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(54) Title: LONG GAUGE ROLLER VANE DRILLING MOTOR

(57) Abstract: A single-jacket roller vane drilling motor for
downhole deviated and horizontal drilling has its jacket (9)
provided at its circumgerence with one or more curved members
(10) in such a way that a new, larger circular outside surface
(11) is created with a diameter approximately equal to that
of the drill bit below, and whereby one or more longitudinal
recesses (7°) are created for passage of the drilling fluid back
to the surface. The curved members (10) may start below the
lower end of the motor or at its lower end and may or may not
extend to its upper end.
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LONG GAUGE ROLLER VANE DRILLING MOTCR

The invention relates to a drilling motor and a system and method

for drilling curved boreholes.

To drill curved boreholes, it is known to use a system as shown in fig. 1
of the drawing. A downhole drilling motor 1 is connected at its lower end
to a drill bit 2 and at its upper end by means of a bent sub 3 with
bend angle & to non-rotating drillpipe 4. Drilling fluid is pumped
down the drillpipe &4 to drive the drilling motor 1 that rotates the
drill bit 2. The drilling fluid passes throughthedrillbit 2tocool
and lubricate it and to carry the drill cuttings to the surface
through the annular space between the drillpipe 4 and the borehole
wall 5. The curvature of the borehole is obtained with the bent sub

3, that causes the drillpipe 4 not only tc exert a longitudinal

force on the drill bit 2, but also a sideways force. To obtain a
curvature in the desired direction at the start of the curved bore-
hole section, the bent sub 3 must be orientated in the desired
direction.

Conventionally, the downhcle drilling moter 1 is a positive displace-
ment motor (PDM) based on the moineau principle: A rotor with a single
external helix rotates inside a stator containirg an internal double
elastomeric helix. This arrangement creates a series of cavities.

When drilling fluid is pumped down the space between rotor and stator,
these cavities progress downward, turning the ro=or.

A problem with this system of curved drilling is that, when using the
rather long downhole drilling motors of the moinzau type, the curved
section is somewhat spiral-shaped, which slows down the drilling pro-
cess. To solve this problem, attempts have been rade to stabilize the
drill bit by placing a long gauge sub between ths drill bit and the
drilling motor, or by using long gauge grill bizs. Both methods
failed, because it proved impossible to start or retain a borehole of
the desired curvature under these circumstances.

The problem of borehole spiraling in curved boreioles can be eliminated

or minimized by using systems as shown in fig. 2 of the drawing. A shorter
downhole positive displacement drilling motor 1' is directly attached to
a long gauge bit 2' (fig. 2a) or is attached to a short gauge bit 2

by means of a long gauge sub 6, at its circumference equipped with
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one or more longitudinal recesses 7 for passage of the return drilling
fluid back to the surface (fig. 2b). These short downhole positive
displacement drilling motors are preferably of the roller vane type with

single jacket, with all the drilling fluid passing inside this jacket

5 to the drill bit, as described in WO 99/20904 (PCT/NL 98/00598), which
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give a similar performance as the much longer moineau drilling motors.
As a result, a curved borehole can be drilled with the same radius of
curvature with a much smaller bend angle in the bent sub 3. In that
way, the problem of too much sideways force on the drill bit is elimi-
nated and little or no spiraling occurs in the curved borehole section.
The present invention provides an adapted even shorter downhole positive
displacement roller vane drilling motor with single jacket for drilling
borehole sections of the same radius of curvature with a smaller bend
angle in the bent sub above the motor, or for drilling borehole sections
of smaller radius of curvature with the same bend angle in the bent sub
above the motor. To this end, the motor is adapted to take over the
stabilizing function of the long gauge bit or the long gauge sub shown
in fig. 2. |

The present invention will be elucidated below in more detail with

reference to the drawing, showing in:

fig. 3 transverse sectional views from above of embodiments of a

short downhole positive displacement drilling motor of the present
invention; .

fig. 4 systems for drilling curved borehole sections in which short
downhole drilling motors of the present invention are used;

fig. 5 longitudinal cross sections of embodiments of a short down-

hole positive displacement drilling motor of the present invention.
Referring to fig. 3a, a single-jacket roller vane drilling motor as
described in WO 99/20904 (PCT/NL 98/00598) has its jacket 9 provided at

its circumference with one or more curved members 10 in such a way

that a new, larger circular outside surface 11 is created with a
diameter approximately equal to that of the drill bit 2 below, and where-
by one or more longitudinal recesses 7' are created for passage of the
drilling fluid back to the surface. The curved members 10 may start
below the lower end of the motor or at its lower end and may or may

not extend to its upper end. If the curved members 10 start below the
lower end of the motor, the jacket 9 of the motor, and therefore the

recesses /', mayv also be extended below the lower end of the motor.
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In the embodiment shown in fig. 3b, the recesses 7' are created in the
motor jacket 9 itself, this jacket being of increased thickness. Here
also, the increased thickness with recesses 7' may start at or below

the lower end of the motor and may or may not extend to its upper end.
In the embodiment shown in fig. 3c, the wing deflector cams 12 of the

motor are part of the motor jacket 9 and the recesses 7' are created in
the motor jacket 9, opposite these wing deflector cams 12. In this em-
bodiment, the recesses 7' must run the length of the motor, so that the
motor jacket 9 above and below the wing deflector cams 12 must have an
internal diameter approximately equal to that of the wing deflector
cams 12,

Fig. 4 shows three échematic longitudinal side views of systems for dril-

ling curved borehole sections in which motors of the present invention
are used.

In fig. 4a a short downhole drilling motor 1" of the present invention is
attached at its lower end to a drill bit 2 and at its upper end to a bent
sub 3 and further to non-rotating drillpipe 4. The long gauge part of the
motor with recesses 7' for the drilling fluid runs the full length of the
motor.

In fig. 4b a short downhole drilling motor 1" of the present invention is
attached at its lower end to a drill bit 2 and at its upper end to a bent
sub 3 and further to non-rotating drillpipe 4. The long gauge part of the
motor with recesses 7' for the drilling fluid extends only partly up the

motor.
In fig. 4c a short downhole drilling motor 1" of the present invention is

attached at its lower end to a drill bit 2 and at its upper end to a bent
sub 3 and further to non-rotating drillpipe 4. The long gauge part of the
motor is extended below the motor body to near the cutting edge of the
drill bit 2 by extending the curved members 10. This improves the stabi-
lizing effect of the motor-bit combination.

Fig. 4 also illustrates that the s&stem from bit bottom to the bent sub
above the short downhole drilling motor according to the present invention
is much shorter than known stabilized systems shown in fig. 2. Firstly,
(part of) the motor takes over the stabilizing function of the long gauge
section of the drill bit or the long gauge sub. Secondly, the long gauge
motor, in particular the embodiment shown in fig. 3¢, has a substantially
larger inside diameter. As a result, for the same power input and output,

it is significantly shorter.
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A further reduction in the length of the motor-bit combination is
possible by eliminating the open space between the cutting edge of
the drill bit and the motor. This can be achieved by incorporating
the drive sub of the drill bit in the lower part of the motor as
shown in fig. 5.

Fig. 5a shows a longitudinal section of the lower part of a short
roller vane drilling motor with single jacket 9 and curved members
10 outside the lower part of the motor, according to the present
invention. The rotor shaft 13 passes through the sealing member 14,
and the drive sub 15 for attaching the drill bit 2 is attached to
the rotor shaft 13 below the sealing member 14.

In fig. 5b the drive sub 15 is attached to the rotor shaft 13 below
the lower bearing housing 16 of the motor, the drive sub 15 and the
sealing member 1& forming one unit.

The drilling motors according to the present invention may not only

be used for deviated drilling but also for horizontal drilling and
for coring purposes. The invention'includes therefore within its
scope systems for drilling and coring deviated and horizontal bore—
hole sections in which drilling motors of the present invention

are used, as well as methods for drilling and coring deviated and
horizontal borehole sections using a drilling motor of the present

invention.
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CLAIMS

1. Roller vane motor for downhole drilling with single jacket
(9) and with all the drilling fluid passing inside this jacket (9)
to the drill bit (2),

characterized in that its circumference is over its full length

5 provided with one or more outwardly projecting curved members (10)
in such a way that a new circular outside surface (11) is created,
with a diameter approximately equal to that of the drill bit (2)
below, in addition to one or more longitudinal recesses (7') for

passage of the return drilling fluid.

10 2. Roller vane motor for downhole drilling with single jacket
(9) and with all the drilling fluid passing inside this jacket (9)
to the drill bit (2),

characterized in that the jacket thickness of the motor has been

increased over the full motor length to an outside diameter approx-
15 imately equal to that of the drill bit (2) below, the jacket (9)
being provided at its outer surface (11) with one or more longitudi-

nal recesses (7') for passage of the return drilling fluid.

3. Roller vane motor as claimed in claims 1 and 2, characterized

in that the additional width of the motor occupies only part of the

20 length of the motor.

4. Roller vane motor as claimed in claims 1 to 3, characterized

in that the additional width of the motor extends below the length

of the motor.

5. Roller vane motor for downhole drilling with single jacket
25 (9) and with all the drilling fluid passing inside this jacket (9)
to the drill bit (2),

characterized in that the wing deflector cams (12) form part of the

jacket (9) of the motor, that the outer surface (11) of the jacket
(9) has a diameter approximately equal to that of the drill bit (2)
30 below, and that a longitudinal recess (7') is provided at the outer
surface (11) of the jacket (9) of the motor opposite one or more of
the wing deflector cams (12), the recesses (7') running the length
of the motor, the jacket (9) above and below the wing deflector cams
(12) having an internal diameter approximately equal to that of the

35 wing deflector cams (12).
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6. Roller vane motor as claimed in claims 1 to 5, characterized

in that the drive sub (15) for driving the drill bit (2) that is

attached to the lower part of the rotor shaft (13) is incorporated
into the sealing member (14) that separates the downgoing drilling
fluid inside the motor from the return drilling fluid in the annular

space outside the motor.

7. System for drilling and coring curved and horizontal bore-
hole sections using a roller vane drilling motor as described in
any one of claims 1 to 6, at its lower end attached to a drill bit

(2) and at its upper end to a bent sub (3) and non-rotating drill-
pipe (4).
8. Method for drilling and coring curved and horizontal bore-

hole sections, using a roller vane drilling motor in a system as

described in claim 7.



PCT/NL00/00010

WO 01/49964

/3

1

~T

NN IIPINY

VI,

—_—

-

=\
) WA, WO

3

A

e
IX ST \»Aﬂ

\O ~

e

(o]

N \\\\\\\\\\/\\\\\

—_—- 1)\'.\'.;.’

(e

TV \\\\\\\

M\\M\

7

o~

- l./\\\\\\\\\\\\\\\\\\\\\\

TG US— S

|

SIS ST T T77 7777,

\\\\

Prioer art Prior art

Prior art

Fig.



PCT/NL00/00010

WO 01/49964

~ = - N
™ [Ta) . H_/ ..mlu.?.

Ars o VA,

D
= o
7 Yy
li /
/
7777 ST /
. E\\\\.\\\\\\\\
T ——HT ;
—F 5
v 7 S— \\\J\
| VAR
5]
(s8]
h

Fig. 4c¢

Fig. 4b

Fig. 4a

Fig. 3c



PCT/NL00/00010

WO 01/49964

3/3

\

\o
- A >
m (77777772 20 >

O [))
—

13
10
15

14

\\ :.\ \.

N
5§

AN N AN

:,_.._

L, Ll 727 7 7T 7

NNASAANA R RN

AN

Fig. 5b

Fig. 5a



INTERNATIONAL SEARCH REPORT

Inter nal Application No

PCT/NL 00/00010

A._CLASSIFICATION OF SUBJECT MATTER
IPC 7 E21B4/02 E21B17/10

According to Intemationai Patent Classification (IPC) or to both nationai classification and iPC

B. FIELDS SEARCHED

IPC 7 E21B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fieilds searched

EPO-Internal

Electronic data base consulted during the intemational search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ©

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

11 August 1993 (1993-08-11)
column 1, line 5 - Tline 11

column 1, Tine 51 - line 55
column 3, line 25 - line 28

column 3, line 32 - line 48

5 September 1989 (1989-09-05)
column 5, Tine 23 - line 43

15 May 1991 (1991-05-15)
column 1, line 5 - line 34

A EP 0 554 977 A (NEYRFOR WEIR LTD) 1-8

A US 5 853 053 A (DOWNIE ANDREW MCPHERSON 1-8
ET AL) 29 December 1998 (1998-12-29)

A US 4 862 974 A (WARREN TOMMY M ET AL) 1-8

A EP 0 427 437 A (BOTTOM HOLE TECH) 1-8

-)—

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

"A* document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the intemational
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0O* document referring to an oral disclosure, use, exhibition or
other means

“P" document published prior to the intemational filing date but
tater than the priority date claimed

‘T" later document published after the intemational filing date
or priority date and not in conflict with the application but
cited to understand the principie or theory underying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

“Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the intemational search

21 August 2000

Date of mailing of the intemational search report

28/08/2000

Name and mailing address of the ISA
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 eponl,
Fax: (+31~70) 340-3016

Authorized officer

Garrido Garcia, M

Form PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Inter nal Application No

PCT/NL 00/00010

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to ctaim No.

A

WO 99 20904 A (GRUPPING ARNOLD W)
29 April 1999 (1999-04-29)

cited in the application

the whole document

1-8

Form PCT/ISA/210 (continuation of second sheet) (July $1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

«formation on patent famlly members

Inten

‘nal Application No

PCT/NL 00/00010

Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 0554977 A 11-08-1993 DE 69304560 D 17-10-1996
DK 554977 T 10-02-1997
NO 930308 A 02-08-1993
us 5513714 A 07-05-1996

US 5853053 A 29-12-1998 DE 69509644 D 17-06-1999
EP 0752046 A 08-01-1997
WO 9525872 A 28-09-1995
NO 963961 A 20-09-1996

US 4862974 A 05-09-1989 NONE

EP 0427437 A 15-05-1991 DE 69019302 D 14-06-1995
NO 904775 A 06-05-1991
Us 5105890 A 21-04-1992

W0 9920904 A 29-04-1999 NL 1007327 C 23-04-1999
NL 1007405 C 23-04-1999
NL 1007613 C 23-04-1999
AU 9765798 A 10-05-1999
EP 1025362 A 09-08-2000
NO 20001918 A 21-06-2000

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

