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Abraviations used

BHA
DD
DTU
IMU
LVDT
MWD
PDC
P DM
ROP
RPM
RSS
TKO

WOB

Bottom Hole Assembly

Directional Drilling

Double Titlted Universal joint housing
Inertial Measurement Unit

Linear Variable Di erential Transformer
Measurement While Drilling
Polycrystalline Diamond Compact
Positive Displacement Motor

Rate Of Penetration

Revolutions Per Minute

Rotary Steerable System

Tilted Kicko Sub

Weight On Bit



Introduction

Drillbotics® competition was o ered to students by SPE (Society of Petroleum Engineers)
in order to bring innovations in the major issue which is fossil material extraction by fodder
process. This involves creation, design and construction of a small scale directional drilling
system called "RIG". The innovation relates mostly in its automation, leading the machine to
drill autonomously in the rock to a de ned point.

It is the fourth year that university of Umons has taken an interest about Drillbotics compe-
tition. Most of theoretical elements left in suspension will be taken up. These elements might
be improved or modi ed. Therefore the bases of this project start from prede ned solutions.
This project includes several objectives including those asked by the competition. Also, the
mining engineering service impose the construction of a prototype which will be intended for
certain practical works to do, which correspond to Drillbotics's expectations.

This document constitute the following of the work previously carried out by the mechanical
engineering department as well as the mining engineering department. The elements are partly
restored from the Drillbotics projects of the previous academic years (2021-2022, 2020-2021,
2019-2020) included in sources ([1], [2], [3]), and patrticularly for the sources's speci cations in
([4] and [5]).

Figure 1: lllustration of the RIG [1]



Chapter 1

Speci cations

1.1 Rock sample

The machine's characteristics must be adapted to several types of rock, encountered in two
situations :

The rst situation corresponds to the type of rock that the the mining engineering service
laboratory receive for its experiments. This category is therefore vast in terms of size but
remains similar to the rocks supplied by Drillbotics :

N

the dimensions are between a few cubic decimeters and the size imposed by the compe-
tition;

the compressive strength can range from 20 to 70 MPa (for sandstone samples with some
low or medium mechanical properties) or up to 100 MPa for blue stone;

the samples will have between one and two cut faces, the rest may have a random orien-
tation or non- at faces.

The second situation is identi ed by the type of rock provided for the competition. This
type of rock's identi cation is also vast but corresponds to a homogeneous sandstone block
characterized by the following proprieties :

N

I+

600 mm long;

I+

300 mm wide;

"~ + 600 mm high;

I+

a compressive strength between 12,7 MPa et 43 MPa;
a Young's modulus between 8,76 GPa and 11,9 GPa,;

a Poisson's ratio between 0,13 and 0,26.



1.2 Directionnal requirements

The drilling system should be able to reach previously de ned targets on basis of their
coordinates. An algorithm should be designed to generate a trajectory that will optimize the
drilling time, considering the limits of the permitted movements. The successors of the project
will develop this system. The tool won't be used with inclinations over 30with the vertical,
nor with azimuth's changes over 15 The maximal distance between the vertical line passing
through the drilling centre and the drill bit won't excess 254 mm (10"). A pre-drilled hole less
than 25.4 mm (1") deep may be realized manually before the tool drills to the rst crossing
point situated 101.4 mm (4") deep.

A representation of all the requirements has been realized and is at the gure 1.1.

Figure 1.1: Allowed drilling areas [2]

1.3 Power supply

The device should not consume a power higher than 18.4 kW (25 CV) and should be con-
nected to the "classical” electrical network (single- or three-phase). Particular speci cations
(consumption, voltage, amperage...) should be given regarding the Belgian standardized use
of the network so that a foreign user can know if his network is compatible. Speci c attention
should be paid to the energy e ciency of the system and the reduction of its consumption.



1.4 Sensors and automation

The system must be able to give precisely and continuously measurements from several
sensors. It has to be able to provide at least: the Weight-On-Bit (WOB), the inclination, the
azimuth and the depth. Data from sensors should be used in a control loop to optimize the
variables. These must be adjusted on the surface or downhole. The system must be able to
go automatically through the di erent steps of the drilling process: rotation, drilling, data's
analysis, on/o ... The management of secondary happenings (override...) could be done with
human intervention.

At the end of the operation, a drilling map must be provided and take :
an initially expected trajectory;

A

the followed trajectory.

A le taking accumulated data must also be provided and will include :
timestamp (year, month, day, hour, minute, second);

the depth measurement;

measurements from downhole sensors;

indicators allowing to follow correctly each step of the drilling process.

Factors of drilling must be chosen with the aim to reduce the mistake's risks during the
process and to get the closest to the turnaround time forecast by the program.

1.5 Cooling system

The machine shall be cooled by a uid in an open or closed circulation. This used drilling
uid must be recovered.

1.6 Specic requirement

1.6.1 Drill bit

The provided drill bit is a PDC (Polycrystalline Diamond Compact) type whose diameter is
equal to 38.1 mm (1.5") and the length 50.8 mm (2"). It will present a low axial aggressiveness
and high side aggressiveness. It is also possible for the tool to be made by the team. If so it
must respect the dimensions imposed by the competition.

1.6.2 Drill pipe

The drill pipe will be a round tube with a diameter of 9.525 mm (3/8"), 914.4 mm (36") long
and 1.2446 mm (0.049") thick. The reference material is an aluminium 6061 T6.

1.6.3 Tool joints

The tool joints may be designed specially for this application or well-chosen in a brochure.



1.6.4 Bit sub and stabilizers

The bit sub must be designed and instrumented with sensors. The use of stabilizers is
permitted, and these must have a limited length. The diameter of the drill string must be
smaller than the stabilizer and bit's ones, by at least 10 %. The drill string will be equipped
with sensors.

1.6.5 Simulation interface

The simulation interface proposed by Drillbotics must be investigated in order to become
familiar with this interface. It will allow to give an opinion to the project's successors in order
to guide them in their simulation interface choice which will procure the more facilities to
investigate the program.

1.6.6 Safety

The safety aspect must be guaranteed by material and algorithmic ways. A security plan
must be furnished taking the whole predictable risks linked with the manipulation of rotary
tools (spatters, the weight of the block...) and electric systems (short circuit, circuit breaker...).
The expected solutions to prevent these incidents are typically: Personal Protective Equipment
(PPE), protective screen... The use of the data from the sensors must also permit to avoid any
dysfunctions (related to vibrations, a tool's or drill pipe's blocking, instability of the well...)
which could put the machine operators and system's security at stake.

1.6.7 Budget

The initially predicted budget could exceed $10,000. However, material donations and
machine-time costs could be deducted.



Chapter 2

State of art

2.1 Foundation
2.1.1 Ground

The ground is the part on which the RIG will stand ( gure 2.1). Its surface is not perfectly
at and contains a lot of defaults.
Dimensions of the support : 1640 mm long; 1120 mm wide; between 60 and 100 mm high.

Figure 2.1: lllustration of the ground

2.1.2 Support

A Europe pallet ( gure 2.2) can be used as a support to overcome this problem. It can indeed
tolerate a mass over one ton and the vibrations won't be a problem over it. Europe pallet is
a widespread support that can be easily transported, renewed, recycled and on top of that its
price is cheap.

Dimensions of the Europe pallet : 1200 mm long; 800 mm wide; 15 mm high.

Figure 2.2: lllustration of the Europe pallet



2.2 Vibration repercussions issue on the structure

One of the biggest mechanical issue of drilling rocks is the fact that it generates a lot of
vibrations, this problem must be taken into account in the realization of our design. First of
all, the structure must be able to resist vibrations without destroying itself, special attention
will be paid to the rigidity of the structure.

Material choice

Two metals are possible for the structure either steel or aluminium. Aluminium would make
it possible to lighten the weight of the structure and above all to make it very easy to assemble
and adapt by using grooved pro les. However, the pro les are assembled together with M6
screws with a wool wrench, which may loosen if subjected to high vibrations, which will be
the case in this application. In addition, the elastic limit of an aluminium alloy is about 70
Mpa against 235 Mpa. The material used for the structure will therefore be steel, which is very
resistant to strong vibrations.

Figure 2.3: Material characterisation

Assembly choice

In order to assemble all these pro les, the two easiest possibilities for a realization are bolted
assembly and thermo welding. The bolted connection allows a greater adaptability but gen-
erates a greater loss of rigidity compared to the mechanical welding, which allows to resist
vibrations. The choice will therefore be to choose a hybrid solution, the entire simple load-
bearing structure will be mechanically welded allowing to resume the vibrations and all the
motor supports, protective covers, etc. They will be bolted allowing a great versatility of
adjustments during the tests and also to modify in the years to come.

Figure 2.4: Assembly characterisation



2.3 Motorization

Motor choice is a very important aspect in RIG's conception. It needs to respond to a lot
of characteristics, in particular to the cutting conditions. Several motors will be used to create
the dynamic movements of the system :

one for the drilling;
one for the vertical position and the WOB (Hoisting system);

one eventually for the rock position.
The table (represented in the gure 2.5) shows di erent characteristics we can nd in any

engine. An argumentation must will be made to determine which motor is the most adapted
for its role.

Figure 2.5: Motor types comparison



2.3.1 Drilling motors
Downhole motors

A downhole motor driven by an hydraulic pump is the most adapted device to the drilling
eld. It cost a bit more and it's a bit less e cient than electric motors (more losses in the
drilling uid) but in this case the power required is not too high.

The major problem on this motor type is the availability of the product in the market and
its choice variety. In fact, previous year's report mention a size issue in their supplier's catalog
[1]. Indeed the borehole is too small for the downhole motor available in the market.

This solution won't be forgotten, waiting to nd an adapted motor.

Uphole motors

Space not being an issue anymore the machine choice is wider for uphole motors.

The major element to take in consideration is the control of the rotation speed. It can be
applied to the motor with a pump, a voltage dimmer, or a speed variator, depending on which
motor you choose. On another side, it's not as simple to give inertia to every motor. The
synchronous motor is typically used for generators or for an industrial use with a constant
rotation speed, no matter what load is dragged by the motor. That is an interesting property
but it doesn't permit the motor to by ergonomic and to start by itself. If the maximum charge
is exceeded, the motor stalls.

An hydraulic motor could be used but the losses are more important than the other motor
types, due to the viscous e ects of the uid. It can certainly work on any external conditions
(humidity in our case) but if an uphole motor is used it will be out of reach of splashes. Even
if it's not, simple protections can provide these splashes.

To make a choice between DC or asynchronous AC motor is more delicate. They can both
provide a requested range of speed and stability. DC motors are way easier to control than
AC motors and to start it up is less complicated. In the other hand the motor brushes lead to
regular maintenance and it wears faster, where AC motors are very reliable over time.

A speed variator is necessary for any AC motor chosen. It can be home made or chosen with
a correct power supply range. Some manufacturer directly provide both devices (as shown in
gure 2.6).

Figure 2.6: lllustration of a asynchronous motor with an appropriate speed variator [6]



2.3.2 Hoisting system motor

Position of the bit require to be precise and it must be controlled anytime. DC motors have
all characteristics to provide these needs, especially stepper motors ( gure 2.7).

Figure 2.7: lllustration of a stepper motors

2.3.3 Gearbox

Drilling must have a quite high torque and it have low rotation speed. According to previous
years report [1] the typical values in drilling eld are :

torque : 20 [Nm]

N

rotation speed : 150 [rpm]

These particularities can't be found on typical motors. Exception for integrated gearboxes
on (typically) DC motors with. This is the reason why gearboxes are practically unavoidable.
For a asynchronous AC (tree-phased) motor in [6], speed range is between 1000 and 3000 [rpm]
for a torque equivalent to 5 [Nm] (for a power corresponding to the cutting power desired).

Gearbox choice must be investigated because it is not taken without the motor and the
motor choice isn't taken without the gearbox. These design come together.

Note : a gearbox can also be used for the hoisting system if necessary, indeed the WOB can
go up to 2400 N [1] with a safety factor of 4.

Figure 2.8: lllustration of a gearbox [7]



2.4 Lubrication of the cutting tool

In real conditions, the cutting uid is mostly composed of 70 % water and 30 % additives, in
our application will be ample to cool the tool to remove dust from rocks. This water will have
to be recovered to avoid soiling the place where our rig will be, the most obvious solution is to
put the rock in a bin. This tray being of non-standard size is not commercially available, so it
must be done by the team. This can be done in stainless steel in order to avoid the oxidation
of the tank but the welding of the stainless steel is not the easiest, moreover the oxidation of
the tank is not really a problem. The choice of steel will therefore be a traditional steel plate.

The cutting uid being water, our circuit can work in an open circuit where water and rock
dust can be sent to the sewer. In an environmental approach, a study will have to be carried
out in order to know the water ow required to cool the tool, which will allow to size the
installation necessary to work in a closed system. The equivalent of a mini sewage treatment
plant could be considered.

Figure 2.9: Open and closed wastewater circuit



2.5 Pump

The pump must be able to drain the cutting uid trough all the circuit. It mean that if it is
decided to use a closed circuit to economise some water, the system must be designed to bring
back the cutting uid to the main tank with only one pump.

Figure 2.10: Basement vacuum pump|8]



2.6 Proposition of RIG's structure

2.6.1 Proposition A. Schiettecatte

The rst proposal of the rig on a European type pallet (120x80cm) is shown in Figure
2.11. The rst thing to describe is the general structure of the rig. It is a relatively simple
parallelepipedal structure with two reinforcements on one side to ensure good rigidity and
stability of the whole. The section of the pro le used is not the choice, it has just been used
here for a representative diagram of the general shape of the rig.

The second aspect to be described is the three-dimensional movement that allows drilling to
be carried out over the entire surface of the rock and at any depth. Let us arbitrarily set the
x-axis according to the movement of the vat in which the rock is located, the y-axis according
to the transverse movement of the carriage on which the drive system is located and the z-axis
according to the descent of the drill bit. This is also illustrated in gure 2.11

Figure 2.11: General view of prototype 1



Now, it is the vat that will be described. It can be seen in gure 2.12. This vat moves linearly
in relation to the rig by means of a rail system. It is possible to see a multitude of holes on
its contour. These holes are designed to bolt clamping systems on the rock and thus allow for
larger or smaller rocks to be placed. There are three di erent clamping systems. The rst one
Is xed when bolted to the bin. The second is a "car jack" type and is unfolded by means of
a threaded rod. The last type is a hydraulic jack. A question that might arise is, "Why not
just choose two jacks or two jacks?" The reason is very simple, once folded the jack takes up
space in width and is therefore not compatible with the rig. The hydraulic jack is also bulky
and therefore cannot be used transversely.

Figure 2.12: Zoom of the vat

It remains to describe the upper carriage on which the drive system is located. A zoom on
this area can be seen in gure 2.13. A cross-sectional view is also shown in Figure 2.14 for
a clear understanding of the interior of the mechanism. Let's consider the carriage as a xed
base. The pulley is inserted inside the base and can therefore rotate along an axis parallel to
the previously de ned z-axis. The inside of the pulley is hollow and allows the drilling axis to
pass through. The axis can move linearly with respect to the pulley, which will always keep
the same z-coordinate. The pulley and the drilling axis must be connected by a key. Another
possibility is that the shaft and the inside of the pulley are splined to allow movement along
the z-axis and ensure a connection between the two elements.



Figure 2.13: Zoom on the upper carriage

Figure 2.14: Cross-sectional view

To complete the description of this rst prototype, Figures 2.15 show respectively the mini-
mum and maximum dimensions of the rocks that could be placed in the rig.



Figure 2.15: Minimum rocks (100x100x150 mm) and maximum rock (600x400x700 mm)

The machine elements (rails, pulleys, bearings,...) will be studied later. The purpose of this
description is only to have a schematic view of the whole.



2.6.2 Proposition P. Dupont

This prototype is very similar to the previous one. The main di erence is the degree of liberty
along the y-axis. It is the rock that will move along the y-axis and not the vertical carriage. A
general view can be seen in the gure below. The prototype has a base of 1600mm by 1350mm
and a height of 2000mm. The vat on which the rock is located is therefore identical to the
previous prototype.

Figure 2.16: General view

The following two gures show a view of the travel system, i.e. the rails. There is a pair of
rails on each axis of the marker and a pair of runners per rail. The movement of the rock is
thus very easy.
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