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Abstract

Drilling operations is a costly operation and any factors that contribute to the delaying of
work operation would be unwanted by the industry. Among the many factors that
contribute to problems are bit wear and vibration. Besides currently there are no real time
monitoring of bit wear in the oil and gas industry. The main objective of this project here
Is to design a safe laboratory scale test rig that is capable of assimilating the actual drilling
operations and conditions out in the field. Thorough study of material selections and
decision making processes such as the weighted evaluation matrix and also analytic
hierarchy process (AHP) are used in order to complete the study and thus providing a
proper conceptual design of the laboratory scale test rig. A design concept is also
generated together with general static analysis of the designed concept. With the lab scale
test rig, studies on the bit wear and also vibrations could be done and thus further
optimization of drilling practices could be done at a lower cost rather than practicing out
in actual drilling operations. This work would illustrate the advantages of varying the

parameters for better drilling results in the oil field.
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Chapter 1

Introduction

1.1 Project Background

The main component in the oil and gas industry is the hydrocarbons which are stored
underneath the subsurface of the Earth. Hydrocarbons are used widely in our daily routines
such as to power up vehicles, manufacturing plants, provide heat and many more. In order
to retrieve these hydrocarbons from the Earth and produce it into products that can be used
widely, Exploration and Production (E&P) processes are initiated. E&P process consist of
six phases which are from Acquisition of Rights, Exploration, Appraisal, Development,
Production, and Processing. The major part of the E&P process is the drilling process
which is under the Exploration and Appraisal phase. When a certain geological structure
has been identified by the geologist, exploration would be conducted and drilling will
commence. Drilling operation is done of drilling rigs and the figure below shows an

illustration of a rotary drilling rig.

Figure 1: lustration of rotary drilling rig
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Drilling is an operation where it is conducted around the clock non-stop in order to avoid
non-productive time (NPT) as time is very important when operating on rigs. The amount
of cost spent in an operation is very dependent on the amount of time spent operating on
the rig platforms. In order to decrease the amount of time spent operating on the rig
platforms, ways of increasing drilling performances were being looked into. According to
King et al. (1990), hydraulic optimization has an important part in the improvement of
drilling bit performance. It is understand from their study that by optimizing the hydraulic
systems of the drilling operations, rate of penetration also increases. Besides the hydraulic
system, weight is also an issue when it comes to drilling operations. Optimum weight used
in drilling will optimize the drilling penetration but too much weight applied when drilling

would back-fire and destroy the bit and the bottom—hole assembly.

In order to study the optimization of the parameters used in the day to day drilling
operation, a laboratory scale test rig is designed to simulate the actual drilling conditions
out in the field. Laboratory drill rig is used in order to accelerate the development of
Polycrystalline Diamond Compact (PDC) bits used for drilling oil and gas wells.
According to studies, using the laboratory drill rig, assessments on bit cutter performance
and drill string vibrations can be done and is based on actual drilling conditions. The figure

below shows an example of a lab-scale drill rig.

* Rotary motor

* Drill string

+ Bit

* Formation

Figure 2: Example of a lab-scale drill rig
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1.2 Problem Statement

Till date, even with the most advance of technology, there is currently still no real-time
method to observe for bit wear. Bit wear is one of the limiting factors for drilling. Any
drill bits underperforming means lower rate of penetration and thus leading to increase of
cost and time spent on drilling the particular well. Besides that, if the industry were to run
testing for bit wear during actual operations, it will be very costly to the industry. The
industry has always faced challenges when it comes to drilling operations. The challenges
include prediction of bit wear when drilling through certain formations and also in

identifying the optimum drilling parameters when using particular design of bit.

1.3 Objectives

The objective of this project is to provide a laboratory scale drilling rig that is capable of
doing bit testing. With the lab-scale drilling rig, only then it can function to aid in drilling
optimization through a series of lab testing of bits. When designing the test rig, it is always
important to design a safe operating test rig in order to run testing in a safe condition
without injuring any personnel. Another objective at the end of the project is to execute

Finite Element Analysis studies on design.

1.4 Scopes of study

The scope of study based on the objectives can be simplified as the following:

» Designing a test rig that manipulates with the drilling parameters such as the
rotational speed and also the WOB which are the main contributors to the drilling

vibration and bit wear.

* Ensuring that the test rig is able to withstand the amount of loads and stress when

conducting tests.

» Ensuring the test rig is safe to be operated while doing testing.



Chapter 2

Literature Review

2.1 Drill bits

The drill bit is probably the most critical item of a rotary rig operation. It is the most
refined of the rotary-rig tools, available in many styles, and is more highly specialized for
every condition of drilling than any other tool on the rig. To select the proper bit, some
information must be known about the nature of the rocks to be drilled. There are two main
types of bits normally used for rotary drilling and have several variations within these
types, primarily based on the cutting structure used for drilling the rock. These two types

of drill bits normally used are as follow:

e Tri-cone Bits

Figure 3: Tri-cone bit



e Fixed Cutter Bits

Figure 4: Fixed cutter bit

The polycrystalline diamond compact (PDC), is a type of a fixed cutter bit and is one of
the most important advances since their first production in 1976 according to Kate (1995).
The PDC bit may have one of three basic profiles which are the short parabolic, shallow-

cone, or parabolic. The figure below shows the three different profiles.

- -
y »

Figure 5: Short, Shallow-cone and Parabolic profiles of a PDC bit (The Bit, 1995)



2.2 PDC drill bit design

A drill bit design has a number of different features in order to obtain good drilling
performances. According to Kerr (1988), features such as the number of cutters, type of
cutters and angle of cutters are some of the examples of factors that affects the rate of
penetration (ROP). Feenstra & D.H. Zijsling (1984) proposed that bit hydraulics is also
another feature that is needed to be considered to contribute to a bit’s performance. PDCs
cut deeper than natural diamonds because the cutters are larger which produces more
cuttings. A better hydraulic system is needed in order to wash the cuttings out from the
annulus. Besides that, the cooling function of the drilling fluid is crucial because of the
heat generated from the shearing of formation. Kate (1995) stated also in her book that the
harder the formation, the more important the cooling function is to prevent the cutters
from disintegrating. The softer the formation, tendency of bit balling would occur if bit

hydraulics is not performing at its optimum level.

2.3 Weight-on-Bit (WOB)

Achieving the best performance of the bit all depends on properly altering the weight
applied on the bit and also the amount of rotary speed used during a drilling operation. In
general, the higher the rotating speed, the lower the weight on the bit or vice versa.
According to many runs in the field or even tests in the laboratory, the optimum
combination of weight and rotary speeds varies from different hardness of the formation.
According to Kate (1995), PDC bits can drill very fast in soft, nonabrasive formations as
the cutters shear deeply into the formation on each rotation. In this case, one PDC bit may
drill for typically 300 hours or more and for several thousand feet. The bit performance
depends on properly adjusting the WOB and rotary speed. Harder formations would
require higher WOB in order to crush the stones but may backfire and damage the bit itself.
Besides damaging the bit, WOB also affects the vibration behavior of the drillstring
according to Ghasemloonia, Rideout, & Butt (2010).



2.4 Laboratory Drill Rig Testing

Through the years of PDC development laboratory testing has been used to assess
performance. Various laboratory drilling analogs have been tried including lathe, vertical
turret lathe, planer and mechanical testing. According to J. Lund and his team in the year
2007, full scale laboratory drilling test facilities have been built by most drill bits
companies. However, because of the scale of the equipment required to undertake this
work, the testing are very costly to the owners of the equipment or the contracting party.

The results of experiments were given in the terms of torque and weight generated at
various penetrations rates in different types of rocks. At the same time, the dull grading of
bits is also determined from the experiments. These are the results that a laboratory drill
rig testing provides and also wanted by the companies and the industry. This shows that
lab testing is used to obtain the most reliable simulation of drilling operations. There are
a lot of benefits from this lab scale drill rig testing. J. Lund and his team also mentioned
that the drill rig testing also produces a cutter path that is very similar to a full scale drill
bit in that the cutters are rotated in a circular path around the center of rotation of the bit.
It is also more compliant ad it is a better representation of the downhole drilling
environment, and ultimately, lab scale drill rig testing is more cost saving as compared to

the full scale lab facilities.
The drill rig capacities used in their study are shown in the table below.

Table 1: Drill rig capacity used in the study by J.Lund and his team

Parameter Capacity
Max rotary power 447 kW
Vertical feed rate 0.3 - 67 m/hr
Stroke 1.02 m
Max vertical force 164.6 kN
Rotational speed 40 - 1500 rpm
1898 N.m @ 100 rpm (14.2 kW)
Torque on bit 879 N.m @ 500 rpm (28.3 kW)
439 N.m @ 1000 rpm (35.8 kW)
Coolant flow 83.3 l/min max flow - closed loop system
Rock size 0.91T mx0.91 mx 0.91 m (cube)




2.5 Designing of Laboratory Drill Rig

During the designing stage of the laboratory drill rig, there are certain specifications and
ideas that are needed to be considered. The considerations include the rotary motion of
the drilling movement, the downward movement, and the method to measure the vibration
of the drilling movement. A. Ersoy and M.D. Walter mentioned in their study where to
facilitate the testing of both PDC cutters and roller cone bits, there is a need for the aid of
servo-hydraulic system to provide the thrust and the electric servo motor to provide the
rotary motion. In another study by A. Ablahi in 2011, when designing the laboratory drill
rig, the rotation of the drill bit and the action of it pressing against the rock materials
should provide the outcome results that show the extent of rock materials that are removed
and also the degree of bit wear can be analyzed. There are two types of modes that are

used as a benchmark for designing. These two modes are:-

e Rate of penetration (ROP) and rotation per minute (RPM) fixed; Vertical thrust
(WOB) varied to sustain the ROP.
e Vertical thrust and RPM fixed; ROP to be measured.

2.6 Weighted Evaluation Matrix

In the real world, making decisions is both important and difficult. In an organisation, a
person must make critical decisions that all stakeholders would have confidence in, and
those decisions are somehow justifiable. Besides that documenting the decisions made in
structured ways is important to ensure that other people will be able to understand the
reasons for having made a decision for future referencing. A weighted evaluation matrix
is a tool used to compare alternatives with respect to multiple criteria of different levels
of importance. It can be used to rank all the alternatives relative to a “fixed” reference and
thus create a partial order for the alternatives. There are often many different criteria that
need to be considered in making a decision. The most important step is to define the
correct criteria, and to evaluate the choice with respect to those criteria as precisely as
possible. The ability to use the weighted matrix means that one is able to make and take
decisions more confidently and rationally as compared to those that do not use a proper

strategized structure to do decision making.



2.7 Analytic Hierarchy Process

According to Thomas L. Saaty, decisions involve many intangibles that need to be traded
off. For that they have to be measured alongside tangibles whose measurements must also
be evaluated as to, how well, they serve the objectives of the decision maker. In this case,
the Analytical Hierarchy Process or in short AHP is a theory of measurement using the
pairwise comparisons and relies on the judgements of experts to derive priority scales.
Decision making, for which we gather most of our information, has become a
mathematical science today (Figuera et al., 2005). Decision making involves many criteria
and sub-criteria used to rank the alternatives of a decision. Not only does one need to
create priorities for the alternatives with respect to the criteria or sub-criteria in terms of
which they need to be evaluated, but also for the criteria in terms of a higher goal, or if
they depend on the depend on the alternatives, then in terms of the alternatives themselves
(Saaty, T.L., 2008). In his study on AHP, he also includes the decomposition of the AHP
steps. The following are the steps taken in making a decision in an organized way that
generate priorities.

I.  Defining the problem and determining the kind of knowledge sought.

Il.  Structuring the decision hierarchy from the top with the goal of the decision,
then the objectives from a broad perspective, through the intermediate levels
to the lowest level.

I1l.  Constructing a set of pairwise comparison matrices. Each element in an upper
level is used to compare the elements in the level immediately below with
respect to it.

IV.  Using the priorities obtained from the comparisons to weigh the priorities in
the level immediately below. Doing this for every element and then for each
element in the level below add its weighed values and obtain its overall or
global priority.

V.  Continue this process of weighing and adding until the final priorities of the

alternatives in the bottom most level are obtained.

The AHP method uses a set of fundamental scale of absolute numbers in order to rank the

importance of one element over another element. The following table below showcases



the set of numbers scaled from one to nine with the description of each number. This

numbering was made famous by Saaty’s study.

Table 2: The fundamental scale of absolute numbers used in Saaty’s study.

Intensity of Definition Explanation
Importance
1 Equal Importance Two activities contribute equally to the objective
2 Weak or slight
3 Moderate importance Experience and judgement slightly favour
one activity over another
4 Moderate plus
5 Strong importance Experience and judgement strongly favour
one activity over another
6 Strong plus
7 Very strong or An activity is favoured very strongly over
demonstrated importance  another: its dominance demonstrated in practice
8 Very. very strong
9 Extreme importance The evidence favouring one activity over another
is of the highest possible order of affirmation
Reciprocals If activity i has one of the A reasonable assumption
of above above non-zero numbers
assigned to it when
compared with activity j,
then j has the reciprocal
value when compared
with i
1.1-1.9 If the activities are very ~ May be difficult to assign the best value but

close

when compared with other contrasting activities
the size of the small numbers would not be too
noticeable, yet they can still indicate the
relative importance of the activities.
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Chapter 3

Methodology

3.1 Process Flow of the Project

r

\

Identify problem statement, objective and project

~

J

Background study and literature survey:

1. Drill Bits
2. Laboratory Scale Drilling Rigs

\_

\

Lab-scale Test Rig designing parameters:

Rotational Speed (RPM)
Thrusting (Weight-on-Bit)
Torque/Vibration

Safety measures

PWNPE

J
~

- J

Model development:

1. Designing using CATIA/AUTOCAD software

J

Model simulation:

1. Static analysis using CATIA software.
2. Predict the performance and behavior of the
design to identify the weakness of the design.

~

J

Results/Data validations

Report and Presentation

Figure 6: Workflow of the project
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3.2 Gantt Chart and Key Milestones

Table 3: Gantt chart and key milestones

A T Week | | 2l s a5 |6 |7 8 | 9 |10 | 11 | 12 | 13
Activities B
1 Literature Review
2 Listing of Materials
and Equipment
3 Selection of Material . :
and Equipment o L|§t of material an_d
equipment are obtained.
4 Designing of
Concept
5 Structure Analysis of .
Designed Concept ® Stress analysis is
generated.
6 Finalized Design - First generation of lab-scale
Concept : . ()
test rig design is produced.
® Key
Milestone

12



3.3 Concept Generation

In concept generation, there are three major steps which are the decomposition process of
the complex system, generation of morphology chart, and also the conceptual designs
sketching based on the morphology chart. The decomposition process is conducted in
order to break down complex system into smaller units in order to manage and understand
the systems better. Decomposition is divided into two categories which are the physical
and functional decomposition. Both these two categories have their own objectives which

will be explained in the following sub-sections.

3.3.1 Functional Decomposition Chart

Functional decomposition is use to identify the system designs of the project. Using the
functional decomposition chart, we can easily showcase the systems that are used or
systems that is needed in order for the project to work. The systems that are used in this

project are shown in the chart below.

Functional
Decomposition

| | !

Rotary System Circulation System Control System

\ 4 Y
Feeding System Clamping System

Figure 7: Functional decomposition chart
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From the chart above, the functional decomposition is broken down to five types of
systems. The five systems are the rotary, circulation, control, feeding and clamping

systems. Below is a table that justifies each system’s functions.

Table 4: Types of system and its justification of the test rig

Types of system System Justification
e The rotary system consists of the rotating component

that holds onto the drill string and also the drill bit.

e The rotary system gives the test rig the rotating

Rotary system motion of the drilling test.

e The rotary system is the main system in the test rig as
it resembles the drilling operation on the rigs off and

onshore.

e The feeding system resembles the hoisting system on
a drilling rig.

Feeding system e This system is responsible of pushing the bit against

the formation test sample or vice versa where the test

sample is pushed against the bit.

e The circulation system is not similar to what the
actual drilling rig where it actually brings out the

) ) cuttings out of the hole.

Circulation system o _ _ _ _

e This circulation system is to provide the cooling
process of the bit when the bit is rotating at a high

speed against the sample formation.

e The clamping system is a simple mechanism where it
holds on to the sample formation.

Clamping system e This system is used in order to prevent the testing

sample to rotate together with the bit when the bit

bites onto the sample.

14



e The control system consists of the manipulation of
the parameters that will be used in conducting the
experiment.

Control system o _

e Controls such as the variation of rotation speed,

vibrating motion sensor, and also the amount of

weight that is applied on the test sample.

3.3.2 Physical Decomposition Chart

Physical decomposition is to identify the components or subassemblies, with the accurate
description of the interaction and joint between them. The physical decomposition breaks
down the functional decomposition to its respective operating components. The physical

decomposition chart of this project is as shown below.

Physical Decomposition

N

Rotary Servo-system Pumps Square
Table Casing
A 4 A 4 A 4 A 4
Top Drive Jack-ups Foot Data
clamp Logger

Figure 8: Physical decomposition chart
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3.3.3 Morphology Chart

The morphology chart is actually a tool to list out the possible options based on the
functions listed out. The morphology chart eases the later selecting process as it provides
a simpler and understandable platform for easier referencing. Below are three tables listed
for three different types of system which are the rotary system, feeding system and also
the clamping system. For this project, only three systems are considered while the
remaining two systems such as the control system and also the circulation system will be

continued in the future work planning.

Table 5: Morphology chart for rotary system

Functions Option 1 Option 2 Option 3
o HAAS CNC rotary
Precision rotary table ol Kelly Bushing
tables

Rotation from

=¥ ‘{.__ g R e
- . W Ak
4,

Rotation from top Hydraulic motors CNC lathe machine

drive (consist of quill) attached at the top
Drill string holder | Screw-on (Box-pin) Slip-in holder Clamps

Table 6: Morphology chart for feeding system

Functions Option 1 Option 2 Option 3 Option 4
Manually
Up and down )
) Jack-ups Servo-system Top drive operated
motions )
(shaved ice)
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Table 7: Morphology chart for clamping system

Functions Option 1 Option 2 Option 3
Rock Specimen Holder Foot clamp Band clamps
Holdin : ;
g leg
samples . :(
Base of the ]
o Square base Circular base
drilling rig
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Chapter 4

Results and Discussion

4.1 Go/No-Go screening

For this project, a series of decision making methods are used in order to obtain the best
equipment to build the test rig. From the morphology chart generated before, firstly a
GO/NO-GO screening is used. A GO/NO-GO screening is used in order to eliminate those
items that are either not feasible or irrelevant in designing the lab-scale test rig. With the
morphology chart obtained, a total number of 432 options were generated. After the
GO/NO-GO screening is done from the morphology chart, the morphology chart would
look something like this and thus giving us lesser options to include in the decision making.

Table 8: GO/NO-GO screening for rotary system

Functions Option 1 Option 2 Option 3
HAAS CNC rotary )
Precision rotary table Kelly Bushing
. tables
Rotation from
table
‘[ il
Rotation from top Hydraulic motors CNC lathe machine
drive (consist of quill) attached at the top
Drill string holder | Screw-on (Box-pin) Slip-in holder *
Table 9: GO/NO-GO screening for feeding system
Functions Option 1 Option 2 Option 3 Option 4
Up and down )
] Jack-ups Servo-system | Top drive
motions
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Table 10: GO/NO-GO screening for clamping system

Functions Option 1 Option 2 Option 3
Rock Specimen Holder Foot clamp
Holding samples : 1
Base of the i
o Square base Circular base
drilling rig

4.2 Weighted Evaluation Matrix

From the above screening done, it is seen that there is a significant drop in number of
possible options which was from a total number of 432 options to only 96 options. Using
this new number of options generated, weighted evaluation matrix is used. In weighted
evaluation matrix, three design criteria are used which are Feasibility, Operability, and
Reliability. A number scale is given to each designing criteria to give the materials value
in order to calculate for better selection. Below shows the evaluation for the design criteria.

Table 11: Design criteria evaluation for feasibility

11-
point Feasibility
Scale
0 e Items and equipment are difficult to acquire/manufacture.
1
2
3
4 :
e Items and equipment can be manufacture and acquired within the
S time limit of less than 6 months.
6
7
8
9
10 e Items and equipment can be obtained off the market shelf

19



Table 12: Design criteria evaluation for operability

11-
point Operability
Scale
0 Requires a very big space and not safe to use
(Requires a certain skill set that needs training)
1
2
3
4
5 Moderate spacing usage and safe to use.
6
7
8
9
10 Optimum space usage and safe and easy to operate.
Table 13: Design criteria evaluation for reliability
11-
point Reliability
Scale
0 High expectation of system breakdown accompanied with major
effects and high probability of failure.
1
2
3
4
5 Average expectation of system breakdown accompanied with
moderate effects and average probability of failure.
6
7
8
9
10 Low expectations of system breakdown accompanied with minor

effects and low probability of failure.

20




From the tables of design criteria evaluation, the weighted evaluation matrix tables are generated for each systems as shown
below.

Table 14: Table of weighted evaluation matrix for rotary system

Criteria Weight Precision Rotary CNC rotary table Hydraulic motors CNC rotary attached from
Table top
Feasibility 0.45 5 2.25 5 2.25 7 3.15 7 3.15
Operability 0.3 6 1.8 5 1.5 7 2.1 6 1.8
Reliability 0.25 5 1.25 5 1.25 7 1.75 6 1.5
Total 53 5 7 6.45

Table 15: Table of weighted evaluation matrix for rotary system (holder)

Criteria Weight Screw-on (Box-Pin) Slip-in holder
Feasibility 0.45 8 3.6 7 3.15
Operability 0.3 7 2.1 7 2.1
Reliability 0.25 8 2 6 1.5

Total 7.7 6.75

21



Table 16: Table of weighted evaluation matrix for feeding system

Criteria Weight Jack-ups Servo-system Top-drive system
Feasibility 0.45 2.7 7 3.15 5) 2.25
Operability 0.3 1.8 7 2.1 6 1.8
Reliability 0.25 1 8 2 7 1.75

Total 5.5 7.25 5.8

Table 17: Table of weighted evaluation matrix for clamping system

Criteria Weight Rock Specimen Holder Foot Clamp
Feasibility 0.45 6 2.7 7 3.15
Operability 0.3 6 1.8 5 1.5
Reliability 0.25 7 1.75 6 1.5

Total 6.25 6.15
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4.3 Analytic Hierarchy Process

Besides using the weighted evaluation matrix, a method called the Analytic Hierarchy

Process was also used to verify the selection of the equipment. Using the number scale

that Saaty and his team provided in their study, the table below shows the AHP matrices

generated and also the statistical scores of the equipment selected. The points are given

accordingly to the importance that one equipment would operate better over the other

suggested equipment.

Table 18: AHP matrix for rotary system

CNC
Precision | CNC Hydraulic rotary Statistical
rotary rotary motors attached Sum Score
table tables | (Topdrive) | from the
top
Precision 1 2 1/9 17 205/63 | 0.095
rotary table
CNC rotary |45 1 17 1 37/14 | 0.077
tables
Hydraulic
motors 9 7 1 2 19 0.552
(Top drive)
CNC rotary
attached 7 1 1/2 1 19/2 0.276
from the top
Table 19: AHP matrix for rotary system (Drill string holder)
Screw-c_m (Box- Slip-in holder sum Statistical
pin) Score
Screw-on
(Box-pin) 1 8 9 0.89
Slip-in holder 1/8 1 1.125 0.11
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Table 20: AHP matrix for feeding system

Jack-ups | Servo-system Top-drive Sum Statistical
system score
Jack-ups 1 1/8 1/3 35/24 0.07
Servo- 8 1 6 15 0.727
system
Top-drive 3 1/6 1 25/6 0.203
system
Table 21: AHP matrix for clamping system
Rock Specimen .
Grinding Foot Clamp Sum Statistical
. Score
Machine
Rock Specimen
Holder 1 4 5 0.8
Foot Clamp 1/4 1 1.25 0.2

From the above tables and comparing the results obtained from the weighted evaluation
matrix and the AHP matrices, it is determined that the highlighted equipment are to be
selected to construct the initial phase of the laboratory drilling test rig. The AHP matrices
generated verified the validity of the weighted evaluation matrix and thus shows the
similarity in the usage of two different decision making approach. From the weighted
evaluation matrix and AHP method, the total score calculated shows clearly that some of
the equipment or materials stands out to be used for designing the lab scale test rig. A

table of the selected equipment generated by the weighted evaluation matrix is shown

below.

Table 22: Selected equipment using weighted evaluation matrix

System

Equipment

Rotary system

Hydraulic motors and screw-on

Feeding system

Servo-system

Clamping system

Rock specimen holder
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4.4 Selection of Specific Equipment for Different Systems

Now that all the decision making for the equipment used in the different systems were
selected, specifications of the equipment are to be decided in order to be used for future
fabrication. The designing specification of each systems were determined and is shown
below. The designing of the lab-scale test rig is scaled down from what the actual offshore

oil rig is operating on.

Table 23: Design specification of the lab-scale test rig

Parameter Specifications
Max rotational speed 2400rpm
Vertical feed rate 0.3 — 60m/hr
Max vertical force Approximate at 100kN
Rock sample size 3inch — 6inch diameter

4.4.1 CATIA Assembly Drawing
From the previous sections, the decision making process was showcased and equipment
are determined. For this section, the overall design specification of the design concept and

the CATIA assembly drawing are shown as follow.

Table 24: Specification of the overall structure of the lab-scale test rig

Parameter Specification
Structure base 1.5m(L) x 1.0m(W)
Height of structure 1.75m

The drawing consist of the hydraulic motor, servo-hydraulics, rock specimen holder,

structure base and also the rock sample.
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Figure 9: Isometric view of the design

Figure 10: Front and left view of the design
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Figure 11: Top and right view of the design

4.4.2 Hydraulic Motor Selection
Firstly for the rotary system, different types of hydraulic motors are found off the internet

and comparisons between each type of hydraulic motors are made based on the design

criteria.
Table 25: Morphology chart for the selected types of hydraulic motors
Option 1 Option 3 Option 4 Option 5 Option 6
Hydraulic —
motors c@ > ﬁ
= " { i
TC SERIES TG SERIES MTE Roller bearing Bushing
SMALL LARGE Hydraulics hydraulic motors | Hydraulics
FRAME FRAME LSHT | 400 Series 5000/5100 motor 257
LSHT MOTORS SERIES SERIES
MOTORS

Based on the six options above, hydraulic motors were reviewed from three different
companies namely Parker Hydraulics, MTE Hydraulics and also PERMCO. All these
selected hydraulic motors are initially selected based on the availability of the motor in

the market. However selecting the best motor for the requirement of this project is
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necessary in order to provide the best performance from the lab-scale testing rig.
Hydraulic motors are required to operate to a maximum rotational speed of 2400. Higher
torque value of the motor also indicates that the motor can provide a better torque value
at the bit when testing is being run. The table below summarizes the maximum rotational

speed and the maximum torque value that the motor can provide.

Table 26: Summary of maximum rotational speed and torque value of hydraulic motor

Option 1 Option 2 Option 3 Option 4 Option 5 Option 6
TCSERIES | TISERIES | TG SERIES Eeog:fr: Bushin
Hydraulic SMALL MED. LARGE MTE hydrauglic Hydrau?ics
motors FRAME FRAME FRAME Hydraulics motors motor 257
LSHT LSHT LSHT 400 Series 5000/5100 SERIES
MOTORS MOTORS MOTORS
SERIES
Max rpm 902rpm 1024rpm 660rpm 2500rpm 2400rpm 2400rpm
Up to 306.1 Up to Upto Upto Up to Up to
Max torque Nm 648Nm 1428Nm | 1032Nm | 1530Nm | 1265Nm
Price USD 74.96 | USD329.90 | USD550 | USD400 | USD599 | USD425
(Approx.)

Based on the summarized table, options 1 to option 3 are eliminated as the targeted rotary
speed is less that the then decided designed specification which is at 2400rpm. Whereas
options 4 to 6 are within range. The torque values of options 4 to 6 shows that the MTE
hydraulics 400 series are lower than the ones offered by PERMCO, thus eliminating the
possible option 4. A comparison was made between the benefits of using a roller bearing
motor and the bushing hydraulics motor. Bushings are a sleeve that is usually made of soft
semi-porous material to hold the lubricant. Roller bearings normally are of higher quality
as compared to the bushing motors. This is because of the bushes that do not hold lubricant
as well as bearings do which means that they will fail more easily as compared to the roller
bearing motors. From the design specification of the hydraulic motor, option 5 which is
the 5000/5100 series PERMCO roller bearing motor stands out more as the chosen
equipment for the rotary system. The specifications and pricing list of each equipment can

be referred in the appendices.
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4.4.3 Servo System Selection

From the selection process in the previous section, the servo system is the choice for the
feeding system in the project. Different types of servo related systems are gathered from
the market and further comparisons were made to get the final choice of equipment. The

following is a table of the equipment of choice and their respective specifications.

Table 27: Types of servo related systems with their specification and approximate cost

. Max Output Max Speed
No Type Price (USD) Thrust (kN) (mm/s)
1 EMG-ESZ glectrlc servo Approximate at 100 30
cylinder 200
2 TOX Electric Power Module Approximate at 100 100
1800
. Approximate at
3 Parker ETR Series 199 100 729-972
Tsubaki Emerson Power Approximate at
4 Cylinder —T series/ Eco series 400 117 30-36

As stated in the previous sections, the output thrust or weight acting on the bit should be
approximate at 100kN. All the suggested types of servo system provides the amount of
required output thrust. However, there is a big contrast in the speed rate of each types of
servo systems. The required vertical feed rate for the project is ranging from 0.1mm/sec
to 20mm/s. This numbers are referenced from the laboratory scale drilling test rig used in
Lund’s study. From the above table, the Parker ETR series and TOX Electric Power
Module has the highest maximum speed which is not necessary in the usage of this project.
A better comparison would be between the EMG-ESZ electric servo cylinder and also the
Tsubaki Emerson Power Cylinder. Their maximum speed rating are more considerable in
this project as their range of speed are from 30 — 30mm/s. The choice of servo system to
be chosen for the vertical thrust movement in the feeding system is finally then decided
based on the price of each equipment. The Tsubaki Emerson Power Cylinder is more
preferable even when the price is slightly higher than the ESZ electric servo cylinder. This
is because the latter is currently unavailable in the market. However in the future, the
electric servo cylinder can always be a second choice option whenever there is a need to

change the equipment.
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4.4.4 Material Selection for Manufacturing In-House Equipment

For the in-house manufacturing of equipment such as the structure base, feeder to hold the
hydraulic motor and the servo-hydraulic motor, screw-on bit holder and also the rock
specimen holder, material of the equipment are to be determine. In order to decide which
materials are to be used to manufacture, the mechanical properties are listed down as
follows for easier reference and selection. The tables below shows the different types of
material along with the properties of each materials. Following the listed properties of
each material, finite element analysis are done in order to differentiate the strength of the

materials used.

Table 28: Mechanical properties of the suggested materials used for manufacturing in-
house equipment

No Material Elastic Modulus Tensile Ultimate Tensile
(GPa) Strength,Yield (MPa) Strength (MPa)

1 Iron 70 310 413

2 Carbon Steel 210 415 540

3 | Stainless Steel 200 215 505

4 Monel 600 207 310 655

4.4.4.1 Finite Element Analysis
After completing the designing using the CATIA software, the design is put through a

generative structural static analysis. This is to determine which type of material that is to
be used for the manufacturing. One critical part of the structure is chosen for the analysis
and the most critical part of the test rig structure is shown in the picture below.
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Figure 12: Critical part of the test rig

This static analysis consist of the deformation of the part where the force is applied, the
Von Mises stress analysis and also the translational displacement vector. The applied force
is L00KN on the critical part. The reasoning behind the 100kN force applied on the critical
part is that the force applied is a resemblance of the weight that is put on the drill bit in
the drilling operations. Besides that based on the study of Lund and his team, the amount
of vertical force applied is from the range of 100kN to 164kN. The four different types of
materials go through the same analysis and results were obtained. Deformation of the four
different types of material after all respective simulations shows a similar pattern of

deforming. A screen shot of the deformation is shown in the figure below.

Figure 13: Deformation of structure
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A) lron

Using the designated material iron properties from the CATIA software material library,
the iron used is the Gray Cast Iron 4.5% ASTM A-48. It has a Young’s Modulus value of
200GPa, Poisson ratio of 0.266, density of 7860kg/m?, and a yield strength of 250MPa.
The results of the simulation is shown below.

On Boundary

Figure 14: Von Mises Stress value (Iron Analysis)

Translational displacement vector
mm
1.05

0.947

0.105

On Boundary

Figure 15: Translational displacement vector (Iron analysis)
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B) Carbon Steel
Carbon steel has a Young’s Modulus value of 210GPa, Poisson ratio of 0.29, density of
7870kg/m®, and a yield strength of 415MPa. The results for carbon steel from the

simulation are as shown below.

On Boundany

Translational displacement wector

On Boundary

Figure 17: Translational displacement vector (Carbon steel analysis)

33



C) Stainless Steel

Stainless steel has a Young’s Modulus value of 193GPa, Poisson ratio of 0.29, density of
8000kg/m?, and a yield strength of 215MPa. The results for stainless steel from the
simulation are as shown below.

Von Mises Stress (nadal value)

On Boundary

[ranslaticnal d ment vector

2

On Boundary

Figure 19: Translational displacement vector (Stainless steel analysis)
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D) Monel 600
Monel 600 has a Young’s Modulus value of 207GPa, Poisson ratio of 0.29, density of
8470kg/m?, and a yield strength of 310MPa. The results for Monel 600 from the

simulation are as shown below.

On Boundary

Translational displacement vector

mm

0.356

On Boundary

Figure 21: Translational displacement vector (Monel 600 analysis)

From all the figures of result shown for each type of material, a table is shown below

summarizing the analysis done from the simulation.
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Table 29: Summary of static analysis of the structure on four different materials

Material Iron | Carbonsteel | Stainlesssteel | Monel 600
Deformation Similar deformation
Max Von
Mises stress | 7.629x10'Nm? | 7.623x10’Nm? | 7.625x10'Nm? | 7.621x10’Nm?
value
Max
Translational
displacement
vector value

1.05mm 0.351mm 0.382mm 0.356mm

A smaller stress value on the structure means that the structure is made of a stronger
element material and thus receiving lesser stress from the load given. From the above table,
it is seen that the Von Mises stress values are almost similar ranging from 7.621x10’Nm?
to 7.629x10’Nm?. Von Mises stress is considered to be safe haven for design engineers.
Design will fail if and only if the stress value is more than the strength of the material
itself. In this case of the simulation, the higher Von Mises stress value means that the
material is not a good choice to be used for the building of the structure. Iron has the
highest among the four choices of materials. Following iron are stainless steel, carbon
steel and lastly Monel 600 in order. Even though the maximum Von Mises stress value of
all the materials does not exceed the strength of each material, over time, the stresses on
the parts will soon give away in the structure. This statement is further supported by the
translational displacement vector generated by the simulation. The structural analysis
shows the maximum translational displacement vector that each material will endure when
the loads are applied. The values are range from 0.351mm to 1.05mm. The highest
displacement seen; which is 1.05mm from the iron material shows that iron is a no-go
material to be chosen as the material in building the structure. Comparing carbon steel and
Monel 600, both materials have the better Von Mises stress value and lesser translational
displacement. Now that from the technical part of understanding, the costing of each
material should be put into consideration as well. Below is a short summary of the current

market cost of each material.
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Table 30: Cost of the suggested material to be used in the manufacturing of equipment

No | Material | Cost (USD/Kg) Properties

- Soft and ductile

- Malleable

- Stress corrosion cracking

- Rust in the present of moisture
- Galvanic corrosion

- Fatigue resistance

1 Iron 0.5

- Used as manufacture parts in machinery

- Durable

Carbon - Capable of withstanding shocks and
Steel vibration

- More tough and elastic than mild steel

- Stronger in compression than in tension

- Corrosion resistance

- Sanitary quality

- More durable than most sheet metals.

Stainless - Inter-granular corrosion under intense heat
Steel ' 900 to 1500°F

- Sensitive to hydrochloric acid.

- Pitting can occur

- Expensive

- Good corrosion resistance
4 | Monel 600 3.0 - Stronger than steel
- Extremely expensive

Iron and carbon steel are the cheapest as compared with stainless steel and Monel 600.
However the strength of the material is more critical to be considered as the main factor
of choice in building the structure. Even though Monel 600 is a stronger element as
compared with the carbon steel, the price of Monel 600 is far too expensive at USD3.0/kg.
From the simulation and comparing the cost of each material, the best option for the choice
of material is the carbon steel.

4.4.5 Screw-on Bit Holder and Rock Specimen Holder

The screw-on bit holder is an equipment that will be joining the drilling bit and the
hydraulic motor. This bit holder has two box ends. One side of the box will have a diameter
that is according to the hydraulic motor output end and the other the box diameter
according to the bit thread diameter used. The rock specimen holder on the other hand is

also made up of similar material such as the screw-on bit holder. Selection of the material
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used in designing this rock specimen holder is similar to the process in coming to the final
material used for the screw-on holder. This is because the material used is easier to get
and able to be manufactured in-house. The design specifications are shown in the table

below.

Table 31: Design specification of the rock specimen holder

Parameter Specification
Base of holder 0.8m(L) x 0.5m(W)
Height of holder 0.22m
Clamping size 3inch — 6 inch diameter
Screw diameter 0.01m
Screw length 0.26m

Figure 22: Rock Specimen Holder (Isometric View)
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Figure 23: Rock Specimen Holder (Front View)

Figure 24: Screw handle (Isometric and front view)
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Chapter 5

Conclusion
The oil and gas industry is an industry where the cost of operating is very important and

all the companies would want to save cost. One of the factors that contributes to costly
drilling operations is the drilling bit not performing at its best as there are occurrence of
bit wear and also vibration. This brings up the matter of having a lab-scale drilling rig in
order to run testing of bits and to assimilate the drilling conditions that are faced on the
drilling rig within the laboratory itself. Thus the project of designing the lab-scale drilling
test rig. Using the GO/NO-GO screening to identify the more feasible equipment before a
series of decision making approach was used such as the weighted evaluation matrices
and also the Analytical Hierarchy Process in order to help ease the selection process. The
conceptual design was generated and then a thorough analysis of the design concept is
done in order to select the best material used for the manufacturing of in-house equipment.
Carbon steel was the final choice of material for the manufacturing of the test rig structure.
The objective of the project was met as at the end of the project, a designed was generated
and finite element analysis of the design structure was done. From the positive outcome
of this project, a safe operating drilling test rig would be manufactured to be used in aiding

drilling optimization of the drill bits in future researches.
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Recommendation
As a recommendation, as this project has only three systems namely the rotary system,

feeding system and also the clamping system; in the future work, the circulation system
and also the control system should be integrated together with the current system
generated. This is to fully have a laboratory scale drilling rig that resembles fully to what
the oil and gas drilling rig platform has. Besides that, using the ANSYS CFD Fluent
software is a plus point when running simulation that involves the circulation system as
the circulation of drilling mud is very much important to the drilling operations. This is
because the circulation system would then cool the drilling bit and also help in drilling

performances.
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Appendices
Appendix 1 — TC Series Hydraulic Motor

Technical Information / Technische LSHT Torgmaotors™ and Michols™ Motors
Information / Segni / Informacion Tecnica TC Series f Serie [ Série  HY13-1me0-002/U5 B

45 Displacomants (2.2 - 240 infirow) Big Performance In A Small Package

15 Schiuckwclumen 6. .. 380 om ey High Periomanos and long e in a reduced spaca

15 Cylindrie arvalopa desoriba Parkar's TG Serics motors. High

e woluma fluid flow continually washes across splnes
Cont It and scals fo axtond their [fo. Falar vanas and scalod

Max. Druckgafalla L. Bibar .. AMbar lioww speed Dperation.

Chawte do pression max

Prasion Maxirma

Maximum il Flow (18 gpm)

Dabit d'Fuile

Cowdal Maxima da Aceite

Maximum Spaod {202 rpmj

Drahzahl B2 rpm

Vitesss de rotnfion

alocidad Maxima
Cont Int

Maximum Torqua (1soskin) (2709 bin)

Max Drahmomsant 252 Nm 3061 Nm

Coupla Maxi

Torqua Maxima

Maximeum Sida Load {rae k)

Sqronlast <o JO06M

Charges latérales

Corga Maxima Latoral

B TC.indd,

7 Parksr Hanmifin Corporbon
Diwvtsion
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Appendix 2 — TG Series Hydraulic Motor

Technical Information /Technische LSHT Torgmotocrs™ and Michols™ Motors
Information / Segni/lnformacion Tecnica TG Series / Serie / Série  HY13-1me0-002/05 BU
; Exceptional Strength and Durability in a
13 Displacamants (8.8 1o BA.E in*rov)
12 Schiuckvalumen 141 . .. 950 crfraw High Performance Motor
13 Cylindréa The haart of Parker's TG Serias powsrtrain, the sanque link,
13 Despaznmiantos is an cotrn haavy duty part that mdudes uniqua B80:30 spline
geomatry. Fugged construction throughout alkews tha trams-
Cont. In. mission of over 13,000 lb-in of torqua. Tha antire powartrain is
Mlaximum Prossurs ; a oontirually washed in cool, high flow fuid to ssure long e
Eingangsdruck e r | et ared susiod o umkisior masrtain Hgh aoncy
Prossion enirie o and provida smooth low spesd pefamance.
Prasion Maoxima
Maximum Oil Flow {30 gpmi)
Schludkstrom L1 ipm
Dhit d huile:
Caudal Maxima da Acaita
Maximum Speed ({5680 rpmi)
Drahaahl &80 rpm
Wilesse da rotation
Welocidad Maxima
Conit. Int.
Maximum Torgus fa.zaslkin) (12,630 b in}
MaxDrehmomant 1044 HNm 1428 Nm
Coupla
Torgus Maximo
Maximusm Side Load at Kay o 1)
Saitanlast .. 16000 N
Chaorges latarnkas
Carga Maxima Latoral
o
D]
=
By Thindd, p
173 Parier Hannifin Corporation
o e
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Appendix 3 — TJ Series Hydraulic Motor

Technical Information / Technische LSHT Torgmotors™ and Michols™ Motors
Information / Segni / Informacion Tecnica TJ Series / Serie / Série HY 13-1sa0-00aUs, B

- The Ultimate in Performance from a
14 Displacamants — 2.0 i)
14 Schiuckvoluman n‘um_’.&- Medium Frame Motor
14 Cylindréa Parkers TJ Sarcs mobor provides all thet oould ba axpaciad
14 Dospazamiantas of a ganaral purposs motor and mone. Liniqua 50:40 splhne
geamatry provides divatrain strength for severn applications.
. ﬁ-t_ In . Fallor vanes and sealed orbit commutation sssura high
Maximum Prassura (7030 peid]  [27ED peid) wolumatric aficiancy and smocth slow spesd apanation.
Engenguduck - AMbar .. AMObar | oo fid Row scross splines and seas maan long, trouble-
. . froa life.
Prasion Maxima
Maximum O Flow {20 gpm))
Schluckstrom coo T pm
Disiit o il
Caudal Maximao da Acaita
Drehaahl 1024 pm
Yitissa de rotation Maxi
Velocidad Maxima
Cont Int
Maximum Torgus #1z@binj (ET2albin)
Max Drehmomant 467 Mm B4E Mm
Coupla Maxi
Torgus Maximo
Maximum Side Load at Kay {2180 Ibj
Saitenlost ... 14DDON
Charges lataroks
Carga Marxima Latoral

Bl Tl imedd,

el Parier Hannifin Corporation
Hycraule Furmpuldoion Division
m GRenGHin, e LEA
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Appendix 4 — PERMCO 5000/5100 Series Hydraulic Motor

TECHRICAL SPECIFICATIONS

B S000/5100 sSeERIES

Medium displacement roller bearing pump and motor

PUMP PERFORMANCE CHART [gpm]
GEAR WIDTH [in]
1z 34 | 11 112 134 F 214 2172 234 3

600 | — - 5.5 T ES o0 (no |wo |no |— —
M0 | — — BS I =T T T R B T b O I —
1000 | _ — g5 |wo Jws [ws |ws |ao |ms [— —
- 1200 (— - s |10 [w\o |Ns Mo (s |m0 |— —
E 1500 | _ — 150 [mwo |20 [z |aos ;s |ws |— —
& 1sm0 -~ - :
= — — g0 |70 [0 |30 |0 |40 |4E0 |— —
| 2100 — no [ |325 [38s (435 480 |0 [— —
2an0 | _ — |20 |:n |75 a0 |son w5 |en |— —
Max RPM — — 00
Dizplacement {in"3) (120 |19 [257 [322 |3ms (450 525 ([sm |em3 |— —
Dizplacement fcc) | 7100 3160 |4210 [s2E0 |s330 |73 |B440 |94s0 |wos40 [— —
Max Dperating P51 300 1500
SPECIFICATIONS

Type Frame Size Displacement Max RPM

5'} - -
51%'3" Bearing | Medium 1.28-6.43 2400 9.5-23.5 | 3000
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S000/5100 sSERIES

MOTOR PERFORMAMNCE CHART

GEAR WIDTH [in] ME0D0 M5100 @ 2000 PS5l

igiallii Dubpun [Dutput Input | Cuiput Dutput Input | Cutput | Cutputll mput | Cubout [ Oubou
[GFM) | Torgus | (HP) JCPM]  [Torgua HR (GPWY | Torque | [GFM B |GFMD | Toequa | 0GPRD
= an-I Jn-li fin-kd ik
-E- 00 n 730 g 16 Tao | 14 215 1530 | 185 6.5 Toeln | 34
o
ﬂ 1000 11.5 725 s 195 1130 18 26 1400 24 13 JBRS | 30
&
= | 1200 [ T20 135 13 1120 i a 1495 | 28 375 187D | 355
1600 § 2= Tio 175 IS e | 27 405 1470 | 37 50 1820 | 45
2000 | 755 &0 i 18 1040 | 335 50 1410 445 &2 70 | 55

DIMENSIONAL DATA

S
[— n‘-ﬂt_“ —_—
—
o i L H
Omtera .- SINOLE UNMIT
Iy ——t |
100
ey |E =2
L] — | &
b1 i
| L
L — oL
I . |
I T S 175 A "B
—EE I AE ]
ok Gaariish — Ger Wl eo Gemar WS
MULTIFLE LiWIm
EIMOLE UNIT

DISCLAIMER Consult vour Peermes Reprasentathe or te factory for cparation beliow 600 or above 2400 RPM ard
lempamtures abows 1807 F. Ol Viscosity: 1500505 (331 5] o ¥ F 378" 0) | il Tesmparabure: 1507 F (85.5" O]

1500 Frost Read PO, Box 2068 SUpEort (@ p-ErmoD. COMm - WsnW. [ ENM0o . COm
o Streskshoro, Chio 44241 twitter [@permoo
Phone 330.626.2801- Fax 330.626.2805 Facebook: wew Facebook.com/permoo

Varsion 1.0 : Permico 2002
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Appendix 5 — Yuken AC Servo Motor Driven Hydraulic Pump

AC Servo Motor Driven Hydraulic Pump Control System

B Intelligent Hydraulic Servo Drive Pack

The IH ({miclligesl h =erve drive pack is o compact energy-saving and
low-naoisze hj'drE.uJ'u: evice which is mhﬂl:d uS OnS nrr:j1 the AC ==rvn .ur::-:l.nr.
pision pemp, reservoir and Bydraokic contred circu. This combination cas contnod
the mumber of revolutions of the semvo moior and sdjst the discharge and presswee
of &z pumg. This device can be combinzd with the sznsor — equipped cylinder
und dedicated controller o facilitale tbe configuration of a positios, speed and
pressiee ooaten| sysiem.

# Energy Saving
The operation af the number of revolutions meeting e machise requiremests (flow raie and peessure) educes weless
power lnsses ssd provides energy savisgs.

# Low Modse
During pressure contred, the pemg rotation compensatiag For the internal leakage of oil pressure provides bow
revohtions with almost. o noise.
Inring flow oonirol, the sember of revolutions mesting the mochine requirements ensores loser nose penemiion thos
ooavestional devices.

&
A substantial reduction in beal geseration enables the operation with 8 minimum amosst of Meid oil for cylisder
operation in addition something extm odl. This resalis in 2 combinsSos of the serve molor, pision pomg, reservolr o
hydrmulsc control crosit I one, providing esergy savings.
Incarporation mio o iniegral part of the machine is also possible.

& Dhgitnl Comtrol
Software conrod of the dedicaisd coateoller allows a sysiem to bave 2 great deal of versatility becanss of makiag wse of
5 TP Digital coairnl parameter setling Ml to opemte e system osd it mainiznosce, frhermess e oaaleg:
ispulioupat pors provide e standard for wer islerfae.

B Specifications
Clooraciric Maaiznen Thraxt Chaipai Hescreoir Chl Lewed
el Fumbers Ineplacorea: of famp Ehal Sped d Cagpacity
ey o e e imia Cyladier bee b CECTRT N mifm i)
TSI - i 51 20— 30 EN (49 - 514 Ba)
200 (152E
TSI -#-13 10 (4513 — L. Bors 51 mrm (248 i L 13m A1
TR 1§ i 51
TINI-8-9 10 L5108 Mok 30— GEN {E2 - 132 Bha ) LT T e
TEII-E 185 [RE] E sy wary acooediag o Tyl Bove B mem (118 ke
EFAL] A mrve oDy caiEe -
TR0 axd . - 100 M 229 B s
e ——— E::;Tlln apratiag preo Cy. Mo 100 mxm (1M 03 B0 (15T} b Fed R 1]

B AC Servo Motor Ousput and Operating Pressune (for reference)
e vy [ ] % Tmr vy

A Seoren Mokar Cicemxtre M Ciperating P
Madel Hersber Lm'.i “:ﬁ:-':-l i B 1 1
(L] (310 | {eIa0 | {923 | 2000 | 234G | 33
PR DY (L1 139 BT
PEET IETE T
PR 1324 LT
ym- L ET- T IRL {2
YA a4y 04 f2a0
s an P 1 (1
YEm- Ty TA(m 48 422

Kols: The o ahic o pridescs for resiel sclecson, B i regared I bk cpersieg condision of ipdoadic poser eell ook ooycks o s coesidention
wher sddectisg the A wree moier. Plone comaes o for mos deiads.

Inéeligent Hydraulic Sorvo Driva Pock
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Hydraulic Power Units

W Model Mumber Deslgnation

Y04 | -F T N 18 -H A & &1 @1 A | -m | #
. | =H=3
Gommwiic | g | Locsian| Mo S | Rod Sec |
[hechion of w Yot of (i | Cmsm. Lo Dicximn
":'n;k;‘:h:::h.hm hr-L:.v- h:;‘:"-
iy | g | S | wse | e
= b gy i oum Vin
T T
=l E : E E |
ks i i i i
RO W H o H H
S b P s mes | : ;
— S H | T B i (RN H H -
Mokr | H. ST T S e H — - = i
i LI [ 111 El'i-"m' i :
I it BT i
1T 13w :!h _— i
LT HF e 1 H
F:"-'I‘= =y :Ihn:llr.h = r‘; EE:;?'“"" -
¥otar Fach H
A T vEsey | e sown : L _—
IR EAEm  EERgE L LI s i Bok |TF o0 Wil Siwa  [Hollesl| g
) = 2w PEEZARW  |peenscaTe s T T -
il T T R T ] s mEed | Comks O
ai W | e i | bmlwey | Sl |MedEnd
L T T R — T giappHo | RE | DT e W
P o s vl [ T P
e WiEm [ P ek i AL1-1 facla-ds | s
ST u i L L.
_— k| ™ i P[5 7 |27 e
=00 B kW BRSALY | nacaT - 1 L0 I b |
7.2 15 TTARRY | g ) bty 1 P Horer S off
18w TN W valse 3 WERmm Whbam | e
Il = {1 HF | S | Rt Sk
| Comnks o
| halmex (S
1 1 1 1 ke T Vake
W . Deogn Stascerche R . Siriard " I
|1 [—— Eeropeas Demgn Stesderd
M. Asencen Despe S bedeed
B Siructure W System Configuration
The IH Serva Diive Pack pump & o hadinectional revolution
peion pump which affers high performanoe @ s wide raage 1¥1 Comirmlior
af wery low o high rewolutices.  The hydrmelic controd —p sEAH
circuii simply cossisis of mfely valves and self pniming Anmoggin @ - =LY iz m”h:
valve, withowt s costrol valve s the pemp dscharge lise Sz Moior
and e semies line between cylisders. The reservoir = made sy il ” &
onmpact by using space around the pump. Witk the oil g - ,
supply port of Bydmmbc uid doubling ox s o heeather Sounrca W0
and the side-mounied cal level gaupe, the pomp is well
eqquipped a5 & hydraubc drivisg fome. t
Cyireie wity ;
S Do
; 5O
(]
Foan et . ot
R ELIM ST IR

|  Consuki ¥uken when deimled maienal sech os dimessons gues 15 mypoed. |
inteligant Hydraulic Sanve Drive Fack
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Catnlosg 1808/US
Featuras & Benefits

Appendix 6 — ETR Series Electric Cylinder

Eleciromachanical Actuator Products
ETR Series Electric Cylinders

Electric Cylinder Feature Analysis

Foaburs

Advantaga

Banafit

{Ground and polished preoision sininlass
sieal rod

FessE comosian

)

Dhsad dirsaction amgular contnct o

#biity o Fardla both redinl and thnst

Lomger soraw e, longer bearng o

fapared roller baarings 1o suppot back. | loads ganoraiod by screw

wred of screw

High load Tordon anti-rotnia bearings Eliminates rod play ard roiss, ngidiy Lorger sorow i, smooth opamibion,
suppons tha sorew groaier DOoUMmTy.

Endosed Sa mod dasgn Structual srength for adnesion body Lomger lils

Caombination ip seal and wiper saal on
rod

Kaaps greasa in cylindar, kaaps
oontaminosion out

Larger sorow i, less mainenance
raquined

Global drop-in posiion sersor provides | Low profile o the catrusion body Reduces cost, simplifias dasign
sansng ergat for oylindar mouniad Low profla

safiches

10l bath lubrication opsion on rollar Highwr walooity than greass lubriction | Codler punning condiions

Exiermal lubrication ports: on oyfindar Enss of mainenance process Maantain with minimal downtime:
body ond rear and oaps

Substariial beanng support for front end | Sorew support climinates whipping, Lamsger sorow o, greatar position
of rofler sorew wibration run out. RCCLUTnoy

m
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Catnlog 180e1S Eleciromechanical Actuator Producis
Specifcations ETH Seres Electric Cylinders
Parformance Ovarview
ETASD ETF0 ETA1 ETRiZE
ko Thiusd, s ik E.5 {1850) 18 [0S0y 45 10,1204 0 (22 4B
klax Spead - Ol Coolad, mmisac [inisac) 1244 j40) @33 [3T) 1206 [51) ora 28]
klax Sncod - Oroass Tookad, mm'sen [infsac) @33 [3T 00 (28] o7z (28] T2 [2Y
blax Aoocicriion” | mimiser {infsec) B84Z (31 i1, 980 pE30) =2 280 [BTT 22 D80 (ETT)
klan Boty Ineria, cmd (nf) 1107 [26.6) A50 (108 BT (L&D 45 1,08
o Siroks, mim (in) BO0 [31.5] BOD (31 5) 11000 30 4) 1000 [35.4)
"Acalaraticn |5 capandant on tha drive mobor.
System Characteristics
Ebdirectional repaad ahvilty - Inilling, mm (Inj +0L 26 [=f.001)
Eldirectional repaiahilly - Farmlal, mm (Inj =11.15 (=11.006)
L sourany per 300mm of kgt mim [in) £0 012 [=0.0006)
Elrsighiness of meirusion per 300mm of kength, mm (in} =020 (=00004)
Screw and Drive Proparties
Shrg Losd Efflciancy Fulley Dha—aror
[ruem} [
£ 5 0.3 A48
] 0.3 £4.8
5 QBT ¥i.3
= 0 [ ¥i.3
5 DuBd BEUE
100 0 ek ] BEOE
20 0g BEE
5 ik 23 101 3
125 L] oy 101 g
20 UG 101 .3
Operation Temparature Range
oG o 6070 [22F o 140 F)
Profile EXTrusions
|
— B Al
e | M| _ |
I ] -l | ™ ) I
- —  — i | —— e i —
ETRs0 ETRa0 ETRioD ETRiz25
Ferize HannBin Corporation
i =
Wiadeword, Ohin LES&
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Appendix 7 — Tsubaki T Series Power Cylinder

= T Trurmion Biing b rol included in Hhe bosyracdsl Plissicen 3 spmschily st v Trursion rodil rursbsy.

® Marusl cprsing hamd ks e sk o vl B

1 1E5NE o i}
"IFTIB: =0 h 2| = it o o ws | ap | B
H SEAT /X ] Al
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LFIE L D (5] i 30 WD, 40
e SO0 g |asm| sm = = = i | msa 5T u o
H ST oLH 12
5 [Foe [F] 7]
(L wm 7 10 I, W0, 4
[T e I [FTP ) LA m ] e s,
H ST i5 ail i 2
5 12545 [T i ¥O, WD, A
WIB son L oo 25 2] i w1 | aw | 5E emmo
L[ N |igm| e S i5 m 3 T e R
H fr] b 1| 10 o T
] Wi [E] is T
PR app L | ®m| sm B i5 il =1 | a=m ] A0, B
P H || g FTr 11 i4 SR S - b
H EFT 13 e 10 i s TR & B —
E] [% BT [ -] 1] e — .
LFTE L 1EET i35 or -
PIC eD00 § | | smo e 1 e fr (bl :ﬂ
H AFD 12 i7
5 TR i5 i e
LPFIE L s | [+ ] .
T EDDD W B | BED W 13 i7 1 od :E
H AP5] 15 if
LFTE 3 ST pF 12 =
[Tuls 1000 M| ok | aoma L e 13 = i Tl —
H f o 15 iz 30
L TS 3 = ey
ﬁ w0 M| s |wm) g 15 r we | an 'ﬁ
H 1 13 T =t
o
L T 15 [«2]
ﬁ 1000 W | 300 | mae S . o um | 'E
H n 1] o -
holed The ol /s B nbeons 0 o e o o e bg moie e 1T i e p e o B e ok wih
T ek roiens 3 vk o B reier ryscheys) ey e
[ Teeuly ercloned] wolf coolisg tvps with brake
Curpar Sufm i Senderd modsl dimersicns e
Farr b o proisen & ke
el 35 OOMTDOWIIIN
Fracpmncy frorny g Tey e gt
| o o L, E 11 Cylediors with balloss o e B 5 excmmily Jushy oeion
— — 71 rmerenl persiry - svabsdis bop [oesiiees eesossd o s ey v mE Cormalm
raing W Smin 11 Al rexcisly are | Sy srciosssd sirscerea = Fal B e be: o=l ree il
Proiar il oy rrw faced Tziully erciowed oo oo ype (P25 suicicarn, hosees usrins schvere corciicrn aroomed o coretan sl s sl
HAEHDY cifferd v bur e kg s oo sabitis Ez | el am erwevdsior, sl e 18 5 pelmnore . BN SOTErT I
T o rod ol i ard b ol v mle £ ogm Y v s EEn e Eeg T 3 agher Sl Do e ) R e
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TE typa prre With wet slip dich protecton devics (Basic typs)

TC typss e e With thiust datecting mechanism [Basic typs)

Irm frm

" Tl srachure gty varee Seeersing -m B rexdal

Brake moiof —— Thia mdor mdopbs o desmang oilon aper stion Bypa (e ping ciosss Bypa L amd Be boabks s ppled while e
cdinder dope. Nhis bmks acion holds bl whike Be powssr cdinder siops and mdioss oossting dudmg
S, A v B porpesss of I crseeel g slege & oo ey
Al if ha brs ks rredors siopl ool oor Bypsa

Reduction F]Er[ Tha radie o part " lmafa e tn e Fgh e o amd @ s gesar an B o
s i
Tha luby ko matiod B g bath b, amd feas oust ope sting s lction, Futhammomn, @ mamnua
Famil et ls proviced, amd e auctum of Ba apead reducar fac s opareiion ot possar fals amd
st for s e o
Bon i piie e, v ricags prsal e o sleciiy e oo o Ba imelseed

Actustion Flﬂrt Tha achmbion park b proy ided with @ Bl soew amd not wiich comsds 8 mbding oo ol e mabion
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