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ABSTRACT

Rapid wear of drilling bits in oil exploration companies occur due to
friction with the sand in mud layers, this wear causes the drilling bits to
consume in large quantities and leads to frequent breakdowns of drilling
processes. Exploration companies are continuously suffering of these annual
losses.

This investigation was conducted to improve the mechanical properties
of the drilling bit, it subjected to packed carburization treatment. The
experimental studies were conducted under various quenching media,
carburizing and tempering temperatures. The settings of carburization
parameters were determined by using the Taguchi experimental design
method to minimize the number of experiments. The level of importance of
the carburization parameters on hardness is determined by using analysis of
variance (ANOVA). The optimum combination of carburization parameter
was obtained by using the analysis of signal-to-noise (S/N) ratio. The
confirmation tests indicated that it is possible to increase hardness
significantly by using carburization process. Based on the carburization result
from Taguchi method the optimum surface hardness value calculated is

44.17HR.

I1I



aso M=l

it oy Jo il e ol i o9 sasdl aiSod gl JSWI

3 caniy JSWI 3o 5. auilall o,¥1 lisds (08 Jo )l ©lu> go JISi>W
5, 03dg il LY 8,80 JUac) 5l loo 8,uS wloS, SV il
48,9l 03> paaf . Jlzall I3n (o9 S illgio il dgim slws o
inloc plaiwl jasdl auSiw) aSuilsiall pols sl axdleal sl ,>] adsull
Laslwg ,usiy dJsg dalize glogl cam wlwlall sh,z] ai 28 .aiy S|
Joloe 3uaxi pig.aulaill 8,)1,> wlzs ai Sl 6,2 wlz,o 5 2l
wligaaally a il puoai ayyla adawley o )lzddl sae Jdsi) ai S
adall e ain Sl Jolss dronl 475 bol . ivezli day o (19 &olzioll
i ySI Jolge) (sliall aadoill Lol. ouluill Julss alawlss oy o 289
ai Ll o Lol o gl 285, mnall (Wl 6,LaY] dnws Jalois bl pio
a5l oo Tsbis . ai Sl ados alawlss bgalo JSuin adball 3l alSl
03d b 80 all dosd Jiadl Jioi 44.17 Ol ami uivezl ooy ai,SIl

a0l

IV



CONTENTS

Topic Page
53U 1
ACKNOWLEDGEMENT IT
ABSTRACT IN ENGLISH I1I
ABSTRACT IN ARABIC 1A%
CONTENTS \Y4
LIST OF TABLES VII

LIST OF FIGURES VIII
Chapter 1

INTRODUCTION

1.1 General Introduction
1.2  Research problems
1.3 Importance of research
1.4  Scope of research

1.5 Methodology

1.6 Research Objectives

u U1 A b~ B~ W

1.7 Research Layout
Chapter 2
LITERATURE REVIEW AND PREVIOUS STUDIES

2.1 Preface 6
2.2 Carbon steel 7
2.3 Case hardening 8
2.4  Carbonization 9
2.5 Tempering process 13
2.6 Wear of material 14

2.7  Previous studies 20



Chapter 3

DESIGN AND ANALYSIS OF EXPERIMENTS

3.1 Preface
3.2 Concepts of the Taguchi Method

3.3 Signal to Noise Ratio (S/N)

3.4 A typical orthogonal array

3.5 Properties of an orthogonal array
3.6 Assumptions of the Taguchi method

3.7 Design of an experiments

Chapter 4
EXPERIMENTAL PROCEDURE

4.1 Preface

4.2 Specimen preparation and hardness test

4.3 Carbonization of samples

4.4 Tempering of carbonized mild steel samples
4.5 Hardness test.

Chapter 5

RESULTS AND DISCUSSION

5.1 Results
5.2 Discussion

Chapter 6

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusion
6.2 Recommendations for future work

REFERENCES

VI

23
24
25
26
27
28
28

32
35
36
37
38

39
49

50
50
51



LIST OF TABLES

Table No.

3.1  Layout of L9 orthogonal array

4.1 The composition of the steel sample

5.1 Orthogonal arrays with Test results

5.2 control factors levels

5.3 Taguchi - orthogonal array

5.4 Orthogonal array for carbonizing with Test results

5.5 Average effect of process variables on surface hardness

5.6 Percentage contribution of each variable on Surface hardness
5.7 Orthogonal array for carbonizing with S/N ratio

5.8 The average SN, value for each parameter

5.9 Optimum conditions for surface hardness

VII

Page No.

27
33
39
41
41
42
43
45
46
47
48



LIST OF FIGURES

Figure No. Page No.
4.1 The mud drilling bit 33
4.2 The mud drilling bit after corrosion 34
4.3 The mud drilling bit after welding 35
4.4 Sample from drilling bit 35
4.5 Metal Analysis components instrument 36
4.6 The stainless steel box 37
4.7 Muffle furnace for carbonization of mild steel samples 37

4.8 Hardness tester 38
5.1 Reduce testing process in the Taguchi method 40
5.2 Average effect of process variables on surface hardness graphs 44
5.3 Optimum conditions for surface hardness 47

VIII



