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UND DRILLBOTICS

Design and Assembly of Fully Automated Drilling Rig — 5/16/18

A I V E R S I T Y O F
259 N NORTH DAKOTA.
Socity of Petraloum Enginee e LEADERS IN ACTION.




Safety Briefing

Exit plan

Rally point

PPE during drilling

First aid/ fire extinguisher location
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9:30 a.m. — Safety Briefing
9:40 - 10:30 — Presentation
10:30 - 3:30 — Drilling/Lunch
3:30 - 4:00 — Debriefing
4:00 — Judges Depart




Overview

 Introductions

* Objective

» Design focuses

* Mechanical design
* Fluid system
 Cement samples
* Electrical design

* Acknowledgments
+ Q&A
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UND Drillbotics Team

Students: Advisors:
» Mechanical Engineering: » Mechanical Engineering:
Austin Krank Peter Letvin
Ryan Silva Dr. Anajli Sandip
Jeff Elliot Dr. Meysam Haghshenas

T h
rent Johnson > Electrical Engineering:

» Electrical Engineering: Dr. Reza Fazel-Rezai
Nathan Rife
Thomas Neisen
Charleston Matalda

> Petroleum Engineering:
Dr. Vamegh Rasouli

» Petroleum Engineering:
Nawik Saraiva
Sean Watts
Cody Williamson
Steven Trulove
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Objective

Competition Objective: Competition Requirements:
» To develop technology for » Unknown multi-layer rock
autonomous drilling formation
> Design Phase: » Aluminum drill-string
Aug 2017-Dec 2017 » PDC microbit (1.125” Dia.)

» Max motor power is 25H.P
» Downhole sensors required
» Top drive rig system

» Rig Safety Enclosure

> Build Phase:
Jan 2018-May 2018
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UND Design Focus

» Composite drill-string sub design with embedded micro-
sensors for real time data logging while drilling

» Autonomous control system design to optimize rate of
penetration.

> Drilling rig design optimized for stiffness, mobility, and
vibration damping

> CirCL||it and mechanical design to minimize required power
supply

» Design of drilling fluid system to optimize rate of
penetration
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Drill String Analysis

Axial Force
» Buckling (Compressive Force)

— No Additional Support

* Analytical Model
— Critical Load = 25N

— With Additional Support

* Analytical Model Statically Indeterminate
— Critical Load = 700N
— Compressive Stress = 21.62Mpa
— Yield Strength = 276MPa

Torque
« Max Shear Theory
— Torque =22 Nm
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‘mal Stress(MPa)
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Composite Drill Sub Design

» Carbon fiber composite with embedded micro-sensors for LWD.

» Multiple design configurations to be manufactured and tested at
UND.
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Drilling Rig Design

« Max Stress
= 11.27 MPa

* Yield Strength
= 250 MPa

« Safety Factor
=22.2




9.

e B R

Rotary Union
Swagelok Fitting
Gear

Threaded Rods
Load Cell
Bearing Housing
Thrust Bearing
Optical Encoder
Pipe

10.PTFE Sleeve Bearing
11.Bearing Housing
12.Swagelok Fitting

13. Drill String
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e L.

Drilling Rig Design | Swivel Assembly
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Fluid System

« Water based system
* 60 gallon storage tank
« Make-up valve for water loss
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Fluid System

* Diverter
—1-1/2” t-joint PVC pipe
— Rubber cap cut for drillstring
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Advantage:

* Type | Portland cement fine powder WITHOUT aggregate or
additives, except sand
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Drill Sub and Sensors

« Accelerometers:
—ADXL193 1-Axis
—4 units, 2-x and 2-y

« 4x.55x<.1"
e $29 each

« Temperature

—Thermistors

» 3950 NTC 10k Precision Epoxy
— 0.05" Diameter
— 18" long
— $4 each
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Wire Counts

» Accelerometers — 4 wires each

* Thermisitors — 2 wires each

« Combine common ground and voltage source
—1 Ground
—2 Power
—4 Accelerometer Output — can be combined
—2 Thermisitor Output
—9 Total Wires < 12 Wires on collar

UNY NORTH DAKOTA



Build Problems

* Current kick back
Wiring/circuitry

Circuit overheat

Wobble in swivel assembly
Labview & Arduino
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SPECIAL THANK YOU TO OUR SPONSORS!

‘Hess\ (UJ ™S
ULTERRA

Statoil T eoreon ZARVONA
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THANK YOU !!
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QUESTIONS?
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