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i nvention 5 This invention in one aspect relates to ratchet and
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atigue damage.

Background to the invention

20 In this and other contexts a ratchet may be engaged by a latch to provide a
multiplicity of possible settings of a position of one member that carries the ratchet
relative to another member which carries the latch. An ordinary ratchet and latch
provides one-directional travel of one component past another. The latch may be
sprung so that its profile éngag_es discrete positions of the profile of the ratchet.

25 Movement in the reverse direction is prevented by the locking engagement of the two
profiles. The backlash of the system is determined by the pitch of the discrete locking
positions of the engagement profile between the the ratchet and the latch. It is
therefore 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

30 of the fixed component. From this position there is nothing to prevent a reversal of
travel up to the previous discrete locking position, which is approximately one pitch
away from the desired resting position. It is therefore advantageous to minimise the

backlash of the system such that reverse movement is efficiently reduced.
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WO 2012/ 025715PCT/ GB2011/ 001253 2 Sunmary of the invention I n one
aspect the invention provides a nechani smconprising first and second
menber s wWipeb12ane7isel ativel y noveabl e in an activating e¢crass20omo1sge of
the 5 nenbers carrying a ratchet conpeising a nultiplicity of serrations
whi ch have a regular pitch in the activating direction and the other of the
menbers carrying at |east two | atches which allow the relative novenent and
can engageRaYoitheiayertigni nhi bit novement reverse to the activating
direction, the latches each providing a respective multiplicity of discrete
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SO0 as to paEitives proviiedrydhe other tabcmovatekes. of the activating nenber an

i nclined novenent of the |ocking nenber, said inclined novenent having a
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characterij.sed in.that I ' t C ies a

it Cndt CClSHoh e i Bfudtn thE Fardfes' Y Bldto B UQURHRARH, (TBPET LT 55 2
in the 30in watth pas thegpitthr efdhé disceatel lackingqrasion®fZ ishanyaiptageatandy? snlesuppor t
menber s C@Erﬁ%&%fﬂ{sti*&%{zhésm | atches which allow the relative novenent and

can engag e ratchét to Inhibit novenent reverse to the activating
direction, the latches each providing a respective multiplicity of discrete

bei g posi t1 oneq RN ear e RYEICRE e Uelind br e SNCARY e (hoal Betiteh and
35pr ovd ded supsemavetheachend & chrductarehquslig: ICOMATISING AN agivaphhseerparh at he
giscrete Lagkhnaenast 4 ARl Auier msngtf&egedﬁhghheréubas@hﬁéng)ermo
relative to the wellhead, the activating member being moveable in an activating
direction relative to the support member, the activating member and the support
member including surfaces which engage the locking member so as to cause in
25  response to movement of the activating member an inclined movement of the locking
member, said inclined movement having a component parallel to the activating
direction which is substantially smaller than the movement of the activating member in
that direction, characterised in that one of the activating and support members carries
a ratchet comprising a multiplicity of serrations which have a regular pitch in the
30 activating direction and the other of the activating and support members carries at least
two latches which allow the relative movement and can engage the ratchet to inhibit
movement reverse to the activating direction, the latches each providing a respective
multiplicity of discrete locking positions spaced in the activating direction for the
ratchet and being positioned and arranged so that the discrete locking positions
35 provided by one of the latches are positionally out of phase with the discrete locking

positions provided by the other latch or latches.



3 One exanple of the present invention will be described with
reference to the acconpanying drawing. 5 Brief description of the draw ng

The singlwokbpurs7is il lustrates one enbodi mrent of a neclremicBmfi0001253
pre-1 oading a conductor housing relatBve to a subsea well head. 10 Detail ed
description The nechani sm shown in Figure 1 is primarily intended

for the application of a pre-load to a conductor housing (not shown)
relative to a subsea wel | head (not shown) which is disposed at |east partly

wi thin the condudieexdmpisionthe Srecéntidlenberadilllie deudribeGith defeRe S0 al |y
cylindrical fornms and are in use disposed normally di sposed upright, their

princi pal S%YEPYEINGLEEE cal . As is mentioned in the

af orenenti oned patents, it is desirable to apply a prel oad between the

conduct or housing.and t | |l head in order to reduce the 20 susceptibility
of the SaSSAJH’Eﬂ?s P %°€‘§ﬁ¥ﬁems housi ng and wel | head to fatigue danage due
to repetitive bending forces to which the assenbly is subjected.

Three inportant go onpn%s of tEe chanianFHomm i? Figure 1 are an
activating membele1>Mglg FRFE L JUURLRESK A0 SEPAIMEM A A MESPAISE o R ¢

housi ng 2 ,lodfingrhcafiualos housing felative xaaplissdaatellbgadinnul ar form and a | ocking
menber 3, which is this exanple is a laterally expansible ring such as a
split ring. As will be described bel ow, the support housing 2 acts as a

dat um I0enifketailed dascriptiorcured to one of the menbers (in this exanple the
wel | head housi ng) between which the pre-load is to be applied. The
activating nenber or ring 1 is noved relative to the support housing 2, in

30 this exanpl e The raechapisar shawn &l Figureelcisiprimarignidtented Faraheé agplicatigh & i S

sl i di ngl i ) s.on the actiyvati menber
Y and tha 2opE3ad o b bichl cllenGBOSHRM R0 O3 SfeR belitar Notna
verti cal | phowmewhich ksi digpaseriatleast paitipgvitBirsthie diondlictorempsogs Sutte wetied of t he

t wo erSq (i Binat c r.h i e en which the pre-load is to
pe. apat o8 Srip Fing' Bavd BRAURNP oy BRI R bRE e 1 5% RPaBES ofBaN ng

menber 3 dlispesasbupright theii plinsipabaxesteingrvertisal.ch preferably has a slot (and
nore particularly an annular slot) for reception of the | ocking nenber 3.
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As is mentioned in the aforementioned patents, it is desirable to apply a

preload between the conductor housing and the wellhead in order to reduce the
20  susceptibility of the assembly of the 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,

25 which 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

30 this example in 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

35 locking member 3 stresses the said other member, which preferably has a slot (and
more particularly an annular slot) for reception of the locking member 3.



More particularly the well head is disposed inside the activating nmenber 1
and the support housing 2 may be | anded on the conductor housing. Neither
t he condwwbani2asmasng nor the wel | head are shown in thepdrasogyootise
rel ati onship between the 5 nmechani smshown in Figure 1, the conductor
housi ng and the wel |l head generally corresponds to that shown for the
t ensi oni ng nechani sm descri bed in GB-2393900 and US-7025145. At
its upper end the activating ring 1 has an external profile 4 which is 10

adapted for enggge BuMicURiyadns Weldddas tipbseahngide tharactiatingrernbér 1 am t he
activati ng@rl ng. The profile in this exangl e C?%I’.I s;:ﬁ .ﬁ_.nnm ar Bertr ations.
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integrally fornmed as, a ratchet 7, in this exanple consisting of a

mul tipli AAMSTOZRMS ar serrations evenly spaced in the activating
(vertical) direction. 20 At circunferentially spaced intervals the
activating ring 1 has w nd
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exanph@ Cadiptdd fok @Aghyenhé@rtkiyng stigsie Yool twhidngary thetetyupuliabp ehepactiviating
(particul arlg_ a Fl.rr.al i.t% of laxi al I.%/ s$ac?aag gn&r]}%l gr grooves not 25 shown)
on the oufg dBe grofife g this Frarprie ComRIres FNEar SRTNSERY of the wel | head) .
The | ocki ng dogs 9 are nounted on the support housing 1. The dogs 9 can be
noved i nto engagenent Wt he i nner r, n iye. In
this exanple thg&%[g&ﬁr Pp\} e@SW'P%&ei#gc?? 1e'§§?1rﬂ%§95599é1eg'aa?&dgﬁgérogv\s 10,
11 whi ch @nhieh 3Re dibpgropart 6 of itseidiubdr| surface désiaecenghgemedridzdrer which?2 taprfs 13
respectively jn the s rt_housjn . o by any
i Fabh e B ot e B b hal) Rl e iR o e BerTR MBI HRLAR, |
vehi cl e (8H mos\&F 29 h2idh? BenedeOT (HeBp®file/ 4 GinastheSlowknting 45 ithe: @ctivatios
extends a_flange 15 caryie n. i r t e i he
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ring 1 iscensitipgaftarmalplicy & ahiwddr kersat@nsievesly spadedcw e @ctingtipg
abutting the. taper surface of the activating ring and an upper surface
bl BigetP

slidingly Re | ower face of the | ocking ring 3. The | ocking ring
has anoupper surface which has an oblique outer part 17 slidingly abutting

an obl i gue engagengy ol SIS bl SHE CEGRAAG, B | asoiBgus diousi ng
2. The various %ﬁ@a@@ﬂ{ﬁ‘fﬁgé‘l” and pnér?i cul ar yl hrg%surfaces 6 and 18)
have angl 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 (particularly a plurality of axially spaced annular grooves not

25 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
example the screw drive comprises for each dog 9 a pair of screws 10, 11 which are

30 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 a remotely operated vehicle (ROV).

Each locking dog in this example is held captive relative to the support

35  housing. In particular the upper screw 10 of the respective pair has a circumferential



10 relative to the actuating direction of the activating nenber 1 such
that there is a substantial nmechani cal advantage between the novenent of
t he acti wspi2og/oxsniber 1 in the (vertical) activating di petidBaniianidsshe

vertical novenment of the | ocking nenber 3, i.e. the upward novenent of the
activating ring is rruch greater than the vertical conponent (in this

exanpl e do nmovenment. of the locking ring 3. A small 15npbvenent of
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20a, each of which is nounted in the support housing. Each latch in this
exanple is in the formof a set of evenly spaced serrations which can
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1. component of movement of the locking ring 3 and but in doing so it is caused to move
25 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 virtue of the support of the locking ring 3 by the support ring 16. In these
respects the combination is in itself a potential improvement over the device shown in

35 GB-2393900 and US-7025145.



15 The nultiple latch is designed to work in the general manner as
a customary ratchet and latch systemin that it provides one directiona
travel ofwoneixnspenent past another. 20In an ordinary ratraBbiiangssat ch
system one conponent (the latch) may be sprung so that it engages discrete
positions of the profile of a second conponent (the ratchet). Myvenent in
the reverse direction i nted by the | ocking engagenent of the two

profiles. The ba Imengélﬁ%neésy%%té%'P@nﬂ@ttB? RPHEINg ynemergetative & thene
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iti ( JiXaa Jppattdiopsiog e @nid edchaary md ® i i on.
50711 1S apyant agnars, g, Ml Mg Uhe. heck) 5 of the Syatom Such that
reverse movenent 1'% p?@v%m%d 5§° ef PV &nt he ACPBY MY e PeORIOHMh AL for
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However tphg typically has the unfavourable effect of reducing the

r

per pendi cu travel of engaging the ratch-latch, 35 which can present
ot her 1pr obl ens such as (i) reducing the engagenent force e.g. in a split

ring applicati oRg., (i ' e system nore. expensi ve to produce and nore
WD 2012/ 025715Pg?}‘%é%%@g5@’%71d#¥ f‘b&rw?%}rf E’%%@_&P‘{at'aﬂoé)"(eﬂ'?'} ki ng

t he syst emavementybeing alloweduby tige tatchey, wuatilf ardesyed aadepdsitianbwt Fdueheédlg t he
oper ati on, At ctB6, bRt bAL S8 the ratches (or sets of latches) engages the ratchet and

inhibits substantial reverse movement of the activating member 1.

15
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 another.
20 In an ordinary ratchet and Ilatch 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
the two profiles. The backlash of the system is determined by the pitch of the discrete
locking positions of the engagement profile between the two components (the ratchet
25 and the latch). In an ordinary 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 position there is nothing to
prevent a reversal of travel up to the previous discrete locking position witch is
approximately one pitch away from the resting position.
30
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 reduce the pitch of the discrete locking positions. However this typically has the
unfavourable effect of reducing the perpendicular travel of engaging the ratch-latch,
35  which can present other problems such as (i) reducing the engagement force eg.ina

split ring application; (i) making the system more expensive to produce and more



The described nmechani smreduces the backlash of the systemwhile 5

mai ntai ning the original pitch of the discrete |ocking positions. The two
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and the |a e
ar'r angerotUPASE B foiBes s A RRR ST B BB R 5T
ratchet and | atch nechani smconprising first and second nenbers (1, 2)

A general formula for determining the pitch of the latches relative to the pitch

20 of the discrete locking positions is as follows:
Y=(Z*p)+(p/n)

where Y is the pitch of the latches, p is the pitch of the discrete locking positions, Z is

25 any integer, and n is the number of distinct latches (spaced in the activating direction)
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

30 locked after travelling % a tooth pitch rather than a whole tooth pitch under a single
latch system. If three latches were employed the maximum backiash would be 1/3 the
pitch, for four latches it would be ¥%, for five latches it would be 1/5, etc.

In the described embodiment the ratchet is carried by the activating member
35 and the latches are carried by the support housing, but a converse arrangement is

feasible.
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4, A device for the application of a preload between a subsea wellhead and a
conductor housing, comprising an activating member (1), a support housing (2), a
locking member (3), and means (9) for securing the support housing relative to the
wellhead, the activating member being moveable in an activating direction relative to
25 the support housing, the activating member and the support housing including surfaces
(6, 18) which engage the locking member (3) so as to cause in response to movement
of the activating member in the activating direction an inclined lateral movement of the
locking member, said inclined lateral movement having a component parailel to the
activating direction which is substantially smaller than the movement of the activating
30 member, characterised in that one of the activating member and support housing (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 member and support housing
(1, 2) carries at least two latches (19, 20) which allow the relative movement and can
engage the ratchet to inhibit movement reverse to the activating direction, the latches
35 each providing a respective multiplicity of discrete locking positions spaced in the
activating direction for the ratchet and being positioned and arranged so that the



9 discrete | ocking positions provided by one of the |latches are
positionally out of phase with the discrete |ocking positions provided by

t he ot herwbabdv2erisl atches. 5. A device according to clearaskoiiinizsii ch the
ratchet (7) is carried by the 5activabing nenber (1) and the | atches are
carried by the support housing (2). 6 A device according to claim4 or 5,
in which each latch conprises . a multip ICII% of serrations spaced in the

acti vat i fiSCERte dcking postigny pR"d’@S’lt&’eor}?c%de‘ﬁl' gresprappsitienally Aubef Bh3se 6, in

whi ch t heyifheRe gistrete IBEGNY bOtcHRHREVIGRSbRhE otherldtdordbtcRéigagenent dogs (9)
carried by the support housing and wherein each dog is arranged for

advancenent through a wi ndow (8) in the activating nmenber (1). 15 8. A
devi ce ac;ordi ry dedicanyecofding & @Rind 4, an Avhidh tHeh edtcted NPy iisScadied sUMROr t

menber_ (16 S Siti to be nov atera In response to
e Sl oty LDl BB A TR S pet hovshd B3 omoeer ° 3)
agai nst the engagenent zone (18) of the datum nenber (2). 20 9. A devi ce
accordln to cl n_whic 3 nd t he support
nmember ( 16) aré‘fl c@t"@?af"fﬁ?r‘g%qﬂsgﬂ'ﬂb‘# °ﬁ§g '”1@%[‘%?}%"(:@3‘&&&8%'?. fo any of
cl ai s 4rmaltlﬂlcntydsfsdnandsnstslpecatMthabmetm‘@dM|ouﬁ.l) and the support
housing (2) are annular, the activating nmenber being disposed within 25 the

support nenber and being adapted to receive the well head, and the support
housittg ei ng dA gpdieedctardihanal ann of bleineadw 61 brwiich henmeans for securing

comprises a plurality of engagement dogs (9) carried by the support housing and
wherein each dog is arranged for advancement through a window (8) in the activating
member (1).

15 8 A device according to any of claims 4 to 7, further comprising a support
member (16) which is positioned to be moved laterally 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).

20 9. A device according to claim 8, in which the locking member (3) and the
support member (16) are laterally expansible rings.

10. A device according to any of claims 4 to 9, in which the activating member (1)
and the support housing (2) are annular, the activating member being disposed within
25 the support member and being adapted to receive the wellhead, and the support

housing being disposed to land on the conductor housing.



