A CONNECTCR The present invention relates to a
connector and particularly, but not exclusively, to a
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femal e el enent and friction based | ocki ng neans

di sposed between them In a known connector of the
above type, the | ocking nmeans donprise machi ned
grooves circunferentially spaced around the nal e

el ement in which locking balls retained in a cage
surrounding the male el enment are adapted to run. The
balls are forced out into contact with the female

el enent when th_e mal e el eMNNECﬁWi ved therein and
applying a tension |load t enents causes the

bal I s ol > e t [ | gh .

cart i TheoRlsehh fulehfiRh reliEdB o Wieblo Hnd ey, but not
decr ease r conplete renoval of the tensjon | oad,..,.

¢ AERR By, 6 2 SRS eronig i b SARL Potaht i ithin & female
assum ng the connector is in a near vertical state,

[

et and frictien gased ogkingcagrns dispesed ketwegndlemne

same condition as when it was at the point of

i nsert il knewnheonnestirodf theaabewss tyned dbal lpckisgppeaesl comprise
it could cause di spl acenent between the mal e el enent
amebchied gnadvesetimuprfesntisye spacdrk acmmiethteomals ebsrnent in which
used as a subsea connector and the fenmale elenent is
mieckiregballs r@tained mad cagé susoursdiag tfiomaldelefrmmblaes adapted to run.
el enent to be allowed to pivot in one axis, wth

r ghiReBAlld ard el butBhtobesifactTWith the femafd lethent when the male

di spl acenment of the nud mat base, with respect to the

C‘éﬂé"iﬁér‘it"fs réd%iﬁe‘é\”ﬁ\%?&ﬁtﬁwd applying a tension load to the two elements
causes the balls to grip the female element more tightly.

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



for the unevenness of the sea bed. The connector may
be subject to a decrease or conplete renoval, of the

WO eovsilamed oad that is normally present. In PCT/GB2006/001345
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t hi si nstance, the nud mat and attached connector,

which is normal |y suspended above the seabed coul d

fall back to the seabed. Because of the weight of

connector and attached links, it could cause the

connector to pivot downward. If there was a failure of

the cage that nmaintains displacenment with respect to

the body, on conplete renoval of the tension | oad,

this could allowits own weight to cause it to return

t dngtprce; dive WOADMEl GRdaaitaghed $ANNRELOT M&WG &y NORpIY suspended
could be followed by the connector pivoting downward,

wheiboe clbel seabeds eowdd sfall msheint theesrelked.t Hdesause of the weight of
el enent and fenmale elenment, It is an object of the

| voanécton ahd attaeneamblinksy, itee:sechmusatthaIcodlh@atdwmiaqek)wnward.
According to the present invention, there is provided

a conngrthere BRI faflufkgofathéiocage thanmeintains elisplaememdvith respect
second connector elenent, first rel easabl e | ocking

nq@qﬁ o"dgo%ﬁdc llé%eférﬁé”\%l ANARE GE iR |SaENhs &ﬂﬂ@'dllﬁ@ its own
t he e ts to be connected together and second

Lﬁ%eno@gﬁg CREFAGINVE the JAhRY BOhdifish 8k 'Mgarf‘i‘?‘é\%ﬁﬁﬂéerted This

Ienents in a locking release direction

th | rst I

5l 5 BRSSP i SRR BT oB AR it cous e
f d di

FETINL R CIE T e
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connector el ement. The first _ _ .
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 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



rel easabl e | ocki ng nmeans advant ageously conprises a
cage in which a plurality of balls are retained for

woweeass i n a row of respective tapered gr oovBGI/GB2006/001345
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circunferentially spaced around the mal e connector
element. As the nmaleelenent is inserted into the
femal e el enent, the balls are wedged between the two
to |l ock themtogether. Application of a tension |oad
to the elenents increases the force with which the
balls are gripped between the two el enents and
therefore the force connecting the two el enents

t oget her e secon Ckl mean dv, eousl|

cSHGPRSLs BRetss T rae PErI T EN o bl 118 Véﬁdged between the
apertured body dlsposed bet ween the first and q1

eltwrein dockvihe tadetharoy iARRHCRIRRLIOf Ry tPRTiepelRa o the elements
novenent of the lock balls. These nmeans conprise a
cyin¢radsestie frvoy with whichdhgikalls\ars arinped destivren dag dwefelements
the first I ocking neans and al so conprises apertures
t Famolu gteredore Hthe efspmec coneedtiogkthisawg slementshtogeduind The second
| ocki ng means extend(s). The cylindrical body is urged
t ayeKint nidmmsbadvanedgdduelyseroprisesoome ot ovorelleckebalidbretained in an
resilient means, advantageously a conpression spring.

Iy fEd Hoay dli}ﬁ)deﬂVB@Me@ﬁ HBYfiree anBr®:coh@adléments. Means are
un

erstood, one enbodi ment thereof will now be
d?ﬁ\r/lHQSdenélﬂlgp’aMd% eﬁ@féHTprln%veWehh drefrer prekephis.t Mehese means
conmpanyl ng wings In which:- Figure 1 shows a view
| rl:o\?\\ggr asel/é) g%ntdﬁgélﬁdys\ﬁﬁltch %Ba)%%ll?Fﬁﬁﬂ.ér}?dgsgtﬁ% é:cgbgﬂ rtlfe first locking
Flnqgér?s an also (lzoa}rrl ?sressggerﬁj’res 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.



Figure 3 shows a view in section of that part of the
connector shown in Figure 2 but in a different

wep@cavioehal state, and Figure 4 shows a vi ew PET/GB2006/001345
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section of that part of the connector shown in Figures
2 and 3 but in a different operational state.Referring
to Figure 1, the connector conpsises a fenal e el enent
1, defining a parallel bore 2 adapted to receive a
mal e el ement 3. The connector is intended for a subsea
connection but may be enployed in other areas. The
mal e el ement 3 conprises a body 4 into which a

pl urali of circunferentjal rows of axially extendin

P aper cREPBINg 49 At nche SRISHA pogPEred femgle Sment 1,
retained in a cylindrical cage 6 are djsposed in _
r dgieing @ @agallsl §0feb2 adgpiefdatreepivardnalsvgiemspta. The connector is
respective slots. The cage 6 conprises a plurality of

r ontended fouasebira eehnwsities bat mayresgoplpyad in other areas. The male
respective rows of tapered slots machined in the body

4. elgimentliBacehprisexf atlueled datonwvkichox etlrblkity exf dircusnfenential rows of
as to permt corresponding balls 5 to protrude

t hxigihyhexauahing thpereadastots dré regcHimeH. WAL pluratigpetcbaltsos réteined in a
body 4. This causes novenent of the cage 6 wth

r e§yMREficdl Cdgees RPEWidhodetGh reaps@enByRNMBAIm@fentd? up and down
bal'ls 5 up and down the tapered slots and protrusion

of thhae r@%ﬂréclﬁvé sl 08l gk %etﬁﬁn}giﬁ’éé'éga BRI&iy 6f F&wSof counterbored

greater esser degree. The e element” 3 has a

RS PR b GRORS T Sp LERbTABIALE o e b

v B, SR ABE, BB B8 M Bt e
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



not shown). This latter, in turn, may be attached to,
for exanple, an oil rig in the case of the connector

wheingowsed as a subsea connection. O her typeBCDEGB2006/001345
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attachnment may be used. Simlarly, the femal e el enent
1 al so conprises a padeye or clevis 9 enabling
attachnment via chain links, shackles or simlar to
chain, wire, synthetic rope or simlar (also not
shown). This in turn nay beattached to a suction pile
driven into the seabed in the case of a subsea
connection. O her types of attachnment may be used.

Ref erri ng additi onal | o Figure 2, the cylindrical

citEohed 9 2cansitre Bl Arenr BN (hS creabirc s derapt ¢ subsea
spaced | ongitudinally extending slots 10 t hrough which

r copaettiqe Pl tyrgs of attacBmeshihayPeeitthct the mal e

el enent 3. A cylindrical body 12 coaxially surrounds

cage 6 Refarring additienallydotfiguret2d thg aytiadricabicage 6 also comprises a
i nternal screwt hreaded portion 13a on the body 12 and

a plomitye oé rdireusnferehéalhalshycext l@vditudemtlie dexiendingnsid3b 10 through
on the cage 6. The body 12 defines a row of

ciwlgionT Rispativd llocks paite i haxeshdl 4o t burmaghthehingdle element 3. A
respective balls 11 extend. On its face renote from

h&ligghiem Mtﬁﬁq 21§@axiéﬂli/t aResurl cagé B R VhiceAné&adhereto by
portion 16

t
to"a radiuse . A further cylindrical body

1%89@%“@]" % Wéfn%yr%e\km‘?e@;oﬁé?rﬁ&?;‘hag @f%é hEo®PI® and a

6 to ich 1t I's connected ns of conpl enent ar’y

SFRHMEAT i A AR DA BEC rog . The ooy

Sl Sed e o Ao g i, M rospecve

S rarllgu1n10|Sex’?ea;\%(.e %n |Tt-2 ifgceb(r)e?ll%otzeofrom 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.



conprises a row of circunferentially spaced holes 2 1
t hrough which respective balls 11 extend to enable
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cylindrical body 22 coaxially surrounds body 20 and

body 16. This body 22 conprises a row of

circunferentially spaced intermally counterbored hol es

24 to retain respective ones of a plurality of |ock

bal s 23 having a dianeter |ess than that of the

di ameter of balls 11. Conpression springs 24 and 25

are provided. Spring 24 is constrained to act between

abut ment  faces on bodi es, 16 and 22 and_spring 25 i

c OO RTERe 4 AT SR e o ARb b sk AT e (58S O sbie 36 2 22 and
and 20. Nbving fromright to left in Figure 2, the

paiPAingedd isoBSYaingd e ARl Retweehwbutmentdages pp badies 16 and 20.
paral | el counterbore 26 whi ch accommpdates cylindrica

body 1Mo¥ing disan dghblerleftar Figure 5t ithe ppealies bare 2 in female element
recessed bore 28 accepting balls 23 and a parall el

bot earie tacx patallalgcdiodigrbage 26 ovhieh accorbodya® cylindrical body 12, a
retained relative position to body 16 a pin 30 extends

t Napeghl Bore@7eactepting balksly 122 recebsed thora 28emesptim2balls 23 and a
body 16. A seal 33 is disposed in a groove in body 22

t Qarsllel Hedraezm acbaptinePByd\aRe. emen®ithinlbody29AR Aré@fhed relative
pre-depl oynment, the body 22, which constitutes an

Ot | | | L6y i
BT, RE8Ody 1B 4 PP ROl A SRS T EFR2 and into o
r ' i Body i ' 0

[ 5BL198, ) Ser0RORtodf A HERotRd W08 POY o 22 0 ac
fqr 0 dies 22 and 20 and | ocks ball 11 and 23
arooéar@gg%ﬂhag%&dyr?né %J%mmtcf'ed state. To nake the

connection, the nmale el ement 3 i Sb inserted into the

f eral e /N 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.



el ement 1. The balls 5 which protrude through the cage
6, make contact with the wall of bore 24 , the fenmale

webk@aaetoed. As i nsertion continues, the balls BCEHGBRG06/001345
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to roll down respective correspondi ng tapered slots,
carrying the sprung | oaded cage 6 with them When the
balls 5 have noved sufficientlg, to conformto the

di aneter of the fenale element bore 2, the male
element 3 continues to slide into full engagenent. The
sprung | oaded cage 6 ensures contact between the balls
5 and the bore 1 is maintai ned. Once the connection is

made, ghed HRNYoPReliH ié Smaee) ia8dat gerisheh Geamast gpplied to the
the male elenent 3 starts to nove slightly with

r %89%9&’[0; cﬂlné rﬁ?alé%'@h@r\}mte:ts %l‘%“%‘ to%oQé%ﬁbﬁ‘tﬂ/ Whe r@@}iéo‘? t®the female

ont act of "the fenmale

férnent E%‘Fqﬁglr{%ﬁﬂ%\ﬂéﬂ ,;\Bp{gﬂsﬁg%'c\éﬁséc?%{hffg\es\bgﬁ ®f the female
qug%r? M%Zneggjgp Htpﬂxi%gg B/ | oa%re‘igl%k o&ﬁu%s”&pﬁ@ﬁﬁﬁii’\% r\]Nall of the
of t he rrale element 3 into the female e

CbRF Ao e ErBoRIIeRbiR Borarssgh g LSHEasa apset thereby
energy in springs 24 and 25 is rel eased causing |inear
dinsqiting arfiemtcaphepiely 22 and body 20 with respect to

body 16 as shown in Figure 3. Displacenent of body 22

causes Folldilg idseriloacefiaet mafe Eleckertad info 28¢ fepatenelement 1, to
taper 15 on the face of body 12, thereby engagi ng | ock

balohBed3thentivd életerts éss pih BOIie r@Boved.eStomredt erergytin springs 24
the sane tine, displacenment of body 20 causes |i near

dizpel 25 98B8lcadéd |dé€|§|n§al|iﬁe%r]dlsplb€@ﬁ§rbb’0ﬁlbu6y 122 and body 20 with
engagenent of | ock
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



balls 11 in the tapered bore 27 in elenment 1 and the
adj acent dianeter of male connector 3 as shown in

woe@aneods As a tension load is applied to thePCT/GB2006/001345
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connector a firmconnection is made between the nale

element and the female elenments 3 and 1. This causes a

smal | linear displacenent of tfe male element 3 as it

begins to grip, with respect to the femal e el enent 1.

Thi s di spl acenent acts al so on cage 6, body 16, body

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

As this linear displacenent occurs, the lock balls 23

ar 4 K8 2 ihY I AR bifpoditePBBection, on bod
N, EBABVR SPRKD 25 ha® 8% kb Y
I ipear di kn [ ' idnt 1 and
R BR8N &G HEEent BFioBk BB 11 iy el e bre®7 i ¥lekiént 1 an
engagenent, of | ock l1s , to the taper bore 27 in
eﬁgﬁgﬁp%n’a‘ﬁa“ﬁ%%f%gﬁ?%@sm ‘di aneter of element 3. Lock

ball s 11 bei ng engaged between the taper bhore..|

el ement-ogk bé‘H%”ﬂrp@"%ﬂjF%Qe@ﬂ\gekb‘?q‘é‘(ﬁﬁPé}Pe €&l Qﬁmagment 1, and the
generates a unilateral gripping force gereventi,ng ,

| reskacent idisraetediof pleraenteh ueperatee aatiilateralpiippipg dpregt preventing
to element 1, but still allowing free outward |inear _
diiswhat éneart displasieerant tof 3elament 3 spidit tresrech| tenelgment 1, but still
It will be appreciated that the above enbodi nents have
beglowiresfreé bativdrg linewr displexamehtobelemneahd withatespaghyto element 1.
variations are possible within the scope of the

| nvent i|pgill feapsreaipdethaptie dfbvensmbbdin@stohaed keen described by
apertures 3 1 and 32 could be dispensed with. This

WQH%)P of %ﬁ%bgoglm?rbmmm JRPAIYERIE RN Wi R scope of

need for an V (Renpbtely Operated Vevhicle) to renove
t NRe RivEntiBn "BS SRRl binddd R ehdfciated 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.



1. A connector conprising a first connector el enment
and a second connector elenent, first rel easabl e

wo owkitmyefreans di sposed between the connector BCEGBRG0S/001345

10

15

20

enabling the elenents to be? connected together and
second | ocki ng neans operative to prevent relative
novenent between the elenents in a | ocking rel ease
direction of the first rel easable | ocking neans to
prevent unl ocking when a |oad applied to the connector
Is renoved. 2. A connector aSLAIMBnmed in Caiml, in
whi ch the first connector elenent is a male connector
el ement and the second connector elenent is a fenale
connector el enment adapted to receive the first

ofinect gr cShﬁé’@cEFi%o;m[?rﬁiﬁqngzﬁrts?rc%ﬁwﬁ&j bt ¥ B second

c
1 or 2, in whic irs easa ockl ng neans

"ot i negb o laner et Bt dankyRt s aBPasd between

grooves, circunferentjally spaced around the nmale _

connect &€ QOBRERIr g'_en)g PnRBabg dbecelgments o abaj gpnnected

3, in wiich, as the male element is inserted into the _

f emmal e @oetheait andheeenild dockieg weggas bperative ttheprewent relative

to lock themtogether. 5. A connector as clained in

C ai m 3mowerhent betwear trapplémantson afockitie nelease ldiedtion of the

to the elenments increases the force with which the

bal I's first releasable locking means to prevent unlocking when 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.



are gripped between the two elenents and therefore the
force connecting the elenents together.6. A connector

wa@goosliedoned in Caim3, 4 or 5, in which the sPCDOB2006/001345
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| ocki ng nmeans advant ageouslly conprises one or nore

| ock balls retained in an apertured body di sposed

between the first and second elenents. 7 . A connector

as clainmed in Caim®6, in which neans are provided

enabl i ng i ndependent novenent of the lock bails. 8 . A
cognect Arcomhectari awedainmedCimChaimn 3, 4 ondi, @ wihiheh theasacond locking
for enabling i ndependent novenent conprises a

cyl i ndr hfeihshREMneRBOUAlY corfipfissyogek Bg nidie |660Bal retdifed in an
first |ocking nmeans and  al so conpri si ng apertures

A S

Iocklng ans al ned

d |nV\/n|chthec:I|ndr

t ozlar dsAt RRNpRHAr (?fs Pﬁ‘ﬁ‘?gc@n %Zﬁ%‘noitvﬁgq ﬁ%n% gre provided
resilient nmeans. . A connector_as clajned in Claim

9 , in @nakling lnaep@@,mtén@vc?man%o Bresishalls,

conpressi on spring.
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
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

comprises a compression spring.



