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International Student Competition

UND DRILLBOTICS 2019

Design and Assembly of Fully Automated Drilling Rig
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LEADERS IN ACTION.



UND Drillbotics Team

6/29/2019

Students:

» Mechanical Engineering:
Henry Thrope

> Electrical Engineering:
Ilvan Nkwawir

> Petroleum Enqgineering:
Ahmed Ismall
Sean Watts

» Data Analytics and Business:

Phillip Stack

Advisors:

» Mechanical Engineering:
Peter Letvin
Dr. Anajli Sandip
Dr. Meysam Haghshenas

> Electrical Engineerinqg;:
Dr. Kouhyar Tavakolian

> Petroleum Engineering:
Dr. Vamegh Rasouli
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Outline

 Then Vs Now

* Initial Design

* Current Design

« Electric & Control System
« Sponsorship as Challenge
* Lesson Learned

* Questions and Comments
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Then Vs Now
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Initial Design

« Adjustable Kickoff Mud Motor
System

» Max flow: 5.9 - 9.9 gpm
» Max pressure: 50-100 psi
» 3/4” inlet/outlet diameter
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Current Design

« Stepper motor: top drive

« DC motor: replace downhole motor

* Aluminum drillpipe: 3*3/8™ 0.277"

* Rotary drive Shaft:1/8”

« Bent Sub: 10°

« Stabilizer: Melon Shape, Spiral gorves
* Bit: 1.5”

stepper

Bottom
DC motor

drillpipe

Rotary drive
shaft

Flexible shaft

Drilling bit
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Customized Parts

« 3D printed Stabilizer

» Sensor housing
» Carbon fiber-coated PLA Vs Metal
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Customized Parts (cont'd)

 Drillbotics Ulterra Itty Bit

Total Cutters 2
Cutter Size 2 mm
Blade Count 4
Face Cutters 6

Gauge Cutters

Nozzles [/ Ports 4 (Size 4)
Gauge Length 0.38in / 9.5mm

Gauge Type (Tapered)
Bit Material Steel
Make-Up Length 1.48in /37.6 mm
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UND ELECTRIC/ CONTROL GOALS

* Optimized controlled drilling (MSE)
* Increase Motor RPM compared to last year

— Main motor and lower DC motor for direction
* Plug and Play controls

 More measurements (Inclination, Azimuth, TVD, Torque, RPM,
WOB...)

Arduino and LabVIEW display
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Drill Sub and Sensors

— Gyro, magnetometer
Accelerometer combo

—Temperature
° I IMU 10 DOF £16g 3 Axis
Thermistors o Accelerometer £2000 °/s
« 3950 NTC 10k Precision Epoxy Gyro/Magnetometer/Barometer
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Motors and slip ring

HB3630 Series GearMotor
HB3630-1043
HB3630-1543

« Slip ring
— High speed, 5000rpm
— Customized to 20 connections
— Borehole size, 4/8 inches

* Nema stepper motors
— High torque
— can handle more weight.

e GearMotor
— DC brushless motor

— Light weight g Stepper Motor
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Block diagram of Motors

* Linear actuator

- Vertical
movement
* Top Motor
- Vertical drilling
- Steering
* Downhole Motor
- Directional
drilling

Top Motor

Stepper Motor

DC Motor

Frame

Slip Ring

!

Drill Pipe

Drill Shaft
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Control System for Vertical Drilling

Step rigup g

Set PID
RPM = RPM,

WOB > WOB,

[ Accel = * Accely y
- RPMg<RPM ———

Measure Accel # + Accel,,

Accel ) # + Accelyg RPMg= RPM. |

WOB; - WOB,s< WOB < WOB,

Accel = £ Accel,, ) ' RPMg>RPM WOB < WOB - WOBggs

Set PID

Set PID
RPM = RPM x 105%

Step rig
down

RPM = RPM x 95%
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Control System For Directional Drilling

7 Dis.& N\
NLzmuth /o
D

M Top Motor

/ Gyro
RP _ " >
ARDUINO M Stepper
— Motor

. | DC Motor

VVVVVVVVV



Emergency stop Set-up

Distribution ﬂ

Emergency

stop
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Plug and Play Interface

* Arduino Controlled “rrrrrr
— Arduino Mega
— More pins

« LabVIEW Display
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Sponsor Advertising

* Distribute costs
« Extend the budget
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The Race Car Advertising Model

VERSITY‘F:

U N 1
6/29/2019 https://autoweek.com/article/monster-energy-nascar-cu rid-nascar-driver l_N}D NORTH D AI(O'] 1.\


https://autoweek.com/article/monster-energy-nascar-cup/meet-chris-buescher-sort-hybrid-nascar-driver
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Our Primary Sponsor

Y OF

NORTH DAKOT

* Provided up to $10,000
« Green rig color
* Multi-year deal




Our Secondary Sponsor

ULTERRA

* Provided custom-made bits
* Flags are mounted on the rig
* Multi-year deal

VERS I T Y OF
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| essons Learned

Full functionality of Motors
Control Systems and programing
« Team work

Off-the-shelf ??
Made to Order??
« Make It in-house...
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THANK YOU !!‘
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QUESTIONS
&
FEEDBACK!!
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