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(57) Abstract: A lockable motor assembly (1) for use in a well bore comprises a PDM motor (2) having a rotor (4) and a stator (3).
A locking member (12) has a splined projection (13) which is received within a splined recess (14) of the rotor and external splines
(15) which mate with splines provided on a sub (5) connected to the stator. The components are held in this configuration by a shear
ring (23) until the fluid pressure within a chamber (28) defined between the locking member (12) and the sub (5) is sufficient to
cause the shear ring to shear. The locking member (12) may then move out of the engagement with the rotor to free the motor for
operation. The locking member is held in this position by a ratchet mechanism (35).
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LOCKABLE MOTOR ASSEMBLY FOR USE IN A WELL BORE

This invention relates to a lockable motor assembly for use in a well bore.

The use of a downhole motor to drive a rotating tool, for example a milling
tool, in a downhole assembly has well recognised advantages. Downhole motors
available heretofore have, however, suffered from the disadvantage that the rotor of
the motor cannot be locked to the stator of the motor. As a result, relative rotation of
the elements of a tool assembly above and below the motor is possible. This renders
impossible or at least complicates the accurate angular orientation of the components
located below the motor.

If the components below the motor include a hydraulically settable packer or
anchor, the fluid displacement required to set the packer or anchor is liable to drive
the motor during the setting procedure, further complicating accurate angular
orientation of the tool.

In certain applications, for example the drilling of a lateral well bore from a
main well bore using a whipstock to deflect a milling tool, accurate angular
orientation of certain components (the whipstock in this case) is critical.

The inability of known downhole motors to be locked during setting of the
whipstock and subsequently selectively released to enable a milling tool to be driven
has seriously limited the use of downhole motors in such applications.

In accordance with the present invention a lockable motor assembly for use in
a well bore comprises: the stator; a rotor rotatably mounted in the stator; a locking
member movable axially of the motor between a first position in which the locking
member is rotationally fast with the stator and is in engagement with the rotor to
prevent rotation of the rotor relative to the stator, and a second position in which one
of the stator and the rotor is free to rotate relative to the locking member to permit
relative rotation between the stator and the rotor; and holding means for holding the
locking member in the first position and selectively releasable to permit the locking

member to move to the second position.
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Preferably, the locking member when in its first position is rotationally fast
with the rotor and when in its second position is spaced from the rotor to permit
rotation of the rotor relative to the locking member and the stator. If the motor is of
the type in which the rotor, in use, rotates about a fixed axis (if for example it is of the
vane type, the turbine type or the positive displacement type), the locking member
preferably has a non-circular profile which, when the locking member is in the first
position, engages a complementary non-circular profile provided on the rotor. The
non-circular profile on the locking member preferably takes the form of a projection
which, when the locking member is in the first position, engages a
complementary recess provided in the rotor. The non-circular profile is preferably
provided by a plurality of splines.

If the motor is of the PDM type, the rotator will, in use, rotate about an axis
which itself precesses around a circular path. Under these circumstances it is not
strictly necessary for the locking member and the rotor to have complimentary inter-
engaging non-circular profiles. As long as the locking member prevents precessional
movement of the rotor axis the rotator will be locked against rotation. The locking
member and the rotor may accordingly have mating circular profiles, or engage each
other in some other way. However, even if the motor is of the PDM type the rotor
may be locked by use of mating non-circular profiles on the locking member and the
rotor.

Preferably, means sensitive to hydraulic pressure within the motor assembly
are provided for releasing the holding means when the pressure within the motor
assembly reaches a predetermined value. Preferably, the pressure sensitive means
comprises a differential area piston provided by the locking member.

Preferable the holding means comprises one or more shear elements, for
example one or more shear pins or a shear ring.

Preferably, means are provided for maintaining the locking member in the
second position after it has been shifted from the first position to the second position.

Preferably, the locking member includes a through passage which provides
fluid communication from the proximal end of the motor assembly to the input to the

motor.
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Preferably, if the motor is of the PDM type the rotor thereof will include a
through passage which, when the locking member is in its first position,
communicates with the through passage in the locking member to provide a fluid
passage from the proximal end of the motor assembly to the distal end thereof. This
fluid passage may conveniently be used to communicate fluid pressure to a packer, an
anchor or other tool which is connected to the motor assembly and located below the
motor assembly. If the motor is of a type (for example a vane type) which permits
some flow through the motor even when the rotor is locked, the provision of a through
passage in the rotor may not be necessary to set a packer or anchor, but none the less
may be desirable since it will allow fluid to be pumped through the motor to perform
auxiliary function below the motor, e.g. bit cooling or cuttings removal.

If a packer or anchor is connected to the motor, the shear means may be
designed to shear at a pressure higher than the setting pressure of the packer or anchor
so that a complete assembly which includes the motor assembly and the packer/anchor
may be run into a well bore, rotationally oriented, the packer/anchor set, and the shear
means sheared to release the motor for rotation, all in a single trip. Preferably, a
whipstock and a mill will be located between the motor and the packer/anchor so that
after the packer/anchor has been set and the locking member has been moved to the
second position to release the rotor, the motor can be operated to rotate the mill and
form a window in the well casing.

Preferably, the motor is a PDM motor with directional drilling ability.

The preferred embodiment of the invention permits an assembly of one or
more packers and/or anchors, a whipstock, one or more mills and/or bits, and a locked
PDM motor to be run in to a well bore in a single trip. The assembly can be rotated to
orient the whipstock correctly using appropriate orientation techniques. The pressure
in the tubing string may then be increased to sequentially set the packer/anchor(s) and
move the locking member to its second position thereby releasing the PDM motor
rotor for rotation. The mill can then be sheared from the whipstock and mud flow
increased to activate the motor and commence milling. Accordingly, a PDM powered
whipstock milling assembly may be run in to a well, oriented, set, and activated to

mill a window in a casing in a single trip. If the lead mill is of an appropriate type, for
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example a PDC bit designed to drill formation, the assembly may be used to drill to
the required depth after it has broken through the casing. Accordingly all the steps
necessary to drill a lateral may be completed in a single trip.

The above and further features and advantages of the invention will be come
clear from the following description of a preferred embodiment thereof, given by way
of example only, reference being had to the accompanying drawings wherein:

Figure 1 illustrates schematically in longitudinal cross-section the upper
portion of a lockable motor assembly in accordance with a preferred embodiment of
the invention, the locking member being in its first position locking the rotor of the
motor against rotation;

Figures 2 and 3 and detailed views of portions of Figure 1;

Figures 4 and 5 are cross-sections respectively on the lines A-A and B-B of
Figure 1;

Figure 6 is a view corresponding to Figure 1 but showing the locking member
in its second position;

Figure 7 is an exploded schematic view of the lower portion of the motor
illustrating Figures 1 and 6 and shows schematically a milling tool and the upper end
of a whipstock for connection to the motor assembly.

Referring firstly to Figures 1-5 the illustrated lockable motor assembly 1
comprises a motor 2 having a stator 3 and a rotor 4. The stator 3 is connected by an
assembly of subs 5, 6, 7 to a conventional API box connector 8 by which the motor
assembly may be connected to a drill string or coil tubing. The rotor 4 is mounted
within the stator 3 by suitable bearings, including bearings 9 and has, as its lower end,
a further box connection 10.

The motor may have sealed bearings or normally open bearings. If it is of the
normally open bearing type it may be desirable to provide temporary sealing of the
bearings during the packer/anchor setting procedure. The temporary bearing seals
may, for example, be O-ring seals which are rapidly destroyed upon rotation of the

rotor relative to the stator.
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In the illustrated assembly a milling bit 11 i1s a PDC bit capable of drilling
formation as well as milling through well casing. The bit 11 1s connected to the rotor
box 10 by one or more tubing lengths (not shown).

The motor is a PDM motor and is powered by means of drilling mud supplied
to the assembly by the drill string or coil tubing.

As run into the well the rotor 4 of the motor is locked to the stator 3 by the
means of a locking member 12. The locking members include an externally splined
projection 13 which mates with an internally splined recess 14 provided in the end of
the rotor. The locking member is provided with further external splines 15 which
engage with mating splines 16 in a stabiliser sub 5 which is itself connected to the
motor stator 3. Accordingly, when the locking member is in its first position, as
illustrated in Figure 1, the motor rotor 4 cannot rotate relative to the motor stator 3.

The use of a stabiliser sub 5 is particularly desirable where the complete
assembly will be used for directional drilling. However, there may be applications of
the invention where a stabiliser sub is not required and accordingly a slick may under
these circumstances be used rather than a stabiliser sub.

The locking member includes a longitudinal through passage 17 which extends
along the entire length thereof and, at its lower (distal) end 18, communicates with a
longitudinal through passage 19 extending through the rotor. Accordingly, a fluid
passage is established through the tool from the top box 8 to the bottom box 10. This
fluid passage may be used to communicate fluid pressure to a device located below
the motor, for example a packer or anchor located at the bottom of a whipstock 20.
For this purpose, a passage is provided through the tubing lengths which connect the
rotor 4 to the milling tool 11 and a flexible connecting hose 21 is connected to an
appropriate nipple 22 provided on the milling tool. Thus, when the assembly is being
run in to a well fluid pressure may be applied to set a packer located below the
whipstock via the hose 21.

It will be noted that the joint between the projection 13 and the recess 14 is not
hydraulically sealed. Accordingly, fluid pressure within the passages 17 and 19 will
be communicated to the power fluid inlet of the motor, thereby ensuring hydraulic

pressure balance above and below the stator.
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As run in to the well, the locking member 12 is maintained in its first position
by a shear ring 23 which includes a first part 24 and a second part 25 connected by a
relatively thin web. The rning is located such that an upward force on the locking
member will bring the first part 24 of the shear ring into engagement with the
shoulder provided on the sub 7 and will bring the second part 25 of the shear ring into
engagement with the shoulder provided on the locking member 12. The web between
the first and second parts of the shear ring is frangible and will shear when a
predetermined force is applied to the locking member relative to the sub.

The function of the shear ring 23 is to hold the locking member in its first
position until it is desired to release the motor for rotation. This holding function may
be performed by means other than the shear ring 23. It may, for example, be
performed by one or more shear pins or by some other holding element capable of
holding the locking member in its first position until the locking member is selectively
released and moved to its second position.

In order to generate a force on the locking member 12 to shear the shear ring
23 an annular chamber 26 1s designed between the sub 6 and the locking member 12.
The annular chamber 26 1s connected to the exterior of the tool by a passage 27 so that
annulus pressure subsists in the annular chamber 26. A further annular chamber 28 is
provided between the locking member 12 and the sub 5 and is connected to the
longitudinal through passage 17 of the locking member by radial passage 29. The
annular chamber 28 is defined between seals 30, 31 located on the locking member.
Accordingly, if pressure within the through passage 17 of the locking member
exceeds the pressure within the annulus surrounding the tool, a force will be generated
on the locking member 12 tending to move it away from the motor 2. This force will
be resisted by the shear ring 23 until the shear force of the shear ring is exceeded
whereupon the locking member will move rapidly away from the motor until its
movement is arrested by a pin 32 provided on the sub 6. This configuration of the
components is illustrated in Figure 6. It will be noted that the splined projection 13 of
the locking member has moved clear of the splined recess 14 of the rotor, thereby
freeing the rotor for rotation. Also, the through passage 17 of the locking member is

now positioned to supply drilling fluid to the motor for operation thereof.
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The fluid pressure necessary to shear the shear ring 23 may be generated by a
hydrostatic pressure, for example by designing the shear ring so that the shear force
required to shear it is substantially higher than the hydrostatic pressure required to set
the packer. Under these circumstances, the tool may be run into the well, oriented as
necessary, and fluid pressure applied to the tool to set the packer. Once the packer has
been set and the set confirmed by applying a vertical load to the packer, fluid pressure
is increased until a sufficient hydraulic force is generated on the locking member to
shear the shear ring.

In order to control the amount of fluid flowing through passage 19 during
operation of the motor, a nozzle 33 is preferably provided. The nozzle may be chosen
to have an aperture 34 allowing fluid to flow through the nozzle to set the packer, but
restricting the rate of flow of fluid once the rotor has been released and the motor is in
operation.

Preferably, a ratchet ring 35 is provided for holding the locking member 12 in
its second position, after it has moved into its second position upon shearing of the
shear ring 23. The ratchet ring may be a single ring or may comprises a plurality of
ratchet segments 36 held by means of spring clips 37 around a ratchet tooth area 38
provided on the locking member. Once the locking member has moved into the
position illustrated in Figure 6 it is unable to move downwardly so long as the ratchet
ring 35 is in operation. Accordingly, there is no danger that vibration or fluid pressure
or flow effects will cause the locking member to return to a position where it can
engage the motor rotor.

It will be noted that once the motor assembly has been recovered it can readily
be reset to the locked condition illustrated in Fig. 1. To achieve this, the sub 7 1s
separated from the sub 6 to permit the replacement of the shear ring 23 with a fresh
shear ring. To facilitate assembly the shear ring is preferably split into two or more
parts. The rotor is then manually rotated to align the projection 13 with the recess 14
and the locking member 12 is again engaged with the rotor. The sub 7 is then

replaced and the motor assembly is ready for re-use.
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CLAIMS:

1. A lockable motor assembly for use in a well bore comprises: the stator;
a rotor rotatably mounted in the stator; a locking member movable axially of the
motor between a first position in which the locking member is rotationally fast with
the stator and is in engagement with the rotor to prevent rotation of the rotor relative
to the stator, and a second position in which one of the stator and the rotor is free to
rotate relative to the locking member to permit relative rotation between the stator and
the rotor; and holding means for holding the locking member in the first position and

selectively releasable to permit the locking member to move to the second position.

2. A lockable motor assembly according to claim 1 wherein, the locking member
when in its first position is rotationally fast with the rotor and when in its second
position is spaced from the rotor to permit rotation of the rotor relative to the locking

member and the stator.

3. A lockable motor assembly according to claim 1 or claim 2 wherein, the
locking member has a non-circular profile which, when the locking member is in the

first position, engages a complementary non-circular profile provided on the rotor.

4, A lockable motor assembly according to claim 3 wherein, the non-circular
profile on the locking member is provided by a projection which, when the locking

member is in the first position, engages a complementary recess provided in the rotor.

5. A lockable motor assembly according to any preceding claim wherein, means
sensitive to hydraulic pressure within the motor assembly are provided for releasing
the holding means when the pressure within the motor assembly reaches a

predetermined value.

6. A lockable motor assembly according to claim 5 wherein, the pressure

sensitive means comprises a differential area piston provided by the locking member.
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7. A lockable motor assembly according to any preceding claim wherein means
are provided for maintaining the locking member in the second position after it has

been shifted from the first position to the second position.

8. A lockable motor assembly according to any preceding claim wherein, the
locking member includes a through passage which provides fluid communication

from the proximal end of the motor assembly to the input to the motor.

9. A lockable motor assembly according to claim 8 wherein, the rotor of the
motor includes a through passage which, when the locking member is in its first
position, communicates with the through passage in the locking member to provide a

fluid passage from the proximal end of the motor assembly to the distal end thereof.

10. A lockable motor assembly according to any preceding claim wherein the

holding means is one or more shear pins or shear rings.

11. A lockable motor assembly according to any preceding claim wherein the

motor 1s a PDM motor.

12. A lockable motor assembly according to any preceding claim in combination
with a hydraulically settable packer and/or anchor wherein the holding means 1s
releasable by hydraulic pressure and wherein the hydraulic pressure required to
release the shear means is higher than the hydraulic pressure required to set the packer

and/or anchor.

13.  The combination of claim 12 including a whipstock and one or more mills
connected to the whipstock whereby the combination forms a one-trip assembly
which may be run into a well, oriented, the packer and/or anchor set, the motor
released, the mill released from the whipstock, and the motor operated to mill a

window in casings surrounding the whipstock.
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14. A combination according to claim 13 wherein the leading mill 1s a PDC dnill
bit capable of drilling formation whereby the combination may drill a lateral in the

same trip as milling a window 1n the casing.
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