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(57) Abstract

A marine connector that facilitates docking of large floating objects during a sea state that produces significant relative motion between
the two objects. A toggle nose (22) is mounted on one floating object (10) and a mating device, a toggle nose receiver (24), is mounted on
the second floating object (10). The toggle nose contains a toggle mechanism (30) that extends and retracts two opposed transverse pins
(28) having conical ends. The toggle nose receiver is provided with corresponding conical sockets (46) to receive the ends of the pins.

e



10

WO 99/06188 . PCT/US98/15258
- 1-
MARINE CONNECTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention is‘generally related to offshore vessels and

" more particularly to the connection and disconnection of large

floating objects in the offshore environment during higher sea
states.
2. General Background -

Different types of operations in the offshore environment
present the need for the connection and disconnection of large

floating objects. However, accomplishing such operations

presents unique and extreme engineering and operational needs.

Two floating objects in unprotected water will have
significant relative motion in six degrees of freedom in the
higher sea states. . Means:for connecting two or more floating
objects can be designed to restrict relativé métion of the two
objects in one, or more, of the six degrees of freedom. The
rotational degrees._of freedom are yaw, roll, ‘and pitch.
Resisting relative yaw of the'fwo objects produces bending in the
horizontal plane, resisting relative roll produces torsion, and -
resisting relative pitch produces hogging and sagging. The
moment produced by resisting each rotational degree of freedom
nust bé developed by a couple produced-by a pair of connectors.
A couple produces its greatest_rgsisting moment when its moment

arm is greatest. Therefore, the connectors producing each couple

should be spaced as far apart as péssible. The translational

degrees of freedom are sway, surge;. and heavé. Resisting
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relative sway of the two objects produces transverse loads on the

connectors, resisting relative surge produces loggituéinallload
on the connectors, and resisting relative heave produces vertical

load on the connectors.

The couple forces regquired to resist the rotational degrees

. of freedom are much greater than the forces required to resist

the translational degrees of freedom. For large objects, the
magnitude.of the couple required to resist relative pitch is so
great that the mariné connector must be designed to release
pitch. Connectors designed to resist relative roll and yaw must
be placed as far outboard to port and starboard as possible, but
also must be designed to release pitch. The roll and yaw
connectors may also be used to resist the relative translational
degrees of freedomn.

Fig. 1 shows two floating objects 10 rigidly connected at
the four corners, as indicated by numeral 12. Rigidly connected
in this usage means that the"¢6nnection is not éompliant.
Although the connectors_are ideally located at the extremities,
the couple required to prevent relative pitch will be too great
for practical design. . o

The impinging sea state épplies most of the loadings to the
connected objects. 'Therefbre, the loads applied to the connected
objécts and the loads inducéd in-the connectoré are primarily
dynamic. In some applications, the dynamic response of the
connected objects can be a problem. For instanéé, ﬁhere several

objects 10 are rigidly connected bow to stern, as shown in Fig.

.3, torsion has a ratio between ifs first and second modes of
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about two. Thus, if the first torsional mode were twenty
seconds, the second torsional mode would be about ten seconds.
Bending in the horizontal plane has a slightly better ratio of
about two point seven seconds. Thus, if the first horizontal
plane bending mode were twenty-seven seconds, the second mode
would be ten seconds. ."I‘hes'e ratios are too low to avoid
resonance with waves in the high energy spectrum. To adequately
straddle the periods of the high energy specti:'um ﬁaves, a ratio
between the first and second modes of about six is required. For
instance, if a structure were contrived with a twenty-seven

second first mode in torsion, its second torsional mode would be

about four point five seconds. ' At this ratio, the first and

second torsional modes fall above and below, respectively, the

periods of the high energy spectrum waves.

If the .objects are rigidly connected in the example given
above, then the connectors and the structure supporting the
connectors must be designed for the dynamically amplified
loadings induced by the torsional and horizontal plane bending
modes. The higher loadings will also make the fatigue problems
worse. An optional design would be to substitute compliant
connectors for the r’igid connectors, thereby altering the dynamic
response of the connected units favorably. A major consideration
in this option is that the design load for the connector is équal
to the maximunm capacity of the compliant element, provided the -
compliant element is designed so that it never réaches the end
of itsjstroke.

Another problen 1s ‘that the two floating objects to. be
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connected must be brought into close enough alignment for the

.connectors to engage. The alignnient operation is cal],g;}__docking;_

and must be facilitated with a docking system. If the relative
motions for which the docking aﬁd connection systems are designed
are exceeded thén the operation wiil have to wait for the lower
motions that will come when the seas moderate. The connectors
and the structure supporting the connectors must be designed to
resist the forces that are induced by the impinging sea state.
If the connected objects encounter a large sﬁorm that continues
to worsen, or some other emergency occurs, the objects may have
to be disconnected while the connectors are resisting large
loads. Therefore, the connectors must be designed with the
capability to disconnect under load. Once di.sconnected, the
floating objects will quickly develop the relative motions of two
independently floating objects. Therefore, the connection .and
docking systems must facilitate quick separation of the two
objects to prevent imﬁact. between features on the two objects.

Also, where more than one connector is \ised between the
floating objects, the connectors must be synchron_ized so they all
connect or disconnect simultaneously. Otherwise, damage will
occur. | |

An example follows of the loads that are encountered when
connecting floating objects. For five flbating objlects', each
being one thousand feet long and five hundred feet wide, the
magnitude of the design load for rigidly mounted connectors, port
and starboard, varies from twenty thousand metric tons to about

one hundred thousand metric tons. | "The magnitude of the desigh
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load for compliant connectors, port and starboard, ranges from
five tﬁousand metric tons to ten thousand metric tons. The
connectors must be capable of reléasing while these types ofn
loads are active. The inventors are not aware of connectafs that
meet these requirements. i
s Y OF THE INVENTION

The invention addresses the above needs. What is provided
is a marine éonnector that facilitates docking of large floating
objects during a sea state that produces significant relative
motion between the two cbjects. A toggle nose is mounted on one
floating object and a mating device, a toggle nose receiver, is
mounted on the second floating object. The toggle nose contains
a toggle mechanism that extends and retracts two opposed
transverse pins having conical ends. The toggle nose receiver is
provided with corresponding conical sockets to receive the ends
of the pins. Bevels on the ﬁoggle nose and receiver permit loose
tolerance in yaw during the docking operation. Where the toggle
nose and receivers are located both port and starboard, a central
docking probe may be provided for additional guidance during the
docklng operatlon.

§BlEE_QE§QBIEIIQE_QE_EEE_QBAﬂlﬁgﬁ

For a further understanding of the nature and objects of the
present invention reference should be. had to the. following
description, taken in conjunction with the accompanying drawings
in which like:parts are given 1like reference numerals, and
wherein:

Fig. 1 illustrates a pfior art rigid connection.

This Sheet Has Been Replaced
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Fig. 2A and 2B respectively are plan and elevation views
illpstrating a rigiad connechion.that releases relative pitch.

‘Fig. 3 is a plan viéw of sevefal floating objects connected
together using the connectors of Fig. 2. |

Fig. 4 is a perspective view of the toggle nose receiver of
the invention.

Fig. SA is a plan cutaway view of the toggle nose of the
invention with the transverse oppésed pins in their retracted
position. | |

Fig. 5B is a view taken aiong lines B-B of Fig. 5aA.

Fig. 6A is a plan cutaway view of the toggle nose of the
invention with the transverse opposed pins in their extended
position.

Fig. 6B is a view taken along lines E;B of Fig. 6A.

Fig. 7 is a horizontal section through the center line of
the toggle nose seated in its receiver with the,transverse'pins
retracted.

Fig. s.is a hoiizontal section through the center line of
the toggle nose seated in its receiver with the transverse pins
extended.

Fig. éA-F illusffate'a pian view of the'ddcking sequence
between two floating objects using the invention.

Fig. 10 is a schematic. iilﬁstratibn of the use of a
compliant element in conjunction with the invention.

Fig. 11 illustrates a universal joint of the invention.

Fig. 12 and 13 illustrate 1load and deformation

characteristics of compliant elements in connectors.
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Fig. 14A-F are vertical sections through.a toggle nose
seated in a toggle nosé receiver.

Fig. 15 illustrates one use of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EQODIMENZ_

Referring to Fig. 4 and 5, the marine connector of the
invention is generaily comprised.of-a toggle nose 22 and a toggle
nose receiver 24. Fig. 2A, B generally and schematically
illustrate the concept of the invention where two floating

objects 10 are rigidly connected by connectors 14 with transverse

- colinear pins 16. The transverse pins 16 release relative pitch,

but resist relative yaw and roll, which requires that the pair
of connectors 14 be located as far to port and starboard as
possible.

Toggle nose 22, seen in Fig. 5A,B_and 6A,B, is comprised of
a pipe 26, transverse pins 28, toggle mechanism 30 attached to
the pins 28 for moving the pins 28 between a first retracted
position and a second extended position, and bearings 33 and 35.

Pipe 26 1is spaced épart from and rigidly attached to the

" floating object 10 by means of plates 29 and bearings 33 and 35.

Internal plates 31 provide support to the assembly. Bearings
33, 35 slidably receive_ahd provide support for transverse pins
28. A winged bearin§_33 is figidly attached at each end of pipe
26. As seen in Fig. 5A, winged béaring 33 is shaped to provide
a bevel angle relative to'floating object 10 as indicated'at 27.
A bearing 35 is positioned internally in pipe 26 oh each side of
toggle mechanisn 36. The pipe provides.a curved leading edge to

toggle nose 22. The bevel and curved leading edge eliminate the
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need for perfect alignment with the toggle nose réqeiver 24
during docking operations. A2s seen in Fig. 63, slide blocks 37
fit on the top and bottom ends of central pin 41 of toggle
mechanism 30 Qhere_toggle joint arms 34 are pivotally attached
to each other. U-shaped channels 39 are rigidly ﬁounted in pipe
26 and form slides 32 that slidably receive blocks 37 for forward
and reverse toggle motion, indicated by the arrows in Fig. 5A and
6A, and also restrict side-to-side motion of the entire toggle
mechanism 30 when loads are placed along the longitudinal axis
of the pins 28. A stop 38 is provided in frame 26 directly in.

line with yoke 36 and is sized to a length such that the yoke 36

- is allowed to move the toggle mechanism 30 only slightly beyond

its center point as seen in Fig. 6A. The purpose of this will
be explained below. |

Pins 28 are attached on the ends of the arms 34 of the
toggle mechanism and are slidably received in bearings 35 and
bearings 33 on either end of the pipe 26 so as to be movable
between a first retracted position (Fig. 5A) and a second
extended position (Fig. 63a). "The ends 42 of pins 28 are
illustrated as being conical in the drawings. However, since a
number of surfaces of revolution are suitable, the térm'conical

should be taken as referring to any number of surfaces of

~ revolution.:

The conical ends 42 of the transverse pins 28 serve several
functions. |
When the toggle nose 22 is docked in the toggle nose

receiver 24, there will still be relative motion between the
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floating objects 10, which will cause relative motion between the

toggle nose and receiver. The diameters of the conical pin end-

and the conical socket are made large enough that the pin end
will always'engagé the socket when the pins are extended, even
with the maximum relative displacement of pin end and socket
present. So the conical pin ends provide reliable connection
between the floating objects, ﬁhile these objects are moving
relative to each other. N

| When the transverse pins are'extendgd and seated in the
sockets, the toggle nose_is locked into its receiver. When any
force acts to separate the nose and its receiver, the conical pin
ends are pushed inward, ﬁhich forces the toggle againét its stop.
So the conical pin end provides a passive, reliable lock.

To disconnect the toggle nose from the toggle nose receiver,

" an actuator (not shown) must push or pull the toggle mechanism

off the stop and past center. Once the toggle mechanism is-pést
center, it has no Significant load carrying capacity. When the
separation of the two floating objects reacts the conical socket
against the conical pin ends, the pin end_s' are driven inward,
which will collapse the toggle mechanism, if it has been
previously pushed off its ‘stop past center. So the conical pin
ends provide an automatic disconnect feature.

The operational principle of toggle mechanism 30 is well
known, with two arms 34 that are.hinged together for pivoting
motion and are each connected at ﬁheir opposite ends to one end
of transverse pins 34 such that movement of arms 34 by yoke 36

causes corresponding translational movement of transverse pins
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and support frame 44 (Fig. 4, 7, and 8) that is formed so as to

be integral with and rigidly attached to a second floating object

10. The sides of housing/support frame 44 are beveled at an

éngle that is complementary to the bevel of the toggle nose 22.
The upper, lower, and rear edges are curved in a complementary
shape to the leading edge curve of toggle nose 22. Sockets 4§,
one at each side, have a complementary shape and size to pin ends
42 so as to receive pins 28 when in their second extended
position. Fig. 7 illustrates toggle nose 22 received in toggle
nose receiver 24 with pins 2é in their first retracted position.
Fig. 8 illustrates toggle nose 22 received in ‘toggle nose
receiver 24 with pins 28 in their second extended position and
engaged in sockets 46. It can be seen in Fig. 8 that when pins
28 are fully engaged with sockets 46, that toggle nose 22 and
toggle nose recéiver 24 are sized such that there is no contact
between the pipe 26 and housings/frame 44. The only point of
contact is between the ends 42 of pins 28 and the surfaces of
sockets 46 oi_housing/frame 44. Another feature of the relative
sizing of toggle nose 22 and toggle nose receilver 24,. and
positioning of pins 28 and sockets 46 is that, during the docking
operation, thé leading edge of toggle nése 22 may be placed into
full contact with the rearmost interior of toggle nose receiver
24 and the toggle mechanism 30 may still be operated to engage
pins 28 in sockets 46. The conical shape of pin_ends 42 and

sockets 46 alléw pins 28 to engage sockets 46 and force toggle:
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nose 22 and toggle nose receiver 24 into the fully connected and
locked, non-contact positioh shoﬁn in.Fig. 8. .
Once the conical pin ends 42 are seated in the sockets 46,
any force tending to separate the toggle nose 22 from the toggle
nose receiver 24 must be resisted in shear by the pins 28. The

pins 28 will act against the sockets 46 in a direction normal to

the axis of the pins 28 with a force equal to the shear load in

the pins 28. 1In addition, the shear load on the pin 28 will
induce an axial load in the pin 28 egqual to the shear load, if
thé pin ends are forty-five degree cones. The pins 28 will push
axially against the sockets 46 with a load equal to the shear
load in the pins 28. The sockets 46 will deliver the axial pin
load to the housihg fréme 44, which in turn will deliver the load
to the tension bars 23 shown in Fig. 14. The tension bars 23
extend from the housing frame 44 on one side of the toggle nose
receiver 24 to the housing frame 44 on the other side. Thus, the
tension bars react the load in ohé side of the toggle nose
receiver, against the load in the other side. For instance,
suppose a longitudiﬂél load of fifty thousand tons acts to
separate a toggle nose 22 from its toggle nose receiver 24. A
shear load of twenty-five thousand tons in each pin 28 would
resist the longitudinal load. The shear loads on each pin end
42 would induce an axial load of twenty-five thousand tons in the
pins 28 and toggle members 34. The twenty-five'thousand ton pin
load would react against the sockets 46 and would be transferred
via the housing frames 44 to the tension bars 23. Top and bottonm

tension bars would each develop twelve thousand five hundred tons
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and react one side of the toggle nose receiver against the other.
In situations where a toggle nose 22 and toégle* nose
receiver 24 are used on both the port and starboard extremities
of the ends being used to connect the floating objects, the use
of a docking probe and receptacle may be beneficial during the
docking operation. Fig. 9A-F illustrate éuch a situation and
also show the doéking sequence and yaw tolerance provided by the
invention. The corresponding ends of floating objects 10 are
respectively provided ‘with a docking probe 48. and docking
receptacle 50.
| In cpeiation; floating objects 10 are vertically aligned by
ballasting to obtain the correct trim and draft. Positioning
means such as anchoring systems or dynamic positioning systems
are used to transversely align floating objects 10 and then force
the ends toward each other, seen in Fig. 9A. When docking probe
48 engages receptacle 50 (Fig.9B), floating objects 10 are forced
into tight enough transvéfée alignment to start the engagement
of toggle noses 22 and toggle nose receivers 24. Fig. 9C
illustrates the yaw tolerance provided by the invention for
engaging toggle nose 22 in toggle nose receiver 24 once docking
probe 48 has been .engaged with receptacle 50. Fig. 9D
illustrates the yaw tolerance provided when both toggle noses 22
and toggle nose receivers 24 are engaged. Fig. 9E illustrates
both toggle noses 22 and'toggle nose receivers 24 fully seated.
Fig. 9F illustrates the transverse pins 28 extended and the
docking and connection operations completed.

Fig. 10 schematicélly illustrates the use of a compliant'
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element 52 in conjunction with the invention. In this
embodiment, a marine connector 14 as described above is provided
with a universal connection, schematically illustrated and
indicated by numeral 54. The universal joint 54 prevents
relative translation of the fleoating objects 10 in sway, surge,
and heave, but permits relative rotation of the floating objécts
10 in yaw, roll, and pitch. The colinear transverse pins 28 on

the port and starboard connectors 14 and the universal connection

permit relative pitch of the floating objects 10. The compliant

elements 52 offer resistance to extension and contraction.
Therefore, the compliant elements 52 offer considerable
resistance to relative yaw of the connected objects 10 and some
resistance to relative roll. The compliant element 52 is attached
at a first end to connector 14 and at a second to the floating
object 10. The connection between the port and starboard
compliant elements 52 and floating object 10 must be made usihg
a universal joint, schematically indicated at 54A.

Fig. 11 illustratés the central universal joint 54. Toggle
nose receiver 24 is provided with a bore 56. A longitudinal
shaft 58 has a first end 60 sized -to be received in bore 56.
Vertical pin 62 is inéerted in a bore in toggle nose receiver and
through bore 64. Thus, the 1ongitudinal shaft 58 cantilevers the
toggle nose receiver 24 from the fl.oating object 10 and permits

rotation about the vertical axis. The remainder of longitudinal

‘shaft 58 is rotatably attached to floating object 10, whiéh

allows the whole assembly (receiver 24 and shaft 58) to rotate

about the shaft centerline. The transverse opposed pins in the
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toggle nose permit rotation about the transverse axis.
Therefore, a universal joint is formed because rotation is
permitted about three orthogonal axes.

The compliant elements produce the axial 1load Qersus
deformation relation of the shape shown in Fig. 12. There may
be circumstances where the gaps shown in the axial load vefsus
deformation relation of Fig. 13 are also advantageous. The gaps
could be fixed or variable depending on requirements.

| The invention provides a number of advantages.

The toggle nosé and toggle nose receiver are shaped in a way
that facilitates docking, i.e., forcing the toggle nose into the
toggle. nose receiver reducés the relative motion between the
floating objects and controls thé location well enough to make
the connection. |

When the toggle mechanism is driven past center against the

-stop, the transverse pins are locked in the engaged position by

a passive system; the stop is not depeﬂdent on hydraulic seals
or any other hydraulic or mgchanical system.

The conical pin ends and the conical socket make it possible
to connect while the floating objects'are:moving'relative to each
other. The transverse pins have a short distance to.move from
fully retracted to fully extended. This means that connection
and disconnection can be done quickly. The toggle_nose and
toggl_e nose receiver are shaped in a way that facilitates
separation in higher sea state. Thg floating objeéts must move
only a short distance, the radius of the toggle nose, in order

to be fully separated. Fig. 7 and 14 1illustrate ‘these
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advantages: If can be seen that the two floating objects only
have to move a total distance egqual to the radius of the t&ggle
nose 22 to be separated. - Thus, the separation can be done
quickly and the shape of the toggle nose 22 and its receiver 24
will permit the nose to slide off the receiver without damage.

Fig. 14A-C illustrate the large tolerance for relative.pitch
of the floating objects 10 when the toggle nose 22 is seated in
its receiver 24. Fig. 14A illustrates the nose and receiver
bowed up, as indicated by arrows 66. Fig. 14B illustrates the
nose and receiver at zero pitch. Fig. 14C illustrates the nosé
and receiver bowed down, as indicated by arrows 68. |

To disconnect, the toggle'mechanism must be pushed off the
stop past centér. Once pushéd that far (a few inches at most)
the toggle mechanism can be released by the action of the two
floating objects separating..

The togglé nose and toggle nose receiver are # fuliy
integrated docking énd connection systém. The shape of the nose
and receiver facilitates docking and separation and supports the
toggle mechanism and its opposed transverse pins in the ideal
pqsition for making the gqnnection.

Fig. 3 illustrates one use of the invention where a numbef
of floating objects 10 are connected end-to-end. This type of
arrangement will serve'the purpose of a mobile floating airfield
or base. Fig. 15 illustrates another use of the invention whéfe
a transport barge 70 and:offshore.struCture 72 used to drill for
and produce hydrocarbons are conhectéd using the marine connector

14 of the invention. This connection enables a superstructure
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;74.to be skidded from fhe transport barge 70 onto the offshore
structure 72 without thé need for heavy 1lift crane barges or
floatover systems aé currently used. |

Because many varying and differing embodiments may be made
within the scope of the inventive concept hefein taught and
because many modifications may be made in the embodiment herein
detailed in accordance with the descriptive requirement of the
law, it is to be understood that the details herein are to be

interpreted as illustrative and not in a limiting sense.
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What is claimed as invention is:
1. A marine connector for connecting two floating objects,
comprising: "
a. a toggié nose attached to a first floating object;
b. a toggle nose receiver attached to a second floating
object, said toggle nose receiver being shaped to receive
said toggle ﬂosé and having sockets provided thereon; and
c. transverse opposed pins received in said toggle nose so
as to be movable between a firs£ retracted position and a
second extended position in contact with the sockets in
said toggle nose receiver.
2. The‘marine'conngcto:'of claim 1, wherein said toggle nose and
toggle nose :eceiver are provided with complementary beveled and
curved shapes.
3. The marine connector of claim 1, further comprising a toggle
mechanism for moving said trénsﬁerse opposed pins between said
first and second positions. |
4. The marine connector of claim 3, further comprising means for
stopping said toggle mechanism at a position slightly beyond

center when said transverse opposed pins are in said second

‘extended position.

5. The marine connector of claim 1, wherein said toggle nose
receiver is attacheéd to the second floating object by means of
a compliant element.

6. The marine connector.of'claim 1, wherein said transvérse pins
and sockets in said toggle nosé receiver form the only point of -

contact between said toggle nose and said toggle nose receiver

LT
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when said transverse pins are in their second extended position
and received in the sockets in said'toggle.nose receiver.
7. A marine connector for connecting two.floating objects,
comprising:
a. a toggle nose attached to a first floating object, said
toggle nose having a curved leading edge and sides that are
beveled outwardly toward the first floating object;
b. a toggle nose'receiver.attached to a second floating
object, said toggle nose receiver having a complementary
shape to receive said tbggle nose and having sockets
provided thereon;
c. transverse opposed pins received in said toggle nose so
as to be movable between a first retracted position and a
second extended position in contact with the sockets in
said toggle nose receiver; and
d. a toggle mechanism for moving said transverselopposed
pins between said first and second positions.
8. The marine connector of claim 7, further comprising means for
stopping said toggle mechanism at a position slightly beyond
center when said ﬁransverse opposed pins are in said second
extended position.
9. The marine connector of claim 7, wherein said toggle nose
receiver is attached to the second floating object by means of
a compliant element.
10. The marine connector of claim 7, wherein said transverse
pins and sockets in said toggle nose receiver form the only poiht

of contact between said toggle nose and said toggle nose receiver.

* 4 L M H *
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when said transverse pins are in their second extended position

and received in tpg_sockets in said toggle nose receiver.

11. A marine connector for connecting two floating objects,

comprising:
a. a toggle nose attached to a first flocating object, said
toggle nose having a curved leading edge and sides that are
beveled outwardly toward the first floating object;
b. a toggle nose receiver attached to a second floating
object, said toggle nose receiver having a complementary
shape to receive said toggle nose and having sockets
provided thereon;
c. transverse opposed pins received in said toggle nose so
as to be movable between .a first retracted position and a
second extended position in contact with the sockets in
said toggle nose recéiver, whereby said transverse pins and
sockets in said toggle nose receiver form the only point of
contact betweeh said toggle nose and said toggle nose
receiver when said fxansverse pins are in their second
extended position and received in the sockets in said
toggle nose receiver;
d.. a toggle~méchahism for moving said transversé oppdsed
pins between said first and second positions; and
e. means for stopping said toggle mechanism at a position
slightly beyond center when said transverse opposed pins
are in said second extended position.

12. The marine connector of claim 7, wherein said toggle nose

receiver is attached to the second floating cbject by means of

-
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load for compliant connectors, port and %fifﬁﬁifﬁ?‘!ﬂﬂj&s—from

five thousand metric tons to ten thousand metric tons.

The

connectors must be capable of releasing while jgﬁﬁgﬁﬁypﬁnggﬂ

loads are active. The inventors are not aware of connectors that

meet these reguirements.
SUMMARY OF THE INVENTION

The invention addresses the above needs. 1In
accordance with the present invention, there is pfovided a
marine connector, comprising:
a. a toggle nose attached to a first floating object, said
toggle nose béing oriented in a horizontal plane across a
longitudinal axis of the first floating object:
b. & toggle nose receiver attached to a second floating
object, said toggle nose receiver being shaped to receive
said toggle nose and having sockets provided thereon, -with
the shape of said receiver preventing wvertical movement of
said toggle nose within. said receiver while allowing
relative pitch between said toggle nose and receiver; and
c. two opposed,pins received in said toggle nose so as to

be movable between a first retracted position and a second

extended position in contact with the sockets in ‘said .

toggle nose receiver, said opposed pins being mévable in
said horizontal plane across the longitudinal axis of thé
floating objects.

What is provided is a marine.connector that
facilitates docking'of large floating objects during a

sea state that produces significant relative motion

. between the two objects. A toggle nose is mounted on one
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floating object and a mating device, a toggle nose receiver, is
mounted on the second floating object. The toggle nose contains
a toggle mechanism that extends and retracts two opposed
transverse pins having conical ends. The toggle nose receiver is
provided with corresponding conical sockets to receive the ends
of the pins. Bevels on the toggle nose and receiver permit loose
tolerance in yaw during the docking operation. Where the .toggle
nose and receivers are located both port and starboard, a central
docking probe may be provided for additional guidance during the
docking operation.
BRIEF.DESCRIPTION OF THE DRAWINGS

For a further understanding of the nature and objects of the
present invention reference should be had to the following
description, taken in conjunction with the accompanying drawihgs
in which 1like parts are given 1like reference numerals, and
wherein:

Fig. 1 illustrates a prior art rigid connection.
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CLAIMS

1. A marine-connector, comprising:

a. a toggle nose attached to a first floatiﬁ; object, séid
toggle nose béing oriented in a horizontal plane across a
longitudinal axis of the first floating object;

b. a toggle nose receiver attached to a second floating
object, said toggle nose receiver being shaped to receive
said toggle nose and having sockets provided thereon, with
the shape of said receiver preventing wvertical movement of
said toggle nose within said' receiver while allowing
relative pitch between said toggle nose and receiver; and
c. two opposed pins received in said toggle nose so as to
be movable between a first retrécted position and a second

extended position in contact with the sockets in said

toggle nose receiver, said opposed pins being movable in
said horizontal plane across the longitudinal axis of the
floating objects.
2. The marine connector of claim 1, wherein séid toggle nose
and toggle nose receiver are provided with complementary beveled
and curved shapes. '
3. The marine connector of claim 1, further comprising a toggle
mechanism for moving said transverse opposed pins between said
first and second positions.
4. The marine connector of claim 3, further comprising means
for stopping said toggle mechanism at a position slightly beyond
center when said transverse opposeci pins are in said second
extended position. |

5. The marine connector of claim 1, wherein said toggle nose

AR
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receiver is attached to the second floating object by Lrgg_an_s__o.ﬁ_a-—————'

compliant element.

6. The marine connector of claim 1, wherein said transverse
pins and sockets in said toggle nose receiver form the only
point of contact between said toggle nose and said toggle nose
receiver when said transverse pins are in their second extended
position and received in the sockets in said toggle nose
receiver..
7. A marine connector, comprising:
a. a toggle nose attached to a first floating object, said
toggle nose being oriented in a horizontal plane across a
longitudinal axis of the first floating object and having a
curved leading edge and sides thét are beveled outwardly
toward the first floating object;
b. a toggle nose receiver attached to a second floating
object, said toggle nose receiver having a complementary
shape to xreceive said toggle nose and having sockets
provided_ thereon, with the shape of said receiver
preventing vertical movement of said toggle nose within
said receiver while allowing relative 'pitch between said
toggle nose and receiver;
c. two opposed pins received in said toggle nose so as to
be movable between a first retracted position and a second
extended position in contact with the sockets in said
toggle nose receiver, said opposed pins being movable in
said horizontal plahe across the longitudinal axis of the
"floating ogjects; and

d. a toggle mechanism for moving said transverse opposed

-
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pins between said first and second positions.

8. The marine connector of claim 7, further co
for stopping said toggle mechanism at a position slightly beyond
center when said transverse opposed pins are in said second
extended position. |
9. The marine connector of claim 7, wherein said toggle nose
receiver is attached to the second floating object by means of a .
compliant element.
10. The marine connector of claim 7, wherein said transverse
pins and sockets in said toggle nose receiver form the only
point of contact between said toggle nose and said toggle nose
receiver wheh sald transverse pins are in their second extended
position and received in the sockets in said toggle nose
receive:;. |
11. A marine connector, comprising:
a. a toggle nose attached to a first floating object, said
toggle nose being oriented in a horizontal plane across a
longitudinal axis of the first floating object and having a
curved leading edge and sides that are beveled outwardly
toward the first floating object; .
.b. a toggle nose receiver attached to a second floating
object, said toggle nose receiver having a complementary
shape to receive said toggle nose and having sockets
provided thereon, with the shape of said receiver
preventing vertical movement of said toggle nose within
said receiver while allowing relative pitch between said
toggle nose and receiver; '

c. two opposed pins received in said toggle nose so as to

[
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be movable between a first retracted position gn

extended position in contact with the sockets—iIm—s=ixd
toggle nose receiver, said opposed pins being movable in
-said horizontal plane across the longitudinal axis of the
floating objects, whereby said transverse pins and sockets
in said toggle nose receiver_form the only point of contact
between said toggle nose and said toggle nose receiver when
said transverse pins are in their second extended position
and received in the sockets in said toggle nose receiver;
d. a toggle mechanism for moving said transverse opposed
pins betwéen said first and second positions; and
e. means for stopping said toggle meéhanism at a position
slightly beyond center when said transverse opposed pins
are in said second extended position.

12. The marine connector of claim 11, wherein said toggle nose

receiver is attached to the second floating object by means of a

compliant element.
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