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ABSTRAK 

 

 

 

Kajian ini dilakukan adalah untuk mengkaji peretakan yang berlaku ke atas 

bahan dengan menggunakan teknik getaran. Objektif utama kajian ini adalah untuk 

mengkaji kesan daya tindakan luar yang bertindak ke atas bahan dan tempoh masa 

daya tindakan luar, kesan komposisi bahan terhadap struktur bahan, dan mengesan 

peretakan yang berlaku ke atas bahan serta sifat-sifat peretakan. Spesimen yang 

dipilih adalah jenis tembaga dan keluli lembut. Ujian kekerasan dilakukan untuk 

menentukan sifat kedua-dua bahan yang dipilih. Teknik mengesan peretakan yang 

berlaku ke atas permukaan spesimen dilakukan dengan menggunakan teknik ujian 

tanpa musnah iaitu teknik getaran. Daya tindakan dikenakan ke atas permukaan 

spesimen untuk mendapatkan data daya hentakan. Kajian ini akan membuat 

perbandingan dari sudut anjakan impact force dan juga menggunakan FFT analyzer 

untuk membuat perbandingan frequensi tabii  antara spesimen rujukan yang tidak 

mempunyai sebarang peretakan dengan spesimen yang mempunyai peretakan. 

Selepas itu, ujian pengesanan peretakan ke atas permukaan spesimen dilakukan 

secara visual dengan menggunakan kanta pembesar. Kajian ini diteruskan melalui 

perbandingan dengan ujian ultrasonik. Semua keputusan dicatat dan kajian terperinci 

dilakukan terhadap kedua-dua jenis spesimen. 
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ABSTRACT 

 

 

 

This project is carried out to study about crack detection on the material by 

using vibration technique. Main objective of this study to find out the effect of 

impact force to the different material and contact time, identify effect of composition 

material to the structure, trace the crack location and behavior of crack on the 

specimen. The specimens that will be used in this study are copper type and mild 

steel type. Both types of specimens will be test with hardness tester machine to 

obtain the characteristic material that was chooses. Crack detection technique by 

using non destruction method namely vibration will be applied to the specimens. 

Impact force will be applied to the specimen to obtain the impact force data. This 

study will make comparison between a good specimen as reference and crack 

specimen in edge of displacement of impact force and FFT analyzer also will be used 

to make comparison in edge of natural frequency. After that, visual inspection to the 

specimen will be carrying out by using magnifying glass. This study is follow by 

comparison with the result from ultrasonic testing. All the results both types of 

specimens will be discuss in depth. 
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CHAPTER I

INTRODUCTION

1.1 Background of Study

All structure or mechanical component that has been invented, have a lifetime 

and weaknesses. Because of that, this study is aiming to identify the best material 

and find out solution to increase lifetime of material. 

This study is carried out to trace crack as an experimental specimen of non-

destruction test (NDT). There are includes identified structure of material and 

analyzed the factors that maybe give crack effect to the structure material from the 

impact force data we will be have in the non-destruction test (NDT). The FFT 

analyzer also will used to identify the natural frequency of the specimens.

Crack is divided to many kinds. There are included surface crack, haggard 

crack, and others. Actually, crack at the component cannot give the direct effect to 

our safety but can give big effect when the crack is growing up into the certain size 

and very difficult to overcome the problem. Consequently of that, we should know to 

identify the factors that maybe give effect to the crack and try to retain or eliminate

the crack to increase the lifetime of material.

First of all, this study will conduct by find out characteristic of specimens 

used by tested with hardness tester. The next step, this study will analyses the 

specimen by using vibration. Before trace any crack, vibration method will be used 
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to identify condition of specimen. Comparison between good result of specimen and 

damage result of specimen will be carried out. The damage specimen will be 

analyses and detail inspection will be implementing to the specimen. Any result will 

be note and the best solution for the damage will be found out.

This study will be proof by using ultrasonic testing. This study will compare

result by vibration experiment and ultrasonic testing.

1.2 Problem Statement

Crack is a major problem in the engineering field especially in the forging 

structure. Effect of crack, the structure of material cannot coherent for along time and 

decrease it lifetime. This occurred maybe from the fatigue and stress in the material 

and the others factor. However, crack on the structure of material can be overcome to 

increase the lifetime of the material by making right choose material and we know 

the suitable matrices of material used without any wasting. By controlling the crack, 

it will give good effect in the engineering field because it can be increase the lifetime 

of material, improved performance of material and also give benefit of economizing.  

1.3 Objective of Study

This study is carried out by experimental analyses and also by theory through 

the non-destruction test (NDT) from the impact force data, FFT analyzer and 

ultrasonic testing of the virgin structure to construct and display damage location and 

it damage behaviors. There are objectives to accomplish in this study:

i. Identify effect of impact force to the different material and contact time

ii. Identify effect of composition material to the structure

iii. To trace the crack location and behavior of crack
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1.4 Important of Study

This study has several importances especially in the engineering field. Many 

people did not know how to solve the problem of structure crack and it is very 

difficult to identify the crack and its type by the direct sight. Consequence of that, 

this study will give detail explanation about the crack. There are importances of this 

study:

i. Can identify location of crack and identify potential causes of crack

ii. To reduce or even try to find out the best solution to eliminate the crack and 

improve lifetime of material

iii. To control growing of crack and we can analyze machine operation before 

severely damage occurred

1.5  Scope of Study

i. Literature study by journal, article, academic books and others related 

references

ii. Trace the crack specimen through vibration experiment and ultrasonic testing

iii. Study on crack cases in the material

iv. The assembling of the structural mass and stiffness matrices of the plate 

structure is carried out using Hardness Tester

v. The plates will be tested in vibration tests using impact force and also FFT

analyzer to obtain the natural frequency of specimen
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APPENDIX A


CALCULATIONS

Hardness Test Calculation

1. Stiffness of material given by:
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i. For copper plate:
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ii. For mild steel plate:
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2. Ultimate Yield Strength for mild steel:


Refer table C2 (Appendix C)


Interpolate:
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Vibration Inspection Calculation
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Figure A1: Illustration of collision between ball and plate

Base on the illustration above, the formula collision is:
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mx = mg(t) - f(t)                       


                 (1)


where:


m = mass of the ball,0.5g


x(t) = penetration of the ball into the 


plate


g(t) = acceleration of gravity,9.81ms


f(t) = impact force of 


&&


the collison




The relation between penetration of the ball, x and stiffness of the material, k is:
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f(t) = kx




(2)


A. For the reference mild steel plate at the highest level impact force, 160mm:


i. Peak1
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f(t) = kx




11.91N = (1.1516x1010) x (x(t)3/2)


x(t)3/2 = 1.0342 x 10-9

x(t) = 1.02 x 10-6m

       = 1.02 x 10-3mm


ii. Peak2
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f(t) = kx




10.69N = (1.1516x1010) x (x(t)3/2)


x(t)3/2 = 9.2827 x 10-10

x(t) = 9.52 x 10-7m


       = 9.52 x 10-4mm


iii. Peak3
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f(t) = kx




11.04N = (1.1516x1010) x (x(t)3/2)


x(t)3/2 = 9.5867 x 10-10

x(t) = 9.72 x10-7m


       = 9.72 x 10-4mm


iv. Peak4
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f(t) = kx




8.03N = (1.1516x1010) x (x(t)3/2)


x(t)3/2 = 6.9729 x 10-10

x(t) = 7.86 x10-7m


       = 7.86 x 10-4mm


v. Peak5
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f(t) = kx




6.19N = (1.1516x1010) x (x(t)3/2)


x(t)3/2 = 5.3751 x 10-10

x(t) = 6.61 x 10-7m


       = 6.61 x 10-4mm


vi. Peak6
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f(t) = kx




7.52N = (1.1516x1010) x (x(t)3/2)


x(t)3/2 = 6.5305 x 10-10

x(t) = 7.53 x 10-7m


       = 7.53 x 10-4mm


vii. Peak7
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f(t) = kx




4.47N = (1.1516x1010) x (x(t)3/2)


x(t)3/2 = 3.8816 x 10-10

x(t) = 5.32 x 10-7m


       = 5.32 x 10-4mm


viii. Peak8
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f(t) = kx




4.07N = (1.1516x1010) x (x(t)3/2)


x(t)3/2 = 3.5342 x 10-10

x(t) = 5.00 x 10-7m


       = 5.00 x 10-4mm


ix. Peak9
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f(t) = kx




0.66N = (1.1516x1010) x (x(t)3/2)


x(t)3/2 = 5.7312 x 10-11

x(t) = 1.49 x 10-7m


       = 1.49 x 10-4mm

x. Peak10
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f(t) = kx




0.20N = (1.1516x1010) x (x(t)3/2)


x(t)3/2 = 1.7367 x 10-11

x(t) = 6.71 x 10-8m


       = 6.71 x 10-5mm

B. For the crack mild steel plate at the highest level impact force, 160mm:


i. Peak1
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f(t) = kx




12.16N = (1.1516x1010) x (x(t)3/2)


x(t)3/2 = 1.0559 x 10-9

x(t) = 1.04 x 10-6m


       = 1.04 x 10-3mm


ii. Peak2
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f(t) = kx




11.94N = (1.1516x1010) x (x(t)3/2)


x(t)3/2 = 1.0368 x 10-9

x(t) = 1.02 x 10-6m


       = 1.02 x 10-3mm


iii. Peak3
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f(t) = kx




10.65N = (1.1516x1010) x (x(t)3/2)


x(t)3/2 = 9.2480 x 10-10

x(t) = 9.49 x 10-7m


       = 9.49 x 10-4mm
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9.32N = (1.1516x1010) x (x(t)3/2)
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x(t) = 8.68 x 10-7m


       = 8.68 x 10-4mm
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5.44N = (1.1516x1010) x (x(t)3/2)


x(t)3/2 = 4.7239 x 10-10

x(t) = 6.07 x 10-7m


       = 6.07 x 10-4mm


vi. Peak6
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7.24N = (1.1516x1010) x (x(t)3/2)


x(t)3/2 = 6.2869 x 10-10

x(t) = 7.34 x 10-7m


       = 7.34 x 10-4mm
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7.28N = (1.1516x1010) x (x(t)3/2)


x(t)3/2 = 6.3216 x 10-10

x(t) = 7.37 x 10-7m


       = 7.37 x 10-4mm


viii. Peak8
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2.94N = (1.1516x1010) x (x(t)3/2)


x(t)3/2 = 2.5530 x 10-10

x(t) = 4.02 x 10-7m


       = 4.02 x 10-4mm


ix. Peak9
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5.36N = (1.1516x1010) x (x(t)3/2)


x(t)3/2 = 4.6544 x 10-10

x(t) = 6.01 x 10-7m


       = 6.01 x 10-4mm

x. Peak10
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f(t) = kx




2.23N = (1.1516x1010) x (x(t)3/2)


x(t)3/2 = 1.9364 x 10-10

x(t) = 3.35 x 10-7m


       = 3.35 x 10-4mm
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CHAPTER IV

RESULT AND ANALYSIS


4.1
Introduction


To study and investigate about cracks, there are three types of NDT methods are used, namely vibration inspection, visual inspection and ultrasonic testing. First of all, each type of specimens will be identifying its characteristic by using hardness test. This method will be comparing characteristic two specimens chooses by identifying it tensile strength to indicate the stiffness of material chooses.



After that, this study is continuing using vibration technique by using DAQ DEWEsoft 6.2 software. Firstly, the free falling body will be setup correctly and this technique divided by two. The first one is to find out the characteristic of specimen when the force is applied and the second one is to find out the crack location. In this study, only mild steel specimen will be conducted to find out the crack location using vibration technique. It is to prove the vibration technique can be used to identify the crack location.


Then, visual inspection by using microscope will be done to see any significant required. This study will be proof by using Ultrasonic Testing method. Comparison about both characteristics specimens will be done and will be conclude the best solution detection technique of crack.


4.2
Hardness Test



Hardness test is used widely to identified the ability of material to arrest any change before occurrence of plastic  and rift phase in that material surface. This hardness test was very important to know material physical property engineering as gauge material level used. Below is result of hardness test for both types specimen:

4.2.1
Results

		

		

		Table 4.1: Material properties



		

		COPPER

		MILD STEEL

		BALL BEARING



		Young Modulus,E

		110 Gpa

		210 Gpa

		650 GPa



		Poison's Ratio,

[image: image1.wmf]s




		0.34

		0.28

		0.3



		Stiffness,k

		7.062 x 109

		1.1516 x 1010

		-



		Density,ρ

		8800 kg/m3

		7800 kg/m3

		-





Table 4.2: Hardness test for copper plate

		No

		Reading

		Average



		1

		39.8HRB

		



		2

		39.9HRB

		



		3

		41.4HRB

		



		4

		40.8HRB

		



		5

		40.9HRB

		



		

		

		40.56HRB





For the copper specimen, the value U.T.S and Yield strength is approximately same with theory value:


Ultimate tensile strength (U.T.S) = 220MPa


Yield strength
= 70MPa

Table 4.3: Hardness test for mild steel plate

		No

		Reading

		Average



		1

		46.6HRA 

		 



		2

		54.3HRA 

		 



		3

		 53.2HRA

		 



		4

		 55.3HRA

		 



		5

		53.4HRA

		



		

		 

		52.16HRA





From the theory (mild steel):

Ultimate tensile strength (U.T.S) = 531MPa


Yield strength
= 448MPa

Experiment:


Refer table C2 (Appendix C)

Interpolate:
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U.T.S = 551.88MPa


4.2.2
Hardness Test Analysis

[image: image39.png]

Figure 4.1: Example stress – strain curve


· 1 - Ultimate Strength


· 2 - Yield Strength(elastic limit)


· 3 - Rupture


· 4 - Strain hardening region


· 5 - Necking region



From the results, the mild steel specimen has higher U.T.S and Yield strength compare to the copper specimen. From figure 4.1, after the Yield point the metal will undergo a period of strain hardening in which the stress increases again with increasing strain up to the ultimate strength. This test showed, mild steel is higher maximum stress that it is can withstand when subjected to tension, compression or shearing. It is the maximum stress on the stress strain curve. Mild steel also higher Yield strength, so it is difficult to change from elastic deformation compare to the copper. That why mild steel is more reasonable to build a framework building structure and also reasonable for the various application of structure compare to the copper. Beside that, mild steel is lower cost for the structure designing. 


Lower of U.T.S and Yield strength of copper prove the copper is malleable and ductile compare to the mild steel. That is, it can be bent and shaped without cracking, when either hot or cold. That why copper has special application in the engineering. Copper sheets are used in cooking utensils and in roofs. Copper tubes are used to make pipes for plumbing and carrying natural gas. Copper wire is used to carry electric current. Extruded copper, that is, copper that has been squeezed through a hole, forms rods, hinges, tubes, and door handles. The use of copper is increasing. In the 1970s, a 1,500 square-foot house used about 280 pounds of copper. Today, a 2,200 square-foot house uses about 450 pounds of copper. A car in the 1970s used about 35 pounds of copper. Now, 50 to 80 pounds of copper will go into one automobile.

4.3
Vibration Inspection


There are three types of vibration inspection in this study. The first one is free falling body vibration testing to investigate the impact force to the different material and contact time, and also to determine the relation between Young’s modulus and impact force for the difference material.



The second one is free falling body vibration testing to identify the location of crack for mild steel specimen by using the reference mild steel plate and the crack mild steel. And the last one is to identify crack specimen by FFT analyzer observation.


4.3.1
Impact Force Testing


This experiment is carrying out to see the different of impact force for the both types of specimen when impact force is applied. Impact force at different level is applied at the mid plane of specimen and the time contact of impact force at the maximum force is measure at the maximum force. Figure 4.2 below, showed free falling body experiment setup for this study. The level of height will be measured by ruler, and when electromagnet is turn off the ball bearing will be fall down an d give impact to the specimen.

[image: image40.png]

Figure 4.2: Free falling body experiment setup


4.3.1.1
Result

Table 4.4: Maximum force acting on the reference mild steel plate at different level of height

		Level

		Height [mm]

		 

		 

		 

		 

		Fmax [N]

		 

		 

		 

		 

		 

		 



		 

		

		F1

		F2

		F3

		F4

		F5

		F6

		F7

		F8

		F9

		F10

		Favg



		1

		40

		4.82

		4.7

		4.7

		4.73

		4.77

		4.72

		4.7

		4.7

		4.73

		4.72

		4.729



		2

		60

		5.99

		6.34

		5.98

		6.33

		6.22

		6.12

		6.66

		6.53

		6.43

		6.33

		6.293



		3

		80

		7.4

		7.75

		7.77

		7.73

		7.54

		7.66

		7.36

		7.35

		7.82

		7.44

		7.582



		4

		100

		8.69

		8.69

		8.69

		8.72

		8.71

		8.73

		8.75

		8.77

		8.7

		8.72

		8.717



		5

		120

		9.51

		9.75

		9.51

		9.53

		9.54

		9.36

		9.62

		9.53

		9.62

		9.65

		9.562



		6

		140

		10.57

		10.23

		10.1

		10.23

		10.23

		10.22

		10.21

		10.1

		10.53

		10.25

		10.267



		7

		160

		10.57

		10.57

		10.1

		10.92

		10.85

		10.56

		10.75

		10.55

		10.34

		10.57

		10.578





Table 4.5: Maximum force acting on the copper plate at different level of height


		Level

		Height [mm]

		 

		 

		 

		 

		Fmax [N]

		 

		 

		 

		 

		 

		 



		 

		

		F1

		F2

		F3

		F4

		F5

		F6

		F7

		F8

		F9

		F10

		Favg



		1

		40

		3.64

		3.29

		3.33

		3.25

		3.33

		3.29

		3.29

		3.42

		3.21

		3.23

		3.328



		2

		60

		4.58

		4.35

		4.23

		4.45

		4.31

		4.7

		4.12

		4.46

		4.55

		4.21

		4.396



		3

		80

		5.29

		5.29

		5.29

		5.23

		5.29

		5.29

		5.23

		5.29

		5.23

		5.29

		5.272



		4

		100

		5.99

		5.99

		5.99

		5.99

		5.89

		5.99

		5.89

		5.99

		5.86

		5.89

		5.947



		5

		120

		6.46

		6.7

		6.72

		6.72

		6.45

		6.54

		6.54

		6.53

		6.75

		6.45

		6.586



		6

		140

		7.28

		7.23

		7.21

		7.23

		7.12

		7.13

		7.21

		7.31

		7.25

		7.22

		7.219



		7

		160

		7.4

		7.4

		7.4

		7.52

		7.4

		7.45

		7.45

		7.46

		7.44

		7.4

		7.432





Table 4.6: Maximum force acting on the crack mild steel plate at different level of height

		Level

		Height [mm]

		 

		 

		 

		 

		Fmax [N]

		 

		 

		 

		 

		 

		 



		 

		

		F1

		F2

		F3

		F4

		F5

		F6

		F7

		F8

		F9

		F10

		Favg



		1

		40

		4.7

		4.58

		4.65

		4.62

		4.77

		4.57

		4.56

		4.73

		4.7

		4.67

		4.655



		2

		60

		6.7

		6.46

		6.46

		6.56

		6.53

		6.52

		6.7

		6.7

		6.46

		6.53

		6.562



		3

		80

		7.99

		7.75

		7.83

		7.82

		7.79

		7.89

		8.01

		7.82

		7.52

		7.53

		7.795



		4

		100

		9.16

		9.16

		9.16

		9.15

		9.16

		9.14

		9.16

		9.16

		9.16

		9.16

		9.157



		5

		120

		10.57

		10.22

		10.23

		10.52

		10.43

		10.44

		10.53

		10.52

		10.43

		10.36

		10.425



		6

		140

		10.92

		11.28

		11.28

		11.35

		11.23

		11.34

		11.28

		11.32

		11.43

		11.23

		11.266



		7

		160

		11.56

		11.16

		11.12

		11.63

		11.23

		11.42

		11.23

		11.53

		11.56

		11.67

		11.411
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Figure 4.3: Graph 1 maximum impact force against height of impact force for reference mild steel plate and copper plate
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Figure 4.4: Graph 2 maximum impact forces against height of impact force for reference and crack mild steel

Table 4.7: Time contact, Tc ball bearing with mild steel plate


		Level

		Height [mm]

		 

		 

		 

		 

		Tc x 10-4 [milisecond]

		 

		 

		 

		 

		 

		 



		 

		

		Tc1

		Tc2

		Tc3

		Tc4

		Tc5

		Tc6

		Tc7

		Tc8

		T9

		Tc10

		Tc,avg



		1

		40

		1.77

		1.83

		1.76

		1.83

		1.77

		1.82

		1.77

		1.83

		1.83

		1.76

		1.797



		2

		60

		1.81

		1.85

		1.86

		1.85

		1.85

		1.85

		1.86

		1.85

		1.85

		1.85

		1.848



		3

		80

		1.85

		1.88

		1.88

		1.88

		1.88

		1.87

		1.88

		1.87

		1.87

		1.87

		1.873



		4

		100

		1.88

		1.89

		1.89

		1.88

		1.88

		1.88

		1.89

		1.89

		1.89

		1.89

		1.886



		5

		120

		1.91

		1.9

		1.91

		1.91

		1.9

		1.91

		1.9

		1.9

		1.9

		1.91

		1.905



		6

		140

		1.93

		1.93

		1.92

		1.92

		1.92

		1.93

		1.93

		1.93

		1.92

		1.93

		1.926



		7

		160

		1.95

		1.95

		1.95

		1.92

		1.92

		1.95

		1.95

		1.92

		1.93

		1.95

		1.939





Table 4.8: Time contact, Tc ball bearing with copper plate

		Level

		Height [mm]

		 

		 

		 

		 

		Tc x 10-4 [millisecond]

		 

		 

		 

		 

		 

		 



		 

		

		Tc1

		Tc2

		Tc3

		Tc4

		Tc5

		Tc6

		Tc7

		Tc8

		T9

		Tc10

		Tc,avg



		1

		40

		2.54

		2.52

		2.54

		2.54

		2.54

		2.54

		2.52

		2.54

		2.54

		2.52

		2.534



		2

		60

		2.58

		2.57

		2.59

		2.55

		2.57

		2.57

		2.57

		2.57

		2.57

		2.58

		2.572



		3

		80

		2.62

		2.59

		2.56

		2.56

		2.57

		2.59

		2.57

		2.57

		2.63

		2.65

		2.591



		4

		100

		2.62

		2.72

		2.73

		2.63

		2.65

		2.72

		2.72

		2.63

		2.63

		2.63

		2.668



		5

		120

		2.73

		2.73

		2.73

		2.73

		2.73

		2.7

		2.7

		2.73

		2.73

		2.73

		2.724



		6

		140

		3.2

		3.21

		3.23

		3.21

		3.22

		3.21

		3.21

		3.21

		3.23

		3.21

		3.214



		7

		160

		3.24

		3.25

		3.25

		3.26

		3.24

		3.24

		3.24

		3.25

		3.25

		3.25

		3.247





Table 4.9: Time contact, Tc ball bearing with crack mild steel plate

		Level

		Height [mm]

		 

		 

		 

		 

		Tc x 10-4 [milisecond]

		 

		 

		 

		 

		 

		 



		 

		

		Tc1

		Tc2

		Tc3

		Tc4

		Tc5

		Tc6

		Tc7

		Tc8

		T9

		Tc10

		Tc,avg



		1

		40

		2.12

		2.12

		2.14

		2.12

		2.12

		2.11

		2.1

		2.11

		2.12

		2.14

		2.12



		2

		60

		2.2

		2.18

		2.16

		2.18

		2.15

		2.16

		2.18

		2.17

		2.14

		2.15

		2.167



		3

		80

		2.25

		2.21

		2.23

		2.25

		2.25

		2.23

		2.24

		2.23

		2.25

		2.24

		2.238



		4

		100

		2.34

		2.35

		2.29

		2.35

		2.35

		2.3

		2.34

		2.35

		2.35

		2.34

		2.336



		5

		120

		2.46

		2.39

		2.43

		2.45

		2.43

		2.45

		2.45

		2.46

		2.39

		2.46

		2.437



		6

		140

		2.47

		2.53

		2.53

		2.53

		2.52

		2.46

		2.53

		2.53

		2.47

		2.52

		2.509



		7

		160

		2.52

		2.54

		2.53

		2.55

		2.56

		2.56

		2.57

		2.55

		2.57

		2.56

		2.551
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Figure 4.5: Graph 1 time contact of impact force against height of impact force for reference mild steel and copper plate
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Figure 4.6: Graph 2 time contact of impact force against height of impact force for reference and crack mild steel

4.3.1.2
Impact Force Analysis

The figure 4.3 and figure 4.4 showed the graph maximum impact force against height of impact force. From the graph, when different height of impact force impose to the specimen the maximum force acting to the specimen also different. By increasing of height of impact force, the maximum forces applied to the both types of specimen are increased. This is because when increasing the height of impact force, the velocity of impact force is increased. 


From figure 4.3, mild steel has higher maximum impact force at the all same level of height impact force compare to the copper. The lower maximum impact force of mild steel at level 1 (40mm) which is 4.729N, and the lower maximum impact force to the copper also at level 1 (40mm) which is 3.328N. The higher maximum impact force for the mild steel and copper is at the level 7 (160mm), which is mild steel is 10.578N and copper is 7.432N. 


From the result, the copper specimen can absorb more impact force compare to the mild steel. At the same level, the impact force of mild steel is higher than copper. This is because different of Young’s Modulus of specimen. In solid mechanics, Young's modulus (E) is a measure of the stiffness of an isotropic elastic material. It is also known as the Young modulus, modulus of elasticity, elastic modulus or tensile modulus. It is defined as the ratio of the uniaxial stress over the uniaxial strain in the range of stress in which Hooke's Law holds.


For the mild steel, Young’s Modulus is 210GPa and the Young’s Modulus for copper is 110GPa. The different of Young’s Modulus give effect to the capability of material to absorb force when impact force is applied to the body. This is because higher of Young’s Modulus meaning that higher the stiffness of material.


Figure 4.4 showed different of maximum impact force between reference mild steel plate and crack mild steel plate when impact force is applied. Totally, value maximum impact force for the crack mild steel is higher than reference mild steel plate for all level of height when impact force is applied. This study showed when impact force is applied to the damage or crack specimen, its ability to absorb impact force is decrease. That why when force impose to the damage or crack structure it will cause the structure more damage and cannot coherent for along time. So, problem of crack should be overcome correctly and drastically to avoid more complication like failure of system or explosive that may be not safety for the public.

4.3.1.3
Time Contact Analysis

The figure 4.5 and figure 4.6 showed the graph time contact of impact force against height of impact force. The graph showed different of time contact between impact forces to the specimen when height of impact force is different. This graph showed different time contact for the different specimen and also different time contact for the reference and damage specimen when force is applied.

From figure 4.5, graph showed mild steel specimen almost constant of time contact impact force. The maximum time contact for mild steel is at level 7 (160mm) which is 1.939x10-4 millisecond. The time contact for mild steel increased a little bit when height of impact force increased. The lower time contact of impact force with mild steel specimen is at level 1 (40mm) which is 1.797x10-4 millisecond.

From the figure 4.5, graph showed time contact of mild steel is almost same at all level of height impact force but time contact for copper is increased when height of impact force increased. The graph showed time contact of impact force is higher at all same level for the copper compare to the mild steel. The higher contact time for the copper at the highest level (160mm) which are 3.247x10-4 millisecond and the lowest time contact for the copper at the lowest level (40mm) which is 2.534x10-4 millisecond. This graph showed copper take more time contact when force is applied. This is because copper absorb more impact force and take more time contact to absorb force compare to the mild steel.

Totally, time contact for copper is higher than mild steel when impact force is applied. This is because different of stiffness of material. Time contact is smaller for stiffer material because has bigger of Young’s Modulus and less absorb impact force for the stiffer material.

From figure 4.6, the different time contact of reference mild steel plate and crack mild steel plate can be shown clearly. From the figure 4.6, crack mild steel specimen has higher time contact at all level of height when impact force is applied compare to the reference mild steel plate. This study showed damage or crack structure will increase time contact when force is imposed to the structure. This is not safety for the structure because damage or crack structure will increase time contact and increase maximum impact force acting on the structure. This study showed capability of structure to absorb impact force is decrease when crack occur and also increase time contact of impact force with the higher impact force.

4.3.2
Free Falling Body (Crack Location)



The experiment is continued to investigate the location of crack. Different of force at the same peaks will be observe and will be analyze by measure different displacement between reference mild steel plate and crack mild steel plate.

4.3.2.1 Results (See Reference Graph At Figure B17 Until B22 In Appendix B)

Table 4.10: Impact force values for reference mild steel plate at different peaks


		Peaks

		160mm, Reference specimen, F(N)

		Average, F (N)



		1

		11.9

		11.98

		11.86

		11.91



		2

		11.28

		10.57

		10.22

		10.69



		3

		11.63

		10.92

		10.57

		11.04



		4

		8.69

		7.75

		7.64

		8.03



		5

		6.70

		6.11

		5.76

		6.19



		6

		8.11

		7.4

		7.05

		7.52



		7

		4.70

		4.35

		4.35

		4.47



		8

		4.35

		3.99

		3.88

		4.07



		9

		0.82

		0.7

		0.47

		0.66



		10

		0.12

		0.35

		0.12

		0.20





Table 4.11: Impact force values for crack mild steel plate at different peaks


		Peaks

		160mm, Crack specimen, F(N)

		Average, F (N)



		1

		12.22

		12.69

		11.57

		12.16



		2

		11.98

		12.92

		10.92

		11.94



		3

		10.22

		11.28

		10.45

		10.65



		4

		10.10

		10.10

		7.75

		9.32



		5

		5.40

		5.29

		5.64

		5.44



		6

		7.05

		7.28

		7.40

		7.24



		7

		7.40

		7.99

		6.46

		7.28



		8

		3.05

		3.29

		2.47

		2.94



		9

		5.40

		6.46

		4.23

		5.36



		10

		1.88

		2.94

		1.88

		2.23
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Figure 4.7: Graph impact force against peaks for reference and crack mild steel plate


Figure 4.7 showed the different of impact force value acting on the reference mild steel plate and crack mild steel plate. From the graph in figure 4.7, the dept of crack can be observe clearly by measure the different displacement of the impact force between crack plate and reference plate. Response at the middle of the cracked region as shown in figure 4.7, indicate a very significant different between the flawless and the flaw plate. This is evidence are then used as a tool to identify the presence of the crack. This result showed the crack plate has a very serious crack at the middle of joint or welding. It is showed by the peaks value from peak 2 until peak 10. When the external force acting on this plate, the location will be very easier to broken is middle location because it has very depth of crack compare to the other location. The graph for crack plate showed irregularity of response, this is because irregularity of vibration on the crack plate. The maximum depth of crack can be measure as below:

i.
From the graph in figure 4.7, the maximum difference of penetration impact force is the peak number 7, number 9 and number 10. So, the depth of crack at number 7, number 9 and number 10 will be measure to observe the maximum depth of crack.


At peak 7, impact force = 4.47N for reference plate and 9.32N for crack plate.


By using equation 

[image: image9.wmf]3/2


f(t) = kx(t)


 (refer to the sample calculation in appendix A, vibration inspection calculation)
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So, the depth of crack is, 
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At peak 9, impact force = 0.66N for reference plate and 5.36N for crack plate.


By using equation 
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f(t) = kx(t)


 (refer to the sample calculation in appendix A, vibration inspection calculation)
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So, the depth of crack is, 
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At peak 10, impact force = 0.20N for reference plate and 2.23N for crack plate. By using equation 
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f(t) = kx(t)


 (refer to the sample calculation in appendix A, vibration inspection calculation)
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So, the depth of crack is, 
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So, the maximum depth of crack is, 
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4.3.3
Fixed-Free Cantilever Beam (FFT)


Then, this research is continuing by study and investigated reference mild steel plate and crack plate by using FFT. This study is to proof strongly impact force method by investigated the natural frequency the reference and crack mild steel plate.

4.3.3.1 Results 

From the calculation in the methodology, chapter 3 the theoretical natural frequency:


f1 = 789.04 Hz

f2 = 4945.19 Hz


Experiment:

Table 4.12: Frequency of reference mild steel plate

(See reference graph at figure B23 until B27 in appendix B)
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Table 4.13: Frequency, f1 of crack mild steel plate


(See reference graph at figure B28 until B32 in appendix B)
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Table 4.14: Frequency, f2 of crack mild steel plate


(See reference graph at figure B28 until B32 in appendix B)
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Figure 4.8: Graph natural frequency for mild steel plate using FFT analyzer


The graph in figure 4.8 showed the different natural frequency of theoretical, reference plate experimental and crack plate experimental that obtained by accelerometer as transducer and hit using impact hammer along the beam plate. From the experimental results, it is showed the reference plate only has one mode natural frequency and the value is almost same with the theoretical value. The experimental result showed one mode natural frequency because for the short cantilever beam there is only one peak of mode harmonic frequency but for the same type of plate but has damage on the body will has the others mode harmonic frequency. From the graph in figure 4.8, the natural frequency for crack plate is obviously different with theoretical and reference natural frequency plate. One of factor this result is obtained because irregularity of density due to crack. The crack plate has two modes of natural frequency and the mode frequency of crack plate is very low compare to the theoretical and reference plate. 


Theoretically, lower of natural frequency meaning that lower capability to endure excessive force that has high frequency. When outer force imposes to the structure body, the high vibration will occurred when the frequency produce by the outer force is equal to the natural frequency of structure. The structure will be broken or damage when the outer frequency is larger than natural frequency of the structure. So, this experiment showed the crack plate has lower natural frequency compare to the reference plate. This is proof the crack structure has lower capability to endure the outer frequency and easier to broken compare to the structure without any damage. That why, the crack on the structure should be eliminated and drastic action should be taken when crack is detected. 

4.4
Visual Inspection


The specimen will be clean and will be inspected to trace any significant required and to identify the crack location can be detect or not by using magnifying glass. Visual inspection result is showed in the figure 4.9.
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Figure 4.9: Visual inspection using magnifying glass


For the visual inspection as shown in figure 2.9, a few basic elements should be considered. For example object distance, thickness and size, direction of view, discontinuities size, reflectivity and entry port. The inspector also should have experience and good vision. For this inspection, discontinuities or crack on the structure cannot see clearly and cannot measure correctly the size of crack. 

4.5
Ultrasonic Testing
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Figure 4.10: Specimen tested and ultrasonic graph

Table 4.15: Specification of ultrasonic testing used

		Transducer angle

		600



		Material thickness

		10 mm



		(Range)

		100 mm



		Frequency

		53.5 dB



		Material velocity

		3240 m/s






This ultrasonic testing is used by using plotting card method. The result will be finding out based on analysis from echo of the peak ultrasonic testing graph and also based on plotting card. This experiment used 53.5 DB of frequency and range of ultrasonic graph 100 mm. the specimen will be identify have crack or not base on echo of graph and the value of beam path also called sound path (Sa) and surface distance (SD) will be obtained for full skip and half skip graph from the ultrasonic graph. Figure 4.11 and figure 4.12 is graph for full skip and half skip obtained from ultrasonic graph.
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Figure 4.11: Full skip graph for ultrasonic testing
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Figure 4.12: Half skip graph for ultrasonic testing

Table 4.16:  Full skip and half skip value from ultrasonic testing graph
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The data from the table 4.16 will be transfer to the plotting card to be analyses and find out type of crack. The result from plotting card showed the centre line type of crack on the specimen. Then the length of crack can be find out from the echo ultrasonic graph and the highest echo peak will be mark on the specimen and the next marking on the specimen after the echo disappear. For this specimen, the length of crack is 25mm centre line on the welding specimen. 
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Figure 4.13: Specimen tested diagram

Table 4.17: Ultrasonic testing result

		Defect

		Centre line crack



		Probe

		600



		Specimen thickness

		10mm



		Length defect

		25mm



		X-value

		11
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APPENDIX B

RESULTS

Selection Specimen
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Figure B1: Mild steel and copper specimen

HARDNESS TEST
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Figure B2: Hardness tester machine


Vibration Inspection

Impact force mild steel graph
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Figure B3: Impact force ball bearing with mild steel plate at 160mm height
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Figure B4: Impact force ball bearing with mild steel plate at 140mm height
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Figure B5: Impact force ball bearing with mild steel plate at 120mm height
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Figure B6: Impact force ball bearing with mild steel plate at 100mm height
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Figure B7: Impact force ball bearing with mild steel plate at 80mm height
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Figure B8: Impact force ball bearing with mild steel plate at 60mm height


[image: image14.png]

Figure B9: Impact force ball bearing with mild steel plate at 40mm height


Vibration Inspection

Impact force copper graph
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Figure B10: Impact force ball bearing with copper plate at 160mm height
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Figure B11: Impact force ball bearing with copper plate at 140mm height
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Figure B12: Impact force ball bearing with copper plate at 120mm height
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Figure B13: Impact force ball bearing with copper plate at 100mm height
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Figure B14: Impact force ball bearing with copper plate at 80mm height
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Figure B15: Impact force ball bearing with copper plate at 60mm height
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Figure B16: Impact force ball bearing with copper plate at 40mm height


Vibration Inspection

Identify of crack

(Impact force)
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Figure B17: Impact force at different peaks for reference plate (1st reading)


[image: image23.jpg]

Figure B18: Impact force at different peaks for reference plate (2nd reading)
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Figure B19: Impact force at different peaks for reference plate (3rd reading)
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Figure B20: Impact force at different peaks for crack plate (1st reading)
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Figure B21: Impact force at different peaks for crack plate (2nd reading)
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Figure B22: Impact force at different peaks for crack plate (3rd reading)

Vibration Inspection

Identify of crack

(FFT)

List of natural frequency result for reference mild steel plate (FFT analysis):
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Figure B23: Frequency graph of hit hammer at distance 80mm from the fixed cantilever beam (x = 80mm)
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Figure B24: Frequency graph of hit hammer at distance 60mm from the fixed cantilever beam (x = 60mm)
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Figure B25: Frequency graph of hit hammer at distance 40mm from the fixed cantilever beam (x = 40mm)
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Figure B26: Frequency graph of hit hammer at distance 40mm from the fixed cantilever beam (x = 20mm)
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Figure B27: Frequency graph of hit hammer at distance 10mm from the fixed cantilever beam (x = 10mm)

List of natural frequency result for crack mild steel plate (FFT analysis):
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Figure B28: Frequency graph of hit hammer at distance 80mm from the fixed cantilever beam (x = 80mm)
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Figure B29: Frequency graph of hit hammer at distance 60mm from the fixed cantilever beam (x = 60mm)
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Figure B30: Frequency graph of hit hammer at distance 40mm from the fixed cantilever beam (x = 20mm)
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Figure B31: Frequency graph of hit hammer at distance 40mm from the fixed cantilever beam (x = 20mm)
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Figure B32: Frequency graph of hit hammer at distance 10mm from the fixed cantilever beam (x = 10mm)

Ultrasonic Testing
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Figure B33: Ultrasonic plotting card result
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Figure B34: Measurement of SD value
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CHAPTER V

DISCUSSION

5.1 Introduction 



This chapter will be discussing a few analyses about crack detection. There are divided by analysis specimen by using vibration, identify location of crack by using vibration method, visual inspection of specimen and discussion about proof the vibration technique to identify the location of crack. 


The crack detection technique using vibration will be proof by using ultrasonic testing. This chapter will be discussing in depth how the ultrasonic testing can be proof the vibration technique to identify the crack location. It also included the benefit and weaknesses of the crack detection technique. 


Lastly, this chapter will be focus to the factors or potential causes of crack, effect of crack, and also will discussing about technique or method can be apply to eliminate or reduce the problem of crack on the material structure.


5.2 Vibration Inspection


Vibration analysis is widely used in predictive maintenance programs involving pumps, motors, gearboxes, turbines, fans, and compressors, as well as all types of vehicles, heavy machineries, bridges, and civil engineering structures. Excessive vibration of equipment under load can be caused by wear, corrosion, or even forces of nature, and is a major cause of equipment or structure failure. In many cases, excessive vibration causes excessive noise. The status machine system can be obtained by analysis the vibration method. The vibration method can obtain the system under correct efficiency or not. For example, the damage rotating pump will cause higher vibration compare to the normal rotating pump. This is may be occur cause from misalignment of shaft with motor pump that eventually can be damage of pump component like cracking of impeller, cracking of mechanical seal and lastly it can be explosive if not solve the problem. Before the system is more damage and causes more losses, the correct solution should be identify to increase life time of system.

5.2.1 Specimen Characteristic


The capability of material to absorb impact force is very important in the engineering field. The higher capability of specimen to absorb impact force acting on the body making the deformation process of material is very difficult to occur. Thus, selection of material in designing a structure is very important and depends on the suitability of structure design and also to avoid waste in costing. 


When outside impact force impose to the structure of material, deformation or damage of structure is very easy to occur if the material selected is very weakness to absorb and reduce the impact force. For example in designing the mechanical seal and impeller in the centrifugal pump, the product through the impeller and mechanical seal give impact force that eventually can damage the impeller and mechanical seal. Selection of material is very important because it is involve the very high cost when the mechanical seal and impeller is damage.



In the automotive industry, the application of impact force can be used to select the best choice of material in designing of vehicle’s structure body. In the selection of vehicle’s structure body, impact force must be investigated to obtain the capability of material to absorb force when collision is occurred. The capability of material to absorb impact force can reduce the force impose to the vehicle’s body and maybe can save the passenger of vehicle.


The time contact investigation is very important to obtain the contact impact force when collision is occurred. By choosing right and quality material can reduce the contact time but can absorb more impact force when collision is occurred. It is meanings that, the impact force take short time when collision occurred but more impact force is absorbed and reduced. Suitability selection of material can ensure good efficiency of the system or structure and also can increase the lifetime of the system or machinery. At the same time, it is also can save the cost for the maintenance and can save the time to repair the damage system or machinery.

5.2.2 Crack Analysis


In this research, vibration technique is used to identify the crack on the specimen based on impact force graph. The difference impact force graph between reference specimen and crack plate show the specimen that tested is damaged or crack. The software that was used to identify the location of crack is DEWEsoft 6.2 impact force and DEWEsoft 6.2 FFT. From this research, the crack location is very serious at the middle welding plate because has highest different displacement between the reference plate and crack plate. This research had shown, the crack specimen or plate less capable to absorb maximum impact force that act on the plate body compare to the reference plate. This is proof the crack structure cannot absorb excessive force efficiently and this problem make the structure more damage and not safe for used. The problem of crack should be eliminated drastically to avoid more complication. If crack is detected, the immediately action can be take by authorize is stop the process of system and immediately repair the body of crack or change the new part if needed. This is because the effect of crack can be make more losses and not very safe to the environment.


Then, the observation of crack is continuing by using DEWEsoft software 6.2 FFT. The result showed crack plate has two mode natural frequency and lower natural frequency compare to the theoretical and reference crack. Strength of a beam plate or structure depend on it material used to build, size, and also its shape. In the engineering field, one of the aspects to be considered to have safe and best structure, the natural frequency of the structure should be considered. In the designing of aeroplane wing, the outer force will be act on the aeroplane wing during fly on the air. Wing will be vibrate very high if the natural frequency of wing is equal to the frequency impose to the wing and may be can broken the aeroplane wing. This is one of factor why in designing aeroplane wing, natural frequency of the structure is an important element to be considered to avoid cracking or damage of the structure.


 By the visual inspection, the actually specimen condition cannot be predict because it show the specimen is in good condition but after test using vibration technique, it is showed the specimen has something wrong and not in the good condition. To proof the observation in the vibration analysis the ultrasonic testing is used and it is very clear that specimen has crack when the echo peak is appear. So, the ultrasonic testing is more relevant to proof the observation in the vibration inspection. 

5.3
Visual Inspection


From the observation, the advantage visual inspection is, the specimen will be inspected or test had no limit thickness. The specimen in this test is 10mm thickness and it has no crack or significant detected. 



This test does not require sophisticated equipment compared to different test resides within test field non-destructive. Apart from that, this testing also does not require maintenance cost to the instrument.



In the weakness aspect, this testing having many probabilities to error occurs, such as observation error, reading error, and zero error in measuring instrument. This test only to detect the crack at outer surface compared by other testing such as ultrasonic testing which is can detect various defect has happen at specimen material. Specimen and equipment material such as microscope and magnifying glass must in clean first before screening test done to avoid error.

5.4
Ultrasonic Testing


Ultrasonic testing can be detect the crack occur by the reflection wave produce by transducer. The crack will be detect when the crack specimen on reflection wave. The advantages of ultrasonic testing, it is can detect type of crack, location of crack, and size of crack in material specimen. 

It is also can detect crack in most maximum level that occurred at intrinsic part the specimen.  To observe or detect the crack, only one side is needed to be investigated. The result that shows in the digital form is easy to obtain and interpret. 


For the weakness aspect, it is only can detect crack of specimen that have thickness more than 5mm. Apart from that, the crack that does not on reflection wave may never traceable by transducer used. 


Besides that, the specimen surface also must be accept or can receive the wave that produced by transducer. This test also should be done calibration block before doing any testing. It is to get or find out fix standard and correct result.

5.5
Potential Causes of Crack


Failure analysis attempts to explain what happen to cause an unexpected, premature, or catastrophic structural failure. All contributing factors must be examined to determine the root cause. In real industry, crack is one of major problem that should be eliminate or reduce. There are many factors cause of crack. Below is some factor that caused crack can be occur and this factor should be considered to eliminate or reduce the crack.


5.5.1
Equipment and Material

i.
Poor design


Design refers to the process of originating and developing a plan for a product, structure, system, or component with intention. The designer should considered types of design for the different structure or system used.  The system or structure should be monitor from time to time to make sure the design for a structure accomplish standard level and safe for used. 

ii.
Misalignment


Alignment is the adjustment of an object in relation with other objects, or a static orientation of some object or set of objects in relation to others. Misalignment occurs when the centerlines of rotation of two or more machinery shaft are not in line with each other. Objective of accurate alignment is to increase the operating lifespan of rotating machinery, reduce excessive axial and radial forces on the bearing life and rotor stability under dynamic operating conditions, and minimize the amount of wear in the coupling components, eliminate the possibility of shaft failure from cyclic fatigue, lower vibration levels in machine casings, bearing housing and others.

iii.
End of live


The structure should be replaced with new structure and the best type of material to avoid severely damage of material. This is because the material used cannot coherent or unsafe for used when end of live time of material.

iv.
Stress


Stress on the material should be reduce or eliminate because it is a factor of crack occur. This is occur maybe cause from excessive load or force on the material. Strain gauge are frequently used to determine material stress due to static and dynamic load coming from internal and external sources, such as mechanical, thermal and pressure.

5.5.2
People

i.
Less monitoring


Monitoring in this case meaning that, the system should have a good schedule to monitor the system. It is important to make sure the system under the safety level. Monitoring included vibration monitoring, thermography is monitoring and also direct sight monitoring to see any significant.

ii.
Friction 

Friction is the force resisting relative lateral motion. This occur maybe cause from shortage of lubricating system like less of grease or more fiction cause from misalignment. This factor should be considered to avoid severely damage like crack on the shaft.

iii.
Lacking of knowledge

People not competent or lacking knowledge about system is a factor damage of material. The system should be handle by certain people or supervise by authorize people to keep the system on the right level.

5.5.3
Methods

i.
Operation procedure


Suitability of operation procedure is very important to make sure the system is stable or in the right operation status. The operation should be monitor frequently like monitor the speed or temperature of operation.


ii.
Excessive load


Excessive load that give impact to the material give effect to the surface of material and eventually can cause the serious crack occurred. This is can avoid by limit or reduce the load acting or use the right kind of material that can accommodate the large load.

iii.
Job method


Job method is the method to implement the operation. Job method should follow the right method operation to make sure the system on the right level or on the right operation. The right job method can be avoiding the damage of the system.


iv.
Welding


Welding type and suitability of welding is very important to make sure the structure can be coherent for along time. Typical discontinuities of welding is porosity, lack of fusion like incomplete fusion, incomplete joint penetration, excess weld metal, undercut and overlap of fusion welding. Besides that, pressure of welding type is very important to be considered to joint the material.

5.5.4
Environment

i.
Corrosion

The suitability of environment during operation of the system is very important to be considering in case to analyze the potential causes of crack. Unsuitability of condition the environment can cause the corrosion of structure due to chemical reaction with the surrounding. Lastly, this corrosion can be causes crack occur and the material can be explosive and more dangerous for the safety.

ii.
Dust

Condition of the structure to the environment also should be considered. For example, the structure of tank acid may be can crack if not monitor correctly. From time to time the thickness of the structure should be check to make sure the thickness of the structure is under the safety thickness. This is because the acid or dust can be worn out the structure and eventually the crack can be occurring.

5.6
Effect of Crack


Crack is a major problem in the engineering field especially in the forging structure. Effect of crack, the structure of material cannot coherent for along time and crack also can cause the damage of system or structure will be increase and eventually the system cannot will be used or not safety for used. It is clear that the crack can decrease the lifetime of material. Beside that, effect of crack also can be explosive. For example is explosive of tank acid cause from crack due to corrosive or other factors. The cracks also increase the cost of maintenance causing from increase of damage material and give bad effect to the system if not repaired immediately. Effect of crack, the system of operation cannot operate at the high efficiency cause from leakage or primarily of damage. To solve the problem of crack, the best method should be identified to ensure long lifetime of material used. 

5.7
Method to Reduce or Eliminate the Crack


There are a few of methods should be considered to reduce or eliminate the crack of the structure. The first one is the inspection by time to time should be carry out. For example, the reliability department should have a fix schedule to monitor the system or structure. The system can be monitor in edge of its operation speed, temperature of body, vibration of the structure and also the thickness of the structure. When the crack is detected, the one method can be apply is immediately repaired like welding or stop the system for a while. The suitability types of welding also should be considered to avoid the crack is increase or more damage to the system. 


For the rotating equipment or system, inspection of bearing and grease replacement should be consider to avoid the crack is occurred.  The suitability of grease used is needed and the temperature of bearing also needs to be inspected. The highest temperature of bearing maybe causes from less of grease or the suitability of grease is not correct. Grease replacement also should be carrying out to make sure the grease is not out of tolerant. 



Then, the alignment check is very important especially for rotating equipment. This is to make sure the centerlines of rotation of two or more machinery shaft are in line with each other. This is can avoided excessive force acting on the machinery. The symptoms of misalignment are:


i. Premature bearing, seal, shaft, or coupling failures


ii. Excessive radial and axial vibration

iii. High casing temperature at or near the bearing or high discharge oil temperature

iv. Excessive amount of oil leakage at the bearing seals

v. Loose foundation bolts

vi. The shaft are breaking (or cracking) at or close to the inboard bearing or coupling



Number of supplier should be reducing to facilitate maintenance of certain design and less to learn in order to maintain well. The right kind of design should be choosing to have the best quality of machinery.  By reducing number of supplier also can be closer or better co-operation with supplier. This is can facilitate to the supplier to get the lower purchase cost for units and spares. 
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APPENDIX C

TABLES

Hardness Test

Table C1: Instrument preparing for every reading scale

		Rockwell Hardness Scales Scale

		Indenter

		Minor LoadF0 kgf

		Major LoadF1 kgf

		Total LoadF kgf

		Value of E



		A

		Diamond cone

		10

		50

		60

		100



		B

		1/16" steel ball

		10

		90

		100

		130



		C

		Diamond cone

		10

		140

		150

		100



		D

		Diamond cone

		10

		90

		100

		100



		E

		1/8" steel ball

		10

		90

		100

		130



		F

		1/16" steel ball

		10

		50

		60

		130



		G

		1/16" steel ball

		10

		140

		150

		130



		H

		1/8" steel ball

		10

		50

		60

		130



		K

		1/8" steel ball

		10

		140

		150

		130



		L

		1/4" steel ball

		10

		50

		60

		130



		M

		1/4" steel ball

		10

		90

		100

		130



		P

		1/4" steel ball

		10

		140

		150

		130



		R

		1/2" steel ball

		10

		50

		60

		130



		S

		1/2" steel ball

		10

		90

		100

		130



		V

		1/2" steel ball

		10

		140

		150

		130





[image: image1.png]Table C2: Equivalent hardness scale conversion table


Ultrasonic Testing

Table C3: Acoustical velocities in different materials
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APPENDIX D


GANTT CHART
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CHAPTER VI

CONCLUSION AND


 SUGGESTION OF IMPROVEMENT 

6.1
Conclusion


In this study, mild steel and copper specimen is tested by using vibration technique. Firstly, both types of specimen are tested by using Rockwell Hardness Tester and result shows the mild steel specimen has higher U.T.S and Yield strength compare to the copper specimen.


Then, this study is continuing by using vibration method. Three method of vibration technique is used in this study. The first one is two identify the effect of force to the difference specimen and also about time contact of specimen when force is applied to the both types of specimen. The result show copper specimen has smaller maximum impact force at the same level with mild steel when force is applied to the specimen. It is meaning that copper more absorb impact force when collision is occurred. For the time contact analysis, mild steel has irregularity time contact with impact force compare to the copper. Time contact for the copper increase when maximum impact for is increased.


The second method is vibration technique using impact force to trace the specimen is crack or not. Only mild steel specimen is tested to trace the crack to show the vibration technique is relevant or not to identify the damage of specimen. This study is carry out by making analysis of impact force graph the reference specimen and crack specimen. The pattern of impact force graph for both of specimens is different and it is proves the specimen is cracked when the pattern of graph is not same with reference graph. This method can measured the depth of crack by calculated differential of reference displacement plate and crack displacement plate.

The third method is vibration analysis by using FFT analyzer. The specimen that has crack very lower natural frequency compare to the theoretical and reference plate. The reference plate has almost same natural frequency with theoretical. The different of natural frequency for crack plate with theoretical and reference plate proof the plate is damage or crack.


The mild steel specimen that has crack is cleaned and visual inspection is done by using magnifying glass. There are no significant or any crack detected by using visual inspection method. This is because the crack is very small to see by the direct sight or by visual inspection. The visual inspection very easy to implement but must prove by the other method to trace the crack. This is because, the small crack very difficult to see by the direct sight compare the large crack on the specimen. 



To prove the vibration technique can be trace the crack on the specimen, ultrasonic testing is used after visual inspection cannot see or trace any crack on the specimen. The plotting card method of ultrasonic testing is used and it is show the specimen has crack when the echo graph is detected. The plotting card is used to see the types of crack and the result shows the specimen has centre crack on the welding specimen about 25 mm. The overall result to trace the crack on the specimen is in the table 6.1. 

Table 6.1: Overall result to trace crack on the specimen

		Specimen

		Vibration Technique

		Visual Inspection

		Ultrasonic Testing



		Mild steel

		can detected the specimen is cracked, depth of crack but cannot trace the type of crack

		cannot detected the crack by the direct sight

		can detected the specimen is cracked, location of crack, types of crack, and length of crack 






From the table above, this study can be concluding that the vibration technique can be used to detect the damage on the structure. In the real industry, the vibration technique can be used to trace the problem of structure that eventually can cause the crack on the structure. When the vibration of system is increased more than usual, the system or structure maybe have some problem like misalignment or excessive force act on the structure.


The ultrasonic testing just can detect the damage or crack of static specimen compare to the vibration inspection that can be used to test the static or rotating of system. In this study, the vibration technique can be used to trace the crack of the structure but the ultrasonic testing more relevant to trace the crack location, type of crack and length of crack. 


6.2
Suggestion of Improvement


In this study, some improvement should be done for the next research related with problem of crack. The suggestion and new idea is needed to enhance the research and at the highest level and then the application of the research can be apply in the real industry. This research also needs to be improving to enhance the NDT in the engineering field.



First one, to improve this research the advance vibration equipment is needed. This is to ensure the research is related with the real problem in the industry. Example of equipment can be used to improve this research like machinery health analyzer. Many industries used this equipment in the industry to predict maintenance by monitoring. Machinery health analyzer very suitable equipment to predict the maintenance because it is not only can detect the crack for the static equipment but also can predict premature damage of static and rotating machinery.


This research also can be enhancing by obligation of all mechanical engineering students or engineers to involve NDT course or subject. It is very important because NDT is basic knowledge to know in the maintenance or mechanical engineering field. NDT course can be the engineer familiarize with NDT testing like ultrasonic testing, dye penetrant test, magnetic particle inspection and others. 


The practical training and theory in the NDT is must related to make sure the research is correct and on the standard level. So, this study can be improved if researchers have related knowledge about NDT. For the next research, suggested to do the research for rotating equipment. This is very important because in the real industry world, many rotating equipment is used. This research may be being able to continue for the pump research or car engine research. Maybe this research can be doing to study how the damage on the rotating equipment can be occurred and study what is parameter that important for the rotating equipment. For example study about alignment and different speed for the rotating equipment by using vibration technique.
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CHAPTER I


INTRODUCTION

1.1 Background of Study


All structure or mechanical component that has been invented, have a lifetime and weaknesses. Because of that, this study is aiming to identify the best material and find out solution to increase lifetime of material. 


This study is carried out to trace crack as an experimental specimen of non-destruction test (NDT). There are includes identified structure of material and analyzed the factors that maybe give crack effect to the structure material from the impact force data we will be have in the non-destruction test (NDT). The FFT analyzer also will used to identify the natural frequency of the specimens.


Crack is divided to many kinds. There are included surface crack, haggard crack, and others. Actually, crack at the component cannot give the direct effect to our safety but can give big effect when the crack is growing up into the certain size and very difficult to overcome the problem. Consequently of that, we should know to identify the factors that maybe give effect to the crack and try to retain or eliminate the crack to increase the lifetime of material.


First of all, this study will conduct by find out characteristic of specimens used by tested with hardness tester. The next step, this study will analyses the specimen by using vibration. Before trace any crack, vibration method will be used to identify condition of specimen. Comparison between good result of specimen and damage result of specimen will be carried out. The damage specimen will be analyses and detail inspection will be implementing to the specimen. Any result will be note and the best solution for the damage will be found out.


This study will be proof by using ultrasonic testing. This study will compare result by vibration experiment and ultrasonic testing.


1.2 Problem Statement


Crack is a major problem in the engineering field especially in the forging structure. Effect of crack, the structure of material cannot coherent for along time and decrease it lifetime. This occurred maybe from the fatigue and stress in the material and the others factor. However, crack on the structure of material can be overcome to increase the lifetime of the material by making right choose material and we know the suitable matrices of material used without any wasting. By controlling the crack, it will give good effect in the engineering field because it can be increase the lifetime of material, improved performance of material and also give benefit of economizing.  

1.3 Objective of Study


This study is carried out by experimental analyses and also by theory through the non-destruction test (NDT) from the impact force data, FFT analyzer and ultrasonic testing of the virgin structure to construct and display damage location and it damage behaviors. There are objectives to accomplish in this study:

i. Identify effect of impact force to the different material and contact time


ii. Identify effect of composition material to the structure

iii. To trace the crack location and behavior of crack

1.4 Important of Study


This study has several importances especially in the engineering field. Many people did not know how to solve the problem of structure crack and it is very difficult to identify the crack and its type by the direct sight. Consequence of that, this study will give detail explanation about the crack. There are importances of this study:

i. Can identify location of crack and identify potential causes of crack


ii. To reduce or even try to find out the best solution to eliminate the crack and improve lifetime of material


iii. To control growing of crack and we can analyze machine operation before severely damage occurred

1.5
 Scope of Study

i. Literature study by journal, article, academic books and others related references


ii. Trace the crack specimen through vibration experiment and ultrasonic testing 


iii. Study on crack cases in the material


iv. The assembling of the structural mass and stiffness matrices of the plate structure is carried out using Hardness Tester

v. The plates will be tested in vibration tests using impact force and also FFT analyzer to obtain the natural frequency of specimen

1.6 
Report Summary


For the next chapter, the explanation about literature review and method to implement this study will be present. In chapter II, each parameter will be introduced with related equation. For example about stress, strain, fatigue and others matter related with non destructive crack detection using vibration. This chapter also present about previous research related with crack analysis. For example research conducted by Professor J L Swedlow about Surface Crack and research conducted by department of mechanical engineering, National University of Singapore about horizontal crack detection in beams using transverse impact. For the last chapter II, this report will be present about non destruction test method that used in the real world especially to detect the crack.

In chapter III, methodology for this study will be present. They are start by selection specimen, identified the structure material, hardness test, vibration testing and lastly crack detection by using impact force data and FFT analyzer. This chapter also presents method to conduct the experiment using DEWEsoft 6.2 Software to obtain the impact force and natural frequency data. After that, this report will present about ultrasonic testing to proof, and make comparison with vibration method. Procedure to conduct the ultrasonic also will be present in this chapter to facilitate the analysis process.

Chapter IV is present about results and analysis of the experiment. The specimens that will be used in this study are copper type and mild steel type. Both types of specimens will be test using Rockwell Hardness Tester to identify the specimen characteristic. This study will be conducted using vibration method and DAQ System DEWEsoft 6.2 Software will be used to obtain the impact force data and also by using FFT analyzer to obtain the natural frequency of specimen. Lastly, this study will be proof using ultrasonic testing. All methods crack detection is implemented correctly and all data is analyzed to find out location of crack. 


Chapter V is discussed about analysis of the study. This chapter will present important of experiment in this study and application in the real world. This chapter will be discussing about vibration inspection, specimen characteristic using vibration, crack analysis, visual inspection, ultrasonic testing and lastly identify the potential causes of crack, effect of crack, and method to reduce or eliminate the crack.

Chapter VI is concluding all method of non destructive crack detection technique using vibration. This chapter will presented the suggestion and improvement needed for the next research.
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CHAPTER II


LITERATURE REVIEW


2.1 Introduction of Crack


In many cases, failure of engineering structures through fracture can be fatal. For example, growth of cracks in pressure vessels due to crack propagation could cause a fatal explosion and it is because crack can lower the strength of the structure beyond that due to loss of load-bearing area a material property. [1]


There are several potential causes of crack. There are include fatigue on material, stress and strain, loads factor, creep, and others causes that will be presented like material behavior. [1]


In the year 1972, first survey with crack surface make site in symposium ASME entitled “The Surface Crack: Physical Problems and Computational Solutions” conducted by Professor J L Swedlow. Main product acquired to this symposium is joint venture peak achieve among ASTM E24 and SEM (Society For Experimental Mechanics), namely supply listing and gather all study relating surface crack the latest worldwide. [3]


Firstly is by collect analysis models and formula factor supply intensity pressure, pressure, and environment displacement cracked surface. Apart from that, design plot to undertake study relating pressure and expected displacement burden revenue that imposed under or to right thing elastic stress or to state of stress plastic, and also outcome of experiment relating crack with the development that happens.[3]


Outcome of the discussions from this symposium has been bind into Experimental Mechanics, edition 28, and were presented to Fall 1986 SEM MEETING in Keystone, Colorado. Beside that, other things that presented at this meeting also include subject matter too big. It is cover catapult linear fracture mechanics for mechanic break elastic that non-linear, and including weld metal and composite material. Expansion areas whose research required are identifying. For example, many progress have achieved from comparison among development crack that happens, except little question is still unanswered. Apart from that also, capacity to predict flat a cranny qualities surface is generally limited to right thing elastic stress, where many research is required to crack surface under elastic plastic state. [3]


This overview reflect level of achievement, and identify research presently in identify topics specific. Revenue from presentation which does at the meeting has bind in two sections, namely Models and Experiments (Monotonic Loading) And Fatigue Crack Growth. [3]


On December 2000, a group from department of mechanical engineering, National University of Singapore makes a research about horizontal crack detection in beams using transverse impact. The members of this research are, S.I Ishak, G.R Liu, Shang, and S.P Lim. [4]


Experiments are conducted on four aluminium beams (A1-A4) of 1000mm length, 25.4mm width, and 4.5mm thickness. Beam A1, which has no crack, is used as reference beam. Cracks of 35mm (beam A2), 45mm (beam A3) and 55mm (beam A4) length at 5mm below the surface is artificially created. Impact force is applied at the mid-span of the specimen to obtain the maximum time of observation before the incidence wave is reflected by the boundary. The impact point is maintained 100 mm away from the left edge of the crack. Impact on the beam is achieved by swinging a mechanical pendulum whose end is attached to a steel ball. The diameter of the steel ball is 15.21mm and 9.98mm. The input impact force is measured using a Kistler transducer type 8720A500 attached to the steel ball, and the response of the beam in terms of velocity on its surface is measured using a Polytec scanning laser vibrometer. The signals from the force transducer and the laser vibrometer are then discretized and analyzed using a computer. [4]

[image: image4.png]

Figure 2.1: Experiment setup

(Source: S.I Ishak, G.R Liu, Shang, and S.P Lim (December 2000))

[image: image5.png]

Figure 2.2: FRF graph 1 (15mm diameter steel ball)


(Source: S.I Ishak, G.R Liu, Shang, and S.P Lim (December 2000))

[image: image6.png]

Figure 2.3: FRF graph 2 (9.98mm diameter steel ball)

(Source: S.I Ishak, G.R Liu, Shang, and S.P Lim (December 2000))


With the use of the 9.98 mm diameter steel ball, the time history of beam response at points located 80, 117.5 and 155 mm from the point of impact are shown in Figure 2.3(a), 2.3(b) and 2.3(c) respectively (----- = flaw,  ____= flawless). The results in Figures 2.2 and 2.3 also indicate that the beam response is dispersive. As shown in Figure 2.3(a) and 2.3(c), the presence of the crack can generate additional small oscillations to the beam responses at the left-hand and the right-hand side of the crack after reaching the minimum point of the response at 208 and 274 µs respectively. Responses at the middle of the cracked region, as shown in Figure 2.3(b), indicate a very significant difference between the flawless and the flawed beams. The response of the flawed beam A2 shows a tremendous oscillation when the incidence wave propagates through the cracked region. These evidences are then used as a tool to identify the presence of the crack. [4]


Their research shown, the difference size of the ball used to give an impact force will be change the frequency response function pattern. By using a smaller ball will give a clearly result to detect the surface crack. The next observation to be investigated is factors that give a surface crack like fatigue, excessive load and types of material. [4]

2.2 Fatigue


In the material science, fatigue is the progressive and localized structural damage that occurs when a material is subjected to cyclic loading. The maximum stress values are less than the ultimate tensile stress limit, and may be below the yield stress limit of the material. ASTM defines fatigue life, Nf, as the number of stress cycles of a specified character that a specimen sustains before failure of a specified nature occurs. [10]


There are some of characteristic of fatigue that may be give more effect to the structural material:

i. The process starts with dislocation movements, eventually forming persistent slip bands that nucleate short cracks.


ii. The greater the applied stress, the shorter the life.


iii. In recent years, researchers have found that failures occur below the theoretical fatigue limit at very high fatigue lives (109 to 1010 cycles). An ultrasonic resonance technique is used in these experiments with frequencies around 10–20 kHz.


2.2.1 Stress


Stress is a measure of the average amount of force exerted per unit area. It is a measure of the intensity of the total internal forces acting within a body across imaginary internal surfaces, as a reaction to external applied forces and body forces. In general, stress is expressed as



Where:


[image: image1.png] is the average stress, also called engineering or nominal stress, and


[image: image2.png] is the force acting over the area [image: image3.png].


As with force, stress cannot be measured directly but is usually inferred from measurements of strain and knowledge of elastic properties of the material. [2]

2.2.1.1 Strain


Strain is the deformation of materials caused by the action of stress. Strain is calculated by first assuming a change between two body states, the beginning state and the final state. Then the difference in placement of two points in this body in those two states expresses the numerical value of strain. Strain therefore expresses itself as a change in size and, or shape. [2]

2.3 Structural Analysis


Structural analysis comprises the set of physical laws and mathematics required to study and predicts the behavior of structures. Structural analysis incorporates the fields of mechanics and dynamics as well as the many failure theories. From a theoretical perspective the primary goal of structural analysis is the computation of deformations, internal forces, and stresses. In practice, structural analysis can be viewed more abstractly as a method to drive the engineering design process or prove the soundness of a design without a dependence on directly testing it. [8]


There are several information should be find out to have an accurate analysis a structural, such information as structural loads, geometry, support conditions, and materials properties. The results of such an analysis typically include support reactions, stresses and displacements. This information is then compared to criteria that indicate the conditions of failure. Advanced structural analysis may examine dynamic response, stability and non-linear behavior. [8]

2.4 Structure Load


Structural loads are forces applied to a component of a structure or to the structure as a unit. Loads cause stresses, deformations and displacements in structures. Assessment of their effects is carried out by the methods of structural analysis. Excess load or overloading may cause structural failure, and hence such possibility should be either considered in the design or strictly controlled. [8]

2.4.1 Static Load


These are loads that build up gradually over time, or with negligible dynamic effects. Since structural analysis for static loads is much simpler than for dynamic loads, design codes usually specify statically-equivalent loads for dynamic loads caused by wind, traffic or earthquake. [8]

2.4.2 Dynamic Load


These are loads that display significant dynamic effects. Examples include impact loads, waves, wind gusts and strong earthquakes. Because of the complexity of analysis, dynamic loads are normally treated using statically equivalent loads for routine design of common structures. [8]

2.4.3 
Load Combination


A load combination results when more than one load type acts on the structure. Design codes usually specify a variety of load combinations together with weighting factors for each load type in order to ensure the safety of the structure under different probable loading scenarios. [8]

2.5 
Non Destruction Test


In a definition that simple, NDT are the use capital equipment and methods learn something about an object without risk thing. NDT represents techniques base interest physical supply determinant purpose typical for materials, components or systems and to detect and assess damage and dangerous defects without damage materials use, components or systems. [5]


Non – Destructive testing today is used in many industries, particularly in the inspection of structures and piping works that are welded or fabricated steel, steel alloys or other metals. NDT is used as an inspection tool to ensure that these works conform to the international standards and hence ensuring the safety of the plants, structures and pipeline during their design lives. [5]


NDT was developing quickly our country. Many industry using the method this is because his variety of uses. Among main use this test method is in conducting defect detection and evaluation, as crack on the surface and crack internal. Apart from that, this method different uses is location determination and dimension measurement, namely through the method ultrasonic testing can detect defect location and to measure dimension. Different uses supply method this is leakage detection, structural features determination and microstructure, physical and mechanical qualities estimation, pressure (tension) and measurement reaction dynamics, and isolation determination and composite chemical. [5]


This NDT's method will be used to assist in product development, screen or choose new materials. Apart from that, it use supply monitoring, improve or control manufacturing processes, confirmed processing right as treatment heating, confirmed collection suitably, and examine breakdown in the service. This NDT has some of the techniques, which all can detect and evaluate defect to a material. There are several kinds of NDT’s method including visual inspection, vibration inspection and ultrasonic testing. [5]

2.5.1 Visual Inspection


Visual inspection is short and most rudimentary survey method. Materials including circle fiber, hole, glasses expansion and mirror- mirror. Unit portable video examination expansions enable examination large tanks and ships, railway, and culvert channel. Moving Robot observer used in narrow or dangerous areas as channel water, reactor, and pipe drainage. [5]

2.5.2 Vibration Inspection


Vibration has traditionally been associated with trouble in machine–wear, malfunction, noise and structural damage. Machines and structures vibrate in response to one or more pulsating forces, often called excitation. Examples include mass unbalance and misalignment. The magnitude of vibration is dependent not only on the force but also on properties of the system, both of which may depend on speed. These are mass (weight divided by gravitational constant), stiffness, and damping. Figure 2.4 indicate illustration causes and effect nature of machine vibration. [6]

[image: image7.png]

Figure 2.4: Causes and Effect Nature of Machine Vibration

(Source: Roslan Abd. Rahman, Che abas Che Ismail, Mohd. Yunus (2001))


From illustration in figure 2.4, Vibration in equipment is the result of unbalanced forces. The transference of unbalanced forces through equipment into neighboring structures causing them to shake is vibration. The motion of a body is limited by what connect it to a machine and the walls in which it moves. Every time there is a change of direction unbalanced forces produce a shock. This shock travels throughout the machine and is transmitted to all connect items. Out-of-balanced is corrected by adding or removing material so that when the equipment is operating the balance is controlled to an acceptable level. [6]


Three fundamental characteristics of vibration are frequency, amplitude and phase. Frequency is defined as the number of cycles or events per unit time. It is expressed as cycles per second (Hertz or Hz), cycles per minute (CPM) or orders of operating speed if a force at rotational speed induces the vibration. The operating speed of a machine, as well as critical speed, is expressed in revolutions per minutes (RPM). The period is obtained from the time waveform and it is the reciprocal of frequency. The period is defined, as the time required completing one cycles of vibration. Amplitude is the maximum value of vibration at a given location on the machine. Figure 2.5 is example illustration of harmonic vibration of a rotor. Phase is the time relationship, measured in degrees, between vibrations of the same frequency. From figure 2.6 it can be seen that the peak vibrations measured at point B occurs in time before the peak vibration measured at point A. The vibration at point B is said to lead the vibration at point A. phase can be used to determine the time relationship between an excitation (force) and the vibration it causes; for example, the force due to mass balance and the vibration it causes. This phase is used in balancing. [6]

[image: image8.png]

Figure 2.5: Harmonic Vibration of a Rotor

(Source: Roslan Abd. Rahman, Che abas Che Ismail, Mohd. Yunus (2001))
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Figure 2.6: Phase Measurement for Vibration


(Source: Jer-Nan Juang, Minh Q.Phan (2001))


2.5.2.1 Vibration Measurement


Mechanical vibration is measured by a transducer (also called a pickup or sensor) that converts vibratory motion to an electrical signal. The units of the electrical signal are volts (v) or, more typically, millivolts (mv). There is 1000 mv/v; to obtain volts from millivolts move the decimal three places to the left or divide by 1000. The measured signal in volts is sent to a meter, oscilloscope, or analyzer. Amplitude is calculated by dividing the magnitude of the voltage by scale factor in mv/mil, mv/IPS, mv/g, mv/deg, or some other ratio of mv/engineering unit that relates to the transducer used. [5]


The velocity can be integrated to displacement electronically by an integrator or mathematically in the FFT spectrum analyzer. Accelerometers measure absolute vibration in g’s. This vibration can be integrated to velocity or displacement; however, noise is often a problem at low frequencies in this process. [5]

2.5.2.2 Phase Measurement


The phase angle between two signals indicates their relationship to each other in time. The two signals can represent either vibration or forces, and their relationship can indicate a condition such as misalignment, the frequency of a critical speed, or the location of the heavy spot on a rotor during balancing. [7]


Phase is measured in the time waveform (amplitude vs time) using an analog or a digital oscilloscope, dual-channel analyzer, phase meter, or strobe light. It is essential to obtain accurate differential time measurements of the signals when measuring phase. Phase is sometimes measured from a reference signal generated once per revolution by a stationary sensor, an optical pickup, proximity probe, or magnetic pickup. [7]

2.5.3 
Ultrasonic Testing (UT)


There are a few types of welding where radiographic examination cannot be performed, typically due to geometry and inaccessibility of one side or both. UT technique is then used to inspect these welds. The advantages of ultrasonic testing include:

i. 
It can be used to determine mechanical properties and microstructure.


ii. 
It can be used for imaging and microscopy.


iii. 
It is portable and cost effective.


iv. 
It can be used with all states of matter except plasma and vacuum.


v.   
It is not affected by optical density. [5]
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CHAPTER III


METHODOLOGY

3.1 Introduction


Non-destructive crack detection technique using vibration has a few procedures before the experiment are conduct. In this study, two types of specimen are used which is copper type and mild steel type. 


Firstly, the free falling body experiment by using DEWEsoft software 6.2 is setup and conducted for both types of materials to identify effect of impact force to the different material and contact time. This experiment also is conducted to identify effect of different composition material to the structure. After that, this experiment is continue to find out location of crack by make the observation about displacement when impact force is act on the plate body. Only mild steel specimen will be conducted to trace the crack location. The reference mild steel specimen will be name A1 and crack specimen will be name A2. This experiment is conducted to show the vibration method can be used to trace the crack location. 


Impact force is applied to the specimen tested to obtain the impact force data. Impact force is applied at the mid-span with difference level of height on the specimen body to see the effect force to the frequency at difference level of height and each level of height will give a number. All the experiment data will be record and analyze. Then this study is continue by using DEWEsoft software 6.2, FFT to identify the different natural frequency between reference mild steel plate and crack mild steel plate. After that the visual inspection will be carrying out for crack specimen using magnifying glass.


The study will be proof by using ultrasonic testing. Comparison studies are then conducted between the vibration experiment and ultrasonic testing. Generally, total procedure in this study is follow direction of flow chart.   
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Figure 3.1: Procedure flow chart

3.2 Study Procedure


To implement this study, a few procedures have been carrying out. There are included selection specimen and experiment setup. PDCA method has been used to carry out this study. PDCA methods stand for Plan, Do, Check, and Action.


Before start any study or depth research, planning is important method to implement the good result of study. There are include, identified problem statement, problem analysis, data collecting and recommendation to solve the problem or to carry out the study. After that, the study is continued by doing recommendation to carry out the study like experiment or analysis and all data or result will be obtain and analyze. 


Next method is checking method to make sure the study follows the objective until succeed or accomplish the objective. At the checking method, the successful of study is measure and present to the supervisor. Lastly, the action method is implementing to obtain the true and standard result. At this method, the complete report of study is bind and submits to the supervisor.

3.2.1 Selection Specimen


There are two type of specimens will be used in this study. There are copper type and mild steel type follow the standard of education for research 70mm width, 143mm long, and 10mm thickness.


Totally, two types of specimens are used for free falling body experiment analysis namely copper type and mild steel type. Then one type of specimen will be tested to find out the crack location namely mild steel plate. The result will be an analysis from reference mild steel specimen (A1) which is has no crack and mild steel specimen which is has crack location (A2). Two types of these specimens will be test using hardness test to find out the stiffness of specimen like ultimate tensile strength (U.T.S).

3.2.2 Hardness Test


Hardness refers to various properties of matter in the solid phase that gives it high resistance to various kinds of shape change when force is applied. Stiffness or quality of something material where his ability get arrest any change before happened plastic phase and split to stated material surface. By such, this hardness test is very important to know material physical property engineering angle-of as “gauge wood' material level which are used. [ll]


Hardness test have various kinds and each type of test have distinctive variation and it depend to type of test and material test. Among hardness test common use are, Rockwell Hardness Tester, Brinell Hardness Test, and Vickers Hardness tester. [ll]


For this study, Rockwell Hardness Tester is choosing because the characteristic of the specimen who was chosen fulfill level of common use. In this test, little of copper and mild steel will be test using hardness test of strength machine. This test of strength will be carrying out using eye diamond cone 120o. [ll]


Figure 3.2 showed hardness tester machine used and table 3.1 is specification for hardness tester machine used. Harness tester procedure illustration is showed in the subtopic of hardness test procedure.
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Figure 3.2: Hardness machine tester

Table 3.1: Specification hardness tester machine


		Model

		Italy 



		Year

		2003



		Max Load Capacity

		540N/ m





3.2.2.1
Hardness Test Procedure
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i. Diamond cone 1200 at the upper surface of specimen
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ii. Force is applied to the specimen
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iii. Diamond cone 1200 is move above and we can see the hole trace on the specimen surface 

iv. All types of specimen will be test and the average data will be record. Comparison about hardness between copper and mild steel is carry out.

3.2.3 Experiment Setup


To trace and observe the surface crack on the specimen, non destruction test (NDT) technique will be used. There are three types of NDT technique will be used. There are using vibration inspection technique, visual inspection and ultrasonic testing. Below are procedures to carry out the experiment.

3.2.3.1
DEWEsoft 6.2, Impact Force Experiment Setup

Procedure before experiment;


i. Free fall apparatus will be setup correctly like figure 3.3 below. Accelerometer will be used as transducer to measure the vibration. Ball bearing 5mm diameter, 0.5gram will be used as impact hammer to obtain impact force data and ICP type signal conditioning is used to measure the vibration of system (Model Davetron). The data will be found out at the monitor through the PC Data Acquisition System.
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Figure 3.3: Experiment apparatus setup

ii. The impact force will be applied at the mid span specimen with different level of height.

iii. The ICP type signal conditioning is setup to obtain the impact force graph.
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Figure 3.4: Specimen and location impact force

iv. When the electromagnet is turned off, the ball starts to fall and a record of its fall is made.


v. Time wave of the collision will be found out as figure 3.5 below.
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Figure 3.5: Time wave of impact test

vi. The data will be record and analyze. The result will be collect and print to the next observation.

DEWEsoft 6.2 impact force setup;

i. First the program DEWEsoft 6.2 is installed and the program is open.
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Figure 3.6: General setting 1

ii. Go the file>load setup> and choose the measuring impact force.
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Figure 3.7: General setting 2

iii. Try giving impact to the force transducer as shown in figure 3.3 to see which channel is active.

iv. Click at the active channel (slot2) and then set the cannel 2.
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Figure 3.8: General setting 3

v. Click by function and choose sensitivity, 91.7mV (as shown in calibration sheet) and then click ok.

vi. Then, click the recorder icon. After that clicks the store icon and chooses overwrite and click ok.
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Figure 3.9: General setting 4

vii. Give impact force to the specimen by off the electromagnet switch and the ball bearing will collide with the specimen.


viii. Click stop after ball bearing collide to the specimen and then click analyze icon to analyze the data.
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Figure 3.10: General setting 5

ix. Click measure icon to measure the next experiment and then repeat procedure vi until viii. [9]

3.2.3.2
DEWEsoft 6.2, FFT Experiment Setup

Procedure before experiment;

i. Theoretical for natural frequency of the specimen should be determined. Theoretically, to measure the natural frequency of cantilever beam, this equation can be applied:


f =  
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                   Where;





Z = Mode number (Hz), 
Z1 = 1.875, 
Z2 = 4.694
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= Length of the beam





E = Young’s modulus, 210GPa
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 = Density of the beam, 8800kg/m3




A = Cross section of the beam





I = 2D moment of the beam
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Where;





b= width, 0.07m





d= height, 0.01m
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Vibration mode 1:


f1 = 
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    = 789.04 Hz


Vibration mode 2:



f2 = 
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    = 4945.19 Hz


ii. By using clamps, fix the test beam to the table. It should be fixed tightly (100mm from the free end) as shown in figure 3.11.
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Figure 3.11: Experiment apparatus setup

iii. Connect the accelerometer to the input jack of a second power unit using a microdot-BNC cable. Connect the output jack of the power unit to channel 4 of the DAQ system using a BNC cable.


iv. Place the accelerometer to the end-mass. Use some of red adhesive wax that is supplied in each accelerometer kit to stick the accelerometer to the structure.

v. Turn on the both power units and DAQ system.

Measurement of Natural Frequency;


i. Run the DEWEsoft program to enable the frequency measurement of the DAQ system.


ii. Set the channel 3 and 4 to “use” mode by clicking the cannel.


iii. Set the sensitivity for the channels according to the sensitivity of the transducers (as shown in the transducer box)


iv. Display channel 3 on upper half and channel 4 on lower half of the scope screen.


v. Set trigger source to channel 3. Trigger level should be around 10g.


vi. Attach the accelerometer to the end-mass again as in the first part.


vii. Click the “FFT” button to turn on the spectrum analyzer mode.


viii. Select the rectangle window for computation the Fourier Transforms, and set the y- axis in unit dB


ix. The upper lines of the display should indicate a start frequency of 0 Hz, a stop frequency of 800 Hz and a resolution of 1024 lines.

x. Hit the structure lightly approximately once every several seconds as shown in figure 3.12. When all the averages have passed (the average count is displayed on the screen), the final result is displayed and the test is complete.
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Figure 3.12: Point to be hit by impact hammer and apparatus arrange


xi. The result is saving.

3.2.4
Ultrasonic Testing (UT)



To proof the result from the vibration inspection analysis, the ultrasonic testing is used to find out the location of crack and the length of crack. Figure 3.13 below showed illustration of technique to trace crack location using ultrasonic testing. In this study, 600 transducer angle mild steel types were choosing for this ultrasonic testing. Transducer angle 600 is used as his suitability with specimen used, defect which need detected and his suitability to analyses the defect with specimen material thickness. Transducer angular will produce sound wave shear propagate inside something material in certain angle. 
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Figure 3.13: Technique to trace crack location using UT

There are procedures to carry out this testing:


i. After choosing the suitable transducer, calibration for this transducer should be carried out to make sure the result for this testing is correct and follow the specification need. Transducer will be admitted in calibration block 12mm and x-value from the transducer will be note when the transducer was measure the correct value.

ii. Then, the specimen welding width will be measure using the ruler and the location to admit the transducer will be mark. The location to be test can be choosing to the right or left. The material velocity can be obtained from table of acoustical velocities in different material. This specimen used mild steel, so the material velocity is 3240m/s. Figure 3.14 below showed the specification material to be test in this study using ultrasonic testing.
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Figure 3.14: Specification material to be test using UT

iii. The transducer is admitted to the marking location and crack location will be identifying through the echo from the ultrasonic graph. At the highest echo, sound path (Sa) on the ultrasonic graph will be note and the sound distance (SD) which is distance of crack location to the transducer (x-value) will be note. This is for full skip of ultrasonic testing graph.
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Figure 3.15: Angle transducer


iv. Then, the transducer will be admitted to the half of echo graph to get the half skip of Sa and SD.


v. The Sa and SD data from the ultrasonic graph will be transfer to the plotting card to find out types of crack. Figure 3.16 showed the plotting card will be used. The Sa and SD data will be transfer correctly to find out types of crack on the plotting card.
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Figure 3.16: Plotting card


vi. To measure the size of crack, the location at the highest peak will be mark on the specimen and the transducer will be admitted until the lower echo which is the echo start detect and the location will be mark. The length of crack will be measure using the veneer caliper.
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