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_1- - CONNECTOR FOR UNDERWATER CABLES AND METHOD Background A¢7#kd /'D”V@Pj”
1. Field of the Invention This invention relates to a connector for
connecting equi pnent to underwater cabhes, such as underwater cables used
in.seismc testing. Mdure particularly, it relates to a connector which
makes it possible for equipnent to be readily attached and detached from an
underwat er cabl e by hand without the need for any tools. The invention al so
relates to a method of connecting first and second nembers with a pin. 2.

Description of the Rel ategNNECTOR FOR UNBERWATERTABLRSI on, a cabl e,

referred to as a streaner cable, 1s towed underwater by a surface vessel .

An array of hydrophones is nounted AND tMEWe, and an acoustic source vor
gun is fired to force an inpulse of conpressed air into the water, creating
a bubble. The coll apse of the bubbl e generates acoustic pul ses that radiate
t hrough the water and into the earth. Reflections of the pul ses off

geol ogi c structures are picked up by the hydrophones, and data representing

t he depectﬁgckgk‘&f&tggqnaﬁﬁohransn1tted to the surface vessel. By
anal yzi ng IS possible to discover subsea fornmations of
oil or gas. It is desirable to accurately control the depth of the cable as

it is being tpaRbof e Iuetatibhe Water. For this purpose, depth control
mechani sns, referred to as "cable-leveling birds", are attached to the

cable at intervals along its Iength. The depth control mechanisns are
equi pped wi t h Bhjsuiiveition @latés® PLoirstortfoe cangcting dquipréertkoaindsiwatercan

be varl ed %bfégts%i: | %et}xevag? %:Ell;lessc SRR Isels Ch%nt'insgns ore %gfmlcglarly, it relates
to a connector which makes it possible for equipment to be readily attached and
detached from an underwater cable by hand without the need for any tools. The
invention also relates to a method of connecting first and second members with a pin.

2. Description of the Related Art

In marine seismic exploration, a cable, referred to as a streamer cable, is towed
underwater by a surface vessel. An array of hydrophones is mounted in the cable, and
an acoustic source or gun is fired to force an impulse of compressed air into the water,
creating a bubble. The collapse of the bubble generates acoustic pulses that radiate
through the water and into the earth. Reflections of the pulses off geologic structures
are picked up by the hydrophones, and data representing the detected reflections are P
transmitted to the surface vessel. By analyzing the reflections, it is possible to
discover subsea formations of oil or gas.

It is desirable to accurately control the depth of the cable as it is being towed
through the water. For this purpose, depth control mechanisms, referred to as
"cable-leveling birds”, are attached to the cable at intervals along its length. The
depth control mechanisms are equipped with adjustable diving planes, the angles of
attack of which can be varied by motors in the depth control mechanisms so as to
maintain the cable at a desired depth.

Each depth control mechanism is detachably connected to the cable by one or
more collar-shaped connectors, which are semi-permanently attached to the cable.
Attaching and detaching a depth control mechanism from a connector frequently



mai ntain the cable at a desired depth. Each depth control nmechanismis
detachably connected to the cable by one or nore collar-shaped connectors,
which are sem -permanent|ly attached to 4 he cable. Attaching and detaching a
depth control nechanismfroma connector frequently  -2- entails the
mani pul ation of one or nore bolts or screws and requires the use of various
toels such as a hex wench or a screw driver. This makes the process of
attaching and detaching t he depth control mechanismtine- consum ng and
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must be replaced. Attachment screws must be removed to separate the outer section
of the connector. The removal of screws and their reinsertion in a replacement outer
section require the use of tools and take time. Furthermore, after the screws are
removed, they can easily become lost and washed overboard.

Summary of the Invention

According to one aspect of the present invention, there is provided a connector
for connecting equipment to an underwater cable comprising:

a first cylindrical collar having a bore for receiving an underwater cable and
comprising first and second sections; and

a latch mechanism detachably connecting the first and second sections to each
other, the latch mechanism including a latching member movable in an axial direction
of the first collar between a latched and an unlatched position.

The latching member may comprise a pin.
The latching member may include a detent mechanism operable to engage and
disengage from one of the sections of the first collar to prevent and allow axial

movement of the latching member.

The latching member may comprise a quick release pin.



for connecting equi pnment to an underwater cable conprising: a first
cylindrical collar having a bore for receiving an underwater cable and
conmprising first and second sections; &nd a | atch nmechani sm det achably
connecting the first and second sections to each other, the latch nechanism
i ncluding a | atching nenber novable in an axial direction of the first
cal l ar between a | atched and an unl atched position. The | atching nenber may
conprise a pin. The latching nmenber nmay include a detent mechani sm operabl e
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include a first hinge pivotably connecting the first and second sections of

the first collar and circunferentially spaced fromthe ] atch nechanism The
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retractable. The | atch mechani sm nmay conprise a second hinge pivotably
connecting the,first and second sections of first.collar and.t | at ch
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second

Each hinge may have an axis parallel to a longitudinal axis of the first collar.

The connector may include a second cylindrical collar having a bore for receiving
an underwater cable, and the first collar may be rotatably mounted around the second
collar.

The second collar may include a cylindrical bearing surface formed on an outer
periphery thereof, and the first collar may include two cylindrical lands formed on an
inner periphery thereof opposing the bearing surface and a cylindrical recess formed
between the lands.

The second collar may include flanges on its outer periphery adjoining the
bearing surface, and the first collar may overlap one of the flanges in an axial

direction of the first collar.

The first collar may include means for connecting the first collar to equipment to
be towed by the cable.

The connecting means may comprise a keyhole-shaped slot formed in the first
collar.

The first and second sections of the first collar may be semicylindrical.



collar. The second collar may include a cylindrical bearing surface forned
on an outer periphery thereof, and the first collar may include two
cylindrical |ands formed on an inner -p&riphery thereof opposing the bearing
surface and a cylindrical recess fornmed between the | ands. The second
col'lar may include flanges on its outer periphery adjoining the bearing
surface, and the first collar may overl ap one of the flanges in an axi al
di.rection of the first collar. The first collar may include neans for
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rotation ofth¢ hetchimgahembemisrinets. latched position and allowing rotation of the latching
member.

The latching member may include a stopping surface engaging with the retaining
member when the latching member is in its unlatched position.

The retaining member may comprise a ring mounted on the first collar along a
path of movement of the stopping surface, and the latching member may pass through
the ring in moving between its latched and unlatched positions.

The retaining member may comprise a pin mounted on the first collar along a
path of movement of the stopping surface.

The latching member may comprise a generally cylindrical pin having a flat with
an axial length equal to at least approximately a stroke of the latching member
between its latched and unlatched positions and a wall formed at an end of the flat for
engagement with the retaining member when the latching member is in its unlatched
position.

The retaining member may comprise a ring having a shape roughly conforming to
the shape of the hinge pin in the region containing the flat.

The ring may be housed in a groove formed in the first collar.

The aforementioned device may include a depth control mechanism having an
adjustable diving plane connected to the first collar.

The aforementioned device may include a float tube having positive buoyancy
connected to the first collar.



The | atching nmenber may include a stopping surface engaging with the
retaining member when the latching nenber is in its unlatched position. The
retai ning menber may conprise a ring nBunted on the first collar along a
path of novenent of the stopping surface, and the |atching nenber nmay pass
t hrough the ring in nmoving between its latched and unl atched positions. The
retaining menber may conprise a pin nounted on the first collar along a
path of novenent of the stopping surface. The Iatching menber may conprise
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there is prOV|
axial length of at least approximately a stroke of the pin between the latched and

uniatched positions and a stopping surface disposed at an end of the first region and
extending outward from a surface of the first region; and

a retaining member mounted on the first member opposing the first region of the
pin and disposed to engage with the stopping surface to block axial movement of the
pin and prevent complete detachment of the pin from the first member.

The first region of the pin may have a periphery defined by a cylinder intersected
by a plane, and the plane may define a flat on the pin.

The pin may include a second region adjoining the first region and may have a
cylindrical periphery coaxial with the periphery of the first region, the stopping
surface may be formed between the first and second regions.

The retaining member may comprise a ring surrounding the first region and
having a shape generally matching the peripheral shape of the first region.

The ring may be substantially D-shaped.

The retaining member may comprise a pin extending transversely with respect to
an axis of the pin and opposing a surface of the first region.

According to another aspect of the invention, there is provided a method of
connecting first and second members with a pin comprising:

mounting a retaining ring on a socket of a first member with a bore of the
retaining ring coinciding with a bore of the first socket;

aligning a bore of a second socket of the second member with the bore of the first
socket;



connector for detachably connecting first and second nenbers conprising: a
first connecting portion attached to the first nenber; a second connecti ng
portion attached to the second nenber;®a pin supported by one of the first
and second connecting portions for novenent in an axial direction of the
pii between a | atched position in which the pin secures the connecting
portions to each other and an unl atched position in which the pinis
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peri phery of the first region, the stopping surface may be fornmed between
the first and second regions. The retai ning menber may conprise a ring
surrounding the first region and having a shape generally matching the
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et hod of invention will be described by way of example only, with reference to the
accompanying drawings, in which:

Figure 1 is a perspective view of an embodiment of the present invention used in
connecting a depth control mechanism to an underwater streamer cable;

Figure 2 is a longitudinal cross-sectional view of one of the connectors of Figure
L

Figure 3 is a partly cross-sectional elevation of the inner race of the connector of
Figure 2;

Figure 4 is a perspective view of the outer race of the connector of Figure 2 in a
disassembled state;

Figure 5 is an end view of the outer race of Figure 4 in an assembled state;

Figure 6 is a plan view of one of the hinge pins of the outer race of Figure 4;

Figure 7 is a side view of the outer race in a locked state;

Figure 8 is a cross-sectional view showing the relationship between the retaining
member and the hinge pin in the state shown in Figure 7;

Figure 9 is a side of the outer race in an unlocked state;

Figure 10 is a cross-sectional view showing the relationship between the retaining
member and the hinge pin in the state shown in Figure 9;

Figure 11 is a perspective view showing a typical arrangement for connecting the
depth control mechanism to the outer race of the connector;

Figures 12 - 14 are side views of the outer races of additional embodiments of the
present invention;



- connecting first and second menbers with a pin conprising: nmounting a
retaining ring on a socket of a first member with a bore of the retaining
ring coinciding with a bore of the first “socket; aligning a bore of a
second socket of the second nmenber with the bore of the first socket;
-6-"inserting a pin having a stopping surface thereon through the bore of
the retaining ring and the bores of the first and second sockets; and
plastically deform ng the retaining ring such that a portion of the
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Figures 19A and 19B are plan views of a tool for use in the assembly of the
embodiment of Figure 15;

Figure 20 is a side view of another embodiment of the present invention in a
partially assembled state;

Figures 21A - 21C are cross-sectional views of different portions of the hinge pin
of the embodiment of Figure 20;

Figure 22 is a side view of the embodiment of Figure 20 as assembled; and

Figures 23A - 23C are cross-sectional views of one of the outer sockets of the
embodiment of Figure 20;

Description of Preferred Embodiments

Referring to the accompanying drawings, Figure 1 illustrates a connector 30
constructed in accordance with an embodiment of the present invention being used to
connect one or more pieces of equipment in the form of a depth control mechanism 20
and a float tube 25 (just two examples of various types of equipment with which the
present embodiment can be employed) to an underwater streamer cable 10. The cable
10 can be towed underwater to the left in the figure by an unillustrated surface vessel.
Although Figure 1 shows only a single depth control mechanism 20 and float tube 25,
in actual practice, a plurality of depth control mechanisms 20 and other equipment,
such as acoustic transceivers, are connected to the cable 10 at intervals along its
length, which is sometimes up to several kilometers.

The depth control mechanism 20, which can be of conventional design, is
equipped with adjustable diving planes 21, the angles of attack of which can be varied
by an unillustrated motor housed inside the body of the depth control mechanism 20.
Embodiments of the present invention are not restricted to use with any particular type



Figure 2; Figure 4 is a perspective view of the outer race of the connector
of Figure 2 in a disassenbled state; Figure 5 is an end view of the outer
race of Figure 4 in an assenbl ed state8 Figure 6 is a plan view of one of
the hinge pins of the outer race of Figure 4; Figure 7 is a side view of
the outer race in a locked state; Figure 8 is a cross-sectional view
showi ng the rel ationship between the retaining nenber and the hinge pin in
the state shown in Figure 7; Figure 9 is a side of the outer race in an
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control mechanism 20 is inadequate to overcome its weight. It may also be attached to
the cable 10 opposite equipment such as an acoustic pod which generates no lift, or it
may be attached to the cable 10 by itself between other pieces of equipment. The float
tube 25 has fore and aft pylons 26, shown in phantom, which are detachably secured
to the connectors 30 opposite from the pylons 22 of the depth control mechanism 20.
Each connector 30 has generally the shape of a cylinder surrounding the cable 10.
The connectors 30 include a cylindrical inper collar, referred to as an inner race 31,
which is clamped to the outer surface of the cable 10, and a cylindrical outer collar,
referred to as an outer race 40, which surrounds the inner race 31 and can freely rotate
about the inner race 31. Each pylon 22 and 26 is connected to one of the outer races
40 but not to the inner races 31. As a result, when the cable 10 is being towed
through the water, the depth control mechanism 20 can hang beneath the cable 10 and
the float tube 25 can float above the cable 10 without being affected by twisting of the
cable 10.
The inner race 31 can be identical in structure to the inner race of a conventional
connector for an underwater cable. As shown in Figures 2 and 3, the inner race 31
comprises a plurality of arcuate sections which are combined to define a generally
tubular shape with a cylindrical bore for receiving the cable 10. In the present
embodiment, the inner race 31 comprises two semicylindrical sections 32 held together
by screws 33 or other suitable means. The inner race 31 is connected to the cable 10
so as not to slide along the length of the cable 10 during use. For example, the inner
race 31 can be cemented to the outer surface of the cable 10, or tape or other members
may be attached to the cable 10 near the ends of the inner race 31 to define stops
which prevent the inner race 31 from moving longitudinally along the cable 10 when
subjected to drag forces. Alternatively, the inner diameter of the inner race 31 may be
selected so that when the two sections 32 are combined, the cable 10 is tightly
clamped between the sections 32 without the cable 10 being damaged.



Figures 18A - 18F illustrate the nounting of the retaining ring of Figure
15 on the hinge pin; Figures 19A and 19B are plan views of a tool for use
in the assenbly of the enbodi ment of FRgure 15; Figure 20 is a side view of
anot her enbodi nent of the present invention in a partially assenbl ed state;
Figures 21A - 21C are cross-sectional views of different portions of the

hi nge pin of the enbodi nent of Figure 20; Figure 22 is a side view of the
enbodi nent of Figure 20 as assenbl ed; and Figures 23A - 23C are
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can function either as a hinge abou which the sections of the outer race 40 can pivot,

or as a releasable latch member which can be latched to prevent relative movement of

the sections or unlatched to allow the pivoting movement of the sections of the outer

race 40. In this embodiment, the outer race 40 comprises two identical

semicylindrical sections 41 which can be combined as shown in Figure 5 to form a

cylinder. Each section 41 has a pair of raised semicylindrical lands 42 extending
between its lengthwise ends. The lands 42 are dimensioned so as to fit loosely around
the bearing surface 34 of the inner race 31. The two lands 42 of each section 41 are
separated by a semicylindrical recess 43. A circumferentially extending step 44 is
formed in each section 41 on the widthwise outer side of each land 42. As shown in
Figure 2, when the outer race 40 is fit over the inner race 31, each step 44 overlaps in
the axial direction one of the flanges 35 of the inner race 31 and helps to prevent dirt
and other trash from entering between the bearing surface 34 of the inner race 31 and
the lands 42 of the outer race 40, thus assuring that the two races 31 and 40 can
smoothly rotate with respect to one another. However, for ease of manufacture, the
steps 44 may be omitted.

The outer periphery of the outer race 40 need not be of any particular shape, but
preferably it is without sharp corners which could increase flow resistance or easily
catch on objects in the water. In the present embodiment, the outer surface of the
outer race 40 is cylindrical.

Hinge sockets 49 and 52 are formed on the lengthwise ends of the sections 41.
When the two sections 41 combine, the sockets interfit to define two diametrically
opposed hinges 48. The number of sockets which are employed for each hinge 48 is
not critical, and in the present embodiment, each hinge 48 includes three sockets.
Two outer sockets 49 are formed on one end of each section 41 of the outer race 40



by an unillustrated notor housed inside the body of the depth control
mechani sm 20. Enbodi nents of the present invention are not restricted to
use with any particular type -8- of 1depth control nmechani sms that are
used with underwater streamer cables. The depth control nechani sm 20 al so
includes fore and aft pylons 22, each of which is detachably secured to a
connector 30 of the present enbodinment. The float tube 25 is a sealed,

hol | ow tube of PVC or the |ike which has positive buoyancy and is used to
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races 31. As alPEs@Per apfatensoekats o the jtwopkinges #8vafcthe outer race 40 are
pivotably connected to one another by means of a retractable hinge pin 60, such as the

one illustrated in Figure 6. The hinge pins 60 employed in this embodiment are
push-button quick release pins. Each hinge pin 60 has a detent mechanism comprising
a pair of spring-loaded detent balls 61 disposed near one end and biased in the radially
outward directjon of the pin 60. The detent balls 61 are intended to engage with the
groove 51 of the outer socket 49 not containing the retaining member 66. The detent
balls 61 can be retracted radially inward by manually depressing a button 62 installed
on the other end of the pin 60. Quick release pins which have a detent mechanism of
this type and which can be modified in accordance with the present embodiment are
commercially available from various sources, such as McMaster-Carr Corporation of
Chicago, Ilinois. The invention in its broadest aspect is of course not limited to pins
available from this source.

A circumferential groove 63 extends around the entire outer periphery of the pin
60 between the detent balls 61 and the button 62 and in the vicinity of the detent balls
61. The groove 63 has a first wall 64 formed in a plane substantially perpendicular to
the axis of the pin 60, and a second wall 65 which slopes away from the first wall 64.
The groove 63 is intended to engage with one of the retaining members 66. The
second wall 65 can have any shape which enables the retaining member 66 to
disengage from the groove 63 by sliding along the second wall 65. In this
embodiment, the second wall 65 is frustoconical with a constant slope, but it can also
have a curved slope, for example.




through the water, the depth control mechanism 20 can hang beneath the
cable 10 and the float tube 25 can float above the cable 10 wi thout being
affected by twisting of the cable 10.- The inner race 31 can be identical in
structure to the inner race of a conventional connector for an underwater
cable. As shown in Figures 2 and 3, the inner race 31 conprises a plurality
of -arcuate sections which are conbined to define a generally tubul ar shape
with a cylindrical bore for receiving the cable 10. In the present
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surface 34. -I_hf"lgurczei qgiﬁ%st‘;’a?tes ﬁlel outer racEc) 40“1?1 an assembled and locked state. In this

state, the bores of the inner and outer sockets of adjoining sections 41 are aligned, and
each hinge pin 60 is inserted into the aligned bores of a hinge 48 until the detent balls
61 engage the groove 51 in one of the outer sockets 49. Once the detent balls 61 and
the groove 51 are engaged, the outward biasing force exerted on the detent balls 61 by
the biasing spring of the hinge pin 60 is sufficiently strong that the hinge pin 60 will
not be forced out of the hinge sockets by forces encountered during underwater
operation of the connector 30.

When the outer race 40 is installed on a cable 10, the hinge pin 60 is preferably
oriented such that the end equipped with the button 62, which protrudes to the outside
of the outer race 40, is on the aft side of the outer race 40 to prevent fishing lines,
seaweed, or other trash from catching on the hinge pin 60. For the same reason, the
length of the hinge pin 60 is preferably such that the end opposite the button 62 does
not project from the forward side of the outer race 40.

The retaining member 66 disposed inside the groove 51 of the other outer socket
49 of each hinge 48 surrounds the hinge pin 60 and engages a portion of the hinge pin
60 outside the groove 63. Figure 8 illustrates the retaining member 66 when the outer
race 40 is in the locked state. Although the retaining member 66 is frictionally
engaged with the hinge pin 60, the outer surface of the hinge pin 60 is sufficiently
smooth that the retaining member 66 does not prevent the axial movement of the hinge
pin 60.

When it is desired to open the outer race 40, the button 62 of the hinge pin 60 is
depressed to retract the detent balls 61 inward and disengage them from the groove
51. With the detent balls 61 retracted, the hinge pin 60 can be moved to the right in
Figure 9 until the groove 63 in the hinge pin 60 is aligned with the groove 51 in the



of the outer race 40 when it is nounted on the inner race 31. Wile the

fl anges 35 need not have any specific shape, preferably they have no sharp
corners on their outer peripheries whith-could catch agai nst objects
underwater. Figure 4 illustrates the outer race 40 in a disassenbled state.
It conprises a plurality of arcuate sections connected together by one or
nore hinges 48 which enable the outer race 40 to be opened and cl osed. As
descri bed bel ow, each hinge 48 can function either as a hinge about which
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resi st ance the secesad wall 65 of the groove 63 in the hinge pin 60 is sloped, as the hinge pin 60
is pushed to the left in Figure 9, the retaining member 66 can ride up the second wall
65 and out of the groove 63. Thus, the groove 63 and the retaining member 66
prevent movement of the hinge pin 60 in a single direction. Namely, they prevent
complete retraction of the hinge pin 60 from the outer race 40 but do not prevent
insertion.

It can be seen that either hinge 48 can function as a hinge about which the two
sections 41 of the outer race 40 can pivot, or it can serve as a releasable latch member
for locking and unlocking the two sections 41 from one another to prevent or allow
them to pivot with respect to each other while the other hinge 48 functions as a hinge.
Since the two hinges 48 are identical in structure, which one is used as a latch member
and which one is used as a hinge can be decided by the user of the connector 30 in
accordance with his convenience.

The hinge pin 60 is not restricted to any particular type, and any pin having
detent members which can be controllably engaged and disengaged from the grooves
51 in the outer sockets 49 can be employed. The grooves 51 need not extend to the
outer surface of the outer sockets 49. For example, the grooves 51 which receive the
detent balls 61 could be replaced by a recess formed in the bores 50 of the outer
sockets 49 and not extending to the outside of the sockets 49. However, grooves 51
extending between the inner and outer surfaces of the outer sockets 49 are
advantageous in that they are easy to form and make it easy to install the retaining
members 66.




catch on objects in the water. In the present enbodi nent, the outer surface
of the outer race 40 is cylindrical. H nge sockets 49 and 52 are forned on
the | engt hwi se ends of the sections 4113 When the two sections 41 conbi ne,
the sockets interfit to define two dianetrically opposed hinges 48. The
nunber of sockets which are enployed for each hinge 48 is not critical, and
I n.the present enbodi nent, each hinge 48 includes three sockets. Two outer
sockets 49 are fornmed on one end of each section 41 of the outer race 40
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section 41 of the outer race 40 has its own slot 45 so that the two sections 41 are
identical in structure and can be used interchangeably and so that the outer race 40 can
be connected to more than one piece of equipment at a time. Each slot 45 has a
generally straight portion 46 and a generally circular enlarged portion 47 having a
diameter greater than the width of the straight portion 46. Each slot 45 opens onto the
outer peripheral surface of the outer race 40, i.e., the surface facing away from the
inner race 31. While it is not necessary for the slot 45 to extend to the inner
peripheral surface of the outer race 40, for ease of manufacture, it is generally simpler
to form the slots 45 as through holes extending through the thickness of each section
41 of the outer race 40. When the outer race 40 is mounted on a cable 10, the straight
portion 46 of the slot 45 is preferably disposed aft of the enlarged portion 47.
As schematically shown in Figure 11, the upper end of each pylon 22 of the
depth control mechanism 20 is equipped with a coupling device of a known design.
The coupling device includes first and second pins 23 and 26 which engage with one
of the slots 45 in the outer race 40. The first pin 23 has a head 24 having a diameter
smaller than the diameter of the enlarged portion 47 of the slot 45 but larger than the
width of the straight portion 46 of the slot 45. Notches 25 capable of engaging with
the sides of the straight portion 46 of the slot 45 are formed in the first pin 23 beneath
its head 24. The first pin 23 can be inserted into the enlarged portion 47 of the slot 45
and then moved in the axial direction of the slot 45 away from the enlarged portion 47
to engage the notches 25 with the straight portion 46 of the slot 45. Once the notches
25 are engaged with the straight portion 46, the first pin 23 can not be removed from
the slot 45 without first sliding the first pin 23 back to the enlarged portion 47. The
second pin 26 is spring biased away from the upper end of the pylon 22. When the



push-button quick rel ease pins. Each hinge pin 60 has a detent nechani sm
conprising a pair of spring-loaded detent balls 61 disposed near one end
and biased in the radially outward ditTé8tion of the pin 60. The detent
balls 61 are intended to engage with the groove 51 of the outer socket 49
not “contai ning the retaining nember 66. The detent balls 61 can be
retracted radially inward by manual ly depressing a button 62 installed on
the other end of the pin 60. Quick release pins which have a detent
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While the embodiment of Figure 1 employs a conventional slot and pin-type
arrangement for connecting the depth control mechanism 20 and the float tube 25 to
the outer race 40 of each connector 30, other means can be employed. With a
conventional connector, the outer race is not readily detachable from the inner race, so
it is important that equipment such as the depth control mechanism 20 and the float
tube 25 be readily detachable from the outer race. However, in the present
embodiment, since the outer race 40 can be readily detached from the inner race 31, it
is not important that the depth control mechanism 20 or the float tube 25 be readily
detachable from the outer race 40. Therefore, in the present embodiment, coupling
devices less complicated and easier to manufacture than that shown in Figure 11 can
be used to connect the depth control mechanism 20 and the float tube 25 to the outer
race 40. For example, the outer race 40 can be connected to the depth control
mechanism 20 and the float tube 25 by screws or bolts.

When the depth control mechanism 20 or the float tube 25 needs to be removed
from the cable 10 aboard the deck of a ship, an operator can release the outer race 40
of each connector 30 by retracting one of the hinge pins 60 of each outer race 40.
Since both hinge pins 60 of each connector 30 are retractable, it is easy for an
operator to open the outer races 40, regardless of which side of the cable 10 he is
standing on. Once the hinge pins 60 are retracted, the outer races 40 can be opened
and the depth control mechanism 20 and the float tube 25 detached from the cable 10.
At this time, the retracted hinge pins 60 are still attached to the outer races 40 by the
retaining members 66 in the grooves 51 of the outer races 40, so there is no danger of



the inner and outer races include plastics such as anorphous resins and
PVC, and netals such as stainless steel or cast alumnum Comercially
avai |l abl e quick rel ease pins suitable 1®Br- use as the hinge pins 60 are
frequently made from stainless steel. The inner and outer races 31 and 40
of "this enmbodi nent are each formed fromtwo semicylindrical sections.
However, each race can include a | arger nunber of sections. Accordingly,
the outer races 40 need not have two hinges 48. For exanple, the outer race

o naoe. 7y oBdhings bl Aatel RuRCHA e 19038 hidiuht 808 BREMAE it e e

state. |n tiaegempredfromhtheionersracés § hethepcen rdmxtaehecmcumaepmm caﬂgrloil gln gg
t 41

bores of a P ac L 58 e ERE nf%‘f*‘s%’?@d@m?ﬁe b A ke 00

of the out e?if a8d geifing atpund)ihe deqkofthe ship. pAttachmem tmddremveralgome@u&rmee

engaged, th40 ok \barpsk rﬂhﬂ:ﬁﬂdr&r ﬁ;ﬁ{dcﬁltﬁé@trﬁlﬁche@d‘ f&lh%;/ gtf[o‘rfé(;hrs i {3«? n@% % iy

6 i

g: ﬁsgggwsrlrl n M ﬁ‘ggﬁg ‘glf ?Fﬂ? Wer\@%{”c' " Ovetheprd. or ces encount er ed
during under wa®éith apmna&ntmnabﬁrrhﬁ@mmmrlglgtdﬁptﬁébﬁtﬁbl\ﬁg:lch&lﬁs:ﬁm)ﬁfndrtﬁ&gﬁét?hiats
' ' refera or.i en
the and equinB2s ¥ hiye fofe ool rotored 130 ik dimetiof h SHoclE R (e
outer race them fremgncable Howeyérdén tfe presenbembodiment béth dan@s@ﬁeaﬁd 35 dmlt Rg

i e
s easort® AmuManbiREy AR (bAE ubie M0 sholfe bl McPhsiene. "c
opposite t h%?eﬁ‘ﬁpf SRC’@E‘OBoe@ the Pagl; df was negesyary FféStpD theaead Bsiﬂd@dglf tot degachut er
race 40. Theyuipphei fiodgitybub e &ﬁeldta%@qu)eéf 4 BoniéRtdriB0 ceRKfe 34 éﬁ’é Rfe@@ntOt her

out er ook dRknPaihe Uil S Tni oA Al 5ot K0 atiched ol

moving cable 10 as it is being recled in.

Instead of using retaining members 66, it is possible to employ engagement
between the detent balls 61 and one of the grooves 51 in the outer sockets 49 to
prevent the hinge pins 60 from falling out of the sockets when the hinge pins 60 are in
a retracted state. Alternatively, a chain, string, or similar device could be attached
between each hinge pin 60 and the corresponding outer race 40 and function as a
retaining member to prevent the hinge pin 60 from becoming lost.

Prior to using the cable 10 aboard ship, the inner races 31 are mounted on the
cable 10 at suitable intervals, and then the cable 10 is coiled for storage. The outer
races 40 are attached to the equipment which is to be towed by the cable 10. When
the cable 10 is deployed, it is uncoiled, and as it is fed overboard, the outer races 40
attached to the equipment to be towed are locked around the corresponding inner races
31. When the cable 10 is reeled back in, the equipment being towed and the outer
races 40 are together detached from the inner races 31, and the cable 10 is again
coiled. With a conventional connector, both the inner race and the outer race remain
attached to the cable 10 when it is coiled. However, in the present embodiment, the
outer race 40 is removed from the cable 10 along with the equipment being towed by
the cable 10, leaving only the inner race 31 attached to the cable 10. Therefore, a
cable 10 employing a connector according to the present embodiment is easier to coil
and store. Furthermore, when the outer races 40 are removed, they are less subject to
damage than if the cable 10 were coiled with the outer races 40 still attached. In
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60 outside the groove 63. Figure 8 illustrates the retaining nenber 66 when
the outer race 40 is in the | ocked state. Al though the retaining nenber 66
is frictionally engaged with the hi ngeléprn 60, the outer surface of the
hinge pin 60 is sufficiently snooth that the retaining nmenber 66 does not
prevent the axial novenent of the hinge pin 60. Wien it is desired to open
the outer race 40, the button 62 of the hinge pin 60 is depressed to
retract the detent baIIs 61 inward and di sengage them fromthe groove 51.
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hi nge pi n &able connector can be easily retrofit to obtain a connector according to the present
embodiment by replacing the outer race of an existing cable connector with an outer
race like that of the illustrated embodiment.

It is not necessary that both of the hinges 48 have an easily retractable hinge pin
60. For example, if the hinge pin of one hinge 48 is retractable to enable that hinge
48 to function as a latch member, the hinge pin of the other hinge 48 may be of a type
requiring use of a tool to remove it from the hinge 48. Furthermore, one of the
hinges 48 can be replaced by a latching member of a type which does not function as a
hinge.

The detent balls 61 of the hinge pin 60 need not be engaged with one of the
grooves 51 when the outer race 40 is in a locked state, and may engage with any
portion of the outer race 40 such that the axial movement of the hinge pin 60 is
prevented. For example, Figure 12 shows the outer race 40 of an embodiment in
which the detent balls 61 engage with an exterior surface of the outer race 40 when the
outer race 40 is in a locked state. In this case, it is possible to omit the lefthand
groove 51 in the figure. This embodiment is otherwise identical to the preceding
embodiment.

As mentioned above, the hinges 48 of the outer race 40 are not restricted to
having a certain number of sockets. Figure 13 illustrates the outer race 40 of an
embodiment in which each hinge has two sockets 49 and 52, while Figure 14
illustrates the outer race 40 of an embodiment in which each hinge has four sockets 49
and 52.

In the embodiment of Figure 13, one socket 49 of each hinge has a groove 51
which bouses a retaining member 66, while the other socket 52 of the hinge has a
similar groove 54 which engages with the detent balls 61 of a hinge pin 60. Groove




to the left in Figure 9 until it returns to the position shown in Figure 7
and the detent balls 61 once again engage with the groove 51 in one of the
outer sockets 49. Since the second wall17 65 of the groove 63 in the hinge
pin 60 is sloped, as the hinge pin 60 is pushed to the left in Figure 9,

t he retaining menber 66 can ride up the second wall 65 and out of the
groove 63. Thus, the groove 63 and the retaining nenber 66 prevent nbvenent
of. the hinge pin 60 in a single direction hbnely, t hey prevent conplete
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easy to | nsits 6]lpl::tlr'uculear{y Eaarlgglso that a smgle (iong hinge pin 60 would be expensive to
manufacture. The grooves 51 and 54 of the inner pair of sockets (the sockets spaced
from the axial ends of the outer race 40) engage with the detent balls 61 of the hinge
pins 60 when the outer race 40 is in a locked state, while the grooves 51 and 54 of the
outer pair of sockets (the sockets adjoining the axial ends of the outer race 40) house
retaining members 66. In order to unlock the outer race 40, both hinge pins 60 are
retracted in opposite axial directions so that their opposing ends are withdrawn from
the inner pair of sockets.

The embodiments of Figures 13 and 14 provide the same advantages as the
embodiment of Figure 7.

Figures 15 - 17 illustrate the outer race 40 of another connector constructed
according to another embodiment of the present invention. Figure 15 is a side view of
the outer race 40 in a partially assembled state, Figure 16 shows cross sections of the
hinge pin 70 of Figure 15 at different locations, and Figure 17 shows the outer race 40
in an assembled state. The overall structure of this embodiment is similar to that of
the embodiment of Figure 4 and it can be used in the same manner as that
embodiment. Furthermore, portions of this embodiment which are not shown may be
the same as the corresponding portions of the embodiment of Figure 4. The outer race
40 includes a pair of hinges 48 (only one of which is shown in the figure) which are
spaced in the circumferential direction of the outer race 40 and which may be identical
in structure. Each hinge 48 includes at least two sockets, each of which is connected
to one section 41 of the outer race 40. In this embodiment, each hinge 48 includes a

y.




- 13 - The outer race 40 can be connected to the depth control nechani sm 20
and the float tube 25 by any neans which does not interfere with the
relative rotation of the inner and out¥ -races and which can wi thstand the
forces applied to devices 20 and 25 during use. In the present enbodi nent,

t he depth control mechanism 20 is rel easably connected to the outer race 40
by. engagenent between a slot fornmed in the outer race 40 and a coupling
device on the depth control nmechanism 20. As shown in Figure 4 each of the
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t he strai ghiross section over substantially its entire length as in the embodiment of Figure 6, it

has a varying cross section, with a region of reduced cross section 74 extending in the
axial direction of the hinge pin 70 over a central portion of its length. This region 74
has a constant cross section which is smaller than that of the regions on either end
thereof. A wall 76 extending transversely (such as perpendicularly) with respect to the
axis of the hinge pin 70 is formed at one end of the region of reduced cross section 74
and extends radially outwards from this region 74. The wall 76 is designed to engage
with the retaining ring 66 to prevent complete withdrawal of the hinge pin 70 from the
rightmost outer socket 49 and thus serves as a stopping surface. The length of the
region of reduced cross section 74 is at least as long as the stroke of the hinge pin 70
between its fully latched position, in which the hinge pin 70 engages all four of the
sockets 49 and 52, and an unlatched position in which the hinge pin 70 engages only
the outer socket 49 housing the retaining ring 66.

Figures 16A and 16B illustrate the cross-sectional shape of the hinge pin 70 at
different locations. Figure 16A shows the cross section at locations A and C in Figure
15, outside the region of reduced cross section 74, while Figure 16B shows the cross
section at location B within the region of reduced cross section 74. At locations A and
C, the hinge pin 70 has a completely cylindrical periphery, while in the region of
reduced cross section 74, the hinge has a substantially planar flat 75 which reduces the
cross section relative to that at location A and forms the transversely extending wall
76. More precisely, in this embodiment, the hinge pin 70 in the region of reduced
cross section 74 has a periphery defined by a cylinder intersected by a plane parallel to




portion 46 of the slot 45 is preferably disposed aft of the enl arged
portion 47. As schematically shown in Figure 11, the upper end of each
pylon 22 of the depth control nmechani-sB 20 is equi pped with a coupling
devi ce of a known design. The coupling device includes first and second
pins 23 and 26 which engage with one of the slots 45 in the outer race 40.
The first pin 23 has a head 24 having a dianmeter smaller than the dianeter
of. the enlarged portion 47 of the slot 45 but larger than the width of the
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Pat ent No. rhaydéefd at a different angle. For ease of manufacture, a similar transverse wall
may be formed at the opposite end of the region of reduced cross section 74 but is not
necessary for the operation of the hinge pin 70.

The flat 75 and the wall 76 can be easily formed by machining the surface of a
commercially available quick release pin, which has a completely round outer surface
as purchased.

In order to assist a user in grasping the hinge pin 70 and depressing the operating
button 72, the end of the hinge pin 70 adjoining the operating button 72 may be
equipped with a ring 73 or other member which projects radially outward from this
portion of the hinge pin 70. To prevent damage to the ring 73 when forces are applied
to it, the ring 73 is preferably capable of swiveling about an axis extending
transversely to the axis of the hinge pin 70.

The bore 50 in the leftmost outer socket 49 in Figure 15 is enlarged in diameter,

i.e., counterbored along a portion of its length to define an internal wall 50a extending
transversely with respect to the axis of the bore 50. When the hinge pin 70 is inserted
into this socket 49 to the latched position shown in Figure 22, the detent balls 71
engage with this wall 50a to resist the removal of the hinge pin 70 from the socket 49
unless the operating button 72 is depressed to permit the detent balls 71 to be
retracted. The use of an internal wall 50a to engage the detent balls 71 rather than a
groove as in the embodiment of Figure 7 may be advantageous because it produces
less weakening of the 49 socket than does a groove.

The shape of the retaining ring 66 is not important as long as the retaining ring
66 can engage with the wall 76 of the hinge pin 70 and prevent complete withdrawal



and other features of the structure of the coupling device can be found by
reference to that patent. However, a variety of coupling devices for
connecting equi pment to a keyhol e-shap¥i-slot in an outer race of a
connector are wi dely known, and any of those known devi ces can be enpl oyed
in the present enbodiment. The pylons 26 of the float tube 25 can be
connected to the outer races 40 by neans of a simlar structure. Wile the
enbodi ment of Figure 1 enploys a conventional slot and pin-type arrangenent
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shown in Figure 18B, the retaining ring 66 is round and has an inner diameter
sufficiently large that it can slip over the end of the hinge pin 70 with the detent balls
71 retracted. Alternatively, the inner diameter may be large enough for the retaining
ring 66 to slip over the hinge pin 70 without the detent balls 71 being retracted. After
the retaining ring 66 is disposed in the groove 51 in the outer socket 49, the hinge pin
70 is inserted axially info the outer socket 49 so that the retaining ring 66 surrounds
the region of reduced cross section 74, as shown in Figure 18C. The appearance of
the retaining ring 66 at this time is shown in Figure 18D. The retaining ring 66 is
then plastically deformed into a D-shape, as shown in Figure 18E, by exerting
pressure on the retaining ring 66 in the direction normal to the flat 75. The retaining
ring 66 is now shaped so as to be able to engage the wall 76 of the hinge pin 70 and
prevent complete withdrawal of the hinge pin 70.

In the deformed shape, the retaining ring 66 preferably fits loosely around the
hinge pin 70 so that the hinge pin 70 can easily slide inside the retaining ring 66 in the
axial direction of the hinge pin 70. In addition, the deformed retaining ring 66
preferably does not interfere with the free rotation of the hinge pin 70 about its axis
inside the sockets. Thus, in the state shown in Figure 18E, even though the retaining
ring 66 cannot rotate with respect to the hinge pin 70, the retaining ring 66 fits loosely
in the groove 51 so that the retaining ring 66 and the hinge pin 70 can rotate together
about the axis of the hinge pin 70. If the retaining ring 66 in its deformed shape fits
sufficiently loosely around the hinge pin 70, it can be deformed a second time into a
shape which enables the hinge pin 70 to be completely withdrawn from the sockets of




standi ng on. Once the hinge pins 60 are retracted, the outer races 40 can
be opened and the depth control nmechanism 20 and the float tube 25 detached
fromthe cable 10. At this time, the-r#tracted hinge pins 60 are stil
attached to the outer races 40 by the retaining nmenbers 66 in the grooves
51 of the outer races 40, so there is no danger of - 15 - the hinge pins
60.com ng | oose and being lost. In addition, when the outer races 40 are
renpved fromthe inner races 31, they can remain attached to the depth
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t he outer sockAp¥ apprepyiate means can be used to deform the retaining ring 66 into the
desired shape. Figure 19 illustrates an example of a tool 80 suitable for use in
deforming the retaining ring 66 into the shape of a D. The tool 80 resembles a pair of
pliers and has two jaws 81 each secured to a handle 82 and pivotably connected to
each other at a pivot point 83. Recesses 84 and 85 for receiving and compressing a
retaining ring 66 are formed in opposing surfaces of the two jaws 81. One recess 84
is generally rectangular in shape with a substantially flat bottom and two opposing
sides, while the recess 85 in the other jaw 81 is substantially semicircular. The
portions of the jaws 81 immediately surrounding the recesses 84 and 85 are
sufficiently thin that the jaws 81 can be closed while inserted into the groove 51 in the
outer socket 49 which houses the retaining ring 66. In use, the open jaws 81 are
placed around an undeformed retaining ring 66 in the groove 51 with the flat, bottom
surface of recess 84 opposing and substantially parallel to the flat 75 on the hinge pin
70. The jaws 81 are then closed, clamping the retaining ring 66 within the recesses 84
and 85 and deforming the retaining ring 66 into the shape of a D.
Subsequently, if it is desired to completely remove the hinge pin 70 from the
sockets of the hinge 48, the jaws 81 of the tool 80 are placed around the now
D-shaped retaining ring 66 with the bottom surface of recess 84 extending
substantially perpendicular to the flat 75 on the hinge pin 70. When the jaws 81 are
then closed, the retaining ring 66 is deformed in the manner shown in Figure 18F so
that the wall 76 of the hinge pin 70 can pass through the retaining ring 66.
Each hinge 48 of the outer race 40 of Figure 15 has two inner sockets 52 spaced
apart by a gap through which the hinge pin 70 is visible. The two inner sockets 52
may be replaced by a single inner socket, as in the embodiment of Figure 7, for
example. However, the provision of a gap through which the orientation of the flat 75




prevent the hinge pins 60 fromfalling out of the sockets when the hinge
pins 60 are in a retracted state. Alternatively, a chain, string, or
simlar device could be attached betwe¥h-each hinge pin 60 and the
correspondi ng outer race 40 and function as a retaining nmenber to prevent

t He hinge pin 60 from beconing lost. Prior to using the cable 10 aboard
ship, the inner races 31 are nmounted on the cable 10 at suitable intervals,
and then the cable 10 is coiled for storage. The outer races 40 are
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Cross sectlon may be defined by a cylinder intersected by more than one plane, with
each plane defining a flat. Furthermore, instead of the flat 75 being planar, it may be
curved inwards or outwards from the longitudinal axis of the hinge pin 70.
Alternatively, the region of reduced cross section 74 may have a completely circular
periphery concentric with but smaller in diameter than the circular regions at locations
A and C in Figure 15. Whatever the shape of the region of reduced cross section 74,
preferably enough of the outer periphery of the hinge pin 70 in this region lies along a
cylinder circumscribing the outer surface of the hinge pin 70 that the sections 41 of the
outer race 40 can smoothly pivot with respect to each other without a large amount of
lateral play between the sockets 49 and 52 and the hinge pin 70.

In this embodiment, the retaining ring 66 is plastically deformed between its
undeformed, round state in which it can easily fit over the end of the hinge pin 70 and
its deformed, D-shaped state in which it blocks movement of the wall 76 of the hinge
pin 70. However, the retaining ring 66 may instead be one which undergoes elastic
deformation between a first state in which it blocks movement of the wall 76 to
prevent complete withdrawal of the hinge pin 70 from the sockets and a second state
in which it permits insertion and withdrawal of the hinge pin 70. For example, the
retaining ring 66 may have an elliptical first shape in which it closely engages the flat
75 of the hinge pin 70, and a round second shape which it assumes when elastically
deformed by the application of forces along the major axis of the ellipse. In such a
case, the retaining ring could be elastically deformed by means of pliers, for example,
into the round shape when the hinge pin 70 is being inserted into or completely
withdrawn from the sockets, and then the deforming force could be released to allow




It is generally desirable for the depth control mechani sm 20 and the fl oat
tube 25 to be able to freely rotate with respect to the cable 10, so the
connector 30 will usually include an-id%her race 31 to provide a snooth
bearing surface for the outer race 40. However, if the equi pnent being
tdwed is not of a type that needs to be able to rotate about the cable 10,
the inner race 31 can be di spensed with, and the outer race 40 can be
installed directly on the cable 10. Since the illustrated enbodi ment
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location A adjoining the detent balls 71 or at location D near the operating button 72.
The circular cross sections at locations A and C, which may be identical in diameter,
are shown by Figure 21A, and the cross section at location B in the region of reduced
cross section 74 is shown by Figure 21B. As in the previous embodiment, the region
of reduced cross section 74 has a periphery defined by a cylinder intersected by a
plane parallel to the axis of the cylinder, the plane defining the flat 75. The cylinder
is coaxial with and has the same diameter as the circular portions of the hinge pin 70
at locations A and C. A stopping surface in the form of a transversely extending wall
76 is formed in the hinge pin 70 at the end of the flat 75 in the vicinity of the detent
balls 71. The retaining pin 67 extends far enough into the bore 50 of the outer socket
49 in which it is mounted so as to lie in the path of axial movement of the wall 76 and
thereby prevent the hinge pin 70 from being completely withdrawn from the outer
socket 49. A circumferentially extending groove 77 is preferably formed in the outer
surface of the hinge pin 70 adjoining the end of the flat 75 closest to the operating
button 72. When the hinge pin 70 is fully inserted into the sockets of the hinge 48 and
the detent balls 71 engage the bore 50 in the leftmost outer socket 49, the groove 77 is
aligned with the retaining pin 67. The groove 77 has a depth such that when the
groove 77 and the retaining pin 67 are aligned, the hinge pin 70 can freely rotate
about its axis in response to applied forces. When the hinge pin 70 is moved axially
from this position so that the retaining pin 67 and the groove 77 are no longer aligned,
the hinge pin 70 is prevented from rotating about its axis by the retaining pin 67. The
unillustrated hinge 48 on the opposite side of the outer race 40 may have the same




enbodi nent. As nentioned above, the hinges 48 of the outer race 40 are not

restricted to having a certain nunber of sockets. Figure 13 illustrates the
outer race 40 of an enbodi nent in whi &t each hinge has two sockets 49 and
52, while Figure 14 illustrates the outer race 40 of an enbodi nent in which

each hi nge has four sockets 49 and 52. In the enbodi nent of Figure 13, one
soeket 49 of each hinge has a groove 51 which houses a retaining nenber 66,
whi | e the other socket 52 of the hinge has a simlar groove 54 which
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40. Use of preferably light enough that the hinge pin 70 can easily slide in the axial direction

within the sockets with little friction between the flat 75 and the retaining pin 67. The

retaining pin 67 is preferably secured within the hole 55 to prevent it from falling out,

such as by an interference fit between the retaining pin 67 and the hole 55. For

example, the retaining pin 67 may be a roll pin which must be compressed in order to

fit into the hole 55. In the state shown in Figure 23B, the hinge pin 70 is prevented

from rotation by the retaining pin 67. Figure 23C illustrates the state in which the

hinge pin 70 is fully inserted into the sockets 49 and 52 and the groove 77 in the hinge

pin 70 is aligned with the retaining pin 67. In this state, the hinge pin 70 can be

rotated about its axis.

In order to partially withdraw the hinge pin 70 from the sockets, the hinge pin 70
must be rotated to a position such that the flat 75 on the binge pin 70 is substantially
parallel to the retaining pin 67, as in Figure 23B. For this reason, the hinge sockets
49 and 52 are preferably structured such that the orientation of the flat 75 is visible.

For example, as shown in Figure 20, the hinge 48 may include two inner sockets 52
spaced by a gap.

In Figure 20, the hinge pin 70 is formed with a single flat 75. Alternatively, it
may be formed with a plurality of flats so that the hinge pin 70 can be retracted when
in a plurality of rotational positions. In this case, the periphery of the region of
reduced cross section 74 is defined by a cylinder intersected by a plurality of planes,
each plane defining one of the flats 75.

The retractable hinge pins disclosed in the above- described embodiments are not
restricted to use in hinges for underwater cables, nor are they restricted to use with
hinges. They can be employed as connecting pins in any type of connector for
connecting two members in which it is desired to be able to retract the connecting pin
to permit disconnection of the members from each other without the connecting pin



a pair of hinge pins 60 nmay be advant ageous when the axial |length of the
outer race 40 is particularly large so that a single, |Iong hinge pin 60
woul d be expensive to manufacture. The2ggrooves 51 and 54 of the inner pair
of sockets (the sockets spaced fromthe axial ends of the outer race 40)
engage with the detent balls 61 of the hinge pins 60 when the outer race 40
Is.in a locked state, while the grooves 51 and 54 of the outer pair of
sockets (the sockets adjoining the aX|aI ends of the outer race 40) house
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accordi ng tjeinkndt isdartiowlasty switable Sor uiecinsevere snvironmeents, such g giy the dgkiof o
side view of siif @Jh@ééta?foo&aﬁﬁ c@ﬁld'ﬁb&sﬁﬁﬁ%dp@b& Xn&ﬁrﬁﬁiéﬁ'cﬁ@rb%ﬁie Figure 16

AN

shows cross seg%o ) % hi_nge pi re 15 at different

| ocati ons, and %Osﬁmreﬁ% &P‘ﬁoﬁ’ the sectionp pEthesellar. The
overal | st gy be eoﬂﬁectéan 19 eablp otticP®tont r short higes, ridthé collariingy berbpehedent

of Flguregband L t eusdlnt ner .as .t hat enb di t
Fur t her ror oY Bete 8 Sestioph 365, dbs of Tas ISR oI et P Riodiom sy BB dihe
sane ?18 t hanmhanxsspomtdpng:spnhmgwmdahe atehingrinetiber mayaionifirge mchidge finofout er
race I n a | Iﬁ%ﬁg fe
figure) \/\/mC(!:1 ﬁﬁ%e QE%C%‘%Q%‘H mélicg:ﬁ%?ﬁrkéﬁltg{‘%&%’i %g(l:ltct%ﬂ%{nﬁo‘%ﬁ%eouter race
40 and whi dromabe biage by hand withpy the perd: for 80y Bdh hi nge 48 includes at | east

two sockets, eﬁPBréfErﬂé@'e’ﬁ’fbd&ﬁm@ﬁ&” ghé 66115101&5}%03@15&%605‘11 dhtédf rachawmiehels race
40. In this entlﬁdl nent, . each, e 48 |£& es

rotatably mountéd on an umer ace ada for oonnecuon to a cable. The outer race

may have first and second hinges, with each hinge having a retractable hinge pin. The

outer race may be opened by partially retracting either hinge pin from the

corresponding hinge. Each hinge may include a retaining member preventing the
hinge pin from falling out of the hinge when it is partially retracted. Preferably, when
the hinge pins are fully inserted into the hinges, the sections of the outer race are held
securely together.

A connector according to embodiments of the present invention is suitable for
connecting a depth control mechanism to an underwater cable, but it is not restricted
to use with a particular type of underwater equipment. For example, it can also be
used to attach acoustic transceivers, flotation or ballasting equipment, or compass pods
to an underwater cable. It can also be used to attach equipment to underwater cables
other than those used in seismic exploration or to cables used outside of the water.

The embodiments of the invention have been advanced by way of example only,
and modifications are possible within the spirit and scope of the appended claims.



pair of outer sockets 49 fornmed on one section 41 of the outer race 40 and
a pair of inner sockets 52 fornmed on the other section 41 of the outer race
40 and di sposed between the outer sock@s 49. Cylindrical bores 52—and 50

are formed in the inner and outer sockets, respecti y
r €cei ving a_hi _pin 70. A radial groove 51 is for Iirﬂlgmﬂ ﬂE out er
sockets 49 n the outer surface and the bore 50+ am +11g

menber in the formof a retaining ring 66 of metal, plastic, or other
suitable material, is recei.ved in the groove. 51 to,prevent.the conplete

Wit hdravl of . ¢he® RPMEEOR I hmhrind sapRE i an RS Canie dSmbiiie . © o
of Figure 15 i s fesneylindrical ¢ditarttianipg pbore/fbratcdiving an Gindexivatar cablesandet ent
balls 71 at =T quq&c ! tton 72 at the other by neans of

whi ch the dceoglgﬁ{sﬁ;gﬂ%{s] . cgﬁf%%h&r)ﬁekgraggt ed. However, instead of having a
constant crossaddiehimachanism daiashablt ¢onnegting ghectirst ned sesapdrsegonstor ¢as
embodi ment  GheritB8 1Aco metRan@® i idRig/ 4 DACHEAS RenitRE ioVable th bil aRial RGO

reduced cross_ section 74 extending.in_ the axial direction of the hinge pin
70 over a c@@?%l’“ﬁ@ﬂ%‘ibﬁwﬁn?g@%@ﬁﬂﬂﬁg ed peSiPR-74 has a const ant

cross section which is smaller than that of the regions on either end
thereof. A wall, 76 extendin ransver.se such, a rpendi cul arl W th
respect to the aﬁgo%qec{]c;ﬁ rh’é‘gq icﬁa%ii %‘PBB‘EI?%@%HE@%H IO ef@gi on
of reduced minoss section 74 and extends radially outwards fromthis region
74. The wall 76 is designed to engage with the retaining ring 66 to prevent

conplete withdrawal of the hinge pin 70 fromthe rightnost outer socket 49
and thus served- aA @ndeeigpiaseosiing 4o any e ofeplgims dftorh avheggjnghedatchinguced

Er 0ss sect ixﬁmelﬂf’r iin|§luaéshzi gesht Aéchafidth aﬁe\,\rﬁﬁl@ htétéri]lgli > Dikd Hi&_@néli%@ﬁlorﬁi dhe /6F y
f gL\rNeg? ![ LZthe usece{onsa})fc th%%rgg gclwlur%g’prégent alng alltoweam!dln %vgllngnt of tigqgt%ﬁlsnga

member.

4. A connector according to any one of claims 1 to 3 wherein the latching
member comprises a quick release pin.

5. A connector according to any one of claims 1 to 4 wherein the first collar
includes a first hinge pivotably connecting the first and second sections of the first
collar and circumferentially spaced from the latch mechanism.

6. A connector according to claim 5 wherein the first hinge includes a hinge pin
which is at least partially retractable.

7. A connector according to any one of claims 5 to 6 wherein the latch
mechanism comprises a second hinge pivotably connecting the first and second
sections of the first collar and the latch mechanism comprises a hinge pin of the
second hinge.

8. A connector according to any one of claims 5 to 7 wherein each hinge has an
axis parallel to a longitudinal axis of the first collar.



sockets 49 and 52, and an unl atched position in which the hinge pin 70
engages only the outer socket 49 housing the retarni-ng-+i-ng. 66. Figures 16A
and 16B illustrate the cross-sectional 2éhape of hi hge pin 70 at
different locations. Figure 16A shows the cross i B’ mu"m’mﬁns A and
Cin Figure 15, outside the region of reduced cr i ile
Figure 16B shows the cross section at location B within t He regifon of
reduced cross section 74. At locations A and C, the hinge pidn 78 has a

conpl etely cyl igndni ' . Lle inth eqiqn, of .r ced cross

se(r:rF i on 72, %/hclg 'hﬁné@%%@agggﬁ‘%?%%’ ﬁ? VO gﬁg{auﬁf%twé xaﬁlug}pgr 36 ¢ he
cross sect i exlindgicat collarthavinga bare foyrecéivingancmtlerwates daﬁte,';}tharfk\se ceﬁi%
extendin ; r | [ i odi nent, the hinge pin 70 in
t he regi gnwgélbgre utge I@?ﬁ%ﬁ%@%??ﬁ% a@llgﬁgeri phery defined by a _
cylinder intersected by a plane parallel to - 19 - the axis of the hinge

pin 70, the flap. 7R Qinestod ¥ktHn Yo cBmPY aMfereilMheCotebRE @b11hS ]j[fc?lﬁdi:'

53
wi th and has.,t he me .di aneter, as fhe circular, cross sections of e _hi nge
i 70 at | Cylinir eRring SETice folthad,on 98 oulsk RerEhR MEEOT a#e the Hish SoMet
from the | cingludeditwal cylicidvical l4nds formgd onl an igﬁh)er péribﬂﬁ'ythﬁﬁﬁf ]g)ﬁﬂe?]siﬁgl&le
preferably - 5@&-&9 , . 5 - . e i ght of the
transverse Ikv\egfxﬁg , m%@uar%ﬁﬁlﬁﬁgngﬁ&%nlﬂ%mgﬁi al direction of
the hinge pin 70, is not critical and can be any height which enables the
wal I 76 to rel j@bly cSiHeslr 383k dl ﬁ%t ; LAl | _ pin
70 is noved tp its ﬁnl,at cf]ed.p.os tégﬁlﬁ?g%ﬁaﬂ%&s%@%?ﬂ%ﬁ@sﬁaﬁg&
hei ght is bRR 1ty optex peripheryr adjgining the bearing surface, and the first collar overlaps one

of the flanges in an axial direction of the first collar.

12. A connector according to any one of claims 1 to 11 wherein the first collar
includes means for connecting the first collar to equipment to be towed by the cable.

13. A connector according to claim 12 wherein the connecting means comprises
a keyhole-shaped slot formed in the first collar.

14. A connector according to any one of claims 1 to 13 wherein the first and
second sections of the first collar are semicylindrical.

15. A connector according to any one of claims 1 to 14 wherein the latch
mechanism includes a retaining member enabling the latching member to move axially
between its latched and unlatched positions and preventing complete detachment of the
latching member from the first collar when the latching member is in its unlatched
position.

16. A connector according to claim 15 wherein the latching member includes a
groove opposing the retaining member when the latching member is in its latched
position and allowing rotation of the latching member.

17. A connector according to any one of claims 15 to 16 wherein the latching
member includes a stopping surface engaging with the retaining member when the
latching member is in its unlatched position.



overal |l dianmeter of the hinge pin 70. The shape of the wall 76 is al so not
critical, and instead of extendi ng perpendi cul ar-—-te the-axi s of the hi nge
pin 70, as in Figure 15, it may extend&t a different a For ease of
manufacture, a simlar transverse wall nmay be fo j“ﬁl’ Hml te end of
tfe regi on of reduced cross section 74 but is no

operation of the hinge pin 70. The flat 75 and the vvaII 76 can be easily
faormed by nachlnlng the surface of a conmercially avail abl e qU|ck rel ease
pi n, which has | et round outer ace hased order to
assist a user ng g"fyar? “‘”B‘PH’% i‘ﬁ g’ﬁr‘%@ gqeﬂgaeBﬁmu P
button 72, 4 hng munnttﬂ dnhthe lﬁirstg:ellan ﬂoﬂ@aqm,th)of\mogembnt op theastoping sutface, 72

may be equi Feh | I

TRy Do oS e Yad AR g Wb BEAHRAR, e <,
ring 73 whemlgtehedepositions.applied to it, the r|ng 73 is preferably capabl e of
swi vel i ng about an axi s extending transversely to the axis of the hinge pin
70. The bore 50 | t he | ef t nost, outer socket 49 in Figure 15 is enlarged in
di ameter, i. FRUDCEIOF aerording o glairg Ay whergip d“? ERiRng ember eamprises,

i nt er nal wadpm@@med@i\dierf&sﬁwoalaﬁulengalpﬁmttmomﬁm@ftﬁecstépiﬁngamwf the
bore 50. When the hinge pin 70 is inserted into this socket 49 to the

| at ched position shown in Figure 22, the detent balls 71 engage with this
wal | 50a to re20.stA tomectoraccarding td hhiﬂnilﬁg;&wéintﬁ@latuﬁng nbmbsockmprists a

U oo b B RRHLIGP off raS e ARSI G RELT bakAECRIET, aPILS, TH
71 rather tapRROBIMAtRIY A sagke ﬁf@eleﬁhj@sumemberobetmegm its atcma%unlatched

advant ageoab%gﬁ%uﬁs al Wal TOMNEE 8t eh?éﬁd YEBiecNatfor @h %iéé%leqﬁ vAflf BR! retdinmgdoes

a groove hape o he .ret ai ri.n I rportant as | on as
thg r et ai mrp@mg \8!1 e&a mem er m1tsq.m?atcheﬁ posmonrrp 9
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21. A connector according to claim 20 wherein the retaining member comprises
a ring having a shape roughly conforming to the shape of the hinge pin in the region
containing the flat.

22. A connector according to claim 21 wherein the ring is housed in a groove
formed in the first collar.

23. A device according to any one of claims 1 to 22 including a depth control
mechanism having an adjustable diving plane connected to the first collar.

24. A device according to any one of claims 1 to 22 including a float tube having
positive buoyancy connected to the first collar.

25. A connector for detachably connecting first and second members comprising:

a first connecting portion attached to the first member;

a second connecting portion attached to the second member;

a pin supported by one of the first and second connecting portions for movement
in an axial direction of the pin between a latched position in which the pin secures the
connecting portions to each other and an unlatched position in which the pin is
withdrawn from one of the connecting portions, the pin having a first region with an
axial length of at least approximately a stroke of the pin between the latched and
unlatched positions and a stopping surface disposed at an end of the first region and



66 can engage with the wall 76 of the hinge pin 70 and prevent conplete

w t hdr awal - 20 - of the hinge pin 70. In this enbodiment, the Tetaining

ring 66 is initially round when instal2%d in the ter

installation, it is plastically deformed into themmm"mm‘mmmgh' y
corresponding to the shape of the outer periphery df the himnge pkh 70 in
the region of reduced cross section 74. Mire specifically, when deforned,

the retaining ring 66 has a substantially straight portion 66a which

ext ends substanti al | allel the flat. 75 of the hinge pin 70 and a curved
portion 66&’%&“9%@% o, 4 %8%&%%“%‘8& ry of the hinge pin 70.
The materi al o# rethinirg mémberananntedgn thenfirsé Goeimbef oppasihg the Miwst region efatbe as
long as it 1 Gl r%ﬂ' 0, | ' ' uring
use, es peci%g ?‘?aﬁ%@r?%%(ﬁgg ﬁ‘?%a&g pI ntﬁfOStlf’@ﬁ%%%?ﬁé%%v&B %&g‘f“é‘g"? tﬂ\l/%g{r%ﬂ% 1r)fotrlrllgl ts

| at ched t o Ringnd prevestromnless detaghmentiof the-pin fgym the) fiyst membet.r ate a net hod of
installing the retaining ring 66 on the hinge pin 70. First, as shown in

Figure 18A, the undefornmed retaining ring 66 is inserted,into the groove 51
T one of 1 he S o SRt 8 eimad i 2 Bierein. et RieD G BRR B Rgur o
18B, the r gieriphenodéfineg byt cyindetinterssected ®sa plane e iplatiealefingig w1litf grcthent | y
| arge that i.t can slip over the end of the hinge pin 70 wth the detent

balI's 71 rdtHacted. Alternatively, the inner dianeter nmay be | arge enough
for the retaining ring 66 to slip over the hinge pin 70 wi thout the detent

bal I's 71 bei “gﬁf.etA%hﬁgcto@fa% %Laéﬁléai %h@j&ﬁé“sf Ha[;gxs% {526 wikpeRdme hihhe

groove 51 in the outer socket 49, the hrnge pin IS Inserted axially into

the outer doeldes ageeand:iegion: addoining,ihgifirst region and having A gydindrical periphery
coaxial with the peripbery of the first region, the stopping surface being formed

between the first and second regions.

28. A connector as claimed in any one of claims 25 to 27 wherein the retaining
member comprises a ring surrounding the first region and having a shape generally
matching the peripheral shape of the first region.

29. A connector as claimed in claim 28 wherein the ring is substantially
D-shaped.

30. A connector as claimed in any one of claims 25 to 27 wherein the retaining
member comprises a pin extending transversely with respect to an axis of the pin and
opposing a surface of the first region.

31. A method of connecting first and second members with a pin comprising:

mounting a retaining ring on a socket of a first member with a bore of the
retaining ring coinciding with a bore of the first socket;

aligning a bore of a second socket of the second member with the bore of the first
socket;

inserting a pin having a stopping surface thereon through the bore of the retaining
ring and the bores of the first and second sockets; and

plastically deforming the retaining ring such that a portion of the retaining ring
blocks axial movement of the stopping surface.

32. A method according to claim 31 wherein deforming the retaining ring
comprises forming a non-interference fit between the retaining ring and the pin.



the region of reduced cross section 74, as shown in
appearance of the retaining ring 66 at this time is
The retaining ring 66 is then plastica@y deforned ifito a Bﬁghé own
in Figure 18E, by exerting pressure on the retaining 1T~ 66 |n‘4he
di‘rection normal to the flat 75. The retaining ring 66 is now shaped so as
to.be able to engage the wall 76 of the hinge pin 70 and prevent conplete
wi,t hdrawal of the hinge pin 70. |In tABS#RAGTred shape, the retaining ring
66 preferably fits |loosely around the hinge pin 70 so that the hinge pin 70
can easily slide inside the retaining ring 66 in the axial direction of the
hinge pin 70. In addition, the deforned retaining ring 66 preferably does
not interfere with the free rotation of the hinge pin 70 about its axis
inside the sockets. Thus, in the state shown in Figure 18E even t hough the
retaining ring 66 cannotCONNEGIQR tEOR&B\HaERWMER% B8 pin 70, the
retaining ring 66 fits loosely in the groove 51 so that the retaining ring
66 and the hinge pin 70 can rotate together about the axis of the hinge pin
70. If the retaining ring 66 in its deformed shape fits sufficiently

| oosely around the hinge pin 70, it can be deforned a second tinme into a

sockets of |« Ayfiechqhiior Bl drihndnd P i ERIRARE ol shetGSH Ly hBA ",
conpr essi veollar bayingha boregfon retieiving amunéemwateedalabam comprising firsyfand lseponﬁnge
pin 70 by ﬁ&%&y &@Jwﬁ%&hﬁ%ﬁp&&hﬁa& s{ Lﬂ@ﬁdb@ﬁ&gechﬂnﬂo%hrcﬁ 18E

are applied to the retalning . ring stra t portion 66ba of

retaini ng rathe- 6bhg Bﬁ@%ﬂﬁﬁmpﬁﬁnﬂﬂﬁﬂ qaaéﬁﬂmaéqmﬁm@nﬁmwﬂﬂ%ﬁ9 quahm:ed

and an unlatched position. In preferred embodiments, the latching member comprises
a quick release pin. The invention aiso relates to a method of connecting first and
second members with a pin.
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fromthe flat 75 so as to no“onger block novenent of the~wall 76 and
t hereby allow the hinge pin 70#to be conpl ete withdrawn..-The defornmed shape
of the retaining ring 66 is not restricted to the shape of a D, and any
def ormed shape which can be maintained by the retaining ring 66 and all ows
the hinge pin 70 to nove axially with-relspect to the retaining ring 66
while permtting the retaining ring 66 to abut against the wall 76 of the
hinge pin 70 can be used. Any appropriate neans can be used to deformthe
retaining ring 66 into the desired shape. Figure 19 illustrates an exanple
of a tool 80 suitable for in de ng the retaining ring 66 into the
shape of a D. The tool 89D regenbl es\\a \r of pliers and has two jaws 81
each secured to a handl e\82 d pivoga connected to each other at a
pi vot point 83. Reg 4 85 f & ei ving and conpressing a

q d\ A\ opposyn urfaces of the two jaws 81. One

recess 84 is gen ect a ar in\sh wth a subs=antially flat
bottom and two opposihngh si des ile tYe \r@cess 85 in the other jaw 81 is
substantially semicir ar \ T ortio the jaws 8lgermedi ately
surroundi ng the retesges) 84\an S are Jufififci ently thixasthat the jaws 81
can be closed whil 4 inse i nt\d\ t he gnpo 51 in thegquter socket 49

whi ch houses the retai iy sAng . I'n uge, e open | 81 are placed
around an undef or meq N iY\g &6 i\ thaygroove 51 with the flat,
bott om surface of : -0pp oNapd jubs Nally parallel to the flat
75 on the hinge pin . § 1 VI e osed, clanping the retaining
ring 66 within the récess$ an®rdef or mi g\the retaining ring 66
into the shape of a D 3 \ il is desiyd4d to conpletely renove
the hinge pin 70 fromithe e i nge 48,/Whe_jaws 81 of the tool

80 are placed around tke ) ining r & with the bottom
surface of recess 84 extepgt\y
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substantially perpendicular to the flat 75 on the hingeig%n 70. Wen the
jaws 81 are then closed, the retaining ring 66 is deforned in the manner
shown in Figure 1 8F so that the wall 76 of the hinge pin 70 can pass

t hrough the retaining ring 66. Each hinge 48 of the outer race 40 of Figure
15 has two inner sockets 52 spaced apar by a gap through which the hinge
pin 70 is visible. The two inner .fts 52 may be replaced by a single
inner socket, as in the enbodlnent igure 7, for npl e. However, the
provision of a gap throudh Qﬁ? at 75 22 - on

the hinge pin 70 is visibl t he Al bott om
surface of the recess %Q 75\ n tfhe hinge pin 70
when def or ni rl he ret [ N\Qg terRat\ vel f. hlnge 48 with a

singl e innet UL,KEL 52—ttke tiat showr - Frgure 7 15 used, & Tor| or
groove can/be fornmed in the inner socket 52 to permt the orientfatAon of
the flat 7p to be observed. O her nethods, not using the tool 80 of\ Figure
19, can bel used to deformthe retaining ring 66 into a desired $hapé&, such
as by using a punch or a pair of pliers having jaws sl ender enoudgh fgo.fit
into the gtoove 51 holding the retaining ring 66. Many different\ shapes are
possi bl e f@r the region of reduced cross section 74 in addition jo

shape showA in Figure 16B. For exanple, the hinge pin 70 may haveya
plurality flats spaced in the circunferential direction, i.e., \the
regi on off raduced cross section may be defined by a cylinder intergected by

nore tha
of the fl

e plane, with each plane defining a flat. Furthernore,
/5 being planar, it may be
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curved inwards or outwards fromthe |ongitudinal axis of.the hinge pin 70.
Al ternatively, the region of reduced cross section 74 may=have a conpletely
circular periphery concentric with but smaller in diameter than the
circular regions at locations A and Cin Figure 15. Watever the shape of
thé regi on of reduced cross section 74, 3preferably enough of the outer
periphery of the hinge pin 70 in this region lies along a cylinder

ci tcunscri bing the outer surface of the hinge pin 70 that the sections 41
of the outer race 40 can snoothly pivot with respect to each other w thout
a large amount of lateral play between the sockets 49 and 52 and the hinge
pin 70. In this enbodinent, the retaining ring 66 is plastically deforned
between its undeformed, round state in which it can easily fit over the end
of the hinge pin 70 and its def d, D-shaped state in which it bl ocks
novenent of the wall 76 of the h in 70. However, the retaining ring 66
may i nstead be one which undergo el"astic defornmation between a first
state in which it bl ocks novenenfjof the wall 76 to prevent conplete

wi t hdrawal of the hinge pin 70 f Ayl a second state in which
it permits insertion and wit@ wgé _pin 70. For exanple, the
retaining ring 66 may have an el 2] gﬂgre in which it closely
engages the flat 75 of the hinge /P U second shape which it
assunmes when el asti cal | ygegef or iy of forces along the
maj or axis of the eILipse\{gm ; J0ing ring could be

el astically deforned by neggi s iﬁgc)the round shape
when the hinge pin 70 is b g y withdrawn from

t he sockets, and then the defor

S 1\!;
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- 23 - the retaining ring to assune its elliptical shapeﬁ@ eventing
conplete withdrawal of the hinge pin 70. Figures 20 - 23 ¥l lustrate the
outer race 40 of another connector constructed in accordance with a further
enbodi ment of the present invention. Figure 20 shows the outer race 40 in a
partially assenbled state, Figures 21A -4 2tC show cross sections at

| ocations A - C of the hinge pin 70 of Figure 20, and Figure 22 shows the
outer race 40 as assenbled. The outer race of this enbodinment is simlar in
overall structure to that of the enbodi ment of Figure 15, except that a
retai ning nmenber for preventing conplete withdrawal of the hinge pin 70

fromthe outer race conprises a retaining gan 67 nounted in a hole 55 in
one of the outer socke\s 49 ext-erdt atolthe fidre 50 of the socket

49. Like the hinge pin X0 of Eijure t hie~ki e, pi/n 70 of this enbodi ment
has a region of reduced CrogS s€ctron 74 in AEQQ'4 substantially planar

flat 75 and having a snal /£ 0SS section t ham\ e
70 at location A adjoiniAg e detent balls 71 or
operating button 72. Th&/jfrcul ar cross sections at
whi ch may be identical/i/n/di aneter, are shown by Fig
section at location Bfim/the region of reduced cross sek
Figure 21B. As4ifh t hdg prfevi ous enbodi nent, the region §
section 74 has a p—i\& ery defined by a cylinder inter
parallel to the akis~8y{the cylinder, the plane defininpit flat 75. The
cylinder is coaxi® i and has the sane dianeter as tRg rcul ar portions
of the hinge pin ocations A and C. A stopping s \\; in the form of
a transversely extendipq wall 76 is formed in the hing¢ pifn 70 at the end
of the flat 75 in the inity of the detent balls 71./Fhe retaining pin 67
extends far enough inf\o e bore 50 of the outer sockg

egion of the hinge pin
Ncation D near the
dcations A and C, .

& Y1A, and the cross

Q
&
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49 in which it is nounted sofaé to lie in the path of axial novenent of the
wal | 76 and thereby prevent the hinge pin 70 from bei ng conpletely

wi t hdrawn fromthe outer socket 49. A circunferentially extending groove 77
is preferably formed in the outer surface of the hinge pin 70 adjoining the
entd of the flat 75 closest to the opéraling button 72. Wien the hinge pin
70 s fully inserted into the sockets of the hinge 48 and the detent balls
71, engage the bore 50 in the | nost outer socket 49, the groove 77 is
aligned with the retaining pinq% The groove 77 has a depth such that when :
the groove 77 and the retaining¥pin 67 are aligned, the hinge pin 70 can
freely rot gfe=bott—ts—ax—~s—+n18sponse to applied forces. Wien the hinge
pin 70 is ved axially fromthis jposition so that the retaining pin 67 and -
t he groove {77 are no |longer aligngd, the hinge pin 70 is prevented from
rotating alout its axis by the retjaining pin 67. The unillustrated hinge 48
on the oppgsite side of the outer Jrace 40 may have the sane - 24 -
structure ds the illustrated hingg 48. In order to assenble the outer race
40 in the r showmn'in Figure 22, with the retaining pin 67 renoved, the

hi nge pi i inserted into the rqj%ht nmost outer socket 494y Fr&Be 20
until th or tH8 groove LI A™h the hinge pin 70 is/3 2d with the
hol e 55 for et ai niyng This state is sho i /’ , 23A, which
iS a cross- lﬁggfavieur ;ttggr socket 49 algﬁg a passi ng

t hrough t heF ~fFor=tdrg % pin 67. The retain 67 is then
i nserted0 hgtoter55 résg the bore 50 in the ob docket 49, as

shown in Fi S
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retaining pin 67 may be either. spaced fromor contacting the flat 75, but
any contact is preferably light enough that the hinge pif“70 can easily
slide in the axial direction within the sockets with little friction
between the flat 75 and the retaining pin 67. The retaining pin 67 is
préferably secured within the hole 55t6 prevent it fromfalling out, such
as by an interference fit between the retaining pin 67 and the hole 55. For
exanple, the retaining pin 67 may be a.roll pin which nust be conpressed in
order to fit into the hole 55. In the state shown in Figure 23B, the hinge
pin 70 is prevented fromrotation by the retaining pin 67. Figure 23C
illustrates the state in which the hinge pin 70 is fully inserted into the
sockets 49 and 52 and the groove 77 in the hinge pin 70 is aligned with the .
retaining pin 67. In this state, the hinge pin 70 can be rotated about its
axis. In order to partially withdraw the hinge pin 70 fromthe sockets, the
hi nge pin 70 nust be rotated to a position such that the flat 75 on the
hinge pin 70 is substantially parallel to the retaining pin 67, as in
Figure 23B. For this reason, t#8 hinge sockets 49 and 52 are preferably
structured such t ' he flat 75 is visible. For

exanpl e, as shown may i nclude two inner sockets
52 spaced by a_gap 70 is fornmed with a single

flat 75. Alternati i X0 ) with a\plurality of flats so that
t he hinge pin. Nl ) P higy of rotational
positions. In th s the rggi on of reduced cross
section 74 is defI'Rs ] i >d” by a plurality of planes,
each pl ane defi ning ‘ib" actabt© hi nge pins
di sclosed in the aq§¥e e are not restricted togflse in
hi nges for underwat cabl €53 '%%4restricted to use with
J=
l
/ l/' )
23
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hi nges.

for connecting two nenbers in which it
connecting pin to permt disconnection of the nmenbers from each ot her
bei ng conpletely detached fromthe

wi t hout the connecti
ceonnect or.
puyr pose | atch pin,

For exanpl e,

ng pin -

25 -
it could be usgd as a clevis pin,
as a connecting pin for a trailer

pin for connecting links of a chain,

is desired to be

hi t ch,

They can be enpl oyedsas connecting pins in any f?pe of connect or
able to retract the

as a general
as a det achabl e

Qreas a connecting pin for a universal,

joirnt. It is parg cul arly swtal&;ef

r~pse in severe environnents, such as
on the deck of ad¥smp where a | j

n could be easily dropped and washed

over board. Accordi Egr“rﬁﬁ'ﬁTéSént'Fhrention, t he
sections of the co may be # § o™Neach ot her one or nore

hi nges, and the cojjlar may be openeq’ yP1'§%ting t he sictions about one of
Lhe hingez.th Frsfbrred eggodl '—“—ﬁnz Iatcﬂ nechanj:n}c?h nises a -

i nge, an e latghi ng menber oyrgy Gofpoi se a hinge pifj]o i nge. e
hi nge pin may be off}a qui ck reRedse ch that it ¢gpn be w=tracted from .
t he hinge by hand #fthout the ne o tools. In pYleferred gnbodrnents,
the collar may confjfise an oute »Lf?'j'ch i s rotatablffy moun on an
|n3er racg ﬁQapted p[hconnﬁcL_ ¢. %ge. Ihe ?ULFI Lace . ha¥ﬁ first
and secon i nges, W eac |ngglheg;m retractabl | hi ngegpi n. e
outer race may be qbened by paB;Lalhyﬂretractlng ei t heglfhi nge prn fromthe
correspondi ng hingg! Each hi nget nfa ude a retainingnmenber preventing
the hinge pin fro#kfalllng out of i gg when it |s‘Part|aIIy retracted.
Preferably, when m—— s
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the hinge pins are fully |nsertbd into the hinges, the seqtlons of the
outer race are held securely fogether. A connector according to enmbodi nments
of the present invention is suitable for connecting a depth control
mechanismto an underwater cable, but it is not restricted to use with a
particul ar type of underwater equi pment.8 For exanple, it can al so be used
to attach acoustic transceivers, flotation or ballasting equipnent, or
compass pods to an underwater cabl It can also be used to attach

equi pnent to underwater cables oth haP than those used in seisnm c exploration
or to cabl/s used outside of the\«@ter. The enbodi nents of the invention

have beenjadvanced by way of exaﬂg“e only, and nodifications are possible
within the spirit and scope of tfé 'appended cl ai ns. - 26 - CLAI Ms:
| 1. A cofinector for connecting equi prentgBa an underwat er cabl e
conprising: a first cylindrical follar Having a bore for receiving an
underwat ef cabl e and conpri si [irst ew®nd sections; and a latch
mechani snf det achabl y connectlng L he fi and second sections to each
ot her, thp | atch nechani dlng al 6 i ng menber novabl e ifQan-axi a
directionjo L he first co [ ween a | hed and an u tchgﬂ/position.
2. Ach &t acperdhng =N 1 whergijgQ t el tch|Eg 11skes a
pin. 3. ‘66ﬁk HPpr agcod any one m 1t wher ﬁ
| at ching -
4 - -~ S °50
50 ==/ T \/, . 72
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menber includes a detent mechani smoperable to engage and./di sengage from
one of the sections of the first collar to prevent and all ow axi al novenent
of the latching nenber. 4. A connector according to any one of clains 1 to
3 wherein the | atching nenber conprises a quick release pin. 5. A connector
acfording to any one of clains 1 to 4-wherein the first collar includes a
first hinge pivotably connecting the first and second sections of the first
coltar and circunferentially spaced fromthe | atch mechanism 6. A

connector according to claim5 wherein the first hinge includes a hinge pin --

which is at least partially retractable. 7. A connector according to any
one of claims 5 to 6 wherein the |atch mechani sm ri ses_a second hinge
pi votably conn the first cond sectl o] % A{ coI | ar and
the | atch nechphnismc S a hinge pi t he second hlnge

connector accofding to any one of clains 5 o 7 wherein each hlnge has an
axi s parall el q-éongltudlnal axi s hsthefirst col | ar. - 27 -.9. A
connector acc to any one of cIaU to 8 including a second
cylindrical c hvi nff a bor e 8& an undemvqt er £8ble, the
first collar Qei ot atpbl y nowr{fed- afpupd t he second coplar/ 10 75
connector accdrdi ngifo c]Jaimg whfreinffjf he Jsecond col | 3
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cylindrical bearing surface fornmed on an outer peripherwzghereof, and the
first collar includes two cylindrical |ands fornmed on an Tnner periphery

t her eof opposing the bearing surface and a cylindrical recess forned
between the lands. 11. A connector according to claim 10 wherein the second
colMmar includes flanges on its outer perlBphery adjoi ning the bearing
surface, and the first collar overlaps one of the flanges in an axi al
direction of the first collar. 12. A connector according to any one of
claims 1 to 11 wherein the first collar includes nmeans for connecting the
first collar to equipnent to be towed by the cable. 13. A connector
according to claim 12 wherein the connecting neans conprises a
keyhol e- shaped slot formed in the first collar. 14. A connector according
to any one of clains 1 to 13 wherein the first and second sections of the
first collar are semcylindrical. 15. A connector according to any one of
claims 1 to 14 wherein the |atch nmechani smincludes a retaining nenper
enabling the latching nmenber to nove axially between its |atched and
unl at ched positions and preventing conplete detachment of the |atching.
menber fromthe first collar when the latching nenber is in its unlatched
position. 16. A connector according to claim15 wherein the |atching nenber
i ncl udes a groove opposing the retaining nmenber when the | atching nenber is
inits latched position and allowi ng rotation of the |atching nenber. 17. A
connector according g% a 40ne of clainms 15 to 16 wherein the |atching
menber includes a stoppi surface engaging with the retaining nenber when
t he | at chi ng nenber A j(géits unl at ched position.
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-28- 18. A connector according to claim 17 wherein the ;;;aining menber
conprises a ring nounted on the first collar along a path of novenent of

t he stopping surface, the | atching nmenber passing through the ring in
nmoving between its |atched and unlatchedli ositions. 19. A connector
accordlng to claim17 wherein the retaini n§g nenber conprises a pin nounted
on the first collar along a path of novenent of the stopping surface. 20. A
connector according to claim 15 wherein the |atching nmenber conprises a
generally cylindrical pin having a flat wwth an axial |length equal to at

| east approximately a stroke of the | atching nmenber between its | atched and
unl at ched positions and a wall forned at an end of the flat for engagenent
with the retaining nmenber when the |atching nenber is in its unlatched
position. 21. A connector according to claim 20 wherein the retaining
menber conprises a ring having a shape roughly conform ng to the shape of
the hinge pin in the region containing the flat. 22. A connector according
to claim21 wherein the ring is housed in a groove formed in the first
collar. 23. A device according to any one of clains 1 to 22 including, a
depth control nechani sm having an adj ustabl e diving pl ane connected to the
first collar. 24. A device according to n clains 1 to 22 including
a float tube having positive buoyancy co <§¥ he first collar. 25. A
connector for detachably connecti ‘;ylrst and second menbers conprising:
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B

a first connecting portion attached to the first menber; :a second
connecting portion attached to the second nenber; a pin supported by one of
the first and second connecting portions for moverent in an axial direction
of the pin between a | atched position in which the pin secures the
cannecting portions to each other andlan wunl atched position in which the
pin is withdrawn fromone of the connecting portions, the pin having a

first region with an axial |ength of at |east approximtely a stroke of the,
pTr bet ween the | atched ' QF a stopping surface

di sposed at an end of theg first region and - gxtendlng outward from a
surface of the first regijon; and a retaining ne nmounted on the first
menber opposing the first region of the pin and dlsposed to engage with the
st oppi ng surface to bl ock axial novenent of thg pin and prevent conplete
detachnment of the pin frgmthe first nmenber. 2. A connector as clained in
claim25 wherein the firgt region of the pin hgs a periphery defined by a
cylinder intersected by h plane, the pl ane ggf ning a flat on the pin 27.
A connector as clained i cl 5 to 26 MMQIEIH the pin-

i ncl udes a second regi onj havi ng a _
cylindrical periphery cOBX ﬁ of t first region, the

st oppi ng surface being f
connector as clained in

71

second regions. 28. A
erein the retaining
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menber ‘conpri ses a ri ng surrounding the first region and having a shape
general ly matching the peripheral shape of the first

connector as clainmed in claim28 whera@ n the ring is j‘%@’ﬁ@ﬁ?ﬁ‘gf" %HEET
D-shaped. 30. A connector as clainmed in any one of cliai n%g erdin
t he retaining nmenber conprises a pin extending transve AYA \Mrh

espéct] to
an axis of the pin and opposing a surface of the first region. 31. A et hod
of connecting first and second nmenbgp§TRAICYT @ pin conprising: nounting a
retaining ring on a socket of a first nmenber with a bore of the retaining
ring coinciding wwth a bore of the first socket; aligning a bore of a
second socket of the second nenber with the bore of the first socket;
inserting a pin having a stopping surface thereon through the bore of the
retaining ring and the bores of the first and second sockets; and

pl astical |y deform ng WNMORE@R UNDERWATBR{CABDESt i on of the
retaining ring blocks axial novenent of the stopping surface. 32. A nethod
according to claim 31 wherein deformng the retaining ring conprises
formng a non-interference fit between the retaining ring and the pin.

A connector for attaching equipment to an underwater cable includes 2 cylindrical
collar having a bore for receiving an underwater cable and comprising first and second
sections. A latch mechanism detachably connects the first and second sections to each
other. The latch mechanism includes a latching member movable between a latched
and an unlatched position. In preferred embodiments, the latching member comprises
a quick release pin. The invention also relates to a method of connecting first and
second members with a pin.

Figures 4A and 4B




