WO 2009/ 138849PCT/ |1 B2009/ 005567 1 A sub sea hybrid val ve actuator system
and net hod TECHNI CAL FI ELD OF THE | NVENTI ON The present invention rel ates
generally to an actuator control systemuseful in 5 sub sea production of
hydrocarbons. It relates specifically to a sub sea val ve actuator system
and a nethod to achieve a sinple and robust control systemat |ow cost and
l'ow qualification effort. The actuator systemis conpatible with the
concept of sub sea electric production control architecture. 10 BACKGROUND
AND PRICR ART In the foll ow ng background discussion as well as in the

di scl osure of the present invention, the foll ow ng abbreviations will be
frequently used: BLbrush-less 15 DCdirect current DCvdirectional control
val ve EH MJXel ectro-hydraulic nul tipl exer ESDenergency shut down

I / O nput / out pwb 2080ide¥DT| | near vari abl e di fferenti akctmamabsamer

PMoer manent magnet PSDproducti on shut down SlLsafety integrity |evel

SHPUsub sea hydr au) &G RO aotitot system and method

TECHNICAL FIELD> OF THE INVENTION

The present invention relates generally to an actuator control system useful in

5  sub sea production of hydrocarbons. It relates specifically to a sub sea valve
actuator system and a method to achieve a simple and robust control system at
low cost and Jow qualification effort, The actuator system Is compatible with the
concept of sub sea electric production control architecture.

10 BACKGROUND AND PRIOR ART

In the following background discussion as well as in the disclosure of the
present invention, the following abbreviations will be frequently used:

BL brush-less
15 D¢ direct cutrent
bcv directional control valve
EH MUX electro-hydraulic multiplexer
ESD emergency shut down
1/0 input/output
20 LVDT linear variable differential transformer
PM permanent magnet
PSD production shut down
SIL safety integrity level
SHPU sub seca hydraulic power unit
25 SBMA shape memory alloy
XMT, Xmas tree Christmas tree

The prior art in control systems for hydrocarbon production comprises both

hydraulic and electricat control, respectively.

30 :
Most concepts for electrical actuation of large gate valves include the use of an
electrical motor and a roller screw or other form of rotary-to-linear mechanical
conversion device, such as disclosed in e.g. US 7,172,169 and in US 6,572,076.
Other concepts, such as disclosed in NO 322680, are based on use of a small

35 SHPU, to combine the acton of an electrical motor and a hydranlic
piston/cylinder arrangement. Both approaches have merits and both also have
certain limitations, The former approach tends to involve mechanical complexity
and extensive instrumentation in non-retrievable components (i.¢. for example
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25 SMAshape nenory alloy XMI, Xmas treeChristmas tree The prior art in
control systens for hydrocarbon production conprises both hydraulic and

el ectrical control, respectively. 30 Mdst concepts for electrical
actuation of |large gate valves include the use of an electrical notor and
a roller screw or other formof rotary-to-Ilinear nechani cal conversion
devi ce, such as disclosed in e.g. US 7,172,169 and in US 6,572,076. O her
concepts, such as disclosed in NO 322680, are based on use of a small 35
SHPU, to conbine the action of an electrical nmotor and a hydraulic

pi ston/cyl i nder arrangenent. Both approaches have nerits and both al so
have certain limtations. The forner approach tends to involve nechani cal
conpl exity and extensive instrumentation in non-retrievable conponents
(i.e. for exaoRbeuess@ONFI RVATI ON COPY WO 2009/ 1388¢amaiédof32009/ 005567 2
integrated with an KNIT nodul e) andz| arge di nensions. The latter approach
tends to involve several hydraulic co nents _d nstrated over many years
to have | es@tesrps dban A Boquly %ﬂ%%"f‘ﬁ“& ?ﬁgggé%ppéoﬁfz& ext, e.g. DCV

pi | ot vaIve?nﬂewwm@Wﬂgmﬁﬂdw¢WPU$ﬁm@$%%ﬂﬁqqmﬁﬁ¥ﬁF6PW¥@Fﬂ§5@@“bperat|on
pressure rehivefiesytilaw desirabiel refialbilyl troabribeea cmtart kgt ledvspiloffabed atter, if in the
form of ni tf@gﬁﬁ%&mﬁmemamsksmra@imé oftR&H08 ores3ii@ rqlieOaRest2ad| eakage over

tine, Wmch GechBRRR @béa@.rﬁmsmloyme;@g@ﬁt Qgecasi |y ietrievable

nodul es. so inefficient. In

t he forn1of %@%ﬁgﬁﬁﬁé?eg F? E&ﬁ§°‘”%nﬁé5| nsﬁgégﬁﬁh%ﬁfors are bul ky and
unsui t abl e P@’qﬂ%"‘ﬁ&ﬁi%ﬁa‘;&ﬁ ‘g’é EI%J(‘EGP dylescimdsep Waserda cergyd an XM, The
present i nvesrrioiatorssard slseigefivierd. o Greforroatimsphanfcalspiiggedpiees pur sued in bot h
canps (rol | essigas iceumalatraure baky argisns@mbas bd puet o bowydyatangatedpeci al |y on
the use @nl ¥, of hixgrbest conponents from each canp in a conbination

exhi biting 15 unparallel ed robustness and rellablllty conbi ned with cost
ef fectivenegs. The critica | ) ctuator as applied
to e.g. an XNTPTPEThipeptinnip Li"i‘“lﬂggré? ‘é‘mfbg'fagﬂ“ rPF'ﬁm%lesrr%ur ‘?Lf'% éh is a mechani sm
desi gned t ocamekrolles 3@6%?%%%‘#%%??’816@?”&?? §WF‘?\‘1§'°“FIFF«§*BF atter storing
ener gy requenied thabestnomporzetsIQm gty eanfprip meethiingion girdtitingn position to the
saf er pasi t iemralldisdi@bhymdst atil Bpahlitf @nbimes etth pesefetteess. For the case of
el ectromechani cal operation the latch is usually al so el ectronechani cal

Many ver s Ofg, JRKS RER ordRUb SR burvPhuds e b ELRIL Bk w25 cOMM SSi oned
In the sub ?’a:l 8 lﬂa.tch erangcmcnt This is a mechanism designed to work in
conjunction with a return spring, the latter storing energy required to turn the
20  valve from the production position to the safer position, usually from open to
closed position,

For the case of electromechanical operation the latch is nsually also
electromechanical. Many versions have been devised, but few implemented and
25 commissioned in the sub sea industry.

For the local (to the actuator) SHPU line of approach the fail safe feature is
almost invariably provided by means of a DCV. Such valves have several
unfortunate, but necessary design features. Traditionally the DCV has not been
30 critical to the ESD functionality, except for a few installations characterised by
very long offset of the sub sea production facility from the host platform. The
universally accepted form of ESD for a traditional EH MUX production control
system is in the form of hydraulic bleed down from the host platform, thus the
safety critical DCVs are located on the host platform, and are thus accessible for

35 repair or replacement,

Use of pressure relief valves sub sea has very little, if any, history in production
contro)] systems, The industry has shunned pressure regulating valves and



For the local (to the actuator) SHPU line of approach the fail safe
feature is alnost invariably provided by neans of a DCV. Such val ves have
several unfortunate, but necessary design features. Traditionally the DCV
has not been 30 critical to the ESD functionality, except for a few

i nst.allations characterised by very long offset of the sub sea production
facility fromthe host platform The universally accepted formof ESD for
a traditional EH MJUX production control systemis in the formof hydraulic
bl eed down fromthe host platform thus the safety critical DCVs are

| ocated on the host platform and are thus accessible for 35 repair or
repl acenment. WO 2009/ 138849PCT/ | B20091005567 3 pressure relief val ves
used sub sea. The full' range of valves normally used in a mni SHPU

dedi cat ed t oweomnbsek Oof a single actuator are basiraishyymaesi der ed
sensitive to particulate contam nat#on and thus undesirable. 5 Electrical
actuation should be defined,in a stemconfext, i.e. an.actuator with
only el ect r iPEEFUE SN YBseIopt V’%osﬁ?ﬁ%%{ rf’}%gﬁvﬁg%sé’é),m%ﬁas%dn fiydraul i c

i nterfaces, Tt FHY dagieatsdda sorpieet ol symeleranmator e beY¥Pbheordfrsdl “system Pig. 1
i Il ustrat es sepsitivptacakticpletegontamineStdgdghescunidesigbie.sued by several designers
for achi evenent of an actuator using hydraulic conponents. The concept

includes A BRiH MG ModE bABetBL B ol shiter BB, 1 8MndEGIIN-@E Or for storage

of hydraulicnoe r. syal | ) a.|It].11 f Moo e | ui,d, and a

sol enoi d opé’r %t ié%“ﬁf(’:tl?ngB?S%llyroggﬁl)oﬁtélfacg%ﬁrt%rlgﬁa},{%ﬁgh algégf%ﬁeriéoer/ piston unit.
The latter i3 YRAFERT RAEQA! the PIATRONPR QRIS PRI PE IVIHITAY® # R&For ces to bri ng
t he val ve t @riptvst PRdUdcvE pirspridivispusrel deaigners feaghicvemant ¢fgri ng is usual |y
provi ded f omcisbior eures hyfiratifivecoepenayis. Tleqguacepdndiaies e pumpmditivae byal ve to the

saf e 15 poSiahieRRr¥RGHr, bhacdiyllisad rGtopigt SEyiRuliSpoweN Ladupytdhe DCV when t he
sol enoi d i s ;{Rr&Nes Mk &R, anlilalsBehdd GBI diGetiotal chitrd Sndd!St OMAIY 10

organise a motqr .1 connected ta a 3.viag a flexible coupling 2 to
generate a ggjélggrd?lfém‘éﬁ%‘gg;’?ggﬁlfﬁf%ﬁ&%t‘?ﬁle(‘:’?aﬁ“éectmvgfo\‘/ﬂtea’_”ﬁhcsuch as to charge
an accunul at®fesge bringshealyp fosthy profagtion pestrign gb pege SR AEEE 5s i ndicated in
Pig. 1 for [ysesleetovided fof sterhge of thesnasreaiined to relypothe elveyatiesate pil ot val ve
10 drives Dgbkitthntwhet e hyfratiat presguip dsiebied by the DICEtwhEd thie dolérdatddsigh connect or
19 to actualieendyeunder 11 and to drive a piston in cylinder 11 to the
open position of the valve 12, also pushing fluid out fromthe spring 25
ai de of the“ﬁtynl itndecr tOllgigthrtqu QtD(I:non ector. ezaomo Al ccgge%{d\{oal ve 17 and filter
15. When the véf@rénles b ,Bre urn {6 the Safe Posjtron the sol enoid of
the pilot vEMPR3TE fiexie cnplipg? egrerytha PiseRreanda fgritravehunder the force of
the spriddg rhecherre Bpachrsds shares dorpepvralaten § Agepsug rehgidaltefes spri ng si de of
t he pi ston strekeed b4 indidatédiofig: &$e protaction/of tHereamg landpdiaWpbc connect or 20 and
check val ve adBatioh|8108R1@ 16 alitth BP0 SddloPerhiihglpb@tic b Guintiai s hi gh for deep
Sirouit s SAOERPERPME & CHORRLAGARE 1 nd e e At s oSt
ircuit i | o~ | oY .
sensitive tg_&léoot%? %ﬁgﬁl?ogno?aﬁgﬁg%}dy%Bﬁgﬁg\?ﬁ? Tf)slgﬁlﬁ pressure relief
val ve gide of the cylinder 11 through connector 20 and check valve 17 and filter 15.

When the valve is to be returned to the safe position the solenoid of the pilot

valve 10 is de-energized, the DCV 9 is driven under the force of the spring to

vent the pressure in the cylinder 11 and the spring side of the piston sucks fluid
from reservoir 7 through hydranlic connector 20 and check valve 18, The

30  absolute pressure in the circuit is high for deep water and minor pressure drops
across filters is of no consequence. '

This circuit is suitable for a topside installation where the components most
sensitive to contamination, notably DCV pilot valve 10 and pressure relief valve

35 5 may be acceased for repair or replacement, and where the ambient pressure at
1 bar is suitable for use of a nitrogen charged accumulator 8, but less suitable
for a sub sea installation.



35 5 may be accessed for repair or replacenent, and where the anbi ent
pressure at 1 bar is suitable for use of a nitrogen charged accunul ator 8,
but less suitable for a sub sea installation. WO

2009/ 138849PCT/ 1B2009/ 005567 4 The present invention ains for elimnation
of these three undesirable conmponents, but still providing an operable
actuation system of great robustness and reliability. 5 In the follow ng,
several features of radical inprovenment on this concept with respect to
reliability in operation will be described as parts of the present
invention. SUMVARY O |" THE | NVENTI ON 10 The object of the present
invention is achieved and the drawbacks of prior art essentially
elimnated by the val ve actuator system and nmethod as defined in

i ndependent GloahBssedUr t her advant ageous f eat ur es iash.@9sei nents provi ded
by the invention are defined in suberdinated clains. 15 In simlarity with
a conventional hydraulic actuator for a valve, the subject actuator

conpri ses aTB§PieirabirEict ¥ne B glmipaton ohtrese thist pradesieaBlei ng arranged in an
act uat or hogsnpigents, buhgilmpggvidin sarpperekic agihationsystegiofgtealr ity with a

convent i onakoblayEeawh elaglityat or t he nove from producti on node to safe node
is by action of the return spring, and the nove fromsafe nbode to

Phe i 1 2l O eiBuf Wit B RS Mol s L RWRE OONCTACOC
but prefer ab‘%/sﬁeof E?cfgll %'iiﬂ°%{’m§1§8§?q‘gtfee“{;§/‘ﬂ$%‘f %%ﬁ%ﬁfl% RIRP The suggested

circuit hasimygrt®Bcunul ator for storage of hydraulic power and no 25 DCV
pilot valve (or DCV). Nor has it a pressure relief valve. Thus the three

| east desi r sbmacpopaaemENmioN he conventional concept have been
elimnated. The notion of the piston/cylinder fallows si gRI y as a function

of 1 ui d®emHgPHRThTIERF BIERS HYFRAGP RARFETS age et aiPacks oRPER & di schar ge port
of the punpessggielhelinfingted hydhevalvg pethatprsypipmandaethethescdstpiddml  ar r angenent
(ref: el ect moepahantieials. Rrthesddvagagracifeatussind ebhediaentapgadent conpri ses
mechani cal ppfde$nvditod ateiehadh sutdoindkRatihon forces fromthe return spring
and fromthe well bore pressure and is held in | ocked position by neans

only of smal.l . el ectrical curren nd .at very |low wattage. It is the

i nt roduclsi oﬁP%?ﬂ?ht’f?t‘,heT‘é"é‘ f’rng-‘maégydtrrr%c AT OR e's'fg Seu\g%?:tr angenent whi ch
facilitates?fRHeramrEtes f FEnger ARG ey Y Pa ™ EbRyoREnTEed Becunul at or
(conpensat i AgadtegtordOwingrskheyayin cloments.ddspdm simgarity pifie & fowertignal o handl e t he
ESD si t uat i bypraxdliacctizider tpe ss@Urom greductén medeve safdAidde is by action of
20091138849fe T4 B2QBYE, ARDDE faoDe frdrd 504 Q6del t6 ProdictipaliBeadgro@ddor ) . The fai |
safe |atgh gl LanAQrRAtaulObobel SAMAEES: Bt Golifd-F&lcui9 WehingA@ hydraulic power.

integral part of the actuator concept, but preferably located in a separately
retrievable unit.

The suggested circuit has no accumulator for storage of hydraulic power and no

25  DCV pilot valve [or DCV). Nor has it a pressure relief valve. Thus the three least
desirable components of the conventional concept have been eliminated. The
motion of the piston/cylinder follows simply as a function of fluid being pumped
into the cylinder directly from the discharge port of the pump.

30  The fail safe latch is an electromechanical arrangement (ref: electromechanical
arresting mechanism). The arrangement comprises mechanical parts able to
handle the reaction forces from the return spring and from the well bore
pressure and is held in locked position by means only of & small electrical
current and at a very low wattage. It is the introduction of this electro-

35 mechanical fail safe arrangement which facilitates removal of the otherwise
required components: accumulator {(compensaating for DCV leakage), DCV
(essential function is to handle the ESD situation) and the pressure relief valve



The present invention also facilitates protection of notor and punp by
detection 5 of end-of stroke position. The present invention has
characteristic performance very different fromthose of either an

el ect romechani cal actuator or an SHPU based actuator as described in the
prior art references. It is truly an electric actuator as it has only

‘el ectrical 10 (and in the future possible optical) interfaces with the
ot her parts of the production control system As opposed to a typical
roller screw based actuator with a high torque brush-I|ess, pernanent
magnet, direct current (BL PM DC) notor and gear 15 arrangenents the
proposed design may be built for larger dianeter and shorter |ength
protruding frome.g. the trunk of an XMI, thus nore conpatible with sub
sea Xi VIT arwebpisedsssr es. One advant ageous f eat ur e rofmioi@ossal ve act uat or
system of the present invention 208s that it can easily be expanded to
serve fail - 0id-A5l orBOSk L LABS AR W HPLEBLLY B, Bofimpi ol d or choke
appl i cation, B? S| P? feversing. diréétlon oferota

ion~of the electrical
mot or, r emoViCHiFHEeS Bp pydzaie PAsTi ng and desi gni ng the piston/cylinder for
bidirectional action. This assunmes full reversibility of the punp, usually
t he case f Othegprgeainveuting alsn Okilitkasdy@edtiie ofo@s® ahdpurap i dteotionpunp. 25 I n the
case of @ pirshdsr seBdPoifod.t Woul d be beneficial to use a notor as punp as
they are usually designed for true bidirectional operation both in punp
and not or de. Briefl th resent i.nvention ovi des_a sub sea val ve
actuator sys ,@ﬁ%sgﬁn&%’ﬁ%oﬁhg?%apaﬁteﬁ?téctpc?ﬁ"%?eVEVIGB{%'CTE?Q"%Q‘&%I y and a return
spring arrdﬁ&@ﬂ”PﬁdﬁﬁmﬁﬁﬁﬁéPgPdﬁﬁﬂgFﬁﬁﬁﬂguﬁ?ﬁFaﬂP¥E”ﬁGﬁﬁﬂHﬁd el ectric

not or asseribtye rissat Fefradest idinthhen gectricastvated aciy hasrpdbreleasisdnbl y, hydraul i c
flow | ines @fworinlyeduamind possite citidl) dteriied Gith e qties bty otthd cyl i nder in

rel ative dipphdges®htodgadnist the force of the return spring. The actuator
systemis characterized by detection 35 nmeans arranged for detecting an

end- of - stroke posjtian.o he piston and cylinder assenbly, said detection
means is at I g"gf‘i BifdvRige r°il_%f Sﬁ’%?%?scg arrait %Hb%?‘%‘i"fqﬁﬁ Psttuit unit; -a
hydraul i ¢ &8 RFFPPeRSEIe: dersErent{Bt PM BiDmot0e)des8849PCT/ 1B2009/ 005567 6
15  arrangements the proposed design may be built for larger diameter and shorter
length protruding from e.g. the trunk of an XMT, thus more compatible with sub

sea XMT architectures.

One advantageous feature of the valve actuator system of the present invention

20  is that it can easily be expanded to serve fail-to-last position actuation, typically
for a manifold or choke application, by simply reversing direction of rotation of
the electrical motor, removing the fail safe spring and designing the
pistonfcylinder for bidirectional action. This assumes full reversibility of the
pump, usually the case for a gear pump, not always the case for a piston pump.

25 In the case of a piston machine it would be beneficial to use a motor as pump as
they are usually designed for true bidirectional operation hoth in pump and
motor mode.

Briefly, the present invention provides a sub sea valve actuator system
30 comprising a piston and cylinder assembly and a return spring arranged in an
actuator housing, a hydraulic pump and electric motor assembly associated
with the piston and cylinder assembly, hydraulic flow lines for hydraulic
medium driving the piston and cylinder in relative displacement against the
force of the return spring. The actuator systern is characterized by detection
35 means arranged for detecting an end-of-stroke position of the pisten and
cylinder assembly, said detection means is at least one of:
-a motor current monitoring circuit unit;
-a hydraulic medium pressure sensor unit;



-a position sensor unit; and -a |linear variable differential transfornmner
unit; wherei n an el ectronechani cal arresting nechanismis arranged to be
energi zed for releasably arresting the return spring in a conpressed state
inresult of the 5 detected end-of-stroke position. According to a
preferred enbodi nent, at |east one of the notor current nonitoring circuit
‘unit*and the pressure sensor unit is contained in an el ectronics canister
which is retrievably connected to the actuator housing. According to

anot her preferred enbodi nent, conponents of at |east one of the position
sensor unit and the |linear variable differential transfornmer unit is
contained in the actuator housing (i.e. the non-retrievable part of the
actuator systen). The notor current nonitoring circuit unit is preferably
arranged t o wyRbss@n end-of -stroke signal to a | egimszessmistszcontrol ing the
el ectromechani cal arresting nmechanismto hold the valve in production node
against the force of the return spring. The pressure sensor unit is
preferably -aPpiigeanbugEdelate a pressure signal in a logic unit

cont r ol | i ngatiher edrdblerddfreotdnrapsbrmgr wdtt i ng mechanismto hold the valve in
product i on wHekh @0aéchinedharicd] fredingfnedHanished atfangsias boigperg2bd At | east one of
the positi %éﬁ&lﬁﬁ& aktBithhg 8Rdetu s phih MBI coMpfebRRbaredh feb@tf @fd al transformer
unit is ({ e‘r:,%g)l &rsgraﬁgqeogmgo submt an end-of-stroke signal to a logic
unit controlTl ng ronechani cal arresti ng nmechanismto hold the

val ve in production node against the force of the return spring. 30

Pr ef er abl y, Acetagingioch riefeired qhepimanteetdsastenciob e 1At e85 senbl y are assenbl ed
i n a hydr auhingtogruirenitingit arwhthe bressgrersetsor envibislegntgwrdrieer ed t o t he act uat or
housi ng. Th@:chyGdsathister W i Rtisafly einatdadd ty teupphierbukiag.t he

pi ston/ gyl i nder assenbl y froma reversible, fixed displacenment hydraulic

purp. 3" YD 20001 L3RRIORCT) | B200SLORS550, T K il QSF S Pref or abl Y
e 0

arranged dIS ( u5|ngf|IIed W th
hydraul i c rPéﬁPiﬂﬁcﬂﬁ’ﬁﬁﬂﬁF‘E%’thH@eWWmF ﬂ@f""i’??‘ﬂﬁlgﬁ'f TFHH i a a return flow
line. 5 |n canthined indhe ganefehoednadih Suinveneiiiconbleruteiikassiambusi ng conpri ses
a stem projsegémng fromthe cylinder in a forward direction, and a | ocking
bolt prejecting fromthe cylinder in the aft direction, the | ocki ng bolt

reachi ng t%Q%QrEﬂ?en@h%h@c@m&&réﬁﬁu&ﬁﬁﬁﬁ&%ﬁﬂaﬁﬁ&@@ﬁ%bﬂn@eﬁ he end-of -stroke
position of the c %lﬁgﬂdﬁﬁ{dﬁ %?(um{:ma@ QS alhan g% ivotally in the

actuat or hous) I'ng. I'ng %s ar e efera “Control lable into
| ocki ng end’é“ﬁ’é??éﬂ‘ﬁ tofjoldihe rre R PRdush fhm%%eﬁgéi‘%ﬂ?f OTHHe éll‘eerﬁtflf‘bnagnet / sol enoi d
or a shape *rémbry al | oy devi ce.

20

The pressure sensor unit is preferably arranged to generate a pressure signal in
a logic unit controlling the eleciromechanical arresting mechanism to hold the
valve in production mode against the force of the return spring.

25 At least one of the position sensor unit and the linear variable differential
transformer unit is preferably arranged to submit an end-of-stroke signdl to a
logic unit controlling the electromechenicel arresting mechanism to hold the
valve in production mode against the force of the return spring.

30 Preferably, the hydraulic pump and electrical motor assembly are assembled in
a hydraulic power unit which is retrievably connected to the actuator housing,

The hydraulic medium is preferably supplied to the piston/cylinder assembly
from a reversible, fixed displacement hydraulic pump.

35
The hydraulic medium is also preferably supplied via a flow line opening in the
end of the piston which preferably is stationary in the actuator housing.



Briefly, the present invention also provides a nethod for operation of a
sub sea 15 valve actuator system conprising a piston and cyli nder
assenbly and a return spring arranged in an actuator housing, a hydraulic
punp and electric notor assenbly associated with the piston and cylinder
assenbly, hydraulic flow lines for hydraulic nmediumdriving the piston and
cylinder in relative displacenent against the force of the return spring.

The nethod is characterized by the steps 20of: - arranging an
el ectromechani cal arresting nmechani smeffective for rel easably arresting
the return spring in a conpressed state; - determ ning an end-of - stroke

position of the piston and cylinder assenbly through at |east one of: 25-
detecting the current supplied to/consuned by the electric notor; -

det ecting theygnpasskpe in the hydraulic nmedium - patmebongrthe position
of the piston relative to the cylinder; and - detecting the absolute
position of the piston or the cylinder; and - energizing the

el ect r omec haliiecydeis Breterahly aprgage dispiarrbln op Bedistondt A Y8t ect ed 30

end- of - st r okeugiosfilteid with bfdradlis nprdiproremapvaiceting witidhe BIdsuEOPYIP Furt her

subor di nat evideichod fieé Bps i ncl ude: - powering the notor at standstill in
the end-of -stroke position while detecting at | east one of the notor

cur r ent. CoNSYIRLIAN el NEq DNARNbL S TEEHPLRIES SHbiseslPekie POSI Li on of the
piston relative to Prh cylinder,. an H% ,,a0sa te g?q{tl.orénof t he piston
or the oyl | TIBFIERER GeedBiET ROHESEHE BT §u°ﬁ§1“i PR ot or (st at or
wi ndi ngs) upee teedisde inthepitdisection dedpckingbgl ecagfiied Trogeh §f t he

pi st on/ cyl i ndeen s eddabaply entiRe@ GOk :BBEFHUPESTHBROFIUOPEBE7 B - activating
t he el ect r onekhigAb@alkranfs @SbiaDPnIRCRARISG BLuYPRN passage of a certain del ay
in time ggring which the notor is stalled at full torque; - accel erating

t he notor at,.nnj tor i I, . charged 5 accunul at or
arranged in Tth}r'ﬁpéo # | %&vggf)?e%i%?adﬁ/%ﬂ%n%gel’f% Oglggn?{r{%ggfungf tg L he cylinder;
bolt upon energizing an electromagnet/solencid or a shape memory alloy device,

Briefly, the present invention also provides a method for operation of a sub sea
15  valve actuator system, comprising a piston and cylinder assembly and a return
spring arranged in an actuator housing, a hydraulic pump and electric motor
assembly associated with the piston and cylinder assembly, hydraulic flow lines
for hydraulic medium driving the piston and cylinder in relative displacement
against the force of the return spring. The method is characterized by the steps
20 of
- arranging en electromechanical arresting mechanism effective for releasably
arresting the return spring in e compressed state;
- determiring an end-of-gtroke position of the piston and cylinder assembly
through at least one of:
25 - detecting the current supplied to/consumed by the electric motor;
- detecting the pressure in the hydranlic medium,;
- detecting the position of the piston relative to the cylinder; and
- detecting the ahbsclute position of the piston or the cylinder; and
- energizing the clectromechanical arresting mechanigm in result of the detected
30 end-of-stroke position of the piston and cylinder assembly. '

Further subordinated method steps include:

- powering the motoer at standstill in the end-of-stroke position while detecting

at least one of the motor current consumption, the hydraulic medium pressure,
35  the position of the piston relative to the cylinder, and the absolute position of

the piston or the cylinder, and discontinuing the power supply to the motor

(stator windings) upon detection of the end-of-stroke position of the

piston/cylinder assembly;



- arranging at |least one of a notor current nonitoring circuit unit and a
hydraul i ¢ medi um pressure sensor unit in a separate retrievable

el ectronics 10 canister which is connectable to the actuator housing; -
arrangi ng conponents of at |east one of a position sensor unit and a

| inear variable differential transfornmer unit in the actuator housing. 15
- assenbling the hydraulic punp and the electrical nmotor in a hydraulic
power unit which is retrievably connected to the actuator housing. Further
features and advant ages provi ded by the present invention will be
appreciated fromthe follow ng detail ed description of preferred

enbodi nents. 20 SHORT DESCRI PTI ON OF THE DRAW NGS The present invention
will be nore closely explained with reference to the schematic draw ngs.
In the draw mgeme2Bsafi g. 1 illustrates schemati cal »opmmeodpwemdi ti onal SHPU
circuit often found in prior art de$igns where an SHPU is dedicated to

operation of g gﬁ@%@el&%ﬁi&mmE}rgm%?lg&ha&sm%z@iaeﬁ 0@, section through

an enbodi ment_. 0 el nventlon 30 Fig. 3

actyat or
is a secti oﬁ%ffa“%/ilc?‘x/”éf%ﬁg W%"n fR° tﬁ‘é 9%t he actuator in
producti on node; Fig. 4 is a sectional view along the line V-1V in
Fig. 2, showasrgletating the gt @rminhm 8% togdwe pravidedripaie s siEing chdsgdds a | ongi t udi nal
section thr attghuane bheizeemne lseiithy@bulichimdant at e paysteme of t he present
invention; M:4009/138849PCT/ |1 B2009/ 005567 9 Pig. 6 illustrates
schematicall'y a hydraulic circuit of the actuator system according to a

preferred enbodlnent of the present inventjon
anging at least one of a motor current monitoring c1rcu1t unit and a

hydraulic medium pressure sensor tunit in a separate retrievable electronics
10 canister which is connectable to the actuator housing;

- arranging components of at least one of a position sensor unit and a linear
variable differential transformer unit in the actuator housing.

15 - assembling the hydraulic pump and the electrical motor in a hydraulic power
uniit which is retrievably connected to the actuator housing,

Further features and advantages provided by the present invention will be

appreciated from the following detailed description of preferred embodiments,
20

SHORT DESCRIPTION OF THE DRAWINGS

The present invention will be more closely explained with reference to the
schematic drawings. In the drawings:

25  Fig. I illustrates schematically a traditional SHPU circuit often found in prior
art designs where an SHPU is dedicated to operation of a single actuator;

Fig. 2 is a longitudinal section through an embodiment of the actuator systetn of
the present invention;

a0
Fig. 3 is a sectional view along the line III-Ill in Fig, 2, showing the actuator in
production mode;

Fig, 4 is a sectional view along the line IV-IV in Fig, 2, showing the actuator in
35 shut-in mode;

Fig, 5 is a longitudinal section through another embodiment of the actuator
system of the present invention,;



Fig. 7 is a representation of the hydraulic pressure in the actuator
cylinder as a 5 function of tinme for an actuator stroke sequence from safe
to production position of the valve; Fig. 8 shows the notor stator
currents as a function of tinme over an actuator stroke; 10 Fig. 9 is a
principle schematic of the electrical circuitry of an actuator contro
systém according to a preferred enbodi nent of the present invention; and
Fig. 10 is the control systemof Fig. 9 extended to include alternative or
15 enhanced sensor instrunmentation. DETAI LED DESCRI PTI ON OF PREFERRED
EMBODI MENTS OF THE | NVENTI ON In the follow ng preferred enbodi nents
of the invention will be described. A 20 conplete list of references is
attached to the end of the detailed description. Wth reference to Fig. 1,
the prior art{vobysizaw ic circuit discussed in the bagisgisusig typically
conprises the follow ng conponents:¢%an electric nmotor 1, flexible coupling

2, hydrauli 3. p et s I ner .or filter 4 ressure 25 relief
val ve 5, ﬁ%ﬁ%ﬂg ‘?ﬁégﬁﬁﬁuéyagrﬁmﬁﬁ ST e RO ESPi ¢ accumul ator 8,
control vaI %Ofgmgﬁ?ﬁeiefevacl?}’éb"ﬂ@enh d‘?%ﬁ?ﬁeﬁt‘%‘ﬂf}l‘i“%‘i‘der 11 with spring biased
pi ston, gate valve 12, return filter 15, check valves 13, 17, 18 and
hydraul i c cmygpt xislagsprélsgntatmilozﬁw hgdadiverassnep i dhi edutysy@iecs at he present

inventi oR i 8, £ ERORH b Yatdrl strbisd Jegtefbh fdh fakdo pfodudeh h reference to
Pigs, 6 and L th gr 1 drives the punp 3 via flexible coupling 2 to

no

Ccreate a pr%séﬁ?g‘%bmnstrean1the punp 3 as soon as the flow out of the
punp is nmet with a restriction to flow. The |east restriction to flowis

r epr esent edFigB shews thegtofor ggtor AefreEsisgindioe offifieveran patuatey gani sed to of fer
t he 35 not ostrake;soft start at mnimumtorque, and thus allow ng a fast
accel ergpion of the nmotor rotor. This is simlar to a hydraulic bypass

type Start,mwﬂ%ﬂ(}é@ﬁ gbﬂ%&t&%ﬁ'eﬁﬂlwcﬁ&mﬂc@% Lhgs-ionai ty which my

:’;l(r:"(::L:’)rldjlug'[eo:‘Jn\I;\n%lfnLagArjimnﬁ ola prc crre% em or%nca:i{ttof %PTSclsen HM?R% Ipl SE on type
2009/138849PCT/182009/005567 10 to be f|IIed into the cylinder at |ow
pressure unfig] 10t the sortiohgyatem of Fig A ¢xtondef! to frelvgf dliepptivaorat end- of -travel . At
this tine, tndredsedodbstdinentatibi.g. 7, the fluid is forced through
connector 19 into the cylinder 11 in order to push the piston in cylinder

L1 agai nst_bbeut @ BESCEPAOT Gy $ReAfRIED MSbriBeraat fud2 Lo the S production
posi tion. 3&&% ﬁg nber 72 indicates the breakaway position, and 73
t ar

i ndi cat es t of steady notion when the breakaway force is overcone.
When the prmdbefollefindieiriddambbdimesa of thelinadntigiwillbh gespritegsaur e bui | ds up

downst r am {dagdadiie oREerakE BisteBtBERA toSthB endf tte@btafldrdeddRptida Ui . The rotor
decelerates and is stalled at high pressure at tine 75 and kept at ful

torque at With reference to Fig. 1, the prior art hydraulic circuit discussed in the

background typically comprises the following components: an electric motor 1,
flextble coupling 2, hydraulic pump 3, pump inlet strainer or filter 4, pressure

25  relief valve 5, volurme compensator 6, oil reservoir 7, hydraulic accumulator 8,
control valve 9, pilot valve 10, hydraulic cylinder 11 with spring biased piston,
gate valve 12, return filter 15, check valves 13, 17, 18 and hydraulic couplings
19 and 20.

30  The simplified system of the present invention is correspondingly illustrated in
Fig. 6, With reference to Figs, 6 and 7, the motor 1 drives the pump 3 via flexible
coupling 2 to create a pressure downstream the pump 3 as scon as the flow out
of the pump is met with a restriction to flow. The least restriction to flow is
represented by the small spring charged accumulator 14, organised to offer the

35 motor a soft start at minimum torque, and thus allowing a fast acceleration of
the motor rotor. Thig is similar to a hydraulic bypass type start, however
without complicated control functionality which may introduce unreliability. The
soft start is simply a piston type accumulator with a small spring, ellowing fluid



10 (near) standstill for typically 1-2 seconds until tine 76. During this
stall tinme the arresting nmechanismof the actuator is activated. The notor
is then switched off, and the actuator is held in position by neans of the
arresting nechani smwhich counteracts the entire force of the return
spring of the cylinder 11. During typically 1-2 seconds of stalling the
-rotor at full power 15 supply, the heat generated in both rotor and stator
is significant but well within the heat capacity of both conponents.
Turning nowto Fig. 2, the structure and conponents of the sub sea val ve
actuator systemw || be described in nore detail. The actuator conponents
are 20 contained in a housing conprised of a forward housing part 21
connected to an aft housing part 22. Reference nunber 23 refers to an ROY
override facibhhfdmssdnd reference nunber 24 refers ptpmarasizuat or bonnet,
whi ch connects the gate val ve actuator to t he gate val ve and provi des an
end wall of the housin 1. 25 A ton 2 I|nder 11 are
arranged fof° W@Pﬁ’t‘f"i?éh?gj? eéﬁtﬁ??aém”sﬁuf‘f’ s STEP TG g"i fe specifically,

t he cyl i ndepisten isjag %?fm@d“r‘i’?}%%ﬁénql?ﬂtwﬁl%@%ﬁ tht Pt ons on a piston
25 whi ch i sfogtattiroparcynmectonlivgetd thepylitder hbinordvyto fuslotee aisfogimvar d end wal | of
the cyli ndedsyhﬁcier 18 agdirfing GetRnGpRed & ob It putglind dar thasmkng end wal | or bonnet

24. The ,tgpoaﬁzumpa@mﬁ%a&eréa@éMlﬁnﬂep%@ﬁlﬁﬁa@aa@qmm&ww@ﬁme 30 linearly to
effect s n% H‘L tte & Yofs{ea Quonw‘fxen n.the cylinder and
stem are ex Lo For ' chl owar s the |eft hand
si de of t he®¥gr°ame: r’f&)"n ”F?Rﬁ?ﬂ“ﬁ?fé‘%ﬁﬁ%‘?f@déﬁd T4 fhe sy ?’ﬁ[aer end wall, a

| ocki ng bol up dvnpiresmeihe puthp besaupe Hepreis 28 ovnties for the Muidr Basgeter central |y t hr ough
t he pi ston dbelerhtee abdislstaligl 4o bigh pRéswcoOapidreanitesd ket ht falhtoglueet r onechani cal

| ocki ng ygr @5&%&&&&3&1 RB5typRahan $58nasuit lukne76. Busink B8y staxphai ned with
reference tg Sélof g@ggpgé;&gg@gﬁg&gg;@g%m%m 11 30 which
is forned |n %F N e}h b cmsof%(tencgd position, the
cyl i nder 113‘W fd a’b‘ﬁﬁ%%‘:ua R g TP gCI?IOH by the Power of the
conpr essed FedarEm r?@“”l@a““’r‘lkf%e‘i‘%ﬁﬂ’cr‘?" QX‘Tg§ 'thg| easabl y arrested

in the corrmybsdpedlﬁmwhﬂwseawdepéﬁtﬂwmwmﬁ@amPWSenbl y conprising
an el ectisi caipply, the bangéretdeadn bith gg@rantdBeiva i dgnificdnt bitvell etthipr essed stat e of
the return gphiddamity F86thkblponénts.t he | ocking bolt 27 is arrested by
engagement from a nunber of |OCkI ng dogs 31 engaging a radial shoul der 32

that is forﬁe’g oggvtéhe%%)g reandz??mlpoanM? léls Sedogs 31 are preferably

equi di st ant eri bolt, and may be
ar r anged atﬁ%“ﬁﬁ‘tfr?ﬁ%?mmll tte\%“ﬁ'?"dh’bf*‘émdﬁ?é W&Ft&?“’rf@mg?i‘(ﬁ &r 32 connects an

aft sect oncoptairedén & barksing gorhmyised ol @ fgwirdrhangiel reEdl icomedsl 9avi ng great er

di anet er t h&@hhddamg phit 28 ERefetenit. nuidiber2d refessas en Re€ evefzidg facillfy, ale | ocki ng dogs
31 are pi VOofeRerturer SNSRGSTBA bethbibibohha, Wit @dhnesiad @erad, thus

al I owi ng t h%t&a%l%ﬂgggtglv&ve%zd pldiReEH dnBURT oflthe RGN P £ €M 26 t0 be driven

in the aft direction by the expanding return spring 29. The | ocking dogs

31 are forned
25 A piston 25 and a cylinder 11 are arranged for relative displacement in the

housing 21. More specifically, the cylinder 11 is arranged movable in both axial
directions on a piston 25 which is stationary arranged in the housing. From a
forward end wall of the cylinder 11, a stem 26 projects through the housing end
wall or bonnet 24, The stem 26 provides a valve interface and is moveable

30 linearly to effect shifting of the valve into production mode when the cylinder
and stem are extended in the forward direction (i.e. towards the left hand side of
the drawing). From the opposite side of the cylinder end wall, a locking bolt 27
projects into a bore 28 that is arranged centrally through the piston 25, The
locking bolt 27 cooperates with an electromechanical locking or arresting

35 mechanism as will be further explained with reference to Figs. 3 and 4.

A return spring 29, such as a helical metal spring, is supported on the cylinder
exterior and acting between the housing end wall/bonnet 24 and a radial flange



15 in a forward face with a circular or semcircular recess, and are
journalled to slide pivotally on a circular or semcircular sliding
surface 34 forned in the opposite face of the piston. The | ocking dogs 31
are further fornmed, in an aft face thereof, with a curved sliding surface
abutting a stationary structure in the housing, here referred to as a
lI'ocking dog interface structure 35, which provides 20 a sliding surface on
an axial counter-support for the |Iocking dogs 31. The | ocking dogs 31 are
formed with seats 36 in their peripheral ends. The seats 36 are shaped to
receive, in the arrested state, a respective |ocking pin or |ocking bal

37 as illustrated in Fig. 3. The locking pins 37 are pushed in radial 25
direction into the seats 36 by actuation rods 38 having rounded ends,

whi ch are opgsh@esst® nove axially in the forward ghirffehieer by nmeans of an
el eotromagnet/sol enoid, or in the alternative by an SMA (shape menory

all oy) device 39. Thus, as long as the sol enoid/ SVMA device 39 is

ener gi zed, BR&high s farmedin e a& enbol thaflindep Lt dhertegdsdropieR, 8%t t he | ocki ng

pi ns 37 fromylindendiirwgll BObladed irstha aft dirastivrhey thepdwshelitee comprgssedf t he | ocki ng
dogs 31. I nréthe spant 29 TROhinh efting Ch & rkleadsbip grrptad sn B¢ campessédanped bet ween

the | ocki ng o§aaSrodgh Adedrofdiadiba SROMbY e5nARingsLadti@ly 4) formed on the
act uat or éﬂ%&@;@a &ag%é LBRA M he'S g)}éigegge%\s%@éafﬁgr&tb& AGkdg1g dogs from

pi voti ng ‘abou aces t he piston 25.

0

Wien the sol&t 76%5“?"?" é’yé?f'@fi efgr&"m?ﬂ'émn?% actuation rods 38

are retract é&kmdqsﬁélamaa@aswétai %mdFrr?ZttH%“%%g’é’de‘ﬂ%‘?lw”éﬁﬂFd by effect of

a spring nesbehe{abing §4g9Wh pre pidieatilomhidingarply aprc@labortdhe franbqper m tted to

move i n r adicfithe BekiRgbdliQAndabdy HelafBhdeh ot SRRhiSr 3Gwo afttbramee pudhed by t he

?IF voti ngmmtﬁlﬂg%ﬁ&ﬁﬁ%&ws@aﬁg%m%aﬁt zgﬂé’nwmmséég&tsw nt Ofrteﬁesses 41
ig. ch are e ac e_Ln AL8LL ion o e

actuation roamgo’%eat%gm %ﬁe ac euagsgcrmn Iﬂ% riﬁ%aégég ch{ﬁé m 26, cylinder

11 and | ockﬂ%’@‘%fﬂ‘lg{‘ 3?‘?"’&’?"8“%"%5?(8}%6‘“? 3%9 ¥ on fromthe

position il Pilevinethelycking Pit@7, the cylindar 4 4 angbihis &tem zér%‘?e drivenigtheat ed) act on

t he | ocki ngafi digstidi by e expandits rgod sreing 2AeThe irclgng dves $logk fongedposi ti on

i1l ustratsedin dfofwagd fade with@airctifaorl seilirfJarde@Ss, &kl - Burhlied tPOSi tioned with

the seats 3@1&5&&&90&‘&&&&&@&&%&1{?&& gfs@%cédlf&ﬁﬁ@&xst% 41, the sol enoid

or SMA devi ?ef‘ceo perdiz e.%leloc ,ags E) et}iemaa%taﬂatl on rods 38 10
are extende ﬁ ng

I.rec pins 37 are pushed

out of the a@%ﬁ??&%%aﬁmeq Fiige P csatE té‘ﬁ’ia‘i‘itﬂ"“f romthe
rounded end8ouing: prae wicres iped aé@idﬂaﬁ?ﬂdﬁteﬁw@%“re?ﬁé"hfﬂhﬁqyﬂﬁ%yl i nder

assenbl y2025A slidingssuplovened abigl caurttyrekuapdt or fhe igokisgdbed Bl.el ect ri ¢ not or
assenbly, see Figs. 2 and 5, For reasons explained above, the punp 3 is of
a fixed di sphacRERMogd AVEL BidMd6iflQSito B WthG B Bl LafiRS Ay dr aul i ¢ nedi um
to the oyl gelgr hil8d QLond!ip EEJ&evutaeaeaé SRERLAG, diflod e end of the

i ston 25, ¢t ror Ow ] ine 43.
P ngl.l’lg ba]l 37 as ﬁl strated m Flg g}cfung D gll are pushed in radial
25 direction into the seats 36 by actuation rods 38 having rounded ends, which are

operated to move axially in the forward direction by means of an

electromagnet/ solenoid, or in the altsrnative by an S8MA (shape memory alloy)
device 39. Thus, as long as the solenoid/SMA device 39 is energized, the
actuation rods 38 remain extended to prevent the locking pins 37 from leaving
30 the seats in the peripheral ends of the locking dogs 31. In the seated position,
the locking pins 37 are clamped between the locking dogs 31 and a radial
shoulder 40 (see Fig. 4) formed on the actuator housing, this way positively
preventing the locking dogs from pivoting about the slide surfaces 34 formed in
the end of the piston 25. When the solenoid or SMA device is de-energized, the
35 actuation rods 38 are retracted in the aft direction, in the cage of a solenoid by
effect of a spring member (not shown). The locking pins 37 are then permitted to
move in radial direction out from the seats 36, and are pushed by the pivoting



20 I't should be noted that the preferred enbodi nent shows a novabl e
cylinder 11 and an annul ar piston 25 fixed in position where the stemis
in the centre. A nore general case (see Figs. 1 and 6) has a fixed
cylinder and a novabl e piston. A preferred arrangenent is an arrangenent
by which a stem connects all the way through to the ROV override facility.
‘The practical adaptation is not critical 25 for the invention, but is
shown for conpl eteness of description. Fig. 5 illustrates a slightly

nodi fi ed nodul ari sation of the actuator systemshown in Fig. 2 with
respect to the horizontal versus vertical orientation of the hydraulic
power unit. The purpose of this enbodinment is to reduce the dianmeter 30 of
the actuator design, protruding frome.g. an XMl trunk, to nmake it nore
conpati bl e V\W}OU%Q}%‘; opol ogy and space constr ai nt Sperffnsewewbodi nent nmay
beneficially enploy I ndividual hydraul ic stab connectors rather than the
fl ange connection shown in Fi . 35 A sub-sea hydraulic power unit SHPU
i s housed |rbcﬁlnsé?ﬁaﬁt&?eccﬁﬁ?f“rlgﬁﬂ|4éW%‘@}€39ﬁﬁtﬁﬁ?ff6@%én%ﬁi§Wt§ fng the notor
and punp as sesitidnyof dreasetdbn md=eB8housi ng 44. Ref erence nurrber 45 refers to a
protection cap for a netal bellows volunme conpensator 6, conpensating for

vol ume changgg, afe LRGiF is%@vaua éht;acﬁ% fisf¥er 85and\Mking bolt 27 are
2009/ 138849F’% 582&%0?’ 003 euc &omlzh%% ifionQfiu G AR 9ER s 'nsi% ssure and

t enper ature THEV I CE ent sub sea

i ndustry ande é“é‘??ﬁ%ﬂ%‘ﬁf ]P‘g"gftfl:?vxﬁfk#'éa"ﬁ?&r]rg‘?’é’ 'ﬁ"@s‘é ®cription. The
SHPU connec tils loakingtpesitiest ilventwgted frofieion hen the fogkins ¢snAbEe g 1 ange 47 and
cl anp i nt er fpagitondBwitiRiie aendfealiguaiivéthshel@cldnpbids IF0n reedsens 4l dhbear i ng

ar r angenent SolkA% F&haNGviee 3905 Serdrbd fn0esulialr @hico thelachiatidn v@ist3e a st at or 52.

El ectri Cgi B&V&%&n@eﬁ% &%@%&% cﬁr@ctt%ﬁ'gm %@Qcﬂ:ﬁ@ﬁﬂ:@ﬁ@.’é&us&@&é&tbﬁ y Vi 2 lines

connect e act u at _wet connec

suppl enent a%rﬁﬁﬁ%égfﬁ? Cseatsg ﬁfn SELDIIRT ecéorurméenge;el%r?for back up in a
case where é‘%ﬁﬁ’f?&?‘iﬁ‘r&"@Sn‘i"s""@ﬁ onnect ed upon retrl eval of the SHPU.

Ref erence nunber 55 10 refers to a separately retrievable el ectronics

cani st er housé pigtoh fRglir@kebantly 25/ €Ll powmirasbyechygenkrnguenprredessary f or

oper ati ngs tbﬁaﬁ@h@@& AsembiP QedMEOD add § 30r REsode&pBRRatiole, RNY fOrns. In a

preferred e féae taﬁge d&mﬁcﬁ&vﬁo&w@ d@m@%ghrc@gmg@lgﬁesrmt or with the

rotor 51 de | e 1D I a sjance | n the tory hars is used
The bars co e“” SEBRdUEt TV at eF nlgnf an copper as
opposed to ﬁ?@iﬁﬁm%@%&w%“%‘f%“&%’ﬁé’ﬁ °‘6P“t"h"e entire rotor can be a
solid cylindrical piece of nagnetic steel (in the latter case it Is then
stri ct | y20s p@akbuld béuxitedathsithé prefetredcatpedianaiinabpey a mdvabls cyliaée@s1it possi bl e for
a notor of laRWaidriuGi By 28R4 if PébiticN hark tiictkddis ED@eatbY al so for a

motor of 20 mbfd nér&vxagqueu%@s Clterna%pﬂas a0y BhAL Lﬂcfwmmslgy@m@nd very
t ol er ant to treg ent JEE Y t he notor
r

g enhs e%l on, e | LSiengy. o

runni ng at Wg §§p| ca?rfy ar ound TS not%1 maj or issue,
hot ever, i niFa%Hresh ielie RPY oxpriigs faility. g‘gﬁ%ra?tﬁa'\ﬁd PEF *St’f‘i’é"’i‘tlﬁf‘}g transmi ssion
|ines us¥d iy thefhvestion, bitds E{“Oﬁ’é\#élc'éfp?%?ﬁcg“flgﬁ%ﬁtmstartl ng of the motor by
means of conventional el ectronechanical contactors 25 makes it possible
for a robustigss uageatdssd dlightfinalned REeiIRFRIMN, of Bidboethatbr st&handar d i ndustri al
I nducti on ”‘Qﬁ&fmﬂ t@@lﬁ%f)Jc{ﬁlthe%gﬁon%%rgﬁ vhditked oﬁe%%én Lancreate large

TR R R Tt %Qeof!m@%eesmeo&l&fsye, Bl e il | M USh

currents_an tor onIy runs for

30- 60 se%?ond%mbé?t“a&eﬂi&?? SFtugEe ﬂ‘éeﬁgﬂ’r ‘tI“b°§% in the form of
heat is 30 pmpaghiequﬂ;é_(MT topology and space constraints. This cmbodlment may

beneficially employ individual hydraulic stab connectors rather than the flange
connection shown in Fig, 2.

35 A sub-sea hydraulic power unit SHPU is housed in a separate and retrievable
SHPU-module comprising the motor and pump assembly encased in a housing
44, Reference number 45 refers to a protection cap for a metal bellows volume
compensator 6, compensating for volutne changes of the fiuid in the actuator as



In the preferred enbodi nent the notor stator 52 is wound for very |ow

vol tages, typically 40-60 volts for a 5 kWunit (typical rating for a 5"
actuator). Thus the insulation requirenents are noderate maki ng the notor
functional even at poor 35 insulation values. The entire housing
containing the notor/punp and auxiliary valves is filled with a suitable
m neral oil based or synthetic hydraulic fluid. Al such fluids have
excellent electrical insulation characteristics at |ow voltages, even when
absorbing sea water. The hydraulic fluid is thus optimsed on WO

2409/ 138849PCT/ 1B2009/ 005567 14 lubrication for the notor and punp

beari ngs and perfornmance of the punp in addition to corrosion resistance
of the wetted conponents. It should be noted that gear punps have

i nherently anwénbsats@aal | eakage, 5 nornally consi depedisaodissadvant age, in
this context however considered an aﬂvantage as the actuator is certain

to go to the vaI (gf;ﬁafeaﬂ_gosmlondlet m Qh S QL motor were to freeze
up on their FESPeEFIREHRRET E’eﬁa Ut RETS €8se the shut in tine
woul d i ncr ea"é’é‘mOBE}f‘C%PFBPWCWS\?&)WFd“‘E?FéthB% %fldﬁ'%tepﬁﬁ@ﬁ"neihs & punp 3 is in
t he pref er r didr @mbbttneme nf degfriptiogdhe SHEHeongenty tgthefeoiuatophnysica@ls and cost

ef f ect i venesss a bithectinglihg@h’s inddganff in@ifa@X¥B defdpinsd MnHeksO afl@Si gn or sone
ot her for g oo tieX@Bedding REASRIBME jolBREErotof BE b %difon ERANE oQTEN i S t hat

the punping a6t &nElcanga?écgc‘?mEA &nﬁééﬁir‘suﬁagﬂh ﬁIlee }BE‘:"fg t§w£ as a mot or

under the pressu e |nder 11 when
t he not or ‘i°§“°f§S6°gt%%ﬁeé &I? ﬁ'i‘fﬁatt“ffémlmi?c’f aJf"”el eased for
shut-in, ThLF@nJ?q‘i@r Ffi/ﬂﬁla%ﬂvﬁ‘éfa@m'%ﬁt%%mlf%tbéﬁﬂpdﬁaF*W Wﬁ%fecapabl lity to
hol d t he st exnGtor B b lipcameanigon pagevel o he PP ReFreatanddtr $3 . Once t he
ot or i S 10le-relBRngh Eparatiftretddbleatkirfitrsdngaerbusiag the r €l eased, the return

spring 29 \Mééchﬁf&l%ﬁ‘o&&%o&}:ﬁﬁh@%%ﬁg%extahﬁg Sak&up@si tion of the valve.
Only the nechanical fail safe mechanism 20 el ect ronechani cal

arresting hani sm shown, in Fi and 4 js ended hoI d the val ve
in the pr odJ%f’F‘BF?‘r’rﬁﬁ‘b dFﬁ‘é““é‘l"éE‘%?’[fE”% “oarpr&fﬁ’iﬂe%wﬁ'ﬁ?’?t(? Srcuitry only
constitute tiendiopiosicfeliprgt otar Bith He reendldleyigned for isehigheck val ves 17 and
18 ar e ofi5 nossigarick inctht roh@xtbarsds usbli.cihe dure ciud bd made of Nipdego@icguer e t he fl ui d
whi ch al t er nadtalay thatl Bsppkibs@Bbsetifo teY nokhidl designl didang Gpfer,RguRki de i s passed
through the Jnhietf&sréaﬁbéumdqwmaﬁpﬁcgef%@w&wm &@%tépéagms are known to
cont am nat e tgle LM:J yd iir}le AIPst u%%%mgnm or%r,[gm ogck valve is

| eakage vvhen su D essure Ln the pl The check

val ves are rf'o‘P"t%‘JLPB o C’F ﬁ’\d’égé‘ﬂ:}n@g&tmé‘?dgsﬁf‘?dl lﬁ’églé‘%"“fvlnﬁt&"l eakages are of
no conseé%eﬁé@fombcww Kigh gtarfing fyrape st vor tlerantip penting = Feduct i on of the
fluid filtr atrésem iprodasicieGnat tigsloyor nachiherag redsicpteditypivally non-criti cal

check val veSardudbBiGrpsi) fsGidt 4 majddissus/tpwader, i@l furehtls @mgPr s f | ui d bei ng
sucked i nto if higy §Rb §&Q§:1§3fonizﬂ&.x@écﬁh@ﬁ‘b &atﬁagdévblhsrﬁgnesdnﬁécectl fier

it SR R

Fig. 6, ¥éFtam nation which is
usual | y cons$tadrdipdupisiehiafyrtiennpiercidhe Sﬂ‘é.’PF’Lﬁaée depiemipipiandstc systens. WO
2009/ 138849 ReEELe| 1B2OB@DARABSHG the transmission lines in response to large inrush

currents and low load angle values at start-up. The motor only runs for 30-60

E%ea 19 %ossxble

seconds per actuation, so the aggregated power loss in the form of heat is
30 insignificant. '

In the preferred embodiment the motor stator 52 is wound for very low voltages,
typically 40-60 volts for a 5 kW unit {typical rating for a 5" actuator). Thus the
insulation requirements are moderate making the motor functional even at poor

35 insulation values. The entire housing containing the motor/purmp and auxiliary
valyes is filled with a suitable mineral oil based or synthetic hydraulic fluid. All
such fluids have excellent electrical insulation characteristics at low voltages,
even when absorbing sea water, The hydraulic fluid is thus optimised on



15 Reference nunbers 11, 23, 24, 26, 56, 57 as referred in the list, are
consi dered self explanatory to sub sea engineers, and are not descri bed
further. The essentially new elenents in Figs. 2-5 are those related to
the fail safe mechanismand to the SHPU part. These elenents are newin a
sub .sea actuator 5 context and essential features of the invention. The
‘frechani cal connection 47 between the ROV retrievable SHPU and t he
non-retrievable cylinder part 21, 22 is a conmon feature of sub sea
systens and shown only for conpleteness. It would normally contain check
valves in 47 for prevention of water contam nation of the oil under

mat i ng/ de- mati ng operations. 10 Wien the actuation stroke starts fluid
flows fromthe punp 3 through the interface 47-48, 19, 20 into and through
the piston teosiisise cylinder 11 to the extendedegrmsiobiosssr t hus
conpressing the return spring 29. Ugon reaching the end-of-stroke (or

end-of -travel ), of the piston/c der t he | Qckin s 31l.are 15 tilted
into the Ioi‘%’l)dﬁ‘ﬁwb{)"élﬂfel%%" 81’% B °FERT WG ¥ ?‘f?a'@(gog&lgpﬁ?%ught into
engagenent @iiditontheorfosie rasi ey dsyreded PP tof the el ectromagnet or SMA
device acting on the actuation arnms or. rods 38 to push the pins/balls 37
into positi @iho$hd @G tBG gbdteualpe Bive aifRghet rSMArEMAGEe, | S ener gi sed the
bal | s/ pi s ﬁzma/ém}éongaémémsm&&a@gﬂqg&ntmnmﬂ@@&t0 rel ease the
e 2Rl ROGh ESartl i AP 61 G b OLE B RIS N SPIT 1O 29,

For conpl eteness ot descriptton, n. sea ackages) are al so
arr anged |nP't“ﬁ%°‘i‘ﬁ‘tt%'r‘f"‘é?:t€f'E”é’F\}d€é’ﬁﬂfeffée“é’?ﬂt'l"% é?ngfi B‘§ ¥on 25 to

separ at e theasethsh@renhmmwevlrlemffaﬁ@ﬁv&ﬂhet-@wroulrdqunéwﬂymr@m or 64 of the
actuator housing 21. 25 Fig. 7 shows the devel opnent of hydraulic pressure

in the aotughdpungyd i BOBE pRIErcd blbodBnenNeNdEedrRfbe GOGEAENORGETRE MOt Or St at or
St ok SequinEant iRy Butout 860 bt of e ofon e Bob B ﬂgtnscgng nst a
fﬂ ef' %xcd c{;lsglaf?menF maé:une ﬂ}etbamgﬁzq%]ren%eﬁte 15 thpa}t

| ow pressure 71 Sthenat i ese g force in the
sof t starte?“’ﬁ?’%ﬁ?ﬁ“iﬁ“{"ﬁ?ﬂ’?"aﬁlff’l?E‘a%@ﬁﬁ?fﬁ?’émaﬁ%mw”ﬁ}d%‘t%ﬁ type) (see Fig.
6) . Wien t heressyfagenqrated i the rebumyspriefdtie syliodny -1d when e alotof gt or at  f ul |
speed) tlhe #fsitdergiedakihaloctiog dugs 8f ark hdcavesll iveshdZini Buapel | ed and t he
pressur e i NEfRaAHe SirdultGE hlentiGnaliyno JIPEHIlRY &SHW 8e bt8mB&LE Medi at el y reduced
as the pi staae,%mogmgmp%ﬂplmggmﬂén&wmowd § AYAdL the force of

the return 3 n:glmm%ased fherze pres% %il ncr?ases as the
onpr %ton in cylinder

return sprin [ £5S et

11 reaches E’gﬂf’ ??f" @f‘?ﬁk‘gﬂéﬁt"aﬁ Qe b?‘é@%‘l’% f%‘ﬁ%ﬁeﬁ}eﬁhai“ﬁﬁ"r Efses at 75 as
t here i $0noclopipmenipniea prredhing mgehapigin} shovp in Rigs; Handkis ddtesleditohy dr aul i ¢
system Thehqd & salvean itle: praduatian meid. Thie tlacttih@otDidrarhy dMdfdic

2009/ 13884 9¢HchitdyBRO QR0RASDHL sikBlerdichin Gk jRRAKNY. st al | ed and heat being
devel oped in the rotor until the electronechani cal arresting nmechani sm has

been acti Vath%%heci%&ve i?%m??gafe Q noasuglfagmg:érca‘h e t $n't£rer On si gna! from
the ti g %t A (5' e & rpgwt F%kdepressurl sed,
e pur ol PR HEhalbtly o gL e olndr s e
passed through the filter 15 (typically a 3 micron umt), as springs are known to
contaminate the fluid, The most common failure mode of a check valve is
leakage when subject to pressure in the blocking direction, The check valves are
not subject to pressure of significance. Minor leakages are of 1o consequence,
30 as they will only result in a marginal reduction of the fluid fltration process.
Obviously, adding another two, non-critical check valves to this circuit (not
shown) results in also the fluid being sucked into the spring side of the piston
being filtered (rectifier circuit), By the same token a similar arrangement may be
made for the suction side of the pump (not showny}.
35  The hydraulic circuit, shown in Fig, 6, is very robust with respect to particulate
contamination which is nsually considered the main source of failure in
hydraulic systems.



51n Fig. 8, reference nunber 80 indicates the starting point where the
power is applied to the notor, and 81 is the point where the inrush
current of the notor reaches its maxi num val ue. Reference nunber 82 is the
steady state at full notor speed, no-load val ue of the notor current, and
83 is the point where the 10 soft start accumulator 14 hits end-of - stroke.
~Ref erence nunber 84 is the point where the breakaway force of the valve 12
is overcone, and 85 is the start of the stroke in steady notion. Reference
nunber 86 indicates the end-of-stroke where the punp/rotor is decel erated
to stalling (or very near &Ailing), and 87 is the point where the current
supplied to the stator windings of the stalling notor. 15 Finally,
reference nunber 88 indicates the point where the |ocking dogs 31 have
been acti vatygghypnsksdbhe nmotor power is swtched of fecupanopassage of a
certain delay in tinme during whichihe nDtor 1l is stalled at full torque

Fig. 95chemat|cally shows. t he eletrlc tr ctuat or- control
syst em 20 eEHTAT WYREE - Pt &fhet’r &4 gﬁfﬁ" r?é tﬁ%#“ %%qujgg%‘ﬁ i nventi on.
it 91. A notor

Power is supipirgatrydeuiosse engnepisi ang agg net desaied Srther
current tr cashadyaew SBémes kFigs 2-h aterthee tedetel toitedfail $afey (not shown) to read
back to a RhRELAGRLH 16 tHeGWIPT paRNMiHe6 di@fentsid nefith & shibdeh het@fiot he val ue of

one or SJ&%& gs%aluap@@cﬁl%s b EMSiod. It BErGhiES bédnGon @Rt O . The PLC 95

is equi ppe gtv‘\’nggnﬁ,%ﬁ@gﬁ%@?"gﬁa p'éﬁndstgﬁnon %ev%ﬁ B:de!- me219§2 and digital 1/0

control n ‘atfuati on sequence
the PLC um‘?aF‘é%fé?l\féaé“ra%%‘ﬁﬁ%ﬁ’sﬁepﬁﬁﬂﬂ’@w?B‘H%f"ﬂé"n?pgeé"tnﬁ‘fst Ytion via the
vari ous | egeubifnorthaly serdais clzeck valves i €afpd wopvenestobweted i ne 96) and pul |'s
primary relcaytafiihatich & tifoll uhii® ntihg)ide-matiddwpesBeandary relay 92' Is
installgd for correction of the phase sequence and is in principle

super f | uous;n30 i Olon@fod Rkbiudd ﬁ,ﬂa\ﬂmeyoﬁl (HOBLEES mwghm- t hroughout i's

secured. Sqone o n h critical wring.
1 f the punﬁ“taﬁ%g%g%%g’r?e éaﬁgﬁﬁ’g‘éﬁ%"‘%@ﬁp}lﬁ e fkﬁlqg[ i s indicative of
erroneous pragEendutieetien bHe compsessiag BT AL SPERSSP- g&“’”ﬁ%@‘mﬁﬁ?n be acti vat ed.
35 When t henénfistooke ot sngkeé-trizeel) pbthe istn{ qylindehdhe hogking ¢rigs8bare25 in t he

act uat ors c\tited@s thd beltitepositian ard thaloclany pied 17 dehregdhethtdy not or current

transfor rrercngugaaen%thaﬁdocﬁgguegstb?qct&&oaome BRrofn8@@dadt siat 0 the tF’LC)umt
is increas ron rotor Sl nce
W éld e e wg;?%ﬁ’ p?‘\gf%g‘f%’ gﬁ% PA@%CT/ | B2009/ 005567

the rotor stall S

17 actuati 8™ f‘?llgnﬁaastt %ele%rlmé’ﬁ%'gﬂg ‘e case may be,
the heat er 3¢"fibhar thedpeiing dosgmipevine bAthtPﬁeé‘ias"c‘ihP etipteri n the PLC is
activat¥d timesgpopive of ey pragtichl ferpmieont wtuge skite@%2and subsequently the relay 92
is deactivated by the PLC unit, thus de-energizing the notor. 5 Fig. 10
suggests alp%ﬁéoa@tetemau%ﬁ&@@{pubm&dimmﬁb@n dcRegld) BRIaRT ef erred enmbodi ment s
of the presgnf ehﬂ]vtﬁmnlt&aw&me%num%ﬂnumqtaahtf&nwo L&g{e% addi tional to

improve the delectlon ol endsgh i SIToke ROSLELOR WA ARE Brimary

i nferentj al® escri ove or "eUE&nt detection t hr ough
motor 18 current transformer unit 94. In a preferred enbodi nent a pressure
sensor/ t r afiigd?eleqws thei develr@rest of hydragic aressyrgindleccaciator evlindes ahd/dr aul i ¢
pressure i Fig Beh@etheaboespbsiigndier steasurreds, r@épgtivdyoaddie punp outl et port

t ubi ng 42 @ricfen @ )irdk fidr @WhidABacdh@itioh elka bl gliérclemliel e ritftortiie purmp 15 to
detect at glakted 1tlaﬁ§csmqm% £Q 1wk ddre 7Y bRtk G Ilewegén@al ving the

pl ston/ llbnq'ler di ngrccm%geso smr{gr%ftgn?fﬁy&ﬁu]ﬁgg&%la 15 fWI lg detect a

pr essure ove 7. Cearly

this senso P‘sﬁﬂ‘i‘l WCW‘T"I Fig, ﬁ’d?’v@‘éﬁ Be pfriegter BB RE s SRt Pfcff?"‘df t he
pi st on/ cyl imefesrat fdlsperd) Yhe Erldrepdteivayifaerf the vpivoid i errlied @rddt i al r eadi ngs of
val ve posi fpressure @0reases from 71 to 72. The pressure is then immediately reduced as

the piston 25 in the cylinder 11 starts to move against the force of the retumn
35  spring 29 at 73. The pressure steadily increases as the return spring is being
compressed and finally, when the piston in cylinder 11 reaches end-of-stroke at

74 the pressure sharply increases at 75 as there is no way out for the hydraulic
fluid in the closed hydraulic system. The pressure is maintained with the motor



Fig. 10 al so suggests a position sensor unit 99, intended for detection of
end- of stroke position of the piston/cylinder. This position sensor unit
could be used as an alternative to the other types of sensor
instrunmentation or be conmbined with any of the sensor instrunentation for
further inproving the confidence in 25 detection. A position sensor unit
‘99 of inductive type is a very sinple instrument conprising a coil of
wire, excitation circuit and a detector. The electronic circuit of the

i nductive position sensor unit 99 is enbedded in the el ectronics canister
55 (see Fig. 2) and the coil of wire is preferably enbedded in the

non- novabl e part of piston/cylinder assenbly, though not illustrated in
the 30 figures. A second position sensor unit of another type, typically
magneti c or Qphicsabse could be installed to confir mcemdnefssst r oke position
or could be installed instead of a ®osition sensor unit 99 of inductive

type. Experience h d nstrated th Qsi.tion sensors are suitable in a
sub sea ean°F°6r§§€ﬁ$i§’_s?§é%f§%‘eﬁ gﬂgfif(‘f?ﬁﬁ%ﬁﬁgﬁi“&?‘ﬁ%ﬁ; “t o achi eve direct

posi tion detiesErmerhapifel pRestipg pgeragismbiep beeppgtivated. $h2peCtiKln i ndi r ect

posi ti on demesstiediy byintpleginienf @y Bgtel fadm Hettivodihe detoe #4 Isgditdbdve. This can be
provi ded byoff@anGe @fcuisl depre@iriveal tha phap dévw d@tignhd adtodtih agvedor mer unit (LVDT
unit) 109 conprising coils of wire, excitation circuit and WO

2009113884 / LB2009/ 005567,.18 .4 d ' entiopal way by
nounting t %5% %ﬁer oot ’g‘ﬁ‘% Q?I]I‘ﬁ'dlﬁaﬁl S%?%%?%%t%%g%%gﬁi%ﬁ%cont act to the
stem of t he®RPasa/a theepeio B 811 e @PIBLYREHPE “EFPAUPE ST E RSP unit i s
enbedded i rreathes i3 meatinwn velge. Refafegecapintder 3% ia themtegdy spate ghiflil t he coils of wire
are pref er abbtyr prbie daddd vahud di hemoternprres] ad@d s thopoird whieettlon/ cyl | nder
assenbl Yo 1lsoftlsbptigburiitor 14 His leh@bBoid) RefoRndeir@iibes4 iSme Poidf r angenent s are
ot Uat or o YRREE DB Bl oF B e ol R T & desi gn s
conpar ed to;[T %mps?g)éifljé}n?%oﬁa%er%%%ff nrre%ﬁllf’crgg Irf‘%égﬁ%fn%%%uﬁ% ‘g%r?reent ation as
schemat i r al 1§ PERBAIpLos if deseigratefido steiipe Prerenepssiine FRLEHEMY he arr angenent

i s feasi bl epostavhpyedies quessit suppliefh do the stgter pindingy ¢ thelsellivgmoty- not anot her

el ectri ¢al Woaporferthes raltbet 38 indibatst the padntiwhetsahedndbigdegd Jihaw nachi ne part
whi ch i s f OfeehR&iivate@SREhEinhtol Sowet ists@itdhed bif @R phidhgetRh Bdr@MANCE Of

repl acement 3. 1%, BAL BudRGmRLSRSHEG: PRRGQTed iy t3Guand the nmotor current

nmonitoring cifcuirt unit or notor current transfornmer unit 94 descri bed
above are located in a nodule or electronics canister 55 which is easily
retri evabl eSS hERard A S Sl BSPIATEHER P By HENO B &' si npl e and
proven ROV sspading Forgefetsipminément of tie ardsery inveptiend operds wUpsrdsensor 99 and
t he LVDT unfdm 460 fahitiyeialtonifermenbeid b d @for carrti érangdoroec?4d wekeabl e part 21 of
the val ve agitliat-abceTHEliR MnotldA6wRtefad bed teahoghrmatisiogased on inferenti al
det ection of,,ehfl: Afit @LE QG 9B A valu® Bt onb ofmordRicQFical P&8redRNI t Or i Ng by
means of a Syrent .t ranst.orner uni t i%4mq‘;ﬁ:hpr yre. sensing by means of a
pressure_sensor unl_cf'“@_ , _requrres on one operated el ectri cal
connect 67 5MFBRGREGRS fipe oA S g Bl Q LorEaHre £ ‘%‘#pré ¥ 5% 118 upst r eam power
suppl y and ftefintii ehationssqemnt te PLA Beit sehedha f comprpandifiopdke an LVDT unit or an
i nduct i ve popdiddionakgnsds thasotndlepgeftle wb hercopmefiesticedyséarbodi nent s are
i mpl enment edjind $63 Bndlia gy 00& 92ROMan fiey métedl. Bhaetdbagtdgoanect or 54
connect i ng ghRehEd Aot QIR NBE biSask BeqhidiRe £3d ik BARK PR kipeafuotI€ actuator with
the el ehr o) € ELLEU L Lilerd DordoMGiSL AR @I Eio GRS ! Sine 35erliBH] O DE

may not accept dependence on such critical wiring, If the purmp does not create

a pressure when running this is indicative of erroneous phage connection. The

secondary relay 92' may then be activated.

35 When the end-of-stroke is reached for the main piston 25 in the actuator
cylinder 11 the electrical current detected by rotor current transformer unit 94,
and converted to a format readable to the PLC unit, is increased significantly
(even for the case of an all iron rotor) since the rotor stalls. This is the signal for



30 required. This represents additional cost and nechani cal conplexity,
but represents well proven conponents and operations. The invention is of
course not in any way restricted to the enbodi nents descri bed above. On
the contrary, many possibilities to nodifications thereof 35 will be
apparent to a person with ordinary skill in the art w thout departing from
‘the basic idea of the invention such as defined in the appended cl ai ns.
WO 2009/ 138849PCT/ 1 B2009/ 005567 19 LI ST OF REFERENCES 1 an el ectric notor,
in the preferred enbodi nents a squirrel cage or solid rotor design 2
flexible coupling 5 3 hydraulic punp, in the preferred enbodi nents a gear
type 4 filter, typically a 50 mcron particle size rejection punp inlet
strainer 5 pressure relief valve (prior art) 6 volunme conpensator, in the
preferred enodismiis a bel |l ows design 7 oi | ecemenyist7, typically
defined by the external housing of ¥he SHPU 10 8 hydraulic accumul at or

rior art n I Gpri | d ted pilot valve
Cprior art yolqSa0 Pk B4 07 (8] et 0 SR oBRERA PL P D, 15
check val v&" °‘?“i1°f¥‘ffesa“’b“o‘§1“t ﬁéﬂ“’%‘?ﬁ?\‘i\ﬁ I} e FlC 8&?@78?%%?‘?3}& Wehorior art

time to actuate and subsequently the relay 92 is deactivated by the PLC unit,

thus de-energizing the motor.

Fig. 10 suggests alternative sensor instrumentation in other preferred

embodiments of the present invention. This instrumentation may also be

additional to improve the detection of end-of-stroke position with the primary

inferential method described above, i.e. stator current detection through motor
10 current transformer unit 94,

In a preferred embodiment a pressure sensor/transducer unit 98 is fitted at a
place where the hydraulic pressure in the actuator is to be rneasured, e.g. to the
pump outlet port tubing 42 (Fig. 2) (flowline for hydraulic medium) of the purnp
15 to detect at all times the pressure in the hydraulic fluid driving the
piston/cylinder displacement. This pressure sensor unit will detect a pressure
over time during an actuator stroke as shown in Fig. 7. Clearly this sensor unit
will indicate end-of-stroke position of the piston/cylinder assembly and
additionally provide inferential readings of valve position.
20
Fig. 10 also suggests a position sensor unit 99, intended for detection of end-of-
stroke position of the piston/cylinder. This position sensor unit could be used
as an alternative to the other types of sensor instrumentation or be combined
with any of the sensor instrumentation for further improving the confidence in
25  detection. A position sensor unit 99 of inductive type is a very simple
instrument comprising a coil of wire, excitation circuit and a detector. The
electronic circuit of the inductive position sensor unit 99 is embedded in the
electronics canister 55 (see Fig. 2) and the coil of wire is preferably embedded in
the nen-movable part of piston/cylinder assembly, though not illusirated in the
30 figures. A second position sensor unit of another type, typically megnetic or
optical, could be installed to confirm end-of-stroke position or could be installed
instead. of a position sensor unit 99 of inductive type, Experience has
demonstrated that position gsensors are suitable in a sub sea environment.

35  Some operator companies wish to achieve direct position detection of the valve
at all times, rather than indirect position detection by the inferential methods
described above, This can be provided by means of a linear variable differential
transformer unit (LVDT unit) 100 comprising coils of wire, excitation circuit and



14 soft start hydraulic accunul ator, piston type in preferred enbodi nents
15 return line filter 16 (not used) 20 17 check val ve 18 check valve 19
hydraul i ¢ coupling 20 hydraulic coupling 25 21 forward portion of the
actuator housing 22 aft portion of the actuator housing 23 ROV override
facility 24 actuator interface bonnet 25 piston 30 26 val ve interface/stem
27 locking bolt 28 aft section of the locking bolt 29 return spring 30 aft
end flange on the cylinder 35 31 | ocking dogs 32 radial shoul der on the

| ocki ng bolt

WO 2009/138849 PCT/IB2009/005567
18
a. detector in a conventional way by mounting the slider of the LVDT unit in
direct mechanical contact to the stem of the valve actuator. The electronic
circuit of LVDT unit is embedded in the electronics canister 55 (see Fig, 2) and
the coils of wire are preferably embedded in the non-movable part of
5  piston/cylinder assembly 11, though not illustrated in the figures.

Such arrangements are commonplace and have specifically been implemented
on sub sea gate valve actuators. This implementation requires however
considerable re-design as compared to the preferred embodiment of the LVDT
10  implementation as schematically shown in Fig. 10. The issue is not whether the
arrangement is feasible and practicable, the issue is more whether or not
another electrical component, albeit robust, is to be embedded in a machine
part which is for most cases difficult to retrieve for maintenance or replacement.

15 Both the pressure senor unit 98 and the motor current monitoring circuit unit
or motar current transformer unit 94 described above are located in a module or
electronics canister 55 which is easily retrievable for maintenance or
replacement by means of e.g. simple and proven ROV operations. Components
relating to the position sensor 99 and the LVDT unit 100 have to be embedded

20  in the non-retrievable part 21 of the valve actuator system.

The preferred embodiments based on inferential detection of end-of-stroke
position, i.e. motor current monitoring by means of a current transformer unit
94 or pressure sensing by means of a pressure sensor unit 98, requires only one
ROV operated electrical connector 53 between the electronics canister 55 and

25  the upstream power supply and communications centre (not shown]. If either an
LVDT unit or an inductive position sensor according to other preferred
embodiments are implemented, then an additional ROV operated electrical
connector 54 connecting electrical components in the cylinder part of the
actuator with the electronic circuitry in the electronics canister 55 would be

30 required. This represents additional cost and mechanical complexity, but
represents well proven components and operations.

The invention is of course not in any way restricted to the embodiments
described above. On the contrary, many possibilities to modifications thereof

35  will be apparent to a person with ordinary skill in the art without departing from
the basic idea of the invention such as defined in the appended claims.



33 enlarged radi us section of the |ocking bolt 34 | ocking dog sliding
surface WO 2009/ 138849PCT/ |1 B2009/ 005567 20 35 | ocki ng dogs interface
structure 36 seat forned in the peripheral end of the |icking dogs 37

| ocki ng pin/ball 38 actuation rod for 37 5 39 solenoid or SMA actuation
devi-ce 40 shoul der on the actuator housing 41 recess 42 flow line for
‘hydraulic medium 10 43 flow line for hydraulic nmedium 44 notor/punp
housi ng 45 netal bellows protection cap 46 (not used) 47 |-1PU fl ange 15
48 clanmp interface 49 bearings

WO 2009/138849 PCTAB2009/005567
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LIST OF REFERENCES
1 an electric motor, in the preferred embodiments a squirrel cage or solid rotor
design
2 flexible coupling

5 3 hydraulic pump, in the preferred embodiments a gear type

4 filter, typically a 50 micron particle size rejection pump inlet strainer
§ pressure relief valve (prior art)
6 volume compensator, in the preferred embodiments a bellows design
7 oil reservoir, typically defined by the external housing of the SHPU

10 8 hydraulic accumulator {prior art)
9 control valve {prior art)
10 solenoid operated pilot valve {prior art)

11 hydraulic cylinder
15 12 valve, such as a gate valve
13 check valve, in the position shown it is only referred to prior art
14 soft start hydraulic accumulator, piston type in preferred embodiments
15 return line filter
16 (not used)
20 17 check valve
18 check valve
19 hydraulic coupling
20 hydraulic coupling

25 21 forward portion of the actuater housing
22 aft portion of the actuator housing
23 ROV override facility
24 actuator interface bonnet
25 piston
30 26 valve interface/stem
27 locking bolt
28 aft section of the locking bolt
29 return spring
30 aft end flange on the cylinder
35 31 locking dogs
32 radial shoulder on the locking bolt
33 enlarged radius section of the lacking bolt
34 locking dog sliding surface



50 bearings Si rotor of the electrical nmotor 20 52 stator of the

el ectrical notor 53 wet mate connector 54 wet mate connector 55

el ectronics canister 56 port for venting | eakage fluids fromthe
production bore 25 57 stem nain seal package 58-62 (not used) 63 piston
seal. packages 64 oil filled volune 65-70 (not used) 30 71 point on the
‘pressure/tine curve where the soft start accunul ator reaches end-of-travel
72 curve OR the pressure/tine curve where the breakaway force in the val ve
actuator is overconme 35 73 point on the pressure/tinme curve where the
piston in the cylinder 11 has overcone breakaway and started to nove 74
point on the pressure/tinme curve when the actuator stroke is conplete and
the piston in cylinder 11 has reached end-of-stroke WO

2009/ 138849PR&d hibddfad9/ 005567 PCT/B2009/005567
20

35 locking dogs interface structure
36 seat formed in the peripheral end of the licking dogs
37 locking pin/hall
38 actuation rod for 37
5 39 solenoid or SMA actuation device
40 shoulder on the actuator housing

41 recess
42 flow line for hydraulic medium
10 43 flow line for hydraulic medium
44 motor/pump housing
45 metal bellows protection cap
45 (not used)
47 HPU flange
15 48 clamp interface
49 bearings
50 bearings

51 rotor of the electrical motor
20 52 stator of the electrical motor
53 wet mate connector
54 wet mate connector
55 electronics canister
56 port for venting leakage fluids from the production bore
25 57 stem main seal package
58-62 (not used)
63 piston seal packages
64 oil filled volume
65-70 (not used)
30 _
71 point on the pressure/time curve where the soft start accumulator reaches
end-of-travel
72 curve on the pressure/time curve where the breakaway force in the valve
actuator is overcome
35 73 point on the pressure/time curve where the piston in the cylinder 11 has
overcome brealkawsay and started to move
74 point on the pressure/time curve when the actuator stroke is complete and
the piston in cylinder 11 has reached end-of-stroke



21 75 point on the pressure/tinme curve when the punp/notor rotor is
stalled or nearly stalled 76 point on the pressure/tinme curve when the

| at ch actuation has conpleted its stroke 5 77-79 (not used) 80 starting
poi nt where the power is applied to the notor 81 maxi mum val ue of the

i nrush current of the notor 82 steady state at full notor speed, no
"1 oad value of the notor current 10 83 point where the soft start

accurul ator hits end-of-stroke 84 point where the breakaway force of the
val ve is overcone 85 start-of-stroke in steady notion 86 end-of -stroke
where the punp/notor rotor is decelerated to stalling (or very near
stalling) 15 87 point where the stalled out current in the stator applies
88 point where the | ocking dogs have been actuated and the notor power is
sw t ched of fy@QuAGksdonot used) 20 91 transformer 92cpwivRisysr el ay 92
secondary relay 93 control line freamthe PLC unit input/output driving

relay sol enoids 94 notor current transfor r}ﬁﬁnotlﬂ)rnrio%or?a%ta%éd Br ogranmabl e | ogi c

control | er 7HRPRL pheprEisfey time curve when the pum
nearly stalled

76 point on the pressure/time curve when the latch actuation has completed its
stroke
5 77-79 (not used)

80 starting point where the power is applied to the motor
81 maximum value of the inrush current of the motor
82 steady state at full motor speed, no load value of the motor current
10 83 point where the soft start accumulator hits end-of-stroke
84 point where the breakaway force of the valve is overcome
85 start-of-stroke in steady motion
86 end-of-stroke where the purmp/motor rotor is decelerated to stalling or very
near stalling)
15 87 point where the stalled out current in the stator applics
88 point where the locking dogs have been actuated and the motor power ig
awitched off
89-90 (not used)

20 91 transformer
92 primary relay
99’ secondary relay
93 control line from the PLC unit input/output driving relay solenoids
94 motor current transformer unit
25 95 programmable logic controller unit (PLC unit)
06 communications line
97 latch solenoid
98 pressure sensor unit
99 position sensor unit
30 100 linear variable differential transformer unit (LVDT unit)



96 communications line 97 latch solenoid 98 pressure sensor unit 99
position sensor unit 30 100 |linear variable differential transfornmer unit
(LVDT unit) WD 20091138849PCT/ |1 B2009/ 005567 22 CLAIMS 1. A sub sea valve
(12) actuator system conprising a piston (25) and cylinder (11) assenbly
and.a return spring (29) arranged in an actuator housing (21, 22), a
"hydraulic punp (3) and electric notor (1) assenbly associated with the

pi ston (25) and cylinder (11) assenbly, hydraulic flow lines (42, 43) for
hydraulic 5 nmediumdriving the piston and cylinder in relative

di spl acenent against the force of the return spring (29), characterized in
that detection neans is arranged for detecting an end-of-stroke position
of the piston (25) and cylinder (11) assenbly, said detection nmeans is at

| east one of wo2@yi3®kOr current nonitoring circuit ponbiog®sse;; 10 -a
hydraul i ¢ medi um pressure sensor urttt (98); -a position sensor unit (99);
and -a Iinﬁgﬁw§arlable differential transfornmer unit (100), wherei n an
el ectronec arresting nechanismis arranged to be energi zed for

rel easabl y 184 §L&§§eb.f?égvct(m1!a6t&&tbld’djst&plbbﬂjgisﬁm apitanpd essatingtate in result of
the 15 det ﬁc‘i}&‘s‘;’ e o SEAR OB hrkdBed in 2n adth@oaGhIAE @I, 22 St em accor di ng

toclaiml, chars acterl e%g;i 3to EJaQe%ﬁﬁ aggb%mgﬁwtlt{qgwrm current

t f" t (98) i
O g e 1 oceabi Rl res s B Bl L 0r) Connect ed

to the 20 stivedsivinggepisig 86‘2?.?”1122')’“ re %“’e q‘PFéacﬁ’EfrﬁéG"é‘?“ &stem according to
claim1, chaceattheritaecpring Chatharoterizadénthst dhectitn hesas s apregedfl t he position
SEeNsor Uuni tor (89Kina Bl etd(@-strbirgakitistadt et pistorci2f)faad eytihdsaliif r ansf or mer unit
(100) is contahpadiad Rtebitn AGhHREOCaBMSENG (21, 22).
-a motor current monitoring circuit unit (94);
10 - hydraulic medium pressure sensor unit (98);
-a position sensor unit {99); and
-a linear variable differential transformer unit (100),
wherein an electromechanical arresting mechanism is arranged to be energized
for releasably arresting the return spring in a compressed state in result of the
15  detected end-of-stroke position.

2. The actuator system according to claim 1, charagterized in that at least one of

the motor current monitoring circuit unit {34) and the pressure sensor unit (98)

is contained in an electronics canister {55) which is retrievably connected to the
20  actuator housing (21, 22).

3. The actuator systemn according to claim 1, characterized in that components
of at least one of the positicn sensor unit (99) and the linear variable differential
transformer unit (100) is contained in the actuator housing (21, 22).

25
4., The actuator system of any of claims I to 3, chatacterized in that the motor
current monitoring circuit unit (94) is arranged to submit an end-of-stroke
signal to a logic unit (PLC) controlling the clectromechanical arreating
mechanism to hold the valve in production mode against the force of the return
30  spring.

5. The actuator system of any of claims 1 to 3, characterized in that the

pressure sensor unit (98) is arranged to generate a pressure signal in a logic

unit (PLC) controlling the electromechanical arresting mechanism to hold the
35  valve in production mode against the force of the return spring.



25 4. The actuator systemof any of clains 1 to 3, characterized in that
the notor current nonitoring circuit unit (94) is arranged to submt an
end-of -stroke signal to a logic unit (PLC) controlling the

el ectromechani cal arresting mechanismto hold the valve in production node
against the force of the return 30 spring, 5. The actuator system of any
‘of clainmse 1 to 3, characterized in that the pressure sensor unit (98) is
arranged to generate a pressure signal in alogic unit (PLC) controlling
the el ectronmechani cal arresting nmechanismto hold the 35 valve in
production node agai nst the force of the return spring. W

2009/ 138849PCT/ |1 B2009/ 005567 23 6. The actuator system of any of clains 1
to 3, characterized in that at |east one of the position sensor unit (99)
and the |ineayoxanssebl e differential transforner umitmpdEBis7is arranged to
submt an end-of-stroke signal to aXdogic unit (PLC) controlling the

el ectronmechanj cal arresting nechani smitao, hol.d. I Ln..5 production
nmode agai ns ‘%ﬁﬁcﬁ'ﬂ TSP O%ﬁ'g ogcg?ﬂ? %tos% Ch_arac.tgf (Pﬁfﬂfg aégg%atg&%eor system
accor di ng t & tERpsigen eper it {29 gndghe nearvapptle MIEEPHRHTIRYI™ The hydraulic
punp (3) anehiefled irdrmatedie tuhmif ap)endobetrole gizenl & sladewdt ®)in a hydraulic
power unit suhirelhng the Eleduoinestabicyl agresting efecthntsm tb held etvaladior housi ng (21,

1022). §. J@&ﬁ&{ﬂ@&%@ﬁ%&ﬁ&@cagﬁmﬂwsﬁ;&gd aim7, characterized in that
hydraulic mediumis supplied to the piston/cylinder assenbly froma

reversible, _fixed displacene draul.i.c 3)..15.. The act uat or
system acco?'&‘%’ﬁ Raoaiad: e f’rrbté%g%/?gtog?lfhznggl{?ﬁ' 2peed 1r‘_n%(ilti c mediumis
suppl i ed vi the bydrpyigrrma ) eadyiechisalingty (Hhastblanerssttieddn Bi st on (25) whi ch
i s stati onahydrdufic pdver Bt whitivie réfgersbly gpnfiscted tp e actugion lpusip@lact uat or syst em
according tgpclaim9, characterized in that the cylinder (11) is arranged
di spl aceabl e on the piston (25) in the actuator housing (21) filled with

hydraul i c Lum, commni cat i i t A 3) via a return
flow line ?% ,?aci%é%ffysqﬁg c&%&#%&sﬁ?%&%%H@%fgny of clainms 9 or
10, char act BFFYBE FRPIEA S 0 RECRCTTSPOT HENSTHG ™ COFpr 1's€S” a’ st em ( 26)

proj ecti ng disbareeed bpdrpvlisdemr@31) in a forward direction, and a | ocking
bolt (225 projecting fromthe cylinder (11) in the aft direction, the

| ocki ng bol ¢, TheaghdtiGydtbth actghiirighecliinss, cimr{Paized i theehydedudiasabl y engaged, in
the end- of - SL&EQK R ROStel LQR 19% 11k @2)CYLrlidAR inechd bi thOYistb@@j Ng 30 dogs (31)
arranged pi yal,al bl S AGkHAL BhudQis, 24, (21, 22).

20  10. The actuator system according to claim 9, characterized in that the cylinder
(11} is arranged displaceable on the piston (25) in the actuator housing (21)
filled with hydraulic medium communicating with the hydraulic pump (3) via a
return flow line (43).

25  11.'The actuator system according to any of clairs 9 or 10, characterized in
that the actuator housing comprises a stem {26) projecting from the cylinder
{11) in a forward direction, and a locking bolt (27} projecting from the cylinder
(11) in the aft direction, the locking bolt reaching through the piston (25} to be
releasably engaged, in the end-of-siroke position of the cylinder (11), by locking
30  dogs (31) arranged pivotally in the actuator housing (21, 22}.

12. The actuator system according to claim 11, characterized in that the locking
dogs (31) are controllable into locking engagement with the bolt (27} upon
energizing an electromagnet/solencid (97) or a shape memory alloy device (39).



12. The actuator system according to claim 11, characterized in that the

| ocki ng dogs (31) are controllable into | ocking engagenent wth the bolt
(27) upon energi zing an el ectronagnet/sol enoid (97) or a shape nenory

all oy device (39). WD 2009/ 138849PCT/ 1 B2009/ 005567 24 13. A nmethod for
oper-ation of a sub sea valve actuator system conprising a piston (25) and
‘cylinder (11) assenbly and a return spring (29) arranged in an actuator
housi ng (21, 22), a hydraulic punp (3) and electric notor (1) assenbly
associated with the piston (25) and cylinder (11) assenbly, hydraulic flow
lines 5 (42, 43) for hydraulic mediumdriving the piston and cylinder in
rel ative di splacenent against the force of the return spring (29), the

met hod i s characterized by the steps of: - arranging an el ectromechani cal
arresting neslvamossmsef fective for rel easably arrestcagoddusst et urn spring
in a conpressed state; 10 - determ #ing an end-of -stroke position of the
pi ston (25) _apd Lnder (11) assenb t.hrou t one of: -

det ecti ng tlﬁe‘gﬁ'ﬁ%‘iﬁf RV)sj 10 Bdsut%os %%%%&%ggﬁﬁeﬁbcoéﬁg%% c notor; -
detecting tHond2Yead painey (1 1hessephly ard & weture P2l = HReed® Phg the position
of the pi steomamwehatingd?l; 82t hievdeapli¢ prefer (3hand elestric getordt 1gotbhe absol ute

posi ti on oOfasdokiatep with @t @etort BB a0y kilinde 11 1) assembly, dpdrgicflpmfndshe

el ect r onBChaNy$abs 13hraAEd OGN BGANthS Plioh) afi€SUhder Bfrclbthe det ect ed
end-of-stro(;lxseIaE)egg|H1 SQ%F%P%OQ%ﬁ%%@g@g’dﬂjg%%g@l@r (11) assenbly. 14.

The net hod RECOT di'n c cterized by the step of powering

the 20 not Ghetpaterized by, ﬁﬁgi‘?ﬁ_l in the end-of -stroke position while

det ecti ng atrhegig sngistreypechepicah reaingprchantm el FSE TS 5 he hydraulic
medi um pr esswisting thdretuposiring ore omptdsedptaston rel ative to the cylinder, and
t he abs@ ut.qep@shink oM edf-offshekeiositiai of Ge didier (@§)lahdig@inder A di sconti nui ng t he
pover suppl\eeh@itddeudPhiUastp@ 0y det ection of the end-of-stroke position of
the pi ston/ eyl fder, ARSEIBLY s ffea  Rundh i BPhPARALEAEDI NG Lo clal m 14,
characteri zed by the sfep Of > ACL | vitil 10_the el ectronechani cal arresting
nmechani sm upon‘%ﬁ?&%‘@eB‘F“&r"c‘@ﬁcﬁy aa%gf& % tinme during which the notor
(1) is stall ed detecting the pesitign ef thepistpp relatiya to e FlRf5@Ebr ding to any of

cl ai ns 18t h 15, detdetimgtbe elrsolnecholifiort dihegtisign afthegirabreed i ng t he notor at

M Ni NUM t Or.QH& iRk O\t ARk dtcORanR alSPTe bR, nGBiAcin a@ali Mihedatrcteft 14) arranged in

the flow of  hydiayl b&id¥edi MebhioR Bs) iR Hitder (Blesdediblyhe cylinder (11), 35

17. The method according to any of clains 13-16, characterized by the step

of arranging at |east one of a, 3teo cyrre t Qi tari ngnc@hgcui t unit (94)
and a hydr adi The BRERAGRT ‘?”é%tgﬁﬁjéms) ﬁé%?&%@]by(tggsj BNPa Sebarate retrievabl e
el ect r 0@9 c gncarribist atpndstin thaprdrpfpgokeeariien WHE dettng 48 Gat or housi ng
(21, 22). of the motor current consumption, the hydraulic medium pressure, the position

of the piston relative to the cylinder, and the absolute position of the piston or

the cylinder, and discontinuing the power supply to the motor upon detection of

the end-of-strolte position of the piston/cylinder agsembly.

25

15. The method according to claim 14, characterized by the step of activating

the electromechanical arresting mechanism upon passage of a certain delay in

time during which the motor (1) is stalled at full torque,

30 16. The method according to any of claims 14 to 15, characterized by the step of
accelerating the motor at minimum torque pravided from a spring charged
accumulator (14) arranged in the flow of hydrauﬁc medium from the pump (3} to
the cylinder (11),

35 17, The method according to any of claims 13-16, characterized by the step of
arranging at least one of a moter current monitoring circuit unit (94) and a
hydraulic medium pressure sensor unit (39} in a separate retrievable electronics
canister {55) which is connectable to the actuator housing (21, 22).



WO 2009/ 138849PCT/ |1 B2009/ 005567 25 18. The nethod according to any of
clainms 13-17, characterized by the step of arrangi ng conponents of at

| east one of a position sensor unit (99) and a linear variable
differential transforner unit (100) in the actuator housing (21, 22). 5
19. - The nethod according to any of clainms 13 to 18, characterized by the
‘step of assenbling the hydraulic punp (3) and the electrical nmotor (1) in
a hydraulic power unit which is retrievably connected to the actuator
housi ng (21, 22).

WO 2009/138849 PCT/IB2009/005567
25
18. The method according to any of claims 13-17, characterized by the step of
arranging components of at least one of a position sensor unit {99) and a linear
variable differential transformer unit (100} in the actuator housing (21, 22).

5 19, The method according to any of claims 13 to 18, characterized by the step of
assembling the hydraulic purmp (3} and the electrical motor (1) in a hydraulic
power unit which is retrievably connected to the actuator bousing {21, 22).



