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Description

This invention relates to downhole fluid motors of
the type used at the end of a drill string for rotating a
drill bit, and more particularly to the shafts for con-
necting fluid motors to drill bits.

In well drilling operations, it is conventional to use
a downhole fluid motor to rotate the drill bit when con-
ducting special drilling operations such as, for exam-
ple, directional drilling of boreholes. However, while
downhole fluid motors of the progressive cavity type,
also known as Moineau or positive displacement mo-
tors, have proven to be effective for generating rota-
tional motion at the end of a drill string, there are in-
herent drawbacks related to the design of such mo-
tors. One particular drawback relates to the connec-
tion between the motor and the drill bit.

To fully understand the problem, one must under-
stand the basic design of such fluid motors. In partic-
ular, fluid motors of the above type comprise a helical
rotor positioned within the cavity of a helical stator.
Drilling fluid, which is pumped down through the drill
string to cool the drill bit and to carry drill cuttings to
the surface, is directed down through the annulus be-
tween the rotor and stator to cause rotation of the ro-
tor. However, the rotor does not simply rotate about a
fixed vertical axis. The rotor rotates while gyrating, or
translating along an orbital path. More particularly,
the orbital path is not a simple circular orbit but rather
an eccentrically orbital path typified by lateral excur-
sions toward and away from the axis of the downhole
fluid motor. Such complex gyrational and rotational
motion of the rotor tends to be very demanding on the
connecting shaft which connects the rotor to the drill
bit and converts the gyrational and rotational motion
to pure rotation.

Several arrangements have been developed for
the design of the connecting shaft which have not
been entirely satisfactory. A first arrangement for
connecting the fluid motor to the drill bit and trans-
forming the translating and rotating motion of the ro-
tor to the pure rotation of the drill bit comprises a spe-
cially manufactured torque shaft. The special torque
shaft is made of high strength, high quality steel and
is machined to a near mirror surface finish. The high
quality finish is necessary because the cyclical bend-
ing and flexing of the shaft would quickly cause fati-
gue cracking of the steel resulting in failure of the
shaft. However, the metallurgical and production
costs of such torque shafts are substantial and their
reliability has been less than satisfactory. Moreover,
such shafts have intrinsic design limitations which
are particularly unsatisfactory. For example, in a
large diameter drill string, the rotor follows a path hav-
ing more exaggerated lateral excursions which result
in increased bending stresses for the torque shaft.

Asecond arrangement is an articulated or double
knuckle connector shaft which includes universal
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joints at opposite ends thereof. The universal joints
obviate any bending stresses such as incurred by the
above arrangement and are preferred in the larger di-
ameter drill strings. However, the universal joints in-
clude seals which are subject to excessive wear and
failure downhole. Also, in drill strings of less than 6
1/2 inches in diameter, the universal joints must be of
such a small size that the load bearing elements in the
joints are subject to high shear stress. Therefore, the
shaft has less than acceptable maximum allowable
loading characteristics. This is a particular drawback
for hard rock drilling where impact loading would ex-
ceed design limitations of the joints. Accordingly, the
double knuckled connector has been less than fully
satisfactory.

US-A- 4,679,638 issued July 14, 1987 to Eppink
discloses a torque shaft which comprises a flexible
rod and a coaxial overload sub surrounding the flex-
ible rod. The flexible rod is similar to the torque shaft
in the first arrangement discussed above, however,
its maximum torque strength need not be as great
since the overload sub will carry a portion of the load.
The overload sub includes splines which intermesh
but do not normally engage with splines at the outer
surface of the rod. When the rod twists beyond a pre-
determined deflection, the splines engage and the
overload sub carries a portion of the load. However,
this type of arrangement occupies more space than
the above arrangements and the additional space
may be critically important for achieving drilling fluid
flow rates for drilling in particular types of formations.
Moreover, the rod is still subjected to the same fati-
gue stresses as the torque shaft in the first arrange-
ment above as well as the additional twisting deflec-
tions prior to the spline engagement. Thus, the rod
may be prone to fatigue cracking.

Accordingly, it is an object of the present inven-
tion to provide a connector for a downhole fluid motor
which overcomes the above noted disadvantages and
drawbacks of the prior art.

It is a more particular object of the present inven-
tion to provide a connector for a downhole fluid motor
which has high torque strength and stiffness charac-
teristics while accommodating bending flexibility with
minimal bending fatigue and failure.

The above and other objects are achieved by the
present invention by a downhole fluid motor compo-
site torque shaft comprising an elongate matrix body
including a plurality of fibers fixed therein and which
are oriented to provide the elongate matrix body with
high torsional strength and stiffness while allowing
bending flexibility. The torque shaft further includes
a first coupling member at one end of the elongate
matrix body for connecting to the rotor of the down-
hole fluid motor and a second coupling member at the
other end of said elongate matrix body for connecting
to the drill bit.

Some of the objects of the invention have been
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stated and others will appear as the description pro-
ceeds when taken in conjunction with the accompa-
nying drawings in which --

Figure 1 is a top partially fragmentary perspec-

tive view of a downhole fluid motor assembly in

accordance with a preferred embodiment of the
present invention;

Figure 2 is a cross sectional view of the downhole

motor assembly taken along the line 2-2 of Figure

1;

Figure 3 is a front elevational view of a first em-

bodiment of a torque shaft for the fluid motor as-

sembly with parts broken away for clarity;

Figure 4 is a front elevational view similar to Fig-

ure 3 of a second embodiment of a torque shaft

for the fluid motor assembly;

Figure 5 is a front elevational view similar to Fig-

ure 3 of a third embodiment of a torque shaft for

the fluid motor assembly; and

Figure 6 is a graph generally illustrating the axial

and shear moduli for a composite tube having fib-

ers in a crisscross pattern in a range of angles
with respect to the axis of the tube.

With reference to Figure 1, a downhole fluid mo-
tor assembly is generally indicated by the numeral 10.
The downhole fluid motor assembly 10 is connected
to the end of a pipe string (not shown) for drilling a
bore hole such as for an oil or gas well. The assembly
10 comprises a housing 12 which has a diameter gen-
erally corresponding with the diameter of the drill pipe
in the drill string and includes suitable means (not
shown) for connecting to the distal end of the pipe
string.

The housing 12 is an elongate hollow cylindrical
tube having an axis 14 which in conventional drilling
operations is vertical and coincides with the axis of
the remainder of the drill string. The housing 12 in-
cludes an articulation joint 13 dividing the housing 12
into an upper portion 12a and a lower portion 12b.
The articulation joint allows the lower portion 12b of
the housing 12 to deviate from the axis 14 for altering
the path of the drilling operation such as for direction-
al drilling. A progressive cavity downhole fluid motor
20, sometimes referred to as a Moineau motor or a
positive displacement motor, is secured inside the up-
per portion 12a of the housing 12. The motor 20, as
best illustrated in Figure 2, includes a stator 21 fixed
to the inner surface of the housing 12 and a rotor 22
positioned within the stator 21 so as to rotate and gyr-
ate under the force of drilling fluid being pumped
down through the pipe string. Referring again to Fig-
ure 1, a drill bit 30 projects from the end of the hous-
ing 12 for cutting through the earth during the drilling
of the bore hole. The drill bit 30 is connected to a bear-
ing set 31 which is secured within the housing 12 ad-
jacent the lower end thereof. The bearing set 31 is a
conventional device which includes bearing races
and other means so as to allow free rotation about the
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axis 14 as indicated by the arrow 32 while preventing
movement in other directions. The fluid motor 20 and
the bearing set 31 are spaced apart in the housing 12
s0 as to define a torque shaft chamber 40. A torque
shaft 41 is positioned within the torque shaft chamber
40 and is connected by its opposite ends to the rotor
22 and the bearing set 31. The torque shaft 41 thus
provides the mechanical link between the downhole
fluid motor 20 and the drill bit 30.

However, as discussed in the Background of the
Invention above, the rotor 22 of the downhole fluid
motor 20 does not simply rotate about the axis 14, but
rather gyrates and rotates in a complex motion.
Therefore, the conversion of the rotational and gyra-
tional motion of the rotor 22 to the pure rotation of the
drill bit 30 requires that the torque shaft have signif-
icant strength, stiffness, and durability. Figures 1 and
2 provide a general illustration of the problems posed
by the downhole fluid motor 20 for the torque shaft 41.
In particular, Figure 1 illustrates the gyration of the ro-
tor 22 as indicated by the arrows 23 as well as the re-
sultant bending in the torque shaft 41 as should be ap-
parent from the lateral displacement of the upper end
of the torque shaft 41 from the axis 14. The movement
of the rotor 22 within the stator 21 is also generally in-
dicated in Figure 2 wherein the rotor 22 has a central
axis € which is spaced apart from the axis 14. During
the operation of the motor 20, the axis C gyrates or
orbits about the axis 14. However, the radial distance
between the axes 14 and C is not constant, thus, the
orbital path of the axis C about the axis 14 is thus not
circular. The path indicated by arrow 24 is an eccen-
tric orbital path having lobes of eccentricity corre-
sponding to the number of lobes in the stator. The ec-
centric lobes may be characterized as lateral excur-
sions of the rotor 22 toward and away from the axis
14 which further bends the torque shaft 41. The bend-
ing of the torque shaft 41 is further compounded by
the rotation about axis C being opposite to the direc-
tion which the axis C orbits about axis 14 as indicated
by the arrows 23 and 24 being opposite to the arrow
32.

Accordingly, the torque shaft 41 of the presentin-
vention is particularly constructed to possess high
torsional strength and stiffness while having bending
flexibility or in other words substantial bending fati-
gue strength to withstand the continuous cyclic bend-
ing inherent in the downhole fluid motor assembly 10.
Referring to Figure 3, the torque shaft 41 is more
clearly illustrated with portions of the shaft 41 broken
away to better show its structure and construction.
The torque shaft 41 is a composite material formed of
a matrix body having oriented fibers fixed therein.
The fibers each have significant axial strength and,
thus, the orientation and number of the fibers deter-
mine strength and bending characteristics of the
composite torque shaft 41.

The construction of the composite torque shaft
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41 is based on procedures known in the composite
materials field. Briefly, the process comprises the
steps of laying up resin coated fibers in predeter-
mined orientations and treating the resin so as to co-
alesce and harden to form the resin matrix body. Suit-
able fibers for use in the composite torque shaft 41
include carbon fibers, E-glass fibers, S-glass fibers,
aramid fibers as well as others. Moreover, it may be
preferable to use combinations of different fibers to
achieve desirable characteristics for the shaft 41.
Each of the fibers have different strength and stretch
characteristics as well as cost considerations so that
one may be more appropriate for some circumstances
while another may be better for another situation. Any
suitable resin may be used to form the resin matrix
body such as a thermoset epoxy resin or a thermo-
plastic resin. Two representative materials which may
be used are Fiberite 977-3 epoxy and bismaleimide.

As an alternative to resin matrix composites, the
composite torque shaft 41 may be made of a metal
matrix composite wherein the body is formed of metal
such as titanium, aluminum or other suitable metal
and the oriented fibers are made of silicon carbide,
boron carbide or other suitable material. Such compo-
site materials are able to operate in higher tempera-
ture environments and are more resistant to corro-
sion and abrasion.

The composite torque shaft 41 includes suitably
shaped connector ends 42 for connecting the shaft 41
to the rotor 22 and the bearing set 31. The connector
ends 42 may also include metal inserts or other
strength and reinforcing members to provide a satis-
factory connection.

In the preferred embodiment, the composite tor-
que shaft 41 comprises layers of oriented fibers over-
laid one upon the other. The illustrated embodiment
includes three layers 51, 52 and 53, however, this is
for clarity and explanation purposes. The preferred
embodiment comprises substantially more layers,
such as twenty or more wherein each layer has a
thickness of between 0.003 and 0.04 inches.

Referring to Figure 3, the composite torque shaft
41 includes a first fiber layer 51 comprising fibers ori-
ented in a crisscross pattern. The crisscross pattern,
as will be further explained hereafter, provides sub-
stantial torsional strength for the composite torque
shaft 41 without introducing significant resistance to
bending. For clarity, the fiber orientation is specified
in terms of an angle 6 formed between the fiber and
the axis 45 of the compaosite torque shaft 41. The fib-
ers are crisscrossed at an angle 6 in the range of be-
tween 30 and 60 degrees with respect the axis 45 and
expressed as "+/-" such as +/- 45 degrees. The sec-
ond fiber layer 52 comprises fibers oriented approxi-
mately 90 degrees with respect to the axis 45 of the
composite torque shaft 41. The 90 degree orientation
provides integral strength or structural integrity for
the composite torque shaft 41 without impairing the
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bending flexibility thereof. Athird fiber layer 53 is gen-
erally similar to the first layer 51 in that the fibers are
again arranged in a crisscross pattern. However, the
fiber orientation of the third fiber layer 53 may be se-
lected to be a different 6 angle while still being in the
range of 30 to 60 degrees with respect to the axis 45.
As shown below, the angle +/- 45 degrees provides
the maximum torsional stiffness, thus, the preferred
angle is approximately +/- 45 degrees.

As noted above, the composite torque shaft 41
comprises a significant number of fibers oriented in
a crisscross pattern so as to provide torsional
strength and stiffness without introducing significant
resistance to bending. Referring to Figure 6, the
graph indicates a general relationship of the fiber ori-
entation angle 6 and a crisscross fiber layer to the ax-
ial modulus (which effects the resistance to bending)
and the shear modulus (which relates to the torsional
strength and stiffness characteristics) of the compo-
site torque shaft 41. This graph is based upon a com-
posite tube formed of E-glass fibers with an epoxy
resin matrix. While other combinations may have
markedly different values for each modulus, the gen-
eral relationships between the crisscross angles and
moduli will be quite similar. For example, as noted
from the graph, the axial modulus is substantially re-
duced when the angle between the axis 45 is in-
creased from zero degrees (parallel to the axis 45) to
approximately 45 degrees. The higher the axial mod-
ulus, the stiffer the composite shaft will be in bend-
ing. At the same time, the shear modulus is maxi-
mized at approximately 45 degrees, which translates
to the maximum torsional stiffness for the composite
torque shaft 41. Thus, a crisscross pattern of gener-
ally between 30 and 60 degrees will provide the de-
sired characteristics of the composite torque shaft41.
As noted from the graph in Figure 6, the fiber orien-
tation angle of approximately +/- 45 degrees would be
preferred so as to provide maximum torsional
strength and stiffness combined with low bending re-
sistance. However, other factors may be considered
in the preferred angle. For example, if the shaft 41 is
hollow and carries internal fluids under pressure, an
angle of less than +/- 45 degrees would be preferred
to accommodate the added stresses due to such in-
ternal pressure. On the other hand, if the shaft is to
carry compression loads, it would be desirable to
have the angle be greater than +/- 45 degrees.

Referring again to Figure 3, the preferred em-
bodiment of the torque shaft 41 is a hollow tube as
noted by the hollow internal passageway 56. As such,
the composite shaft 41 will be of minimal weight and
the material will be concentrated in the circumference
of the tube to provide high torsional strength and stiff-
ness. The hollow tube embodiment may also provide
an alternative path 56 for drilling fluid to pass through
the torque shaft chamber 40 to the drill bit 30. As il-
lustrated in Figure 1, the shaft has a large diameter
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compared to the space available in the torque shaft
chamber 40 so as to provide the necessary torque
load capacity. The path for the drilling fluid through
the interior of the shaft 41 allows a sufficient volume
of drilling fluid to drive the downhole fluid motor 20
and lubricate the bit 30. Moreover, the hollow internal
flow path 56 does not sacrifice the strength and stiff-
ness characteristics of the composite torque shaft 41
while obtaining the desired flow rate.

The drilling fluid may be allowed to enter and exit
the torque shaft 41 by any suitable means. In Figure
1, there is indicated passages 27 in the lower end of
the rotor 22 which connects to the shaft 41. The pas-
sages allow drilling fluid to be directed into the inter-
nal passageway 56. The bearing set 31 includes a
connector at the upper portion thereof for connecting
to the composite torque shaft 41. In the connector
there are passages 33 allowing the drilling fluid to exit
from the internal passageway 56 back to the torque
shaft chamber 40 below the composite torque shaft.
A part or all the fluid passing through the internal pas-
sageway 56 may alternatively be directed through the
center of the bearing set 31 to the bit 30. Another suit-
able arrangement (not shown) for directing the drilling
fluid through the internal passageway includes engin-
eering slots into the composite torque shaft 41 lead-
ing to the internal passageway.

In a preferred aspect of the present invention, the
torque shaft 41 further includes an outer protective
layer 55 to protect the outer surface of the matrix body
from abrasion, wear or corrosion in the hostile down-
hole environment. Also, the composite torque shaft41
may further comprise, as an optional feature, a pro-
tective liner 54 to line the hollow inner surface of the
matrix body to protect the same from abrasion, wear
and corrosion. The liner 54 may further serve as a
mandrel or form for manufacturing the composite tor-
que shaft 41. The outer protective layer 55 and liner
54 may be made from any suitable material, such as
for example an elastomer such as a polyurethane, or
fluroelastomer with or without fiber reinforcement
such as aramid pulp, or a metal such as aluminum, ti-
tanium, or steel etc.

A second embodiment of the composite torque
shaft is generally indicated by the numeral 141 in Fig-
ure 4 and is very similar to the first embodiment.
Therefore, similar features are indicated by the same
numbers with a prefix of "1". For example, the com-
posite torque shaft of the first embodiment is indicat-
ed by the number 41 and the composite torque shaft
of the second embodiment is indicated by the number
141. The primary difference between the second em-
bodiment of the composite torque shaft 141 and the
first embodiment is that the second embodiment is a
solid shaft. More particularly, the composite torque
shaft 141 includes a solid rod 154 with the matrix
body overlying the rod 154. The rod 154 may be
formed of any suitable material such as a resin or an
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elastomer and serves as an excellent mandrel for lay-
ing up the fibers. In one preferred arrangement the
rod 154 is formed of a metal such as aluminum or
steel. Oriented fiber layers 151, 152, and 153 overlie
the rod and are fixed in a matrix body similar to the
first embodiment in Figure 3. The composite torque
shaft 141 further includes connector ends 142 and
may be provided with a protective outer layer 155
similar to the protective outer layer 55 in the first em-
bodiment.

Athird embodiment of the composite torque shaft
is generally indicated by the numeral 241 in Figure 5
and is very similar to the first embodiment. There-
fore, similar features are indicated by the same num-
bers with a prefix of "2". For example, the composite
torque shaft of the first embodiment is indicated by
the number 41 and the composite torque shaft of the
second embodiment is indicated by the number 241.
The primary difference between the third embodi-
ment of the composite torque shaft 241 and the first
embodiment is that the second embodiment includes
a plurality of composite rods 258 within the hollow
shaft. The composite rods 258 are preferably small di-
ameter, parallel composite rods made with axially ori-
ented fiber such as graphite, carbon, aramid, boron or
other high modulus fiber, formed in a resin matrix
such vinyl ester, epoxy, nylon, etc. so as to provide
substantial axial strength for the torque shaft 241. At
times during downhole operations, the compression
load on the composite torque shaft 41 can become
quite substantial. Since the composite torque shaft 41
is bent and offsetwhile installed in the housing 12, ax-
ial compression loading can cause buckling and fail-
ure thereof. Due to their small diameter, the compo-
site rods 258 individually have low bending stiffness.
Moreover, they are positioned near the axis of the
composite torque shaft and are preferably able to
move relative to one another. As such they do not sig-
nificantly impair the bending stiffness of the compo-
site torque shaft while providing substantial axial
strength.

The third embodiment further differs from the
first embodiment by not including the protective liner
54. Since there is no material flowing through the in-
terior thereof to protect the composite torque shaft
from. Another composite layer 257 is shown in Figure
5 but, as noted above, the drawing Figures 3 through
5 have been simplified for explanation purposes and
any preferred embodiment would contain a number of
layers of oriented fibers and the third embodiment
would not necessarily include more or less layers
than the first or second embodiments.

In the drawings and specification, there has been
set forth embodiments of the invention, and although
specific terms are employed, they are used in a gen-
eric and descriptive sense only and not for purposes
of limitation.
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Claims

A downhole fluid motor torque shaft (41;141;241)
for connecting a downhole fluid motor (20) to a
drill bit (30) at the distal end of a drill string,
wherein the fluid motor (20) is of the type posi-
tioned adjacent to the end of a drill string and in-
cludes a rotor (22) which rotates and gyrates
about a common axis of the drill string and the tor-
que shaft (41;141;241) converts the rotating and
gyrating motion to pure rotation for the drill bit
(30), the torque shaft (41;141;241) comprising an
elongate body (41;141;241), a first coupling
member (42) at one end of said elongate body for
connecting to the rotor (22) of the downhole fluid
motor, and a second coupling member (42) at the
other end of said elongate body for connecting to
the drill bit (30), characterised in that the elongate
body is an elongate matrix body (41;141;241) in-
cluding a plurality of overlying layers (51,52,
53;151,152,153;251,252,253) of oriented fibers
fixed therein and wherein the fibers are oriented
within the elongate matrix body to provide said
body (41;141;241) with high torsional strength
and stiffness while allowing bending flexibility
and further wherein at least one of said layers
(51,52,53;151,152, 153;251,252,253) includes
fibers oriented in a criss-cross pattern.

A downhole fluid motor torque shaft (41;141;241)
as claimed in claim 1, wherein at least some of
said fiber layers (51,52,53;151,152,153;251,
252,253) have a predetermined orientation of be-
tween 30 and 60 degrees with respect to a long-
itudinal axis (45;145;245) of said elongate body
(41;141;241) and at least a substantial portion of
the immediately aforementioned layers (51,52,
53;151,152,153;251,252,253) include additional
fibers which are oriented at a reciprocal angle (-6)
of the predetermined angle (6) with respect to
said longitudinal axis (45;145;245) so that such
fiber layers (51,52,53;151,152,153;251,252,253)
have cross-plying fibers.

A downhole fluid motor torque shaft (41;141;241)
as claimed in claim 1 or 2, wherein at least one of
said layers (51,52,53;151,152,153;251,252,253)
includes fibers oriented at approximately 90 de-
grees with respect to a longitudinal axis
(45;145;245) of said elongate body (41;141;241).

A downhole fluid motor torque shaft (41;141;241)
as claimed in any preceding claim, wherein said
fibers in at least one said layer (51,52,53;
151,152,153;251,252, 253) are fixed in a matrix
binder comprising a thermoset or thermoplastic
resin.
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10.

10

A downhole fluid motor torque shaft (41;141;241)
as claimed in any preceding claim, wherein said
fibers in at least one said layer (51,52,53;
151,152,1563;251,252, 253) are fixed in a matrix
binder comprising a metal.

A downhole fluid motor torque shaft (41;141;241)
as claimed in any preceding claim, wherein said
fibers are made of silicon carbide or boron.

A downhole fluid motor torque shaft (41;141;241)
as claimed in any preceding claim, wherein said
elongate body (41;141;241) overlies an elongate
metallic liner (54,154).

A downhole fluid motor torque shaft (41;141;241)
as claimed in any preceding claim, wherein said
elongate body (41;141;241) comprises an elon-
gate hollow cylindrical tube.

A downhole fluid motor torque shaft (41;141;241)
as claimed in any preceding claim, further com-
prising a plurality of generally parallel elongate
composite rods (258) extending generally longi-
tudinally through said elongate body (41;141;
241).

A downhole fluid motor torque shaft (41;141;241)
as claimed in any preceding claim, further com-
prising an outer layer (55;155;255) overlying and
bonded to the outer surface of said elongate body
(41;141;241) to protect said body (41;141;241)
from wear and abrasion.

Patentanspriiche

1.

Bohrlochfluidmotor-Drehmomentwelle (41; 141;
241) zum Verbinden eines Bohrlochfluidmotors
(20) mit einem Bohrer (30) an dem distalen Ende
eines Bohrstrangs, wobei der Fluidmotor (20)
von dem in der Néhe des Endes eines Bohr-
strangs angeordneten Typ ist und einen um eine
gemeinsame Achse des Bohrstrangs sich dre-
henden und kreisenden Rotor (22) umfat und
die Drehmomentwelle (41; 141; 241) die Dreh-
und Kreisbewegung in eine reine Drehung des
Bohrers (30) umwandelt, wobei die Drehmo-
mentwelle (41; 141; 241) einen langgestreckten
Korper (41; 141; 241), ein erstes Kopplungsele-
ment (42) an einem Ende des langgestreckten
Korpers zur Verbindung mit dem Rotor (22) des
Bohrlochfluidmotors und ein zweites Kopplungs-
element (42) an dem anderen Ende des langge-
streckten Kérpers zur Verbindung mit dem Boh-
rer (30) umfalt, dadurch gekennzeichnet, daR
der langgestreckte Kérper ein langgestreckter
Matrixkérper (41; 141; 241) mit einer Mehrzahl
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tibereinander liegender Schichten (51, 52, 53;
151, 152, 153; 251, 252, 253) von darin festgeleg-
ten orientierten Fasern umfafit, wobei die Fasern
in dem langgestreckten Matrixkérper so orien-
tiert sind, um dem Kérper (41; 141; 241) hohe
Torsionsfestigkeit und Steifheit zu geben, wéh-
rend eine Biegeflexibilitidt mdglich ist, wobei fer-
ner wenigstens eine der Schichten (51, 52, 53;
151, 162, 153; 251, 252, 253) in einem Kreuzmu-
ster orientierte Fasern umfalit.

Bohrlochfluidmotor-Drehmomentwelle (41; 141;
241) nach Anspruch 1, bei welcher wenigstens ei-
nige der Faserschichten (51, 52, 53; 151, 152,
153; 251, 252, 253) eine vorbestimmte Orientie-
rung zwischen 30 und 60° relativ zu einer Langs-
achse (45; 145; 245) des langgestreckten Koér-
pers (41; 141; 241) aufweisen und wenigstens
ein wesentlicher Anteil der unmittelbar zuvor er-
wahnten Schichten (51, 52, 53; 151, 152, 153;
251, 252, 253) zusétzliche Fasern umfalt, wel-
che in einem zu dem vorbestimmten Winkel (0)
umgekehrten Winkel (-0) relativ zur Léngsachse
(45; 145; 245) orientiert sind, so daR derartige
Faserschichten (51, 52, 53; 151, 152, 153; 251,
252, 253) diagonale Fasern aufweisen.

Bohrlochfluidmotor-Drehmomentwelle (41; 141;
241) nach Anspruch 1 oder 2, bei welcher wenig-
stens eine der Schichten (51, 52, 53; 151, 152,
1563; 251, 252, 253) Fasern umfalit, welche mit
ungefdhr 90° relativ zu einer Langsachse (45;
145; 245) des langgestreckten Korpers (41; 141;
241) orientiert sind.

Bohrlochfluidmotor-Drehmomentwelle (41; 141;
241) nach einem der vorhergehenden Ansprii-
che, bei welcher die Fasern in wenigstens einer
der Schichten (51, 52, 53; 151, 152, 153; 251,
252, 253) in einem ein warmausgehéartetes oder
thermoplastisches Harz umfassenden Matrix-
bindemittel festgelegt sind.

Bohrlochfluidmotor-Drehmomentwelle (41; 141;
241) nach einem der vorhergehenden Ansprii-
che, bei welcher die Fasern in wenigstens einer
der Schichten (51, 52, 53; 151, 152, 153; 251,
252, 253) in einem ein Metall umfassenden Ma-
trixbindemittel festgelegt sind.

Bohrlochfluidmotor-Drehmomentwelle (41; 141;
241) nach einem der vorhergehenden Ansprii-
che, bei welcher die Fasern aus Siliciumcarbid
oder Bor erzeugt sind.

Bohrlochfluidmotor-Drehmomentwelle (41; 141;
241) nach einem der vorhergehenden Ansprii-
che, bei welcher der langgestreckte Kérper (41;
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141; 241) iber einer langgestreckten Metallaus-
fiitterung (54, 154) liegend angeordnet ist.

Bohrlochfluidmotor-Drehmomentwelle (41; 141;
241) nach einem der vorhergehenden Ansprii-
che, bei welcher der langgestreckte Kérper (41;
141; 241) ein langgestrecktes, hohles Zylinder-
rohr umfaft.

Bohrlochfluidmotor-Drehmomentwelle (41; 141;
241) nach einem der vorhergehenden Ansprii-
che, ferner umfassend eine Mehrzahl im allge-
meinen paralleler, langgestreckter Verbundmate-
rialstangen (258), welche sich im allgemeinen in
Langsrichtung durch den langgestreckten Kérper
(41; 141; 241) erstrecken.

Bohrlochfluidmotor-Drehmomentwelle (41; 141;
241) nach einem der vorhergehenden Ansprii-
che, ferner umfassend eine Gber der AuRenfla-
che des langgestreckten Kérpers (41; 141; 241)
liegende und mit dieser verbundene aullere
Schicht (55; 155; 255) zum Schutz des Kérpers
(41; 141; 241) vor Abnutzung und Abrieb.

Revendications

Arbre de torsion pour moteur hydraulique de fond
de trou (41 ; 141 ; 241) pour raccorder un moteur
hydraulique de fond de trou (20) a un trépan (30)
a l'extrémité distale d’un train de tiges de forage,
dans lequel le moteur hydraulique (20) est du
type positionné adjacent a I'extrémité d’un train
de tiges de forage et comprend un rotor (22) qui
effectue un mouvement rotatoire et giratoire au-
tour d’'un axe commun du train de tiges de forage,
et dans lequel I'arbre de torsion (41 ; 141 : 241)
transforme le mouvement rotatoire et giratoire en
pure rotation pour le trépan (30), I'arbre de tor-
sion (41 ; 141 ; 241) comprenant un corps allongé
(41 ; 141 ; 241), un premier organe de couplage
(42) a 'une des extrémités de ce corps allongé
pour raccordement au rotor (22) du moteur hy-
draulique de fond de trou, et un second organe de
couplage (42) al’autre extrémité du corps allongé
pour raccordement au trépan (30), caractérisé en
ce que le corps allongé est un corps de matrice
allongé (41 ; 141 ; 241) comprenant une pluralité
de couches superposées (51, 52, 53 ; 1561, 152,
153 ; 251, 252, 253) de fibres orientées fixées a
I'intérieur, et dans lequelles les fibres sont orien-
tées al'intérieur du corps de matrice allongé pour
doter ce corps (41 ; 141 ; 241) d’une grande ré-
sistance a la torsion et d’'une grande rigidité en
torsion tout en autorisant une souplesse de
flexion, et dans lesquelles en outre au moins
I'une de ces couches (51, 52, 53 ; 151, 1562, 153 ;
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251, 252, 253) comprend des fibres orientées en
une structure entrecroisée.

Arbre de torsion pour moteur hydraulique de fond
de trou (41 ; 141 ; 241) selon la revendication 1,
dans lequel au moins quelques-unes de ces cou-
ches de fibres (51, 52, 63 ; 151, 152, 153 ; 251,
252, 253) ont une orientation prédéterminée
comprise entre 30 et 60 degrés par rapport a un
axe longitudinal (45 ; 145 ; 245) du corps allongé
(41 ; 141 ; 241) et au moins une portion impor-
tante des couches mentionnées juste ci-dessus
(51, 52, 53 ; 151, 152, 153 ; 251, 252, 253)
comprend des fibres supplémentaires qui sont
orientées a un angle commun (-6) de I'angle pré-
déterminé (0) par rapport a I'axe longitudinal
(45 ; 145 ; 245) de telle sorte que ces couches de
fibres (51, 52, 53 ; 151, 152, 153 ; 251, 252, 253)
ont des fibres disposées en diagonale.

Arbre de torsion pour moteur hydraulique de fond
de trou (41 ; 141 ; 241) selon les revendications
1 ou 2, dans lequel au moins I'une des couches
(51, 52 53 ; 151, 152, 153 ; 251, 252, 253)
comprend des fibres orientées a environ 90 de-
grés par rapport a un axe longitudinal (45 ; 145 ;
245) du corps allongé (41 ; 141 ; 241).

Arbre de torsion pour moteur hydraulique de fond
de trou (41 ; 141 ; 241) selon I'une quelconque
des revendications précédentes, dans lequel les
fibres dans au moins I'une des couches (51, 52,
53 ; 151, 152, 153 ; 251, 252, 253) sont fixées
dans un liant de matrice comprenant une résine
thermodurcie ou thermoplastique.

Arbre de torsion pour moteur hydraulique de fond
de trou (41 ; 141 ; 241) selon I'une quelconque
des revendications précédentes, dans lequel les
fibres dans au moins I'une des couches (51, 52,
53 ; 151, 152, 153 ; 251, 252, 253) sont fixées
dans un liant de matrice comprenant un métal.

Arbre de torsion pour moteur hydraulique de fond
de trou (41 ; 141 ; 241) selon I'une quelconque
des revendications précédentes, dans lequel les
fibres sont réalisées en carbure de silicium ou en
bore.

Arbre de torsion pour moteur hdyraulique de fond
de trou (41 ; 141 ; 241) selon I'une quelconque
des revendications précédentes, dans lequel le
corps allongé (41 ; 141 ; 241) recouvre une enve-
loppe métallique allongée (54, 154).

Arbre de torsion pour moteur hydraulique de fond
de trou (41 ; 141 ; 241) selon I'une quelconque
des revendications précédentes, dans lequel le
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corps allongé (41 ; 141 ; 241) comprend un tube
cylindrique creux allongé.

Arbre de torsion pour moteur hydraulique de fond
de trou (41 ; 141 ; 241) selon I'une quelconque
des revendications précédentes, comprenant en
outre une pluralité de tiges composites allongées
généralement paralléles (258) s’étendant géné-
ralement longitudinalement a travers le corps al-
longé (41 ; 141 ; 241).

10. Arbre de torsion pour moteur hydraulique de fond

de trou (41 ; 141 ; 241) selon I'une quelconque
des revendications précédentes, comprenant en
outre une couche extérieure (55 ; 155 ; 255)
superposée et liée a la face extérieure du corps
allongé (41 ; 141 ; 241) pour protéger le corps
(41; 141 ; 241) contre 'usure et I'abrasion.
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