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1 A CONNECTOR The present invention relates to a connector and
particularly, but not exclusively, to a cgnnector comprising a male element
received within a female element and friction based locking means disposed
between them. 5 In a known connector of the above type, the locking means
comprise machined grooves cxaumfgrgrtiztysspaced around the male
element in which locking balls retained in a cage surrounding the male
element are adapted to run. The balls are forced out into contact with the

femald"81erHEREWhEN THEGHalE | @ietnét s FOCEIGELPthBRsn RAHE APPIPInH! Not

eensivellpad te Hhmhuetelesipntsidid §ausesdhelBalistorekwbe fenalea female
element mare tightly, such as the connector disclosed in W02004/055394.

el§Jnast BERAIHFHBRIASRS, 'PEEBhMSADP M) BRELRFOMER L iitrease, or

complete removal of the tension load, that is normally present. In this

instanges RABVASSEORIRECR CANMRCIORIS N & heaktveriisaliatatm dinewibsebise
weight could 15 cause it to return to the same condition as when it was at the

MBEHPBH KRS FrieSISIAIbAGRASS @Y fso PG iElticndlswhich
loclishipBaRent Rewerna thegaaisrelementand thaltemalaeslierrenisiapibere run.

the connector is being used as a subsea connector and the female element

The RaliRtetofP iRl PHia R iSRS oY th EnTE B AR MG RS b B Al Bele
eltorRiMotiin ereiaxis, iNkheigspaat tpheimud maidaseolbisds tieeali@y elements

displacement of the mud mat base, with respect to the connector, to
Ao Ra ol B el BGE el ElE aD b ity sonnector
disdlbjest 1o AABROBAI55394.

Under certain conditions, the connector may be subject to a decrease, or
complete removal of the tension load, that is normally present. In this instance,
and assuming the connector is in a near vertical state, its own self weight could
cause it to return to the same condition as when it was at the point of insertion. If
the tension load was suddenly reapplied it could cause displacement between

the male element and the female elements.

Where the connector is being used as a subsea connector and the female
element is mounted on a mud mat, it is usual for the female element to be
allowed to pivot in one axis, with respect to the mud mat base. This is to allow
displacement of the mud mat base, with respect to the connector, to compensate
for the unevenness of the sea bed. The connector may be subject to a decrease

or complete removal, of the tension load that is normally present. In this
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or complete removal, of the tension load that is normally present. In this 25 2
instance, the mud mat and attached cqonnector, which is normally suspended
above the seabed could fall back to thé seabed. Because of the weight of
connector and attached links, it could cause the connector to pivot
downward. 5 If there was a failure of the cage that maintains displacement
with respect to the body, on complete removal of the tension load, this could
allow its own weight to cause it to return to the same condition as when it

INRa8 GRsdrted RIS TS BeAbRiENRY BYTRBLEBRNEES  pivoRRE W RENded
abwishiseultb spEge chisplasameniibesvaen thimmale elemerand e@algight of

element, 10 It is an object of the invention to overcome these potential
CQfI85GtRIMAGRIBRBES MG & #R It SSUTEAUE SN GRY I vaNidayaward.

connector comprising a first connector element and a second connector

elemgnhdiistepieasainled aking FerNS dispesed PetwepmimekanineriPfespect

elements enabling the elements to be connected together and second

101 8aRiRP Meds BRPBLIE 15BRYALEA thE LorHEBIdP YRS YYeratodds own

wigverd telativainevenenteiwesiibe slemeitsin aHeekingseleaserted. This
direction of the first releasable locking means to Qprevent unlocking when a

CqYt BpplietPtdReBorhECT I FEMbVBY oY HeiREaEmp¥Btm et Btngause

digpresdinisrihediiet eannecieilelementisaadiale gensieaienelement and the
second connector element is a female 20 connector element adapted to

receive the first connector element. The first releasable locking means

advallisRe AOiPEbATINERPRIGR 1A A¥RIAASIRGRG Potental disadvantages.

According to the present invention, there is provided a connector
comprising a first connector element and a second connector element, first
releasable locking means disposed between the connector elements enabling
the elements to be connected together and second locking means disposed
between the connector elements operative to prevent relative movement
between the elements in a locking release direction of the first releasable locking

means to prevent unlocking when a load applied to the connector is removed.

In a preferred embodiment of the invention, the first connector element is
a male connector element and the second connector element is a female
connector element adapted to receive the first connector element. The first
releasable locking means advantageously comprises a cage in which a plurality
of balls are retained for movement in a row of respective tapered grooves

circumferentially spaced around the male connector element. As the male



of balls are retained for movement in a row of respective tapered grooves
circumferentially spaced around the male connector element. As the male 25

WA*20081td9065 PCT/GB2006/001345 3 element is insertedthldGRa006/001345
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female element, the balls are wedged between the two to lock them

together. Application of a tension load to thg elements increases the force

with which the balls are gripped between the two elements and therefore the

force connecting the two elements together. The second 5 locking means
advantageously comprises one or more lock balls retained in an apertured

body disposed between the first and second elements. Means are provided
enaklingrinde prssiest muavethefenidhe dak batlsthEhbatisTmanw ectgaprisetaeen the
cylindrical body which coaxially surrounds the cage of the first locking means
antivalstocoeisriteenaptraedethrodgiPiaaianespeatiirnirier ard) ts tHee1glements
second locking means extend(s). The cylindrical body is urged towards the

bofecrsRFRSsR fereBrMiRrifthiBR: by e ol HTIARSAL SRR Al ARy §loments

compression, spring. In order that the invention may, be more clear!
TR IREE B PSR ens s SSEohLe, By uastof The second

SR MR a 0y 210 SN i AL i i e

viexpEHepetopRfypaitebirl cosnrséer #fd-iingteahd second elements. Means are
provided enabling independent movement of the lock balls. These means
comprise a cylindrical body which coaxially surrounds the cage of the first locking
means and also comprises apertures through which respective lock bali(s) of the
second locking means extend(s). The cylindrical body is urged towards the bore
of the second connector element by resilient means, advantageously a
compression spring.

In order that the invention may be more clearly understood, one
embodiment thereof will now be described, by way of example, with reference to
the accompanying drawings in which:-

Figure 1 shows a view in part longitudinal section of a connector;

Figure 2 shows a view in section of part of the connector of Figure 1

to a larger scale;

Figure 3 shows a view in section of that part of the connector shown

in Figure 2 but in a different operational state, and

Figure 4 shows a view in section of that part of the connector shown

in Figures 2 and 3 but in a different operational state.



to a larger scale; Figure 3 shows a view in section of that part of the

connector shown 20 in Figure 2 but in a different operational state, and
WEIGMEAMdws a view in section of that part of the connector SRGHGT7006/001345

Figures 2 and 3 but in a different operational state. WO 2006/109065

PCT/GB2006/001345 4 Referring to Figure,1, the connector comprises a

female element 1, defining a parallel bore 2 adapted to receive a male

element 3. The connector is intended for a subsea connection but may be

employed in other areas. The male element 3 comprises a body 4 into which

a plurality of circumferential rows of 5 axially extending tapered slots are

machinedrAfphiiadityt®f bigllgS retaineddormenyttindtoat magest aréetisposelbment 1,

in respective slots for movement up and down those respective slots. The

cageBoumprisweliebhosit) efiantedoioctrnaibib eratklroierTerdfespbadingnector is

to respective rows of tapered slots machined in the body 4. The diameter of

the5&eesiastdns st Sy RS CPNSGER™MB S rﬁé%ﬁﬂmﬁ&%sdﬂdmgebare%stoThe male

trude thegethrough. Th 6, with t to.the bod
R R RIS S IoeBATE o Y i R gCa Vel rows of

5 moé(ﬁg]%};EQ{éﬂﬁlpalEE&B&Q%@% hiapscsad Sliofgﬁﬂﬁtypﬁ?tﬂéﬂg%qggﬁwed in a

balls 5 through corfesponding holes 7 to a greater or lesser ‘degree. 15 The

matgIrlameit cohesa frOaysHeEEe VIS B apdstriddRmoterfipatheeidnpeand down

element 1. This padeye or clevis 8 enables attachment via chain links.
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those respective slots. The cage 6 comprises a plurality of rows of counterbored
holes 7 corresponding to respective rows of tapered slots machined in the body
4, The diameter of these counterbored holes 7 is such as to permit
corresponding balls 5 to protrude therethrough. The cage 6 is sprung with
respect to the body 4. This causes movement of the cage 6 with respect to the
body 4 which causes movement of the balls 5 up and down the tapered slots and
protrusion of the balls 5 through corresponding holes 7 to a greater or lesser
degree.

The male element 3 has a padeye or clevis 8 at its end remote from the
female element 1. This padeye or clevis 8 enables attachment via chain links.
Shackles or similar (not shown) to a chain, wire, synthetic rope or similar (also
not shown). This latter, in turn, may be attached to, for example, an oil rig in the
case of the connector being used as a subsea connection. Other types of
attachment may be used. Similarly, the female element 1 also comprises a
padeye or clevis 9 enabling attachment via chain links, shackles or similar to

chain, wire, synthetic rope or similar (also not shown). This in turn may be
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Shackles or similar (not shown) to a chain, wire, synthetic rope or similar

also not shown). This latter, in turn, may be attached to, for example, an oil
SN %3se of the connector being used as a subsea conne&dHCBAKY 001345

types of 20 attachment may be used. Similarly, the fernale element 1 also

comprises a padeye or clevis 9 enabling attachment via chain links, shackles

or similar to chain, wire, synthetic rope or similar (also not shown). This in

turn may be WO 2006/109065 PCT/GB2006/001345 5 attached to a

suction pile driven into the seabed in the case of a subsea connection. Other

types of attachment may be used. Referring additionally to Figure 2, the

cylinthigal cage & alaotkomplisedivariuiatiby Bicissubtatentiatiespasedof a subsea
longitudinally extending slots 10 through 5 which respective lock balls 11
exmhectontaéditer tyalesché midactBnaniyiadriealusstl 12 coaxially

surrounds cage 6 and is connected thereto bﬁdé:eans of an internal

screwthreRGERIHostiBAi BN ¥ e iRl e 2alferaC¥iifpcth ERER feiEPnaniPrises a

thread tion 13b on th 6, The bady 12 defi f
UL L1 ST e ML Ehbo AT D BRI LS 10 throush
exGARORLp L Lemale KA the seigutiyead Loa-atape! 1ndf IUlIRdnt 3. A

which leads to a radiused portion 16. A further cylindrical body 16 coaxially

SUGGRISISCRIE haAk aleneeRikihip tstitotR iR 6dagahEhdhis rOMeHedtddy thereto by

means of complementary respective internal and external screwthreaded

portieasd 7afarah 1 #idenahescoelythteadedheodin6. 1Sealerli 8thad B9dyre12 and a

15 housed in grooves formed in the body 16.
complementary externally screwthreaded portion 13b on the cage 6. The body
12 defines a row of circumferentially spaced holes 14 through which respective
palls 11 extend. On its face remote from the screwthread 13a, a taper 15 is
formed which leads to a radiused portion 16. A further cylindrical body 16
coaxially surrounds the male element 3 and the cage 6 to which it is connected
by means of complementary respective internal and external screwthreaded
portions 17a and 17b on the body 16 and the cage 6. Seals 18 and 19 are
housed in grooves formed in the body 16.

A further cylindrical body 20 coaxially surrounds cage 6. This body 20
comprises a row of circumferentially spaced holes 21 through which respective
balls 11 extend to enable independent movement of those balls 10. A further
cylindrical body 22 coaxially surrounds body 20 and body 16. This body 22
comprises a row of circumferentially spaced internally counterbored holes 24 to

retain respective ones of a plurality of lock balls 23 having a diameter less than

that of the diameter of balls 11. Compression springs 24 and 25 are provided.



A further cylindrical body 20 coaxially surrounds cage 6. This body 20
omprises a row of circumferentially spaced holes 21 through which

c
WERLAHEEHI85Dalls 11 extend to enable independent movement of thESEBpHIfE001343
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10. A further cylindrical body 22 coaxially surrounds body 20 and body 16.

This body 22 20 comprises a row of circumfgrentially spaced internally

counterbored holes 24 to retain respective ones of a plurality of lock balls 23

having a diameter less than that of the diameter of balls 11. Compression

springs 24 and 25 are provided. WO 20116/109065 PCT/GB2006/001345 6

Spring 24 is constrained to act between abutment faces on bodies 16 and 22
an$shing4 sisauststiiabe totacd delaee albbitmentdese ©amboidies 8and 22 and
and 20. Moving from right to left in Figure 2, the parallel bore 2 in female

ele?RENg Zaigscenstringk e anhleeburenaiiicient teramodaiedieylih@ideal 20.

body 12, a 5 tapered bore 27 accepting balls 11, a recessed bore 28
accepting™MaNNSrany HobhiaileftiorE 9yrs: ce R PBERIEL DOTR 2difigmale element

o B P R A Sl S ARSI T e Pty 12,

In bo INto a recess 32'In ISPOS

a &%@&9@2&2&&%&@%\5\%@%%% body i ¢lgraess ]acgzgdﬂngl balls 23 and a

operation, pre-deployment, body 22, which constitutes an outer Sleeve, IS

retpinedldrlpbve robacysplindisbdpizstitutes FSHQRVEEWYSINGiIfPL SRR relative
and 19, by retaining pin 30. Body 22 in turn retains body 20 through
abptraiisrofehbashnfemeinadp stepsnds dincb85Hoantede 3 bodieé®aP aAd=2@ into a
and locks ball 11 and 23 are also held in a retracted state.
recess 32 in body 16. A seal 33 is disposed in a groove in body 22 to act
between that body and element 1.

In operation, pre-deployment, the body 22, which constitutes an outer
sleeve, is retained relative to body 16 which constitutes a sleeve housing for
seals 18 and 19, by retaining pin 30. Body 22 in turn retains body 20 through
abutment of the complementary steps 34 and 35 formed on bodies 22 and 20
and locks ball 11 and 23 are also held in a retracted state.

To make the connection, the male element 3 is inserted into the female
element 1. The balls 5 which protrude through the cage 6, make contact with the
wall of bore 24 , the female element 1. As insertion continues, the balls 5 start to
roll down respective corresponding tapered slots, carrying the sprung loaded
cage 6 with them. When the balls 5 have moved sufficiently, to conform to the
diameter of the female element bore 2, the male element 3 continues to slide into

full engagement. The sprung loaded cage 6 ensures contact between the balls 5

and the bore 1 is maintained.



15 To make the connection, the male element 3 is inserted into the female
element 1. The balls 5 which protrude through the cage 6, make contact with

WA Bore 24 | the female element 1. As insertion continuBS HFBHLELB1345
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start to roll down respectlve corresponding tapered slots, carrying the sprung
loaded cage 6 with them. When the balls ¥ have moved sufficiently, to

conform to the 20 diameter of the female element bore 2, the male element 3
continues to slide into full engagement. The sprung loaded cage 6 ensures

contact between the balls 5 and the bore 1 is maintained. WO 2006/109065
PCT/GB2006/001345 7 Once the connection is made, as a tension load is

applied t&mee chitheONeRENalé eTBRwNt §%tz?rt§?8§*r?6\/é%ﬁﬂhiﬁ/ fWRRlied to the

res t to the | the ball
mﬁga(ﬁ:bef%gf &Leﬁzna g@?&ﬁén&ﬁore 'i%%g 3 wpg)ec%l\tgelt% Cgrr%et stfgt% female
i t@&‘%‘é%@%&u'%%e vé}ﬁéneai%nm%'.q%@ﬂwﬁrﬁ?é%nr@f 9FiR female

load Is aso ihcreased, thereby making a firm connection. Following insertion

of dhemarieiipanenia iBpiperéapmala riempesicd Kotanneet gippivey the wall of the

elements the pin 30 is removed. Stored energy in springs 24 and 25 is

released pausisgdinsiandisathteinentaddhdin@ odpd dadiys26lsating@ased, thereby
respect to body 16 as shown in Figure 3. Displacement of body 22 causes
radielkiigpmbemeanopidikiballs 23, up the taper 15 on the face of body 12,

thereby engaging lock balls 23 into the recessed bore 28
same a/mggaf%ﬁlg@em?'%%}%ma'e element 3 into Itrg‘ngl?ggﬁgltele etn%%t 1, to

connect the two elements the pin 30 is removed. Stored energy in springs 24
and 25 is released ca.using linear displacement of body 22 and body 20 with
respect to body 16 as shown in Figure 3.

Displacement of body 22 causes radial displacement of lock balls 23, up
the taper 15 on the face of body 12, thereby engaging lock balls 23 into the
recessed bore 28 in element 1. At the same time, displacement of body 20
causes linear displacement of lock balls 11, thereby causing engagement of lock
balls 11 in the tapered bore 27 in element 1 and the adjacent diameter of male
connector 3 as shown in Figure 4. As a tension load is applied to the connector
a firm connection is made between the male element and the female elements 3
and 1. This causes a small linear displacement of the male element 3 as it
begins to grip, with respect to the female element 1. This displacement acts also
‘on cage 6, body 16, body 12, lock balls 23, body 22, spring 24 and spring 25. As
this linear displacement occurs, the lock balls 23 are allowed freedom to move

longitudinally, along recessed bore 28 in element 1. Despite this linear



causes linear displacement of lock balls 11, thereby causing engagement of
lock 15 balls 11 in the tapered bore 27 in element 1 and the adjacent

WHi2M& P8 male connector 3 as shown in Figure 4. As a tensidit lg&g7806/001345
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applied to the connector a firm connection is made between the male

element and the female elements 3 and 1.8This causes a small linear

displacement of the male element 3 as it begins to grip, with respect to the

female element 1. This displacement acts also 20 on cage 6, body 16, body

12, lock balls 23, body 22, spring 24 and spring 25. As this linear

displacement occurs, the lock balls 23 are allowed freedom to move
lorsinkieameniioiprenesaudmeriing i%agtig in ﬁ&ﬁ@@ﬂﬁé%ﬁ@m on body

emént 1 and

actRg MRHNEIBS AR IRFRERGR! & Tkt FhteBRg t'0f 10ck
ba“§ 119%){h 'glger bﬁg{ B?EIé}neé%W”t | and the adjacent diameter of
ock

elemen eing engaged between the taper bore in element 1,

and the iaéwssnéq'@@sfﬁé Selsgaenb Sraeeer e apdnilsursahgsieaiaat 1, and the

force preventing inward linear displacement of element 3, with respect to
elesapitchthuibstidtal owilgriteat Biiyeardrineardisplatsmegtippglgrimee3preventing
with respect to element 1. It'will be appreciated that the above embodiments
haireMsednligescribisplazamsnbfaixatapienin§: awihhegspasl tarkiesinhrd, but still
possible within the scope of 10 the invention. For example pin 30 and th

assdewied Hﬁ@rawtéfgazé aﬂaaﬁftﬁmﬁ&%@%&ér%sm% e SR e pment 1
an automp ﬂ]%p %/m?enélg ]iwréq H?e need for %rc]) Flar(r? QR%IQ\%%en described by

Operated remove the pin i marlne plication.
way of example only and that many varlatlons are possible within the scope of

the invention. For example, pin 30 and the associated apertures 31 and 32 could
be dispensed with. This would result in an automatic deployment obviating the
need for an ROV (Remotely Operated Vevhicle) to remove the pin in marine

application.
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159 CLAIMS 1. A connector comprising a first connector element and a
second connector element, first releasable locking means disposed between
the connector elements enabling the eélements to be connected 5 together
and characterised by second locking means disposed between the
connector elements operative to preyeniselative movement between the
elements in a locking release direction of the first releasable locking means
to prevent unlocking when a load applied to the connector is removed. 10 2.

Aleorfe OPRRCEEINFRITPEF4If 12 inhicRARBSHSY cSHRBISBF ef¥iflerit SgCONd

male GRS element andthasesand connaetonelginentipactemalfeen the
connector element adapted to receive the first connector element. 3. A

connEeBIEE YlaiiEdNF BRimeN8P Y% witigh thEmeiisieabl®erLs Gerpgcied

meansgaiuisns akageiBvkiehhg Rliscaliy Mdals aredeianeddesd between
movement in a row of respective tapered grooves circumferentially spaced

arouldEHFORFE b GRS HRBIHIINE ATHRRETS SLHISNRAVE BRimPS Heen

whiclhasibmerale iplemepkiagnsesgskinipdbedemale elarent e Malis [B8tking
wedged between the two to 20 ock them togfzther. 5. AeCé)nnector as claimed .

in CIARDr @ i GHREL W‘é 9, Whgn a load applied to the connector is

removed.

2. A connector as claimed in Claim 1, in which the first connector element
is a male connector element and the second connector element is a
female connector element adapted to receive the first connector

element.

3. A connector as claimed in Claim 1 or 2, in which the first releasable
locking means comprises a cage in which a plurality of balls are
retained for movement in a row of respective tapered grooves

circumferentially spaced around the male connector element.

4. A connector as claimed in Claim 3, in which, as the male element is
inserted into the female element, the balls are wedged between the two to

lock them together.

5. A connector as claimed in Claim 3 or 4, in which application of a
tension load to the elements increases the force with which the balls
are gripped between the two elements and therefore the force

connecting the elements together.



tension load to the elements increases the force with which the balls are

ripped between the two elements and therefore the force connecting the

ngé?ﬂgﬁ?g%sgether. 25 WO 2006/109065 PCT/GB2006/001345"¢d/§PA006/001345

connector as claimed in Claim 3, 4 or 5, in which the second locking means
advantageously comprises one or more lock balls retained in an apertured
body disposed between the first and second elements. 7. A connector as
claimed in Claim 6, in which means are provided 5 enabling independent
mofemenfotenniiiobaksciimeadindeRins crhifie imavaien7thg apfend locking
the means for enabling independent movement comprises a cylindrical body

coaxially SUPRIUMARYARDESEEY RRTIRITSERTPREARS &S sl In an
gttt L G e Lt e T R
cyliperical Rody (3 SHRFARNALR 1P BETBRICe R RN RS R CME brovided
by réesilient means. 10. A connector as claimed in Claim 9, in which the

5 resilient mgang ;e GAIRRERRAGHBPERISIALERABdock balls.

8. A connector as claimed in Claim 7, in which the means for enabling
independent movement comprises a cylindrical body coaxially
surrounding the cage of the first locking means and also comprising
apertures through which respective lock ball(s) of the second locking

10 means extend(s).

9, A connector as claimed in Claim 8, in which the cylindrical body is
urged towards the bore of the second connector element by resilient
means.

10. A connector as claimed in Claim 9, in which the resilient means

15 comprises a compression spring.
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