20167192769 A1 |1 0000 OO0 OO 0

S
=

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/192769 Al

(51

eay)

(22)

(25)
(26)
1

(72

74

31

8 December 2016 (08.12.2016) WIPOIPCT
International Patent Classification:
F16K 31/50 (2006.01)
International Application Number:
PCT/EP2015/062089

International Filing Date:
1 June 2015 (01.06.2015)

English
Publication Language: English

Applicant: AKTIEBOLAGET SKF [SE/SE]; S-415 50
Goteborg (SE).

Inventors: DUBUS, Jérome; 9 rue de la Petite Entente, F-
37520 La Riche (FR). RICHARDET, David; 11 Faubourg
des Cannes, F-73420 Viviers-du-Lac (FR).

Agent: CASALONGA,; Casalonga & Associes, 8 Avenue
Percier, F-75008 Paris (FR).

Filing Language:

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: VALVE OPERATOR ASSEMBLY WITH DOUBLE SCREW MECHANISM

FIG.1

20a 68 28 30 3166
14

U
64 50 28a 68 62 20b 14a

T

10

, LTI

12,242 [

60a

(57) Abstract: The valve operator assembly is provided for a valve and comprises a housing (14), an input member (16) rotatably
mounted with respect to said housing, and a transmission mechanism comprising a rotating screw (24) provided with an outer thread
(26) and a translating nut (28) surrounding and coaxial with said screw, said nut being provided with an inner thread (30), said trans -
mission mechanism being adapted to convert rotation of said screw into axial translation of said nut. The input member (16) is
mounted on the rotating screw (24). The assembly further comprises an outer translating sleeve (20) radially disposed between the
housing (14) and the translating nut (28) and adapted to be connected to the valve translating member of the valve. Said outer trans -
lating sleeve (20) is provided with an inner thread (50) and is connected to said translating nut so as to slide relative to the housing
(14) when the rotating screw (24) rotates.
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Valve operator assembly with double screw mechanism

The present invention relates to the fields of wvalves and
manually operable valves, for instance gate wvalves, control or
regulation valves or chokes valves. More particularly, the invention
relates to a valve operator assembly for a gate valve.

Valves are used in a variety of industries to control the flow of
fluids. In particular, gate valves are used extensively in the oil and gas
industry to control the flow of produced fluids at various stages of
production. Most gate valves used in this industry comprise a valve
body having a longitudinal flow bore and a transverse gate cavity that
intersects the flow bore. A gate having a gate opening extending
transversely therethrough is disposed in the gate cavity. A valve stem
is provided for moving the gate between an open position, in which the
gate opening is aligned with the flow bore, and a closed position, in
which the gate opening is offset from the flow bore. The gate cavity of
the valve body is covered by a bonnet having an axial bore transverse
to the flow through which passes the valve stem.

Such a gate valve is usually associated to a valve operator
assembly for selectively driving the valve stem up and down in order
to close and open the gate valve. The wvalve operator assembly
generally comprises a transmission mechanism to convert the
rotational motion of a drive input into axial motion of the valve stem.
To quickly open and close the gate valve with a minimum number of
turns, the transmission mechanism may be a ball screw mechanism or a
planetary roller screw mechanism in order to reduce the operating
torque, for instance manual hand-wheel torque or powered with
electric, hydraulic or pneumatic drive for surface valves or with
remote operating vehicle (ROV) torque tool or electric or hydraulic
actuation for subseca valves. For more details, it is possible for
example to refer to the patent EP-B1-1 419 334 (SKF).

When operating a gate valve, the force to apply to the valve
stem is usually maximum at the beginning of the valve opening and

also at the end of the valve closing. Then the force to apply is less
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important and substantially constant. Accordingly, the required
operating torque on the rotational wheel, such as a manual hand-wheel,
is usually much higher at the start of the valve opening and at the end
of the valve closing.

One aim of the present invention is to overcome this drawback.

It is a particular object of the present invention to provide a
valve operator assembly for valve, for instance gate valve, control or
regulation valve or choke valve, wherein the required torque for
operating said valve is optimized.

In one embodiment, the valve operator assembly is provided for
a valve comprising a valve body and a valve translating member
axially moveable. The assembly comprises a housing adapted to be
mounted on the valve, an input member rotatably mounted with respect
to said housing, and a transmission mechanism comprising a rotating
screw provided with an outer thread and a translating nut surrounding
and coaxial with said screw, said nut being provided with an inner
thread. Said transmission mechanism is adapted to convert rotation of
said screw into axial translation of said nut.

The input member is mounted on the rotating screw. The
assembly further comprises an outer translating sleeve radially
disposed between the housing and the translating nut and adapted to be
connected to the valve translating member of the valve. The outer
translating sleeve is provided with an inner thread and is connected to
the translating nut so as to slide relative to the housing when the
rotating screw rotates.

The valve operator assembly has a double lead. A first lead is
obtained when the outer sleeve axially moves together with the nut
with respect to the screw. A second lead is obtained when the outer
sleeve axially moves with respect to the nut and the screw without
axial relative movement between said nut and said screw. The number
of turns required to travel the stroke to open or close may be
minimized while keeping a low operating torque.

In one embodiment, the valve operator assembly further

comprise axial guide means provided both on the outer translating
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sleeve and the housing so as to guide axial movements of said sleeve
relative to said housing. Preferably, the axial guide means also form
anti-rotation means to prevent angular movement of the outer
translating sleeve relative to the housing. The anti-rotation and axial
guide means may comprise at least one protruding element secured to
the outer translating sleeve, or to the housing, and at least one straight
axial anti-rotation portion provided on the housing, or on the outer
translating sleeve, and cooperating with said protruding element.

Preferably, the friction torque induced by the connection
between the outer translating sleeve and the translating nut of the
transmission mechanism is different from the friction torque induced
by said transmission mechanism.

In one embodiment, the valve operator assembly further
comprises an adapter shaft secured to the outer translating sleeve and
adapted to be connected to the valve translating member of the valve.

The input member may comprise an operable wheel directly or
indirectly mounted on the rotating screw of the transmission
mechanism.

In one embodiment, the transmission mechanism further
comprises rolling elements which are radially provided between the
outer thread of the screw and the inner thread of the translating nut
and which engage said threads. Alternatively, the inner thread of the
translating nut may be engaged with the outer thread of the rotating
screw of said mechanism.

The inner thread of the outer translating sleeve may be engaged
with an outer thread provided on the translating nut of the
transmission mechanism. Alternatively, the valve operator assembly
further comprises rolling eclements which are radially provided
between the inner thread of the outer translating sleeve and an outer
thread provided on the translating nut of the transmission mechanism,
said rolling elements engaging said threads.

In one embodiment, the wvalve operator assembly further
comprises abutment and coupling means for blocking the translation of

the translating nut of the transmission mechanism relative to the screw
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and maintaining a coupling state between said nut and said screw.
Alternatively, the assembly may comprise abutment and coupling
means for blocking the translation of the outer translating sleeve
relative to the translating nut of the transmission mechanism and
maintaining a coupling state between said sleeve and said nut.

In one embodiment, the valve operator assembly further
comprises at least one bearing radially provided between the rotating
screw of the transmission mechanism and the housing.

The invention also relates to a valve comprising a valve body,
a valve translating member axially moveable and a valve operator
assembly as previously defined.

The present invention and its advantages will be better
understood by studying the detailed description of specific
embodiments given by way of non-limiting examples and illustrated by
the appended drawings on which:

- Figure 1 is a cross-section of a valve operator assembly for
gate valve according to a first example of the invention at a retracted
longitudinal position,

- Figure 2 is a detail view of Figure 1,

- Figures 3 and 4 arc cross-sections of the valve operator
assembly of Figure 1 at intermediate and extended longitudinal
positions,

- Figure 5 is a cross-section of a valve operator assembly for
gate valve according to a second example of the invention at a
retracted longitudinal position,

- Figures 6 and 7 are cross-sections of the valve operator
assembly of Figure 5 at intermediate and extended longitudinal
positions, and

- Figure 8 is a cross-section of a valve operator assembly for
gate valve according to a third example of the invention at a retracted
longitudinal position.

A valve operator assembly 10 as shown on Figure 1 is adapted
for a gate valve (not shown) provided with a bonnet, a valve body

covered by said bonnet and a moveable valve stem with an axis 12.
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Conventionally, the valve body has a flow bore and a transverse gate
cavity that intersects the flow bore. The gate valve also comprises a
gate having a gate opening extending transversely therethrough is
disposed in the gate cavity. For more detail on such a gate valve, it
could be referred to EP-B1-1 419 334 (SKF).

The valve operator assembly 10 comprises a tubular housing 14
adapted to be mounted directly on the bonnet of the gate valve or
indirectly on said bonnet with an intermediate adapter sleeve, an input
operable wheel 16 rotatably mounted with respect to said housing, and
an inverted roller screw mechanism 18 and a translating and non-
rotating outer sleeve 20 which are interposed between the wheel 16
and the valve stem of said valve to convert a rotational motion of said
wheel into axial motion of said valve stem.

The inverted roller screw mechanism 18 is mounted into a bore
14a of the housing. One axial end of the housing 14 is adapted to be
secured to the bonnet of the gate valve, for example by threads or
bolts. In the illustrated example, the bore 14a has a stepped form.
Alternatively, the bore 14a may have different shape.

As shown more clearly on Figure 2, the transmission
mechanism 18 comprises a screw 24, with an axis 24a coaxial with the
axis of the valve stem, provided with an outer thread 26, a nut 28
mounted coaxially about the screw 24 and provided with an inner
thread 30, the internal diameter of which is greater than the external
diameter of the outer thread 26, and a plurality of longitudinal rollers
32 arranged radially between the screw 24 and the nut 28. The screw
24 extends longitudinally through a cylindrical bore of the nut 28 on
which the inner thread 30 is formed. The lead of the outer thread 26 of
the screw is constant. The operable wheel 16 (Figure 1) is supported
by the screw 24. The screw 24 extends axially inside the housing 14
and axially protrudes outwards.

The nut 28 has a tubular form. The nut 28 is made in one part.
The nut 28 extends axially inside the outer sleeve 20. The nut 28 also
comprises an outer thread 31 formed on its outer cylindrical surface

28a. The outer thread 31 is radially opposed to the inner thread 30
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formed into the bore of the nut. The outer thread 31 radially protrudes
outwards with respect to the outer surface 28a. The outer thread 31
protrudes towards the outer sleeve 20. As will be described later, the
inner nut 28 acts as a translating and non-rotating nut or as a rotating
and non-translating nut.

The rollers 32 are identical to each other and are distributed
regularly around the screw 24. Each roller 32 extends along an axis
32a which is coaxial with the axis 24a of the screw and comprises an
outer thread 34 engaging the thread 26 of the screw and the thread 30
of the nut. Each roller 32 also comprises, at cach axial end, outer gear
teeth 36, 38 extending axially outwards the outer thread 34 and which
are themselves extended axially by a cylindrical stud 40, 42 extending
outwards. Each gear teeth 36, 38 are axially located between the
associated stud 40, 42 and the outer thread 34. The outer thread 34 of
cach roller is axially located between the two gears 36, 38.

The roller screw mechanism 18 also comprises two annular
gear wheels (not referenced) provided on the outer surface of the
screw 24 and each comprising outer gear teeth meshing the gear tecth
36, 38 respectively of the rollers 32 for the synchronization thereof.
The outer thread 26 of the screw is axially located between the two
gear wheels.

The mechanism 18 further comprises two annular guides or
spacer rings 44, 46 mounted on the outer surface of the screw 24. Said
spacer rings 44, 46 are radially disposed between the screw 24 and the
inner thread 30 of the nut without contact with said thread. Each
spacer ring 44, 46 comprises a plurality of cylindrical through-
recesses (not referenced) which are distributed regularly in the
circumferential direction and inside which the studs 40, 42 of the
rollers are housed. The spacer rings 44, 46 enable the rollers 32 to be
carried and the regular circumferential spacing thercof to be kept. The
mechanism 18 further comprises elastic retainer rings (not referenced)
cach mounted in a groove formed on the outer surface of the screw 24

in order to axially hold the corresponding spacer ring 44, 46.
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Referring once again to Figure 1, the outer sleeve 20 is radially
disposed between the housing 14 and the nut 28 of the transmission
mechanism. The outer sleeve 20 is mounted coaxially about the screw
24. The outer sleeve 20 radially surrounds the inverted roller screw
mechanism 18. In the illustrated example, the sleeve 20 is made in one
part. Alternatively, the sleeve may comprise several parts. The sleeve
20 extends axially inside the housing 14.

The outer sleeve 20 comprises a cylindrical bore 20a and an
opposite outer cylindrical surface 20b. A radial gap is provided
between the outer surface 20b of the sleeve and the bore 14a of the
housing. The roller screw mechanism 18 is mounted inside the bore
20a. The outer sleeve 20 comprises an inner thread 50 engaged with
the outer thread 31 of the nut 28. In this example, a direct threaded
connection is provided between the sleeve 20 and the nut 28. The nut
28 and the sleeve 20 form a friction screw mechanism.

The inner thread 50 is formed into the bore 20a of the sleeve.
The inner thread 50 radially protrudes inwards with respect to bore
20a. The shape of the inner thread 50 is complementary to that of the
outer thread 31 of the nut, i.e. with pitch and lead that match. In the
disclosed example, the thread 50 is of the acme type. Alternatively, it
could be possible to foresee another type of inner thread for the sleeve
20.

The valve operator assembly 10 also comprises rolling bearings
52, 54 to guide the rotation of the screw 24 of the mechanism with
respect to the housing 14. The rolling bearings 52, 54 are radially
mounted between the outer surface of the screw 24 and the bore 14a of
the housing. A retaining ring 56 is secured on the outer surface of the
screw 24 to axially block the rolling bearings 52, 54. Axially on the
opposite side to the ring 56, the rolling bearing 52 is axially mounted
against a radial shoulder (not referenced) of the screw 24.

The rotational drive wheel 16 is directly mounted on the screw
24 of the mechanism. The wheel 16 is mounted on the outer surface of
the screw 24. The wheel 16 is mounted on a part of the outer surface

of the screw which is located outside of the housing 14. The wheel 16
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may be secured on the screw 24 by any appropriate means, here by
key(s) and a screw, or alternatively press-fitting, gluing, welding,
pins, or clamping system etc.

The wheel 16 comprises an annular mounting hub 16a directly
mounted on the outer surface of the screw 24 and an operable rim 16b
connected to said hub. In the illustrated example, the operable rim 16b
is adapted to be manually operated. Alternatively, the rim of the wheel
16 may be operable automatically with electric, hydraulic or
pneumatic drive. The wheel 16 further comprises a plurality of radial
arms or branches 16c¢ connecting the hub 16a to the rim 16b. The
branches 16c¢ extend radially outwards from the hub 16a. In the
illustrated example, the wheel 16 is made in one single part.
Alternatively, the wheel may comprise several parts.

In the disclosed example, the rotational drive wheel 16 is
directly mounted on the screw 24 of the mechanism with no
interposition of additional element therebetween. Alternatively, the
input member may comprises an adapter sleeve mounted on the screw
24 and the drive wheel 16 secured to said sleeve. The input member of
the assembly is mounted on the screw 24 and secured to said screw.

The valve operator assembly 10 further comprises an adapter
shaft 60 secured to the outer sleeve 20 and adapted to be connected to
the valve stem of the gate valve. The valve stem is secured to the
adapter shaft 60. A recess 60a is formed on the adapter shaft 60 and
into which is mounted an end of the valve stem. The valve stem is
connected to the outer sleeve 20 by any appropriate means, for
example by threads and/or a pin and/or a clamp, etc. The recess 60a is
formed at one end of the adapter shaft 60 while the axial opposite end
is secured to the outer sleeve 20 by any appropriate means, here by
threads. The outer sleeve 20 is connected to the valve stem of the gate
valve by means of the adapter shaft 60. Alternatively, the outer sleeve
20 and the adapter shaft 60 may be made in one part. In this case, the
outer sleeve 20 is directly connected to the valve stem.

The valve operator assembly 10 further comprises first anti-

rotation and axial guide means 62 connected to the outer sleeve 20 and
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associated second anti-rotation and axial guide means 64 provided on
the housing 14 in order to guide axial movements and to prevent
angular movements of said sleeve relative to said housing.

The first anti-rotation and axial guide means 62 are secured to
the outer sleeve 20. These means 62 radially protrude outwards with
respect to the outer surface 20b of the sleeve. The anti-rotation and
axial guide means 62 are located at a fixed position on the sleeve 20.
The second anti-rotation and axial guide means 58 comprises two
grooves 66 provided on the housing 14.

The anti-rotation and axial guide means 62 comprise a plurality
of pins 68 seccured to the outer sleeve 20. Each pin 68 radially
protrudes outwards with respect to the outer surface 20b of the sleeve.
Each pin 68 is mounted into one of the grooves 66 provided on the
housing 14. Each pin 68 engages within the associated groove 66. Each
pin 68 may be secured to the outer sleeve 20 by any other appropriate
means, here by screwing or alternatively by fitting, gluing, or welding,
etc. In the illustrated example, the anti-rotation and axial guide means
62 comprises four pins 68. Alternatively, the number of pins may be
decrecased or increased. In another variant, the anti-rotation and axial
guide means 62 may comprise one or a plurality of keys, rotatable
rollers, rolling bearings or plain bearings.

Each groove 66 is formed on the bore 14a of the housing. Each
groove 66 is formed radially towards the outside from the bore 14a.
Each groove 66 is made into the thickness of the housing 14. Each
groove 66 is formed on a limited length of the bore 14a. Each groove
66 is delimited by two guide surfaces which face and extend parallel to
cach other. Each pin 68 is disposed between the guide surfaces of the
associated groove. The guide surfaces of each groove form guideways
for the associated pins 68. The guide surfaces of cach groove extend
axially on the housing 14, i.e. parallel with the axis 24a of the screw.
The pins 68 may slide along the guide surfaces of the associated
groove and comes into contact with said surfaces. Each groove 66
forms a straight anti-rotation portion extending parallel to the axis 24a

of the screw. In the illustrated example, the housing 14 comprises two
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grooves 66 which are radially opposed. Alternatively, the housing 14
may comprise only one groove or three grooves or more. In the
disclosed embodiment, the grooves 66 are formed directly on the
housing 14. Alternatively, ecach groove may be delimited by two
separate plates attached directly to the housing by any other
appropriate means. In another variant, it could also be possible to
foresee another type of components to cooperate with the associated
protruding element of the first anti-rotation and axial guide means, for
example two separate straight wires extending axially may be provided
instead of a groove.

The wvalve operator assembly 10 further comprises first
abutment means for blocking the translation of the nut 28 of the
transmission mechanism relative to the screw 24. These abutment
means comprise first and second rings 70, 72 secured to the screw 24.
The first ring 70 is mounted at one end of the screw 24 while the
second ring 72 is mounted on said screw axially on the side opposite
to the first ring 70 with respect to the rollers 32. The abutment means
also comprise third and fourth rings 74, 76 secured into the bore of the
nut 28. Each ring 74, 76 axially faces the associated first or second
ring 70, 72. As will be described later, the rings 70 to 76 also act as
coupling means to connect the screw 24 and the nut 28.

The valve operator assembly 10 further comprises second
abutment means for blocking the translation of the outer sleeve 20
with respect to the mechanism 18. These abutment means comprise
first and second rings 78, 80 secured to the sleeve 20. The first ring 78
is mounted at the end of the bore 20a of the sleeve axially on the side
of the adapter shaft, while the second ring 80 is mounted at the
opposite end of said bore. Each ring 70 to 80 comprises a translating
stop lug which forms rotary abutment.

From a position as illustrated on Figure 1, when an operator
applies a torque on the wheel 16 in order to drive the outer sleeve 20
in a forth direction FD (from right to left on Figure 1), this torque is
transmitted to the screw 24. With the rotation of the screw 24, the

rollers 32 rotate on themselves about the screw 24 and rotate in the nut
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28. The rollers 32 are rotationally guided by outer gear wheels
provided on the screw and meshing with the gear teeth of the rollers.
The rotational motion of a wheel 16 is converted into an axial
displacement of the nut 28 in the forth direction FD.

The outer sleeve 20 moves together with the nut 28 without
axial translation of said sleeve relative to said nut. As a matter of fact,
the friction torque induced by the direct threaded connection between
the outer sleeve 20 and the nut 28 is adapted to be higher than the
friction torque induced by the roller screw mechanism 18. Both the nut
28 and the outer sleeve 20 are axially or longitudinally moved with
respect to the screw 24 and the housing 14. The rotational motion of
the wheel 16 is converted into an axial sliding of the outer sleeve 20 in
the forth direction FD.

The forth stroke of the outer sleeve 20 together with the nut 28
relative to the screw 24 is performed until the fourth ring 76 of the
first abutment means secured to said nut abuts against the second ring
72 secured to said screw as illustrated on Figure 3. After that, the
roller screw mechanism 18 is blocked. The nut 28 is coupled to the
screw 24 and rotates together with said screw. Thus, the rotation of the
screw 24 is transformed into an axial translation of the outer sleeve 20
relative to the nut 28, said screw and the housing 14. The outer sleeve
20 slides towards the outside of the housing 14. The outer sleeve 20
keeps on moving axially in the forth direction FD relative to the
mechanism 18. The translation of the outer sleeve 20 is obtained until
the second ring 80 of the second abutment means secured to said
sleeve abuts against the fourth ring 76 of the first abutment means
secured to the nut 28 as shown on Figure 4.

From the position as illustrated on Figure 4, when the operator
applies a torque on the wheel 16 in an opposite direction in order to
drive the outer sleeve 20 in a return direction RD (from left to right on
Figure 4), said sleeve moves together with the nut 28 without axial
translation of said sleeve relative to said nut. The return stroke of
outer sleeve 20 together with the nut 28 is performed until the third

ring 74 of the first abutment means secured to said nut abuts against



10

15

20

25

30

WO 2016/192769 PCT/EP2015/062089

12

the first ring 70 of said abutment means secured to the screw 24. After
that, since the nut 28 is coupled to the screw 24, with a rotation of
said screw, the outer sleeve 20 moves axially relative to the nut 28.
Accordingly, the rotational motion of the screw 24 is still converted
into a displacement of the outer sleeve in the return direction RD. The
outer sleeve 20 moves axially relative to the mechanism 18 and the
housing 14 until the first ring 78 of the second abutment means
secured to said sleeve abuts against the third ring 74 of the first
abutment means as shown on Figure 1.

When operating the gate valve, at the beginning of the valve
opening and also at the end of the valve closing, the required operating
torque on the wheel 16 is limited since the running phase of the outer
sleeve 20 is obtained with the inverted roller screw mechanism 18.
During the other operating runs which is exposed to a smaller force
than for the forth direction FD in this example, and then consequently
to a smaller torque, the axial translation of the outer sleeve 20 is
obtained with the threaded connection between said sleeve and the nut
28. The number of turns required on the wheel 16 is thus minimized
during these other operating runs. The assembly 10 could also be
adapted in case other sequences are expected, for instance low torque
at the end of opening stroke and/or low torque at the beginning of the
closing stroke. In this embodiment, the sleeve 20 cooperates directly
with the nut 28.

The embodiment shown on Figure 5, in which identical parts
are given identical references, differs from the previous embodiment
in that the disposition of the roller screw mechanism 18 and the
friction screw mechanism is inverted. The inner nut 28 and the screw
24 form the friction screw mechanism. The sleeve 20 cooperates
indirectly with the nut 28.

The nut 28 of the transmission mechanism comprises an inner
thread 90 engaged with an outer thread 92 of the screw. The inner
thread 90 is formed into the bore of the nut 28. The inner thread 90
radially protrudes inwards with respect to said bore. The shape of the

inner thread 90 is complementary to that of the outer thread 92 of the
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screw. In the disclosed example, the thread 90 is of the acme type.
Alternatively, it could be possible to foresee another type of inner
thread for the nut 90. The screw 24 extends longitudinally through a
cylindrical bore of the nut 28 on which the inner thread 90 is formed.
The outer thread 92 radially protrudes outwards with respect to the
outer surface of the screw.

The nut 28 also comprises an outer thread 94 formed on its
outer cylindrical surface 28a. The outer thread 94 is radially opposed
to the inner thread 90. The outer thread 94 radially protrudes outwards
with respect to the outer surface 28a. The outer thread 94 protrudes
towards the outer sleeve 20. As will be described later, the inner nut
28 acts as a rotating and non-translating nut or as a rotating and
translating nut.

The rollers 32 are radially interposed between the nut 28 and
the sleeve 20. The rollers 32 are distributed regularly around the
sleeve 20. The outer thread of each roller engages the outer thread 94
of the nut and an inner thread 96 of the sleeve. The inner thread 96 is
formed into the bore 20a of the sleeve. In this embodiment, the gear
wheels meshing with the gear teeth of the rollers are provided on the
outer surface of the nut 28. The spacer rings (not referenced) are also
mounted on the outer surface of the nut 28. In this embodiment, the
inverted roller screw mechanism 18 is formed by the nut 28, the rollers
32 and sleeve 20.

The wvalve operator assembly 10 further comprises first
abutment means for blocking the translation of the sleeve 20 relative
to the nut 28. These abutment means comprise first and second rings
100, 102 secured to the nut 28. The first ring 100 is secured at one end
of the nut 28 while the second ring 102 is mounted on said nut axially
on the side opposite to the first ring 100 with respect to the rollers 32.
The abutment means also comprise third and fourth rings 104, 106
secured into the bore of the outer sleeve 20. Each ring 104, 106 axially
faces the associated first or second ring 100, 102.

The assembly 10 also comprises second abutment means for

blocking the translation of the outer sleeve 20 and the nut 28 with
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respect to the screw 24. These abutment means comprise first and
second rings 108, 110 secured to the screw. The first ring 108 is
mounted at the end of the bore of the screw axially on the side of the
adapter shaft 60, while the second ring 110 is mounted on the side
opposite to the first ring 108 with respect to the nut 28. Each ring 100
to 110 comprises a translating stop lug which forms rotary abutment.
Similarly to the first embodiment, the assembly 10 also comprises the
first and second anti-rotation and axial guide means (not shown) to
guide axial movements and to prevent angular movements of the sleeve
relative to said housing.

From a position as illustrated on Figure 5, when the operator
applies a torque on the wheel 16 in order to drive the outer sleeve 20
in a forth direction FD (from right to left on Figure 5), this torque is
transmitted to the screw 24. Since the friction torque induced by the
direct threaded connection between the screw 24 and the nut 28 is
adapted to be higher than the friction torque induced by the inverted
roller screw mechanism 18, the rollers 32 rotate on themselves about
the nut 28 and rotate in the sleeve 20. The sleeve 20 slides axially
with respect to the nut 28, the screw 24 and the housing 14. The
rotational motion of a wheel 16 is converted into an axial sliding of
the sleeve 20 in the forth direction FD. The forth stroke of the outer
sleeve 20 is performed until the fourth ring 106 of the first abutment
means secured to said sleeve abuts against the second ring 102 secured
to the nut 28 as shown on Figure 6. After that, the sleeve 20 is coupled
to the nut 28. Thus, with a rotation of the screw 24, the outer sleeve 20
moves together with the nut 28 without axial translation of said sleeve
relative to said nut. The outer sleeve 20 keeps on moving axially in the
forth direction FD until the first ring 100 of the first abutment means
axially abuts against the first ring 108 of the second abutment means
as shown on Figure 7.

From the extended position as illustrated on Figure 7, when the
operator applies a torque on the wheel 16 in an opposite direction in
order to drive the outer sleeve 20 in a return direction RD (from left to

right on Figure 7), said sleeve slides axially with respect to the nut 28,
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the screw 24 and the housing 14. The return stroke of outer sleeve 20
is performed until the third ring 104 of the first abutment means
axially abuts against the first ring 100 of the second abutment means
secured to the screw 24.

After that, since the sleeve 20 is coupled to the nut 28, said
sleeve 20 moves together with said nut axially relative to the screw 24.
Accordingly, the rotational motion of the screw 24 is still converted
into a displacement of the outer sleeve in the return direction RD. The
outer sleeve 20 moves axially until the second ring 102 of the first
abutment means secured abuts against the second ring 110 of the
second abutment means.

The embodiment shown on Figure 8, in which identical parts
are given identical references, only differs from the previous
embodiment in that the valve operator assembly 10 further comprises
self-releasable coupling means 112 for maintaining a coupling state
between the sleeve 20 and the nut 28 which are provided on one of the
abutment means. In the disclosed embodiment, these coupling means
112 are disposed on the second ring 102 of the first abutment means.
The coupling means 112 are provided with a plurality of pins 114
projecting axially towards the ring 106 secured to the sleeve 20, and
with a plurality of elastic springs 116 each acting axially on one of
these pins towards said ring. The pins 114 are distributed along the
circumference of the ring 102. Recesses 118 are provided on the ring
106 in order to receive the pins 114. When the pins 114 engage into
the recesses 28, the resistant torque induced by the self-releasable
coupling means 112 is higher than the friction torque induced by the
direct threaded connection between the screw 24 and the nut 28.

From an extended position, when the operator applies a torque
on the wheel 16 in order to drive the outer sleeve 20 in a return
direction, since the sleeve is coupled to the nut 28 by the seclf-
releasable coupling means 112, said sleeve moves together with the
nut axially relative to the screw 24 until the second ring 102 of the
first abutment means axially abuts against the second ring 110 of the

second abutment means. Then, the sleeve 20 slides axially with respect
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to the nut 28, the screw 24 and the housing 14 until the first ring 100
of the first abutment means axially abuts against the third ring 104.

In the disclosed example, the pins 114 of the self-releasable
coupling means project axially and the associated springs exert an
axial force on said pins. Alternatively, the pins 114 may project
radially towards recesses formed on the bore of the sleeve and may be
biased by associated elastic springs 116 acting radially. Alternatively,
the pins may be replaced by balls. In another variant, the self-
releasable coupling means may comprise a plurality of associated
attractive magnets to generate a resistant torque. Alternatively, the
self-releasable coupling means 112 could be installed on the first ring
100 of the first abutment means depending on the wanted sequence.

In the disclosed examples, with the anti-rotation and axial
guide means 62 secured to the sleeve and engaged within the straight
grooves 66 of the housing, the rotation of the screw 24 is converted
into a linear translation of said sleeve. Said linear guidance of the
sleeve 20 is done along its axis. The sleeve 20 only has an axial
movement relative to the nut 28, the screw 24 and the housing 14. An
angular movement of the sleeve 20 is prevented. The valve stem of the
valve gate is axially moved together with the sleeve 20. In the
described examples, the first anti-rotation and axial guide means 62
are connected to the sleeve 20 and the second anti-rotation and axial
guide means 64 are provided on the housing 14. Alternatively, it is
possible to have an inverted arrangement with the first anti-rotation
and axial guide means 62 connected to housing 14 and the second anti-
rotation and axial guide means 64 provided on sleeve 20.

Besides, integrating the anti-rotation and axial guide means
into the valve operator assembly decreases friction at the translating
gate of the associated valve and minimizes the required operating
torque. Since the anti-rotation and axial guide means are not provided
into the wvalve but rather integrated within the associated valve
operator assembly, the sealing of the valve may be improved in the

fluid pressurized area. Alternatively, it could however be possible to



10

15

20

WO 2016/192769 PCT/EP2015/062089

17

foresee a valve operator assembly having no axial guide means neither
anti-rotation guide means, these means being provided into the valve.

The invention has been illustrated on the basis of a wvalve
operator assembly for gate valve comprising an inverted roller screw
mechanism. The invention can also be applied to a valve operator
assembly having other type of roller screw mechanism such as
standard planetary roller screw mechanism. The invention can also be
applied to a valve operator assembly having a standard or an inverted
ball screw mechanism or a direct threaded connection instead of a
roller or ball screw mechanism. More generally, the design can be
made with two screws of any type (roller screws, ball screws, friction
screws) in whatever arrangement, inside/outside, as long as one has a
higher friction than the other under the same external force. Then the
one with the lowest friction starts first unless it is blocked.

Although the invention has been illustrated on the basis of a
valve operator assembly for gate valve, it should be understood that
the invention can also be used with other types of valves, for instance
control or regulation valves or choke valves. The wheel may be
operable manually or automatically for example with electric,
hydraulic or pneumatic drive. The valve operator assembly may be
used for instance with a surface gate or a subsea valve gate which may
be actuated by a remote operating vehicle (ROV) torque tool or an

actuator.
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CLAIMS

1. Valve operator assembly for valve comprising a valve body
and a valve translating member axially moveable, the assembly
comprising a housing (14) adapted to be mounted on the valve, an
input member (16) rotatably mounted with respect to said housing, and
a transmission mechanism comprising a rotating screw (24) provided
with an outer thread (26; 92) and a translating nut (28) surrounding
and coaxial with said screw, said nut being provided with an inner
thread (30; 90), said transmission mechanism being adapted to convert
rotation of said screw into axial translation of said nut, characterized
in that the input member (16) is mounted on the rotating screw (24)
and in that the assembly further comprises an outer translating sleeve
(20) radially disposed between the housing (14) and the translating nut
(28) and adapted to be connected to the valve translating member of
the valve, said outer translating sleeve (20) being provided with an
inner thread (50; 96) and being connected to said translating nut so as
to slide relative to the housing (14) when the rotating screw (24)
rotates.

2. Valve operator assembly according to claim 1, wherein the
friction torque induced by the connection between the outer translating
sleeve (20) and the translating nut (28) of the transmission mechanism
is different from the friction torque induced by said transmission
mechanism.

3. Valve operator assembly according to claim 1 or 2, further
comprising an adapter shaft (60) secured to the outer translating sleeve
(20) and adapted to be connected to the valve translating member of
the valve.

4. Valve operator assembly according to any of the preceding
claims, further comprising axial guide means (62, 64) provided both
on the outer translating sleeve (20) and the housing (14) so as to guide
axial movements of said sleeve relative to said housing.

5. Valve operator assembly according to claim 4, wherein the

axial guide means (62, 64) also form anti-rotation means to prevent
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angular movement of the outer translating sleeve relative to the
housing.

6. Valve operator assembly according to claim 5, wherein the
anti-rotation and axial guide means (62, 64) comprise at least one
protruding element (68) secured to the outer translating sleeve, or to
the housing, and at least one straight axial anti-rotation portion (66)
provided on the housing, or on the outer translating sleeve, and
cooperating with said protruding element.

7. Valve operator assembly according to any of the preceding
claims, wherein the input member (16) comprises an operable wheel
directly or indirectly mounted on the rotating screw (24) of the
transmission mechanism.

8. Valve operator assembly according to any of the preceding
claims, wherein the transmission mechanism further comprises rolling
celements (32) which are radially provided between the outer thread
(26) of the screw and the inner thread (30) of the translating nut and
which engage said threads.

9. Valve operator assembly according to any of the preceding
claims 1 to 7, wherein the inner thread (90) of the translating nut of
the transmission mechanism is engaged with the outer thread (92) of
the rotating screw of said mechanism.

10.Valve operator assembly according to any of the preceding
claims, wherein the inner thread (50) of the outer translating sleeve is
engaged with an outer thread (31) provided on the translating nut of
the transmission mechanism.

11.Valve operator assembly according to any of the preceding
claims 1 to 9, further comprising rolling elements (32) which are
radially provided between the inner thread (96) of the outer translating
sleeve and an outer thread (94) provided on the translating nut of the
transmission mechanism, said rolling elements engaging said threads.

12.Valve operator assembly according to any of the preceding
claims, further comprising abutment and coupling means (72, 76, 74,
70) for blocking the translation of the translating nut (28) of the



10

15

WO 2016/192769 PCT/EP2015/062089

20

transmission mechanism relative to the screw (24) and maintaining a
coupling state between said nut and said screw.

13.Valve operator assembly according to any of the preceding
claims 1 to 11, further comprising abutment and coupling means (102,
106, 104, 100) for blocking the translation of the outer translating
sleeve (20) relative to the translating nut (28) of the transmission
mechanism and maintaining a coupling state between said sleeve and
said nut.

14.Valve operator assembly according to any of the preceding
claims, further comprising at least one bearing (52) radially provided
between the rotating screw (24) of the transmission mechanism and the
housing (14).

15.Valve comprising a valve body, a valve translating member
axially moveable and a valve operator assembly according to any of

the preceding claims.
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