-+ WD'2009/ 138849PCT/ 1B2009/ 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
| ow qualification effort. The actuator systemis conpatible with the
concept of sub sea electric production control architecture. 10 BACKGROUND
AND PRI OR AWO 2p09/1388# f ol | owi ng background di scussi onPEEIBA#PNSES i n t he
di scl osure of the present invention,lthe followi ng abbreviations will be
frequently used: BLbrush-less 15 DCdirect cyrrent DCVdirectional control
val ve EH Mﬁ%ﬂﬂ@@t@y&sﬂy‘ﬁﬁl%&ﬁqtﬂaﬁ?ﬁfﬁtﬁ?’e@{'é’rmEé%ergency shut down
| / G nput/output 20 LVDTlinear variable differential transformer
P\Vper manenrtscingost rizspropauetinonneiont down SlLsafety integrity |evel

SHPUsub sea hydraulic power unit )
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 low 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 DC direct current
DCcv directional control valve
EH MUX clectro-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 sea hydraulic power unit
25 SMA shape memory alloy
XMT, Xmas tree Christmas tree

The prior art in control systems for hydrocarbon production comprises both

hydraulic and electrical 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 action of an electrical motor and a hydraulic
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.e. 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 cowbimeiasie acti on of an electrical notor arci/@dey@swulic

pi ston/ cylinder arrangenent. Both approaches have nerits and both al so
have certain limtations, The fornmer approach tends to invol ve nechani cal
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which is the reason they arge no ly. carried on easily retrievable

modul es. I HcHeABIA P e AR Bb I b Ppe et ReL e ke { Serent. 1n
t he form oicsigag petvdgtorsmre hylky isad gaguitabls §rps neelcddmplagtugte legatedpul ky and
unsui t abl et lz@ 3par.t of an actuator |ocated 10 on e.g. an XMI. The
present invention is based on a conbination of principles pursued in both

canps (roller screw and hydraylics s per the above, and especially on
the use orﬁLh&? RSFSeRHEvHUR %gﬁﬁfaﬁé‘r?t%"q%ﬂ’tfﬁﬂ"ﬁg RELBRIGS PYFsye Hrﬁ??‘?nati on

exhi bi t i ngat®s (mBergrdvedsbbyrdsdissrregsr Hrakhoss,isabiespacially ontiarest Wi t h cost
ef f ect i venggsof tHBest bohpdihts fodth did RinPinsdonifitatitalexpibagiguat or as appl i ed
{0 s, Atk fbdelifeed ahd raRb R ARALAGAIGRIRR LS 18 3 Mechant sm

designed to wo n conjunctiron wth a return spring, e latter storing

energy required to turn the 20 valve fromthe production position to the

saf er posiTheenfical Serdiiieyof hsoseperive ptudtasshppied ti on an XMTFerint he case of

el ect r oneghaniilGale 1918 ladlah 88ndd eTHifsChmb shabfdlidsienah $Owslkagt r omechani cal .

Many ver signs have R el sy 58t dRlal Wb APLAIE SN of2 o ssi oned
2 valve from the pro&(l'ction position to the safer position, usually from open to

closed position.

For the case of electromechanical operation the latch is usually 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 plaiform, 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
control 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
installations 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 Wpgeswaisedhost platform thus the safety cPEVIBEWPOBEYs are

| ocated on the host platform and aré thus accessible for 35 repair or
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an accunulgtor . preSsure relief valve Is arranged as 1ndicated in
Fig. 1 for“pF3t€&Yon of the punp and notor. Upon actuation, pilot valve
10 drives DCV 9 to the operating position to let fluid through connector
19 to act umtitrreRydnic themig 1], iBis du&tﬁnﬁfyi torganiieSi @bkot N CSMHC&GQJS all to the

open post { baspivd DAcEtt Kk o3 BHAN ALtk PHby he spring 25

side of_the cylinder nnect or e 17 and filter
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check val ve essure in cur't |gh for deep

wat er and i Hothe spesresitonpish %V%ter Yo &lspipupling flpid oyt fig e sedeience.

side 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 hydraulic 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 accessed 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.



This circuit is suitable for a topside installation where the conponents
nost sensitive to contam nation, notably DCV pilot valve 10 and pressure
relief valve 35 5 may be accessed for repair or replacenent, and where the
anbient 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/ 132009/ 005567 4 The present invention ains for elimnation
of these three undesirable conmponents, but still providing an operable
actuati on sweR®mes4great robustness and reliabilityrCiABons/qbse” f ol | ow ng,
several features of radical inprovenbnt on this concept with respect to

reliability in operation wll descri hed arts of the present

i nventi on. ’F@W% W@W O?ﬁ??s%ﬂ]‘ crdseirge present invention
i s achi evexpmmodenthcoutrstiMpsayidingfn pparahle astnatgsemtemadiigreas| | mi nat ed by t he
val ve act uab@snsysdn@re@nditiet hod as defined in i ndependent clains. Further

advant ageous features and enbodi ments provided by the invention are

defi nedﬁ i n subordi nated cl ai ns. 15 In simlarity with a conventl onal
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housi ng asnidgicgRI N el enents. Also in simlarity with a conventi onal
hydraul i c actuator the nove from production node to safe node is by action

of the return 3%{ ng, and the nmove from safe node to production node is
provi ded FMYARESHSTIGE IHFAFAN ¢ power gener ated in the auxiliary
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conponent Syahe fiRen G M AbfiAah sGRREERtedNRMEsPeen el i m nated. The notion of
t he piston cyllnder follows sinply as a function of fluid being punped

into the cylinder directly fromthe discharge port of the punp. 30 The
fai |l skf e Ingiriprity wih acoatantioneldiydrivdia betipton iy arvalve, theefibject

el ect r onechatit@adonpiisesd &yligyd &g plagim SEImbLF Aed alrétdng ey art0iEpd irses .
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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 {refi 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 a 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 compornents: accumulator (compensating for DCV leakage), DCV
(essential functon is to handle the ESD situation) and the pressure relief valve



5 (protection of punp and notor). The fail safe latch arrangenent only
requires electrical power, no hydraulic power. 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 ectronechani cal actuator or an SHPU
based actuator as described in the prior art references. It is truly an

el ectric actuator as it has only electrical 10 (and in the future possible
optical) irmwerpgpesIwith the other parts of the prodfGIBWHP/8HEHT r ol system
As opposed to a typi cal rol I er screv§ based act uat or with a high torque
brush-1es oheramnent na [ & t. C rlrept BL not.or and gear 15
arr angenent’s Tha  propaRa ﬁlggor]g 77%7‘ By Bffm‘?né redtEtet er and
shorter Iéi‘?@wabi"ﬁ’fqﬁ‘%ﬁ%@f#‘ﬂ@mo@ﬂg the trunk of an XM, thus nore
conpatible with sub sea XMI architectures. One advantageous feature of the

val ve act uk %Ees%bﬁsﬁl@éﬂtﬂfm aiéa%adaitst%%}ote&\eﬁ%h%réga pﬁﬁﬂ@?&écﬁgﬂn easily be

expanded -t0-1ast position actuatlon, "typica
mani foI ?e%‘ﬁS{sg"' %BP?IB%RI on, by sinply reversing direction of rotation

of the electrical notor, renoving the fail safe spring and designing the
pi st on/ cyIma@eerseﬁmmiﬂdhmaebj;&aacbn@caﬂeeﬂamMe&eg&ﬁﬂam& fhodh thokeversi bility

of the pu@exﬂ%%%ﬁ'eh&éﬁ%ﬁ@ch%ﬂﬁﬁlf ;c%at B gl sﬁﬁg“sasea%gcm%kmﬁ%ﬁécb@e&ase for a

pi ston pu case eneficial to
use a not & DEPTINEAF relereRes, Itdp ér”%%?lP’ip"ﬂégti“@Wé&S ftdres epiyelastinal ect i onal
oper atllon (@t thefyurepoasitle vptici) imediecesBrittefheythdripertpphent i nventi on
prOV| des r&ilRtisesontd] ¥Rstast uat or system 30 corrprl sing a piston and
cylinder assenbly and a return spring arranged in an actuator housing, a
hydraulic punp and electric notor assenmbly associated with the piston and
cylinder ASSBRYE] © APHBLIILET 1 BHRbRIAESTT THihir bighiterare&Tushr dri vi ng the
pi st on andkseyparmedeentinmanet, diréat eutesiBAEM PO} magaiand gedrhe force of the

r et ur nsSphidgenldifs gfelptegodbd &a@'p‘%neﬁw Sc GRA Bkt aﬁ;te&y aﬂggﬁ&wron 35 means
arranged Eor detg,utl ng an_e

ition o on and
cylinder SEEEHE d%%l g ustecti ﬁﬁﬁé%wpﬁ?ﬁ IF%rﬁé??mB?]t@’l‘g S84 ot or
current noeA XMFisRghiterfuessi t unit; -a hydraulic medi um pressure sensor unit;

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
piston/cylinder for bidirectional action, This assumes full reversibility of the
pPump, 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 both 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 system is characterized by detection
35 ~means arranged for detecting an end-of-stroke position of the piston and
cylinder assembly, said detection means is at least one of:
-8, motor current monitoring circuit unit;
-a hydraulic medium pressure sensor unit;



WO 2009/ 138849PCT/ 1132009/ 005567 6 -a position sensor unit; and -a |linear
variable differential transfornmer unit; wherein an el ect ronechani cal
arresting nechanismis arranged to be energi zed for releasably arresting
the return spring in a conpressed state in result 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 electronics canister which is retrievably connected to
t he act uat avo housssay. Accordi ng to anot her pref err e PCEABRIHOBBORN |,
conponents of at |east one of the pdsition sensor unit and the |inear
variable differential transforner unit is contained in the actuator
housi ng (i?BOSHTSREN- VUL 2PEvabl e part of the actuator systen). The notor
current nonliter vagatde diflerentightransfamer whitr abl y arranged to subnit an

end- of - st kS hgBiettréRechahREl £rddlhi meEHHni@h td Hehrdzbe tebegler@mmchani cal

arr esti N9 kALY Qb NG ke DeREatlch LA, odaypgaRgst the force

of the return sprlnP. pressur nsor I's prefera arranged to
gener afe Seried spd-at-sirefisaositiong | ogic unit controlling the
el ectromechani cal arresting mechanismto hold the valve in production node

agai nst  t Rgcdr@hE € Rbrdilied GhbUIMEN 4tN8hst dne Mtnb §R%Ir ARGHPT the position
sensor unh&mgggnt b erent.ial transforner unit is

Qg Lénegrtyﬁglg le diff ; ¢ $
pref er abl PRI T affged T o Subm oA ERE- 6P ¥t oKE “AIERsY ™8  a 1 ogic unit
control | i Bl§ctrercsetagisteroriieh infetisrably pensertd taberraiasnhogsingl d the val ve in
pr oducti on node agai nst the force of the return spring. 30 Preferably, the

hydr aul i ¢ ABYIRL R BfaSdRGT SrbfeRkd %B%m@éé@@%éﬁeﬂfa%f%?&g%@% %%s?ngyd%ﬂz' ic

power unit which is regrlfé%Q§y conngct%f 0.t he gptuator_

hydr aul i cPRBEUTLIRFY PHeFRT 15 §Pe_UBERPE Mt e ntisl T pruergir &ftihder assenbl y
from a reversingd & thejagamtedi hoybing dree tite topdrctriavilde paref tHBHctup®r

2009/ 13884ak¢a)/ 1132009/ 005567 7 The cylinder is preferably arranged

di spl ggeabl e on the piston in the actuator housing filled with hydraulic
medi um co nicating wth the h draujlcﬁgunp via a return flowline. 5 1In
a furt herﬁl%]'r‘IIé‘f”@lr CRTRNROH IS Croy, Bl 48 prefesiblngganasy te ikt 88s a stem

pr oj ect i nepd-plovirakh eigmpl forediegic upitaofitoeliieg thediactotmedmpicahatrastingcki ng bol t

proj ect i nghebtiienh BENSY [thalave ihprédiRted tnodé bRELd O folda&r haCkia bol t
reaching g gh the piston to be rel easably engaged, in the end-of-stroke

positign of the cylinder, by |ocking dogs arranged pivotally in the
act uator housi ng.
The pressure sensor unit is preferably arranged to generate a pressure signal in

a logic unit controlling the electromechanical arresting mechanism to hold the
valve in production mode against the force of the return spring.

25  Atleast one of the position sensor unit and the linear variable differential
transformer unit is preferably arranged to submit an end-of-stroke signal to a
logic unit controlling the electromechanical 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.

as
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.



10" The | ocki ng dogs are preferably controllable into | ocking engagenent
with the bolt upon energi zing an el ectromagnet/sol enoid or a shape nenory
all oy device. Briefly, the present invention also provides a nethod for
operation of a sub sea 15 val ve actuator system conprising a piston and
cylinder assenbly and a return spring arranged in an actuator housing, a
hydraul i ¢ punp and electric notor assenbly associated with the piston and
cylinder assenbly, hydraulic flow lines for hydraulic nediumdriving the
pi ston and w9keopass42i n rel ati ve di spl acenent agai nst PCHB200905%7 of t he
return spring. The nmethod is charactérized by the steps 20of: - arranging
an el ectronechani cal arresting nmechani smeffective for rel easably

arresting CHeCyBasrH Pl aranged Bspirceale oo dhopigton ig theistiaitthg an
end- of - st r biesigydict with lnfdraties pédiwn gommuingptinndeh thekphriphlic mimmugh at
| east one @ha @ €6k @ati ng the current supplied to/consuned by the
electric notor; detecting the pressure in the hydraulic nmedi um
detecting the position of the piston relative to the cylinder; and -

det ect i hg Frrefunbheppisfaredsarhorsprnds the petupios hepsipg camprrissy pistrger ;. and

ener gi zi ngptofeeting fooh toeredinder inad forvaré giredtignn@eha icking balt pegedtibg of t he

det ect ed 3foangk GhindlriAkRe RRAILIRA, Bk 18 Honl A raNtnER hnder assenbly.
Furt her subogdltngt eg maélhod stgps |ncldu%e: - Eowemg&r‘t heiiggot gr at
standsti | | PPRHES EREESEYY SPRRE PO F1%H TP BoHER e PREIRET Bhst one of

t he not or ledEredesseorasgappiveally inHae gotapton bpesingdi um pressure, 35 the
positi o, of the piston relative to the cylinder, and the absolute position

of the Pi ShNoflind A GW hifekvly A:AbSE B0b IAMIAEnbARRAVGE: BUPP Y L0 L he

Lo (ot i e bt Sk el S S L o 1 on o
activating the el ectronmechani cal arresting nmechani sm upon passage of a
certain debasfly| thelpréBentinfbRenMidcGitodile IBEGH s opbakibRdr 8kuf sdal  t Or que;
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 an electromechanical arresting mechanism effective for releasably
arresting the return spring in a compressed state;
- determining an end-of-stroke 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 hydraulic medium;
- detecting the position of the piston relative to the cylinder; and
- detecting the absolute position of the piston or the cylinder; and
- energizing the electromechanical arresting mechanism in result of the detected
30 end-of-stroke position of the piston and cylinder assembly.

Further subordinated method steps include:

- powering the motor 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;



- accelerating the notor at m ninumtorque provided froma spring charged
5 accunul ator arranged in the flow of hydraulic nmediumfromthe punp to

t he cylinder; - arranging at |east one of a notor current nonitoring
circuit unit and a hydraulic medi um pressure sensor unit in a separate
retrievable electronics 10 canister which is connectable to the actuator
housi ng; - arrangi ng conponents of at |east one of a position sensor unit
and a linear variable differential transfornmer unit in the actuator

housi ng. 15W028848M3l i ng t he hydraulic punp and t he @CEBR¥PEEFTNOtOr Iin a
hydraulic power unit which is retrie¥ably connected to the actuator
housing. Further features and advantages provided by the present invention
will be app?ceg‘:’?heﬁge _eF.regn?rfl%Cea?éﬂ%ﬁsnggglee a1 Ed HE B P i O of preferred
enbodi ment €T tagpdeoRTinpEdmmepTch termaEispRAlad RESITIeEsk esent | nvent i on

will be nore closely explained with reference to the schematic draw ngs.
|n the dr Audgsianag ufd dotorl ol hldtBbiAbRficGRARIR £k gk Wagld | onal SHPU
ci rcui tsoften f%l%n I N gc{lotgl ?ﬂ,t ? s&rgn]? V\hdeire n g&ﬁp IS t@?' cated to
oper at i b BEVEUAGrEREH s dowel frdrsuliamading fEore Ton BRFP (5581 on ¢ hr ough
an enbodi nwlindesf t he actuator system of the present invention, 30 Fig. 3
is a sectional view along the linein Fig. 2, showi ng the actuator in

producti on JnlEing ot easFhil orth sh o REGL bNForl SR QGLLE [1ne WIV i

Fig. 2, shown e actuator 1n ut-1n I's a | ongitudinal

sh “Fi g.
section t HPGTRYRICIHSHEHR PresRBERCREM ogin PWQP&&&’E‘U&WW}% Eedrndts t he present
i nvent 10n; caniABr200¢] it 3884LRONY tb11B2 89400 EoEnSD

- 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
unit 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. 1 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 system of
the present invention;

30
Fig. 3 is a sectional view along the line III-IIl 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. 6 illustrates schematically a hydraulic circuit of the actuator
system according to a preferred enbodi nent of the present invention;

Fig. 7 is a representation of the hydraulic pressure in the actuator
cylinder as a 5 function of time 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

syst em accovapueg1sd®a preferred enbodi nent of the presiaBLooywsenhti on; and
Fig. 10 is the control systen1of Fig? 9 extended to include alternative or

15 enhanc nstru ti on. TAI L ON OF PREFERRED
EVBODI l\/EN?Eggﬁﬂ"l1 ’i\ﬁféﬁﬁ‘ hyraf?ﬁu%gfflem‘flgﬁ@z %a V‘“étrred enbodi nent s
of the |n\Pé?ﬂrrim$twamrefB@ecti@§Wﬂ§e@°fAhezm Vé’c“éﬂq’l st of references is
attached to the end of the detailed descrlptlon Wth reference to Fig. 1,

the prior F?%t'T 19%%&%!;&11%&0‘&&%& hﬂ:&ﬁl&%ﬁ@é&uk&nﬂﬂ@a&ﬁ&%&g Eﬁﬂf&gr lypically

conpri onent : an ele c_not or I'exi bl e coupling
2, hyd aulf'il’%%p?ﬂrﬁ; B%‘?ﬂ)a(i Rt S%¢ a‘?ieﬁ‘é‘?nc‘(’)%o?’ﬁaf thﬁOd"}SPB%sure 25 relief
val ve 5, G@m@990éﬁwp@h@ator 6, oil reservoir 7, hydraulic accunul ator 8,
control valve 9, pilot valve 10, hydraulic cyIinder 11 with spring biased
pi st on, v, i 7, 18 and
hydraullc Sﬁﬁ#ﬁgéﬂﬁ oéﬁgH%%CLE%B %égyﬁ% t%ﬁ%¥§ %%?% &%ﬁe pr esent

i nvent i on SF€¥or respondingly illustrated in Flg 6. Wth reference to
Figs, ® and 7, the notor 1 drives the punp 3 via flexible coupling 2 to

create a M§@sg@qarﬂlewbs4ch@@%& Jﬁ&h@%&n@m%&cﬁﬂ%faﬁa&thyatofrlceﬂwut of the
punp is vvltharesttrlctlon o'pgge eas% restrlctlontofIOW|s

tst m gecordin referfed érg ftizmen €nt invention;
representeﬁ B The ﬁh?ﬁ*%prlng c%argeJ accumit Eﬁ ’organlsed to offer
the 35 notor a soft start at mninmmtorque, and thus allomﬁng a fast
accel er at iftgn 10fis theecomobloaysteot aiFig. Phixtenided &i intlude altanativeyedr aul i ¢ bypass
type sSsar tennowa\LehsoMidRoweneRdR! | cated control functionality which may
introduce unreliability. The soft start is sinply a piston type
accunmul ator with a small spring, allowing fluid WD
2009/ 1388 A0TRATEIBDESGRETYRS PF HREAFEFREED EMB@HIMWT)S PREHEY| i nder at | ow
pressure WNVENTIOMe cylinder is full and the piston is at end-of-travel. At
this time, indicated at 71 in Fig. 7, the fluid is forced through
connect or 11 e feflgwipg éreé‘-‘y‘qurf‘ﬂé?Od’ﬂeqtﬁ"fbtPI gvertprpwidibetdsectpredtdn in cyl i nder
11 ag@instcomnblete Ibdt uf refaeideniy atached todhpusdof the deatlel dédotiptidshe 5 producti on
posi tion. Reference nunber 72 indicates the breakaway position, and 73

i ndi t 1 1 [ wh th f i .
When the. SPTRERHS SO £ B prer ph RIER ek ARSIt P i T O™

ackground typma]ly comprises the following components: an electric motor 1,

flexible coupling 2, hydraulic pump 3, pump inlet strainer or filter 4, pressure

25  relief valve 5, volume 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 soon 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 minimuim torque, and thus allowing a fast acceleration of
the motor rotor. This is sitnilar 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, allowing fluid



up downstream t he punp because there is no outlet for the fluid. The rotor
decelerates and is stalled at high pressure at tine 75 and kept at full
torque at 10 (near) standstill for typically 1-2 seconds until tinme 76.
During this stall tinme the arresting nechanismof the actuator is
activated. The notor is then switched off, and the actuator is held in
position by nmeans of the arresting nmechani sm which counteracts the entire
force of the return spring of the cylinder 11. During typically 1-2
seconds of woezbdissg? t he rotor at full power 15 supplBCIIBYe/N®er gener at ed
in both rotor and stator is signifidant but well within the heat capacity
of both c n urn wto Fig. he Struc d conponents of
t he sub sgcggvg‘ﬁv‘:{eln(zﬁfbirgl t’?‘graﬁto r?lr?/ﬁs}nl%lf)nezm o5 rhin%erdsltfuﬁfaﬁlod?tgl detail. The
act uat or é’éﬁ’iﬁbﬁé‘iteﬁldé?fé"a‘ﬂft} Pééh@éﬁ?ewawt%ﬁ #HoUspig dothsdividid of a forward
housi ng pdirte?threggnenhedort 19 mtbtaiek:ylhﬁusllmgl palet toddish Red piswnde nunber 23

refers tocﬁ‘ﬁ}ld@ﬂ’l Sﬁéﬂtﬂ@rét&&'épkﬂl so%Q@o %%Qﬁ Bugbes 24 refers to an
act uat h o nects té ,ig%e]lt F‘ gct uat or to the gate val ve
R O%naﬂam CriE B %bﬂ&efs th breskewes nosiBighy 25 and a

cyl i nder Mdﬁﬁemétwtaﬁg‘@cﬁtﬁrbpfﬂt@damqmnm?f@plth@mwaymlch@ housi ng 21. Mre
speci fi caloletcorhbienicet] the@esdutor SosRionaB §E4hBDNED], €hd frefirdb@ixisal directions

on a pist %51 d%@n‘éﬂ!eeﬁﬁ ﬂ&dél?lﬁliﬁ‘ﬁéc‘aﬂ&r %e%rz%%%ﬁﬁeﬂ Br ﬁq'é%um)‘%ﬁk P:% of TOM a forward

end wal | the c rojects_ throu e housing end
wal | or bORsRigraisy an#FFeStgjﬂeélrﬂtégh;ﬂrWPﬂ‘e%t tig, 29 gd kRt éFg’élctB“&‘ﬁa thoveabl e 30
l'i nearlly {reaef steotstil Herftypicadly df2 sdvendeabmd tinet 6. froothgdbis stalltbde when t he

cylinder andastRimeR2nexntandald dematdias E&m&radm etk idReki - €. towards the

| eft hand_si.de .of. the.dra Fromth osite de_of. the cylinder end
wal |, a |l SWEC G (gfofjf‘g?]f \%‘at‘g)lf hemr'ﬁlgmL gmfgnst ﬂf‘e mesu Fanged centrally

t hrough t H@Cb@@ﬁr&ﬁvfz@l wmécr%%mer?gﬂmﬂce?f ﬂ?fo'@BET‘éPE%g t%lﬁ an
el ect r onecyianice all. Dudikg typically la seshdngf Salling dleanios at &dl paiwket be furt her

expl aijgedg M\%S g, tﬁ@ﬁl@& 6rated T bS®- rotdr 3R sthtor ¥ Qenificant but well within
2009/ 1388 /13200 8@1&3‘567 11 ‘;_30 which is forned in the aft end of the

cylinder T P93 SBAENR SEMYTSH® the cylinder 11 will be biased in the
aft di rectlon by the power of the conpressed return spring 29. The return
spring 29Tumifigheasabigy2,ahé est@dre dhdiddtmponsms esthedus sad ettehr ough an

el ect r omeghaBidealstBRSRITBL YeLABR ihSh&Y d@&ﬂeﬁ"f?&&ft&a&é‘ll é&hp@n&&@%@' led trigger
nmecha In, t ressed st f ot rerurn see Fig. 3,
The | Gkl ReptBinet ins DPRsiag Fudr R Bl SR ERT ERPEA CRIRBEH O30 | 0cbi ng
dogs 31 entdghsigeaart@di Refergheanutpber 23 refer tojan ROV pecgridefaciliy, bt ki ng bol t
27. TEe | edildleneE MlOgBerdl rafets tpraﬁfaemb&ryaoaqw @hﬁi}&ﬂﬁﬂl@btésﬂha%%nb\i&b@u; t he

eri er r er of two or
periphery af, {Jx]%o Eﬁo% é%h%\%ﬂ‘g &l{lils%ﬁ%nﬁ%va% o"f?{tls‘l%s ﬂfg %n

more. The radial connects an a n "the 1 ocking
bolt to a forward section 33 haV| ng greater dianet er t han the aft section.
Upon 28] eAgdstos 86 aRid@.cylinder e afeogkanegd fwgslaBie dsmagqsimeot imdhout  of
eﬂgagelrrenhomhgzl NeoreagiciicaBy) ek @hdS21 1 khkSngdd AYRE ihhetH 8¢ ng Eol t h27
the cylinger § r tion by the
expandi nggr ‘f%"%‘ﬁ%g%‘.;‘&g“ 25%31% SF E a%-‘éﬁg d?%$@ﬁ°%%%g}§ﬂi§ ina forward
face wi t hieaverd eng wall ‘Srgdl%%"}‘ﬁ?rrlclu FéFen?‘ @éE%ECt%WHO‘ﬁhéhf ersiRg el to

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 exiended 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



slirde pivotally on a circular or semcircular sliding surface 34 fornmed in
the opposite face of the piston. The | ocking dogs 31 are further forned,
in an aft face thereof, with a curved sliding surface abutting a
stationary structure in the housing, here referred to as a | ocking dog
interface structure 35, which provides 20 a sliding surface on an axi al
count er-support for the |ocking dogs 31. The | ocking dogs 31 are forned
with seats 36 in their peripheral ends. The seats 36 are shaped to

recei ve, irnwoh®vymsssested state, a respective | ocki ngP@/EB209%/006%5¢ki ng bal |
37 as illustrated in Fig. 3. The | oclking pins 37 are pushed in radial 25
direction jnto the se 6 by ation r 38 roupded ends,

whi ch are é SoEigh & ofofrﬁe%\/tg ﬁge’fﬁf’{/ 14 Wf?gﬁ\‘,ﬁ g?ci’%o%ft} Gn*y means of an
el ect r omagwbndes 3l erib be biased jnthe gl direetianrizp the @owgr dtheSpgorressape nenory

al | oy) deve@@n 3Pring BUSThe@stuln® BErirg2d 8 @els MR Qirfhsflthn dedotpredled S

ener 01 260 sl B BGH Bh LR A% aiflar SURLE) GELEAME L peBEENENT he | ocking

e seats 1nt ensof t he | ocking

pins 37_froml e%stggg
dogs 31 |I99°fARE B B@JFJF?‘OWﬂ’Pﬁ%mP’E?ERﬁ |°f1 "3 GUER 8PUErihed bet ween
t he | ocki rage 8iggs, 3¢ 1@nkd1gdaoiteaf 1ahns$t©¢|bﬂemga4€m€me‘mrﬁagummr éfor med on the

act uat or h@dmgw)gstshleﬁgé{@yg PAslid lsﬂﬁh&ermmaﬂislf&lﬂlemﬁ thO®kiig le@gS fr0215
in t i ston

pi VOtIng gﬁn?dl de uréf?‘eg%bls u stan space boug gf 5

Waen t he soren0| dar P Yarenet g7 &8 th gc?ﬂaq[ on rods 38
are retracf& PW%BOléde?ﬁyéﬁ’TWﬁgeqﬁt%ﬁ’é‘ﬂE%ﬁhﬁqOfam%l Ehfoiadisby ef f ect of
a spri Hy mbntlder hcdnrsbiewn )aft sEbiion ddke logkip helt &7a freartilvectiopedari tted to

nmove in ragial ggsiéarc&qﬁa&aep&hfanfus@m&é&aoéqgtoix%@aseagé%raée; gished by the
pi vot i ng 8849PCT/ 1132009/ 0055

to recesses
" (Fig B o R ereRoRR s ol Py BP0 B8 T ecess
act uat i on B‘ﬁ’é‘gﬂ%ﬁ‘ lovﬁéﬁbt’lﬁé'?dé?aﬂt@ﬁr i 5 and thesigmn 6 te heddvesrin2ee cyl i nder
11 and | ocikidigcltial by 2ié eapendngeixtiendpdng Dot e ibain®dds At kachigad f rom t he

oSi ti [ Gl Sreu ed) act on
Phe o i o e SSRGS i LR

cking position
i || ust rat &4° o33 CiFRUAT PTG AS §ldBg Surtace éoﬂﬁﬁlénglb‘gl tioned with
t he seats OBBDSaﬂelfWé’dﬂw nigton Hihe|lenkitiadpep Bh srgirthar fooped smen 4, t he sol enoi d
or SMA deViceeh&Qofi %itRASugiedelding sﬁﬂﬁdélstbu@tjng/mtaﬁoﬁabﬁs@ﬁtﬁ@tmm rods 38 10

ar e ext endgfih Hoherdioronth ds diischs '&agu@eagageg%gicaﬁgbggwﬁ robfacdr € Pushed

out of,.the i&&g %s I_nt y engagenen FTr6m t he
rounded eRd 8% FheEEd ca‘é’t‘tﬁéis'il?ﬁ?r?%ﬂgleé@k’% gﬁ@ét on/ cyl i nder
assenbly 25/11 is powered by a hydraulic punp and 15 el ectric notor

assenbl y, TEe®ckingSlog?3 AR fOrmdiGHitH %%meﬂﬁ@ilr bR raARANE ThEREatPUMP 3 IS of

f dd at hyd I di
o the oyl o ratts FEHE T B R Al L S B HBr R U o1 the

pi ston 25.°¢ el & %W%és?‘i‘@hﬂﬁFéPW@WW@Pﬁhﬁﬁ/m Faséala3. 20 It
shoul @Sbe dirertivd intocthe sérds P bf ertnetdoreride G5 ewing shuouisd andwwabiheareyl i nder 11

andt an anap&rafednb%Ioeaa%éuﬁm%fgfdr@?aqgfekh&{lb Sﬁfjﬁ&f*&ﬁ fStemdi S :_n Ejhe g
centre. M&HQ%L%?S% nmg Ca‘l %’? al! I %’JVFbPJ'BIl ES a LXE ) | nder an a

novabl e pi ston arrangefnen Whi ch a stem
connects &Ffica 3tk THay %SH?‘EE,F@“I“I‘-hF 6°1F%dw 6%@6@90}@6#%@4,@6 The practi cal
adapt at i onctugtiorotods3Btremain e2fenflal tot frevenn wenbilamg pibsiB7 rsmIboamy f or

conpl ghenessseafs iHBE pdritineRl 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 case 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

—H




Fig. S5illustrates a slightly nodified nodul ari sati on of the actuator
systemshown in Fig. 2 with respect to the horizontal versus vertical
orientation of the hydraulic power unit. The purpose of this enbodinent is
to reduce the dianeter 30 of the actuator design, protruding frome.g. an
XMl trunk, to nmake it nore conpatible with XMl topol ogy and space
constraints. This enbodi nent may beneficially enploy individual hydraulic
stab connectors rather than the flange connection shown in Fig. 2. 35 A
sub- sea hydwaubdeasggewer unit SHPU i s housed in a sepacutioangsaret ri evabl e
SHPU- nodul e conprising the notor and?punp assenbly encased in a housing
44, Reference nunber 45 refers to a protection cap for a netal bellows

vol une confsekiggdess pto regrisehiihifim g ‘f’jg‘F h g8 ARS 2aserRRisIOPe FHEC%i d i n the
act uat or asosititd FROALB8BA0RETL8B2009/ 005567 13 a result of changes in
pressure and tenperature. Such devices are commnpl ace corrponents in the
sub sea in and the C onent .is.sho or. conplete
descripti o%l“l:'ﬁ SHPRFROR acﬁ{rlﬂ CF%“ ﬂ%mazc%t \Q['t}‘ ILI ‘{TP Qq??a connecti ng
flange 47 gfepdedanphe fﬁ{\@ffléeréctm ﬁ%ﬂ@r@ﬁ@@nrﬂéﬂ%@ﬁ@ la@sﬁﬁdsm refer to
bearing ar mampessenstdllfigrtted lacngn thelakdig dogs BDForipiogihg ik sagledbiove to a

stator 52. ykheghid mﬂ%traéélﬂn %‘tsr @Jhah%hélél?ﬂh ﬁggsfﬁ%ﬁad},%t facility
via lines conneched ttg %‘QZ Hﬁ 3 5) [ or t nat e B}?ector 53. A
suppl enent BYSHESARECLSF © ?E%H’ atgﬁ ‘i?gﬂ? r’rnzi'ﬁb":éf’ﬁ‘”’f4 ack up in a
case wher estémrfe@t% g8vits3Uissooiived inergswlh ohwhich theactatioh redre38SHPU.

Ref er enge mr&mhd&ﬁmme fevardditation a8Picdbaling Fins BY emahlshe®hecdr oni cs

cani ster hausiagida Elagly hebahest 59%&%gﬁg£@g§a§xﬁe ollREASSAL ¥y T OF

operating the actuator tor can in many fornms. In a
preferred BAfSEErAEhicBat "c“rﬁogsﬁﬁventl on a squirrel cage notor with the
rotor 51 designed for very high 15 resistance in the rotor bars is used.

The bars co ﬁstbﬁ/ayaﬂaertﬁssanﬁlsa%/mqe@w&:emymyafauabptlﬂ;%naor)per as
opposeqsto %JES mI%Eo%sse J(gs@eﬁq S%M‘@ ogpl(gasbn'%%}%ﬁﬁn? tox'rer ¢d otor can be a

solid cylln jgﬁbece |cs er ¢ase it is then
strictly sPEERPAAYOixed ‘%%ﬁ!ﬁcﬁﬂévtli?é‘ijé* hTGEOYRIGESS it possi bl e for
a notor ofhﬂfbmalwfﬁlcchumrtothmndderMnngwaa ﬂputlmd 42peeding butheah8of f or a

not or of 2@ e \@tdhn bOVUAdNS Y8 adititbLRusidy it @k bRdink a8que and very
tolerant to heating. In the present invention efficiency of the notor
runnin at rated speed (typically around 2900 rpm) is not a major issue,
however? iMehaHd &g PP’@ﬁtth? & PrRfgTERd mzhodiangryy shewsp sovaiecslisder ki ansni ssi on
l i nes usedandﬂarsaﬂtrmaaplémﬁlzdfﬂed/ﬁimﬂiantvmerd)hreeedm BtiAanhd eegtief At he not or by
means  of %&%egahe@péase@e@@igsom@am&aé ﬁx%era:;,ﬁt;&e%ﬁd 2 VBHE Ristdn, POSSI bl €

for a robuE

a sta rd industri al
i nducti on r’rB{eg m%fal?af‘?@e? 'ilf' gglméﬁ%%(ﬁlgg?’%"c?’hﬁ %te?aecﬁﬂlé“fsogjg Sate | ar ge
vol t age dr3y GwoushdotheaROMicgerign facilite §he practisgadeptation isaogerifigal ush
currents amfltHeduvdn@iad, Mitds ehosal fofSoniytletBihiedt of H¢kcrigtisd. not or only runs for
30- 60 seconds per actuation, so the aggregated power loss in the form of

heat is 30._i ni fi can e red enb i ment the notor stator 52
is wound fOF r%@ﬁ? ?%%aﬁgﬁtg' ‘Jt?{/rﬁ U o gle\?ﬁi“@gof%%tﬂa 5-kW uni t
(typical r#owngnfig 2avigr reamcgmf@pﬁorlmVtmswmgwmmhmeqﬁ}hﬁerrents are
?ﬁder at e Mirdictfe@reMBhOr THeUREHds0 RAThiEMEBLEh Qo r%éu&étﬁélhﬁﬁﬂe?é} val ues.

e entir alves is
{71 eah tﬁ@é‘%ﬁ.ﬂ%&ﬁ?%ﬁi B GPATR B, Sl Sl % VD . A
such f1 ui dOMPRURleaRELfME fpralnes apd spage CP‘i*&tEﬂl%ttsl Biis ewa?%@ﬁ%tr%f. cs at | ow

vol t ages, leneficisllyesmpits mdbidvgl Bpkravit steh cofinecthystather tenfthefldnges t hus
optim sed @RAnection 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 hellows volume
compensator 6, compensating for volume changes of the fluid in the actuator as



WO 2009/ 138849PCT/ 1B2009/ 005567 14 |l ubrication 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 an internal |eakage, 5 normally considered a di sadvantage, in
this context however considered an advantage, as the actuator is certain
to go to the valve safe position even if the punp or notor were to freeze
up on their respective bearings. In this unlikely case the shut in tine
woul d i ncr ewsegoshasssoshut - i n woul d eventual | y happen. pQOIBI200s8Ap 3 IS in
the preferred enbodi nent of a gear t¥pe design for robustness and cost

ef fectiveness, but could al so be an aX|aé ton t ype design or sone
other for ﬁbﬁsu*toﬁ%tt?ntﬂ?ssﬂﬁﬁﬁﬁé?lfm B’rPF’f?é“r?h ‘E’a uirement is that the
punpi ng actampnornace evmpspdpiteinsiie lsub begt mﬂh@m@rrﬂpthps:omam@s isheptior under
the pressuif gRReatRGr B¥schpor. ahy ISHPIRhAL the astibiopdetisidd2when t he

gﬁb?f i ﬁ I S‘ﬁ% g cgﬁnecﬁn I Seq}’Taan% ctlaﬂglg lrﬁg%icggriidﬁ greééle] r?l.{rgbcrrg Ll@ an d for

ic circul as’ In |on no_capa ility to
hol d the s¥Qfaféo Pm@m@a g IpEaling ol Sadﬂfpméﬂthaﬁaglﬁwq 980nce the
notor i s deaené2dgilzades pdwehend ookiohiy sdpgjédJbonas bostdhabiyedh litehe ret urn

Spring 29 winhkcttd toifie bR valve Bb@ase Bblt :theT«:B&e%@Jrstp@%hf)ﬁ&ﬁeﬁw he val ve.
Only the necha cg fail ani sm trorﬁachanl cal

arresting f&C g%‘r?“%ﬁ%‘(ﬂﬁ‘%agﬁo%? e arganged Top bacguﬁf%nﬁ &f T¢™hol d the val ve
in the pr o‘dﬁé?‘?tefnS?n’@d’escowt@lerPféleﬁ%toéFhea‘-?ﬁF[h%fcﬁqﬂcF BugbELR try only
const i tt erefdpetosd sEphmatéiy Ratibaibleadecerohias karfletet Rausingwecheck val ves 17 and

18 are of JoNs5C/elebirGibs aﬂﬁﬂb&l@ntsmeeyssg?%m&ra thghRe BR&oRS sure the fluid

which alternately runs 1 nand out of the Cyl |n er spring side is passed
through the filter 15 (typically a 3 mcron unit), as springs are known to
cont ani nat Bhetthetof | gilbe brigneddn meomimmst Wi 4 preferied dabelimeng Hithls val ve i s

| eakage Whiaferfidhjatiirtdd cilfcQBSIJF Rith fihd fobor®1akkighe @B vaghign. The check
val ves, are eQQEan%g,g,ltﬁs&?thpbaqwﬁwde 2f btk @ ﬁlbsa{a&s ofMe@Q oddﬁ es are of

no consequence, result |na uc ion of the

y
fluid fil tlfléftepﬁlﬁhﬁ?ﬁ?,%Eas epRASEL L0 e ngrerl g 315‘?18 ‘FFé‘Fg?‘\P/Ber ﬁb ®critical
check val vagir¢ mttihias ttclarml,ldtcylérnbtcalsmm)’maelsqﬂcmed fin gheslattertraset itui d bei ng

sucked intiQ tﬁé}ﬁstﬁ@lﬂ eﬁﬂamhg Qo4 squifeltagd HRYREENGNib mdkes BPobdime tdrf i er

circuit). B I m. for the
sucti on si dém%) E)%n?ﬁm&cfn&% %Mll?gt %gd%%gg%%gi ﬂgﬁ(oégg?&?ﬁ?ft shown in
Fig. 620 svegeloy ipgishspragpt hi Et‘ir&u?Jé‘i‘CfY%}FloéﬁrénUBﬁ{eaﬁ%Qf H6n which is
usual |y cmsa}hemdntﬁdimfﬁcﬁermysnﬁ&reaaowf rimmiing ateated shyedr(pically syst ens. WO
2009/ 138843B64 éddo%%&@ﬁmaﬁ&s&é oRB%RR, iRHIHRRNSreddis adBajoldsus?6, 56, 57
as referred Lo, ihe. List.  are constociad, selr. expl analory, fLopsul, sea

engi neer s, aha are o FETEPRR TP e 108 | ements in
Figs. 2-5 S&fd@ngwf)é@ RAEPHPREEHetEs ttfwemreafl?n% aﬁeétr%%ql?&WéJrﬁoa tory t he SHPU
part. Thesmaedsanprikbdleavea pwst schamsubingastmple Egapment, but for a

standard industrial induction motor of the squirrel cage design this tends to
create large voltage drop on the transmission lines in response to large inrush
currents and low load angle values at start-up. The motor only runs for 30-60
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/pump and auxiliary
valves 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



5 context and essential features of the invention. The nechani cal
connection 47 between the ROV retrievable SHPU and the non-retrievable
cylinder part 21, 22 is a comon feature of sub sea systenms and shown only
for conpleteness. It would normally contain check valves in 47 for
prevention of water contam nation of the oil under mating/de-mating
operations. 10 When the actuation stroke starts fluid flows fromthe punp
3 through the interface 47-48, 19, 20 into and through the piston to push
t he cyl i ndewoltdsnmssdbhe extended position thus conpr eBSIABZOL#PEsSET et ur n
spring 29. Upon reaching the end-of-4troke (or end-of-travel) of the

pi ston/cyl.inder, t ockin ogs 31 are 15 tilted intg the |ocking

oot ¢1 on AHEHEn PR B B Ry TR HEge B th t he

| ocki ng dogslitipp ta cergesitroresigtanch of bk exsticdpergprstentsy  SMA devi ce acting on the
actuation arns or rods 38 to push the pins/balls 37 into position. As |ong

as the el aeLLARPAnElLOM Se A8l S05E eaggag%epﬁpl Slcgiens 37 wil| bar

t he | ocki ng di rom novi.n the ¢ 20 irrespective
of any r TRty comsietedrs GRtaRREr, I%HPF AiRptes owe‘ﬁreweéﬁdeﬁéss of

descri pti owlvategd, 8s 88 dcpiatonin certeih tpge kethe shlvarsae absdorasveangbd i n t he
interface hety\6ahotbPRee)h ﬁ@%ruplc;n g r@el EOR il R, BERS dliketyhe cylinder

interior fro tggaell-flll |nter|]9t tmwmﬂﬁeve %}qughousmg 21. 25

Fig. 7 shows Ve Bhwenr Bre "f’ﬁydr%uﬁil CIpressire PHtt uat or

cylinder and Fig. 8 shows the correspondi ng notor stator currents,
respecll vdhg puag Risfin ot prefenet etibo@infedt ofta gepptypaldesigh fatromidtsdss oke

sequence %@Qo&t@e%ﬁss'&%ﬁfdtﬁg) lbetofqgla%cfé fﬁﬂﬁ %r%gltn a ![ﬁw f
pressure C epresent e e s rln or e in the so
starter pi’ston 14° dﬁ“g C%rgifgfﬂﬁffh’r"i 'gIP 1f}é“’o‘f"q‘ﬂ)'f ®(see Fig. 6).
When t he Q%‘MP%%“P%FS W?F@P@iﬁ srt@héh@tsthenumeﬂsmraaﬁeamptmmdexamef ul | speed)
the full breskevmyertdas the réthm Maing@olin ciisdeppl wdeh @tdmbioe 198 essure

i ncreages 4k, o N o digtely reduced as the
pi st o{r?%ZS dfegc;ggﬁﬁdw? ﬁ%elr JiQr?g 95g%53tiué{r§ él%l?%&;%g g%t% dhf\éor ce of the

e
return 35 l%lkﬂasﬁtenﬁ‘ﬁ%augr"é’s‘?ﬁ?@h%’tt%g the MErE8dRe as the return
spring is eb@iﬂﬁgi rasiiones puthpaytendsiilaPhae, theunetor tihde-paespion! aml thyl | nder 11
reaches enstidifg-dolé 8k Breabledded, BR RFLS SPFify SNAMrWe 'tg&ét@%%%%@ﬁl 75 as theL e
IS no vvay c raul 1 ¢c system The
tQH‘Ie sfaﬁr OERI%H ng‘fe%‘}e O%%gme%&%gb@l f%% 111]!

pressur.e :?% mal nt al ne 009/ 005567 16

r ot or SFPS) “é’ﬁﬁ’lcﬁleﬂreéﬁﬁg HE&]F"‘“B%PW"H%\% Figpetianghd f-srfétqnéﬁ‘biio until the
el ectro neélhhlrthe adlvainrtbs prasiyctiec made. She kizstriceenonotd varadic say 2 seconds,

neasur ed ifcuitry oAR! cBndtiti®RI the Ginpié GRRdtiod 6QYatingeidemer the motor 44 is
svmtched of f and the CI rcwt |s depressurised, the punp now driving the

not or 5_ ver se. (g 8, reference nunber 80 indicates the starti ng
poi nt vvhe © gk 6’\5(%?17%“ PP neB-crifienl matuse-, Than gregutiin ta mekpoi nt wher e
t he i RPushursithe éﬂlﬂ wifich fleermatelyrruns in and out of the cylinder spring side is

passed through the filter 15 (typically a 3 micron unit), 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 no consequence,

30  as they will only result in a marginal reduction of the fluid filtration 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 shown).

35 The hydraulic circuit, shown in Fig, 6, is vety robust with respect to particulate
contamination which is usually considered the main source of failure in
hydraulic systems.




reaches its maxi num val ue. Reference nunber 82 is the steady state at ful
not or speed, no-load value of the notor current, and 83 is the point where
the 10 soft start accunul ator 14 hits end-of-stroke. Reference number 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
t he end-of -stroke where the punp/rotor is decelerated to stalling (or very
near stalling), and 87 is the point where the current supplied to the

stat or w novogsyo$ssd he stalling notor. 15 Finally, reefrasmeeesseunber 88

i ndi cates the point where the |ocki &g dogs 31 have been activated and the

not or power is switched o p age of a certain delay in time during

whi ch t he RFfsTEee pumbers Ly %d%‘a.r%f %%%Q’tﬂgf‘éfﬁlé’e%”gﬁﬁeé‘s%éﬂee‘i?aﬁéﬁfaﬁ y shows the

el ect ri calelé ¢xpdaniatary tofutnsvagagnatrer anslome pol desgrhedfugtheradbor ding to a

]pr ef Ier r ed egyzhadiy it cl@hedib éh Pige DLH brd Y& Yela®d. to POVRE skfe suppl i ed frolr<n host

acility vyi . ] . r .t sfor.ner, 94 wor ks
e%hé.l{lgrﬁ%jig !%(?rﬁ‘fe é(‘i{]ﬂo i pﬁ;ﬁé@é&ém& gfebr?&Wm 4 &b Jeg alRGto?

with intertace circuit, n) to read back to a progranmabl e |ogic
cont r oP| eFO’”Efﬁ}l‘tta“(ilﬁE?f’nﬁ‘ﬁf/ fegtugns of fhe pagntion othegnerhgpicalbanefioBYi cal phase
currents beitwehe thed REV ratdedablesitgil arfthihe PG réibievableqlicpparie t,22a nor nmal
selrial Sgié:gmml g%{;&@?{éﬂm&a%%ttéﬁgaﬂﬁgh&vﬁloﬂl&@r%?ﬁbfegfééé.ﬁ?t 93 driving
rel ays : start.in ct uati pn._sequenc e unit receives a
ommnd ¢ v erm Pt h M AAGL IR BRpRERENST wlli oo U0 [ EO2 HeS
comuni cafP¥amiiatienRf theioflaindey matipe/daimradingopergtiong el ay 92 to start the

notor 18. The secondary relay 92" is installed for correction of the phase
sequence §ffdnithe hdtuMdn\GidRk St=54ARMA BHAUSos Ohd QlmAB thidkRkAAL | ON where

correct Wiri t hrqu t. 1s secured Sone, operators nat .accept
dependencgltgrgg: &?h&cgg’%&ﬁ%" ﬁ‘fﬁ‘ﬁﬁgggltﬁe?ﬁ&onptﬁrﬁ}s}&l&es%?“&letﬁte a pressure
when runnithfestanided pesificioibya cpmpresting treonbwn sppitma® Wonmeathingthe The
secondar y efidebBytrd2' (oremy-dfieRelp6r the bistad/ eflindabthWieRidehigeBdakf - Stroke i s

reachgg f [ i : [ : r 'ggg-g 1 the electrical
current dg{t%%?g%%%iin%ﬁﬁgﬁg%ﬁgh% fraglﬁgg%%?rets? aﬂ%\?‘{&u 4, g%d converted to a

format reSUHEFE ogs by getpaiqref ShgelestimagnetftINA (even for the

case of afevidd actingan thyt astyativnaras ohwods $8de pustateinsfivalds 3Binthe signal for

¥g9 )2009/ 1B&R4QPGL kig2R00¢ B8&Ehaghét/aMAURLIOR egﬁfergia]{@a dlh@t;%ﬂ M@'@L enoi 2 uni t 97
or, : t | t unit. t1mer

Ci rcu'éJ i%ﬁpﬁggﬁﬁgéﬁggg%g P%Saﬁr%%%%%&gib\%k goh%%lfﬁé% C CY]?nrf'ger’t 0 actuate and

subsea entTFPegtive phany pragicpliopre from B FPH)E PRe PLC unit, thus

de-energizing the nmotor. 5 Fig. 10 suggests alternative sensor

i NSt r unenkat dogtpldtéhess bRtes@iwionl sl eBRLNREL SacRhgek @ RIESENt i nvention.

Thi s inst | ddi t | . th tecti f
endt of - ot PR e Y RS Rt B AP P rd Bt e B o1 1 bod

. I n .
above, i .®ingdeLiptrioplipmdht olidlletintcgior P% PhigIRchstBhorsingdir ent transf or mer
unit @%. In a preferred enbodi nent a pressure sensor/transducer unit 98 is

fitted St Fig, 'Dkﬁf;% ﬂ‘l’ﬁaéﬁl&pﬂﬁnhﬁi{ﬂﬂdlﬁtpp{sgﬁﬁ%%ééﬁbt%&& szﬁhu(ﬁhg{dv\j S tOf be
measured, .. 8. to the pu utl et por ubi ig. ow i ne for
hydr aul i cm%e% f"kﬁorlr:fs_ %l? c?'ﬁ%sggrﬁagrrﬁg f’g%?rg’ H&% Cél&mgg r%slpFéthF%egs % he pressure in
t he hydr atirton ofifiree ¥ 2 iyRice! esftabenstarke coquenoe Wihfinsthe saotordmt . Thi s
pressure stertsdit dined theiphinpdekinst a lowppressin 21 su@maticdlly eprebdi@ecn act uat or
st 1 0kgy askBHRWMArihg foFkdn te sdft &aFbYoibiBh S4 mmuc%b&mﬁaur 13%9' cate

end- of - st rio#e tgﬁ)nt | ?1” @f he pi st on{g% | i, r%der aﬁseq_‘g and additionally
provi de i APSPEMRY 5F° FEadh NS5 4 ¥ %d”ésl P BiReneF f%’.ﬁ’am‘ al so suggests a
posi ti on @ierort fyhpreedighe fldl egaleatvay dorcelefithe valem 1 Dis appleddrst thoke position
of the pisessiire tcreades fronf il S0 PRSTHel (RESERITS MenUftiniedetly ediRedized as an
alternal i ¥e gidod D RUnddePes Rl SERROL abdih HURRLA bl Rlmbe COMDi ned

W th of 't sensQor instrunmentatlon er 1 nproving the
conf i e% C@qnﬁg% at%S. 'Phe pressure steadily increases as the return sprirrr?g is beingg

compressed and finally, when the piston in ¢ylinder 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



25 detection. A position sensor unit 99 of inductive type is a very sinple
instrunment conprising a coil of wire, excitation circuit and a detector
The electronic circuit of the inductive position sensor unit 99 is
enbedded in the electronics canister 55 (see Pig. 2) and the coil of wre
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 magnetic or optical, could be

i nstal |l ed twoe@ofissan end- of - stroke position or coul detEmsReegtisdsh ed i nst ead
of a position sensor unit 99 of induétive type. Experience has
denonstrated that position sensors are SU|ta$?e b sea environnent.
35 Sone op@PardmepdhFalsdand feeh beige deviopgd: é@Pr 8 Fon det ection of

t he val ve ehictrafdechdniesé arresiing emechhvainmi had ibeert eetiyetsilt saarr? geensst i on by the

:nf erenti aheagglméadqqfsa”@iﬁeerﬂrﬁ?doaa%m frdBitSe £aBr M6 mytevidiedwhyhageans of a

i near var ifferential tran r conpri sing
coils of wihE e dige cirpdft 5 o%ﬁpréfsf“é%ﬁe 8%@0‘%“9‘5’%%3%@%‘%%%509/ 005567 18
a detector in a conventional way by nounting the slider of the LVDT unit

i n direct Intiha8nidatneontrdet 80 indidweessthe staofing prentwhere theciosat 5r . The

t(?l ect Ir: oni Caf hé@wtznﬁ Hotdr Vil yﬁistthe oigfheddete intuddh@iradne et theRidgs cani ster 55
see Fig. e,

bl n the
(e O rabcuEb e pRS O ! m L LGBl b0 Yo RERIBdn 1he e
in the fi gaetesspesictr-land wter @ywaqreue@ﬁﬁﬁnsﬁﬁeeﬂm&ﬂﬁmr%%ecu fically
been i1pl %BM&&da@ﬁnﬁﬂ.&toﬁEﬁ&h@ﬁ&r&l—M@ﬁttb&e Aodfereh@rumbER i8S is tplpeiment at i on

requires o LVD&Fngo@&J & thEvEGS1 P8 A cGRINANSS ib ewtdaet efet.-er red

enbodi nent enment at | on as. sch matlr 1 wnln Fi g.
10. The i &9 56 FéStﬁ?ﬂy Whg%’feﬁ E\ad ?fgSeﬁrfEa{"a‘ie§ ‘%Sely )| fﬁ‘:actl cabl e,
t he i ssue the pnmpérojrds fesclemtechint stalling fve verwlnget $fﬁ1éa£) e!@m%?)ﬁéh@ al bei t
robust i ol RRretHeeddest duppBedht BR RN 6ilthé Staflipl mitest cases

diffic um . aé.{ ege! ?%c% nﬂlﬁ{beﬂﬁé ﬂ}cﬁ&%ctﬁe ﬁBm’E %Lﬁ%@ﬁ@ﬁng 115%3005 fhsbhe pressure

senor tor current toring circul or not or

current trhgﬁ%ﬁ‘ﬁ)ti“'ﬁéetdaﬁ’ﬁlﬂf‘e9‘@%@%’?#’5@8“&%@%&3%%88”?{1%“ nodul e or
el ect r oni cllayanitigtegturing whitdhcthe ingrterakbis| syalied tat fudMtatsiuve f or nai nt enance or
repl acenent by nmeans of e.g. sinple and proven ROV operations. Conponents

el a0 U, DAL SRR A LS, dRTCHI: A0 BYER! 0 De

enbedded ve actuator system
The prééf erscerddgse airrertre Gd%%@éfn?fﬁ’ Oif#feel?ré’rﬁlf %Ve’&Fé‘{neg?‘i"?fﬁS BYPRYRY- of - st r oke
posi tion, fronehostdbdiity giartraasformenuiop I ngmbior weanst tednsforqmar 9embrkisr ansf or ner
unit 94 orwify Eﬁé%@c:?&ﬁt%& 3t oWl 0 feallbadk B £5:2 B BISRECUNI T 98,
requires onl% 1 nwlég&e ?52%‘ el elgtfl ceagrneo%réegt&i%r %3 Qeﬁ%‘@%n t he

el ectroni ¢S CaNT's ﬁl ream power af ha

comuni catmmele‘éﬁ?ﬁi@%%o'fh%ﬂfﬁ\% is qqflllf@P@WétFl ad?PrE‘V’m“’tﬁ-hl t or an inductive
posi tiasn seasmIniatas Hha@p a0l dighslrl/ O cadteslliaed 98 ot melagss9230€°. Dapl enent ed,

then an ad@ikihQAalacBNoP héﬁ&%@bﬁ@hﬂt‘%@ém@@ﬁ'&@ﬁhﬁhd%ﬂ@neﬁl ng

el ectrical onents i n art. of the
topsugg) at?on via the var1Xus ﬂlag of tpxe sub sea commumcatlon system

{line 96) and pulls primary relay 92 to start the motor 1. The secondary relay 92°
is installed for correction of the phase sequence and is in principle superfluous

30 for an installation where correct wiring throughout is secured. Some operators
may not accept dependence on such critical wiring. If the pump does not create
a pressure when running this is indicative of erroneous phase 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 motor 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



actuator with the electronic circuitry in the electronics canister 55
woul d be 30 required, This represents additional cost and nechani cal

conpl exity, but represents well proven conponents and operations. The

i nvention 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

wi t hout departing fromthe basic idea of the invention such as defined in
t he appendewo ziogisgme WO 2009/ 138849PCT/ 1132009/ 00558/ 1E80%/40S#7 OF
REFERENCES 1 an electric notor, in tlhe preferred enbodinents a squirre

cage or solr 2, er cou n a I|c punp, in the
pr ef erred®® dtb ?{gﬁ?]dfg% %gﬁ?ldt ﬁ@l t’e“Er)lhe C%S? T pg%eg O'm cron particle
si ze rej eﬁWfWWtA%Pﬁﬁﬁgﬂﬁﬁé@@a? ectweﬂerléqr @V%Fl\?éa*fbrr or art) 6
vol une cotifens aitaste and stibqpétiyaht edapabddeaahbiedoyhat POOSndesi gn 7

oi | reseryQilge-d 9¥ﬁ§éﬁﬂ ¥ ofiedi ned by the external housing of the SHPU 10 8
hydraul i c accunu prior art) 9 control valve (prior art) 10 solenoid

operated pilot valve (prior art) 11 hydraulic cylinder 15 12 val ve, such
as a gat eFigal@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.¢. 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 measured, 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 senser 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 non-movable part of piston/cylinder assembly, though not illustrated in the
30 figures. A second position sensor unit of another type, typically magnetic 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 sensors 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



13'check valve, in the position shown it is only referred to prior art 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 val ve 19
hydraul i c coupling 20 hydraulic coupling 25 21 forward portion of the
actuator housing 22 aft portion of the actuator housing 23 ROY override
facility 24 actuator interface bonnet 25 piston 30 26 valve interface/stem
27 locking bolt 28 aft section of the |ocking bolt 29 return spring 30 aft
end flange wo 20da3884| i nder 35 31 | ocki ng dogs 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.

IS Both the pressure senor unit 98 and the motor current monitoring circuit unit
or motor 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.



32 ' radi al shoulder on the |ocking bolt 33 enlarged radi us section of the
| ocking bolt 34 |ocking dog sliding surface WO

2009/ 138849PCT/ 182009/ 005567 20 35 | ocki ng dogs interface structure 36
seat fornmed in the peripheral end of the |icking dogs 37 | ocking pin/bal
38 actuation rod for 37 5 39 solenoid or SMA actuation device 40 shoul der
on the actuator housing 41 recess 42 flow line for hydraulic nedium
10 43 flow |l ine for hydraulic medi um 44 notor/punp housi ng 45 net al
bel | ows pr ovectp/omssgap 46 (not used%947 HPU f | ange 1BCTHAB200%/@8%7 i nterface

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
5 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 eylinder
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 fype in preferred emmbodiments
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 actuator housing
22 aft portion of the actuator housing
23 ROV override facility
24 actuator interface bonnet
23 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 locking bolt
34 locking dog sliding surface



49 bearings 50 bearings 51 rotor of the electrical notor 20 52 stator of
the electrical 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/tinme curve where the soft start accumul ator reaches end-of-travel
72 curve on the pressure/tine curve where the breakaway force in the val ve
actuat or | woeeyvsme 35 73 point on the pressure/ti METERMPEHISHMTer e t he
piston in the cylinder 11 has overcéhe breakaway and started to nove 74
poi nt on ressur.e/tinme curve when the actuator stroke is conplete and
the pi sto%%ﬁ%%ﬁ?ﬁd‘éér#ﬁe HHEYEached end-of - stroke WO

2009/ 1388¥ometforned ot posBEFalrpd of the licking dogs

37 locking pin/ball
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
46 (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 breakaway 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



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 latch
actuation has conpleted its stroke 5 77-79 (not used) 80 starting point
where the power is applied to the notor 81 maxi mum val ue of the inrush
current of the notor 82 steady state at full notor speed, no | oad
val ue of the notor current 10 83 point where the soft start accumnul ator
hits end-of-stroke 84 point where the breakaway force of the valve is
overcone 385vatoay13smad - stroke in steady notion 86 end-RETABWMIREWWher e t he
punp/nDtor rotor is decelerated to §%al|ing (or very near stalling) 15 87

poi nt whe t.he s aIIed current the S I poi nt where
the | OCkI.FI PYBLE \?5“38 uﬁ‘fe%h Hmp?m %r r&&pm Sgllilgggl\nm t ched of f

89- 90 (nom&m@eﬁﬂbQO 91 transforner 92 primary relay 92' secondary relay 93
control | 7égoifif &MHecheedBhfe/ ttietcurvepitichat pitich shthationthasebayplegdlitnoi ds 94
not or curiggé transfornmer unit 25 95 progranmable |logic controller unit

(PLC unit comupi cations line
5 7-79 (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 pump/motor 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 locking dogs have been actuated and the motor power is
switched off
89-90 (not used)

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



97- | atch sol enoid 98 pressure sensor unit 99 position sensor unit 30 100

| inear variable differential transfornmer unit (LVDT unit) WO

2009/ 138849PCT/ 1132009/ 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 piston (25) and
cylinder (11) assenbly, hydraulic flow lines (42, 43) for hydraulic 5

medi um dri wangpod/ises4pi st on and cylinder in relative diIBRe¥NENT agai nst
the force of the return spring (29) 2characterized in that detection means
is arranged #gr detecting an end-of-stroke position of the piston (25) and
cylinderq%fg assenbly, said detection neans is at |east one of: -a notor

current npm étg;SéeQ JalGé (10 ga.%t_ub!ﬂaf EysQe?&):émﬂt_@sin% giédfzﬁ(gb | nd'ByEhdasn pressu L le
sensor un - -a,position.sensor unit. ' - 3. vari abl e
differ ent(:1 ga)l a(sf’?étﬁ% fag %é'?mﬁlh is?mlgl‘g E:Imngeé ear%%cr%ufgtﬁ g?%@%ér(gr?}g%%’ani cal

arrest i ne heskspdisinsmn &) ard alggfa mogPfd) asserbly 2atrciadnd Wil BEPIBPY arresting
the ret ur@s)sid cilinden (B ) aosgpitds Sgdrastiatiew lines @843 fofhytihwelid5 det ect ed

char act er TS aemraiy 6 pistde anl{ BUAG #R e SUpRBAERMRLBOND © 3 T S r cui
unit ( 94)tl°’§ﬁ8f 'ihr‘?éetblfré%%?%&géﬁ%%@c—tﬁ%g@ ifg%é}qoq[e%cg%?jﬁflhseia ki %F(r%l el ectronics
cani st er fphdateciingeah end-of-etrokenqsbion of thrrston (2 end geirgler et uat or housi ng

(21, 22).assémblyRidddtedionmeays iiamleseoiddémg to claim 1, characterized in
t hat CO”p%Q:?dgfnscug{eP?hohﬁgﬁﬁ 89%"&1:?5@ ;position sensor unit (99) and the
e di

Iinea{ vari a erential transforner unit (100) is contained in the
actua 8)

br ‘ﬁé’éféﬁ?&c (nfﬂl}m?ge_ss'gg 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, characterized in that at least one of

the motor current monitoring circuit unit {94) 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 system according to claim 1, characterized in that components
of at least one of the position 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 1 to 3, characterized in that the motor
cwrrent monitoring circuit unit (94) is arranged to submit an end-of-stroke
signal to a logic unit (PLC) controlling the electromechanical arresting
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 arrésting mechanism to hold the
35 valve in production mode against the force of the return spring,



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 clains 1 to 3, characterized in that the pressure sensor unit (98) is
arranged to generate a pressure signal in alogic unit (PLC) controlling

t he el ect rowechenisg@l arresting nmechanismto hol d t h&CBB200a085857| n
production node against the force of¥the return spring. WO

2009/ 138849PCT/ M2Q09/ 005567 23, 6. T ctuat or. syst f of clains 1

to 3, chaPatteti¥ @?yﬁgeflhg_ angof figim rg)né gi&jﬁlat‘ﬁr@%%ﬁtﬁﬂo%%%ﬂé%er unit (99)

and t he | ehiégmositien atsiser apit () end thel linepeyrsiebleifferepiial tenefoyos's arranged to
subm t  anuen@ton) issdrfaiged $é griabit b end-bgtake sitinkd {oRUGYc cot(RIg) | i ng the

el ect rom%&&mlﬁgg f%q@@fe@&&%@alamgbmsaﬁg bR chligh th oMy eatdelin 5 Product i on

node agai nst_t orce of the ret ?[}@ s&rg}an_g., 7. The actuator system
accor dPng PFUUgHSP BPdeprepingt te Prred! Mefs R f8 % ed in that the hydraulic
punmp (3) and electrical notor (1) assenbly are assenbled in a hydraulic
power uni 7, W £ddudtsr Rt exahliyg HepRectiethd Did fiehagicteaizal inhbatsi ng (21,

nyar 8*3@%%?%@}@%%@%@%8'&%@ PP el deocBRBRRAL S T

hydraul i c_nmediu I st'on )|y froma

rever si bl 8YIPRREROYR SRt RdEnR iSre PR FINReHaRR (hs)Rctupkor Psni%ézlact uat or
systerbacegrding to claim8, characterized in that hydraulic nediumis
supplied via a flowline (42) opening in the end of the piston (25) which

is statio in_the actuatar. housin 2 22)., 2 . actuat or system
accor di nggf{c‘)l_yec C_ﬁ?%oﬁsfsgeﬁé?c@fg_fdé? ééec(h]aulgr?( F%m_m%%glt%%dg&%f?) i s arranged
di spl aceabiedivgnistmerisstiodhe petop/ ppinderrssenblE fiom HBTESHE @3 filled with
hydr aul i c displicethea Giyriralie aitipg3wW t h t he hydraulic punp (3) via a return
flow ljsne (43). 25 11. The actuator system according to any of clainms 9 or

10, characgterized in that the,.actuator, housin anpri.se stem (26)

proj ect i ng' 'ﬁ?eo?ﬁ?‘fﬁgr %Yfﬁnh?fécf’rd(uﬁéo C?aﬁmas fF@%‘%ﬁ"—g@@‘%‘%@‘ ﬁfa%gﬁd a | ocking
bol t (27) msdivineistsupglifd Garatlew lng|(12) aeeniye in)the gnd pethg Pisteli @elct i on, the

| ocki ng bekhichrie stkibigy il Holghudthehqusisig @, 225) to be rel easably engaged, in
t he end-of -stroke position of the cylinder (11), by |ocking 30 dogs (31)

arranged pivotally in the actuator housi 1, 22). . The . actuat or
syste%oacég'r'ﬁ}erﬁj’“%/ OTivETeH & ?rdgrl’?atféf@fxﬂ%i’ @g%gé%ﬂ@ﬁé% ﬂi‘%%h‘? %ygiﬁ‘ii?{g dogs (31)
are cont r 611 isireanignd displactablporeling pifsere@h) ini thih acthatop §resigp@l) upon

ener gi zi nguanweh 66draQnB gRekhs nranoticatH Rittotheaydafie piwpasd)wisah | oy devi ce
(39). return flow line (43).

25 11. The actuator sysiem according to any of claims 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-stroke 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/solenoid (97) or a shape memory alloy device (39).



WO 2009/ 138849PCT/ 132009/ 005567 24 13. A nethod for operation of a sub sea
val ve 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 5 (42, 43)
for hydraulic nediumdriving the piston and cylinder in relative

di spl acenent against the force of the return spring (29), the nmethod is
char act er i 2e@2d0y/138842 st eps of . - arrangi ng an el ect rSITEBNEOTE] arresti ng
mechani sm effective for releasably aresting the return spring in a
conpressed state; . 10 - determ ning an end-of -stroke position of the piston
(25) and @ﬁi%ﬁg?d%ﬁﬂ’erég%?ﬁ%Pbts%?gglﬁﬁa% oL BT one o - Bdet ecting the
current supph (A5 and dodsuiidbadsymblland egeturn eprieg GP) arrangsd 8v% ng t he
pressur e defusidtendigiigan,ion), rRgidtdilic pdeipgs) amibeléduse mosir (1) asseafblt he pi st on
relative {Q & i . - t;d wesistion of the
pi ston orasg%cgeﬁg%/%égfﬁgg}ﬁw a}elﬁec%,ﬂ?fzel?ﬁlgﬂ tg%e;nlg_s”ig I glrlr]\ggiﬁoani cal arresting
mechani srif#.f3) &8 hytiragfic medign ferpe thediys fi‘nifﬁ & B3P %n of the piston
(25) and distlaceohent #gbirst dgsferdolofthe rétim Thrngi@Phdler metkod i ng to claim 13,
charactenmaggug%giﬂpﬂﬁugﬂmqm powering the 20 notor (1) at standstill in

t he end-of -stroke positiaon whi i . e notor
current coRSTRBEIE ﬁ?éﬁ%ﬁ%%%rg&%gg%éﬁ %g%lrg%ségg@ fé}ﬁge%%gy?i on of the

pi ston r edrEestipgthegertp spyjrs ndesompirited f@%bsol ute position of the piston
or the&y cyldengeiningad edd-s:etnddermobitign thike pisker (25ppl sylingert(h8 not or upon

det ecti on, 0fmbih enS0gh Af readilofker: posi tion of the piston/cylinder assenbly.
25 15. The hod according to,claim14 racteriz y the step of
activating tggleté’f’té‘éﬁ %Erﬁﬁﬁsl'fc?gileda?) &% _S}ﬂrrllﬁgﬁgé%aérﬁecst?ﬁ %g%’%’ passage of a
certain del ay detsctingrthepuesshty inthehydrpdiomedymy 1) is stalled at full

torque. 30 16 deitbengrikhositias ofhe ipistort @laivy tofthechknides abd t o 15,

charagf eri zed anéc&,kgi?ﬂéta%eoxetfe REESh 6f Ablphord BemERlBideAlangl Ni MUM t or que

provi ded from a s&; ng char,ged CCUHU|atO£%§14%a%{E ng %(%%m%ge fl ow of
hydr aul i ¢ REETRE FESHH Fﬁ@eﬂ%ﬁﬁﬂﬁ%ﬁe%gfiﬁg FRAYEF (L ?1 . The met hod
accor di ngudeofatrpkopositian ofghe Bistps, (2% had srlinder Fdiaspoplfe step of arrangi ng
at |l east one of a notor current nonitoring circuit unit (94) and a

hydraul i ¢, megi UmpIER b2 BRRN 18Nt rd BHzed By ARHPHoRehiS] frieevabl e
el ectronics canister (b5 ichis —'—"t_ﬁonnec a"bL],? &o tﬁp}e t yat or housi ng
(21 %(k) motor (1) at standstill in the end-of-stroke position while detecting at least one

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-stroke position of the piston/cylinder assembly.

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 provided from a spring charged
accumulator {14) arranged in the flow of hyaraulic 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 motor current monitoring circuit unit (94) and a
hydraulic medium pressure sensor unit {99) in a separate retrievable electronics
canister (55) which is connectable to the actuator housing (21, 22).



WO 2009/ 138849PCT/ 182009/ 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 method 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 (20 29%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 pump (3) and the electrical motor (1} in a hydraulic
power unit which is retrievably connected to the actuator housing (21, 22},



