
WO 2011/006518PCT/EP2009/005184 1 ELECTRIC MOTOR INCLUDING A POSITION
HOLDING DEVICE The present invention relates to an electric motor,
particularly for an actuating device for displacing a control device, such
as a valve, a gate valve, a blow-out preventer, or the like, for use in oil
and gas production, the electric motor comprising a stator and a rotor
assigned to a motor shaft, as well as a position holding device for
exerting a holding torque on the motor shaft. The present invention also
relates directly to such a position holding device for an electric motor.
The electric motor is connected via the motor shaft, for example, to a
screw nut of a thread drive so as to linearly displace a threaded spindle
and to axially displace the control device accordingly via said spindle
between an advanced position and a retracted position. The position holding
device serves to hold a specific position of the motor shaft and thus of
the threaded spindle and the control device, respectively, so that
particularly the threaded spindle is prevented from returning automatically
from a specific position. Such an electric motor is e.g. described in WO
2008/125136. In this publication the position holding device is directly
connected to the motor shaft of the electric motor. Owing to this direct
connection, loop or volute springs need, for instance, no longer be
provided, which springs, on the one hand, allow for a rotation of the motor
shaft and the threaded spindle, respectively, in one direction while on the
other hand a return torque is exerted e.g. by the control device being
taken up by said spring.  WO 2011/006518PCT/EP2009/005184 2 The
corresponding position holding device according to WO 2008/125136 is of an
inexpensive and relatively simple construction, while a corresponding
fault-proofness of the actuating device and the control device,
respectively, is maintained at the same time. 



With respect to the already known electric motor, it is the object of the
present invention to further improve such a motor in such a way that said
motor is of a more compact construction, comprises less additional parts
for a corresponding position holding device and, in particular in case of
external power supply failure, reliably prevents the motor shaft from
moving out of the attained position upon a corresponding pressure
application by the control device, for example. This object is achieved
with the features of patent claim 1 and of patent claim 13, respectively.
According to the invention the position holding device comprises, apart
from the other parts of the electric motor, a plurality of permanent
magnets and/or coils with or without a core material like iron for exerting
a holding force or a holding torque on the rotor and the motor shaft, said
permanent magnets and/or coils with or without a core material like iron
being arranged in radial direction relative to the rotor and may be used in
combination. The position holding device is here predominantly part of the
electric motor, so that no special constructional adaptations, or the like,
are needed outside the electric motor. Furthermore, the arrangement of the
corresponding permanent magnets and/or coils with or without a core
material like iron can be adapted to every holding torque to be produced in
a simple way both with respect to the local arrangement and the numerical
arrangement. Especially in case of external power supply failure the
permanent magnets prevent the rotor and the motor shaft, respectively, from
rotating due to the corresponding holding torque, thereby also preventing a
displacement of the corresponding control device. This reliably prevents a
situation where for example in the case of a valve, a gate valve, a  WO
2011/006518PCT/EP2009/005184 3 blow-out preventer or the like as the
control device an uncontrolled displacement of the control device takes
place. This should particularly be avoided when such control devices are
used in oil or gas production so as to prevent, for example, an
uncontrolled opening of a conveying line upon corresponding pressure
application by the conveying medium. The coil with or without the core are
usable when there is an external power supply. This means that even in a
powerless state of the electric motor the permanent magnets of the position
holding device prevent a displacement of the electric motor and thus e.g.
an opening of the control device. The corresponding electric motors may be
linear motors, torque motors, or other electric motors. It turns out to be
of advantage in the case of torque motors that these can be easily used
especially for the above-described purpose of use as they have a high
torque at relatively low rotational speeds. Moreover, torque motors are
direct motors that can directly be mounted on the motor shaft without an
intermediate member. Such a torque motor can be regarded in a simplified
form as a large servo motor with a hollow rotor. In the corresponding
electric motor, the stator, for instance, serves to produce a corresponding
rotary field while the rotor is equipped with permanent magnets. 



The use of permanent magnets in the position holding device is somewhat
disadvantageous in that upon rotation of the motor shaft and with a
corresponding power supply the electric motor must also overcome the
corresponding holding torque of the position holding device. To eliminate
this drawback, a respective electrical compensation coil may be assigned at
least to a number of permanent magnets. The coil is controlled such that it
produces a magnetic field of opposite polarity relative to the magnetic
field of the corresponding permanent magnet, thereby compensating for the
same at least in part or also completely. Since normally the electrical
compensation coil can only be used with a corresponding electrical supply
of the electric motor, it is ensured on the one hand that upon failure of
such a supply the corresponding holding torque of the position holding
device is unrestrictedly applied while with a corresponding supply of the
electric motor and excitation of the compensation coils the magnetic field
of the corresponding permanent magnets is reduced, at least considerably,
whereby the holding torque is also  WO 2011/006518PCT/EP2009/005184 4
reduced considerably. As a result, the electric motor need not overcome
such a holding torque or only overcome it to a minor extent. To be able to
arrange the compensation coil in this connection in a simple way, the coil
may be wound onto the associated permanent magnet. In principle, it might
be enough to switch the compensation coil on or off, depending on the
supply of the electric motor. This means that e.g. when the electric motor
is energized the compensation coils are in use. However, it may turn out to
be advantageous when the electrical compensation coils are not just
switchable on and off, but are connected to a control device for
controlling their magnetic fields. With such a control device it is e.g.
possible to excite the corresponding compensation coil also during movement
of the electric motor in a specific way. This may e.g. serve a fine
adjustment of the speed, to realize specific braking or accelerating curves
of the electric motor, or also to increase the holding torque of the
position holding device by changing the polarity of the magnetic field of
the compensation coils accordingly. To this end the compensation coils may
be fed accordingly by a battery, an accumulator or, however, by the
standard power supply of the electric motor. It is self-evident that in
this context only a few or even only one of the compensation coils is
excited in a corresponding way by the control device so as to permit the
above-mentioned control operations. The corresponding stator of the
electric motor may have a number of pole shoes, and an advantageous
arrangement of the permanent magnets may be seen in the present context in
the arrangement of said magnets in the circumferential direction of the
stator between the pole shoes thereof. In relation with the rotor the
corresponding number of the permanent magnets may e.g. be arranged in
linear fashion in the longitudinal direction thereof and/or distributed in 



WO 2011/006518PCT/EP2009/005184 5 circumferential direction of the rotor
and particularly equally spaced apart. The arrangement may here also be
provided on the inside of the stator. However, it is also possible to
provide arrangements of permanent magnets at one or both ends of the rotor
and the stator, respectively, where e.g. pole shoes need no longer be
present. This offers particularly the possibility of arranging the
corresponding permanent magnets in the circumferential direction of the
rotor also on the inside of the stator without any restrictions by pole
shoes. The arrangement of the permanent magnets may here be of a ring-like
type in one, two or more rings on the inside of the stator. Also
conceivable is an arrangement or assignment of permanent magnets relative
to a rotor or armature extension which laterally protrudes from the rotor.
To simplify the arrangement of the permanent magnets in this connection,
the rotor or armature extension may have assigned thereto a stator
extension which can particularly be flanged onto the stator and is
substantially sleeve-shaped and which comprises the permanent magnets on
its inside. In conformity with the above explanations the arrangement of
the permanent magnets may be of a linear and/or radial type or also in
circumferential direction. To use only a small number of permanent magnets
for providing an adequate holding torque, each permanent magnet can be made
from a material based on rare earths, possibly with additions such as iron,
cobalt, boron, or the like. Such rare earth magnets (RE magnets) are
distinguished by a high magnetic field strength in conjunction with very
small dimensions. Moreover, such RE magnets exhibit a great coercive field
strength and are therefore also useable in the case of high counter-fields
without any problems. At the same time they exhibit a high temperature
stability.  WO 2011/006518PCT/EP2009/005184 



6 The present invention also relates to a position holding device as such
that can be used with a corresponding electric motor. To be more specific,
the position holding device may be configured as a retrofit kit, so that it
can be installed later into already existing electric motors. Furthermore,
attention must be paid in the case of the aforementioned actuating devices
and corresponding control devices that not only one, but at least two
electric motors are normally used for reasons of redundancy. With a
corresponding configuration the position holding device according to the
invention may be provided for only one of the electric motors. However, an
arrangement of such a position holding device for each of the electric
motors is again preferred for reasons of redundancy. Advantageous
embodiments of the present invention shall now be explained in more detail
with reference to the figures attached in the drawings, of which: Fig. 1 is
a longitudinal section through an actuating device with control device
using two electric motors with position holding devices according to the
present invention; Fig 2 is an enlarged longitudinal section through an
electric motor according to Fig. 1 with further details; Fig. 3 is a
section along line III-Ill of Fig. 2; Fig. 4 is a longitudinal section by
analogy with Fig. 2 through further embodiments according to the invention;
Fig. 5 is a section along line V-V of Fig. 4 by analogy with Fig. 3. Fig. 1
shows a longitudinal section through the actuating device 2 which is
laterally mounted on a control device 3, which is not shown in more detail.
Such a control device 



WO 2011/006518PCT/EP2009/005184 7 3 is e.g. a valve, a gate valve, a
blow-out preventer, or the like. The corresponding control device can
control the flow of crude oil or natural gas through a conveying line. The
control device 3 is connected by means of a piston rod 25 to a thread drive
21. Said drive, in turn, is operated through a motor shaft 5, optionally
with interposition of a gear mechanism 22. The motor shaft 5 is connected
to a rotor 6 of an electric motor 1, which also comprises an associated
stator 4. For reasons of redundancy, at least two electric motors 1 and 20
are normally assigned to the motor shaft 5. The electric motors 1, 20 are
of identical construction, so that reference will only be made hereinafter
to the electric motor 1 with respect to a corresponding position holding
device 7. With a corresponding operation of the electric motor 1 and 20,
respectively, the piston rod 25 is displaced between positions 23 and 24
and the corresponding control device 3 is thus also displaced via the
piston rod 25 in longitudinal direction 14. One of positions 23 and 24,
respectively, may correspond to a closed position of a corresponding
conveying line. The corresponding actuating device 2 comprises further
components, which are here not described; as for their further description,
reference is made to WO 2008/125136 Al. Fig. 2 shows the electric motor 1
in longitudinal section on an enlarged scale and in part. A position
holding device 7, in particular, can be seen that comprises a number of
permanent magnets 8 and compensation coils 10 correspondingly wound onto
said magnets. In the embodiment according to Fig. 2 the permanent magnets
are linearly arranged in longitudinal direction 14, see also Fig. 3, with
the permanent magnets being arranged in pairs in opposed relation to the
rotor 6 on an inside of the stator 4. The permanent magnets are made from a
material based on rare earths, optionally with additions such as iron,
cobalt, boron, or the like. Examples of corresponding magnets are
neodym-iron-boron and samarium-cobalt magnets.  WO
2011/006518PCT/EP2009/005184 



8 The corresponding permanent magnets are each wrapped on their outside
with a compensation coil 10, see also Fig. 3, with the coils being
connected to a corresponding control device 11. The permanent magnets are
here arranged in radial direction 9 between rotor 6 and stator 4, the rotor
6 being configured as a hollow rotor and containing the corresponding motor
shaft 5. Fig. 3 is a section taken along line III-Ill of Fig. 2. Apart from
the corresponding permanent magnets with compensation coils 10, pole shoes
13 of the stator 4 are shown. These have also arranged thereon coils that
serve to generate a rotary field through which the rotor equipped with
permanent magnets is attracted or repelled accordingly, depending on the
relative position. In Fig. 3, the corresponding permanent magnets of the
position holding device 7 are arranged diametrically opposite to each other
on the inside of the stator 4. The permanent magnets 8, see Fig. 2, are
arranged linearly in the longitudinal direction 14 of the stator one after
the other, and all of the corresponding compensation coils 10 are connected
to the control device 11. Said control device 11 serves to control the
compensation coils and particularly the magnetic fields of said coils. The
compensation coils can also be excited accordingly during use of the
electric motor 1, e.g. to permit specific motion sequences of the electric
motor, to realize specific braking or accelerating curves, to permit a fine
adjustment of the rotational speed, or also to increase the holding torque
generated by the permanent magnets. At least the compensation coils 10 are
excited for offsetting and eliminating the magnetic field of the permanent
magnets so as to prevent a situation where the electric motor upon its
operation must also overcome the corresponding holding torque of the
position holding device. Fig. 4 is a longitudinal section by analogy with
Fig. 2 through two further embodiments. The second embodiment is shown in
the upper half of Fig. 4 and the third embodiment in the lower half of Fig.
4.  WO 2011/006518PCT/EP2009/005184 9 In the second embodiment the stator 4
does not extend over the whole length of the rotor 6, but the rotor 6
projects from the stator 4 with a corresponding rotor or armature extension
17. The position holding device 7 is arranged in the area of said extension
17. The construction of the position holding device 7 is analogous to Figs.
2 and 3, i.e. the position holding device 7 comprises a number of permanent
magnets 8 and corresponding compensation coils 10. In contrast to the
arrangement shown in Fig. 2, the permanent magnets 8 are distributed in
Fig. 4 in both embodiments in circumferential direction 12 of the stator 4
and the rotor 6, respectively, and are substantially equally spaced apart.
For instance, two rings of permanent magnets 8 may be arranged in
longitudinal direction 14 one after the other and each may comprise a
plurality of permanent magnets arranged on the inside 19 of the stator and
of a stator extension 18, respectively. This means that e.g. the permanent
magnets 8 according to Fig. 4 are arranged by analogy with Fig. 3 and Fig.
5, respectively, but instead of corresponding pole shoes 13, permanent
magnets 8 are also provided. 



A corresponding control device 11 is not shown in Figs. 4 and 5 for the
sake of simplification. In the second embodiment in the upper half of Fig.
2, the stator extension 18 is substantially provided in the form of a
sleeve which can be flanged onto the end of the stator 4. In the third
embodiment, in the lower half of Fig. 2, the stator is now without a
corresponding pole shoe 13 at its corresponding end 15, so that
circumferentially distributed permanent magnets 8 are arranged in the
corresponding interior between rotor 6 and stator 4. A corresponding
arrangement of permanent magnets 8 can substantially be provided at the
other end 16 as well. This applies also to a corresponding extension 17
with  WO 2011/006518PCT/EP2009/005184 10 accompanying stator extension 18.
These may also be arranged at both ends 15 and 16 of rotor 6 and stator 4,
respectively. Fig. 5 shows a section taken along line V-V of Fig. 4. As can
particularly be seen in this section, no permanent magnets 8 and associated
compensation coils 10, respectively, are arranged outside the corresponding
extension 17, so that the construction of the electric motor 1 outside said
extension 17 is in conformity with the standard construction of the
electric motor. The corresponding position holding means 7 may also be
designed as a retrofit kit so as to provide a corresponding electric motor
with such a position holding device at a later time. 



The position holding device 7 according to the invention and the electric
motor 1, respectively, including such a position holding device, also
provide a corresponding holding torque in case of failure of an electrical
supply of the electric motor, said torque preventing a displacement of the
motor shaft and thus of the thread drive 21 and of the control device 3,
respectively. Such a displacement could be effected through a corresponding
pressure application on the part of the control device 3 through conveying
medium acting on the device. Such an automatic and uncontrolled
displacement due to pressure actuation by the conveying medium might,
however, cause an uncontrolled opening of the conveying line, through which
the conveying medium might then unintentionally flow out in crude oil or
natural gas production. In the event of a power supply of the electric
motor, and in order to prevent a situation where said motor must
additionally be operated against the holding torque, the compensation coils
10 are provided, by which a magnetic field of opposite polarity with
respect to the magnetic field of the permanent magnets is generated. As a
result, the magnetic field of the permanent magnets can be substantially or
fully compensated for.  WO 2011/006518PCT/EP2009/005184 11 However,
according to the invention it is also conceivable to use the position
holding device during operation of the electric motor, for instance, in
order to control the motion sequence of the motor, to realize specific
braking and accelerating curves of the motor, to permit a fine adjustment
of the speed, or the like. Moreover, it is possible to increase the holding
torque of the position holding device through the permanent magnets, in
that e.g. the polarity of the compensation coils corresponds to the
polarity of the permanent magnets through a corresponding driving of the
control device. To this end, however, a corresponding power supply at least
in the form of a battery or an accumulator is of advantage, by which in
case of failure of the standard power supply the compensation coils can be
operated. As already mentioned above it is also possible to replace some or
all of the permanent magnets by a coil with or without a core.  WO
2011/006518PCT/EP2009/005184 12 



Claims 1. An electric motor (1), particularly for an actuating device (2)
for displacing a control device (3), such as a valve, a gate valve, a
blow-out preventer or the like, for use in oil or gas production, the
electric motor (1) comprising a stator (4) and a rotor (6) assigned to a
motor shaft (5), and a position holding device (7) for exerting a holding
torque on the motor shaft, characterized in that the position holding
device (7) comprises a plurality of permanent magnets (8) and/or coils with
or without a core material like iron, the permanent magnets (8) and/or
coils with or without a core material like iron being arranged in radial
direction (9) relative to the rotor (6) and the motor shaft (5),
respectively. 2. The electric motor according to claim 1, characterized in
that at least a plurality of permanent magnets (8) have each assigned
thereto an electrical compensation coil (10). 3. The electric motor
according to claim 2, characterized in that the electrical compensation
coil (10) is wound around the permanent magnet (8). 



4. The electric motor according to claim 2 or 3, characterized in that the
compensation coil (10) is connected to a control device (11) for
controlling the magnetic field thereof. 5. The electric motor according to
any one of the preceding claims, characterized in that the permanent
magnets (8) are arranged in circumferential direction (12) of said stator
(4) between the pole shoes (13) thereof.  WO 2011/006518PCT/EP2009/005184
13 6. The electric motor according to any one of the preceding claims, 



characterized in that a plurality of permanent magnets (8) are linearly
arranged in longitudinal direction (14) of the rotor (6) and the motor
shaft (5), respectively. 7. The electric motor according to any one of the
preceding claims, characterized in that the permanent magnets (8) are
arranged distributed in circumferential direction (12) of the stator and
particularly equally spaced apart. 8. The electric motor according to any
one of the preceding claims, characterized in that the permanent magnets
(8) are arranged at one or both ends (15, 16) of the rotor (6) and the
stator (7), respectively. 9. The electric motor according to any one of the
preceding claims, characterized in 



that the permanent magnets (8) are arranged in pairs opposite each other
relative to the rotor. 10. The electric motor according to any one of the
preceding claims, characterized in that the electric motor (1) comprises a
rotor or armature extension (17) projecting laterally from the stator (4)
and the permanent magnets (8) are assigned to said rotor or armature
extension (17). 11. The electric motor according to any one of the
preceding claims, characterized in  WO 2011/006518PCT/EP2009/005184 14 that
the rotor or armature extension (17) has assigned thereto a stator
extension (18) which can particularly be flanged onto the stator and is
substantially sleeve-shaped and which comprises the permanent magnets (8)
on the inside thereof. 12. The electric motor according to any one of the
preceding claims, characterized in 



that the permanent magnet (8) is made from materials based on rare earths,
optionally with additions, such as iron, cobalt, boron, or the like. 13.
The position holding device (7) according to any one of the preceding
claims for an electric motor (1) particularly of an actuating device (2)
for displacing a control device (3), such as a valve, a gate valve, a
blow-out preventer, or the like, for use in oil or gas production, the
electric motor (1) comprising a stator (4) and a rotor (6) assigned to a
motor shaft (5), the position holding device (7) being provided for
exerting a holding torque on the motor shaft (5) and comprising a plurality
of permanent magnets (8) for exerting a corresponding holding force on the
rotor (6) or motor shaft (5), the permanent magnets (8) being arranged in
radial direction relative to the rotor. 14. The position holding device
according to claim 13, the position holding device being configured as a
retrofit kit. 


