a very high hydrostatic
pressure and is usually electrically conductive. In addition, it
contains clay or some other analogous material. It is thus essential
that the mud be prevented from entering the female connector where the
connection is to be made.

U.S. Patent 3,729,699 discloses the use of a shuttle to form a

 tight seal on‘the dielectric-fluid-filled bore:-of“the female connector.
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The pressure in this bore is maintained at a level slightly higher than
the pressure of the surrounding fluid by a compensation device. The
shuttle is held in position by a spring and is pushed towards the
jnterior of the bore by the male connector when the latter is inserted
to make the connection. When the male connector is withdrawn, the
shuttle is brought back to its sealing position by the spring.

One di_sadvantage of known connector assemblies is that a certain
amount of dielectric fluid escapes fram the bore with each connection
operation. This limits the number of consecutive
connections/disconnections that can be made. '

U.S. Patent 4,390,229 describes a female connector in which the
bore that is intended to accammodate the male connector is filled with
grease. According to the teaching of said patent, a loss of a certain
amount Of grease upon withdrawal of the male connector is inevitable, and
that loss can be compensated by a Qrease supply from a compensation bore
with a pressure higher than the pressure in the bore vhich accommodates
the male connector. -

U.S. Patent 3,641,479 describes an underwater connector assembly
- the female portion of vhich has several axially spaced annular contacts.
The insulation between the pairs of adjacent contacts when the male
comector is inserted, as well as the seal fram external fluid is
accomplished by O-rings disposed in alternate arrangement with the
contacts in the female connector. These O-rings are radially compressed
by the insertion of the male connector.

Another known method uses generally tubular seals occupying the
intervals between the adjacent contacts, instead of O-rings. Each seal

has an inside diameter smaller than the\ Aoutside diameter of the contacts
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of the male connector, and is thus compressed when the male connector is
inserted. The central portion of the seals is surrounded by an annular
space communicating with the outside fluid.

The known devices are, however, not completely efficient. It may
happen that the fluid present on the pin of the male connector before its
insertion is not completely wiped off and that a fluid film remains on
part of the pin. The external fluid, e.g. drilling mud in the case of a
well, is ogenerally electrically conductive, and faulty insulation can
result from the continued presence of a fluid film on the pin when the
connection is made.

An object of this invention is an electrical connector assembly in
which losses of dielectric material  with each disconnection are
substantially eliminated and which is thus capable of a greater number
of connection and disconnection operations.

- Another oobject of the invention is a Q multi-contact connector
assembly in which ther insulation between - adjacent contacts during
connection is improved. | ' |

It has been found that an essential causé of the loss of dielectric
fluid is that the shuttle may fail to perfectly follow the male connector
during withdrawal. In fact, if there is a gap between the male connector
and the shuttle, the liquid filling the space between them escapes when
the male connector is withdrawn fram the female connector.

The invention provides for an electrical connector assembly
comprising a male and a female connector, each having a group of
electrical contacts. ‘The bore formed in the female connector to
accommodate the male connector is sealed by a slidable ghuttle and is

£illed with a dielectric liquid when the male connector is not inserted.
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The shuttle is subjected to a force which tends to keep it in sealing
position, and is pushed towards the interior of the bore ggaipst the
action of said force when the male connector is inserted. The shuttle
and the end of the male connector are arrgnged rso Fhat the inseftion of
the latter brings about a positive 'con‘nection be—meen the two. This
comnection remains effective during withdrawal of the male connector,
until the shuttle reaches its sealing position. - |

According to another aspect, the inizention provides for a conﬁector
assembly to make the comnection in a fluid medium. The oonnector
assenbly comprises a male connector with a cylindrical pin with several
axially spaced contact elenents; and a female connector with a tubular
housing and axially spaced annular cohtacts securéd inside the housing.
Tubular seals with a flexible central portion aré alternated with the
contacts and with the latter define a boré to accommodate the pin. A
chamber filled with dielectric liquid is defined within the housing as a
rear extension of the bore, the entry of vhich is closed to external
fluid by a sealing member. A free space is left around the flexible
portion of each tubular seél, and each of said spacés communicates with
the aforementioned chamber. Means are provided _by which the pressure
increases in the chamber when the pin is inserted. The pressure rise in
the spaces around the seals increases the pressure force of the seals
against the pin. The efficiency of the seals in breaking the fluid films
on the pin is thus reinforced by the very insertion of the pin.

The invention will be easily understood by —reading the following
description of a preferred, embodiment with reference to the drawings.
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IN THE DRAWINGS:

- figure 1 shows the male portion of the connector assenbly according to
the invention. ) ‘
- figures 23, 2B and 2C ghow a longitudinal cross-section of the female
portion of the connector aésenbly according to the invention; figure 2A
shows the front portion capable of accommodating the male portion, and
figures 2B and 2C show the rear portion,
- figure 3 is a detailed view of a snap ring mounted at the front end of
the female connector, '
- figures 4, 5 and 6 are cross-sections along respectively lines 4-4, 5-5
and 6-6 of figure 2a, '
- figure 7 is a cross-section along line 7-7 of figure 2C, and
- figure 8 illustrates a way of making an electrical
connection in a deviated bofehole.

| The male connector represented in figure 1 comprises an elongated
cylindrical pin 10 with a ;series of axially spaced annular electrical
contacts 11. The contacts 11 are insulated from each other byr insulator
blocks 12 of same diameter. Electrical conductors, not shown, are
connected to the respective contacts 11. The pin can be constructed in
any conventional manner. For instance, the pin may comprise a central
- rod supporting the contacts and the insulator blocks, and means such as
coupling pins to hold the contacts and blocks in a proper angular

zition.

Conventional means, not shown, are provided at the rear end of the

male connector for its connectién with an equipment such a8 a
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transmission cable. At the front end of the male éomector, there is a
piece 16 including a part 16a having the same diameter as the insulator
hiocks 15 and extending in a "nose™ 27 decreasing in diameter towards the
front, with a maximum diameter smaller than that of part 16a. Near the
radial shoulder 28 Jommg part 16a to the nose 27 is a peripheral groove
29 formed On the nose, the role of which will be explamed below. In
addition, a radial opening 30 goes through the nose at the level of the
groove 29, and comnects with an axial hole 31 which outlets at the
forward end of the nose.

The female connector is represented in figures 2A, 2B and 2C, with
an overlap between the figures to facilitate understanding.

The female connector has a tubular housing 40 extending throughout
its length. Inside this housing 40 are placed in succession from front
to back, a retainer 41, a series of annular insulator blocks 42, an
intermediate bulkhead 43 (figure 2A), a thin tube 44 (figures 2A, 2B and
2C) attached to the bulkhead 43 by a bayonet connection 44a, a rear
bulkhead 45 fitted onto the tube 44, a spacer 46 and a connector piece
47 (figure 2C). 'The assenbly comprising these pa'rts abuts against an
internal shoulder 48 formed at the rear end of the housing 40 (figure 2C)
and is held by a nut 49 screwed onto the forward end 50 of the housing
40. _ |

The portion represented in figure 2A which is intended to
accommodate the pin 10 of the male connector comprises in particular
retainer 41, insulator blocks 42 and the intermediate bulkhead 43. The
insulator blocks, made of msulatmg material, have stepped ends 55 so
that two adjacent insulator blocks present complementary parts which fit

one another.
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As is clearly seen on the cross-section in Figure 4, through-holes
56 for the passage of the conductors are formed pargllel to the axis of

the plug in each insulator block 42. In addition, blind holes 57, also
longitudinally oriented, are formed in'each insulator block on each side
to accommodate pins for the angular positioning of each insulator block
relative to the adjacent “insulator block.

Between each pair of insulator blocks 42 is placed a contact 61
made of oonductive metal. The contacts 61 camprise an internal
cylindrical portion 62 and a central external collar 63 with a shoulder
64. The collar 63 is held between two insulator blocks 42 and has
drilled holes in line with the holes 56 and 57 of the insulator block 42,
to allow passage of an alignment pin and electrical conductors.

The set of internal surfaces of the contacts 61 defines a bore 65
with a diameter slightly larger than the external diameter of the pin 10
of the male connector. Of course, the spacing between the contacts 61
defined by the dimensions of the insulator block 42 is identical to the
spacing between the contacts 11 of the male connector so as to allow
similtaneous connection of the contacts 61 with the corresponding
contacts 1l.

Each contact 61 has on its inner surface a groove in which flexible
tabs 66 are mounted. The tabs 66 project slightly into the interior of
the bore 65 so as to ensure proper contact with the contacts 11 of the
male connector.

Seals 70, generally tubular in shape, are placed between the
contacts 61. Each seal 70 includes end parts 71, 72, with an external
diameter substantially equal to the inside diameter of the insulator
blocks 42, -and a central portion 73 with a mmaller diameter, which

i I T rpe—p—
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defines an annular space 74 between each seal 70 and the surrounding
insulator block. Each of the end parts 71, 72 is held between the inner
gurface of an insulator block 42 and the outer surface of the cylindrical
portion 62 of an adjacent contact 61, with the end surface of the seal
abutted against the shoulder 64 of the contact 61. The central pbrtion
73 presents internal corrugations 75, when seen in the aizial direction.
The inside diameter of part 73, taken at mid-height of the corrugations
75, is substantially identical to the diameter of the-bore 65, so that
the crest of the corrugations projects towards the inside of the bore 65.

The insulator block 42a adjacent to the retainer 41 is connected to
the latter by pins fitted in blind holes. The retainer 41 has a rear
portion shaped like an insulator block 42 to support, along with the
adjacent insulator block 42a, the forwardmost contact 61 and seal 70.

In like manner, the insulator block 42f located at the rear of the
stack of insulator blocks, is connected to the intermediate bulkhead 43
by pins, and as is shown in the cross-section in figure 5, the bulkhead
43 has openings 58 aligned with the holes 56 in the insulator blocks for
the passage of conductors. | _ '

The middle portion 80 of the retainer 41 has the same inside
diameter as the contacts 61. Its forward portion 81 has a larger inside
diameter to accommodate a seal 82, held between the middle-portion 80 and
a washer 83 held by a circlip 84 inserted in a groove in the front
portion 8l. The seal 82 is made of a flexible piece with a radial wall
85 connecting an external axial wall 86 to an internal wall 87, which is
urged radially irwardly by a circular 'resilient ring 88 held by the bent

edge of the internal wall &7.
The bore 65 is-filled with a-dielectric-liquid suck as-o0il. It is
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sealed in the unconnected position of the female connector represented in
fiqure 2A, by a shuttle composed in thg present embodiment of a
telescopic éssenbly. This assembly comprises a piston 90, the forward
end of which forms a sealing member 91 having essentially the same
 outside diameter as the bore 65, and the rear portion of which is a tube
92 with a slightly smaller outside diameter, substantially equal to the
diameter of the crest of the seals 70. A second piston 95, tubular in
shape, is slidable inside tube 92. This second piston accommodates a rod
96, connected by a pin 96a to a third piston 97 with a generally tubular
shape, which is slidably mounted in tube 44. A helicoidal spring 98 is
mounted between an inside shoulder 99 formed on a tube 9% slidably
~ mounted inside tube 44 and a oollar 100 forming the front end of the
third piston 97. The spring 98 acts to wurge the piston 97 forward
into contact with the rear face of the intermediate bulkhead 43.
Another spring 101 is mounted around the front portion 102 of .the rod 96,
vhich portion has a diameter smaller than the rest of the rod 96, between
a thrust surface 103 at the front end of the second piston 95 and a
bearing surface 104 joining the front portion 102 to the other part of
the rod 9. Spring 101 acts to urge the second piston 95 forward. The
front end of the second piston 95 has an axiél opening 106 for fluid
communication. : | —

In addition, as is shown in the cross-section in figure 6, the
third piston 97 has on its external surface a series of longitudinal
notches 105. These notches are in commnication with notches 106 formed
inside the piston 97, which outlet in the space defined between the rod
96 and the collar 100. The bore 65 is thus connected to the space

77 located behind the ghittle.
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The sealing member 91 presents a transverse wall 110 which closes
the bore 65. Near its forvard end, the sealing member 91 has an internal
peripheral groove 111 in which is lodged a flexible C-ring 112,
represented on the detailed view in figure 3. The rfng 112 is shaped to
engage the groove 29 provided at the end of the male connector during a
connection, so as to couple the malé 'c-:.onnector to the sealing menbet 91
during the movement of the pin 10 inside the bore 65 of the female
connector. '

The part 92 of the first piston 90 has diametrically opposed
lateral notches 114 along a Vgood portion of its length, in which a pin
115 attached to the front of the second piston 95, is engaged. In the
position shown in figure 2A, the pin 115 abuts against the rear end wall
of the notches 114, which holds the first piston 90 in the position
indicated and prevents the sealing member 91 fram moving forward fram its
sealing position.

In like manner, a pin 116 attached to the rod 96 connected to the
third piston, is engaged in diametrically opposed notches 117 formed in
the second piston 95. Figure 2B shows pin 116 abutted against the rear
end walls of the notches 116. N |

Looking at figures 2B and 2C showing the rear portion of the female
connector, one notes that- ms;de of the tube 7407 'is placed a pisﬁm 120
which divides in a fluid-ticht mamner the inner spaces of the female
connector, into two chambers 121 and 122. Chamber 121 receives the
piston §7 and the tube 99a and is located in the extemsion of the bore
65; the fluid communication between chamber 121 and the bore 65 is, as
indicated above, ensured by the notches 105 and 106 of the piston 97.
Bnother tube 123 similar to tube 99a, equipped like the latter with an
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internal shoulder is slidably mounted inside tube 44. A spring 124 is
mounted between the internal shoulders of the two tubes 9%a and 123,
and another spring 125 is placed between the piston 120 and the internal
shoulder of tube 123.

A similar arrangement is provided in chamber 122 behind the éz:.ston
120, where a tube 127 similar to tube 123 is slidably mounted. A spring
128 resting on the inner shoulder of tube 127 acts on the piston 120, and
a sp.ring 129 acting on the inner shoulder of tube 127 rests on a stepped
washer 130 welded inside the tube 44 near its rear end. The housing 40
has an opening 135 at the level of the bulkhead 45, and the latter,
represented in cross-section in figure 7, has a lateral opening 136
opposite the opening 135 and an axial bore 137 in communication with
opening 136, which in turn connects the chamber 122 to the outside. The
chamber 122 thus serves as a pressure campensation bore, y:ith the piston
120 transmitting the pressure of the external f£luid to the oil present in
chamber 121 and in bore 65. ‘The pressure in chamber 121 is in fact
greater than the pressure of the external fluid due to the action of the
springs 128 and 129 on the piston 120. This pressure difference acts on
the sealing member 9 to keep it in the sealing position shown in figure
2A. A pressure differential of the order of 2 bars or more, for éxample
2.5 bars, is sufficient. The springs 128 and 129 are much stronger than
springs 124 and 125 placed on the opposite side of the piston 120.

The piston 120 has a relief valve 140 which acts to limit the
pressure in the chamber 121 to a given value, e.g. between 7 and 10 bars.
The rear bulkhead 45 has holes 141 for the passage of the
conductors, not shown, connecting the contacts 61 to the electrical

feedthroughs 142 momnted in the cornection head 47. The comnection with
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the electrical feedthroughs 142 occurs inside the inner space of spacer

46. ,
The passage of conductors fram the holes 141 is supplied by the

annular space 145 between the tube 44 and the housing 40, and by the
spaces defined between the flats 146, better seen in Figure 5, formed on
the periphery of the intermediate bulkhead 43, and the housing 40. The
holes 58 formed in the front portion of the bulkhead 43 outlet into the
spaces 146. On Figure 4, ore also notes that the insulator blocks 42
have flats 150 on their periphery, and radially oriented openings 151,
which connect for fluid commmication the inside and outside of each
insulator block 42. In like manner, the bulkhead 43 has in its forward
portion flats 152 aligned with the flats 151 of the insulator blocks 42,
and a radial opening 153 (Figure 2A) for fluid communication between the
inside of the bulkhead 43 and the space defined between the flats 146 and
the housing 40.

This arrangement provides communication of the chamber 121, the
bore 65 which accommodates the shuttle, and the inside of tube 44, with
the annular space defined between the tube 44 and the housing 40, the
holes 58 and 56‘for passage of conductors, the annular spaces 74 provided
betveen the seals 70 and the respective insulator blocks 42, and in the
rear portion, with openings 141 and the inner space of the spacer 46.
Tightness is ensured by the seal 82 in the front of the bore 65 and by
the O-ring 160 mounted on the outside of the retainer 41, by the O-ring
161 mounted on the compensation piston 120, by the O-ring 162 mounted on

the front end of the rear bulkhead 45 to ensure a fluid-tight connection
with the tube 44, by the seals 163 mounted on the head 45 to separate the
outlet passages of the bulkhead 45 from the space surrounding the tube 44 =
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and fram the openings 141, and by the connector head 47. ,

Figure B illustrates, in a non-limiting manner, an example of
utilization and a suitable technique for bringing into engagement the
male connector and the female connector in a highly deviated borehole.
Such a technique is described in copending patent application No. 460,340
filed January 24, 1983, assigned td the assignee of the present
application, and which is incorporated herein by reference. '

The female connector is shown as reference numeral 200 in figure 8,
the only portion shown being its forward end. The female connector is
connected to a logging tool 201 releasably secured at the bottam end of a
drill pipe 202. The female connector is mounted inside the bottam end of
a stinger tubing 203 disposed inside the drill pipe 202 and secured to
the logging tool 201. '

The male oconnector 205 is suspended fram the transmission ca!?le 206
which it is intended to conmnect to the logging tool 201. A dual
locomotive device including an outer locomotive 207 and —an inner
locomotive 208 is used to pump down the male commector into engagement
with the female oormector 200. In a first step of the descent the two
locamotives form a unit with the male connector, which unit is pumped
down through the drill pipe by the action of the outer locomotive 207.
It is to be noted that instead of this ariangement. the male connector
can be attached to the logging tool and the female connector suspended
from the cable. The following description would remain true except that
the movable part, connected to the locomotive, would be the female
connector and not the male connector.

When the latter engages the upper end of the stinger tubing 203,
the continuing pumping brings about the separation of the Jocomotives.
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The inner locomotive together with the male connector is purped down
further through the stinger tubing. It should be noted that the stinger
tubing 203 has an imwardly projecting portion 209 forming on one side an
abutment surface engaged by the female connector and on the other side an
abutment surface intended for engagement by the naie connector and thus
defining the £inal comnection position of the male connector.
Nevertheless, other means could be used to define the fiﬁal position of
the male comnector, for instance there could be provided abutment
surfaces respectively on the male and the female connector, which
surfaces would engage each other directly. | )

The operation of the connector assembly will now be described in
detail. 7 '

When the male conmnector is brought into contact with the female .
connector, the nose 27 of the pin 10 enters the opening of the sealing
member 91 until the shoulder 28 at the front of the pin engages the
annular end surface of the sealing member 91. Just before the contact
occurs, the snap ringr 112 engages in the groove 29 formed on the nose of |
the pin 10. As the nose 27 moves into the sealing member, the fluid,
i.e. the drilling mud in the above described situation, presénti in the
cavity of the sealing member is expelled through the axial hole 31 and
the radial hole 30.

Continued movement of the male connector pushesr the sealing member
91 and thus the piston 90 towards the inside (to the rear, per the
foregoing definitions) against the action of the oil pressure in the bbre
65. The pin 10 replaces the sealing member 91 in the cooperation with
the seal 82 to meintain the tightness of the bore 65 fram the external
fluid. 1In the first phase, only the piston 90 moves back. When the pin
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115 of the second piston 95 comes into contact with the front end of the
notches 114, the second piston 95 is also moved back against the action
of fhe spring 101. Then, when pin 116 connected to the third piston 97
reaches the front end of the notches 117, the third piston is in turn
pushed back against the action of the spring 98. Springs 124 and 125 are
then compressed until tubes 9% and 123 are abutted.

In addition, the insertion of the pin 10 into the bore 65 expels
the oil out of the latter and moves the piston 120 back since the volume
of the o0il bore must remain essentially constant. The springs 128, 129
are further compressed by this piston movement and thus the force exerted
on the piston 120 by the springs is substantially increased and with it
the pressure of the oil in chamber 121.

The rise in the o0il pressure, especially in the annular spaces 74
surrounding the seals 70 results in a considerable increase in the
contact pressure exerted by the seals 70 on the pin 10, Due to this
reinforced action of the seals 70, any films of drilling mud remaining on
the pin 10 are broken thus eliminating the risk of short-circuits between
adjacent contacts due to the presence of such films (as drilling fluid is
generally a conductor). The relief valve 140 installed in the piston 120
prevents the establishment of an excessive pressure at this point.

The insertion movement of the male connector ends when the latter
comes into contact with the projecting portion 209 of the stinger tubing.
In this relative position of the male and female connectors, the
contacts 11 and 61 are exactly opposite one another and the electrical
connection is made.

At this point, a logging operation can be carried out, in
accordance witﬁ the technique described in U.S. .Patent 4,349,072 or the
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above-mentioned patent application. The logging tool 201 is released and
the stinger tubing together with the logging tool is pumped out of the
drill pipe, until the upper end of the stinger tubing engages a stop on
the drill pipe. Then the ensenble is returned to its initial position
inside the drill pipe by pulling on the transmission cable, and the
logging measurements are produced during that return motion. |

To disconnect, the male connector is withdrawn from the bore 65 by
pulling on the cable. During withdrawal, the oil pressure in chamber 121
gradually decreases. The sealing member 91 is forced to follow the male
Wor because of the pressure differential and of their mutual
coupling created by the engagement of the snap ring 112 in the groove 29.
This eliminates any risk of a gap between them ‘during withdrawal. If
such a gap was allowed to occur, the resulting free space would be
occupied by the 0il and thus a certain quantity of oil would escape when
the male connector is fully mthdrawn

Continued movement of the withdrawing male connector returns the
ghuttle to the position shown in figﬁre 2A, according to a process
inverse of that initiated by the insertion of the pin 10. When the
sealing member 91 has reached its end position, defined by the abutting
of pin 115 against the end of the notches 114, the withdrawal of the male
connector causes the disengagement of the snap ring 112 from the groove
29, thus freeing the male connector. , |

It should further be noted that with the device described, the
assembly of the female conneci:or is sinplified. ;‘irst fhe front ;portioh
including retainer 41, insulator blocks 42 and the intemediate
bulkhead 43, contacts 61 and seals 70 is preassembled, and the
conductors are threaded‘through the appropriate holes. The rear portibh
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is also pre-assembled, i.e. essentially the tube 44 and the elements it
accormodates, the washer 130 secured to the tube serving as a retainer

ageinst the springs. The telescopic shuttle is inserted in the bore 65
defined by the front portion, and then the tube 44 is attached to the

bulkhead 43 by means of the bayonet connection 44a. ‘The electrical
conductors can be taped or otherwise attached to the outer surface of the
tube 44. They are passed through the openings 141 in the head 45, the
forward end of which has first been inserted into the tube 44, and they
are attached to the electrical feedthroughs 142, for which purpose the
spacer 46 is provided with a side opening. The sub-assembly thus formed
is inserted inside the housing 40 until the head 47 comes into contact
with the shoulder 48 at the rear end of the housing 40, and the nut 49 is
then screwed onto its forward end.

A cylindrical fill pin with the same shape and size as the pin 10
of the male comnector and which has an axial passage outletting to its
forward end, is used to £ill the chamber 121. This pin is inserted in
the female connector to push the shuttle and the piston 120 back into
their respective connection position. At this point, the axial passage
is comnected to a vacuum pump to evacuate the air fram the female
connector, then to an o0il pump. The oil is pumped into the female
connector until the pressure reaches the set point of relief valve 140.
Pumping is then stopped and the £ill pin is removed. The shuttle and the
piston 120 return to their position shown in figure 2A, and since the
springs 128, 129 are less compressed, the oil pressure falls to a
relative value of about 2.5 bars, sufficient, however, to keep the
sealing member 91 -firmly in the sealing position represented in figure
2A.
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CLAIMS
‘1. A connector assembly for effecting the comnection of a

plurality of electrical contacts in a fluid medium, camprising:

- a male connector with a cylindrical pin having a plurality of
axially spaced contact elements, | |

- a female connector comprising

- a tubular housing,

- a plurality of axially spaced annular contacts attachea to the
housing, characterized in that the female connector further
caprises

- a plurality of seals disposed in alternate arrangement with the
annular contacts and having a flexible central portion, the annular
contacts and the seals defining together a bore into which the pin
of the male connector can be inserted,

- a sealing member for preventing the external fluid fram entering
the bore,

- means for defining a first chanber extending towards the rear of
said bore, said chamber being filled with dielectric liquid, the
flexible portions of the seals being surrounded by respective free
spaces communicating with said chamber, and |

-~ means for increasing the pressure of the liguid in the chamber in
response to the insertion of the pin, whereby the flexible portion
of the seals is applied radially against the pin with increased
force as the pin is inserted.

2. A connector-assembly as recited in claim 1, wherein the flexible
portion of each seal has corrugations, of which the 'intemal crest
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diameter is less than the inside diameter of the annular contacts.

A connector assembly as recited in claim 1, camprising a plurality of
annular insulator blocks attached side by side inside the housing,
each pair of adjacent insulator blocks including means for supporting
an ‘annular contact, the insulator blocks having commiiication

passages formed on the external surface, said péssages being

- connected to said spaces around the seals on the one hand and with

said chamber on the other hand.

A connector assembly as recited in claim 3, wherein said means
defining the first chamber comprise an intermediate bulkhead
connected to the rearmost insulator block, a tube mounted inside of
and coaxial with the housing, secured to the rear end of the
intermediate bulkhead, and a compensation piston slidable in this
tube, this second chamber being in communication with the exterior,
and resilient means being provided to urge the piston forward.

A connector assembly as recited in claim 4, comprising a relief valve
installed -on the compensation piston.

A connector assembly as recited in claim 4, wherein the housing and
the tube together define an annular space in commnication with said
first chamber of the tube; and the insulator blocks and the
intermediate bulkhead have longitudinally oriented passages, in
commmication with said annular space, for receiving conductors
connected respectively to the annular contacts.

& connpector assembly as recited in claim 1, wherein the female

cormector comprised a telescopic shuttle which includes a first

piston slidable in said borey said sealing member being formedas the ~—

front end of said piston, and other piston means disposed within said
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bore rearwards of the first piston and resiliently urged forward
towards an abutment position, the first piston being movable by a

limited amount relative to said piston means.

-A connector assembly as recited in claim 7, wherein said piston means
"defines the separation of said. bore and said first chamber and has

passage means for fluid communication of the bore and the first

chamber.

Electrical connector assembly for effecting the connection of groups

of electrical contacts in a fluid medium, camprising:

- & male connector with a cylindrical pin

- a female connector with a bore to accommodate said pin, said female
connector comprising a sealing member slidable in the bore, said
bore being, when the male connector is not inserted, filled with a
dielectric liquid, and means of urging the sealing member to said
sealing position characterized in that the pin of the male
connector has an end arranged for engagement with the sealing
member, said end and said sezling member comprising means for
producing a positive coupling between the pin and the sealing
member as a result of their engagement.

A connector assembly as recited in claim 9, wherein the sealing

menber has a cavity and a snap ring lodged in that cavity, and the

end portion of the pin has a groove in whiéh said snap ring €an

engage to create the coupling. |

A connector assembly as recited in claim 10, wherein the end portion

of the pin includes a part having the same diameter as the pin and a

nose extending said part, with a radial surface joining said part and

said nose, and said groove is formed on the nose near said radial
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surface.

A connector assembly as recited in claim 11, wherein the nose has a
radial hole outletting into said groove and an axial hole connecting
with this radial bole and outletting at the end of the nose. |
A connector assembly as recited in claim 9, wherein the female
connector comprises a telescopic shuttle, said shuttle including a
first tubular piston slidable in the bore, said sealing member being
formed as the front end of said first piston, a second tubular piston
entering the first piston and resiliently urged forward towards an
abutment position, the first piston being movable relative to the
second piston befween a forward sealing position and a rear abutment
position. -

A connector assembly as recited in claim 13, comprising a third
piston mounted inside the female connector and resiliently urged
towards a front abutment position, and an axial rod connected to this-.
third piston and penetrating the second pistcn on the side oppos_ite
the first piston, the second piston being movable relative to said
rod between a front abutment position and a rear abutment position.
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