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Overall design
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Mechanical design

* Mechanical frame from last year

* Top drive

e Circulation system

* Hoisting motor

* Downhole motor: PDM or electric
* BHA design for directional drilling
Custom drill bit design
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Instrumentation

Overall diagram

el. motor drive

Downhole Downhole IMU PM drive Pump
Read: pos, RPM, T Read: acc(x,y,z), gyro(x,y,z),
el. motor = Read: SW, RPM, T
Write: CW, RPM_SP, T_max mag(xy,2) G e motor
TD drive
TD Servo
Read: SW, pos, RPM, T motor

Write: CW, RPM_SP, T_max

l I

Load Cell Pressure Gauge | Level Sensor | Solenoid Valve ~
Read: WOB R PITG Préitiive Read: Tank Level Read: Tank open/close HM drive ..
Hoisting
Read: SW, pos, RPM, T R
Write: CW, RPM_SP, T_max motor
A




Wired setup

Electrical Swivel

Hydraulic Swivel
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Downhole measurements

* Downhole sensor card

* Orientation calculation

* Magnetic disturbances / calibration
e Kalman filtering
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Position tracking

* Inertial frame and body frame
e Euler’s equation:

I _ I14.b
Xpk+1 = Xk + Rphxy
NANAN
Next position AT T

Last position

Orientation

Time step

ROP/HM velocity
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Position control vs. Toolface control

* Active magnetic ranging
* Position control
* Toolface control

4N
B B B
E
Ideal case Our rig Magnetic ranging
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Control

NI

Labview 2018

Sampling frequency: 50-100 Hz

F

1
Elapsed time: "Hoist Up" case :|> j I>
—‘@ p 4 : :

,

<mimin

RFM

HM| |if t<4s:
HM SP = -1 cm/min
if t>4s:
HM SP = 1 cm/min
if t>6s:
HM SP = 0 cm/min and go to next state
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Control

* NI Labview 2018
« Sampling frequency: 50-100 Hz
« Control system simulator
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Control

* State machine
- Tag
— Hoist up
— Start pipe and bit rotation

Vertical Phase Directional Phase

1 2 4 ) 5 6 7 . . 9
Vertical Directional
T Hoist U Hoist i i
- H o Drilling 1—( | up} Orient Drilling | [ Loyt
r Y ¥4

3 Start
Rotation

of
pipe/bit
(0 \
Safety [*
,| sequence
—
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Control

« State machine

— Vertical drilling
+ WOB control

» Discrete time boolean optimization algorithm (SP selector)
— Keeps motor torque within predefined range
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Control

WOB [kg]

State machine

— Vertical drilling

 WOB control
» Discrete time boolean optimization algorithm (SP selector)
— Keeps motor torque within predefined range
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Figure 69: WOD tuned step response while drilling.
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Control

State machine

— Hoist up
— Orient
* Toolface control

Vertical Phase
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Control

« State machine

— Directional drilling

« WOB controller

 Toolface controller

» SP Selector
« Position tracking
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Control

e State machine

— Safety sequence
« High WOB
« High pump pressure
« High EMM torque
* Low tank level
* High TD torque

Vertical Phase Directional Phase
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Safety features

e Mechanical

Safety valve
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Safety features

 |nstrumentation

@ NTNU



20

Safety features

« Control
— Safety sequences

 HSE procedures
— PPE
— Minimum people allowed
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Experience

 PDM
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Experience

* Electric motor
— Sealing issues
— Performance constraints

 Downhole sensor
— Built from scratch
— Debugging
— Calibration

« Downhole communication
— Unstable
— Time consuming
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Budget

Objects [(i?Ss;)l;er Ttgen # of items ’[TI(J)S;;]COSt
Drill pipes 8.56 17 143
Alibaba bits 25 3 75
Maxon motor, gear, sensor, controller 1006 1 1006
Servo motor 761 1 761
Servo drive 807 1 807
Can-open gate valve 415 1 415
Schneider Can-open converter 58 | 58
Water Tanks 925 2 185
O-rings and packers 890 - 890
U-joints 27 5 135
3D printed PDM parts 2631 2631
Parts for servo drive 231 - 231
Extra maxon motor 490.5 2 981
Tank pressure sensor 238 1 238
Electric swivel 304 1 304
Universal coupling 103 1 103
Extra u-joints 42 5 210
Sensor card 6.9 10 690
Nano connectors 115 - 115
Total Sum [USD] 8634

Hours per week | No. of weeks | Hourly Wage [NOK] | Total Cost [NOK]
Students 37.5 18 165 445500
Supervisors 1.5 14 520 32760
Support Crew | 5 18 370 66600
Total 544860 NOK
$ 62896
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Lessons learned

* Risk, budget and time management
* Detailed design of downhole tools

« QOverall system design

 Drill bit design and manufacturlng

» Custom clearance
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Competition configuration

* Vertical section
— Electric motor
— Rotary drilling using servo motor

12"=30.48cm

— WOB controller -

* Build-up section

— Electric motor

— Slide drilling

— WOB controller
— Toolface controller

 Reasons behind the set up

r=165.29cm
=65.07"

9=179 7 \

4"=10,16cm

20"=50.8cm

Plastic Zone

Max Score Zone
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Summary

« 3D printed PDM (local PDM factory)

e Custom Dirill bit

« Two different downhole motors

« Kalman measurement filtering

* Improved control safety and operational uptime
* Azimuth and inclination® control

e Custom sensor card
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Q&A

27 @ NTNU



