WO 20087106022 A1 |00 00 00O 0 0O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization ‘, | [.

) IO O O O O

International Bureau

(43) International Publication Date
4 September 2008 (04.09.2008)

(10) International Publication Number

WO 2008/106022 Al

(51) International Patent Classification:
E21B 10/00 (2006.01) E21B 47/01 (2006.01)

(21) International Application Number:
PCT/US2008/002078

(22) International Filing Date:
15 February 2008 (15.02.2008)

English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
11/708,147 16 February 2007 (16.02.2007) US

(71) Applicant (for all designated States except US): BAKER
HUGHES INCORPORATED [US/US]; P.O. Box 4740,
Houston, TX 77210-4740 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): PASTUSEK, Paul,
E. [US/US]; 10 Candle Pine Place, The Woodlands, TX
77381 (US). SULLIVAN, Eric, C. [US/US]; 10714 Sage
Canyon, Houston, TX 77089 (US). PRITCHARD, Daryl,
L. [US/US]; 29121 Driftwood Lane, Shenandoah, TX

(74)

(81)

(34)

77381 (US). GLASGOW, Keith [US/US]; 14285 Brunt
Mills, Willis, TX 77318 (US). TRINH, Tu, Tien [US/US];
11907 Nendon, Houston, TX 77072 (US). LUTES, Paul,
J. [US/US]; 6 Shiny Pebble Place, The Woodlands, TX
77381 (US).

Agents: WELBORN, Brian, S. et al.; Baker Hughes In-
corporated, P.O. Box 4740, Houston, TX 77210-4740 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7M, 7ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

[Continued on next page]

(54) Title: METHOD AND APPARATUS FOR COLLECTING DRILL BIT PERFORMANCE DATA

300

340A 340Mm ;OT
A " M. s| | Temperature
316 — d:l\v.?w
314—_| [~—326 [j/afs
310 74
3 / 330
Power - < -> M y
Supply Fr
320"
37: Communication|—" %%
Port
. A A
P Optional Optional ' H
o S ™ 360 1 1
Sensor Sensors Receiver k :X
/ J r'y H 352 354
1 1
370 340 i 1 i
1 H A 4
362—"} i MWD
i \  |communication
i H System
1
[
Optional E ! k146
Remote
sa0—"| Sensors ; ;\355
Remote
Ve Processing
390 System
FIG. 6

(57) Abstract: Drill bits and methods for sampling
sensor data associated with the state of a drill bit are
disclosed. A drill bit (200) for drilling a subterranean
formation comprises a bit body (240) and a shank
(210). The shank further includes a central bore
(280) formed through an inside diameter of the
shank and configured for receiving a data analysis
module (290). The data analysis module comprises a
plurality of sensors, a memory, and a processor (300).
The processor is configured for executing computer
instructions to collect the sensor data by sampling
the plurality of sensors, analyze the sensor data to
develop a severity index, compare the sensor data
to at least one adaptive threshold, and modify a data
sampling mode responsive to the comparison. A
method comprises collecting sensor data by sampling
a plurality of physical parameters associated with a
drill bit state while in various sampling modes and
transitioning between those sampling modes.
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AMENDED CLAIMS
received by the International Bureau on 02 September 2008 (02.09.09)

What is claimed is:

1. A drill bit for drilling a subterranean formation, comprising:
a bit body bearing at least one cutting element;
a shank including a central bore formed therethrough, the shank secured to the bit body
and adapted for coupling to a drillstring;
an end-cap configured for disposition in the central bore and forming an annular
chamber in the shank between the central bore and a sidewall of the end-cap;
at least one sensor disposed in the drill bit and configured for developing sensor data by
sensing at least one physical parameter; and
a data analysis module disposed in the annular chamber and comprising:
a memory; and
a processor operably coﬁpled to the memory and the at least one sensor, the
processor configured for executing computer instructions, wherein the
computer instructions are configured for:
collecting the sensor data by sampling the at least one sensor; and
determining at least one state of the drill bit responsive to the sensor
data.

2. ‘The drill bit of claim 1, wherein the at least one sensor comprises a

pressure activated switch, comprising:

a fixed member disposed in a recess of the bit body and configured to be held in
a fixed position during a change in a pressure substantially near the bit
body; '

a displacement member disposed in the recess and configured to be displaced
within the recess in response to the change in the pressure substantially
near the bit body; and

a deformable member disposed between the fixed member and the displacement
member and configured to deform in response to the change in the
pressure substantially near the bit body such that the displacement

member is displaced relative to the fixed member;
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wherein the pressure activated switch is configured to generate a pressure signal

responsive to the change in the pressure.

3. The drill bit of claim 2, wherein the deformable member comprises a
device selected from the group consisting of a piezoelectric device configured to
modify the pressure signal responsive to the change in the pressure and an O-ring with

a durometer selected for a predetermined deformation at a predetermined pressure.

4, The drill bit of claim 2, wherein the pressure activated switch is
configured for maintaining a high-pressure seal and a watertight seal to protect at

elements of the pressure activated switch and the data analysis module.

5. The drill bit of claim 1 or 2, wherein the at least one sensor comprises a load
cell affixed in a load cell chamber within the bit body wherein the load cell chamber is
in communication with the chamber, the load cell comprising:
a first attachment section configured for attachment to the load cell chamber;
a second attachment section configured for attachment to the load cell chamber;
a stress section disposed between the first attachment section and the second
attachment section and configured with at least one surface for receiving
at least one strain gauge;
at least one strain gauge affixed to the at least one surface; and
conductors operably coupled to the strain gauge and configured to pass through

the load cell chamber and into the chamber.

6. The drill bit of claim 5, wherein the at least one strain gauge is
configured for sensing at least one drill bit parameter selected from the group
consisting of stress on the bit, weight on bit, longitudinal stress on the bit, longitudinal
strain exhibited by the bit, torsional stress on the bit, and torsional strain exhibited by
the bit.

7. The drill bit of claim 1 or 2, further comprising:
a power supply coupled to the data analysis module; and

a power gating module coupled to the power supply and the at least one sensor;
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wherein the power gating module is configured for operably coupling the power supply
to the data analysis module when the at least one state reaches a predetermined
threshold.

8. The drill bit of claim 7, wherein:

the at least one sensor is selected from the group consisting of a temperature sensor
configured for sensing a temperature of the drill bit and a pressure activated
switch; and

the at least one state is selected from the group consisting of a predetermined

temperature and a predetermined pressure.

9. The drill bit of claim 1 or 2, wherein the determining at least one state of
the drill bit comprises determining a remaining battery life estimate responsive to
computer instructions configured for determining a battery parameter selected from the
group consisting of a voltage from the battery, a current from the battery, a history of

sampled voltages, a history of sampled currents, and combinations thereof.

10.  The drill bit of claim 1 or 2, further comprising computer instructions
configured for adjusting behavior of the data analysis module responsive to the at least
one state by performing at least one process selected from the group consisting of
reducing sampling frequency of the at least one sensor, removing power from the at
least one sensor, ensuring a voltage to the at least one sensor is adequate to sample

properly, ensuring adequate voltage exists to store data to the memory.

11. The drill bit of claim 1 or 2, wherein:
the at least one sensor comprises at least two sets of accelerometers disposed at
different locations within the drill bit, each accelerometer set configured for
sensing an acceleration along at least one axis; and
the computer instructions are further configured for:
collecting the sensor data by sampling the at least two sets of
accelerometers at a series of sample times; and
determining an acceleration of the drill bit in at least one direction

responsive to the collected sensor data.
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12.  The drill bit of claim 11, wherein the computer instructions are further
configured for performing an integration of the sensor data to determine a velocity

profile in the at least one direction.

13.  The drill bit of claim 12, wherein the computer instructions are further
configured for performing an integration of the velocity profile to determine a bit

trajectory in the at least one direction.

14. The drill bit of claim 1 or 2, wherein the computer instructions are
further configured for analyzing information derived from the sensor data to develop a
time encoded parameter stream of the information, wherein the analyzing comprises:
partitioning the information into epochs, each epoch comprising consecutive samples
between zero crossings;
determining a duration parameter as a number of samples for each epoch; and
determining a shape parameter as a number of minima or a number of maxima for each

epoch.

15. The drill bit of claim 14, further comprising computer instructions
configured for converting the time encoded parameter stream to a symbol stream
wherein each symbol in the symbol stream is based on a predetermined alphabet of
symbols developed as a combination of possible duration parameters and possible

shape parameters.
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16. A method, comprising:

collecting sensor data at a sampling frequency by sampling at least one sensor disposed
in a drill bit, wherein the at least one sensor is responsive to at least one
physical parameter associated with a drill bit state; and

analyzing the sensor data in the drill bit to develop a time encoded parameter stream of
the sensor data, wherein the analyzing comprises:
partitioning the sensor data into epochs, each epoch comprising consecutive

samples between zero crossings;

determining a duration parameter as a number of samples for each epoch; and
determining a shape parameter as a number of minima or a number of maxima

for each epoch.

17.  The method of claim 16, further comprising determining an amplitude

parameter as the largest absolute value sample for each epoch.

18.  The method of according to claim 16 or 17, further comprising
converting the time encoded parameter stream to a symbol stream wherein each symbol
in the symbol stream is based on a predetermined alphabet of symbols developed as a

combination of possible duration parameters and possible shape parameters.

19.  The method of claim 18, further comprising:

converting the symbol stream o a histogram, each element of the histogram
representing one of the alphabet symbols and comprising a number of symbols
in the symbol stream matching that element symbol; and

analyzing the histogram with a trained neural network to determine if the histogram

represents a drill bit behavior of interest,

20.  The method of claim 19, further comprising:
developing a severity index from analyzing the histogram;
comparing the severity index to at least one adaptive threshold; and

modifying a data sampling mode responsive to the comparison.
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STATEMENT UNDER ARTICLE 19 (1)

September 2, 2008

VIA FACSIMILE TRANSMISSION
CONFIRMATION VIA FEDERAL EXPRESS

International Bureau of WIPO
34 chemin des Colombettes
1211 Geneva 20
SWITZERLAND

ATTENTION: Henrik Stremmen, Authorized Officer

Re; PCT INTERNATIONAL PATENT APPLICATION

Invention METHOD AND APPARATUS FOR COLLECTING
DRILL BIT PERFORMANCE DATA

Inventors Pastucek ez al.

Applicant Baker Hughes Incorporated

Application No. PCT/US2008/002078

Filing Date 15 February 2008

Agent’s File Ref. 48439940WOCP

STATEMENT UNDER ARTICLE 19(1) (RULE 46.4)

Dear Examiner Stremmenn:

Applicant has amended claim 1. The amendment has no impact on the description and the
drawings. '

The amendments to claim 1 recite, among other things, that the end-cap is configured for
disposition in the central bore and forms an annular chamber in the shank between the central
bore and a sidewall of the end-cap.

Very truly yours,

Brian S. Welborn

Attorney for Applicant

P.O. Box 4740

Houston, Texas 77210
United States of America
Telephone: (281) 363-6984
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Fax: (281) 582-7664
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