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Electrical Actuator
Field of the Disclosure

This disclosure relates to an electrical actuator in particular, having a return stop device func-

tioning in both ways.
Background

Respective electrical actuators are known for example from the oil and gas industry for the op-
eration of valves. Such valves include gate valves, chokes, ball valves, blow-out-preventers
(BOP) or the like. In an application using the respective valves, an emergency measure is re-
quired in case of an energy failure, to adjust the valves to their closed or open position or alter-
natively secure the valves in their current position against the pressure of, for example, pro-
duced mineral oil. In this context, the two modes are referred to as “fail save close/open” and
“fail as is”. In the ‘fail save close/open”™mode, the valves are automatically adjusted to the
closed/opened position by the assigned electrical actuator in the event of an energy failure and
missing actuation. This may be achieved for example by pre-stressed spring packages or the
like. In the “fail as is”-mode, the valves stay in the position that have assumed during the energy
failure. Therefore, often a “fail as is” device is necessary, which holds the valve in the opened
position, partly opened position, or in the position at the moment of the energy failure. At the
same time, holding the valve in its current position should be achieved without the use of en-

ergy.

In some embodiments, electrical actuators such as those described in WO 2011/009471 A1 or
WO 2011/006519 A1 are employed. The electrical actuator is, for example, coupled to the valve
from outside and includes one or more electric motors. The motors drive a drive shaft, which
may drive a respective gear shaft by means of a transmission gear. In some cases, the gear
shaft may be used for directly turning a respective valve member via an adapter or the like. It is
also possible that the rotational movement of the gear shaft is convertible into a linear move-
ment by a ball-type linear drive or the like. The linear movement then serves for the linear ad-

justment of the respective valve member.

An object of the present disclosure is to improve a respective electrical actuator such that it is
provided with a “fail as is"-device without requiring the use of a stronger motor, while having a

simple, reliable and cost-effective construction.

This object is achieved by the features of claim 1.
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In accordance with various embodiments a return stop device is included as an additional
member within the electrical actuator that functions in both rotational directions of the drive or
gear shaft. The return stop device comprises a pot-shaped outer part and a hub part, which is
rotatably supported therein. The hub part is connected to the gear shaft in a torque-proof man-
ner. Additionally, a free space is formed between the hub part and the outer part, and a wedging
member is situated in the free space. Rotation of the drive shaft causes the wedging member to
transition to a free rolling position, enabling the hub part to rotate relative to the outer part.

If, however, a respective torque acts upon the drive shaft from the side of the attached valve,
e.g. via the gear shaft and the hub part, then no movement of the wedging member takes place
to transition the wedging member to the free-rolling position. Instead, the wedging member
stays in the wedging position and a turning back of the drive shaft caused by the attached valve

is prevented.

Thus, in accordance with various embodiments, the return stop device is designed such that the

wedging member prevents valve-induced rotation of the drive shaft and the gear shaft.

This means that the return stop device enables an unrestricted actuation by the drive shaft and
the gear shaft for adjusting for the valve member in both rotational directions of the drive shaft.
If, however, retroactive torques act on the drive shaft via the gear shaft from both sides of a wall
member, then the return stop device blocks movement in both rotational directions.

The return stop device is arranged between the drive shaft and the gear shaft and comprises
minimal parts, resulting in a simple, reliable and cost-efficient construction is the result. Besides
that, the structure of the return stop device is very robust and compact, such that the installation
space is small. According to the construction of the return stop device, moreover, during holding
of the respective position in the “fail as is”-mode, no energy is required. Additionally, a stronger
electric motor is not required for the electrical actuator because the return stop device enables
an unimpeded driving in both directions when operating the drive shaft.

A simple installability and assignability of the respective parts of the return stop device is given
for example when the outer part has a cylindrical inner side facing the hub part and the hub part
has at least two wedging surfaces facing this inner side. Between the inner side of the outer part
and each wedging surface, a roller-shaped wedge element is arranged as a wedging member.
The wedging member — in particular, one of the wedge elements - is moved into the free rolling
position by an adjusting element of the drive shaft. Thus, depending on the rotational direction
of the drive shaft, one of the roller-shaped wedge elements may be moved into the free rolling
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position, while the other roller-shaped wedge element is practically arranged in an idle state or

free wheel, respectively.

In some embodiments, the adjusting element comprises an adjusting pin arranged essentially in
paralle! to the drive shaft. The adjusting pin may be offset by a distance from the drive shaft.

Various electric motors are applicable for such an actuator. In some embodiments, two electric
motors may be used to provide additional redundancy. In a simple embodiment, the drive shaft
may be formed by a rotor of the electric motor. The respective stator may be fixed in the hous-
ing of the actuator.

A coupling between the gear shaft and the drive shaft enables rotation of the drive shaft to in-
duce a corresponding rotation to the gear shaft. In some embodiments, the hub part has at least
two coupling elements and the drive shaft has at least two counter-coupling elements, where
the coupling elements engage or are engaged by the counter-coupling elements. This provides
a rotational connection between the hub part (and thereby the gear shaft), and the drive shaft,
where the hub part and the drive shaft are at least partly inmesh with each other. In some em-
bodiments, a designed tolerance of the coupling elements and counter-coupling elements al-
lows some rotational movement of either the hub part or the drive shaft before the coupling and
counter-coupling elements engage each other. Additionally, the coupling pin may comprise a

driving pin and the counter-coupling element may comprise a pin hole.

Since the respective coupling also is at hand, if the return stop device becomes operative, then
it may prove advantageous if the coupling element and the counter-coupling element are in en-

gagement with other under a clearance.

In some embodiments, the wedge elements may be biased away from each other by a com-
pression spring between the elements. This allows the wedge elements to be biased to their
wedge positions in the absence of influence by the adjusting element of the drive shaft.

The adjusting element may engage the wedge element by protruding from the drive shaft into
the free space and being arranged in a circumferential direction of the hub part on both sides of
the wedge elements. Depending on the rotational direction of the drive shaft, one of the adjust-
ing elements will then move the respective wedge element into the free rolling position, thus

enabling an according rotation of the drive shaft (and hub part) and the gear shatft.

The outer part of the return stop device is arranged unrotatably, which is achieved for example
by fixing the outer part to the housing of the actuator.

3
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The wedge surfaces are arranged at the hub part and may be designed in a variety of ways. In
one embodiment, the wedge surfaces may essentially taper slantingly towards the inner surface
of the outer part, such that the free space between the hub part and the inner surface of the
outer part tapers to a clearance that is at least smaller than the wedge elements. Thereby, the
two wedge surfaces are facing away from each other and each of the wedge surfaces is as-
signed to a respective wedge element.

In order to provide sufficient space for adjusting the wedge element and for positioning the com-
pression spring, a center surface extending perpendicularly to a diameter of the outer part may
be arranged between the wedge surfaces. Along this center surface, for example the compres-
sion spring is arranged, while on both sides of the center surface, the respective wedge sur-
faces are arranged with wedge elements arranged thereon.

A torque-proof connection between the hub part and the gear shaft exists, for example through
the hub part being connected to the drive shaft by positive fit and especially by means of a key.

Brief Description of the Drawings

In the following, an advantageous embodiment of the invention is described in detail by means
of the figures attached in the drawing:

In the drawings:

Fig. 1 shows a cross-section through an electrical actuator for operating ball valves;
Fig. 2 shows an enlarged illustrating of a detail “X" from Fig. 1, and

Fig. 3 shows a view from direction Ill-1l according to Fig. 2.

Detailed Description

In accordance with the various embodiments, a “fail as is” device comprises a return stop de-
vice, which is described in further detail below. The outcome from the above is that a “fail as is”-
device is provided by the described return stop device, which holds the respective valve mem-
ber in its position during energy failure when the energy failure becomes effective.

Fig. 1 shows a principle illustration of an electrical actuator 1 according to the present disclo-

sure. This is provided for operating a ball valve. Of course, the electrical actuator may also be

employed for other gears in the oil and natural gas industry, such as for example gate valves,

chokes, blow-out-preventers or the like. Further, it is to be noted that in the embodiment accord-
4
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ing to Fig. 1, a rotational movement of the respective valve member 6 of the valve 2 is trans-
ferred, while in other electrical actuators, also an additional conversion of the rotational move-
ment into a linear movement may be effected by a ball-type linear drive.

The valve member 6 of the valve is only partly illustrated in the form of a pierced ball. This is
rotatable by approx. 90° in order to transfer the valve member into an open or closed position,
respectively, with respect to the duct 33.

The following disclosure applies to all respective valves or other members, particularly in the oil
and natural gas industry.

The electrical actuator 1 comprises an actuator housing 28 that couples to an outer side of the
valve 2, for example by way of a flange mount. An adapter flange 35 is provided for connection
with the valve member 6. The drive shaft 36 of the valve member 6 is connected to the adapter
flange 35. Within the adapter housing 28, further, a transmission gear 34 is arranged. The
transmission gear 34 is connected to a gear shaft 5. The gear shaft 5 is rotated via a driving
connection with a drive shaft 4 of an electric motor 3. The drive shaft 4 surrounds the gear shaft
5 and is connected thereto by a return stop device 7.

The electric motor 3 may have a stator and a rotor, wherein also several electric motors may be
arranged behind each other or at various positions within the actuator housing 28 for both exert-
ing a respective power and also for redundancy reasons.

A detail “X” from Fig. 1 is illustrated enlarged in Fig. 2. This detail is especially concerned with
the return stop device 7 between the drive shaft 4 and the gear shaft 5.

The return stop device 7 has an approximately pot-shaped outer part 8, which may be detach-
ably affixed to a part of the actuator housing 28 by a number of screws 32. Within the outer part
8, a hub part 9 is rotatably supported. As shown in FIG. 3, the outer part 8 has an inner face 12
that is proximate to the outer side of the hub part 9.

Referring back to FIG. 2, the drive shaft 4 partly surrounds the outer part 8 and is supported
rotatably at the actuator housing 28 by means of ball bearing or the like, see also Fig. 1. The
drive shaft 4 further has pin holes 24, 25 as counter-coupling elements 21. Driving pins 22, 23
protruding from the hub part 9 engage the counter-coupling elements 21 as coupling elements
20. The driving pins 22, 23 are arranged within the pin holes 24, 25 with a clearance therebe-
tween. The driving pins 22, 23 protrude from the hub part 9 in the direction of the respective pin
holes 24, 25. The hub part 9 is fixed on the gear shaft 5 arranged concentrically to the drive

5
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shaft 4 by means of a key 31 in a torque-proof manner. This means that the hub part 9 rotates
with the gear shaft 5.

Fig. 3 corresponds to a view from the direction 1li-lil according to Fig. 2. Referring to FIG. 3, the
drive shaft 4 comprises adjusting pins 17, 18 as adjusting elements 16, which extend axially
from the drive shaft 4. The adjusting elements 16 protrude from the drive shaft 4 into a free
space 10, which is formed between the hub part 9 and the outer part 8.

The inner side 12 of the outer part 8 faces the outer side of the hub part 9. As shown in Fig. 3,
the respective free space 10 is formed in the upper part of this figure between the hub part 9
and the outer part 8. The adjusting pins 17, 18 protrude into the free space 10, which also con-
tains a wedging member 11. The wedging member 11 comprises two wedge elements 15,
which may be roller-formed, and a compression spring 26 between the two wedge elements 15.
The wedge elements 15 are arranged between wedge surfaces 13, 14\ and the inner side 12 of
the outer part 8. The wedge surfaces 13, 14 in Fig. 3 extend towards the outside and slantedly
toward the inner side 12 of the outer part 8. A tapering wedge space is formed between the in-
ner side 12 of the outer part 8 and the wedge surfaces 13, 14, which slant toward the inner side
12. The wedging elements 15 may be positioned in this wedge space.

As shown in FIG. 3, the adjustment pins 17, 18 are shown circumferentially “outside” their re-
spective wedge elements 15.

In Fig. 3, an outer diameter 30 of the outer part 8 extends through the compression spring 26.
The wedging member 11 is designed symmetrically with respect to the diameter 30. A similar
symmetry may exist for the wedge surfaces 13, 14 on either side of a center surface 29, which
extends perpendicularly to the diameter 30. From the center surface 29, wedge surfaces 13, 14
extend towards the outside and slantingly towards the respective inner side 12 of the outer part
8. Outside of the wedge elements 15 in the circumferential direction 27 in each case, the re-
spective adjusting pin 17, 18, is arranged.

As already explained, these adjusting pins 17, 18 as adjustment element 16 are part of, and
extend from, the drive shaft 4, which may be also a rotor 19 of the respective electric motor 3.

The drive pins 22, 23 are also visible in Fig. 3; to that end see also Fig. 2 and the above expla-

nations.

In the following, the functional principle of the return stop device 7 is explained in connection
with the electrical actuator 1.
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The hub part 9 is connected to the gear shaft 5 by means of a respective key 31 in a positive-fit
or form-fit manner. This and the associated transmission gear 34 transfer the driving power via
the adapter flange 35 to the valve member 6, for example as shown in Fig. 1. Depending on the
rotation direction of the gear shaft 5, the valve member 6 is turned into an open or closed posi-

tion.

The outer part 8 of the return stop device 7 is non-rotatably arranged within the actuator hous-
ing 28, for example by the screws 32. Within the outer part 8, the hub part 9 is rotatably sup-
ported as shown in FIGS. 2 and 3. When rotating the drive shaft 4 by the electric motor in a ro-
tational direction, one of the two adjusting pins 17, 18 is pushed against its associated roller-
shaped wedge element 15 that is most closely positioned to it, see Fig. 3. The respective wedge
element 15 is pushed against the force of the compression spring 26 in the direction of move-
ment and also removed from the respective wedge engagement. Thus, the drive shaft 4 turns
the hub part 9 by the drive pins 22, 23 and the gear shaft 5 through its positive fit with the hub

part 9. As a result, the valve member 6 is also turned.

The other wedge element is not moved but in free-rolling position and may be rotated accord-

ingly.
The functional principle is analogous under a rotation of the drive shaft 4 in the other direction.

When the electric motor is turned off for instance or not operable for example, the possibility
exists that, due to the respective pressure of the fluid within the valve 2, restoring torques may
act upon the valve member 6 and thereby upon the gear shaft 5. Such steering responses may
slightly turn the gear shaft 5, which restores the respective wedging engagement between the
wedge surfaces 13, 14 and the inner side 12 of the outer part 8 and the wedging elements 15
arranged therebetween. This takes effect in both rotational directions of the gear shaft 5. The
wedging of the gear shaft 5 takes place with respect to the outer part 8 and therefore with re-
spect to the actuator housing 28.

A clearance between the pin holes 24, 25 and the drive pins 22, 23, enables a small movement
of the gear shaft 5 before complete wedging of the wedge elements 15. Thus, in the given case,
the wedging engagement is released by a rotation of the adjustment pins 17, 18.

In accordance with various embodiments a simple and reliable construction of an electrical ac-
tuator with return stop device results, which is cost-efficient, robust, and compact. Additionally,
no energy is expended to hold the back torque generated by the valve.
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Further during a rotation of the drive shaft and the gear shaft by the electric motor, a stronger

motor is not required because of the arrangement of the return stop device 7.
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Claims

1. An electrical actuator (1) for operating a valve (2), comprising:
at least one electric motor (3);
a drive shaft (4) driven by the electric motor (3);
a gear shaft (5) rotatable by the drive shaft (4), wherein the gear shaft (5) is connected
to a valve member (6) in a movement transferring manner; and
a return stop device (7) between the drive shaft (4) and the gear shaft (5), the return stop
device (7) comprises:

a pot-shaped outer part (8) and a hub part (9) supported rotatably in said
outer part (8), wherein the hub part (9) is connected to the gear
shaft (5) in a torque-proof manner;

at least one free space (10) between the hub part (9) and the outer part
(8); and

a wedging member (11) arranged in the free space (10), wherein the
wedging member (11) is only moveable into a free rolling position
by the drive shaft (4) under a rotation of the drive shaft (4).

2. The electrical actuator according to claim 1 wherein the outer part (8) comprises a cylindrical
inner side (12) facing the hub part (9) and the hub part (9) has at least two wedge surfaces (13,
14) facing this inner side (12), wherein a roller-shaped wedge element (15) is arranged as a
wedging member (11) between the inner side (12) of the outer part (8) and of the wedge surfa-
ces (13, 14), the roller-shaped wedge element (15) being moveable into the free rolling position
by an adjustment element (16).

3. The electrical actuator according to claim 2 wherein the adjustment element (16) comprises
an adjustment pin (17, 18) arranged essentially in parallel to the drive shaft (4).

4. The electrical actuator according to claim 1 wherein the drive shaft (4) is formed by a rotor
(19) of the electric motor (3).

5. The electrical actuator according to claim 1 wherein the hub part (9) has at least two coupling
elements (20) and the drive shaft (4) has at least two counter-coupling elements (21), the
coupling elements (20) and the counter-coupling elements (21) are at least partly in engage-
ment with each other for a rotational connection of the hub part (9) and the drive shaft (4).

9
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6. The electrical actuator according to claim 5 wherein the coupling element (20) comprises a
drive pin (22, 23) and the counter-coupling element (21) comprises a pin hole (24, 25).

7. The electrical actuator according to claim 5 wherein the coupling element (20) and the coun-
ter-coupling element (21) are in engagement with each other under a clearance.

8. The electrical actuator according to claim 2 wherein the wedging elements (15) are connec-
ted to each other via a compression spring (26).

9. The electrical actuator according to claim 2 wherein the adjusting elements (16) of the drive
shaft (4) protrude into the free space (10) and are arranged outside each of the wedge elements
(15) in a circumferential direction (27) of the hub part (9).

10. The electrical actuator according to claim 1 further comprising an actuator housing (28),
wherein the outer part (8) is detachably fixed to the actuator housing (28).

11. The electrical actuator according to claim 2 wherein the wedge surfaces (13, 14) slantingly
taper radially outwards towards the inner side (12) of the outer part (8).

12. The electrical actuator according to claim 2 further comprising a center surface (29) bet-
ween the wedge surfaces (13, 14), wherein the center surface (29) is perpendicular with respect
to a diameter (30) of the outer part (8).

13. The electrical actuator according to claim 1 wherein the hub part (9) is connected to the
gear shaft (5) by a positive fit device.

14. The electrical actuator according to claim 13 wherein the positive fit device comprises a key
(31).

15. The electrical actuator according to claim 1 wherein the valve member (6) is held as a “fail
as is"-device in its position during energy failure by the return stop device (7) during energy fai-
lure.

10
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