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l. 2018 Recap

Major improvements
» Electrical System
»Pneumatic System
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Il. 2019 Design Concept

Major system designs
»Top Assembly
»Circulation
»Weight on Bit
»Directional BHA
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Il. 2019 Design Concept

Top Assembly: Torque Transfer to the Bit
»Cable Drilling
»Special Connections

\

Circulation:
»Flow between cable and pipe

Weight on Bit:
»Mainly transferred by drill pipe
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Il. 2019 Design Concept

Directional Drilling Assembly
»Downhole Sensor

» Stepper Motor
»New BHA




Drillbotics

Il. 2019 Design Concept

New Bottom Hole Assembly
»Bent Sub
»Roughly 12°
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lll. 2019 Improvements

Swivel Removed
»Bypass to camlock connection

Safety Measures
»Enclosed rotating parts




IV. Mechanical Systems

New TopDrive
»Max RPM-1800?

Camlock Assembly

»Quick Disconnect
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V. Electrical Systems

Power System Data Rig Sensors Downhole
and Control Acquisition Sensor
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VI. Control Systems

Q)

>»Labview
»WOB
»RPM
»Torque

>»Downhole sensor reading for
inclination control

>»Redundancies built in through
experimental data
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Challenges

Q)

BHA for directional drilling
Drillbit
Stress points
Cable dimensions
Pipe Grade
Covering the hole
Optimizing drilling parameters and BHA angle
Incorporating downhole sensors
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VII. Capital Expenditures

Big Ticket Improvement S5,793
Parts/Materials $3,012
Safety $297
Miscellaneous $437
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Trial and Error
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Thank you
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EXTRA

Q)
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Azimuth Control

Issues with Gyro >»Move to 0 position —
calibration: stepper
>EM interference from top drive LTS L £ AR e A
>3 phase > Use gyro
»Clock to the right to
compensate for torsion
»Holding Torque
» Electrobrake
»Tachometer

> Encoder




15t version of top spider
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Test # 1 in pilot & 3in vertical WOB, |bs Target
1 L=2,D=2.25 25-28 Yes
L=2,D=2.25 23-35 3 inches above bottom

3 L=4,D=225(@1in), 1.5in (@3in)  23-30 e e

Missed; bottom hole, interference from

4 L=50D= 1.5(@1-5in) 16-27 well - More WOB?

7 L=4,D=1.5 20-33 Yes, 14 min

8 L=4,D=1.5 20-33 No - inserts, abt 20 min
Yes, optimized; 11 min
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BHA Optimization

Q)

1.5"
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Azimuth control
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Q)
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BHA optimization

a+b 70 6" 50 40 30 20 19
0.225 1.846 2.153 2.582 3.226 4.299 6.447 12.892
0.338 2.769 3.229 3.872 4.838 6.449 9.671 19338
0.450 3.692 4305 5.163 6.451 8.598 12.894 25784

0.563 4.616 5.381 6.454 8.064 10.748 16.118 32.231
0.675 5.539 6.458 71.745 9.677 12.897 19.341 38.677
0.788 6.462 7.534 9.036 11.289 15.047 22565 45123
0.900 7.385 8.610 10.326 12.902 17.197 25788 51.569
1.013 8.308 0.686 11.617 14.515 19.346 29012 58.015
1.125 9.231 10.763 12.908 16.128 21.496 32.235 64.461
1.238 10.154 11.839 14.199 17.740 23.645 35.459 70.907
1.350 11.077 12.915 15.490 19.353 257795 38.683 77.353
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GAGE RESISTANCE OPTIONS
DESIGNATION (OHMS) AVAILABLE
See Note 1 See Note 2 See Note 3
CEA-XX-187UV-120 120 =0.4% | P2, SP35
CEA-XX-187UV-350 350 =0.4% | P2, SP35

actual size

Downhole sensors



Strain Gauge Data
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Legend

GAGE DIMENSIONS ES = Each Section CP = Complete Pattern i
S = Section (S1 = Section 1) M = Matrix millimeter
Gage Length Overall Length Grid Width Overall Width Matrix Length Matrix Width
0.187 ES 0.560 CP 0.150 ES 0.320 CP 0.63 0.39
475 ES 14.22 CP 3.81 ES 8.13 CP 15.9 9.8

GAGE SERIES DATA — See Gage Series datasheet for complete specifications

Series

Description

Strain Range

Temperature Range

CEA | Universal general-purpose strain gages.

+5%

-100° to +350°F (~75° to +175°C)
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RPM and Distance Sensor
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