PRELOADI NG DEVI CE 5Fi el d of the invention This invention rel ates
to a device intended for the application of a preload between two nenbers.
10 BackgrwondizmstiBe i nvention A speci fic exampirsBbiidoe250
invention will be described in the context of a device for the application
of a preload between two nenbers which are specifically inner and outer
menbers constituted by a subsea I ?QQE conduct or housing. One
exanple 15 of the state of the gﬁ%‘ﬂnﬂg% atﬁgn to such devices is provided
by our patents No. GB-2393990 and US-7025145. In those patents there is an
expl anation of the need for the application of a preload between a wel | head
and the conductor housing, i.e. for the reduction of fatigue damage. 20
Summary of the invention According to the invention a device for
the application of a preload between two nenbers, conprising an activating
nmenber, 2 dHeldef thefyertion | ocki ng nenber and neans for securing the datum
menber relative to one of said two nenbers, the 25 activating nenber being
noveabl e in an activating direction relative to the datum nenber, the
activating nenber Thindrvertiondrgtatan toentevicei intehdadi fog thmgppdjeatientof aopreloadihi ch
engage t he B&&,&n&omgggﬁh;so as to cause in response to novenent of the
activating nmenper in the activating direction a |lateral novenent of the

| ocki ng nmenber, said |ateral novenent having a conponent parallel to the
activating direction which is 30 substantially smaller than the novenent
of the é‘gti&é "R IR Ve APt her conprising a support menber which is
positioned to be noved laterally in response to novenent of the activating
menber and to supgort_the | ocki ng nmenber agai nst the engagenent zone of the
dat um nenber . specific exaigple gibp iyenHonydl badesciihed is thsreriextaf misisriceray be
laterally expansihli&tich BOS prelddd bgmeqnwmmﬁs Wicrp € SEIARLIY ibddr 3ndll rECLI ON
opposite to the said activating direction. One of the activating and datum
menber s nayoutenrmembers ainstiteted by Aputisea wgilead and a conductor housing. One example

15 of the state of the art in relation to such devices is provided by our patents No. GB-
2393990 and US-7025145. In those patents there is an explanation of the need for the
application of a preload between a wellhead and the conductor housing, i.e. for the

reduction of fatigue damage.
20 Summary of the invention

According to the invention a device for the application of a preload between
two members, comprising an activating member, a datum member, a locking member and
means for securing the datum member relative to one of said two members, the

25  activating member being moveable in an activating direction relative to the datum
member, the activating member and the datum member including engagement zones
which engage the locking member so as to cause in response to movement of the
activating member in the activating direction a lateral movement of the locking member,
said lateral movement having a component parallel to the activating direction which is

30 substantially smaller than the movement of the activating member, further comprising a
support member which is positioned to be moved laterally in response to movement of
the activating member and to support the locking member against the engagement zone

of the datum member .



5 multiplicity of serrations which have a regular pitch in the activating
direction and the other of the activating and datum nenbers may carry at

| east onewbabcin2shidch al | ows the activating novenent an@CrayB2engmyzsot he
ratchet to inhibit novenent reverse to the activating direction, the latch
providing a respective multiplicity of discrete |ocking positions spaced in
the activating dircection. The activating nenber het 10
and the datum nentrr)lgerloc‘(m'an "(‘:eggb re§arf tlte‘glc’%gﬁ S %b%ﬂ‘%y@'.a&%"wx&angblg?fih%' nmeans

f or securi nghesay ce@pgiehsie prefergiiv inad dideytionfoppdsga getive siid ahoigating diredtiedl by t he
dat um nenber and wherein each dog may be arranged for advancenent through a
w ndow in the activating nenber. 15 The activating nmenber and the

dat um menber are phebetrbidivangdhdidatut@e@6drt WAl ich@y FesbRR bRbAgngda Sposed
wi thin the datum nenber. The activating nmenber rmay be adapted for upward

pul I'i ng. 5 20MHBiPliGHy Oh e¢Eationy whichMaxp dEssular BitfdR A addiuineyeaiAgdithy a
wel | head, 2ol teﬁéﬁhvmg%hm&t@n%@n&%vma&awst L€ 0 APBIch GAlch Alovidfth@ pr el oad

bet ween t he wel I head and "t he conduct or housi hg, the device conprising an
activating ativdteg (Mbyementdad gan AmaaBe the( @)chetatol inhilit alobgment pevesseoehe ocki ng
ring (3) for_engagi.ng.the, c uct or ..housi ng.,.. an 9 curing the
Gat cm merbere Pal A f TG h e g TR HIPRRF 5L Hlsft S RSB

noveabl e i Nnp@&ficasipaveditin f@ adiivaecg ditatisreired batiwating midnebedmbyicartyethib estchet he

activating rrenﬁer and the datum nenber inc]uding engagenent zones (6, 18)
whi ch eRBagddthe d9tRRIeRPeRBRLEN ™Y 98 12l o4atPss cause in response to novement
of the activating nenber in the activating direction a |ateral novenent of
the | ocking nenber, said |ateral novenent havi ng a conponent opposite to

the activating di FRCPRHY fNhTeEHing snay sBRIPHS ip HIUr3)itspfegrpagemeot dqgs saiethe

TOVCITBNL Of b e g8GH AP rd BB ca VR AB) 6L b3l Plr AabALLGHeA! hlougipanS! bl ¢

support rin which 1s positione e noved laterally in résponse to
novenent of winbhew iaheé saivating membleer and to support the | ocking nenber (3)
agai nst _{ he engagenent zone (18) of the datum nenber (2). One
exanple1 f the present invention will be described wth reference to the

acconpanyi ng dr awrig actiBirgehedlBgCandpihe @atdd nleh@eds@Wpreferably annular, thlie si ngl e
Figure 1 illustrates one enbodi nent of a nmechanismfor pre-|loading a
conduct or h¥E¥IHE MeIbSE bjes qipospdariintie qatumyeageper. The activating member may

be adapted for upward pulling.

20 The invention also provides a subsea assembly comprising a wellhead, a
conductor housing and a device for the application of a preload between the wellhead and
the conductor housing, the device comprising an activating member (1), a datum member
(2), a laterally expansible locking ring (3) for engaging the conductor housing, and means
(9) for securing the datum member relative the wellhead, the activating member being

25 moveable in an activating direction relative to the datum member, the activating member
and the datum member including engagement zones (6, 18) which engage the locking
member (3) so as to cause in response to movement of the activating member in the
activating direction a lateral movement of the locking member, said lateral movement
having a component opposite to the activating direction which is substantially smaller

30 than the movement of the activating member, characterised by a laterally expansible
support ring (16) which is positioned to be moved (aterally in response to movement of
the activating member and to support the locking member (3) against. the engagement

zone (18) of the datum member (2).



10Det ai | ed descri ption The mechani sm shown in Figure 1 is
primarily intended for the application of a pre-load to a conductor housi ng
(not shownd 20e@bide to a subsea wel | head (not shown) wrCEIGB2811dios350sed at

| east partly within the conductor housing. Such well head and housi ng 15have
generally cylindrical forns and are in use disposed normally di sposed
upright, their principal axes being vertical. As is nentioned in
68- 2393990 and US-7025145, it is desirable to apply a prel oad between the
conduct or housi ngOaadxdnipde wethk Ipessenti invepticiewilltbe degulibebwith eef@@atestoghe i bi l ity
of the assenbly of.caonductor housing and wel |l head to fatigue damage due to
repetitive B%H%Pﬂanﬁgp&@§ to which the assenbly is subjected. Thr ee
|nportant components of the nmechani smshown in Figure 1 are an activating
menber in this exanpl e having an annular form a support housing 2,

whi ch 2§ aPeY detfriptRnofahedfBMiBhas an annular form and a | ocking member 3,
which is this exanple is a laterally expansible ring such as a split ring.
As will be described below, the support housing 2 acts as a datum nenber

whi ch is secured Tbe dnete fifure hdlusieaigseans eppedipentof @ eaehaniemiforerevorfiRgad

housi ng) be be applied. The activating nenber
or ring 1 |gMﬁgegﬂmﬂeﬂ%%?ggﬂkgsyﬁegghﬁm%gt housing 2, in this exanple in

30 an upmard axial direction, and the Iocklng ring 3 is slidingly noved by
virtue enent zones on the activating nenber 1 and the support
housingqé Ef?ﬁ%ﬂﬁ&’@ﬂ??quely, i.e. both radially and vertically. The

| ocki ng nenber or ring 3 slidingly engages the other of the two nenbers
(i.e. the conductor housing) between which the pre-load is to be ggplied

and the vertical &¥mperensMsPowhi fighrehisPrimarly infiended fazithg) 2RRVMASIEF ©
stresses thg95i4tho0f &ﬂ&ud?@r%@gmg Mk hbuy edigvakd ¥ sﬁlﬁ@a @eﬁﬂe@@ (AR Bk

particularly an annular slot) for reception of the |ocking nmenmber 3. Nbre
parti cul ar | ywhichis disedsethetldast gartly wisbodbe tonductes hopringasuch wetihaad andhiysive 1 and

15  have generally cylindrical forms and are in use disposed normally disposed upright, their

principal axes being vertical.

As is mentioned in GB-2393990 and US-7025145, it is desirable to apply a
preload between the conductor housing and the welthead in order to reduce the
20  susceptibility of the assembly of conductor housing and wellhead to fatigue damage due

to repetitive bending forces to which the assembly is subjected.

Three important components of the mechanism shown in Figure 1 are an

activating member 1, in this example having an annular form, a support housing 2, which

25  also in this example has an annular form, and a locking member 3, which is this example is
a laterally expansible ring such as a split ring. As will be described below, the support
housing 2 acts as a datum member which is secured to one of the members (in this
example the wellhead housing) between which the pre-load is to be applied. The
activating member or ring 1 is moved relative to the support housing 2, in this example in

30 an upward axial direction, and the locking ring 3 is slidingly moved by virtue of the
engagement zones on the activating member 1 and the support housing 2 laterally
obliquely, i.e. both radially and vertically. The locking member or ring 3 slidingly engages

the other of the two members (i.e. the conductor housing) between which the pre-load is

to be applied and the vertical component of the movement of the locking member 3



5 the support housing 2 may be | anded on the conductor housing. Neither the
conduct or housing nor the well head are shown in the drawi ng; the

rel ati onswppolzasmen t he mechani sm shown in Figure 1, tReT@BMUNMM®SOhOUSI Ng
and the wel | head generally corresponds to that shown for the tensioning
mechani sm descri bed in patent No. GB2393900. 10 At its upper end
the activating_ri 1 has a xt er.nal i i i r
engagenent t{/eq’?;les'stﬁigf'S %{%Iog‘e{ g?)elmene i“é%C%chgé%&fgrhéf)é S%I(?%u%&teﬂ%ﬂ(%ﬁmgﬁi ng
ring. The paafuldrslot) fortrédepti@vadnmd leckigmarmibsels annul ar serrations. 15At its

| ower end the activating nenber 1 is fornmed as an enlarged ring 5 of which
the upper part 6 of its outer surface is an engagenent zone which tapers

invwardly at a sel fdregartiedliyl the AGIMeBd A UBpOsetiGhshtel tHE adtRatingamdéninan Gnd
(activating) direction. Over nost of its height between the profile 4 and

the | owef rfiepuBPErhBoustog i2/aav bRyleniadinsy the Sp1dueier hatiine Neifpethecapugtor
integrally i’\&fsm%dno‘?s(he QRdANEE showh fh Y Sraf@THeCref®BShRl bdided @e

mul tiplicity of "20annul ar serrations evenly spaced in the activating
(vertical) diectmptsinoshown in Figure At thei qopdwret@r kawsingldng paweltieschgenrerallys t he
activating ring 1 has w ndows ich.ar I ,ght Ss. These
wi ndows al | 6% ae%néjégtottrg%g%%wq ﬁder %géttie\r}% |m%gglrglgh§é§'lfnoér{es%hi 'nga(r?r%éﬁgc? inthis
exanpl e conss2acgead by | ocking dogs 9, to engage a suitable profile
25(particularly a plurality of axially spaced annul ar grooves not shown) on
the out2Pde of the 'inner' nenber (i.e. the body of the well head).

The | ocking dogs Qca¢ GppePbid @ abtivatifteriEUPNebA eltOMSH grafild 4 whith idREpted can be
noved i nto engagenent with the inner nmenber by nmeans of a screw drive. In

this 30 exaffskeesageaens by awpitapleeol whighcarstberepypullendhe Hbiyetoe dngdhe prafilescr ews
10, 11 which, k6 %ﬁeoc% GsdsAnhdsi@)lpnoriented threaded bores 12 and 13
th suéﬁ’ot A i 7

respectively 1n r ousi ng These screws may be operated by any
sui tabl e nmeans, for exanple by a suitable tool of an ROV. Each
| ocki ng.,dog in this.exanple,is held captive.relati to t URPRr f¢
housi ng.lgi n parti @Eftéﬁ("“{r%g"ﬂﬁgee?&g%}néw eﬂ)beéfl 't tf‘loémlgég[%ggtef‘@%egéﬁgghoas a
ci rcunf er entwhizh tigl berlghri S1bfatswWtee Burtxé 8RAengagbhadtgend hickanigeedn@ardign
extension fromthe outer side of the respective |ockij n'g dog 9.

at a selected (small) acute angle relative to the upward (activating) direction. Over most of

its height between the profile 4 and the lower ring 5 the activating member carries, and is

preferably integrally formed as, a ratchet 7, in this example consisting of a multiplicity of

20  annular serrations evenly spaced in the activating {vertical) direction.

At circumferentially spaced intervals the activating ring 1 has windows 8, which
are generally upright oblongs. These windows allow access through the activating ring for
locking means, in this example constituted by locking dogs 9, to engage a suitable profile

25 (particularly a plurality of axially spaced annular grooves not shown) on the outside of

the ‘inner’ member (i.e. the body of the wellhead).

The locking dogs 9 are mounted on the support housing 1. The dogs 9 can be

moved into engagement with the inner member by means of a screw drive. in this

30 example the screw drive comprises for each dog 9 a pair of screws 10, 11 which are
disposed in radially oriented threaded bores 12 and 13 respectively in the support housing

2. These screws may be operated by any suitable means, for example by a suitable tool of

an ROV.



Adj acent the enlarged | ower end of the activating ring 1 is a support ring
16, which has an inner surface slidingly abutting the tapered surface of

t he acti wsDi2o/2fmg and an upper surface slidingly abutPcmgr2ha/domser face
of the locking ring 3. The locking ring has an upper surface which has an
oblique outer part 17 slidingly abutting an oblique 10 engagenent zone
provi ded by a sur be hRRis 8 he 4 S, agenent
zones (and parti cEft &%ﬁﬁeg i‘ur?ao@g’wlg hﬁg%ogﬁ%\t/'égana%(g@prel gﬁw\%e to the
actuating dlnrpaatcubntr@fupbhacae@vt 10/eftthen gesmnhepa:rlhas acitcanifatentidl gloe 14 inte

subst anti al adv age bet we e activating
renber 1 1 n PRGSO BifeRHS e G rRe T B et He okE B, enent
of the Iockmagngrm,gber 3, i.e. the upward novenent 15 of the activating
ring is nuch greater than the vertical conponent (in this exanple
downwardg) of novenment of the locking ring 3. A small novenent of the
llocking ring is sufjhicht @Rleddgddl ID@er &@aJdnd ildtRgREUl i8S Ofpod @tieci ty oOf
t he conductor housing) to produce a sufficient stress on the conductor
housi ng. 20Whighs h@ppﬂﬂamelerrrw%qé slidingly abitingdhd traeiedgunfdcagf theracliwtinhéing ocki ng
ri ng outwar gﬁﬂt 1 @‘F&Wﬁ (the
support hougr*dynaln lﬁ%g %’?@é‘%gi&ﬁés é‘ﬁ.ﬁ loﬁgﬂgcegt %{?téngg gﬁgﬁlmgal onent
of novenent ring )Waamhppes strface we:ctupmmbeqm aue phron7 sunhrtgryeabmmgatenmhqoé t he

activatipng nenber. The s n as a reactio er. |t
Suppor t S0P HEERGTIEh o RYUEGh Pt RS b b Smpot SRETES b1 TERE 98 dat um
nmenber. It &fsgdnenbesRp@Rdaietidulaly VIS fureds ccsHiPB)@ate SigldDVieiRNo thé t he
locking ring 3 and but in doing so it is caused to move |laterally by virtue

of its engatf&4asing digiction effhe PﬁEP‘i’%é@F"@W@é@%‘éPﬁt thesals asubttantREmedeticEht i ng

menber . Theao@mggwetmémhéﬁmbaﬁer@o¥ ARGLARLRNEABE 118 v EhicNQaarsg and is
preferably at the sanme angle as, the engagenent surface 6 of the activating

menber. 30 direction and tRheerticahtspyRmend of the lockies mewkérigi.¢ ithrgupwanemaeariepat i ng

member , 1§ heofs t%@pa%{l\;attlﬁgﬂr% eg g(éxlél’é%\r/ea?ﬁ d'y g O%@%%L)corﬁ;gqls}\p g %H?%% 5.' ng

al l ows Operation w reover,
bendi ng or domrsdardspofahovelrent ofctke mgking rigg 3 Armyaubeo\amnﬁmthdagockmg ll’irtgue of the

combi nat | ortFEent Y gereEs Wt ik i of AP OV IR e PR B R Ehown 1 n
GB- 2393990. ag[.m,eapmelsgag, hE @bRREtoF Bous@E. by | atching the activating menber
relative to the 5 support housing 2. For this purpose the nechani sm

preferably has at |east two serrate | atches 20 and 20a, each of which is

mount edag N the SupRRLbwliHibBfentd il dfte b Jorue&h%%@ezﬁg%n%autwamﬁwe form

of a set of evenly spac serrations a enga rrations of the
| i near rat cﬁetobﬁque&mgtgehahttnnhaﬁ @‘phgd&tsm&mﬂrberabeswdrtihouang éstme@m ve bore

21, 2la in S .and each spring
(not shown)td &Xﬁ”‘g eﬁ‘ 8 lg'f1 E@"fﬂ%‘?’ﬁ? "‘?Heé"q"gt ‘?fﬁ'é’% 5 %ﬁ’el?@x?fﬁgw ded at
ci rcunf er enditeddidry t5RAE @tbvement of the activating member. The support ring 16 acts as a
reaction member. It supports the locking ring against the engagement zone 18 of the
25 datum member. it has to accommodate the vertical component of movement of the
Jocking ring 3 and but in doing so it is caused to move laterally by virtue of its engagement
with the inclined engagement zone 6 of the activating member. The support ring 16 has a
tapered surface 19 which engages, and is preferably at the same angle as, the engagement
surface 6 of the activating member.
30
The combination of the locking ring, the activating member, the support housing
(i.e. a datum member) and the support ring allows operation without excessive loading of

the locking ring. Moreover, bending or twisting of the locking ring 3 may be avoided by



intervals and may be discrete or be fornmed on a respective ring.

Thus the activating ring 1 may be noved in the activating direction, this
novenent weizop/@bfiowed by the |atches, until a desired @eQu/qB2eiG00s0i S
reached, 15whereupon at | east one of the |latches (or sets of |atches)
engages the ratchet and inhibits substantial reverse novenent of the

activating U?(UPO{ the support of t{te Ioct?m Qrag[ ?ﬁ\émeasrt{apq trlg{::ld T gsseI ﬂ)eeg S tf?e Wor kK in

the general nanner Yem i

provi des oneondhinatiot iscmasblf & pareatial mﬁprmaemenmvpomedév:qaaséwrﬂﬁaaaemgo.

In an ordinary ratchet and | atch system one conponent (the |atch) may be
sprung so that it engages discrete positions of the profile of a second

conponent (the ratkhgipied PRYREBNEet By hiRBing BMLESERE MRGIUeP Peldtie RbaNENt €d by
t he | ocking en%;%errent of 25 the two profiles. The backlash of the system

i s det er i n&tPPHR hoprine- Femthistpurppse dhes Bpehaaish peslerably hassit pashivoFerfare
engagement REAEd dP,SIOWEERN bPGHENR REURRONR ey t’ﬁ hS g Gk ARG ik *Pﬁ?]' atch).

In the conventional systemit is possible for e novi ng part of e system
to cone to pagwlenstinithe dorm of rsiet o ienellyl ypaserabdrrationst ahicte cér engaghithh it can

engage W t hsear'ra%r% ?near?%ﬂtt{%gz)&%gh Iaic 't]tasos];pét ér Scztlt: r)é?eﬁv rrbveelsgerlhve[blzorretghm this

p03|t|0n there i's no reven
previ ous di 3LRed & th@@tlﬁdplg Hoosig 2 @md wdch Gdrch ma;al@plbm@drmtaaipysngmet goinoh away

fromthe_ restin osition. reduyc the itch of, the discrete |ocking
oot ore” bR eR Pz prpies The THESS Ry b Areeh PLs BRI SFACPbuci ng

t he per pendin€dalatifand iy 68 digrete BEEHoRBed d1ea redleEt@ting.at ch, whi ch can present
ot her problens such as (i) reducing the engagenent force e. g. in asplit

rirng application; (ii) making the system nore expensive to produce and nore

difficult to Si ”Sﬂﬁﬁttheaa’éﬁvaﬁshé Irihg RIS) God BBty L IO SR KinB BFaGdnY chioul | ng

ow ng to foreign object
movement being aIIowed by the latches, until a desired end position is reached,

15  whereupon at least one of the latches {or sets of latches) engages the ratchet and inhibits

substantial reverse movement of the activating member 1.

The multiple latch is designed to work in the general manner as a customary
ratchet and latch system in that it provides one-directional travel of one component past

20  another.

In an ordinary ratchet and l{atch system one component {the latch} may be
sprung so that it engages discrete positions of the profile of a second component (the
ratchet). Movement in the reverse direction is prevented by the locking engagement of

25  the two profiles. The backlash of the system is determined by the pitch of the discrete
Jocking positions of the engagement profile between the two components (the ratchet
and the latch). In the conventional system it is possible for the moving part of the system
to come to rest within an infinitesimally small distance from which it can engage with a
discrete locking position of the fixed component. From this pasition there is nothing to

30 prevent a reversal of travel up to the previous discrete locking position witch is

approximately one pitch away from the resting position.

It is advantageous to minimise the backlash of the system such that reverse

movement is prevented as efficiently as possible. One method for doing this would be to



obstructing the operation of the ratchet and | atch. The descri bed
mechani sm reduces t he backl ash of the systemwhile naintaining the original
pitch of wbeotiestiete | ocki ng positions. The two | at cheeCTSRAD/@DR250N t he

10 specific exanple are positionally out of phase relative to the ratchet.
In other words the spacing in the activating direction between a |atch

tooth on th C d tch, . ). h i t an
i nt egral nufetdlﬂ%logﬂeo# '{?{hhgf g%ag?ﬂééo% d’f"ﬁ{ée)g{’%'e%qﬂ' gﬂﬁ?\)ﬁg\%ﬁgt%‘ﬁ%ﬁ Y hlaﬁ tt e
speci fi c exanfplopradfe ¢ffwot off @it thk pegleadcWldnarapéliad engigingehe narehemmizychbe 1800,

I .e. the spagi or pit I S = Z*p + pl2 where | S e pitch_of. the
di screte | owﬁicﬁg""ﬁﬁ%% ‘%Fec{r??blm SZC'F%S(Qﬁéuf'?ﬁéag?@gemen&raorcge'%nr &bneral Iy
t he | at ches ridQappnebtidRqii)(rAathg@hd &Y Gdm Gdte B@ehsilend piallicd dhddhst @ificar t6 hey may
differ; what is inportant is their positions relative to each other and
rel ati veSt oMspret raad diifbt makipg, theusysem Bere| RipReniosfoslingsewing & fqrejgn RBIECtE an be
used and thgbg‘ru@@\tgqﬁ%gdg?aﬁgggp@‘g%m,%{a,{dqgtg,l;!es or sets thereof the smaller

. Ho

the system s backl as wever each subsequent | atch provides a dimnishing
backl ash reduction over the previous one, A general formula for

determ ning the pi f | at.ch r t It . . di screte
| ocki ng positi ons%é&gé}'bf ?)P]%BWES"‘Z%%VE?%% pb)agk?aﬁﬁi ﬁstthp é’{k%g @mleg'ﬁa}'#%gﬁ's tch of
t he | at ches theporigial piechpfttob datretenBcklngsposeioes. IToe kivodatp@siibi 20 id the any

ST 0t i TRty SR LB SR R L 0
fully engagegfhcihginahé b&@it@ziirection between a latch tooth on the upper latch and a latch

tooth on the lower latch is not an integral multiple of the spacing of the teeth on the

ratchet. In the specific example of two distinct latches the phase difference may be 180°,

i.e. the spacing or pitch is Y = Z*p + p/2 where p is the pitch of the discrete locking

15  positions and Zis any integer.

More generally the latches 20 and 20a (and others) can be identical in design or
they may differ; what is important is their positions relative to each other and relative to
the ratchet. Any number of latches or sets of latches can be used and the greater the

20 number of latches or sets thereof the smaller the system’s backlash. However each

subsequent latch provides a diminishing backlash reduction over the previous one,

A general formula for determining the pitch of the latches relative to the pitch
of the discrete locking positions is as follows:
25
Y=(Z*p)+{p/n)

where Y is the pitch of the latches, p is the pitch of the discrete locking positions, Z is any
integer, and n is the number of distinct latches (spaced in the activating direction)
30 employed. In the preferred example, when the top latch is fully engaged in a discrete
locking position, the lower latch is exactly halfway between two discrete locking positions.
If the top latch had failed to engage, the ratchet could travel in the reverse direction until
the lower latch engaged. In this dual latch example the ratchet would be locked after

travelling % a tooth pitch rather than a whole tooth pitch under a single latch system. If



| ocki ng position, the lower |latch is exactly hal fway between two discrete

| ocking positions. If the top latch had failed to engage, the ratchet could
travel irwOhelwesyasse direction until the lower |atch ergagaoiva1zshi s dual
| at ch exanple the ratchet would be | ocked after travelling 34 a tooth pitch
rather than a whole tooth pitch under a single latch system t hree

| at ches wer l.oyed )/ i for four
| at ches it tﬁbulqucm% “ﬁé Q% 8[89%(4 %%%ﬁﬁﬁzﬁﬁa\éﬁyﬁ%qﬁ ]liﬁg]%%dp fBPQur

I n the descatchad verubish Weft fiiehacheatteloek best/Eata i ed by the activati ng nenber
5 and the | atches are carried by the support housing, but a converse
arrangenent is feasible. W 2012/025713PCT/ GB2011/001250 Clains 1. A
device for the apmiheaieisdaiaemémaoq@rhahaaard@@fev\e&arrreMyrtwmnamgmmmre'rsi ng an
activating nenber , a datum menber (2), a |ocking nmenber (S?%% and nmeans
(9) for 55 @@é@ﬁ‘?ﬁﬁ@&@r@ca&ﬁd&wmw HAUPIBR, oY P0BVEsHfrBreE S {SRe  Fenber s,
the activating nmenber being noveable in an activating direction relative to
t he datum nenber, the activating nmenber and the datum nenber incl uding
engagenent zones (6, 18) which engage the | ocking nmenber (3) so as to cause
in response to novenent of the activating nenber in the activating
direction a lateral novenent of the |ocking nenber, said lateral 10
novenent having a conponent, parallel to the activating direction, which is
substantially smaller than the novenent of the activating nenber,
characterised by a support nenber (16) which is positioned to be noved
|aterally in response to novenent of the activating nmenber and to support

t he | ocki ng nenber (3) agai nst the engagenent zone (18) of the datum nenber

(2).



15 2. A device according to claiml1, in which the |ocking nmenber (3) and
the support nenber (16) are laterally expansible rings. 3. A device
accordi ngvoaocdeasmsl or 2, in which the said conponent PETiIGB2a11diorzs0t i on
200pposite to the said activating direction. 4. A device according to any
of claims 1 to 3 in which one of the activating and datum nenbers (1, 2)
carries ar % et (7) conprising a nultiplicity of serrations which have a
regular pitch in the activating direction and the other of the activating
and datum 25 nenbers (1, 2) carries at |least one |atch (20) which allows

the activati vement adcn en ethertcht to i.nhi bit nt
reverse to tlhe acfl‘{;g ? pﬁeé'OT 2ee|5'r A0 mr%’gersacorm s"g'g%?'iqse
mul tiplici tyctmfmr@l nsawetrqnl ecaktuﬁgmpmaertozprasloeqn@oednben (8)hencamiansgp) fog

direction. 305. A device according to claim4, in ich the acti vab(gl ng

menber (%) &efHrnedhe f‘?fémr'&%"&tf?éfe'a(“)’ﬁ fo %{Wd’ff%‘étvﬂ’d?ﬂﬁ?%ﬁﬁ"e?“ﬁ’?t ng § the

llatch or | abghemoleiBie id QR)activahlEdifichioERfalivd ROthk Halh! MREBEY, trRracBdhiagcement
t hrough a window (8) in the activating nenber (1). 7. A devi ce accor di ng to

any of cl ai membetandghe Hajumhmemberhiaciuting apgEeRgnhioRtse 6. 48) wisdvrreessshelat um
rember (2) ReRn@REMba (s) S8 (GERLY Rl HInRERRNerREl 08I RRARREImERbEIR ¢ he

dat um nenbe
the activating direction a lateral movement of the locking member, said lateral

10 movement having a component, parallel to the activating direction, which is substantially
smaller than the movement of the activating member, characterised by a support
member (16) which is positioned to be moved laterally in response to movement of the
activating member and to support the focking member (3) against the engagement zone
(18) of the datum member (2).

15
2. A device according to claim 1, in which the locking member (3) and the support

member (16) are laterally expansible rings.

3. A device according to claim 1 or 2, in which the said component is in a direction

20 opposite to the said activating direction.

4, A device according to any of claims 1 to 3 in which one of the activating and
datum members (1, 2) carries a ratchet (7) comprising a multiplicity of serrations which
have a regular pitch in the activating direction and the other of the activating and datum
25 members (1, 2) carries at least one latch (20) which allows the activating movement and
can engage the ratchet to inhibit movement reverse to the activating direction, the latch
providing a respective multiplicity of discrete locking positions spaced in the activating

direction.

0 5. A device according to claim 4, in which the activating member (1) carries the

ratchet (7)) and the datum member (2) caries the latch or latches (20, 20a).

6. A device according to any of claims 1 to 5, in which the means for securing

comprises a plurality of engagement dogs (9) carried by the datum member (2) and



8. A device according to any of clains 1 to 7, in which the activating
menber (1) is adapted for upward pulling. 10 9. A subsea assenbly
conpri si ngoaowal2khead, a conductor housing and a devi cepCwrGHR208/mpFbi cat i on
of a preload between the well head and the conductor housing, the device
conprising an activating nenber (1), a datumnmenber (2), a laterally

expansi bl e | Qekh 3G §dis g;’eéngwrforeaagﬁgama«tttnr%ugfpgl%%W(Fﬂ@ggk thtﬁ/gﬁr%d means

(9) for securing the datum relative the wel activating
menber bei ngemibarédbl e in an activating direction relative to the datum
menber, the activating nenber and the datum nenber includi ng engagenent
zones (6, 18) which engage the | ocking nenber (3) so as to cause in

res ponse t o7 nmov enk déviaf actdrdinged anyadflclagnsrmmtsain whiich the aaatingfiinemgerdily ect ion a

| at er al t  of er, said | ateral movenent having
conponert - DREBLTRT MR eG Y HE DAt i F ot BED S Qe N Ee] MCGOER ant i al |y
snal | er th&ﬁuhmmemawenent of the activating nenber, characterised by a

| ateral | y expansi bl e support ring (16) which is positioned to be noved

|l aterally in response to novenent of the activating nmenber and to support

the | ockingring ;(gévu.%ga@éoﬂﬁrt\ fohay RN i &t(%?c)(wﬂ n\%h%%hbqgﬁz@ menber

(2). 25 10. A subsea assenb y according to alm means for
securi ng codppted fos upwplpeiting.t y of engagenent dogs (9) carried by the datum
menber ) and wherein each dog is arranged for advancenent through a
MﬁndOM/% ) in the activating nenber (1). 30

9, A subsea assembly comprising a wellhead, a conductor housing and a device for

the application of a preload between the wellhead and the conductor housing, the device
comprising an activating member (1), a datum member (2), a laterally expansible locking
ring (3) for engaging the conductor housing, and means (9) for securing the datum

15 member relative the wellhead, the activating member being moveable in an activating
direction relative to the datum member, the activating member and the datum member
including engagement zones (6, 18) which engage the locking member (3) so as to cause
in response to movement of the activating member in the activating direction a lateral
movement of the locking member, said lateral movement having a component, opposite

20 to the activating direction, which is substantially smaller than the movement of the
activating member, characterised by a laterally expansible support ring (16) which is
positioned to be moved laterally in response to movement of the activating member and
to support the locking ring (3) against the engagement zone (18) of the datum member
(2).

25
10. A subsea assembly according to claim 9, in which the means for securing
comprises a plurality of engagement dogs (9) carried by the datum member (2) and
wherein each dog is arranged for advancement through a window (8) in the activating
member (1).

30



