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This invention relates to underwater electrical connec 
tions and, more particularly, to a method of and appara 
tus for making a connection between members under 
water, which -connection will be resistant to the adverse 
effects of water upon the connecting members. 

Frequently, it is desirable to make a connection and 
particularly an electrical connection under water as, for 
example, by a diver or robot mechanism. Sin-ce much of 
the present day exploration and drillin-g for oil takes place 
under water, there are many applications for such under 
water electrical connections. One such application in 
volves the use of an electro-hydraulic valve system on 
underwater wellhead assemblies. Such an underwater 
wellhead is described in the Dec. 31, 1962, issue of Oil 
& Gas Journal, pages 140-142. The use of underwater 
Wellhead assemblies permits the completion of a well 
to be made under water so that no portion of the well 
head assembly projects above the water line but rather is 
positioned on the ocean floor. Additionally, it has been 
Vfound desirable to use positively acting electrical control 
equipment to manipulate valves, etc. on the wellhead as 
sembly positioned on the ocean floor. It will, therefore, 
be necessary at times to install or replace electrical lines 
and connections at the wellhead under the Water. 
One of the difîiculties encountered in making such 

underwater electrical connections is the presence of sea 
Water in and around the parts of the connector, which 
parts are extremely vulnerable to destruction by electroly 
sis between connector parts operating at appreciable po 
tential differences. Such electrolysis between the parts will 
cause erosion of the connector thus rendering it inoper 
able so that it must be replaced. Replacing such under 
water connections can be very expensive. 

It is therefore an object of the present invention to pro 
vide a method of and apparatus for making an underwater 
electrical connection substantially free from the effects 
of water upon connecting members. 

Another object of the present invention is to provide 
a method of and apparatus for making an underwater 
electrical connection wherein sea water entrapped in the 
connection during the connecting of members is purged 
and replaced by a more suitable medium. 

Still another object of the present invention is to pro 
vide a method of and apparatus for making an electrical 
connection which may be purged of sea water therein 
and refilled with an insulating fluid. 
With these and Lother objects in View the present in 

vention includes a method and apparatus for making a 
connection underwater wherein the connector housing has 
means thereon for purging sea water entrapped in the 
connection from the connector housing and replacing 
same with a dielectric ñuid. More particularly, the appara 
tus includes a pair of connector housings having mutually 
engaging connectors therein and which housings have de 
tachable means thereon for making a fluid-tight coupling 
between the housings. Inlet and outlet ports on one of the 
housings provide a means for introducing water-attracting 
and dielectric fluids into the housing and for discharging 
ñuids from the housing. 
The method of making an underwater connection with 

this apparatus includes joining the connector members 
under water and thus entrapping a quantity of sea water 
within the connection. A lluid supply and discharge means 
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are then connected to the inlet and outlet ports on the 
connector housing and a water-attracting fluid is pumped 
into the conne-ctor housing to displace sea water therein 
from the housing through the discharge means. The ñuid 
discharging from the connector housing is continuously 
tested to determine the salinity of the water thereby to 
derive an indication when the connector has been purged 
of water. Finally, an insulating fluid is pumped through 
the supply means into the connector to displace the water 
attracting fluid and to provide an insulating. fluid medium 
about the electrical connectors. Fittings that connect the 
inlet and outlet ports to the supply and ̀ discharge means 
are so constructed that they may be closed while the 
displacing fluid is flowing thereby permitting the insulat 
ing fluid in the connector housing to remain under pres 
sure. 

A complete understanding of this invention may be had 
by reference to the following detailed description when 
read in conjunction with the accompanying drawings 
wherein a connector embodying the present invention is 
shown with means attached thereto for performing the 
method of making the underwater connection. 

Referring to FIG. 1 of the drawings, a pair of con 
nector housings or closures 21 and 22 are shown detach 
ably coupled to one another by a threaded collar 23. The 
collar 23 has a shoulder portion 24 formed thereon which 
overlaps an outwardly extending annular shoulder 26 on 
one end of the -connector housing 2. O-ring seals 27 are 
provided in grooves formed in a recessed bore portion 26a 
in ths housing 22 to form a fluid-tight coupling between 
the recessed bore 26a on housing 22 and a complemen 
tarily shaped shoulder portion 25 formed on the end of 
connector housing 21. 
A pair of socket-type connector members 31 are shown 

extending from the connector housing 21. These connec 
tor members 31 are insulated from the housing by an in 
sulating bushing 32 made of a iluorocarbon compound, 
glass, or other suitable material with substantially zero 
moisture absorption. This bushing also forms a fluid-tight 
seal between the c-onnector members and the housing. The 
connector members are made of a metallic, sea water re 
sistant material such as Monel metal, titanium or cupro 
nickel. 

Connector housing 22 likewise has positioned therein 
plug-type connector members 33 which extend axially 
Within a bore 34 formed within the connector housing. 
The connector members 33 are arranged to be aligned 
with the socket-type connectors 31 on connector housing 
21 so that when the two «connector housings are coupled 
to one another, the connector plug and socket members 
are engaged to provide a plurality of electrical contacts, 
as shown in the drawing. The plug-type connectors 33 
are likewise insulated from the connector housing by in 
sulating bushings 36 which also form a fluid-tight seal 
between the connectors and the housing. 
The non-engaging end 37 of each socket-type connector 

31 extends into an axial bore 38 within the connector 
housing 21, with the ends 37 of the connector members 
being threaded to receive appropriate electrical connec 
tions which may be made to Ian electrically operable ap 
paratus. The plug-type connector members 33, on the 
other hand, are suitably Vattached as by soldering to in 
dividual conductors 39 forming a part of a sea water 
resistant cable 41. An enlarged end 40 of the cable is 
bonded to the connector within a recess 42 formed in 
the end of the connector housing 22. A partition member 
43 is provided Within lhousing 22 to separate the bore 34 
and recess 42. This partition member also serves to sup 
port the plug-type connectors 33 `axially within the bore 
34. 
When the connector housings are coupled, as shown 

in FIG. 1, with the collar 23 tightened about the threaded 
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end of the housing 21, the seal rings 27 positioned be 
tween thel interñtting ends of the housings 21 and 22 form 
a fluid-tight seal between the housing members. This seal 
forms `a fluid-tight chambers() within the housings for 
purposes to be hereinafter described. 
A fitting 51 is threadedly positioned within the wall 

of the housing 22 to provide an inlet port to the chamber 
50 formed within the coupled housings. Another fitting 
52 is provided in Ithe wall o-f the same connector housing 
22 to provide an outlet port -to the chamber 50. A supply 
line in the form of a tube or hose 56 is connected to the 
inlet port while a similar `discharge means S8 is con 
nected to the outlet port. The supply line which is con 
nected at the one end to the inlet fitting 51 is connected 
at the other end to a reservoir 53 and pump 57 for 
pumping fluids in the reservoir through the hose and 
inlet S1 and into the chamber 50 formed by the con 
nector housings. The reservoir 53 is divided into two 
sections, one for supplying a water-attracting fluid and 
ythe other for supplying an insulating fluid. Piping and 
valves are arranged so that the fluids may be supplied 
separately to the input end of the pump 57. 
Hose 58- which is connected to fitting 52 extends to a 

reservoir 59 for receiving fluid displaced from the 
chamber within the connector housing through the out 
let hose. A test device 61 is positioned in the hose or dis 
charge line 58 and consists `of electrodes arranged to be 
immersed in the liquid flowing through the discharge 
line. A current is passed through these electrodes and a 
continuous measurement 'and record are made of the 
conductivity of the fluid. 
A port, such as inlet and outlet ports 51 and 52, is 

shown in grea-ter detail in FIG. 2 and includes an open 
ing extending through the wall of the housing 22. An 
enlarged portion 67 of the opening is threaded, A smaller 
passageway 67a connects with the enlarged portion 67 
by means of a ̀ smooth conical portion 66 which acts as a 
valve seat. A valve member 68 likewise has a threaded 
outer portion 69 for reception within the threaded por 
tion 67. A flow port 72, extending lengthwise through 
the valve, `opens into a conically shaped end surface 
of the valve. The upper end 73 of the valve is sized to 
receive the lines 56 or 58 thereon. The lower end of the 
valve is conically shaped to fit the valve seat 66. Seal 
members in the valve end ensure a seal between the parts 
to render the valve ñuid tight. A handle 71 is provided 
on the upper end of the valve to provide means for 
rotating the valve. Rotation of the handle in one direc 
tion will shift the valve member 68 Within the opening to 
bring the conically shaped end of the valve member into 
contact with the conical portion or seat 66 to close the 
opening through the connector housing formed by 
passageway 67a and port 72. Rotation of the valve handle 
in a reverse direction will open the port to permit fluid 
flow. 

In order to make an electrical connection underwater 
with the apparatus described above, the following proce 
dure is used: the connector housings 21 and 22 are 
brought together as shown in the drawing with the 
recessed bore portion 26a on the end of housing 22 ex 
tending over the complementarily shaped shoulder 25 
_formed on housing 21 so that the O-ring seals 27 engage 
the shoulder 25 to provide afluid-tight connection be 
tween the connector housings. The collar member 231s 
threadedly connected to the housing 21 to render the con 
nection secure and the interior of the housings fluid tight. 
During the connection of the housings 21 and 22, the 
plug and socket portions of the connector members have 
been brought into electrically contacting, interfitted en 

_ gagernent with one another. It is readily seen that if the 
connection of the two housing members were made under 
water, water would have been trapped in the chamber 
50 formed between the two housing members. 

Next, the inlet and outlet fittings are connected respec 
tively to the lines 56 and 58 shown extending from 
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4 
points at the surface where reservoirs 53` and 59 provide ì 
supply and discharge means for the system. Likewise, the 
pump 57 and test devi-ce 61 are positioned at the surface 
with the reservoirs. Next, the valves in ports 51 and 52 
are opened by rotating the valves 68. A water-attracting 
fluid such as alcohol which is stored in one of the sec 
tions of the supply reservoir 53 is pumped through the 
supply hose 56 and inlet port 51 into the chamber 50 
to the displace the water which has been entrapped 
within the chamber during the connection of the housings 
21 and 22. The displaced water is forced out of the out 
let fitting 52 and discharge hose S8 into the reservoir 
59 shown attached to the end of the discharged hose. 
The test device 61 is operated in the discharge line to 
continuously test the conductivity of the discharged fluid 
and thereby ̀ determine the salinity of the water. When all 
of the water has been displaced from the chamber be 
tween the connector housings, the conductivity will drop 
to a minimum level to indicate that the salt water has 
been displaced from the chamber 50. 
At this point the pumping of the water-attracting or 

hydrophillic fluid into the chamber is discontinued and 
an insulating'or dielectric fluid such as a suitable type 
oil is then pumped in through the supply host to displace 
the water-attracting duid and thereby fill the chamber 
with the insulating fluid, which is allowed to remain in 
the chamber. The valves in ports 51 and 52 are con 
structed so that they may be closed while the insulating 
liuid is flowing through the chamber. This permits the 
insulating oil t-o remain under pressure in the chamber 
formed between the connector housings after the fittings 
are closed off. This pressuring of the insulating fluid irn 
pedes the entry of moisture into the chamber. It should 
be pointed out that this connector 4may be repeatedly 
engaged and disengaged so long as the method set forth 
above for purging the connector is repeated after each 
connection. 

While a particular embodiment of the present in 
vention has been shown and described it is apparent that 
changes and modifications may be made without departing 
from this invention in its broader aspects and therefore, 
the aim in the appended claims is to cover all su-ch changes 
and modifications as fall within the rtrue spirit and scope 
of this invention. ' 
What is claimed is: 
1. A method of making an underwater Aelectrical con 

nection comprising the steps of: connecting electrical 
contact members together while submerged in water, en 
closing the connected contact members in a fluid-tight 
chamber in which is trapped a quantity of water, and dis 
placing the water trapped in the chamber with a substan 
tially nonconducting fluid while said chamber remains 
submerged in water. 

2. A method of making an under water connection com~ 
prising the steps of: connecting members together while 
submerged in water, enclosing the connected members in 
a fluid-tight chamber which enclosing traps a quantity of 
water in the fluidtight chamber, displacing the water 
trapped in the chamber with a water-attracting fluid, and 
displacing the water-attracting Huid in the chamber with 
a dielectric fluid. 

3. A method of making an underwater connection be 
tween electrical conducting members positioned within 
closure means comprising the steps of: joining such con 
ducting members while submerged in water and at the 
same time sealingly connecting the closure means within 
which the conducting members are positioned, displacing 
Water entrapped in the sealingly connected closure means 
with a water-attracting fluid, and displacing the water-V ` 
attracting fluid with an insulating fluid. 

4. The method set forth in claim 3 and further in~ 
cluding the step of continuously testing the displaced fluid 
to determine when the water has been purged from the 
sealingly connected closure means. 
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5. A method of making an underwater connection be 
tween electrical conductor members positioned within 
closure means comprising the steps of i joining such con 
ductor members while at the same »time sealingly con 
necting the closure means within which the conductor 
members are positioned, such closure means having inlet 
and outlet openings therein, connecting supply and dis 
charge means respectively to inlet and outlet openings 
in the closure means, pumping a water-attracting ñuid 
through the supply means into the closure means to 
thereby displaced through the discharge means any water 
entrapped in the sealingly joined closure means, pumping 
an insulating iluid through the supply means into the 
closure means to displace the water-attracting lluid 
through the discharge means, and closing the supply and 
discharge means while pumping in the insulating ñuid to 
leave the insulating fluid under pressure in the closure 
means. 

6. The method set forth in claim 5 and further includ 
ing the step of continuously testing the fluid being dis 
placed through the discharge means to determine the 
nature of the fluid occupying the closure means. 

7. An apparatus for making connections under sea 
water comprising: ñrst and second housing members each 
having electrical connecting means therein and detach 
able connection means thereon for connecting said mem 
bers together, said housing members arranged to form a 
fluid-tight chamber therebetween when connected to 
gether, corresponding ones of said electrical connecting 
means in the respective housing members being arranged 
to make contact when said housing members are con 
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nected together, and vertically and laterally spaced inlet 
and outlet fluid line-accommodating port means formed 
in said housing member for permitting fluid trapped in 
said chamber upon connection of said housing members 
to be displaced by another ñuid, said port means being 
spaced to insure effective displacement of fluid through 
said chamber, said electrical connecting means being 
made of sea water resistant, conductive material, and 
insulating bushings being positioned between said con 
necting means and said housing members, said insulating 
bushings being constructed of material having substan 
tially no moisture absorption properties. 
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