CA 2181177 C 2005/11/29

Office de la Proprieté Canadian
Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 1 81 1 77
Findustrie Canada Industry Canada 12 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 1995/01/13 (51) CL.Int.%/Int.C1.° E21B 4/02, FO4C 2/356, FO4C 2/344

(87) Date publication PCT/PCT Publication Date: 1995/0/7/20 | (72) Inventeurs/Inventors:
HARRIS, GARY LAWRENCE, US;

(45) Date de délivrance/lssue Date: 2005/11/29 SUSMAN, HECTOR DRENTHAM. GB

(85) Entréee phase nationale/National Entry: 1996/07/12 e
(73) Proprietaires/Owners:
(86) N° demande PCT/PCT Application No.: GB 1995/000069 HARRIS, GARY LAWRENCE, US;

(87) N° publication PCT/PCT Publication No.: 1995/019488 SUSMAN, HECTOR DRENTHAM, GB
(30) Priorité/Priority: 1994/01/13 (08/181,693) US (74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : MOTEUR DE FOND POUR APPAREIL DE FORAGE
(54) Title: DOWNHOLE MOTOR FOR A DRILLING APPARATUS

R il ey
N
&l e 7 B
\ 20 I'%]l‘ Qi .
/I Y I 5o
g A6 I;i 4 1|
i £ |;_-¢ il
4 Iy 4 /1 llggg E‘i A
1A | R T
s 1 VAT
e I o2
2679 B 2L ghdl!

0 N WA _r] DIBF 58
e | e
N\ N T Lla-s:
LINP i;{i v | ILES
B S 28 i ;" 51
N 1] L
KN ¥y LS
AT | e
A :ja\ JIE A izi\ZJ‘ lﬁ:?'! b
NS ST
NNHD | e ]

n NN =S

; | § [

[ NEN]|:E , -
g | Il gt
351 i-?'ifi'

-
ol s 18
3THIH K 481

Mg %Iy

N IR

[ Y

AR

(57) Abrégée/Abstract:
A drilling motor (20) comprises a stator (21) and a rotor (23) rotatably mounted in a stator (21). The stator (21) is provided with two

opposed rod recesses (/5) and two opposed exhaust ports (33). In use motive fluid Is pumped through a central channel (27) In
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(57) Abrege(suite)/Abstract(continued):

the rotor (23) and through a plurality of radially extending channels (58) into action chambers (31) between the rotor (23) and the
stator (21). The rotor (23) has two opposed seals (76) which engage the stator (21) and the rod recesses (/5) are each provided
with rods (71) which, In use, also form a seal between the stator (21) and the rotor (23). The seals (/6) and rods (/1) can be made
of a variety of materials including stainless steel. Two drilling motors (20, 50) can be arranged In parallel with their rotors out of
phase to provide a relatively smooth power output and inhibit stalling.
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(54) Title: DOWNHOLE MOTOR FOR A DRILLING APPARATUS

(57) Abstract

- A drilling motor (20) comprises a stator (21) and a rotor (23) rotatably mounted in a stator
(21). The stator (21) is provided with two opposed rod recesses (75) and two opposed exhaust ports
(33). In use motive fluid is pumped through a central chanrel (27) in the rotor (23) and through a
plurality of radially extending channels (58) into action chambers (31) between the rotor (23) and
the stator (21). The rotor (23) has two opposed seals (76) which engage the stator (21) and the rod
recesses (75) are each provided with rods (71) which, in use, also form a seal between the sta

(21) and the rotor (23). The seals (76) and rods (71) can be made of a variety of materials including
stainless steel. Two drilling motors (20, 50) can be arranged in paralle] with their rotors out of phase

to provide a relatively smooth power output and inhibit stalling,
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Downhole motor for a drilling apparatus

This invention relates +to a drilling motor, to a
drilling apparatus including said drilling motor and to
a drilling rig including said drilling apparatus.

Traditionally, well bores are drilled by rotating a
drill string with a moter situated at the surface.
Whilst this technique is quite satisfactory for drilling
vertical bores it i1s not suitable for deviated drilling
where it may be desired to drill a near horizontal
branch bore from a vertical bore. For this purpose it
is usual to employ a drilling motor which is disposed
near the drill bit and is powered by pumping hydraulic
Or pneumatic fluid from the surface to the drilling
motor. '

At the present time "Moineau" motors are used for
this purpose.

One of the difficulties with using such drilling
motors is that they do not operate reliably at tempera-
tures above about 120°C (250°F) and are thus not suit-
able for use in drilling most geothermal wells and other
wells where.\ the ambient <temperature exceeds 120°C.
Attempts have been made to replace parts of Moineau
motors with materials which will withstand higher tem-
peratures. However, these attempts have not been en-
tirely successfull.

The aim of at least preferred embodiments of the
present invention is to provide a drilling motor which
is relatively reliable particularly, but not exclusive-
ly, when operating at temperatures in excess of 120°C.

According to one aspect of the present invention
there is provided a drilling motor which comprises a
stator and a rotor rotatably mounted in said stator,
wherein said stator ig provided with a rod recess and an

exhaust port, wherein saig rotor is provided with a
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rotor channel and at least one channel for conducting
motive fluid from said rotor channel to a chamber be-
tween said rotor and said stator, and wherein said rod
recess 1s provided with a rod which, in use, forms a
seal between said stator and said rotor.

Although not essential it is highly desirable that
the rotor be provided with a seal for engagement with
the stator.

Preferably, said seal is made from a material
selected from the group consisting of plastics mater-
ials, polyethylethylketone, metal, copper .alloys and
stainless steel.

Advantageously, said rod is made from a material

ials, polyethylethylketone, metal, copper alloys and
stainless steel.

Preferably, said stator is provided with two rod

each of said rod recesses is provided with a respective
rod, and said rotor has two seals which are disposed
opposite one another.

According to another aspect, the present invention

Preferably, said drilling motors are connected in
parallel although they could be connected in series 1if
desired.

Advantageously, said drilling motors are arranged
so that, in use, one drilling motor operates out of
phase with the other. Thus, in the preferred embodiment
each drilling motor has two chambers and the chambers in
the first drilling motor -are 90° out of phase with the
chambers in the second drilling motor. Similarly, in an
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bers, the Chambers in the first drilling motor would

rotatable by sgaid drilling apparatus.

The well tool will normally be a driil bit although
1t could comprise, for example, a rotatable cleaning
head. The well tool could also be a8 drill used to dig a
Pilt (sometimes referred to as g "glory hole") in the sea
bed to house Sub-sea well head equipment.
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For a better understanding of the present invention

reference will now be made, by way of example, to the
accompanying drawings in which:- |
Fig. 1 is a longitudinal cross sectional view of

5 one embodiment of drilling apparatus according to the'

present invention; I

Fig. 2A-2D are cross sectional views along line A-A

of Fig. 1 showing the rotor in four different positions; |

Fig. 3A-3D are cross sectional views along line B-B

10 of Fig. 1 showing the rotor in four different positions;:

and

Fig. 4 is a cross sectional view of a typical;
bearing housing and drill bit. - -
Referring now to Fig. 1, there is shown a drilling
15 apparatus which is generally identified by reference!
numeral 10. The drilling apparatus 10 comprises a first:
motor 20 and a second motor 50.
The first motor 20 comprises a stator 21 and a
rotar 23. A top portion 22 of the rotor 23 extends
20 through an upper bearing assembly 24 which comprises a
thrust bearing 26 and seals 25. |
Motive fluid, e.g. water, drilling mud or gas under
pressure, flows down through a central sub channel 12
into a central rotor channel 27, and then out through
25 rotor flow channels 28 into action chambers 31 and 32.
Following a motor power stroke, the motive fluid
flows through exhaust ports 33, and then downwardly:
through an annular channel circumjacent the stator 21?
and flow channels 35 in a lower bearing assembly 34. A,
30 portion 36 of the rotor 23 extends through the lowerf
bearing assembly 34 which comprises a thrust bearing 37;
and seals 38. |
The ends of the stator 21 are castellated and the
castellations engage in recesses in the respective upper;
35 bearing assembly 24 and lower bearing assembly 34
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respectively to inhibit rotation of the stator 21.. The
upper bearing assembly 24 and lower bearing assembly 34
are a tight fit in an outer tubular member 14 and are
held against rotation by compression between threaded
sleeves 16 and 84. |

A splined union 39 joins a splined end of the rotor
23 to a splined end of the rotor 53 of the second motor
50. The second motor 50 has a stator 51.

A top portion 52 of the rotor 53 extends through an
upper bearing assembly 54. Seals 55 are disposed be-
tween the upper bearing assembly 54 and the exterior of
the top portion 52 of the rotor 53. The rotor 53 moves

on thrust bearings 56 with respect to the upper bearing
assembly 54.

from the central roter channel 27 and then out through
rotor flow channels 58 into action chambers 61 and 62.
Following a motor power 8troke, the motive fluig flows
through exhaust ports §3 and then downwardly through an
annular channel Circumjacent the stator 51 and flow
channels 65 in a lower bearing assembly 64. A portion
66 of the rotor 53 extends through the lower bearing
asgsembly 64. The rotor 53 moves on thrust bearings 67
with respect to the lower bearing assembly 64 and seals
68 seal the rotor-bearing assembly interface. Also
motive fluid which flowed through the flow channels 35
in the lower bearing assembly 34, flows downwardly

’

past stator 51 and through flow channels &5 in the lower
bearing assembly 64.

assembly 64 are a tight fit in an outer Ttubular member
18 and are held against rotation by compression between
threaded sleeve 84 and @ lower threaded sleeve (not
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A lower sub is threadedly connected to the statoﬁ

91 wvia threads 70 and provides interconnection with a
drill bit connection/bearing housing S (Fig. 4) and a
typical drill bit D (Fig. 4). A solid plug or a flow

D restrictor 78 at the bottom of the rotor 53 may be used
to restrict motive fluid flow to the drill bit D and to

ensure that a desired amount of motive fluid passes
through the motors.

Figs. Z2A-2D and 3A-3D depict a typical cycle fof

10 the first and second motors 20 and 50 and show the
status of the two motors with respect to each other af
various times in the cycle. For example, Fig. 2c shows

an exhaust period for the first motor 20 while Fig. 39J

at that same moment, shows a power period for the second
15 motor 50.

As shown in Filg. 2A, motive fluid flowing througﬂ

the rotor flow channels 28 enters the action chambers 31

and 32. Due to the geometry of the chambers (as discus{

sed below) and the resultant forces, the motive fluiq

20 moves the rotor in a clockwise direction as seen in Fig.

2B. The action chamber 31 is sealed at one end by a

rolling vane rod 71 which abuts an exterior surface 72

of the rotor 23 and a portion 74 of a rod recess 75. |

At the other end of the action chamber 31, a seal

25 76 on a lobe 77 of the rotor 23 sealingly abuts ani
interior surface of the stator 21.

As shown in Fig.. 2B, the rotor 23 has moved to i
point near the end of a power period. '

As shown in Fig. 2C, motive fluid starts exhausting

30 at this point in the motor cycle through the exhaust
ports 33.

As shown in Fig. 2D, the rolling vane rods 71 and
seals 76 have sealed off the action chambers and motive
fluids flowing thereinto will rotate the rotor 23 until

35 the seals 76 again move past the exhaust ports 33.
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The second motor 50 Operates as does the first
motor 20; but, as preferred, and as shown in Figs. 3A-
3D, the two motors are out of phase by 90° so that as
one motor is exhausting motive fluid the other is provi -
ding power.

The seals 76 are, in one embodiment, made of poly-~
ethylethylketone (PEEK). The rolling vane rods 71 are
also made from PEEK. The rotors (23, 25) and stators
(21, 51) are preferably made from Corrosion resistant
materials such as stainless Steel.

When a seal 76 in the first motor 20 rotates past
an exhaust port 33, the motive fluid that caused the
turning exits and flows downward through the stator
adaptor 84 (Fig. 1), then through the channels 79, past
the exhaust ports 63, the flow channels 65, the bearing
housing S (Fig. 4) and Subsequently to the drill bit D
(Fig. 4). All motive fluid that enters the top sub 11
finally exits to the drill bit D.

During tests, an apparatus similar to the apparatus
shown in Fig. 1 was shown to develop the same rotational
power as a conventional Moineau motor of approximately
three times the length. This is a most significant
advantage when operating in a deviated well.

The apparatus of Fig. 1 may be used a@s a pump by

Various modifications +o the embodiment described
are envisaged, for example the seal 76 can be made of
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such as stainless steel. Stainless steel is particular-,
ly useful in high temperature environments and has been.
successfully tested at 500°F (260°C). This comparesi
with a maximum operating temperature of 250°F (121°C) of .
conventional Moineau motors. Whereas the first motor 20;

and second motor 50 are shown operating in parallel they
could also be operated in series if desired.




CA 02181177 2004-10-15

Claims

1. A drilling motor which comprises a stator and a
rotor rotatably mounted in said stator, wherein said
stator is provided with a rod recess and an exhaust port,
wherein said rotor is provided with a rotor channel and
at least one channel for conducting motive fluid from
said rotor channel to a chamber between said rotor and
said stator, and wherein said rod recess is provided with
a rod which, in use, forms a seal between said stator and
sald rotor.

2. A drilling motor as claimed in Claim 1, wherein said
rotor 1is provided with a seal for engagement with the
stator.

3. A drilling motor as claimed in Claim 1 or 2, wherein
said seal is made from a material selected from the group
consisting of plastics materials, polyethylethylketone,
metal, copper alloys and stainless steel.
4 . A drilling motor as claimed in Claim 1, 2 or 3,
wherein sald rod 1s made from a material selected from
the group consisting plastics materials,
polyethylethylketone, metal, copper alloys and stainless
steel.

5. A drilling motor as c¢laimed in Claim 1, 2, 3, or 4,
wherein sald stator is provided with a second rod recess,
each o0f said rod recesses being disposed opposite one
another, a second exhaust port, each of said exhaust
ports being disposed opposite one another, each of said
rod recesses being provided with a respective rod, and
wherein said motor 1is provided with a first seal and a

second seal which are disposed opposite one another.
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6. A drilling apparatus comprising two drilling motors
as claimed in any one of the preceding Claims, arranged
with their respective rotors connected together.

7. A drilling apparatus as claimed in Claim 6, wherein
said drilling motors are connected in parallel.

8. A drilling apparatus as claimed in Claim 6, wherein
said drilling motors are connected in series.

9. A drilling apparatus as claimed in Claim 6, 7 or 8,
wherein said drilling motors are arranged so that, in
use, one drilling motor operates out of phase with the
other.

10. A drilling apparatus as claimed 1in claim 9 wherein
said drilling motors each have two chambers, said two
chambers of the first drilling motor being arranged so as
to be 90° out of phase with the two chambers of the
second drilling motor.

11. A drilling rig comprising a drill string
incorporating a drilling apparatus as claimed in Claim 6,
7, 8 or 9 and a well tool rotatable by said drilling
apparatus.

12. A drilling rig as claimed in Claim 11, wherein said
well tool is a drill bit.

13. A pump comprising the motor of claim 1.
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