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Gate val ve actuator and nmet hod TECHNI CAL FI ELD OF THE

I NVENTI ON This invention relates generally to an
waceaavor2 usef ul in sub sea production of hydr BCHIKR00E000285

and relates especially to the control |l ed rel ease of

stored energy for the purpose of driving a gate val ve
GdteQilde REOERDY A Sethdal € position to a process w se

safe position. Specifically, the present invention

relates to a gate valve actuator and to a nethod for
TE‘IIHNI@AIQFEIQE\WVHE/I@NEMNCH\I steady state operation

Db Bl AT B R A roducion of
hydoddashipng, datkdrissespetisly ss itloh contgolled release crf stered energy for

thé 'p%ceb@@l&edr@&mg *&e%a% QaRetfréAepidcess \&H?zeuﬁé&ﬂ: QWsiidn to a
abbrevi ati ons uently used; BL bruspﬁless

Progesg; wise sateupesatien- @t«}%&%&g PESSGRHIMEILIOBTElathR iy @ gate
valkel dcdbherdinld & £aidtAdd fdradlﬁftﬁ{gm rafMdies freneatstembnahte

orll G e SPUIART okl LIPS USRI ol moce

Xnmas tree Chrlstnas tree The prior art gate valve
Bf?%@ﬁkﬁﬁ®D AND BrgeRcaEPon production conprises both
raul1c an electrlcal control. In the context of
Intthe fellavsipabackgrmmidofisenesien ety Mel s indhgaismesureofthe
pré®sit iheéava ttha fBNgvihBebprénhtians wile be GRSuehile weacept
of using a rotary electrical notor as prinme driver and
converting this rotary notion to linear notion for
Bloperation of a slab gate JValusé-lesscommon. In
nt enporary designs there ency to select BL
[x%C PM notors as notor tecﬁﬁg(%3§&$%ﬁ hi gh torque
ESJerformance, and a pl anet &mengghFe shydadyi f or

Lvieehani cal rotary-to-1i neginGRReiadlOfiffeddrithekh Foheér

not or types and ot her
PM permanent magnet

PSD production shutdown
SIL instrumented safety level
SMA shape memory alloy
VSD variable speed drive
XMT, Xmas tree Christmas tree

The prior art gate valve actuators for hydrocarbon production comprises both
hydraulic and electrical control. In the context of the present invention the

electrical actuators are the most relevant among the prior art devices.

The concept of using a rotary electrical motor as prime driver and converting this
rotary motion to linear motion for operation of a slab gate valve is common. In
contemporary designs there is a tendency to select BL DC PM motors as motor
technology for high torque performance, and a planetary roller screw for
mechanical rotary-to-linear conversion, although other motor types and other

rotary-to-linear conversion systems are also commonplace.

A critical feature of slab gate valves and actuators used for control of flow of

hydrocarbons through a sub sea Christmas tree is the mechanism provided for
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rotary-to-linear conversion systens are al so

comonpl ace. Acritical feature of slab gate val ves and
wa@edmaoors used for control of flow of hydrocarP®@DmB009/000285

through a sub sea Christmas2tree i s the nmechani sm

provi ded forenergency operation to the safe position.

emeP@hcd JRirhti6® tothd BSfe RR8RI0rS URIYa fAiRuréalf\tBe Posler supply the
still rt fr mthelg_(gaductlon osition (I|ess

rey
vl st T er HEOELRE HRSREHOH PONGOR (TS GAT, RoSoR] fo the safe
pogitisht(homrodWSioh pditiohh9 (Bi ester) and US 6572076
(Appl ef ord) are considered representative for
contenporary designs and a good exanple of current
USeT flgRt 9 Biesten) andkESHnr 12078 Aepiafost age coasideratesi gn

repraledtatifo &r SRABAIPOSAS (fé%'i%r%r@{(ﬂﬁ%}éd%& 1é @f‘cuﬂ;@ﬁt efforts in
present invention rel ates called fail safe

thigreaPaih 1 tameas! SABALSIeSiHR S GHEGEEFRAR§PodoF pmersency
opéRitiohol s to the (process-w se) safer position out of

two possible positions, on |oss of power, or in

response to a certain class of ESD. For instance, as
Thappésad inveritimn Mistesrtogy soallpdVallsafofctaaxems. et paactuator

Whtltl;l’? d}[l@%é’ %M‘Jﬂbe ?JTRrJIQ % Qﬁ@&ﬁgc&%&k/{s'e%at@? Pb@ﬁﬁncgut of two

contro part strategy to secure wel ' saf et
PoBsPici RASILOTHeN kSR of FOWRLOTIH TSERTEelOFhCaiRiRagigro Of ESD. For

inBh & dssaﬁiﬁfeﬂ toethieaphstet Br mgglvaanv@w Mmtraadhwm will go
siti.on on active

to H?es{;lgp? BPFlyl}loflh(gP fpégtof \Xnoagf)ba%‘ge.rét cEf eadStéﬁtelgﬁ;} SSSU? e w%*'ll safety

bahteract i vated on | oss of control for safe closure of
the critical XMI val ves and ot her val ves of simlar
functionality is in the rel ease of a nechani cal

Ths gaskis thas thachickepr apiuatoewsidnisdvery relible é3 segipg operation

an¥alYiehRASHE k98 daf PEQMbABN18Ss BOUBveSEQIHLES. H@ﬁ@ﬁ@aﬂl}othe most
nmove the slab gate against the forc of frlc n

widelh @CCERIFE SO EFRE PR YO lbﬁé‘%f‘ﬁe(ilnor( gsﬁéﬂ r‘38nf)r esr‘??%glosure of

th%I batieAseMTayalas; aﬁc@bmetryvpa&soff smailaemrmt@ntahtybs inpdweedlease
uri an_.ener sh i .

of ffReGnical {PLt n% C%\%kll sm | u§ utgF?{O )ﬂ%ggE é&ssa&%fﬁ JaREPosition

to ek@dde oy dowat seursetacdkd $y sram thn sldtegtieramappstghe forces of

fr1&? o1 at LAY QY %:Iy foROES sl oS GRGHSh YabdEre FFUpdnh&s BRS@aRimay be;

ically operated actuators the sp rlnglgln s%
somgsaBey ef walveyars toaABeRAd AWiBE S8t STBFREGREY £ u&%&)’% or
hylPal1&! SEtuyesisIht gl Sa@r@e@ﬁﬁﬁsﬁ)ﬁa nhesly@mlbeidedt iarthe electro-
revertin totFe sa osition i ESD npde
hyBERgHC SOTFET, PO Arhe Gt Pl AGPPBREPEPY GTBERL oL R valve
Fotleh¢ casd of elsttoicatjg opbratbéatrniatats the spring is in most cases
released by means of an electromagnetic device. In later years there are also
examples of actuators reverting to the safe position in the ESD mode under a
power supply from an electrical battery or other device for storage of electrical
energy. Such designs usually depend on an electronic Variable Speed Drive (VSD)
driving the motor for ESD operation, thus placing very high reliability

requirements on these circuits.

For the purpose of the present invention it has been assumed that a mechanical

spring is the most reliable energy source available.
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energy. Such designs usually depend on an el ectronic

Vari abl e Speed Drive (VSD) driving the notor for ESD
wop@pabd4oon, thus placing very high reliabilityPCT/1B2009/000285

requi renents on these circdts. For the purpose of the

present invention it has been assuned that a -

OREEhRRI sfadhesf%éé}gc ih§ehii6n IOES pFoRid R hestRN QEIRRbLIS BHEES

aval II%gI gr e%%Erg%$égE1?$g sent i nventl %reorreﬁaf)ﬁlty of the

Esmlpemsaﬁlda}mﬁrsmgrm(gtd high sllﬁuslamam m SI ng the
reliability of the ESD process and thus securing a

high SIL class. There are many schenes devised to
Thect pes maayrsshieaisisaleviseggerachieyieamidmbleririgger meodhengym. This

inbéhtRASRGARIDLL Q@h%ét@&h Qf aR 181y &Rlthlled trigger with a

controlled trigger wwth a_ | everage nechanismto
leyeraggyBiechaniss gfgtra%aer SroRIEFE REFAQI B0 0SE €9 8 Mpster Mpkve
in%ﬂ&_%}'tl@rﬂf ﬁd’mhfqrﬁ@m&ﬂ bE ﬁbwefl sapppomréd t8 g@ivl ’M’;]el\ﬁgiﬁgefr @nechanism
. fail., tr er an I s _devised to handl e
is fiviped & BBl AR DI PR Wk Bt i FOR PufiukPegs of any
intemneididte dryvditedie abmpedantaim tioo BSonpricsss.n t he ESD '
process. |In many prior art actuators based on use of a

mechani cal spring to provide the enmergency power the
In gppmy) §rics apfpyeyaigrs thashd ogat ¥ it msshapica] ppipge provide the

eﬁ{fgénéso?méﬂ ShegR ﬁtsg ishfﬁbvé&ﬁntgﬁﬂh\é%dté nﬁftidh &CAll Vighes. This
as sare posi il

rfa%ﬁéf BFRI %t&ﬁ © Yal)'s SRl pet ?%&WIF ie&s BgfgrPeOSmn

(typadBlypasady statel pdﬁiucsmn mgday:ztmabm alfheys rappnedab thelsygfe

posﬁVOI Yfdef #@1{%’ Exct%}g ’ﬁ{ %F?JJ% %ubltﬂér)'ing&%sgg %qotfop and drive

Sln e quadr opera rrve I n
CnctlunteE diesignod ifor, s1ngleg<wékanb pPosiont (refye dmﬂhm ogeslirgagon

ord e PBSRYa )} JPeatidHNORE HbkikheaFEEiRal &abres&rds'fkﬂnng the
onl'y 6nce and active drive of_the | ve, bac

m¢wca1@wawly OnRE W%Vﬁmlv&ﬁaﬁsﬁﬁlvs%%%for%e

Ob 6l I SRis i8 aC@V@h@%dﬂa)ﬁt iopetdtéore | Retihcoalst ielconipla@diycin the

A HE el SRICSTNS e BUARA BRE1 LS rlatvel
insigngwanngAlpovke idyersepadedntage oheaving ipowsr of S@parﬂtmﬁ the
rngt%r?é/\’oiag q?l?ersRsQFé\p %.n' g]gﬁﬁé qjﬁ E@ﬁjsﬂ@irea' ﬁ%glﬁ&%d incidental.

I NCI abi | function in
Reé@bﬂrtﬁzﬂf itlon ER f\lrrcaomala qqmvmafwfl Wétfi sefipbalitydharegpar

oﬂe?zﬂﬁ(ﬁﬁ BdPresdilis tRE S8R e aMYYaclGhlbridekigeol ghe babjeche
ect jnplenmentation . The challenge in neutralising

lqﬂi%‘{“g’@bﬁ‘n%‘ force by resting it on a trigger

The challenge in neutralising the spring force by resting it on a trigger
mechanism lies in achieving a high reliability fail safe mechanism operating at
low power consumption, for a spring of sufficient force. For some actuators
required by the oil industry the required force may be as high as 40 tonnes, a
typical order of magnitude for a 5” slab gate valve, or even significantly higher for

the case of 7” valves.

It may be observed for instance in prior art US 6,572,076 that the device for
triggering the ESD requires the trigger power to act against the force of the main

fail safe spring, thus quite substantial forces and power levels would be involved
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mechanismlies in achieving a high reliability fai

saf e nechani sm operating at | ow power consunption, for
wa@2@pnoqeg2 of sufficient force. For sonme actuatP€BHIB2009/000285

required by the oil industrd the required force may be

as high as 40 tonnes, a typical order of magnitude for

in @oﬁntf&irﬁé)tl’gﬁh@le)/ﬁit\fﬁrce(ﬁf tB¥ eBtSnHpringcantieystbagh eraté or

co H% case of 7" valves. It may be observed for instance
PR or art US 6,572,076 that the device for
trlggerlng t he ESD reqU|res the trigger power to act

O Jgétt oft g sfu(H & bedtitn T8 r()@fdl t% \%@Jé a d?l{)?y which
2o Clki AR

e subst ant orces an power
the POVEY selirebiptaperafipn Héth%ﬁéﬁéﬁﬁt%té rceedt}fort heing smalhand

su%@fdrﬁgallbfrle§§7ﬁla§{ ardhr&d te@topdtid Afhin @ﬁlrﬁmrﬁﬁig @hder
the su |nvent|on is.to i de a te val.

ol EateR RS ATIE RO AL BeURS 2N e RS, SRS Bct n
the steady state condition being small and

Anogl'[tl)grt taea{dr%l c!f%e%e%’}% lgxhgrnaxttI}S tlflco hgﬁenﬁég %r ?a.lﬁlxg %chtgaeilsr{he gate

omm}mgﬁam m@traaclt@i:uporarsalfang|frqrarsyeay1zyr $tﬁg‘: ppgretion mode to

shrdbsmdgature of referred prior art is the potentia
for galling effects as the gate operating stemis

retracted upon shifting fromsteady state operation
It Iodevther Sbj@bd@ﬂ\ﬂherﬁiﬂﬂecthhvér&uﬁﬂﬂi pasviddh gate vdlvé Betuator which

ct vention t rovi de ate valv ct uat or
is W%ﬁe o @8%%85(—3’69? ﬁ‘rgg’lfg? Sion %h%;t g?ﬁlynglﬁ ffo(?tces Wi t hout
galling effects. SUMVARY OF THE I NVENTI ON The obj ects
SLﬁ/IﬁIA@@f‘b‘P‘VﬁQE Iﬂ@@;ﬁﬁ@Ndr awbacks of prior art

essentially elil mnated, by a gate val ve actuator and a

Theeathiests #s¢ gehicted an ﬂr?edwaﬁﬂf@ﬁéﬁdéwoaaar Resenfigily jggminated,

bﬁ%@t@%@@&t&ﬁ&%ﬂ@& n#étol rmqwfm%atlﬁ tﬁé@ﬁd@w&d@m thems.
ent on are d ined in suﬁ ordi nat e

GBHEPHO QBT PROSTRRE ehk Er TAREE L AR gption are

dcﬁﬁmmmnsubgnhna&ﬂmﬂahmsh is novable linearly in an
actuator housing that is connectable to the gate
val ve, the stemacting on the gate valve to shift the
Bripilve tlvtapmenémmmw@pimvma acgass ddlvsoasituppsomprising a stem

w}{1€1§ @@ﬁ{dv\ésle\/hnéfmgrﬁﬂ &h E.Bﬁia?t&eﬁbu&ngrthﬁﬁl’b &sh@cmn@ ko ke gate
first |rect|on|ntoastea

oper
Valzyas thg siem apdng ANdhE gafoalys 6#%1%%% ‘Vin %@3&6? qpgn and
clsed @i o) $edpectivelgcivhereih aha stam ds Slhu‘ed e posort inoa first

dirbe%tiomﬂallgfc’o 8 fsteaady state operation position, and in said position the stem is
biased in a second opposite direction towards a shutdown position by means of a
spring member acting on the stem. The actuator is characterized by a trigger
mechanism arranged for holding the spring member in a compressed state in a
holding position, said trigger mechanism comprising an electrically controllable
trigger which is arranged for release of the spring member in result of de-

energizing the electrically controlled trigger.

In this way an actuator is achieved which is very reliable in regular operation and

which turns to a safe position on loss of active control.

The trigger mechanism can be structurally realized in different ways. An

advantageous embodiment of the trigger mechanism comprises at least one latch
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spring nmenber acting on the stem The actuator is
characterized by a trigger nmechani smarranged for
whelodity7t he spring nenber in a conpressed st aPET/IBR0@)/000285
hol di ng position, said trigger nechani smconprising an
electrically controllable trigger which is arranged
wHi6h i§ plvoeds ﬁfp}id’i&dsﬁf t}fégadfﬁﬁtb@rhdu%ll’(QSbkbﬁt &bivot, such that in

deener | zi,ng | ectrically con
thg P PRl Al AT G T SO RTEs Bt DRG] U (PBgicn is i operative
engegemdfrhtemth the gtdrarargpan appomtamtowkil emhi <Dﬁt|h¢§atczh ® in operative

en%e% %ﬁhqgqug §ss of active control. The trigger
hani

smcan be“Structurally realized in different
ways. An advantageous enbodinent of the trigger

In MBGENRAY BB AREAELRES cah He@RSigrRaaolAbeiawh ©hedage functlon which
ivotally about

orted int act uat or ou3|n
suBp AR ALy e AU AREhS mwm@%&&&we t%%r%%eﬁgontact
prédsires bedvden' Simpmiterat ihdladedtehe Snggmranml"aimma
engagenent with the stem and an opposite second end of
the latch is in operative engagenment with the trigger.
In larpriefarsediap bpHmenet the it gges omtwisge i tpsewhiah isrmovalde dinearly

in kY gEﬁ&Qoxf HQ&élhgnaM@'aﬁrblé&pﬁgﬁ@Hh@Eﬁ Xrléé‘&%ﬁai&%rwmg the rod
power r|ng6 nmber, and thus re uces con
mfmf@@skml@@gmm feBriBstred icngrericne latdh @r’tdr'f"étfi]r“pon de-
enﬁﬁgﬁhﬂgltﬁmnggbraad@ﬁ@foer fiedronis Gai @@t frog tHd R@lding position by
s mpvable linearly in the

m?é”tsu(gjtaog Wﬁfer gﬁg“aéﬁlge?p&rf%l cally driven trigger

actuator driving the rod into the hol ding position

In ggl%r\%l}p tﬁJ‘ﬁo&/&ﬂtl@eﬁqgg 1}&? td ﬁ{aﬁji‘t'alr‘?mje gﬁgni-b%) th a steady

enerqgil zi r actuat or,

Stafiemgralin Fosm s ﬁédwdd@xh@ ogbs¢qur5ﬁr8§§1nﬂe9a¥?§abﬁné auxiliary

spPin3bAe thiak GPR6t Adhtéattonte IGHce ¥ thé FrdiRirstuvaysprites.
power that is required to maintain the mechanismin a

steady state operation node is reduced and only
Prefauattilg,r aret latgh & drosagedtderagageltharyd spdirewglyf vacelotkatg pin

w ch ﬁfl?% g‘i)?mtoIPIh fa%&s%ec? t) ttgce tr&@'t@ eﬁgéeéér % sed fgprgled in

er a IS arr an e
the ﬁd¢qre:bcmc§/ ofthe telnciichwhighupen @nthdarawnbohmedmdgls pushed by

thp?.;%}ottfn%nahﬁl Aut gskethdeat hR1dwt s kRisBRGRAE BitEIRRS pivot out of
fornmed the second end of the latch,” and whi ch upon

enﬁ@%%ﬂ?%%ﬁﬁhdpeﬁ%@”rod i s pushed by the pivoting |atch
out fromthe seat, allowing this way the latch to

pi.v out. of e h t.he stem. The
T T e
migdtnuon fragtebn upon release, and in add1t10n to the low mechanical contact
pressure in result of the leverage mechanism this way further ensuring, that

release of the return spring can take place without any galling effects.

Upon withdrawal of the rod, the locking pin may be pushed by the pivoting latch

into a recess formed on the rod.

In the shutdown mode, a latch return spring is preferably arranged for biasing

the latch towards the holding position.

The trigger actuator may be realized in the form of a solenoid or alternatively in

the form of a shape memory alloy (SMA) element.
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m nimumfriction upon release, and in addition to the
| ow nechani cal contact pressure in result of the
wo eaoeneme2 nechani smthis way further ensuring, PCTYE82009/000285
rel ease of the return spring can take place w thout
any galling effects. Upon wthdrawal of the rod, the

Thle Qﬁ@gé}gmﬁbﬂaﬁﬁ%}rh p&fé}lé%ﬁegorﬁﬁngé@a Qiiﬁéﬁhk/lﬂl@h' 1§tsﬁﬁpédﬂ &o adlever

recess forne t t he shut
anf et ar T CS  Eeer B KBTS 8 AR °F 65 i s gforee
théthie tradiahittel@omisthehsprivg sienthepasithe origgeFheethdrggmrin steady

sugc%ughl od%e realized in the formof a solenoid or
af e At el’yin the formof a shape nenory all oy

(SMA) el emant The trigger nechani sm preferably

ThE WP HES bR dr d"¥oi St ﬁsémé&? té‘ aheéfﬁfuléﬁglston that is
desi ned to subs antlall%%reduce ééue of

reqedeAt OB MPITRAY ipiafprnnyiRe cybRder eaaprised {1t Hisastpatar housing,
wHek €t5% f}f@aﬁ@lﬁlaﬂ gyhea&etordtaidshehyarggrr mB&ﬁﬁﬂlﬁrbrSdMInpenmg the

t ead ti nod Th
QSRR 1 SR O IEAEE Chh AR PO B o oy AT AR
meadiani wethef a:ttnmlav eyﬂmt_ﬂerl i then atmﬂohmomyllwmccmromwﬁprthgeﬁ:tuator
hohgl t&% r lﬂ%&l@%&)%ﬁ%r%ﬁgnﬂ@q l@l’%k%éi\}e@%d particle

cont/ai ns a I C nme enl e novenent
filtgfs mipey kg @ﬁfﬁns@h i theeflew peth{ prthsnfithe hwawéfc megjiyn-
Pydraullc mediumin the annular cylinder is then in
ow conmuni cat i th the uat or u5| i n i.or
Thg et F o e 4er e ol df%é*ﬁ??‘??%wf‘oﬁ%?ﬁ s Gipining
a gaitel vahrbtbeo:xkzeeﬂ hlstexdy smye beerativpangede andtarmntitldown mode. The
nu&g %%Q%egﬁp%@fdnygﬁaU|'c medi um The gate val ve

scussed above operates in a nethod
- dfrmm§ Hd a¢tigter @aaenvt@r Ve afEshdingcon faragyiftinngthe gate valve into

thOBRIRAY! KB MILLaBHY ndodehiut down node. The met hod
conprises the steps of:. - dr|V|n%vthe actu

- AFEANENG A RUIPTESFIbIR f0Eet MEATF &P SRt 11 Y 3R 3@3&%‘¥ QRFiAtion
moéd¥, @ BiAE ont thREt St én AQRicahd elirartida ;oppoaite &g fing direction,
gonpressible force neans to exert, in the steady state
peration node, a bias on the actuator in a second
- ditivireg theactoppasint et Jegofid détectipn dyvt ietaase @ifithe cemipygssgd force

Inggggﬁyyﬂé q#dbgngggdéecond direction by release of the

conpr esse orce neans in the shutdown node.

Further subordinated method steps include:

- arranging in the gate valve actuator an electrically controlled trigger
mechanism;

- energizing the trigger mechanism for holding the force means in the
compressed state;

- energizing the trigger mechanism by a solenoid, or by a shape memory alloy

element.

The structure of the gate valve actuator provides for testing of the emergency
shutdown (ESD) functionality through the steps of:

- driving the gate valve actuator further in the first direction during steady state
operation mode by operation of the motor, against the force of the compressed

force means, and
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Furt her subordi nated nethod steps include: - arranging
in the gate val ve actuator an electrically controlled

W0 ehoggero7mechani sm - energi zing the trigger nRCIEBR06X000285
for holding the force neans’in the conpressed state;
energi zing the trigger nechanismby a sol enoid, or by

- RUSHARE tHE APt {100theadtea®Nitatel BferdtiohGhyde b9fthte Hérce of the
gﬁ% e actuator provides for testing of the
o F@Eﬁc&}/’r%%ﬁ’teaﬁﬁm (ESD) functionality through the

steps of: - driving the gate valve actuator further in
. t- L orn
FLB%? fesgirleg'n ah8Cid AR “oa}gwﬁgg%g(ytp% iftbEr @RELA bR fReP

amn@a@slsfe@nftbpcfellmrgsdetamd gfpselrmtmnr@f qrpkodiziards of the
intd1figil eady state operation node by the force of the
conpressed force neans. Further features and
advant ages provi ded by the invention will be further
SW%TgEE@CRMO@MﬁF@{E@MN@Sdet ai l ed description of
enbodi nent s t he i nvent SCRI PTI T .
THEERT RO 1 B e K Rl i B e e BN o Pwings.
schematically Hlustfagimenembodimndrite Odrtlawrr@sgtlogc h@ﬁlm Aeawings,
illustrating enbodi ments of the invention. In the
draw ngs, Fig. 1 shows in section a gate val ve
Figcl shews imseeiean pgaihvalre acriatar dﬁﬁ%rb by #gelegigicgpatptor and

eqiipfedawitBid fasiodfe MREAARISTdrOdrrastr 85d ravskd & £a8ar9kpang;
return spring; Fig. 2 is a partially sectioned

perspective view showi ng the relevant parts of the
Figa? & & plavigalhcsematomedgfer §pegtivé viaw ahdwirngetheseldvenapdrtisrof the

gagl %&@Q(AXBL?&@; &t Rg ef ghlaolrér dsf%'alret Qx@d m%‘iégﬁé?gta% fyélgltlon

ased on~a sol eno actuati on

mmnamesrrhodmgnt of fig. 2 baizhased o awolsheid g %Cﬁ*éatlon of a

m%gérglgl%&hmgﬁam smof fig. 2 on a yet larger scale;
is a view corresponding to fig. 2, showi ng the

gate val ve actuator in a shutdown node;
Fig. 3 is a detailed view showing the trigger mechanism of fig. 2 on a yet larger

scale;

Fig. 4 is a view corresponding to fig. 2, showing the gate valve actuator in a

shutdown mode;

Fig. 5 is a view corresponding to fig. 3, showing the gate valve actuator in the

shutdown mode;

Fig. 6 is a view corresponding to fig. 2, showing a second embodiment of the gate
valve actuator in the steady state operation mode, the embodiment of fig. 6 being

based on an SMA element for actuation of the trigger mechanism;

Fig. 7 is a view corresponding to fig. 3, showing the embodiment of fig. 6 on a

larger scale;

Fig. 8 is a view corresponding to fig. 4, showing the embodiment of fig. 6 in

shutdown mode, and



10

15

20

25

30

Fig. 5is a view corresponding to fig. 3, show ng the

gate val ve actuator in the shutdow node; Fig. 6 is a
woe@wienrz esponding to fig. 2, show ng a SeconPCT/IB2009/000285

enbodi nent of the gate val v& actuator in the steady ,

state operation node, the enbodi ment of fig. 6 being

Fléa apRG PR RIMEN fif 0 sR&kIHR therer@bodihfent Iof GEE6 in

hani s Fig. 7 is a view corresponding to fig. 3,
ShE §9Fe enbodi ment of fig. 6 on a |arger scal e;

Fig. 8 is a view corresponding to fig. 4, show ng the
g

DEHIPRTBRS iptidhy o E?IB%‘H@\%EMSW%‘H] AdEEny! S 2

Vi ew correspondi ng odi nent of
Thfelggneﬁalllﬂ}'@ﬁmf @o&zsmmﬂb @@ct@EarmuLaE@ EES@PI $o7 [@gdortion control is

111@\@:@9& VENRES G el EenbiNVEVR! S r-U‘l%r 4ER&F Araha¥@iht 8farfl a PM

ical el'ectric actuator for su sea praoduction
mq,teﬁflflaf: 218 qoppifersh rgmannlaes and pRE PRY tﬁstHrS?Fermﬁentwn
L1He®shh@thébgﬁﬂ\étaIZ aﬁgﬁaeefﬁ toda @fed o o?MsxfT?ItﬁﬁgﬁH h\wendnbs feature of
c co n rt..of .t :
g S AT P Re o SR BbRhgte Feh Pt Hie BTG mocpgmism.
illuatragtfers 4 giwupgd iof camponemts ihdeg Ur e of nobst such

actuators. The focal point of the invention is the
fail safe nmechanism illustrated as a group 5 of

It shddmsmated shat gnly fig § ildkgratgs @é%‘éﬂ’lé@ M&@tqsnf%l othey figures

shéwidrlyshé @éﬁ%oﬂeﬁ%ﬁﬁs@@ﬁ%l s&lfé n%h@fusfnh ng’[ee§ssence of
onents co ised in the_fail saf

show onl.
the, RESSSRT %‘%{P{e“ﬁ?él 18388 ARIETGH9, etB’FSQ&w’ECtPFR/ [97EF Speans F‘H8°t°r

drivattediaciridoa thggenaaectartisiy the fraenebemgrts createGinoactuator of the

hléi{esy Sga{aq orxlla?pg a%ﬂ%tg/f ﬁ{ Fﬂ?e?‘ﬁ%n%fscm: cta gbih?f %‘%PB?A(R}% a

€ an act est era
predudtigsi $ystgm dype¢mimandepnd aksfo ttorﬁ;att majinfpin ghe production
systeHf §oMai@nRr. oduction system on command and also to
start” and naintain the production system operational.
The basic operating principle is to use the notor 2

Thamzhs[cOJ)Ibcﬁ’bu&gr;ﬁiM&plaSs & juae khé ﬁldtdﬂQairﬁltleﬂlheﬂ stew 3 as a jack to
BT Sn Bt ® s MR ABIT U SAEHHRR AR ET Nagey gyrpition
applyethst feﬂsalfelmecﬂtamsrpdglftql@ he wiean &iin thiy pesitiappwhettin forces
ap fl@(frh%n{ gtﬂéﬁﬁns 440 Qﬂheptetiﬁfvafé]ﬂ'f&%eel'ﬂgarflg 'Hefng

ans) being. ne d trigg nmechani sm then
nelrigeh byl trigeey mﬁCﬁ@nt% |n| igpne W returning the roller screw

assembly to the valve safe position while the valve remains in the production
position. Thus there is no fixed mechanical connection between the motor-and-
roller screw jack assembly and the stem of the gate valve actuator. The roller
screw pushes the stem for operating the valve into the steady state operation

mode, but can not be used to return it to the safe position in shutdown mode.

When the stem and gate are brought to the production position and secured in
that position by action of the fail safe mechanism, the roller screw arrangement
is immediately driven by activating the motor 2 in the reverse direction back to
the closed valve position, thus getting out of the way of a possible ESD action.
Although the valve would revert to the safe condition even with the roller screw in
the extended position, the probability of achieving a successful ESD is enhanced
by the extended roller screw only being in that position for some 1-2 minutes per

actuation. With ESD of the class which requires uncontrolled and un-powered
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assenbly to the val ve safe position while the val ve
remains in the production position. Thus there is no

wo 2ooedoseezhani cal connection between the PCT/IB2009/000285
notor-androl | er screw jack @ssenbly and the stem of
the gate val ve actuator. The roller screw pushes the

shﬁwxm(lh%eqnﬁh?emsgatsé BEthek¥Rls) ﬁbﬁlgt &@ré&hagdméstta& 6&SIL class
er n nodae u can no
acRREed bl TR h S SrIY Bne reRebuibnel Fiatel sl ke

meahiaaian elidnleseghivelow. t he producti on position and

secured in that position by action of the fail safe

mechani sm the roller screw arrangenment is inmediately
Therollenstpwdzas frae bagkdnve mheprcteripficy, iE- petleg geent of an ESD

begié[' £&1Va28 %‘EK th@ rBh@r Qr@%eéjssgﬁ'b‘f}elspﬁﬁl id &b piddition position
ting out of POSSI SD act.l.on.

it ik lﬁ%@wvmwa @@t s r@llqra?é?w “eﬁ heriesy 2ddginallydn the

m&ﬁﬁ ﬁchﬂB hulﬁcﬁk& thel dc&fonﬁdﬂ thw returhhspring endedsgfo position, Thus
the pro acnl evi uccgc

B e
achhaaempos pf ESE footh 9bmerylhigh rehabibity . Jéuis wcthmasence anb sea
degﬁg &Patgglgs ClASSWIY CRUNRIHES BS AUNGRIMAIIY) Wedr&RE necessary and

hut-in (in the normal. sense of the wor ds)
Mﬁébﬁ@ sutpalpredyngant fupgtiaps othighsrelahilidyed will rely
nearly exclusively on the rellab|I|ty of the fail safe
rigger . nmechani sm di scl osed roll.er. screw
Sth i SRR L RORTA o G Ero vy it irarmiy inh Seq1E! [ BE appession
of diie aratisEPabpiobgbaity iof atieckssivd petfoeming hrESI2 pevwwommand at any
: r
s PR ALE ofbprayioflal {6 PRUEHGR:RRRNA Ot ricndd, Lhon or high
relaedrdhm @nabpynﬂdoth%emﬁa@?u@éllfF gHluapegon fthﬁ:eSIécltalUé‘lg of
the return spring to the safe position. Thus there are
(in ternms of ro|ler scr action r edundan
It ghavlgke pYeddr i emertt %@t Egﬁnahéﬁt Ry BFOW%e%P&?qlceé by most
opefdtba)ionilf ¥ne Thive is actinered es ehe eined os uinysteee, dbas gnen for the
St ies Q oyi de redu C [
oAb B YUt FEHBRTREY i R bR ko sarety
bar0ﬂnnsuHSCbﬁthﬂghnmel|ab|I|ty SIL is a statlstlca

concept in nature and logarithmc in scale. It is an

expression of the statistical probabj|ity of succeg .
Thefmped fremm@%ﬁloesw%ﬁm&rﬁ%aafatpoaﬁmﬁv into two distinct
cldgsegspecti ve of operational node. Thus two redundant

schenes, each of high reliability, are bound to have a

favourabl e influence on the SIL rating. It should be

ndt ed E8Dt(kewrabelteses)t hat normal |y, by procedures

practiged by nmst..Qperators, only one valve is

activated at the tinme on any tree, thus even for the

An ESD situation of a more serious class (known in some oil provinces as ESD O
and ESD 1) may simply cut the power supply, or the power supply may be cut
accidentally by the control umbilical being severed by external causes. In this
situation the primary trigger or trigger actuator (solenoid 20 or SMA device 30)
will release an auxiliary trigger spring 21, and latches or latching dogs 25 will go
to the de-latch position, thus releasing the return spring 14 and the valve will

return to the safe position.
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short duration of the jack systembeing in the ESD
path, the tree, as a safety barrier, is intact at all
WO 20004040The nove from production position to tPeT/s0e/000285
position falls into two did9inct classes: 1 ESD
(several classes) 2 Production shut in An ESD

In gtrl% s @Riofk %S%\P%&ie% khg%Sn@oﬁﬁeS Advmwa dsnvaéiﬁllfﬁ)rﬁi df ESD

Vi nces a m e
clasgpl %em&ﬂl%?ﬂ Eypao&?e% le 911%% %éﬁ% EB Yeltiosm &Pﬁymﬁ&e PSD
mddeetheoftintad] syristent ml:hlbe b&;edglcslwlgr(ffc‘shlm;tdewnem&ralto be required) to
tu Cna See Srocleg ! tgllgtl th{)é’] d:}.fggmpc{é @?A&M}? gl{l,gégﬁ%!o?{e r(il]]er SCrew 1s

rirgger uat or enoi
extegidedde tahe alu.s(fdrcapglther fefget sBpng off the trigaer mgekirisnppefore

thé @Itlé rqg 2000845t d thedRidglr I@r Qﬁml Iﬁbﬁhc&ﬁﬁi&i Ahd frequent
rel easing. the return sprin and the valve wll

SithbaRR relsat KR fossy P ihs el yale BB raBe P SRy cept the
sn{mﬁ@@m(lkﬁoypmﬂig(s)ocﬂ&he rnegpacCRselfin 1\11&51! ThésensitwdtidzShwill not

cof b 35T TR, B AP DB N peauced
fromh the B6 tusres af:thevxeltyn( pprisg dﬂdowlwpwellg atfgwbleundred Newtons of
th& gg%l{afg)sPt Bé utntf't?ere rk%ﬁr?gr %1‘}5& 3 L QAuhr! Q%Jsaf e

atlon t l'er screwis ext
to take the force of the return spring off the trigger

Re{f@?ﬂl@% S1psh ?ftﬁfﬁgl’hg the irgg&ar sdrswmsl d&@\téiﬂby theimdtbe2 by
ri or IS nore co

4 D Yt Ao R B el e tis ¥ the pragugtion
potsrtio@g évhere dimpositive xeeqttionhsy ssemal(hswalky &n DT prat rshosn)
de?efcté Igl?att{l'lleQ%grea;o%@ lor{ ﬂ a@h?é@ed Iﬂ%SS%le?Ho (ll@bl &%evﬁM}\ element

I cance on I gge
30a11>m11s agmnetsthwmbamtrmgﬁﬁ grriegiddee mﬁ? tﬂh‘élaéteh’t%rﬂ% 25 by

m@a{nst (ISTQo&@hgr}ﬁn§ RYiddGadihgl é?:a&é’ pB Cf@tlrhé’d th H@é/\‘s@lbﬂggf &8lds of the
la Newt ons oth eaulearéls_1 g E‘%EHJF‘

eBrae P (hedogang eunapY hos Oy bt QR P eed i aotian as
lokh® U@fhpﬂrrteh? tﬁggé@ trlggHreiNtISatloS SAA Beroryoléad Aok, ebniected to

t I

ang)aiTRg 6 e Y BIERSh 2Pt e YRt piE (8 plfpary
triggdre i ggem a@ylsatenﬂ()u;zrum lsydeaxnnengized arﬂ)parsmﬁm)Ea@tmot:@s the
loélﬁﬁ‘% ﬁiﬁ?%ﬁ%% el Q)%'tto'f Qﬂe 'bﬁ)c@(?rt&i gy&Hoh Bk s3lLPiift@Becesses

ement against the auxiliary
24t for g onsihe; tigeor r_LOCt 82 e‘h@‘é&ée P SPERBNG Bdgee %PWI the
stéRanNBa@f td QK6 Pbdiior ITROUAEH H@gs @3t SroRidlel By MRdut Bf the
diépqgcesdJ E)ch‘ggn %? ghe19 ];nvtots 26, a leverage mechanism reducing the high
contact pressure between the return spring 14 and the latch dogs to a much
lower contact pressure between the latch dogs 25 and the locking pins 29. The
latch dogs 25 and the associated locking pins 29 should preferably be arranged
evenly distributed around the center line of the actuator. Preferably three or

more latch dogs 25/locking pins 29 should be used.

In case of locking pins 29 of cylindrical section as in the illustrated
embodiments, the rolling action of the locking pins 29 at release, in addition to
the low mechanical contact pressure achieved by leverage action from the latches
25, it is ensured that release can take place at low frictional resistance and

without any galling effects.
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| at ch dogs 25. The | ocking pins 29 then prevent the
| atch dogs fromnotion as long as the primary trigger
w0 eovgewr2 act uat or SMA 30 or sol enoid 20, connPCT/E&R00I000285
and/ or acting on a rod-shdped trigger 22, are
energi sed. Once the primary trigger/trigger actuator

Thé QatQ:'h &) fetufle Sﬁﬂﬁgg b3efe proRatd t@tettinERP 10cA68$S the engage
the | ockl ng glns are _noved, out of the bl ocking

poﬁ@QPﬁPﬁHUPﬁt gdrext pyshiof the jackeystemoy forned on the

trlgger rod 22, and the return spring 14 is free to

ush he en14 t.he saf :
%tag %ém&r érokeb )r/or\l}l ne s é\?egfpots rp 903 E oﬁ?ﬁ Jtlt%r? |1';]1'1e roller
scigfw ahemotor \p@@‘edQ 6l the Ieevaya@eunedﬁa mrsmnseuuﬂlmrg?ttlﬁe spring

14%1% &%E&Eﬁmﬂ@ﬁé#&% SptaNeSAcd BE i BbHESRI 0hdid tBBGeturn

at ch to a much | ower contact ressure
SPHBgWEeR 2 ﬁémlpé?%ﬁ?do%@@ s Hgger RETYFERS AY 3Fidnd0 8tr onlye

recﬁtﬁl}&flt(ﬁﬁgﬁlf the tgilg@elt §i6riRg S0Gh a@bﬁﬁarb@ﬁ&dlﬂ’ghﬁl edudés the power
) era e _arranged eve i's
negigh g HEtsC i et P AP SF i s ian  Sfspap gy Rroduction
mdderiseooresponédiright oddudeds 25/ 1 ocki ng pins 29 shoul d be
used. In case of |ocking pins 29 of cylindrica
section as in the illustrated enbodi nents, the rolllng
In gedérdie RIEVEMethegekiy i pafs-IImitan papka @m excesgiictsRsARAS an

anhQ1d@arhpiMBeRRE A8| K&K Aale(BY ﬁ@&ﬁﬁql(ﬂ@ Péﬁﬁe@rl%y 17 as well
Ieverﬁge actio rom t he | at ches

aSERAS 1 EPEABR VAT FARY SpiShEEy Yo i 42 FheBrgRatE ontamination
in koS bid tvah,&ﬁe and may hduintagyowsy bergnefihed vathr Iaenlblato(hbck valves

] 7
(nc?(a é)LWeIQ Ql%sth% de% ? o\flrgl%gs%c? frroﬁi Fﬁe@%ex S bush

e eng ion awal
of the Jack systen1 Ch conpletlng t he stroke fromthe

@1(4%019& SbichBMy é&u%&raut%ggep nRRALhisPH bbne hboé h&has&ét8Mstic
not or provi de all energ requir

dewe@%ﬁgu%wl? fea E@%?ﬂp%f@twﬁgl S’E4 he ﬂ&ggleﬁefega?%% T80
chafadtesthlVAvigieMiis oftdh d ($1sﬁ@¢aﬂt&g¢1hf ﬁfbﬂy&nﬁﬁlsthzﬂh@phcatlons

d_st h
BRSO B VB RS o B g G o
syMRnggwﬁheptﬂngb@ndﬁUQﬁdcdnpnﬁtsnmmsnﬁﬂuéedemubegewhe The
depa.g/\éﬁ rac@i%ﬁqg‘iio tRE goﬁ%&ﬂf m%ré{telﬁtt@l'eqmerm E)rmmple more so for

nsunption 1 n_ steady pro uction

ancRM Aedgyisedinggl fpr ﬁeﬁﬂ%ﬁ%ﬂd tBI’IP? epdes Ths 19?@\9 gAp aphebe sensibly

dek@ghedl riforlt Qdegﬁyeomsuha qnses:bhakercfewmnﬁagﬁaflaﬁde\y e)ssa@eeea éo a sub
an annul ar danpin heck.val ve

seq Rotn B ar cepanyesim s Slaghre ISRy Byt hesind Be

suffictetitd Adar gdrl detays cdr8 bemyheed dytaidiag alvgpacitoc atatse the

SO enohiaa)irycﬁk Whenever the natural and inherent delay in a response is

considered inadequate.

The present invention assumes use of a BL DC PM motor of high torque (wide
selection available), or other electrical motor, driving a planetary roller screw
(typically of such design as is commonly found on the market and in catalogue
material) of low pitch to achieve maximum linear force per unit torque offered by
the BL DC PM machine. Neither of these elements form part of the invention as
they appear in a multitude of actuator designs and are thus well established in

the public domain. Other forms of rotary to linear conversions could also be
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in the oil volume and nmay advant ageously be conbi ned

with sinple check valves (not shown) to nmake sure the
waledpieiors not rel eased fromthe filters. An ShET/IB2069/000285

sol enoid controlled triggen2nechani smboth have a

characteristic desirable in a sub sea ESD application,

uded® In Eﬁ@f&lbu&gg Shly £3ORISRrew I desditiedl ba& isdiduldWai ch
g a di sadvant age in nan mdus%] a]&
’é%ﬁ?‘ioe tthghany retde fe IRt ey pioa Ih Sl by gaplqyed.
glitches |n povver and comuni cati on systerrs wi t hout

Algqou tfle nl? secq %91 %Icfgg{ Bﬁlt}y {arllng) h, to prov1de free

con rary 1 nhe
back- qlme (@Jpe pa«htﬂgsmmd]mtplr@ SPntngeirs@ng the milesmr%wf@ethe

re{/&%Q dfu%E’u@n)s QLE EB?ééTénttXﬁ’@ergﬁ)\H i%%as-'e-a &n @ést.lgﬂlngeiﬂe QBilé’r screw for
e sensi b desi or a of around secC

MTHRYER Pé?CtFFé’é’Ilﬁ Ptg}a%)suaé a&ptﬁm%lbzettae aneteh tgré’éleaté’t trs?mmum

exgéntﬁi Fhe rrgbﬁdsc:crféwt»ﬁlllsstﬂl BAIQ‘I'dJﬁrbldE B:éclﬂihsve V\Hb{gfe'f'd}l; alﬁmsdimbination
signs be sufficie arqger del ay can be achi.ev

ol rigfea Faie apdarobresty BUE T PaRd s RER R Torce may

raviteRewey arolhia dridieurag tenmal relptelionef thelbalykldrl\@ testpprid de noted

thh? baop ﬁh@g ?Q%lbpﬁ%?sq{t{% g: blﬂl}? 19§1§t§‘ef'ﬁe H@P{Heogbar raatlo of the

assunes use o or of tor
mg@@@@@&rlmmnaEh@)lowq;rth@tq#@?le@%efi frhecrapcfwtlsﬂ train, the

highéViHRExPoBLANERS BeYfok & J)ﬁﬂhesx%ﬁﬁ\ﬂ £8ryig, GBk In¥orRfisSédare raised

R L e L

linear force per unit torque offered by the BL DC PM

n{m&gﬁ me'é'sak[z.gﬁ 08& H;%ggfleélé%&?&pggﬁa P2k tspph gaptemgger

ear actu
actiestiog ﬁ@d@ttvaragetmg@am;sm d5edaitesivedicisameaian pubripée for both

eri8@hen Xt RE rtrlggém&tgatcrr% FééehﬁnLg'tH@ @riffé;@ﬂy@ bétv@ééﬁ the two
coul d. al so beused. I n the %tjﬁgovm ng

digelpesil mbadeRsTEedhe BUEPeLe sﬂaves%g%ﬂ’)&éﬁgﬂ?&al% fageduce the
madharliedlabicel to B na@dledwyvme&n@gemny indh@lsl(ﬂ abléverage mechanism,

eml oyed. Althou crew b n
fr‘i’/{ﬂ%ﬁpl}éa@% Hnﬁg? 6nf)r 8\9 |u e°¥ re ra?l\? e %jt“%éggd also
top:rrevilde rasfredstd m&hmnsmpvhmg d:helsmmgemm ésclé té galliogrs ew
col *& leyx%rt%epr%gﬁ&two«)sen N6 REGSERMali YA Rbdtibi.

ase on deS| gning the roller screw for mninum
practicable pitch such as to utilize the notor torque

Intdhe é}ﬁbﬂ&i&idﬂﬂfh@)th@ﬁﬁo eldteric 4l trigbeS&dtQwtoM ddnssdts lof an SMA
free bac

h at f
baReg oG 2bTa AR BB e P L Ao gV e et B rpicany
Nidi uBoys) kbgu éthng enrdectriadisarrnrastuiastharsteanty stace boodjiction mode

to rg{agh ﬁ!e 'v@pé gé QXCIQE_H} &"‘?nl?é}gﬁlr%r&éﬁer 'Mansﬁ'f%uérgm%%rﬂalite(gﬂ) In
the ESD mode the power supply is cut off, the SMA wire is cooled down by the
ambient oil, the SMA device returns to its alternative shape and the return spring
is released to drive the valve to the safe position. On start-up from cold
conditions the trigger actuator is set to retain the valve in the less safe position

once this position is reached.

The nature of SMA materials is in the public domain and known to be elements
of actuator design, no attempt to describe their nature is offered as part of this
disclosure except to state the purpose of their application, the phase change of

such materials as e.g. Ni Ti in response to temperature changes, effectively
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that back drive credibility is not a binary issue: The
hi gher the gear ratio of the nmechanical drive train,

wo b@ohower the efficiency of the mechani cal treCTnB206p000285
hi gher the exposure to thel3orce of the return spring,
the nore issues are raised relating to the reliability

ch%gfr@ethfeﬁe@nhﬁﬁﬂe H h\@afRRROVAY, tthus_'fﬁﬁllte{th@ﬁfowsmn of

mechani Sm CoO rrses an el ec&r omaghetic or 8 N]%

“aq R R SR OY T RATES | SUER B NBERETIaTs QHEReh i dpree
foricgs tahd t@ﬁhﬁlly ffpr A% ppt eeritoglohgdtiore fdvdon griife Stnebhige. a 1 meter
ro{i Lle { WO oréoiéﬁé Zc@ ggneelg}ésr} t gﬁo&iéef 'Ioeé ?J}Sg?&?\%é’%e@:{hnge
uridev @nagélmmahns gphditiomsy €he é)@srclsepf rﬁé\éh slgsigab aye dgen known

for 1910?@ D Qb?r@apé’aﬁ@ %h&; lug;eg LrO¥oRBabedob B ineﬁrr%r@aﬁlc domain.

mechani sm omtypically 40 tonnes for a 5 inch
actuator to a nuch smaller value, and also to provide
Thas! thle@agQe S E 'FMA Sifcwits tave arenblowreiida istrplified eersion,

| ed t b
onffrsEthais AR VRCREITER G Y ERBtarmen fRdine
devives mndeitbet featatestreqgiged taprodte ranoamsalsltesie@fgnaﬂ‘osmse
co%ﬁ%@gd H@%ho Ye dl%?ﬂﬁtSl\ﬁ’R dleuceg@(%)l %%r%]ﬁé%r%@@é’ T esent a

wrelro I cal NI Ti duct
kn@mteé@tqrm:mq%wg éhtl sj that Hée 5@1@%@13'5%& eusin dhe prdic domain.
m)deto retalnthe ere at acertalnterrperature

RO BTSN o ey BRI i
mcdﬂwmﬁal sbtteloailhs entreaitlly, foﬁhé 16M°mnild?mmie ofehdusisial apptisations.
In 'dh ‘ aga U 3 %&pﬁaﬁ heri LR ﬂgghm%nﬂaﬁmgh&aéﬁgvh% both

ey PSSt }

e Ssa
E%b Ioci cwmiandmxsl m@éuptlpg@@rcca@mando the §ug&qstftha¢teltaé9rnalso

faélﬁ&tyéb\fﬁeﬂhladtmeétﬁ§gSE§@fﬁnlwéhml@nwﬁﬁeﬁt Elhuﬁlr%ﬁiﬁl priodlction.
is reached. The nature of ﬁ%#als is in

In pERAFRIC dbiedsr bl Rl BSDHe e BREHPSSSFStae P reular basis.
It HeS ngler BenaddrRidired @rdastt, ihoevel/BLito shaitdiswen iashigh frrpddctivity,

su§f e%,%ropang%JF :oi érgjggﬁor? tsmhlilelilefo ’;@:BE tcgsgzgfo erltép es%%r RR3%
fremmieatlydhanagice agnohth.Ti in response to t enper ature
changes, effectivelychanging their e-nodule in a

dramati c way, thus faC|I|tat|ng provi si on_of

TheteagapisAAaii s senasREs fecifitate sestimyehths b iarcgpabilisy without
sabAfieesf gﬂﬁﬂxcfu@h drif g_hbat ﬁig&ﬁ&!’é@htthd@irGﬁﬂ {he @fufipmert.3When an

e AR R L0 Kby S o exena e

jaclespérsamtto the bpap enbeyrositidig raydficinoeto saketthblleading off the fail
safPRlBLLAGAE Y L OfP sprdHE 1838 iln AiowtE H23HE MR BANE screw
back a minor distance, corresponding to a minor percentage of the stroke, but
sufficient to detect back motion either by means of the LVDT or by measurement
of the generator effect in the motor, now running as a synchronous generator.
Once motion of the stem is detected, full torque is applied on the motor to drive
the gate valve back to the ultimate production position. The entire motion back
and forth may be a small as 1-2 mm and could be covered, if appropriate, by an
overlap in the gate valve design, such that the flow cross sectional area is not

influenced at all during testing.



for nore than 20 years and their uses are considered
to be in the public domain. Thus the suggested SMA
W@ R00ed4032 have been shown in a sinplified ver sP@nB2009/000285
omtting electrical insulatl#on, wires for power
supply, transformer, sw tching devices and ot her

THeGHeERSINK 8fltbH eflof Course Yot en By MRE @BLecte b JRe effbodiments

t hgse, conversed in the art, desg%ﬁ.ag fNA Qﬁ%ices f&¥ £ will
deperiied rPAYS: SR PYs e F o SER PEKHBIAS feAqfrafions thereol wa
beragfpairenti® & petdos whhatordirmary ekl invéieyant avighoudtudepantihfdrom the
ba%}’lcblldleg og ?hn?ix{]\fentiﬂnakusc%cgéqge e%f i%]r ei'l%dagj:lmglgh rEEéHnst he

primary trigger 1s a conventional electromechani ca

solenoid as currently found in a nultitude of

industrial applications. In addition to the provision

of an actuator with high reliability in achieving both

ESD on command and production on conmand, the

suggested actuator also facilitates a nmethod of

testing ESD functionality without shutting in

production. In principle it is desirable that all ESD

functionality is tested on a regular basis. It has

never been consi dered prudent, however, to shutdown a

hi gh productivity, sub sea production or injection

wel | for the purpose of barrier testing nore

frequently than once a nonth. The suggested actuator

concepts facilitate testing of the ESD capability

wi t hout sacrifice of production and w t hout

significant wear on the equi pnent. When an ESD test is

consi dered desirable the notor and roller screwis

used to extend the jack and stemto the open valve

position, sufficient to take the loading off the fai

saf e nechanism The return spring 14 is then all owed

to drive the roller screw back a m nor distance,

corresponding to a mnor percentage of the stroke, but

sufficient to detect back notion either by neans of

the LVDT or by neasurenent of the generator effect in

the notor, now running as a synchronous generator.

Once notion of the stemis detected, full torque is

applied on the notor to drive the gate valve back to

the ultimate production position. The entire notion

back and forth may be a small as 1-2 mm and coul d be

covered, if appropriate, by an overlap in the gate

val ve design, such that the flow cross sectional area

is not influenced at all during testing. The present

invention is of course not in any way restricted to

t he enbodi nents descri bed above. On the contrary, many

possibilities to nodifications thereof wll
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be apparent to a person with ordinary skill in the art

W t hout departing fromthe basic idea of the invention
waeewb/1e®7def i ned in the appended cl ai ms. LI ST QFCT/IB2009/000285

REFERENCES 1 (not used) 2 i1§ the drive notor,

typically a Permanent Magnet or squirrel cage unit 3

LI$B CRREFERENCE®- | i near conversion unit (typically a
1 @I ﬁnet(ﬁn’ry roller screw 4 is the stem of the actuator
8

H&€%i ng the actuator to the gate valve in one end
2 ianteidriveheowppuyitalyenfevnapentsMagoet orssqomebcagauns a

RItBE QDA LB 1 HIPBHD [t QB pReaiRONB1dHRe b QB
3 Bl BRI ROt il A pe SN Pids Ry AR 86
4 inchsistemot thhectatoneomnactingsthetretaptor io Hhe galg alve in one end
anldihQ8@roppRsiiaRha Boki}8ddsasias BdnhscteA Qo fa0piwRrdwhiendithpening
f for connection to the tree or other type of piping 13
uREin ysed) 14 is the return spring providing the
5 siergthd locatide of ehd f=sladade avdohaniskb | s t he annul ar
) in ylinder 16 inlet check valve(s) 17 are flow
6 gz% trll’l%dgl_r(s) 18 are particle filters 19 are danpi ng
10ciy|tha denssendisthetadtgaten el ectro magnet (solenoid) 2 1
1113 thBet b& GOS8 witls tHAld e SIPAN 58 in@dbfddel ary spring) 22
is the latch activation rod 23 |is a seat _forned in a
1248 B R oy ddronnes foragarpesiiopdo ghe &res<yr ¢thFRBEPON RIAES
13r@dt usedjuded in the trigger nechanism 25 are |atches
/1atch dogs 26 are |atch do I vot points 27 are latch
14dsgnf delivt wsmepeiding o Be Bl RO 18 B8 Gog
15ristthe mngpiiamdamping cylinder
16 inlet check valve(s)
17 are flow restrictor(s)
18 are particle filters
19 are damping cylinder seals
20 is an electro magnet (solenoid)
21 is the trigger actuating spring (auxiliary spring)
22 is the latch activation rod
23 is a seat formed in a second end of the latch
24 is a recess formed on the rod included in the trigger mechanism
25 are latches/latch dogs
26 are latch dog pivot points
27 are latch dog return springs
28 are retainers for the latch dog return spring
29 are locking pins
30 is the SMA element (or elements)

31 are electrical connection points and insulators
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29 are locking pins 30 is the SVA el enent (or

el emrents) 3 1 are electrical connection points and
w0 p@ahetoor SCLAIMS 1. A gate val ve actuator conpeT/BEB20¢p/@0285

stem (4) which is novable llénearly in an actuator

housi ng (10) connectable to the gate valve, the stem
clagtisng on the gate valve to shift the gate val ve

bet ween open and cl osed positions, respectively,

wherein the stem(4) is driven by a notor in a first
1. digate valye dctbatoa cotrgatyns batendpewhtdhors povable dneadpndn an
achﬂltglah?ugglgl(rlb &ﬁ&%tﬁlg Itﬁe g%t%s\%ﬁivé hé s?e@ﬁ%@ggg on the gate

rec 1 on tovvar OSItI on
valrveaﬁ§h¢ft the gpte; %VQ@WH(OP&P anst Flﬁgecbﬁowﬁény r@ﬁpeqt}vely,
whebdhatkahinmqd psydﬁvérf b% Q%ofﬂ? GRNSNdirédtior Fnto2P bteady state

arranged f di t
orabinosdos ool 600, Che ot oo rerbet, (L e cpposc

dm&e&b:ammsmdsomphusdm@ posiebadyr ineahs pf aeﬂphr@l thainber (14) acting

on tE’lI %gem cha12 2 t Vylzlla B astr L Hajuggn 8/589 farrtapl%ed for
rfg Yés %§ #}gge energl ZIngd E

hol;ilegtthq: spfihg membeo(14¢dn tarq%rgmeswtzytatcz In a ingmeattsm, the
trlﬁéer%@éﬂgrﬁsm%ﬁ%ﬁ%'a;znege&t?lc'éhﬁ”coﬁt}%llﬁf)le er (22; 29) which is

chani sm conprises at |east one | atch '13 pi vot all |
arngee fetrlfare Heha cPHABIPCREES (1Y BB &' BFroeTe2ay, the
eledtdi¢d1BtcomifbIRY tiridget @2¢h i n operative engagenent with
the stem (4) and an opposite second end of the latch
in operative engagenent with the trigger (22), in the
2. Fhepcessed o tlaire bfchtahactsprédin thatitbe t(igder. m@chartise
[ |}g)gl%
coﬁl?rfé@g Qt le(gst %hg l%rﬂfg) (2\/\}1?‘[@%? %}é\%g)b {nh@{e é&ﬁa{d} Eng

rises |nearly I n
aba@t aatort (%lm figt end)of the lairhdn PP@&W‘S? drgagement “@@e?he stem

(4)aaidiah Q)ﬁ:)p()gl@e s&ndéhd bNehet 1A€cH ﬁﬁoé~I Ative BhQaQerﬁ@ith'ﬂE the
é erelnthe rod Qr}%%{gest e latc hf] and a
trlggqrdé bR ?ﬁ@m@éiﬁsewtﬂﬁ BRSPS (htlr awn rom
the hol di ng position to a w thdrawn position upon

flliagtl I{)pg afujﬁeQ ¥hagg&%r1§§ H’?{ﬂ)&% tﬂl%quﬁggl) c%rﬁpflsé@ﬁ rod (22)

or o

wk(@l@)s mgag@shnemlyrmdth(ezezc)tuam ihossing (19) .am elestkaally daivien

trlégg')aéﬁﬁéfbl? b, $b)eariah 'tHQ r§@8 1) iRt é%oﬁﬁﬁg%@ﬂldﬁb’wﬁ&%m the
to engage a seat formed ge secg g

rog ﬁégf—‘%@csc‘ll?e et @R-an ﬁéﬁggﬁrt %Pd}%@ ¥ WIHED 1Bg TP

wiftughee hymtthe Hatcly musitidn e twiehdaaln péditisnwapn de- energizing

the trigger actuator (20; 30).

4. The actuator of claim 3, characterized in that the latch (25) engages the rod

(22) indirectly via a locking pin (29) which in the holding position is arrested by
the rod to engage a seat (23) formed in the second end of the latch, and which
upon withdrawal of the rod is pushed by the latch out from the seat, this way
allowing the latch (25) to pivot out of engagement with the stem (4).

5. The actuator of claim 4, characterized in that upon withdrawal of the rod (22),

the locking pin (29) is pushed by the latch into a recess (24) formed on the rod.
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allowng the latch (25) to pivot out of engagenent

wWth the stem(4). 5. The actuator of claim4 ,
w@hb@paeter i zed in that upon withdrawal of the POOIR28®)000285

the locking pin (29) is pudhed by the latch into a

recess (24) formed on the rod.6 . The actuator

6. m@q&iﬁa@rta@c@mmgﬁao ahfioffela2mb @ & 5 Cétatracieeized d that the latch

G0 L0k LA ESLIERE0REE 100 L LR87

thEﬂgHK&HunV The actuator of any previous claim
wherein the trigger actuator (20) is a solenoid. 8 .
The actuator of any of clains 2 to 6, wherein the _

7. {Thiecrsév atee of any orpgioys skpe whorpinythg| triggeepetwater 28d)s a

softnoidhe actuator of any previous claim wherein the
trigger nmechanism (22; 25; 29) conprises a latch (25)
shaped as a | ever which, by virtue of Iocation of the

8. mh‘éoict(l%)‘ of aay désladmed too6 swhsteantthalktiggerediaetor iea shape
force b Qﬁnk%&g fron1the spring nmenber (14) to the

8@ 3ﬁec ani "10. The actuator of any previous

cIa|n1 characterized in that the stem (4) conprises or

9. THCRIMMELE&F ah§ p@@v@ﬂ@léieéﬁl RéRE-OiR tfh%ct?ig\g&drde@haﬂlsm (22; 25;

annul ar cylinder. (15) conprised in, the actuator
29 s0EIPEpes fd)atc &hapedhas gﬂﬁmrawh@w PR a#Etue Shiogatien of the
pnh)tqQG}J li$ desipdéditod Eabstdanpan IrB@uéélﬂldmv&T&ahsmﬁttédl €om the

st en1§?%) Eﬁﬂ r%% gse of t ring menber (14). 11.
SPTRE HEPRSE OFY 3P TRF AReT e g the hydraulic medi um

in the annular cylinder (15) is in flow comrunication

n t

107ER, EEaF S AT prifbaL Mhjb) CRAL RGN B pEIAL SRR (1)
CORIRJHIES OF af vena@ttwé ép an @1@&6{1 pisten éleb‘@rda‘ﬂ ¥h appUtargygnder

(18 %ﬁ@é’&hrﬂﬂﬁea&ﬁaf&m@rﬁg A1 () avBenedth YBe aﬁhu%(lfy,hnder
wherei n the actuaf. i%éven by, a_not or

OB B BYRBRC S Ry AP E Yaf wibve st oh e sy upon

relehad of dpes@in®menmicke, (1éhar acteri zed by the steps of -
arrangi ng a conpressible force neans to exert, in the
steady state operation node, a bias on the actuator in

la Tb@c@@ﬁ‘daf@r 10é cla mnl(bpfpl@@ﬂetrethmbwraﬂ@p Hediga jiphe apgular

cygﬁﬁé’ﬂ NG) {de AGK BhRhuhitatiBa Wit Rd aliuR6t heWsiY interior via at
rel ease of the conpressed force
least one flow restrictor opening (17).

12. A method for shifting a gate valve between a steady state operation mode and
a shutdown mode by means of a gate valve actuator, wherein the actuator is
driven by a motor in a first direction for shifting the gate valve into the steady

state operation mode, characterized by the steps of

- arranging a compressible force means to exert, in the steady state operation
mode, a bias on the actuator in a second direction opposite the first direction,
and

- driving the actuator in the second direction by release of the compressed force

means in the shutdown mode.

13. The method of claim 12, comprising the step of arranging in the gate valve
actuator an electrically controlled trigger mechanism, and energizing the trigger

mechanism for holding the force means in the compressed state.
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means in the shutdown node. 13. The nethod of claim

12, conprising the step of arranging in the gate valve
w@eiogaoer2 an el ectrically controlled trigger neChHEBeM00285

and energi zing the trigger 18rechani sm for hol ding the

force neans in the conpressed state.14. The nethod of

claim 13, corrpri sing the step of energizing the

145 Eh BB ST coTsPaig he oDt A the GIRReY

mekhahtsm by € @dﬁpnosﬂ, g biyheslsdpepmendre allon SMAE ekmeyrgency
shutdown (ESD) functionality through: - driving the
gate val ve actuator further in the first direction

15dThe maetbod afpngtaftcbaioel 2te of, erdpribingobersder ohtestinghe

erd®EHoy SAREBR ( E@@)foﬁG@orpefht% herfQPHPr essed force

nmeans, and -returni n% the actuator in_the steady state
- dsyaratheorptyadvarrtupPrHEFtbsT it theSryichirctionsdrmag sipady state

op8RAIDS: mode by operation of the motor, against the force of the compressed

force means, and
-returning the actuator in the steady state operation mode by the force of the

compressed force means.



