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BL brush-less
15 DC direct current
DCV directional control valve
EH MUX electro-hydraulic multiplexer
ESD emergency shut down
I/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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certain limtations. The fornmer approach tends to involve nechani cal
conplexity and extensive instrunentation in non-retrievabl e conponents
(i.e. forwexampisesstegrated with an XMI' nodul e) and | ar geTdBIOMN8I66TS. The
| atter approach tends to involve sevetal hydraulic conponents denonstrated
over many years to have less than desirable reliability in a sub sea
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valve from the production 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 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
control systems. The industry has shunned pressure regulating valves and



repair or replacenent. Use of pressure relief valves sub sea has very
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filter lde-eMBsdizddne 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 sWdd rsfferehee pd Eigorl, stuisksistomiady fo organésea woitor 1 doameuigld toydr aul i ¢

v gD suh ches e JhE PR RLS D i
cons?é’que k valve 13 such as to charge an accumulator 8. A pressure relief valve 5 is
arranged as indicated in Fig. 1 for protection of the pump and motor. Upon
actuation, pilot valve 10 drives DCV 9 to the operating position to let fluid
through connector 19 to actuator cylinder 11 and to drive a piston in cylinder
11 to the open position of the valve 12, also pushing fluid out from the spring
25  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
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pressurerelief va i rabl e conponents of the
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the return spring, and the move from safe mode to production mode is provided

20 by means of hydraulic power generated in the auxiliary circuitry forming an
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 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 components: accumulator (compensating for DCV leakage), DCV
(essential function is to handle the ESD situation) and the pressure relief valve



pressure and is held in | ocked position by neans only of a small electrical
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rotation of the electrical notor, renoving the fail safe spring and
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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
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 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:
-a motor current monitoring circuit unit;

-a hydraulic medium pressure sensor unit;



mediumdriving the piston and cylinder in relative displacenent against the
force of the return spring. The actuator systemis characterized by
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20
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.

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.
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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;



at | east one of the notor current consunption, the hydraulic nmedium
pressure, the position of the piston relative to the cylinder, and the
absol ut e wo2nuwBss40f the piston or the cylinder, and di sconB2oogesger he
power supply to the notor (stator w n8lings) upon detection of the

end- of -stroke position of the piston/ cylinder assenbly;- activating the

el ect r omeshizativaithe clestroimeshanidsd ainsstingonegusdsmaipin passageaifm del ay in
time dutbngiRbel ihhendRleing \%hﬁ:haﬂﬂeerﬁoﬁatr i6 WtdnaiH®; torq@&Cel erating the
notor at mnimuntorque provided froma spring charged accumul at or arranged
in the flow of hydraulic nedi umfromthe punp to the cylinder; - arranging
at | east aeaelegdtitg tHE QIOtEUL R iniA| tbegu e 1grevidedUirbmud Bbrlﬁgd:}@rgfééﬂr aulic

medi ym pressune. sensor n| th rcﬁ @E at§ ret |evaI e..electronics canister
whi ch | SOEORIEEY 58‘Irlearig8 tREPEHTRP Py HEULF 7Y P%&l‘%ﬁ FSoent s of at
| east owmglinflem position sensor unit and a I i near vari able differential
transfornmer unit in the actuator housing. - assenbling the hydraulic punp
and the electrical notor in a hydraulic power unit which is retrievably
connect eTTRNEIREG ahiavhPBr chuBPIRY. CURRtHEP teERg CESUHINh@PdR ages provi ded

by the piasgmtic muenhn;ﬁesyuﬂel se&h@oﬁﬁﬂitﬁﬁ' 2b&shrhtforattibeatieldidifcglet ai | ed
des QI ption of B ferred %ﬁ) Wﬁb% DESCRI PTI ON OF THE DRAW NGS The
pre PREH: VOIS OPREC R R 12 %‘Ftya% WHYeH with reference to the

schemati c dr awings. In the drawings: Fig. 1 illustrates scherrati cally a
traditio %ﬁ 0 u n SHPU i s
dedi cat e %Jrc gitnﬁ)%#k%%s (];ttag;lrlﬁ‘tjl J}Peé B Bélgof—l%reksg‘ea ong %ﬁgl nal

sect i onvﬁﬁﬁb fafﬁném@fﬁn@mn@fumhenéb@ aatlmtoebguemgof the present
invention; Fig. 3 is a sectional wewalongthellneIH-III|nF|g 2,
shoyi ng t he uat or&ygéfrloductl on pode; is a sectjonal view al ong

the'finé aIS"?/erIn% ipg the %BW%Q“%E]’FEQF@F ni“ﬁ-o‘éfﬂ;lﬁ Hrage POEY. 5 i s a

| ongi t udiniawhiécisi retrid¢vabbughneemed es tiesThomiabmhowdinghe actuator system of
the present invention;Fig. 6 illustrates schematically a hydraulic circuit

of the actuator system
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. 1l 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-III 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;



according to a preferred enbodi nrent of the present invention; Fig. 7 is a
representation of the hydraulic pressure in the actuator cylinder as a
functi on wb 200vB8§40r an actuat or stroke sequence from saCe/1BWopP@derct i on
position of the valve; Fig. 8 shows the notor stator currents as a function
of time over an actuator stroke; Fig. 9 is a principle schematic of the

el ect ri dag. @illwsiratey sohematigalluatwdraelkie cistuis ps therpaidedeisyrjemo a preferred

enbodi rrea!at;oﬂ{in% he aPiRReRd LAKERIhA, ofthd diblentlifviStiddle control system of
Fig. 9 extended toinclude alternative or enhanced sensor instrunmentation.

DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS OF THE I NVENTION I n the

fol | owi RIgpr & areprtsentidibndthe 9idrhliBc pRéRDiré & ié httuolediddped.a A

conp?et eful iﬁg o% I ef g}rencecstui goratttaghseed toCt e egd otf0 trh?;l d I'E)ai | ed

descPi ptTBEEORPE FrPB108 PR EE U TR SEqUTR R 8T SaI% CHRISFRGHPR cir cui t

di scussausitiort bbtHeackyg;ound typically conprises the foll owi ng conmponents:

an electric notor 1, flexible coupling 2, hydraulic punp 3, punp inlet

strainer_or filter 4, pressure relief valve 5, volune conpensator 6, oil

r eser voiig78 showedhe meotar statar sueients ag gitnston &f Hemoovesiapacipgtoe 10,

hydr aul isgrgi¢: i nder 11 with spring biased piston, gate valve 12, return

fihbﬁr 15, check valves 13, 17, 18 and hydraulic couplings 19 and 20. The
if

Si i ed systemof the present invention is correspondingly illustrated
in Fig. Fog. Wit h prigfapleschematiicfshe @leatideal, citdmétrpof en detdatoresntitoé punp 3

hsthe PSR SRUB AR 8 Hefeh R G BoRER Wit R SRR, I, B8 0"

restriction to flowis represented by the small spring charged accumnul at or

14, organksed id trdédftoll HBtMIP iR Foktbnatdtd irfliudd RitAHMAthRrgue, and thus
allggn ng fasé accel eration of the notor rotor. This is simlar to a
ul i< ?‘&?ﬁs

hyd SCRYYPISHERCIAERByer wit hout conplicated control
functionality which may introduce unreliability. The soft start is sinply a

P51 Lypey ASSHBHL ALl RSP B ARG (i il 0 be 1111 eg

into the ¢yl I"OwW pressur e unti i nder and the piston
is at edYVENEIPAN/el. At this tine, indicated at 7 1 in Fig. 7, the fluid is
In the following preferred embodiments of the invention will be described. A

20  complete list of references is attached to the end of the detailed description.

With reference to Fig. 1, the prior art hydraulic circuit discussed in the
background typically 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 minimum torque, and thus allowing a fast acceleration of
the motor rotor. This 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, allowing fluid



forced through connector 19 into the cylinder 11 in order to push the
piston in cylinder 11 against the return spring so as to push the gate 12
to the prwoureawsss4posi ti on. Reference nunmber 72 indi cat @eSTURBODPBAKAWAY
position, and 73 indicates the start ®f steady notion when the breakaway

force is overcone. Wen the production position is reached at 74, the
pr essur dothgi fillpd imo dbosslindarattlpe presplsealiistiet dydinder ts fdl and the for the

fluid Theohako Secst ﬁaaaeﬁt and tirﬁe Slhaiéa%éd a 7@119%?@8@1%%@15“ me 75 and
kept at full ‘5?15 gue at near% standsti| | for typi_cal 1-2 seconds until

time 76 0u5GH tHgoREh soapefter P iRt e qrlindst il adnr%éﬁam BHPB ¢ RSt that o | s
activat eg}hnalaﬁlmug@inm&hé heturawpreizesh af to paald thégaea:mla@ giei s held in

t ts.th ti
Porce omrPiathaR poflrcr Rerbre: HiSeF Rt B B pRG AN Bh BHitd S, Ceconds
of st al landg73 fredicetesrthatstéuildf spedgrmstipplwhent the eakagendomeds i n bot h
rotor andestAho rWhénﬁ:hQ %8&&&% g(')gltlﬁﬁ llé r(‘-f\éc,tﬂydrhtt”}w &Hggn&e%qgcﬂtﬁ of both

conmponents.. Turni ng Now t o e structure an onents of the sub
sea val W ﬁ%WUé‘ErS?H’s*}%et@FﬁlﬁnhqcaB%e thaseds pecPUtiet dor @‘led@ﬂl&‘i TheFgtoract uat or

<1: 0 ”ponertﬁe&gl@f@teﬁmsrtﬂglléd\aﬁhigﬁ t Bgn%%amf)tﬁﬂns% ghd atef)@amﬂﬁtd}qué Ialtﬂg par tRO\Z/
cqQpnect e ousi r ef er en r s to an

ove nEaz s ??1?‘5}5“@?6@ @ﬁgﬂlésﬁ‘iﬂ@é uzfyl V@F"?%s %1‘81%15 tsf]%ﬁ gllmeoonnet ,

whi ¢ h cckha ectestingemgelh@znisal ofdhacichabior i$ activeeedallee wadtveisath@npr ovi des an
end wal lg,0 ichteg off Ut R RANbtof id ﬁ%fé&’&ggg b%rpfg.eang}ﬁﬂ &Jre%rﬁnyé” e arranged

for relative i sgl acenent I'n the ousi re specifirca t he
cyl i ndermachanisay Whisherpunsorstethae ozed efl thginebigmi springaf thepi st on 25

whi ch i gyghati Qmabﬁrﬁfg@ﬂ%ﬂ yi102 B8 AWPUSH thg@i@@t&%ﬂ/ﬁmdp&v& wal I of the
cyl |1§der 11 a,stem 2 hrough t he hou5|£églgend wall qr bonnet 24.

The ‘St el i’@%r iftfal egn 1n[ Pt Foleband FLMOT 43§ @Ot i Arall WHtB IRt £ ect
shi f ti nghethebheapatitseof dth qamoshicinteon node when the cylinder and stem are
extended in the forward direction (i.e. towards the |left hand side of the
drawing). Fromthe opposite side of the cylinder end wall, a |ocking bolt
27 proj deurginginewdodge2 28 etdtaictise andaogubreats phthesuthseuyalvehe pi st on

25. The dopekiopaybadnt wiif b QRBEBLL Ry Wdrb d%fbf"l‘?fét é&ﬁsﬁﬁ ndr?S kkOg or
arrg ting mechanismas wll be further explained wt rence to Figs. 3
and a contained in a housing comprised of a forward housing part 21 connected to an

aft housing part 22. Reference number 23 refers to an ROV override facility, and
reference number 24 refers to an actuator bonnet, which connects the gate valve
actuator to the gate valve and provides an end wall of the housing part 21.

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



Areturn spring 29, such as a helical netal spring, is supported on the
cylinder exterior and acting between the housing end wall/bonnet 24 and a
radi al flwoge®nsspvch is formed in the aft end of the cyCIrmEz09/AGs6T n
extended position, the cylinder 11 willl be biased in the aft direction by
the power of the conpressed return spring 29. The return spring 29 is
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dog a forwar cul a gem circul ar
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reczgs Sg Fde?frg{%rm?ﬂqféﬁtféﬂ s OBeOf&W&?‘g‘FP%% g W&F PEGHOL e ci r cul ar
sliding h@unf@gzeaﬂ# dianmeeer thant the dppasidne UmeereMdadeheeprit anthd’he | ocki ng

dogs 3 % é§ hg rarfe%ﬁ&:tgd o o?gng%errfleacce Itﬁ %hg (gfadlaw slt'xﬂtélﬁg% :égf gkﬁ; sl i ding

surface a I onary ousing 2d to as
a | ocki OH’B@E 'Fhﬁ]éhckm%b@t F?Gcthﬁ@d@@er\ﬂm@tdph@ﬂedleg%tosheldiuwgl Butlfeace on

an axi alafCavditRir B3 PRO Ekpdink RerurAHHrME S0 9Ph Siokkind 3 1are
forppd wt seatzrg %6 | asqlll?ggerlrp%gal ends. The s E] o% 36 are shaped to

r ece? ve ™ AriorHardface oyl %F?eé’élﬁé"é’tlﬁfée%i%aﬁ& gedowrmallsdidong bal | 37
as il ustidapsdtidly bhg cideuldher kenkdingilat §isdidg sdffich Bhremed ihadkal

[ [ | d 8 ded ends, which
ar e operBpat eSS IREHRPR, e R U5KL BT e AdrebP IOt ias 51 an

el ect r ofeagridereafovithoi dur\md sligdlindy suethmaahattm@alsyamneswkt(memmr y

all oy) deubas #re 1iuedds akONBehel iy 20L4AA %u%e?s?\‘;éxﬁ—t B Prbides g

ener,gi zed,, the actuation rod ext end
pi négSY arliging sutipnag onipe aEat counper- REPPEF fphéh@loc@md@gs 8he | ocking dogs
31. In the seated p05| t | on, the locking pins 37 are cl anped between the

| ocki nnggqgclgné‘ cf% dijormed with seats 36 in their peripheral ends. The seats

36 are shaped to receive, in the arrested state, a respective locking pin or
locking ball 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, which are
operated to move axially in the forward direction by means of an
electromagnet/solenoid, or in the alternative by an SMA (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 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



shoul der 40 (see Fig. 4) fornmed on the actuator housing, this way
positively preventing the |ocking dogs from pivoting about the slide
surfaces 80 20ewv13egdoi n t he end of the piston 25. Wien t heCsTaBmoob@ser SMVA
device is de-energized, the actuationi2rods 38 are retracted in the aft
direction, in the case of a solenoid by effect of a spring nenber (not
shown) . 19tlengaloks mytopracss®d 4 Big. e nwipiehrare tnealde acoaseible in tladreataaded ect i on

t f ushed by the pivotingl ocki ng dogs into
out T1ro 4&%{@?&% %iuv\ﬂﬂﬂr%&ﬂ@ y p 9 g dog

recesse ich are made accessible in the retracted position
of the actuation rods 38. Wen the actuator is activated, the stem 26,
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or SMA devi ce 'S ener nr I on rods 38 are
ext endedrdsitiaried wish\he @eatsr 2 elignedwitht the lookinigrgnpidisinyEcesses s iteel out of

t he recepsemid ot sl d'eﬂlrce §9hl§ e%%?éﬁecﬁﬁl %Béu@@&ﬁgﬁf&nﬂuefa[c‘%ﬁbﬁ&? s@ggded ends
e extended ct ug |on ro 38, The E}llston cyl i nder assenbly 25/ 11 is

0 ovdio B85 SHrRylsAdn Sionand BoalsRbinGas T pre BRehed G4t ob and o,
For r eaghaseeospbain @ﬂlcahﬂu ghe Tsls@tsmm‘by 3npsgdtherdt froxeithetospliag emeBiof

reversi whi c o Lcates hydraulic nmediumto the cylinder
interi olr%h\gnegg C%F\ aCt nlo‘fgg%géhi ng in the end of the piston 25, and to the

act uat or housi ng |nter|or via flowline 43. It should be noted that the

pr ef err eg, S5REM 'E?Hﬁdélh%nﬁa ?‘Q‘S?lill‘?s We%iff)%]alheﬁﬂ%u Lag piston 25

fixed in p05|t|on where_t emis | eneral case (see
Fi gd? 1 Srdrig n}OtﬁéélsﬁerPPWeée%ﬁgSn@eﬁlndaﬁdF% FRAPGBH éXEiaél%Qﬂqa s Erer red

arrangermnﬁp |331Saﬂ aaﬁzfe’tfl@i% BRiterddyit WeegBible aéﬁgh&ﬂneﬁ%ﬁuﬁhhmfat& way t hrough

to the rr| The. practical on 1s not_cri | for
the i nvaNtFOIEE n%\)“w@§ 'BAC TipRGH s 008 ioke PPARRGD B gnest
illust rahes)lsiosIZSQImnﬂdytonM| datedtondchulsarg sattianviaffldininaet3uat or syst em shown
in Fig. 2 with respect to the horizontal versus vertical orientation of the
hydraul i c power unit. The purpose of this enbodinent is to reduce the

di aflt et éhowlﬁé?’ea%@‘i?étt&at%%Pg@ferrpdmhnﬁmgnt sbawe agmosablxivylindemk]l to nake

it nore and an annular piston 25 fixed in position where the stem is in the centre. A
more general case (see Figs. 1 and 6) has a fixed cylinder and a movable piston.
A preferred arrangement is an arrangement 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 completeness of description.

Fig. 5 illustrates a slightly modified modularisation of the actuator system
shown in Fig. 2 with respect to the horizontal versus vertical orientation of the
hydraulic power unit. The purpose of this embodiment is to reduce the diameter

30 of the actuator design, protruding from e.g. an XMT trunk, to make it more
compatible with XMT topology and space constraints. This embodiment 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 volume changes of the fluid in the actuator as



conpatible wth XMl topol ogy and space constraints. This enbodi nent may
beneficially enploy individual hydraulic stab connectors rather than the
fl ange cowmoeocewdss4ghown in Fig. 2. A sub-sea hydraulic pomaB200oisS&HPU i s
housed in a separate and retrievabl e 8BHPU- nodul e conprising the notor and
punp assenbly encased in a housing 44. Reference nunber 45 refers to a
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designed for very high resistance in the rotor bars is used. The bars could
be made of a | ess conductive material than copper as opposed to the normal
desi gn ofheusiotny koppde, designadeingmahy donres.dn acprefomed exdiddiment phthis cal
pi ece ofinpRGNSRE h GqalPll cddembhe vln@ﬁ (553 r&%?%l'cieshgmetdhl%i] vety highl ¥ speaki ng
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i nrush atisteeini thdm ngs»plséradisI bp@oéeartquﬁearwnmeﬂysﬁgﬁlarmg t:@p}lsaabtg&ge In thleI
resent |nvent|on e ot or. runni n ee ica

B ound. SS05E e 8 ot SER G Bpatdd Rt G RORRe B L R B IR e b or
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el ectrone anl Ca cont actors nmkes | robust schene USIn
si ngle 6L pvekrusBgurrent, Righ stegtipg t@lms%rrd wryitelprent pnheagiing. lafthehe

squi rrelpresgft Sk tEh Efficterlc§IThe notor running at rated speed (typically

around 2900 rpm) is not a major issue, however, inrush current is a major issue
in view of the long transmission lines used in sub sea field developments. Direct
starting of the motor by means of conventional electromechanical contactors

25 makes it possible for a robust scheme using simple equipment, 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
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cons itu t he I
are (i) %ﬁtré’metcﬁ?&nf aﬁ airgPEng Mesharienpshown n Figmidand 4 is intended to

hold the valve in the production mode. The electric motor and hydraulic
circuitry only constitute the simple function of a jack device.

The check valves 17 and 18 are of non-critical nature. They are put in to make

25  sure the fluid which alternately runs 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 very robust with respect to particulate
contamination which is usually considered the main source of failure in
hydraulic systems.
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For completeness of description, seals 63 (piston seal packages) are also
arranged in the interface between the cylinder 11 and piston 25 to separate the
cylinder interior from the oil-filled interior 64 of the actuator housing 21.

25
Fig. 7 shows the development of hydraulic pressure in the actuator cylinder and
Fig. 8 shows the corresponding motor stator currents, respectively, as a
function of time for a typical actuation stroke sequence. When the motor is
started it drives the pump against a low pressure 71 schematically represented

30 by the spring force in the soft starter piston 14 (hydraulic accumulator 14 of
piston type) (see Fig. 6). When the soft starter piston reaches end-of-travel
(motor at full speed) the full breakaway force of the valve 12 is applied and the
pressure increases 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 return

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
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stall edvv%tt.h Inutetl‘fageo Eiggt%try (not shown) to read back to a programmable logic
controller unit (PLC unit) 95 the value of one or more electrical phase currents
in the electrical motor. The PLC 95 is equipped with a normal serial

25 communications line 96 and digital I/O control line 93 driving relays 92, 92°. On
starting an actuation sequence the PLC unit receives a command from the
topside installation via the various legs of the sub sea communication 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



Fig. 9 schematically shows the electrical circuitry of an actuator control
system according to a preferred enbodi nent of the present invention. Power
is suppl iwo 2beonssdrost facility via transformer unit 9 1PCAMBL09/0@86T ent
transfornmer 94 works with interface ci7rcuitry (not shown) to read back to a
progranmabl e | ogic controller unit éPLC unit) 95 the value of one or nore
el ect ri aenaphasd thelatehisslaneid haited'eti%iorans Hie orse Mag oL 9bepigTequi pped

W th a gerdebr ags SﬁﬂA ﬁ&m Rirkét LipAsit lih Bge PEcandictifiehab divdreontdp! |ine 93
driving.relays 92, 92 starti ngl‘[ﬂﬁgf ctuation sequence %ﬂ& PLC uni t

recei veldmg ORRTRAY %%?H‘?WUFBH& 1S:4586Hvg1eq DhES/BT S8t egs of

t he subtlsgadecenvtgiingthomaystem (Iine 96) and pulls primary relay 92 to
starit the notor 1. The secondary relay 92' is installed for correction of
t he 'phase sequence and is in principle superfluous for an installation
wher e clBigr éOtsugigestngltehnatinghsansor snstagmendatiGoire ot maesreedmy not accept
dependefago@itn SShr¢he bi&ht Middin. Thid BEtANARL0RRS MAa) LiSpt e_a pressure

when running this Is [ndicative of erroneous phase connection. The
seco ndaa@dlrlepa&t@@upr@w the,dptegtionaf |ePélt‘échtrWFéH°§1H%n &ith ghe BEFAY | s
reac hedmff@renhaemmhéu gesdribed?Sbdve, 1.Bestatdrudiénicydteatien tHribughemetact ri cal

curlrent dete f m)tor rrent transfornmer unit 94, and converted to a
f orfat ?%%8% W@uﬁl un|t is increased significantly (even for the
case of an all iron rotor) since the rotor stalls. This is the si gnal

foract ugf ‘Pei%h- Phﬁ'ﬁﬂ)om n%% @I%gilgréj&ﬁso?]tréﬁgal%%rr %%? ggggﬁ%aeat@y be, the

heater cir Ult (0] timer circult IS activated to

gi ve t helacamdiere ﬂh@hvéraaétclmﬁéswns%s@quémw tg he megsyedoe Estajdigct i vat ed
by t he ﬁhﬁéw&tﬂa ﬁ&wsumgeme 2) ﬂo&zhﬁe&mt@fdraﬁhg mddust)IFEBE pudhp er nati ve
&2 trurretnt ﬂi‘f"f n ot pre rred e g (f&nts of the present
ntlfé’n tehl &t ¢l ﬁtpéF?%’rfer’rﬁf Sl@gri’)‘él‘é Hi4 FoREe i prove the
det ect i pist@i/cgtiddef dsplakmeposThisqressite demesopunitariyl dattetr £ ptésslureet hod

describ cti h r t
1 anst oryes, s drlgean 3600t HOLER8 SAELETLAR. £7CRUE B Qln Bl AE
t r ansduwst lnﬂwatte%dr@f-:‘ftmkeeﬁoaatloa Oélﬂa%elﬂm@f@’lltnldér ayermblyi angressure in the
act uat ofqdigichQIP HréRas isbniRd gea(,rhﬁ L RevRNERRMdnet port tubing 42 (Fig. 2)
(flowline for hydraulic nmedium fg he punp to detect at all tinmes the
pre@ sure in the hydraulic flui d dr|V| ng the

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 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
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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.
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i nvention such as defined in the appended clains. LI ST OF REFERENCES 1 an
electric nmotor, in the preferred enbodinents a squirrel cage or solid rotor
desi gn 12 hy@saubiceyBdst i ng 3 hydraulic pump, in the preferred embodi nents a

geas tmppvgvé,igd&ras aga{@aél{,y. a 50 mcron parti cle size rejection punp .
e S AR Rl T Sl B S D™ CorPeneper 1T
def i ned 4byoft hmrehydrandic damusinigtaf, pisten $iHRtirBpiafeiradleintbatioemis at or (pri or
art) 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
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 locking bolt
34 locking dog sliding surface



9 control valve (prior art) 10 solenoid operated pilot valve (prior art) 11
hydraul i c cylinder 12 valve, such as a gate valve 13 check valve, in the
positi on Whaen/i38849s only referred to prior art 14 soft PeTaB0MYESEUIl i C
accurul ator, piston type in preferredtenbodi ments 15 return line filter 16
(not used) 17 check val ve 18 check valve 19 hydraulic coupling 20 hydraulic
coupl i ngS 2odkihg dnas irtprirce sirustutche act uat or housing 22 aft portion of the

act uat oge ReUS R AInREAY RYHerSle{R6f tHel l¥crdds a6ky1at or interface bonnet 25
pi ston 26 v%éggpln erface /stem 27 | ocking bolt 28 aft section of the

| ocki ng>hoPE R#lh spring 30 aft end flange on the cylinder 3 1 Iocking
dogs 3238adiwtichaid fder37on the | ocking bolt 33 enlarged radi us section of

t he 4 ockjng, bolt 3 ocking. dog sliding surface35 | ocking dogs interface
strt#ct ugg Sg%en%‘%f’réglrp‘rr%‘gnﬁa%m (gevbceeri pheral end of the |icking dogs 37

| ocki ng4Pishobiddr a@8thecaaiutiarrhaqumdng or 37 39 sol enoid 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 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



4 1 recess 42 flow line for hydraulic nedium43 flow line for hydraulic
medi um 44 not or/ punp housing 45 netal bellows protection cap 46 (not used)
47 HPU f IwiogeossBssabanp i nterface 49 bearings 50 beari ng®CHABr009/00556f t he
el ectrical notor 52 stator of the ele&dtrical notor 53 wet mate connector 54
wet mate connector 55 electronics canister 56 port for venting | eakage
fluids 79 eeirttiom treophessits tivoe us® Whemﬂmpnnsb’anofmwwé%@l%zl Tnot used)
63 pi stop$padapackages 64 oil filled volume 65-70 (not used) 7 1 point on
the pressure /tinme curve where the soft start accunmul afor reaches,
end- of - {9 Rt orpthe Preasyye/itige 6?%%%“?%?@%@“8519\9@%%@? ag {8 e&ﬁaéﬁay force
in the y@bNe actuator is overcone 73 point on the pressure /tinme curve
wher tp g@@tgn i‘ﬁ} the cylinder 11 has overcone breakaway and started to
74 z"in ObiStHe pressure /time curve when the actuator stroke is
conplete and the piston in cylinder 11 has reached end-of -stroke75 point on

t he preg§ursiilsTei ErdMaN, L0 RUHHIRLB thEL&ori S Stal led or nearly
stalled @% %{)]itn {B%él?lwt;v & resgure/ti curve vvhenotrhe | at ch actuation has
conpl et 8¢ magmum 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 solenoids
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)



stroke 77-79 (not used) 80 starting point where the power is applied to the
notor 8 1 maxi mum val ue of the inrush current of the notor 82 steady state
at full mwoanoswssssd, no | oad val ue of the notor current PB3/IpWIOsDOSAéTEr € t he
soft start accunul ator hits end-of -stX2oke 84 point where the breakaway
force of the valve is overcone 85 start-of- stroke in steady notion 86
end- of -GtAIDKE where the punp/notor rotor is decelerated to stalling (or
very near stalling) 87 point where the stalled out current in the stator
appl i esl-g8spBisAR Vilver(d2} AAUBERILKT B CRINEBE BadRtoacPArBd YHBYEhe not or
power di S 1}5&@{&{1518 gﬁﬁfa tB&u?ﬁ sﬁa@ﬁigf(gsﬁdﬁrﬁﬁgépﬁl_ 311 aﬂsezcmm h/%sn{g' (%r, p2rel ay 92
secondar e c ro ine fromt.he nit input/ .gufput. driving
rel ay saoﬁg%ug%’ Wﬁgg)o‘?n% ﬁlercgm mtq(}‘%{slf) Wﬁ%rfclb n‘ff‘stsoﬁ‘sqlgﬁﬁ %ﬁ’aﬁ%ﬁ%’ﬁgoq ogi C
cont r ol (&) amdhicylifi dRirG 1dhasger@blyc byriumilicalavolines (415 48] foahgdrasdicenoi d 98
pregsur oy £ 99 L1 : r [ : | I i
G Por ane AR Bl fhe dhoRRTLhU RURGHAR! sty RDIACARAE AMBELERE ¢ (12)
act uat dereyefithmredirprinying (39) pelaraaterized n fgatcgetepder means)isfgramsdy and a
return gpueREtihd®h Hd-angadke o@mcﬁp&mbqsisﬁ&wgapgnﬁ%%naaa (118 hydraulic
punp (3% a’g&) el ectric notor él?é assenbl(%/qa%soma ed wth the piston (25)
and cyl3536@PL) sa1q dglesHAB ey, ifr dUFrE %W | i nes (42, 43) for hydraulic
medi um-drmutoruirfeh tphehitoriagdireyit vnde 94)n rel ati ve di spl acenent agai nst the
fonge O ifalfil H TR bRYshA kensof WRAREFY | 260 T that detection means is
-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
current 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 arresting mechanism to hold the

35 wvalve in production mode against the force of the return spring.



for detecting an end-of -stroke position of the piston (25) and cylinder (1
1) assenbly, said detection neans is at |east one of: -a notor current

noni t or i Myochexcssg49unit (94); -a hydraulic medi um pr esseCe&/IBENF0556MI t

(98); -a position sensor unit (99) ; 2nd -a linear variable differential
transforner unit (100), wherein an el ectronechanical arresting nechanismis
ar r anged The mue‘nterrsgnsm of anyrofickedmabl o 3r eleanaictgyizeddnrtbatiphleggt PRg in a

conpr esgqfle $odlfon élerfs%? L&rﬁt @o) faha tﬁ@tlﬁl%EFQaﬁﬁgreQiﬁféférﬁi%@ ti%ﬁ%xh@é} 2. The
actuator system accord SHS) claim l char act erl zed i.n &ﬁ, | east one of

the not@RitEfP éﬁtanf?éﬁﬂeti&Pl it e fnd-gfsiroke signgh fo f"ﬂ%glﬁﬁjé’ég )sensor unit
(98) i scon@rdlihg et ERcabnichahical af®sEAg ntddtianish)towttild hhé salvetni evabl y
connect ed .t otthe tuator uis ‘gf(%ﬁe eﬁﬂ)&s .. Jhe actuator system
acc rdll?fﬁdPSl%ﬁlﬁ‘? S ABTRSE WG Orr R Edfponents of at ieast one of
the position sensor unit (99) and the linear variable differenti al
t ransf 15%@% l 91?&1{’1 ct 0 i ( 2). 4.
The ac%ar@{gr%;c&é%(gm o] eﬂéﬁaf%o %g(?qn%&%%gﬁn,g 7 Egéa%%%‘ég%%%ﬁgtjcﬁg% t he
not or ciereiranbe prap ) 14 dasiricghmotenid) aﬁgerablfyaw@e%ﬁ%@%m & an
end of -sfdrakBc pogRAriOwRidHOB ettidiably Bdknetonts ehé hogatdehousing (21,

glltro chani cal arresting nechanismto hold the valve in production node

nst“t’he force of the return spring. 5. The actuator system of any of
clal ms 1 to 3, characterized in that the pressure sensor unit (98) is

arrangegdl 10, Q&H%cﬁl s@erﬂra%ééwzﬁg% 9%%7 "ifrh OBl e&'%‘xtt %@mﬁﬂ@t rolling

t he el ectronechanic arresting roducti on
node agaedigim ﬂshéupbh%btcothq n@tqre/tqy}mdgrp@sqq:gﬂﬂy fmye ageveesiDe, @3@5{) em of any
of cl ald[[gplihcéﬁ)legt h?a@g@gt h in that at |east one of the position sensor
unit_ (99)  and the Tinear variable differential transformer unit (100) is
arranged to submt an end-of- stroke signal to a logic unit (PLC)

control $.iTige zﬁ.df’t&aﬁh&ﬁ;tsltmhai‘dlﬁgko ahiimss,i diraetehand smthat hpdrdutihe val ve in
production. nbde_a h h n r ct uat or
system acglor it Su?% ﬁg gllms4% ?% %ngq%;{%lac gr(%fz]tg p1$to§ﬂ§?)at he
hydrauIWbleumsti(t@t)nmdnéhe@(Cm@tar housimg Qi) 23ksenbly are assenbled in a

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 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).



hydraulic power unit which is retrievably connected to the actuator housing
(21, 22). 8. The actuator systemaccording to claim7, characterized in

t hat hydrwiol2oe/mi3ssdoum i s supplied to the piston /cylindecTaBzemusger rom a
reversible, fixed displacenent hydraud4ic punp (3). 9. The actuator system
according to claim8, characterized in that hydraulic nmediumis supplied
via a flow tietieod #2)orspatiomgf rsubheasrdvoactuhatompsystan, ¢aBprigkigcsh is

statl 0%&@6{10@51 Qﬁd%gflﬂaﬁro 11 91§§érﬂ (ﬁ'ijd a%g@urn]%rm%] %fr 8 ig¥el em

accor di‘ng ferized 1n that él 'S ar ranged
di spl acsapter Gousing @1598% ?-\rl_lzglram%wtm)énad%%%ﬁlqe mfﬁm( 1 PSEEPEY wi t h

hydr au | dsS o MBEIANALE bt (289 amll tchlihfer (1ud éasémmyp hsrara(xﬁic Ndva ides et urn

fl t t f cl 9
10, SchdP et e s BtF s H et i SrOUDRLRT IRV PG CORSFT EoEdatts em (26)
pr 01 ectdmgabasmant hgaiayt ilndfored df the jetum Spring(20)dientetloed isand a | ocki ng

bol t (Zigarggtgh% h?qhg ") St&e cylinder (1 1) in the aft direction, the

| ockin h ough the piston (25) to be rel easably engaged in
t he end- a;fangnganeelp@tsfpme@hamcai waeetjng mpshapispy effggtiveofokirplgadRiRJ (31)

ar T angeg kgl ald eih UhAnaoh walopiprbausi Back21, 22). 12, The actualor
system acco |

ng to c charac zed in ckl dogs (3 1)
are1 cont@‘?f?‘[rﬁﬁl’ég?ﬁt%ﬂ%?ﬂrﬁﬁeQﬁ@‘&’@@ ithe mistan( hg)% FYIC’?% &ggn energi zi ng
an el eCdsfseﬂ%ﬂﬂiﬁoughlﬁrlea@t dr¥79f: or a shape nenory alloy device (39).13.

Anet hod for a t rising a
pi st on (25) @E?g%ﬁ%g}lrr(ef%%l})‘pgges%Mcé%gﬁ%‘egaé}gﬁ%ef%ﬁé%ﬁrrlllg d(TAZ)QI) :ar?anged
in an act ua{mtehbngrthgptasﬁurQif} thethpigehudigl inedisump (3) and el ectric notor

(1) assenmbly d@é?ﬁﬁ%%ﬁ%%o@f&oﬁ 5t+}ﬁe @1&59@6@5&3 t@QﬁeQ:y'ithQermﬁl 1) assenbly,
hydraullc flow lin draulic ned |g€€yélwn the piston and

cylliSnder in @%ﬂeﬁ*tm%éh‘él??EPléﬂé‘*eﬁﬁﬁPO&g%ltthlﬁtﬁﬁ ord Rdeth turn spring
(29), thendislz elsmbﬁ&bﬂémﬁanm&ysﬁﬂ@nﬁemamm in redilt anien@etacted

el ectrone h arresti nmecha t| ve reI sably arresting
the ret gﬁ#Pﬁ%pPﬁlt’é’nc é’%ﬁ?&qggg‘f‘%‘& 131%? e(rlr}'? AP @% end- of - st r oke

position of the piston (25) and cylinder (1 1) assenbl y through at | east
one of:14 The method according to claim 13, characterized by the step of powering the

20 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 hydraulic 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).



- detecting the current supplied to/consuned by the electric notor; -
detecting the pressure in the hydraulic nedium - detecting the position of
t he pi st omonredtsssse to the cylinder; and - detecting theCahBmogb@&sgosition
of the piston or the cylinder; and - 2nergi zing the el ectronmechani cal
arresting nechanismin result of the detected end-of-stroke position of the

pi st on (&9 heamdthod aentedingitoignyasisdainty 1314, chiasacterizedibateostief to claim
13, Ch%%ﬁﬁ?%@%ﬂ%eﬂ@@o?&@l@agﬂc orRO¥EL Bgmtolﬁese@i%BPﬁnﬁ]{)99?5n§taalﬂQ§éﬂ 1 in

t he end- of -'stroke p03|t| on whil e det ec east one of eéé)rmt or
cur r entVaEighig fittereptial transiparsurPE (Y8Q) %‘%EBT"E th“?én%ﬁgsllt% m of the

piston relative to the cylinder, and the absol ute position of the piston or

t he .cyl d |scot|nU| supply to.the tor

ot 8o 1 5h 107 PRERECPAE S UTeREh TS 15 R chaleblled By e WG )
15. Theassemhbiidgabedrydiraglic puoim(3nabd, theldeduicel mptet (bylrt hélyshrelph@f

acti vat ge of a
certai r# cﬁ%rté{/}ﬁlt ?@?ﬂé&gﬁ%@%&gﬁ})gﬁé&%g%%@%r@% B% gmslt a %?)af ull torque.
16. The method according to any of clainms 14 to 15, charact erized by the
step of accelerating the notor at m ninmumtorque provided froma spring
charged accunul ator (14) arranged in the flow of hydraulic nmediumfromthe
punmp (3) to the cylinder (1 1). 17. The nethod according to any of clains
13-16, characterized by the step of arranging at |east one of a notor
current nonitoring circuit unit (94) and a hydraulic nmedi um pressure sensor
unit (99) in a separate retrievable el ectronics canister (55) which is
connectabl e to the actuator housing (21, 22).18. The method 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 transfornmer unit (100) in the actuator housing (21, 22). 19.
The net hod according to any of clainms 13 to 18, characterized by the step
of assenbling the hydraulic punp (3) and the electrical notor (1) in a
hydraulic power unit which is retrievably connected to the actuator housing
(21, 22).



