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Abstract

Nondestructive testing (NDT) has become an increasingly vital factor in the effective conduct of
research, development, design and manufacturing. Only with the appropriate use of nondestructive
testing techniques, the benefits of advanced materials science can be fully realized. NDT has a wide
range of industrial applications and various methods and techniques are employed to perform the
nondestructive testing. The current work aims to demonstrate the nondestructive testing technique
applied to determine the damage in silicon nitride. Ceramics are brittle materials and non destructive
evaluation methods are required to assess the quality and reliability of them. A nondestructive
evaluation technique has been developed to study the inspection of silicon nitride using the laser
scattering method. Failure analysis is done by collecting and analyzing the data to determine the location
of the damage. Nondestructive evaluation can detect the damage in the sample and give us information
about the nature and the location of it. An important feature in nondestructive evaluation is that it does
not cause any further damage to the sample. Failure criteria by fracture mechanics is also discussed by
simulating the value of stress intensity factor and comparing it with manual solution. In addition,
existing NDT techniques have been reviewed and a flowchart to determine the most suitable evaluation

technique based on their working mechanism and applications has been generated.



Table of Contents

AADSITACT ...ttt ettt et e et eab e et e e e bt e e hb e e e bt e e s bt e e abeesabeesabeeenanee s A%
TADIE OF CONLENLS. ...coutiiiiiiiieiie ettt ettt e b e st e et e s bt e st e e bt e eaeeebeesbeeenreenes vi
LISE OF FIGUIES ..ttt ettt ettt et e st e st e e st e s sabeesabbeesabeeeenbeeeans vii
LISt OF TADIES ..ottt ettt et st b e et e e a e et e bt e et ix
Chapter 1: INTrOQUCTION.....coouiiiiiiiiiiieeiie ettt sttt e st e st e e st e st eesbbeesabeeenaneas 1
1.1 Motivation of MY r€SEATCH........eeiviiieiiiieiiie ettt e e e e e aeeeaae e 2
1.2 TRESIS OVETVIEW .eouiiiiiiiiiiiieeitee ettt ettt ettt e e et e st e st e e st e s eabeeebbeesbeeennneeens 2
1.3 TheSiS OTZANIZAtION ....ccueieiiieeieiieeiieeeieeeiteeeteeesteeeseaeeeaeeessstaessseesseeensseeesseesseeessseeenns 3
Chapter 2: Literature review on nOndestructive teStNE.........cocueerueeriierieenienieeieeneeeie e sre e 4
2.1 NONAESIUCHVE LESINME ..eeeuvvirenireeeiieerieeeitieeeiteeeeieeestaeesseeessseessseesseeesseesssseesssseesssee s ns 4
2.2 Silicon nitride and NDT of SilicoOn Ditride .........cocceeevvieriiiiiiiiienniieiice e 5
2.3 BIOMALETIALS ..conuiiiiiiiiieiitete ettt ettt st 8
Chapter 3 Background and experimental setup of laser scattering technology ............cccceeeeee. 12
3.1 ThEOTY Of 1ASET ...ueiieiiieeiiie ettt ettt e e et e e e e e e s e e ensaeessseeennseeenns 12
3.2 Theory and application of optical SCAETING ........ccevuveeruiirrieeriieeniieeriee et 12
3.3 Application of cross polarization principle to detect subsurface scattering ................ 15
3.4 Experimental setup of laser scattering SYStem...........ceecueeerueernieeniieeniieeieeeieee e 16
Chapter 4 Experimental results from optical SCAtteriNg .........cccvveerveerrieeeiieeriie e e 21
Chapter 5 Fracture analysis of advanced CEramics ..........oceeerveeriiieeniiieiniieniee e 23
5.1 FallUIe CIILEITIA. ...eiiiieiiiiiiiiiie ettt ettt ettt e st eenaee e 23
5.2 Simulation of fracture for advanced CEramics ............cccevcueerrieeriieiniiiennieeeieeeieeee 24
5.3 Displacement of crack in silicon nitride due to tensile loading ...........ccccceeeuveerveennee. 29
Chapter 6 DISCUSSION .....uuiiiiiiiiiiiiitie ettt ettt ettt e et e st e e s bt e e st e e sbaeesbeeesabeeesaseeeas 32
Chapter 7 Conclusions and future direction of research ...........cccoecveeviiieeniiieniieieeecee e 33
RETETEIICES ...ttt ettt e st e et e et e e s bt e e st e e sbeeesbeeeas 34
4 L 37

vi



List of Figures

Figure 2.1: Structure of S1lICON NITIAE.........coviiriiiiiiiieiiieeeeeeeeetc e 7
Figure 2.2: Flowchart for NDT of biomaterials...........ccceeeiiieniiiririiieeieeciie et 11
Figure 3.1: Polarization of LGNt ..........coooiiiiiiiiiiieeeeete et 13
Figure 3.2: Difference caused by surface roughness...........ccceeevveeeeiieriieiniie e 14
Figure 3.3: Experimental setup of laser scattering SYSteIm ..........ceevueerrieeriiieeniiieenieenieesieeeeeneenn 17
FIgUIE 3.4 LNGAT SEAZE .vveeeveeeeiiieeiiee et eeiteeeiiee ettt e et e ettt e et e e s abeeessaeeesaeesnseeeenseesnsseesnseeennseesnnns 18
Figure 3.5:ESP 300 three axis CONtrOlIEr.........coviiiiiiiiiriiiiieiceieceeeee et 19
Figure 3.6: Nonpolarizing beam SPILLET .........ccouiiiiiiiiiiiiiieieeiee ettt 19
FIGUIE 3. 7:POWET IMELET ...coouviiiiiiiiiiieiiieeeee ettt et bt s bt e et esate e sabeeesanee e 20
Figure 4.1 (a): Optical scattering image of subsurface damage under loading of 2000N.............. 21
Figure 4.1 (b): Optical scattering image of subsurface damage under loading of 3000N............. 21
Figure 4.1 (c): Optical scattering image of subsurface damage under loading of 4000N.............. 21
Figure 4.2: Image analysis of the damaged profile............cccccooiiiiiniiiiiininiececeee 22
Figure 5.1: Location of edge crack on the Sample...........cccccvveeiiiiiiiieiniieeieeeiee e 23
Figure 5.2: Geometric MOAEIING . .........ooiuiiiiiiiiiiiiiiie ettt et 25
Figure 5.3: Boundary CONAItIONS .....c..cevviieriieiiiieiiieesieeeieeeiteesiee et e eireeereeesebeeeareesnsaeesnneeenns 25
Figure 5.4: Applying load on the boundary.............cooeeiiiiiiiniiniiieceeeeccee e 26
Figure 5.5: Material SEIECTION .......cccviiriiiieiiieeiieeeiie ettt eee et e e e e et e e sebeeenaeeenseeesnseeenns 26
Figure 5.6: BOUNAArY ©XPIESSIONS .....eeeruriiiriiieiiieeriieesitieeiitee ettt esitteesibeesnibeesbeeesabeessareesbeeesaseeenns 27
Figure 5.7: Boundary integration variables .............cceeiiieiiieeiiiie et 27
Figure 5.8: Applying the scalar EXPreSSIONS........ccceereeriierieriiriieenieeieete ettt 28
Figure 5.9: Mesh @ENEration .........c.cccocueiiiiiiiiiiiniieiieete ettt ettt et et s e e 28
Figure 5.10: Value of stress intensity faCtor .........covvieiiieiiiiieiniie ettt 29
Figure 5.11 (a): Displacement due to 10ad of 200N/M?...........co.ovueveereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseees 30
Figure 5.11 (b): Displacement due to load of 800N/M.............ccooovveirreeeeereeeesreseeseessesreeessoone 30

vii



Figure 5.11(c): Displacement due to load of 1200N/m?

viii



