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ABSTRAK 


Kelja ini adalah untuk mengesan aktiviti pengeluaran akustik di dalam pelbagai jen is 

species kayu . Pengeluaran akustik adalah tenaga yang dikelu arkan apabila beban 

dikenakan ke atas bahan yang diuji. Secara amnya, pengeluaran akus tik juga 

bertindal, ;ebagai stetoskop 

Kayu yang dipilih di dalam kajian ini adalah Jelutong, Meranti merah, Meranti 

Kuning, Selangan Batu, Kruin, dan Kapur. Penggunaan teknik pengeluaran akustik 

kini dapal mengesan setiap aktiviti mikro da lam bahan yang diuj i. 

Da lam kajian ini, beban yang konstan dikenakan ke atas kayu yang diuji . Oaripada 

hasil uji, >, lI1i perbezaan sifat-sifat akustik di da lam kayu yang berbeza.. Se lain itu, 

kila hend<ildah memastikan tiada sumber yang lidak diingini iaitu "Noise (kebis ingan 

)" di kawasan I ajian tidak terlalu bising seh ingg mempengaruh i kepulu sHn u) ian. 

II I 



CONTENTS 


ACK.'WWLEDGE::vfENT 

ABSTRACT 

ABSTRAK 

LIST OF FIGURES 

LIST OF GRAPHS 

LIST OF TABLES 

II 

11 1 

Vlll 

IX 

x 

Chapter 1 Introduction 

1.1.1 Introducti on 

1.1 .2 General lnfonnation of Acoustic Emission Techniq lle 

,! .3 TYPlcal AE Apphcaticn 2 

1.2 Obj ecl ives 3 

II' 



Chapter 2 Literature Review 


2.1 Introduction 

2.2 The History of Acoustic Emission Teclmique 

2.3 Introduction of Acoustic Emiss ion Teclmique 

2.4 Acoustic Emission and Application 

2.5 Princip les of AE Technology 

2.6 Range of App lication 

2.7 Propagation and AE wave 

2.8 Acoustic Emission Sensor and Preamplifiers 

2 .9 Detection of a Acoustic Emission Signal 

2. 10 Si gnal Features And Their Measurement 

2.1 1 Noise 

Chapter 3 Woods 

3. 1 

3.2 

3.3 

3.5 

Introducti on 

Categories of Wood 

Properties of Wood 

Electrical, Tbel1l1:I1 and Cbemical Properties 

\!I echanlcal Propert ies of Wood 

4 

5 

6 

8 

10 

) 1 

12 

13 

15 

16 

18 

20 

21 

22 

v 



Chapter 4 Methodology 

4.1 Laboratory Program 28 


4 .2 TestinglExpe riment Equipment 28 


4.3 Experiment Sample 31 


4.4 Method of Tes t 32 


4.5 Procedure of Expeliment 33 


4 .6 Precaution Steps 35 


Chapter 5 Results and Discus ion 

5.1 Introduction 36 


5.2 The result lntcrpreta ti on 36 


5.2.1 Energy Versus Time ( sec) Graph 36 


5.2.2 En rgy versus Amplitude ( dB ) Graph 40 


1. Wood ( Jelutong ) 41 


JI. Wood (Kapur ) 44 


I l l. Wood ( Red Meranl i ) 46 


I V . Wood ( Sclangun Batu ) 49 


-..,v. Wood ( Yellow Meranti ) 

VI. Wood ( Kruin ) 55 


\'] 



Chapter 6 Conclusion aDd Recommendations 

6. 1 Concl usion 59 


6.2 Recommendations 60 


APPE:-lDIX 61 


' FF.RENCES 78 


vi i 



LIST OF FIGURES 

Figure 2. 1: Principle of the Acoustic Emission Method 10 


mounted on a test object. 


Strength o f Wood Sample Parallel to tbe Gra in . 


Figure 2.2 : Schematic Diagram of a typica l Acoustic Emiss ion sensor 15 


Figure 2.3 : Key Signal Features 16 


Figure 3. 1: The Three Principal Directions of Wood 24 


Figure 3.2: Tension Parallel to Grain 25 


Figure 3.3 : Tension Perpend icular to Grain 


Figure 3.4 : Comparison of Tension Strength to Compression 26 


Figure 4.1 : Computer 30 


Figure 4.2 : Compressor 31 


Figure -1.3 : Single Sensor Transmission Method 33 


V I I I 



LIST OF GRAPHS 


Graph 5.2 : Graph Energy versus Density 38 


Graph 5.3 : Jelulong 1 40 


Graph 5.4 : Jeiulong 2 41 


Graph 5.5 : Jelulong 3 42 


Graph 5.6 : Kapu r I 44 


Graph 5.7 : Kapur 2 45 


Graph 5.8 : Red Meranti I 46 


Graph 5.9 : Red Meranli 2 47 


Graph 5.10: Red Meranli 3 48 


Graph 5.11: Seiangan Batu I 49 


Graph 5.12: Seiangan Balu 2 50 


Graph 5.13 Selangan Balu 3 51 


Graph 5.14: Yellow Meranti I 52 


Graph 5. 15 Yel low Meranli 2 53 


Graph 5. 16: Yellow Meranli 3 54 


Graph 5. 17: Kru in I 55 


Graph 5. 18: Kruin 2 56 


Graph 5. 19 Kruin 3 :7 


I ~ 



37 

LIST OF TABLES 

Table 5.1 : Relationship between the density and the energy of the materials 

x 



CHAPTER 1 


INTRODUCTION 


1.1 General Information of AE technique 

Acoustic emission CAE) is a wave that travels through a material as the result of some 

sudden release of strain energy. Acoustic emission is a rapidly maturing nondestructive 

testing method for monitoring structural integrity, detecting leaks and failures in 

mechanical equipment, and for characterizing materials behavior. 

There are different types of Acoustic Emission CAE) system such as standard, powerful, 

in tegral PC computer with to 56 AE channels. Several different chassis are availab le, 

inc luding sizes fo r 8,16,24. and 56 channels. 

The DiSP-56, large capacity 56-channel chassis includes hardware for bo th AE feature 

extrac tion and comp lete hit wavei'0ll11 . The DiSP-24 is J portabl e AE system , eq\llppecl 

w ith a hJ ndl e fo r calTying and integral keyboard buil t wIthin the hinged fron t protective 

co\e r. Flu ilt -in AE features include a d ig itally cOlll ro lleLl 3uJi o monitor, 8 parametric and 



AE Hit indicator LED's . The DiSP-16L AE system is geared for labora tory use, holding 

up to 4 PC[-DSP4 cards for up to 16 AE channels of operation. The DiSP-16L has added 

fea tures for reliab le day to day operation, including extra cool ing, ventilation and 

powerful PC computer motherboard . 

1.2 Typical Acoustic E mission Application 

Acoustic Emission can be apply for many thing such as: 

• Tube trailers and High Pressure Gas Cylinders . 

• Advanced Materi als . 

• Stress Corros ion Cracking. 

• Petrochemical Pipelines. 

• Nuclear Components. 

• Composites. 

• Above Ground Storage Tanks. 

• Weld Monitoring. 

• Other app licati )I1S. 
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1.3 OBJ ECTIVES 

The objectives of this final year project, firstly is to compare the different Graphs and 

result for different material. There are six types of woods, which are Jelutong, Red 

Meranti, Yel low Meranti, Selangan Batu, Kruin, and Kapur are used in the test. Three 

samples of each materials will be tested. 

Each material have a different graphs and different results. All in formation about the 

materials will be explain briefly. This is important to identify the characteris ti c or the 

material and the characteristic wave inside the material. 

Secondly is to introduce an Aco ustic emission CAE) as a method to detect every micro 

activiti es within the materials. 



CHAPTER 2 

LITERATURE REVIEW 

2.1 In trod uction 

An acoustic emission CAE) is a sound wave, or stress wave that tra vels through a material 

as the result of some sudden release of strain energy, within a material due to the 

occunence of microstructure changes. If enough energy are released , audib le sounds are 

produced . 

The acollstic em ission techlllque (AE) involves listen ing to the sounds (which ,lie usually 

inaudib le to the human ear) made by a materi a l, struerurc or m achiu ' in se 0 1 under load 

dnd draw ing conclusions about it's "state of health" from what is IICard, just as a Doctor 

would li stcn to our heart am! lungs. ft is a llows us to extend our hearing to detect sound 

or higher frequenci es and lower lntens itlcs. Wi rh AE equipll1 ent we can "\rstcn" 10 the 

sound of crack growth , !ibred br aking, marlensiw;; transformations and ther modes of 

active dalllag.: ill the strc;;s~J ,nateli· !. 



The weak acousti c signal is cap tured by an AE sensor and preamplifier After the 

preampl ifier the signal can be fi ltered or go directly to the AD-converter wh ich digitizes 

the signal. This AD-converter can be inside the PC as a plug-in card or outside the PC as 

a separate sys tem. 

2.2 The history of Acoustic Emission Technique 

Acous ti c Emission (AE) is a physical process that is one of many reflections of the 

materi als failure. That is why AE has been used for deve loping of a wide c lass of 

nondestructive testing (NDT) techniques for practical app licat ions. The great E 

happened between 70's and 80's due to efforts of an enthusiastic group o f researchers 

from indust ry and un iversities. 

The principal o f listening for warn ing of structural problems goes back into prehistory. 

The connection between fi ssures and the sounds that they make is so stro ng, that the word 

"crack" itself has acquired a doub le meaning, it refer to both fi s5ure and soun . The 

phase "crack the wh ip" shoves th3t the sound is short and sharp not a nimble or a 

vibration but a discrete shock. This is ca ll ed the sound of crack growth . 

Intensive sciemi fic investigat ion a out the sound o f crac k rowth during 1960's, ", hen it 

\\ as realized that they could b madc the bas ic of a "new" nondestructive testing mcthlld 
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(NDT ). Instruments and technique were developed for measuring "acoustic emiss ion" 

and displaying the result in numerical and graphical forms . 

In the 70's, many practical application of the emerging technology, including the fi rs t 

bridge monitoring studies funded by the Federal Highways Administration These 

projects had the nature of feas ibility demonstration as the AE pioneers tri ed to show that 

they could successfully detect and locate the growth of flaws in the presence of 

interfering background noise in challenging environment. 

In the 80's, the infrastruc ture of Acousti c Emission testing took shape. Wri nen test 

procedures were developed and s tandardized for metal, fi berglass pressure vessels, 

storage tank , aerial man li ft devices and railroad tank cars and fo r weld monitoring. 

For a technology to be widely used, it is not enough for it to be technically feasible. 

Beyond feasibility , it must compete cost-effectively with the other possible so lution to 

the problem and it must be readily accessib le to those who would use It. 

2.3 In troduction of Aco llstic Emiss!8:1 Technique 

Acoustic Emission, according to ASTM, refers 10 rhe generation of Irans ient c las ti c 

waves during the rapid release of energy from localized sources withm a materi al. Source 

of these acollst ic emission inc Iud many di fferent mechanism s of defonl1ation and 

Llcturc The Acoustic Em; 'Silll 'ondestrucli\'c Tc ling (NDT) techniynl; is based on [he 

,.lvl cuo ano conv rsion of these I igh fr quency -lasti wan,s to electr ical signals. 
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Sudden movement at the source produces a stress wave, which radiates out into the 

structure and excites a sensitive piezoelectric transducer. Sensors are coupled to the 

structure by means of a flu id couplant and are secured with tape, ad hesive bonds or 

magnetic ho ld downs. As the stress in the material is raised, many of these emissions are 

generated. The signals from one or more sensors are amplifi ed and measured to produce 

data fo r display and interpretation. The source of the acous ti c emission energy is the 

elastic stress field in the materi al. When the structure is no t loaded the acousti c emission 

cannot detect any discontinuity-the acoustic emission does not ex ist. Consequently, it 

does not detect geometrical inaccuracy. Acoustic emission sensor is co ll ecting the burst 

lype of signal (hits). There are two basic ways of hit descriptions. Hit descriptio n by 

parameter is easier and does not need so many recorded values. Time recording o f hit 

amplitude contains more infolmation about acoustic emission phenomenon, but the 

num ber of recorder values is higher then by the parameter 's descripti on. Transfomlation 

from time to frequency domain is very useful for stationary signal bu t for non-stationary 

one it is not much suitabl e. Time-fi·e Juency ana lysis appears as powerful tool to 

detelmination non-stationary signals. TI1:s specifies frequency components in palticular 

time moment. 

7 



2.4 Acoustic Emission and Application 

Some typical app lications of the Acoustic Emission princip le in testing material are as 

follow : 

i. Behavior of materi als - metals, ceramics, composites, r ocks, concrete. 

• Crack propagation 

• Yielding 

• Fatigue 

• Corrosion, stress corrosion 

• Creep 

• Fiber fracture, delamination 

ii. Nondestructive testing durin g mannfacturing processes 

• Materia l processing 

• Phase trans formation in metals and alloys (martensilie transformation ). 

• Detection of detects such as pores, quenching cracks, inclusIOns. 

• Fabrication. 

• Deforming processes such as rolling, forging and e.' trud ing. 

• 	 Welding and brazing -<Jefects detection ( inclusions, cracks, lack of 

penetrat ion ). 

• Weld monitoring [or process contro l. 

iii. i\lon itoring ,t r ucIU re 

• Cont inuous moni toring ( metallic , struc tu re, milles). 

• PeriodIc testing ( pressure vessel, pipeltlles , bridl!es . cable) . 
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• Loose Part Detec ti on. 

• Leak Detection. 

iv. Specia l application 

• 	 Petrochemical and chemical: storage tanks, reactor vessel, offshore 

platform, drill pipe, pipelines, valves, hydro -treaters. 

• 	 Electric utili zes : nuclear reactor vessels, piping, steam generators. 

ceramic insulators, transformers, aerial devices. 

• Aircraft and aerospace : fatigue cracks , con-osion, composite structure. 

• 	 Electronics: loose particles in electronic components, bonding. subs trate 

cracking. 
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2.5 Principles of Acoustic Emission Technology 

Signal 

Detection and meas urement 
electronics 

Sensor Preamplifier 

Applied StressAp plied Stress 
Acoustic mission .. •Stress Wave 

Source 

Figure 2.1: Principle o f the acoustic emission method 

Acoustic emiss ions are stress waves produced by sudden movement in stressed materials. 

Fi gure 2 .1 shows the process of generation and detection of aco usti c emission. This 

inspect on tec lulique detects e lastic waves generated within a test spec imen by sllch 

mechal.isms as plastic deformation, fatigue, and fracture, Sudden movement at the source 

produces a stress wave, which rad ia tes out into the structure an exc ites a sensit ive 

piezoeiecrric transducer. As the stress in the matena lS is raised , ma ny of these emissions 

are gener3ted. The signa ls from one or more sensors arc amplitied and measured to 

)roduc<.: data Jel r display and interpretat ion. The source of the acnu\lic emissinn energ) is 

II ~ elastic stress fi e ld in the material. Withollt stress, th"r.: is n" cmi',ion. An acoustic 

missiul1 inspec tiu n is usually can ied out dur ing a controlled loa ing of the Structllf<':, 
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