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CONNECTION FOR TRANSMITTING
TORQUE AND AXIAL FORCES

TECHNICAL FIELD

A connection for connecting and for transmitting torque and axial forces

between two members such as shafts.

BACKGROUND OF THE INVENTION

It is often necessary to connect together two members, and it may be desirable
to provide a connection between two members which is capable of transmitting torque and

axial forces between the two connected members.

BRIEF DESCRIPTION OF DRAWINGS

Embodiments of the invention will now be described with reference to the

accompanying drawings, in which:

Figure 1 is a schematic longitudinal partial section view of components of an
exemplary drilling motor for use in drilling a borehole, including a transmission section of the

drilling motor, shown within a borehole.

Figure 2 is a cutaway view of a transmission section of an exemplary drilling
motor for use in drilling a borehole, including a flex shaft connected between a rotor and a

driveshatft.

Figure 3 is a longitudinal section assembly view of an embodiment of a
connection between the rotor and the flex shaft in the transmission section of the drilling motor

depicted in Figure 2.

Figure 4 is a longitudinal section assembly view of an embodiment of a
connection between the flex shaft and the driveshaft in the transmission section of the drilling

motor depicted in Figure 2.
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Figure 5 is a transverse section view of the connection depicted in Figure 3,

taken along line 5-5 in Figure 3.

Figure 6 is a partial cutaway pictorial view of a second member and a second
collar in an embodiment of a connection which may facilitate assembly of the connection in

some circumstances.

Figure 7 is a partial cutaway pictorial view of a second member and a second

collar in a modified embodiment of the connection depicted in Figure 6.

Figure 8 is a cutaway view of the transmission section depicted in Figure 2,

including the embodiment of the connection depicted in Figure 6.

DETAILED DESCRIPTION

References in this document to orientations, to operating parameters, to ranges,
to lower limits of ranges, and to upper limits of ranges are not intended to provide strict
boundaries for the scope of the invention, but should be construed to mean “approximately” or
“gbout” or “substantially”, within the scope of the teachings of this document, unless expressly

stated otherwise.

The present disclosure is directed at a connection for connecting two members.
In some embodiments, the members may be elongate members, including as non-limiting
examples, columns, beams, or shafts. In some embodiments, the members may be stationary
structural members. In some embodiments, the members may be movable members, including

as non-limiting examples, rotatable shafts.

The connection may be used in any structure, device or apparatus in which it is

necessary or desirable to connect two members.

In some embodiments, the connection may be used in an apparatus which is

configured to be contained within a borehole. In some embodiments, the connection may be
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used in an apparatus for use in drilling a borehole. In some embodiments, the connection may

be used to connect components of a powertrain.

In some embodiments, the apparatus may be a drilling motor. In some
embodiments, the connection may be used to connect components of a powertrain of the
drilling motor. In some embodiments, one of the first member and the second member may be
a transmission shaft in the drilling motor. In some embodiments, the transmission shaft may
comprise one or more shafts and constant velocity couplings. In some embodiments, the

transmission shaft may comprise a flex shaft.

The connection transmits both torque and axial forces between a first member
and a second member. The connection therefore provides a torque transmitting connection
between the first member and the second member and an axial force transmitting connection

between the first member and the second member.

The torque transmitting connection between the first member and the second
member may comprise any structure, device or apparatus which is capable of transmitting
torque between the members. The torque transmitting connection may be separate from the
axial force transmitting connection so that the torque transmitting connection is not required to

transmit axial forces between the first member and the second member.

In some embodiments, the first member and the second member may have
complementary torque transmitting surfaces and the torque transmitting connection may

comprise the complementary torque transmitting surfaces.

The complementary torque transmitting surfaces may comprise, consist of or
consist essentially of any suitable shapes of the first member and the second member and/or
surfaces on the first member and the second member which will prevent or inhibit relative
rotation between the first member and the second member. As non-limiting examples, the
complementary torque transmitting surfaces may comprise non-circular shapes, splines,

keys/keyways, projections/slots, lugs/grooves and similar structures.

The complementary torque transmitting surfaces may be provided at any

suitable location on the first member and the second member. In some embodiments, the first

-3 -
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member may have a first member connection end, the second member may have a second
member connection end, and the complementary torque transmitting surfaces may be provided
at or adjacent to the first member connection end and the second member connection end. In
some embodiments, the complementary torque transmitting surfaces may be provided at, on or
within structures associated with the first member connection end and the second member

connection end.

In some particular embodiments, one of the first member connection end and the
second member end may comprise a pin, the other of the first member connection end and the
second member connection end may comprise a socket, and the pin may be receivable within
the socket. In some such embodiments, the complementary torque transmitting surfaces may
be provided on the pin and in the socket. In some particular embodiments, the pin may have a
polygonal exterior surface, the socket may have a polygonal interior surface, and the
complementary torque transmitting surfaces may comprise the polygonal exterior surface on

the pin and the polygonal interior surface on the socket.

The axial force transmitting connection is capable of transmitting axial forces
between the first member and the second member in at least one direction in order to maintain
the members in a connected state. As a result, the axial force transmitting connection prevents
or inhibits the first member from becoming separated from the second member. In some
embodiments, the axial force transmitting connection may be capable of transmitting axial
forces between the first member and the second member in both a direction tending to separate
the members (i.e., a tensile force direction) and a direction tending to urge the members

together (i.e. a compressive force direction).

The axial force transmitting connection between the first member and the
second member may be provided by the members in cooperation with one or more structures,
devices or apparatus which are separate from the members. In some embodiments, the
members may be adapted to cooperate with such structures, devices or apparatus in order to

provide the axial force transmitting connection.

The members and the structures, devices or apparatus may cooperate in any

suitable manner in order to provide the axial force transmitting connection.
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In some embodiments, the structures, devices or apparatus may comprise one or
more collars which cooperate with the members in order to provide the axial force transmitting

connection.

In some embodiments, a collar may comprise a unitary structure which
surrounds a member. In some embodiments, a collar may comprise a plurality of collar
sections which may be connected together in a suitable manner to provide a collar which
surrounds a member. A collar comprising a plurality of collar sections may be desirable for

facilitating assembly of the connection in some circumstances.

In some embodiments, a first collar may engage with the first member in order
to transmit axial forces between the first member and the first collar in at least one direction, a
second collar may engage with the second member in order to transmit axial forces between the
second member and the second collar in at least one direction, and a collar connection may be
provided to transmit axial forces between the first collar and the second collar in at least one

direction.

In some embodiments, the first member may comprise one or more surfaces, the
second member may comprise one or more surfaces, and the surfaces on the members may
engage with surfaces on one or more collars in order to provide the axial force transmitting

connection.

In some particular embodiments, the surfaces on the members may comprise a
first exterior shoulder on an exterior surface of the first member and a second exterior shoulder

on an exterior surface of the second member.

In some embodiments, the first exterior shoulder may be substantially transverse
to an axis of the first member in order to enable the first exterior shoulder to transmit axial
forces, and the first exterior shoulder may face away from the first member connection end in

order to prevent or inhibit the first member from moving away from the second member.

In some embodiments, the first exterior shoulder may be substantially
continuous around the circumference of the exterior surface of the first member. In some

embodiments, the first exterior shoulder may be discontinuous around the circumference of the

-5-
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exterior surface of the first member. In some embodiments, the first exterior shoulder may be
extend around only a portion of the circumference of the exterior surface of the first member,
and/or may extend intermittently around the circumference of the exterior surface of the first

member.

In some embodiments, the second exterior shoulder may be substantially
transverse to an axis of the second member in order to enable the second exterior shoulder to
transmit axial forces, and the second exterior shoulder may face away from the second member
connection end in order to prevent or inhibit the second member from moving away from the

first member.

In some embodiments, the second exterior shoulder may be substantially
continuous around the circumference of the exterior surface of the second member. In some
embodiments, the second exterior shoulder may be discontinuous around the circumference of
the exterior surface of the second member. In some embodiments, the second exterior shoulder
may be extend around only a portion of the circumference of the exterior surface of the second
member, and/or may extend intermittently around the circumference of the exterior surface of

the second member.

In some such embodiments, the surfaces on the one or more collars may
comprise shoulders which engage with the first exterior shoulder and the second exterior

shoulder.

In some particular embodiments, a first collar may have an interior surface and a
first interior shoulder on the interior surface for engaging with the first exterior shoulder on the

first member.

In some embodiments, the first interior shoulder may be substantially
continuous around the circumference of the interior surface of the first collar. In some
embodiments, the first interior shoulder may be discontinuous around the circumference of the
interior surface of the first collar. In some embodiments, the first interior shoulder may be
extend around only a portion of the circumference of the interior surface of the first collar,
and/or may extend intermittently around the circumference of the interior surface of the first

collar.
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In some particular embodiments, a second collar may have an interior surface
and a second interior shoulder on the interior surface for engaging with the second exterior

shoulder on the second member.

In some embodiments, the second interior shoulder may be substantially
continuous around the circumference of the interior surface of the second collar. In some
embodiments, the second interior shoulder may be discontinuous around the circumference of
the interior surface of the second collar. In some embodiments, the second interior shoulder
may be extend around only a portion of the circumference of the interior surface of the second
collar, and/or may extend intermittently around the circumference of the interior surface of the

second collar.

In embodiments comprising a first collar and a second collar, a collar
connection may be provided between the first collar and the second collar in order to transmit
axial forces between the first collar and the second collar in at least one direction in order to

prevent or inhibit separation of the collars and the members.

The collar connection between collars may comprise any connection which is
capable of transmitting axial forces between the collars in at least one direction. In some
embodiments, the collar connection may be capable of transmitting axial forces in both a
direction tending to separate the members (i.e., a tensile force direction) and a direction tending

to urge the members together (i.e. a compressive force direction).

, In some embodiments, the collar connection may be a permanent connection
which cannot be broken without significantly damaging one or both of the collars. As non-
limiting examples, a permanent collar connection may comprise a welded connection, a

crimped connection, or in some circumstances an adhesive connection between the collars.

In some embodiments, the collar connection may be a releasable connection
which can be broken without significantly damaging either of the collars. As non-limiting
examples, a releasable collar connection may comprise a threaded connection, a bolted
connection, a riveted connection, a collet connection, an interference fit connection, a latched

connection, or in some circumstances an adhesive connection between the collars.

-7-
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Figures 1-8 depict non-limiting embodiments of an application of the
connection in a drilling motor for use in drilling a borehole, wherein the connection is used to

connect powertrain components of the drilling motor.

More particularly, Figure 1 schematically depicts components of an exemplary
drilling motor for use in drilling a borehole, including a power section, a transmission section
and a bearing section. Figure 2 depicts a transmission section comprising a flex shaft in an
exemplary drilling motor, including connections at both ends of the flex shaft. Figures 3-5
depict details of the connections at the ends of the flex shaft shown in Figure 2. Figures 6-8
depict details of an embodiment of a connection which facilitates assembly of the connection in

some circumstances.

Figures 1-8 are exemplary only. The connection described herein may be used
to connect two members in any suitable structure, device or apparatus, and may be used at any

suitable location in any suitable structure, device or apparatus to connect two members.

In the description which follows, features which are identical or equivalent in

Figures 1-8 are identified with the same reference numbers.

Referring to Figure 1, an exemplary drilling motor (20) comprises a plurality of
sections, only some of which are depicted in Figure 1. Depicted in Figure 1 are a power
section (22), a transmission section (24) and a bearing section (26). The sections of the drilling
motor (22) constitute components of a powertrain which utilizes fluid energy to rotate a drill bit

(not shown) connected with the drilling motor (22).

The sections of the drilling motor (20) are contained within a housing (30). The
housing (30) may comprise a single piece tubular housing, or may comprise a plurality of

housing sections connected together in a suitable manner.

As depicted in Figure 1, the housing (30) comprises a plurality of housing
sections connected together with threaded connections, including a power section housing (32),

a transmission section housing (34), and a bearing section housing (36).
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The power section (22) of the drilling motor (20) comprises a stator (40) and a
rotor (42). The stator (40) is fixedly connected with the power section housing (32), and the
rotor (42) is rotatable within the stator (40) in response to fluid circulating through the power

section (22).

As depicted in Figure 1, the power section (22) is a Moineau-type power section
in which the stator (40) and the rotor (42) are lobed. The rotor (42) has one fewer lobe than the
stator (40), and rotates within the stator (40) eccentrically relative to the axis of the drilling

motor (20).

The transmission section (24) accommodates and converts the eccentric
movement of the rotor (42) to concentric rotation of a driveshaft (44) within the bearing section
housing (34). A drill bit (not shown) is connected directly or indirectly with the driveshaft (44)

so that rotation of the rotor (42) causes rotation of the drill bit.

As depicted in Figure 1, the transmission section (24) comprises a transmission
shaft (50) which is connected between the rotor (42) and the driveshaft (44) so that rotation of
the rotor (42) causes rotation of the transmission shaft (50), and rotation of the transmission
shaft (50) causes rotation of the driveshaft (44). The transmission shaft (50) may be directly or
indirectly connected with the rotor (42) and the driveshatt (44).

The transmission shaft (50) may comprise any structure, device or apparatus
which is capable of accommodating the eccentric rotation of the rotor (42) and converting the
eccentric rotation of the rotor (42) to concentric rotation of the driveshaft (44). As non-limiting
examples, the transmission shaft (50) may comprise one or more shafts and constant velocity

couplings, or the transmission shaft (50) may comprise a flex shaft.

Referring to Figure 2, exemplary embodiments of connections for use in an
exemplary transmission section (24) of a drilling motor (20) are depicted. As depicted in
Figure 2, the transmission shaft (50) is comprised of a flex shaft (60) which is connected
between the rotor (42) and the driveshaft (46) with a first connection (62) between the rotor
(42) and the flex shaft (60), and a second connection (64) between the flex shaft (60) and the
driveshaft (44). The first connection (62) and the second connection (64) depicted in Figure 2
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are substantially identical and thus constitute similar non-limiting embodiments of the

connection described herein.

The first connection (62) is depicted in detail in Figure 3 and Figure 5. The

second connection (64) is depicted in detail in Figure 4.

Referring to Figure 2-3 and Figure 5, the first connection (62) is provided

between a first member (70) and a second member (72).

The first member (70) in the first connection (62) is the rotor (42). As depicted
in Figure 2, the rotor (42) comprises a rotor adapter (74) which provides certain features of the
first connection (62). In other embodiments, the rotor (42) may provide the features of the first

connection (62) without the need for the rotor adapter (74).

The second member (72) in the first connection (62) is the flex shaft (60). As
depicted in Figure 2, the flex shaft (60) provides features of the first connection (62) without
the need for a flex shaft adapter (not shown). In other embodiments, the flex shaft (60) may

comprise a flex shaft adapter which may provide certain features of the first connection (62).

Referring to Figure 4, the second connection (64) is also provided between a

first member (70) and a second member (72).

The first member (70) in the second connection (64) is the driveshaft (44). As
depicted in Figure 2, the driveshaft (44) comprises a driveshaft adapter (76) which provides
certain features of the second connection (64). In other embodiments, the driveshaft (44) may
provide the features of the second connection (64) without the need for the driveshaft adapter

(76).

The second member (72) in the second connection (64) is the flex shaft (60). As
depicted in Figure 2, the flex shaft (60) provides features of the second connection (64) without
the need for a flex shaft adapter (not shown). In other embodiments, the flex shaft (60) may

comprise a flex shaft adapter which may provide certain features of the second connection (64).

-10 -
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Referring to Figures 3-5, the first member (70) has a first member connection
end (80) and an exterior surface (82). The first member connection end (80) comprises a
socket (84). As depicted in Figure 5, the socket (84) has a polygonal interior surface (86) in
the shape of a hexagon. In other embodiments, the interior surface of the socket (84) may as
non-limiting examples have a different polygonal shape, may have a shape other than a

polygon, and/or may comprise splines.

The exterior surface (82) of the first member (70) has a first exterior shoulder
(88) which extends continuously around the circumference of the exterior surface (82). In
other embodiments, the first exterior shoulder (88) may be discontinuous, may extend around
only a portion of the circumference of the exterior surface (82), and/or may extend

intermittently around the circumference of the exterior surface (82).

The first exterior shoulder (88) is substantially transverse to an axis (90) of the
first member (70) and faces away from the first member connection end (80). As a result, axial
forces exerted on the first exterior shoulder (88) are exerted in the direction of the first member

connection end (80).

The second member (72) has a second member connection end (100) and an
exterior surface (102). The second member connection end (100) comprises a pin (104).
Referring to Figure 5, the pin (104) has a polygonal exterior surface (106) in the shape of a
hexagon which is complementary to the shape of the interior surface of the socket (84) in the
first member (70). In other embodiments, the exterior surface of the pin (104) may have a

different polygonal shape or may have a shape other than a polygon.

The exterior surface (102) of the second member (72) has a second exterior
shoulder (108) which extends continuously around the circumference of the second member
(72). In other embodiments, the second exterior shoulder (108) may be discontinuous, may
extend around only a portion of the circumference of the exterior surface (102), and/or may

extend intermittently around the circumference of the exterior surface (102).

The second exterior shoulder (108) is substantially transverse to an axis (110) of

the second member (72) and faces away from the second member connection end (100). As a

211 -
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result, axial forces exerted on the second exterior shoulder (108) are exerted in the direction of

the second member connection end (80).

Referring again to Figures 3-5, a first collar (120) is associated with the first

member (70) and a second collar (122) is associated with the second member (72).

The first collar (120) has an interior surface (130). As depicted in Figures 3-5,
the first collar (120) is slidably received on the first member (70) so that the interior surface

(130) of the first collar (120) surrounds the exterior surface (82) of the first member (70).

The interior surface (130) of the first collar (120) has a first interior shoulder
(132) which extends continuously around the circumference of the interior surface (130). In
other embodiments, the first interior shoulder (132) may be discontinuous, may extend around
only a portion of the circumference of the interior surface (130), and/or may extend
intermittently around the circumference of the interior surface (130). The first interior shoulder
(132) faces toward and is configured to engage with the first exterior shoulder (88) on the first

member (70).

As depicted in Figures 3-5, the first collar (120) comprises a thread (134) on an
exterior surface (136) of the first collar (120). In other embodiments, the first collar (120) may
comprise a thread (134) on the interior surface (130) of the first collar (120).

The second collar (122) has an interior surface (140). As depicted in Figures 3-
5, the second collar (122) is slidably received on the second member (72) so that the interior
surface (140) of the second collar (120) surrounds the exterior surface (102) of the second

member (72).

The interior surface (140) of the second collar (122) has a second interior
shoulder (142) which extends continuously around the circumference of the interior surface
(140). In other embodiments, the second interior shoulder (142) may be discontinuous, may
extend around only a portion of the circumference of the interior surface (140), and/or may
extend intermittently around the circumference of the interior surface (140). The second
interior shoulder (142) faces toward and is configured to engage with the second exterior

shoulder (108) on the second member (72).

-12-
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As depicted in Figures 3-5, the second collar (122) comprises a thread (144) on
the interior surface (140) of the second collar (122). In other embodiments, the second collar

(122) may comprise a thread (144) on an exterior surface (146) of the second collar (122).

The thread (134) on the first collar (120) and the thread (144) on the second
collar (122) provide a releasable collar connection (150) between the first collar (120) and the

second collar (122).

In order to facilitate the threaded collar connection (150) depicted in Figures 2-
5, an amount of overlap must be provided between the first collar (120) and the second collar
(122). In the embodiments of the connection depicted in Figure 3 and Figure 5, the second
collar (122) overlaps the first collar (120). Asa result, the thread (134) on the first collar (120)
is an external thread and the thread (144) on the second collar (122) is an internal thread. In
other embodiments utilizing a threaded collar connection (150), the first collar (120) may
overlap the second collar (122). In such other embodiments, the thread (134) on the first collar
(120) may be an internal thread and the thread (144) on the second collar (122) may be an

external thread.

In other embodiments, the collar connection (150) may comprise a releasable
connection between the first collar (120) and the second collar (122) other than a threaded
connection. In other embodiments, the collar connection (150) may comprise a permanent

connection between the first collar (120) and the second collar (122).

The collar connection (150) between the first collar (120) and the second collar
(122) comprising the thread (134) and the thread (144), as depicted in Figures 3-5, provides a
releasable connection between the first collar (120) and the second collar (122) which is

capable of transmitting axial forces in both directions between the collars (120, 122).

In other embodiments, the collar connection (150) may be capable of
transmitting axial forces in only one direction between the collars (120, 122). In such
embodiments, the collar connection (150) is capable of transmitting axial forces between the
collars (120, 122) in the direction which will prevent or inhibit separation of the first member

(70) and the second member (72). In other words, the collar connection (150) is capable of

-13 -
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transmitting at least a tensile force between the first collar (120) and the second collar (122) so
that the collars (120, 122) can in turn exert a compressive force upon the members (70, 72)

through the engagement between the interior shoulders (132, 142) and the exterior shoulders

(88, 108).

The first connection (62) and the second connection (64) transmit both torque
and axial forces between the first member and the second member. In this regard, as depicted
in Figures 2-5, the first connection (62) and the second connection (64) comprise separate
structures, device and/or apparatus for providing a torque transmitting connection (152) and an
axial force transmitting connection (154) between the first member (70) and the second

member (72).

In the non-limiting embodiment depicted in Figures 2-5, the torque transmitting
connection (152) comprises the polygonal interior surface (86) in the socket (84) of the first
member (70) and the polygonal exterior surface (106) on the pin (104) of the second member

(72), which provide complementary torque transmitting surfaces.

In the non-limiting embodiment depicted in Figures 2-5, the axial force
transmitting connection (154) comprises the first exterior shoulder (88) on the exterior surface
(82) of the first member (70), the second exterior shoulder (108) on the exterior surface (102)
of the second member (72), the first interior shoulder (132) on the interior surface (130) of the
first collar (120), the second interior shoulder (142) on the interior surface (140) of the second
collar (122), and the collar connection (150) between the first collar (120) and the second collar
(122).

Referring to Figures 6-8, embodiments of a connection are depicted which may
facilitate assembly of the connection in some circumstances. As a non-limiting example, the
connections depicted in Figures 6-8 may be suitable for use as either the first connection (62)

or the second connection (64) in the transmission section depicted in Figure 2.

Referring to Figure 2, the configuration of the flex shaft (60) may cause
difficulty in assembling the connections (62, 64), because the second exterior shoulders (108)
at the ends of the flex shaft (60) may prevent the second collars (122) from passing over the
ends of the flex shaft (60).
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Referring to Figure 6, in such circumstances, the second exterior shoulders
(108) at one or both ends of the flex shaft (60) and the second interior shoulders (142) on the
second collars (122) may comprise discontinuous shoulders (108, 142) around the
circumference of the exterior surface (102) of the flex shaft (60) and the interior surface (140)

of the second collars (122) respectively.

The discontinuous shoulders (108, 142) may define complementary gaps (160)
which enable an alignment between the second collars (122) and the flex shaft (60) which will
permit the second collars (122) to move past the second exterior shoulders (108) on the flex
shaft (60), and an alignment between the second collars (122) and the flex shaft (60) which will
enable the second interior shoulders (142) on the second collars (122) to engage with the
second exterior shoulders (108) on the flex shaft (60). As depicted in Figures 6-8,
complementary gaps (160) are optionally provided in the first exterior shoulders (88) as well as

in the second exterior shoulders (108).

Referring to Figure 7, in a modified embodiment of the connection depicted in
Figure 6, a rotary locking mechanism (162) may be provided to prevent or inhibit a second
collar (122) and the flex shaft (60) from moving from the alignment in which the second
interior shoulder (142) of the second collar (122) is engaged with a second exterior shoulder

(108).

The rotary locking mechanism (162) may comprise any suitable structure,
device or apparatus. As depicted in Figure 7, the rotary locking mechanism (162) comprises
one or more notches (164) in one of the second exterior shoulder (108) and the second interior
shoulder (142), and one or more complementary tabs (166) in the other of the second exterior

shoulder (108) and the second interior shoulder (142).

Referring to Figure 8, two second collars (122) are depicted on the flex shaft
(60), with the assembly of the second collars (122) on the flex shaft (60) being facilitated by
discontinuous shoulders (108) on both ends of the flex shaft (60) and discontinuous shoulders
(142) on both of the second collars (122) respectively, as depicted in Figure 6. In other

embodiments, a discontinuous shoulder (108) may be provided on only one end of the flex
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shaft (60), and both of the second collars (122) can be placed on the flex shaft (60) from the
end of the flex shaft (60) having the discontinuous shoulder (108).

The transmission section (24) comprising the first connection (62) and the

second connection (64) as depicted in Figures 2-5 may be assembled as follows:

the rotor adapter (74) may be connected with the rotor (42) so that the rotor (42)
comprises the rotor adapter (74), or a rotor (42) having the features of the rotor

adapter (74) may be provided;

the first collar (120) of the first connection (62) may be slidably received on the
rotor (42), cither by passing the first collar (120) along the length of the rotor
(42) toward the first member connection end (80) of the rotor (42), or by
preassembling the first collar (120) and the rotor adapter (74) before connecting
the rotor adapter (74) with the rotor (42), as may be applicable;

the second collar (122) of the first connection (62) may be slidably received on
the flex shaft (60) by passing the second collar (122) along the length of the flex
shaft (60) toward the rotor (42). If necessary, an embodiment of the connection
as depicted in Figures 6-8, a second collar (122) comprising a plurality of collar
components (not shown), or some other configuration or technique may be used

to facilitate assembly of the second collar (122) on the flex shaft (60);

the pin (104) on the second member connection end (100) of the flex shaft (60)
for the first connection (62) may be inserted within the socket (84) at the first

member connection end (80) of the rotor (42);

the thread (134) on the first collar (120) and the thread (144) on the second
collar (122) of the first connection (62) may be threaded together until the
interior shoulders (132, 142) engage with the exterior shoulders (88, 108) at a
desired torque, thereby placing the collar connection (150) in tension, in order to

provide the threaded collar connection (150) for the first connection (62);
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6.

10.

the second collar (122) of the second connection (64) may be slidably received
on the flex shaft (60) by passing the second collar (122) along the length of the
flex shaft (60) toward the driveshaft (44). If necessary, an embodiment of the
connection as depicted in Figures 6-8, a second collar (122) comprising a
plurality of collar components (not shown), or some other configuration or
technique may be used to facilitate assembly of the second collar (122) on the
flex shaft (60);

the driveshaft adapter (76) may be connected with the driveshaft (44) so that the
driveshaft (44) comprises the driveshaft adapter (76), or a driveshaft (44) having
the features of the driveshaft adapter (76) may be provided;

the first collar (120) of the second connection (66) may be slidably received on
the driveshaft (44), either by passing the first collar (120) along the length of the
driveshaft (44) toward the first member connection end (80) of the driveshaft
(44), or by preassembling the first collar (120) and the driveshaft adapter (76)
before connecting the driveshaft adapter (76) with the driveshaft (44), as may be
applicable;

the pin (104) on the second member connection end (100) of the flex shaft (60)
for the second connection (64) may be inserted within the socket (84) at the first

member connection end (80) of the driveshaft (44); and

the thread (134) on the first collar (120) and the thread (144) on the second
collar (122) of the second connection (64) may be threaded together until the
interior shoulders (132, 142) engage with the exterior shoulders (88, 108) at a
desired torque, thereby placing the collar connection (150) in tension, in order to

provide the threaded collar connection (150) for the second connection (64).

The transmission section (24) comprising the first connection (62) and the

second connection (64) as depicted in Figures 2-5 may also be assembled in reverse order, so

that the second connection (64) is assembled before the first connection (62).
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ADDITIONAL DISCLOSURES

The following are non-limiting, specific embodiments of the connection

described herein:

Embodiment A. A connection for connecting a first member with a second

member, the connection comprising:

(a)

(b)

a torque transmitting connection between the first member and the second

member;

an axial force transmitting connection between the first member and the second

member, the axial force transmitting connection comprising:

(1)

(i)

(iii)

(iv)

a first exterior shoulder on an exterior surface of the first member,
wherein the first member has a first member connection end, wherein the
first exterior shoulder is transverse to an axis of the first member, and
wherein the first exterior shoulder faces away from the first member

connection end;

a second exterior shoulder on an exterior surface of the second member,
wherein the second member has a second member connection end,
wherein the second exterior shoulder is transverse to an axis of the
second member, and wherein the second exterior shoulder faces away

from the second member connection end;

a first collar having an interior surface and a first interior shoulder on the

interior surface for engaging with the first exterior shoulder;

a second collar having an interior surface and a second interior shoulder
on the interior surface for engaging with the second exterior shoulder;

and
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v) a collar connection between the first collar and the second collar, for
transmitting at least tensile axial forces between the first collar and the

second collar.

Embodiment B. The connection of Embodiment A wherein the first
member and the second member have complementary torque transmitting surfaces, and
wherein the torque transmitting connection comprises the complementary torque transmitting

surfaces.

Embodiment C. The connection of Embodiment B wherein one of the first
member connection end and the second member connection end comprises a pin, wherein the
other of the first member connection end and the second member connection end comprises a
socket, wherein the pin is receivable within the socket, and wherein the complementary torque

transmitting surfaces are provided on the pin and in the socket.

Embodiment D. The connection of Embodiment C wherein the pin has a
polygonal exterior surface, wherein the socket has a polygonal interior surface, and wherein the
complementary torque transmitting surfaces comprise the polygonal exterior surface of the pin

and the polygonal interior surface of the socket.

Embodiment E. The connection of any one of Embodiments A through D

wherein the first member and the second member are components of a powertrain.

Embodiment F. The connection of any one of Embodiments A through E
wherein the first member and the second member are components of an apparatus for use in a

borehole.

Embodiment G. The connection of any one of Embodiments A through F
wherein the first member and the second member are components of a drilling motor for use in

drilling a borehole.

Embodiment H. The connection of Embodiments A through G wherein

one of the first member and the second member is a transmission shaft.
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Embodiment I. The connection of Embodiment H wherein the

transmission shaft comprises a flex shatft.

Embodiment J. The connection of any one of Embodiments A through I

wherein the collar connection is a releasable connection.

Embodiment K. The connection of any one of Embodiments A through I

wherein the collar connection comprises a threaded connection.

Embodiment L. The connection of any one of Embodiments A through K

wherein the first exterior shoulder and the first interior shoulder are discontinuous shoulders.

Embodiment M. The connection of Embodiment L wherein the first

exterior shoulder and the first interior shoulder define complementary gaps.

Embodiment N. The connection of any one of Embodiments L or M,

further comprising a rotary locking mechanism between the first member and the first collar.

Embodiment O. The connection of Embodiment N wherein the rotary
locking mechanism comprises a notch in one of the first exterior shoulder and the first interior

shoulder and a tab in the other of the first exterior shoulder and the first interior shoulder.

Embodiment P. The connection of any one of Embodiments A through O
wherein the second exterior shoulder and the second interior shoulder are discontinuous

shoulders.

Embodiment Q. The connection of Embodiment P wherein the second

exterior shoulder and the second interior shoulder define complementary gaps.
Embodiment R. The connection of any one of Embodiments P or Q,

further comprising a rotary locking mechanism between the second member and the second

collar.
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Embodiment S. The connection of Embodiment R wherein the rotary

locking mechanism comprises a notch in one of the second exterior shoulder and the second

interior shoulder and a tab in the other of the second exterior shoulder and the second interior

shoulder.

In this document, the word “comprising” is used in its non-limiting sense to
mean that items following the word are included, but items not specifically mentioned are not
excluded. A reference to an element by the indefinite article “a” does not exclude the
possibility that more than one of the elements is present, unless the context clearly requires that

there be one and only one of the elements.
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I claim:

A connection for connecting a first member with a second member, the

connection comprising:

(a)

(b)

a torque transmitting connection between the first member and the second

member;

an axial force transmitting connection between the first member and the second

member, the axial force transmitting connection comprising:

(1)

(i)

(iii)

(iv)

v)

a first exterior shoulder on an exterior surface of the first member,
wherein the first member has a first member connection end, wherein the
first exterior shoulder is transverse to an axis of the first member, and
wherein the first exterior shoulder faces away from the first member

connection end;

a second exterior shoulder on an exterior surface of the second member,
wherein the second member has a second member connection end,
wherein the second exterior shoulder is transverse to an axis of the
second member, and wherein the second exterior shoulder faces away

from the second member connection end;

a first collar having an interior surface and a first interior shoulder on the

interior surface for engaging with the first exterior shoulder;

a second collar having an interior surface and a second interior shoulder
on the interior surface for engaging with the second exterior shoulder;

and
a collar connection between the first collar and the second collar, for

transmitting at least tensile axial forces between the first collar and the

second collar.
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2. The connection as claimed in claim 1 wherein the first member and the second
member have complementary torque transmitting surfaces, and wherein the torque transmitting

connection comprises the complementary torque transmitting surfaces.

3. The connection as claimed in claim 2 wherein one of the first member
connection end and the second member connection end comprises a pin, wherein the other of
the first member connection end and the second member connection end comprises a socket,
wherein the pin is receivable within the socket, and wherein the complementary torque

transmitting surfaces are provided on the pin and in the socket.

4. The connection as claimed in claim 3 wherein the pin has a polygonal exterior
surface, wherein the socket has a polygonal interior surface, and wherein the complementary
torque transmitting surfaces comprise the polygonal exterior surface of the pin and the

polygonal interior surface of the socket.

5. The connection as claimed in claim 1 wherein the collar connection is a

releasable connection.

6. The connection as claimed in claim 1 wherein the collar connection comprises a

threaded connection.

7. The connection as claimed in claim 1 wherein the first member and the second

member are components of a powertrain.

8. The connection as claimed in claim 1 wherein the first member and the second

member are components of an apparatus for use in a borehole.

9, The connection as claimed in claim 1 wherein the first member and the second

member are components of a drilling motor for use in drilling a borehole.

10. The connection as claimed in claim 9 wherein one of the first member and the

second member is a transmission shaft in the drilling motor.
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11. The connection as claimed in claim 10 wherein the transmission shaft comprises
a flex shatft.
12. The connection as claimed in claim 3 wherein the collar connection is a

releasable connection.

13. The connection as claimed in claim 12 wherein the pin has a polygonal exterior
surface, wherein the socket has a polygonal interior surface, and wherein the complementary
torque transmitting surfaces comprise the polygonal exterior surface of the pin and the

polygonal interior surface of the socket.

14. The connection as claimed in claim 13 wherein the collar connection comprises

a threaded connection.

15. The connection as claimed in claim 14 wherein the first member and the second

member are components of a powertrain.

16. The connection as claimed in claim 14 wherein the first member and the second

member are components of an apparatus for use in a borehole.

17. The connection as claimed in claim 14 wherein the first member and the second

member are components of a drilling motor for use in drilling a borehole.

18. The connection as claimed in claim 17 wherein one of the first member and the

second member is a transmission shaft in the drilling motor.

19. The connection as claimed in claim 18 wherein the transmission shaft comprises

a flex shaft.
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