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

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

35 rotary-to-linear conversion systems are also commonplace,

A critical feature of slab gate valves and actuators used for control of flow of
hydrocarbons through a sub sea Christmas tree is the mechanism provided for
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requirements on these circuits.

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

spring is the most reliable energy source available.
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30 low power consumption, for a spring of sufficient force. For some actuators
required by the oil industry the required force may be as high as 40 tonnes, a
typical order of magnitude for a 5” slab gate valve, or even significantly higher for

the case of 7" valves.

35 It may be observed for instance in prior art US 6,572,076 that the device for
triggering the ESD requires the trigger power to act against the force of the main
fail safe spring, thus quite substantial forces and power levels would be involved
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biased in a second opposite direction towards a shutdown position by means of a
spring member acting on the stem. The actuator is characterized by a trigger
mechanism arranged for holding the spring member in a compressed state in a
holding position, said trigger mechanism comprising an electrically controllable
trigger which is arranged for release of the spring member in result of de-

energizing the electrically controlled trigger.

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

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

The trigger mechanism can be structurally realized in different ways. An
advantageous embodiment of the trigger mechanism comprises at least one latch
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30
Upon withdrawal of the rod, the locking pin may be pushed by the pivoting latch

into a recess formed on the rod.

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

35  the latch towards the holding position.

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

the form of a shape memory alloy (SMA) element.
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Further subordinated method steps include:
- arranging in the gate valve actuator an electrically controlled trigger

mechanism,

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

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

element.

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

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

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

shutdown mode;

Fig. 6 is a view corresponding to fig. 2, showing a second embodiment of the gate
valve actuator in the steady state operation mode, the embodiment of fig. 6 being
based on an SMA element for actuation of the trigger mechanism;

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

larger scale;

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

shutdown mode, and
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node, the enbodi nent of fig. 2 being based on a
sol enoid for actuation of a trigger mechanism 20
Fig. 3 is a detailed view showing the trigger
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val ve act uat or in a shutdovvn rmde 25 Fig. 5is a
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e LR RRPRE M A g MpAL NS g
Wﬂ@slpémslﬁng to fig. 2, showing a second enbodi ment
of the gate 30 valve actuator in the steady state
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6.i.n shut mde, T ED DESCRI PTI ON OF
E’ﬁ/‘% ﬂ/@ﬁrfisg &pgﬁ\gn?xﬁﬁ/%\?ﬁ%%éé%he general |ayout of
a typical electric actuator for sub sea production
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screw ar '
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Jyb@nl opdrhtiGidlat es a conpl ete actuator, all other
figures show only the components corrpri sed in the

fail safe mechanism The essence of the present

Theasid arerating prandiple & tectsedhe Bartole ANE reller geTew pg @ jack to
fiBaN§em™ téHratts ghte Vavé b hapdactidd Ggaky state) condition,
agnﬁg]%ry fgﬂgafé g%cljlzﬂntu?iﬁtto Bgfdntgle ts?en? Elqﬁ‘ttfﬁs %sﬁ%}*@vh%ino orces
applied from a return spring 14 (or other equivalent force means) being
neutralised by a trigger mechanism, then immediately returning the roller screw
assembly to the valve safe position while the valve remains in the production
position. Thus there is no fixed mechanical connection between the motor-and-
roller screw jack assembly and the stem of the gate valve actuator. The roller
screw pushes the stem for operating the valve into the steady state operation

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

When the stemn and gate are brought to the production position and secured in
that position by action of the fail safe mechanism, the roller screw arrangement
is immediately driven by activating the motor 2 in the reverse direction back to
the closed valve position, thus getting out of the way of a possible ESD action.
Although the valve would revert to the safe condition even with the roller screw in
the extended position, the probability of achieving a successful ESD is enhanced
by the extended roller screw only being in that position for some 1-2 minutes per
actuation. With ESD of the class which requires uncontrolled and un-powered
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run a stem4 to operate a gate valve into the
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the roller screw arrangement is inmediately driven

by activating the notor 2 in the reverse direction
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by the extended roller screw only being in that
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short durationSftdie jabk Ghsteiiinoinnht EStnsahofhethe, wondsety
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re y

Mearty exc usrvely on the reliability of the
fail safe trigger nechanismdisclosed below 5 The
Tid heke GomepYolasidn paithacto-tie isufe ppkiioadhllyr insd tvosdistinct
aag Jn the event of an ESD being activated when the

%87 screw assenbly is still in the production
position it will not prevent ESD, but the roller
scriew WESD (g®ethl iclagses) addi tionally to the notor
ac?ion'PHHﬂgﬁmigﬁnﬂﬁt'on of the return spring to the
safe position. there are (in terns of roller
screw action) two, i.e. redundant, options for
An ESD situation of a more serious class {known in some oil provinces as ESD O

and ESD 1) may simply cut the power supply, or the power supply may be cut
accidentally by the control umbilical being severed by external causes. In this

situation the primary trigger or trigger actuator (solenoid 20 or SMA device 30)
will release an auxiliary trigger spring 21, and latches or latching dogs 25 will go
to the de-latch position, thus releasing the return spring 14 and the valve will

return to the safe position,
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latch dogs 25 and the associated locking pins 29 should preferably be arranged
evenly distributed around the center line of the actuator. Preferably three or

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

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

without any galling effects.
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The present invention assumes use of a BL DC PM motor of high torque (wide
selection available), or other electrical motor, driving a planetary roller screw
(typically of such design as is commonly found on the market and in catalogue

material) of low pitch to achieve maximuin linear force per unit torque offered by
the BL DC PM machine. Neither of these elements form part of the invention as
they appear in a multitude of actuator designs and are thus well established in
the public domain. Other forms of rotary to linear conversions could also be



5

1

(=]

15

2

<

2

Lh

30

35

5 screw and notor provide all the energy required to

pretension the return spring 14, thus the sol enoid
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is released to drive the valve to the safe position. On start-up from cold

conditions the trigger actuator is set to retain the valve in the less safe position

once this position is reached.

The nature of SMA materials is in the public domain and known to be elements
of actuator design, no attempt to describe their nature is offered as part of this
disclosure except to state the purpose of their application, the phase change of
such materials as e.g. Ni Ti in response to temperature changes, effectively
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influenced at all during testing.



of actuator design, no attenpt to describe their
nature is offered as part of this disclosure except
to state the purpose of their application, the phase

D61, such materials as e.g. N Ti inr /000285
Eﬂ@Leﬁ%eﬁgLULechangesTeiiﬁctlvelyM[Lzﬂﬂgﬁﬁé%%%% —
PCT/ 1 B2009/ 000285 changing their e-nodule in a

dir %FB%E e%t Wn?ﬁ %Soffc%ﬁl‘éel ﬁoqtull ng Ra \Hzﬁhg{édqg the embodlments

novi ng parts actuators

W@S@relsﬁﬂgw@ae o thea‘ifiﬁ’érarf'd%’éép%ﬁﬁﬂmﬁﬁ‘il te aediicstions ﬂzﬂ'%of will
[Rrapparint @ apgedononitit ordihanglill iheht lanesithéuteleparting from the
rEEJSl% lided &qhg\ﬁujulcn%cyhtu %Hgl/l §9 HL :"Pe%t 1n:%Eg ﬁﬁ%&d@%ﬁ ?Eﬁm's n

ponse"to a tenperature C ange er suitable
operatlng condi tions, The basics of SMA designs have
been known for nore than 20 years and their uses are
considered to be in the public domain. Thus the
suggested SMA circuits have been shown in a
simplified version, omtting electrical insulation,
wires for power supply, transformer, switching 10
devi ces and other features required to provide an
oper abl e design. To those conversed in the art,
desi gn of SMA devices for industrial purposes
represent a known territory, requiring skills that
are relatively rare, but in the.public domain. 1In a
second preferred enbodi nent the primary trigger is a
conventional electro 15 nmechani cal sol enoid as
currently found in a nultitude of industria
applications. |In addition to the provision of an
actuator with high reliability in achieving both ESD
on conmand and production on conmand, the suggested
actuator also facilitates a nethod of testing ESD
functionality without shutting in production. In
principle it is desirable that all ESD functionality
is tested on a regular basis. 20 It has never been
consi dered prudent, however, to shutdown a high
productivity, sub sea production or injection well
for the purpose of barrier testing nore frequently
than once a nonth. The suggested actuator concepts
facilitate testing of the ESD capability w thout 25
sacrifice of production and without significant wear
on the equi pmrent. When an ESD test is considered
desirable the notor and roller screwis used to
extend the jack and stemto the open val ve position,
sufficient to take the |oading off the fail safe
mechanism The return spring 14 is then allowed to
drive the roller screw back a mnor distance,
corresponding to a m nor percentage of the stroke,
but 30 sufficient to detect back notion either by
nmeans of the LVDT or by neasurenment of the generator
effect in the notor, now running as a synchronous
gener at or.




Once notion of the stemis detected, full torque is
applied on the notor to drive the gate valve back to
the ultinmate production position. The entire notion
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tolstthe affRapnghvifh tigees MecBARS™REFTa%€ t he opposite end
roihe $@Saod bosna domeeihecidrotoahpitet on otkiet lyrgafpéringg
{406t L85 shows the location of the fail safe
nechani s 6-9 (not used) 10 10 is th,? housi.ng of the
Yeisuhe spturn spdng peeviging Bisfmsteder e §g&2°He hani sm
13isaht ataulb? dampidecliadear d bonnet for connection to

{eﬂﬁﬂétrc%%;l?l}aﬂ?é(&]er type of piping 13 (not used) 14 is
e return spring providing the energy for the fail

Kapes flost TesHictans) 15 i s the annul ar danpi ng cyl i nder 16
ishetpatidelfiltesd ve(s) 17 are flow restrictor(s)

19 are damping cylinder seals

20 is an electro magnet (solenoid)

21 is the trigger actuating spring (auxiliary spring)
22 is the latch activation rod

23 is a seat formed in a second end of the latch
24 is a recess formed on the rod included in the trigger mechanism
25 are latches/latch dogs

26 are latch dog pivot points

27 are latch dog return springs

28 are retainers for the latch dog return spring

29 are locking pins

30 is the SMA element {or elements)

31 are electrical connection points and insulators
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18 are particle filters 19 are danping cylinder seals
20 20 is an electro magnet (solenoid) 21 is the
trigger actuating spring (auxiliary spring) 22 is

activation rod 23 is a seat forne
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rod included in the trigger nechanism 25 25 are
HF gs/ | atch dogs 26 are latch dog pivot points 27
are latch dog return springs 28 are retainers for the
| atch dog return spring 29 are locking pins 30 30 is
tiha ghidvadlecrobidtol compligng atssdm $) verieh &l motabilchhearly in an
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trigger actuator (20; 30) dnvmg the rod (22) intd a holding position wherein the
rod engages the latch (25), and a trigger spring (21) by which the rod is
withdrawn from the holding position to a withdrawn position upon de-energizing

the trigger actuator (20; 30).

4. The actuator of claim 3, characterized in that the latch (25) engages the rod
[22) indirectly via a locking pin (29) which in the holding position is arrested by
the rod to engage a seat (23) formed in the second end of the latch, and which
upon withdrawal of the rod is pushed by the latch out from the seat, this way
allowing the latch {25) to pivot out of engagement with the stem (4).

5. The actuator of claim 4, characterized in that upon withdrawal of the rod (22),
the locking pin (29) is pushed by the latch into a recess (24) formed on the rod.



3. The actuator of claim2, characterized in that the
trigger conprises a rod (22) 20 which is novable
linearly in the actuator housing (10), an

\%b%%hb&a'y driven trigger actuator (20; 3€}gi000/000285
_— rod (22) into g hol ding position wherern o

the rod engages the latch (25), and a trigger spring
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15 trigger actuator (20) is a solenoid. 8. The actuator
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12. A method for shifting a gate valve between a steady state operation mode and
a shutdown mode by means of a gate valve actuator, wherein the actuator is
driven by a motor in a first direction for shifting the gate valve into the steady
state operation mode, characterized by the steps of

30 - arranging a compressible force means to exert, in the steady state operation
mode, a bias on the actuator in a second direction opposite the first direction,
and
- driving the actuator in the second direction by release of the compressed force
means in the shutdown mode.

35
13. The method of claim 12, comprising the step of arranging in the gate valve
actuator an electrically controlled trigger mechanism, and energizing the trigger
mechanism for holding the force means in the compressed state.
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contains a hydraulic nmediumfor danpening the
movenent of the stem (4) upon 20 release of the
spring nmenber (14). 11. The actuator of claim 10,

[ e hydraulic nediumin the annular
19sl! i [Tvidetied gggfilﬁio&%%zss

housing interior via at |east one flow restrictor
opening (17). 25 12. A nethod for shifting a gate

val ve between a steady state operation node and. a
Lh fiheonrthas @& clgim ddaprmprising His der of Sergigngdoofrisger
B e RIidin thper suldritadd, D byS sHapk Viiindry alloy(BMA) dl¢mentf i r st
direction for shifting the gate valve into the steady
state operation node, characterized by the steps of
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hol ding the force neans in the conpressed state. WD

2009/ 104072 PCT/1B2009/ 000285 ~---- -18 - 14. The

met hod of claim 13, conprising the step of energizing

the trigger nechanismby a solenoid, or by a shape

menory alloy (SMA) elenent. 5 15. The nethod of any

of clains 12 to 14, conprising the step of testing

the emergency shutdown (ESD) functionality through:

- driving the gate valve actuator further in the

first direction during steady state operation node

by operation of the notor, against the force of the

conpressed force neans, and 10 -returning the

actuator in the steady state operation node by the

force of the conpressed force neans.



