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Characteristic of Cracks under Vickers Indentation in Glass

Using Acoustic Emission Test

Hye-yeon Park

Department of Materials Processing Engineering, The Graduate School,

Pukyong National University

Abstract

Acoustic emission (AE) is known to be sensitive to fracture process and so it
was expected .that AE data may propose as a means of “monitoring the
fracture information. The aim of this study is to analyze' the characteristic of
AE signal emitted from glass during vickers indentation. To observe AE
characteristics by surface effect, both glass and coating glass were studied.
Monitoring of acoustic emission waveforms is employed to characterize the
initiation and progression “of induced cracks during vickers indentation. During
loading, AE signal ~resulted. from . penny=like crack is detected. During
unloading, AE signal resulted from-both-radial/median crack and lateral crack
is detected. During loading, AE peak amplitude for coating glass is higher
than for glass due to stress intensity. During unloading, AE peak amplitude
for coating glass is lower than for glass due to surface toughness of coating
effect. In precedent study the correlation between AE energy and

radial/median crack length is acquired to ¢oc (K;./E)C* equation in terms of

the strain energy generated from glass during vickers indentation. The

emission energy(e) is found to be approximately proportional to the crack



dimension(C) both glass and coating glass.

Key words : Glass, Coating glass, Vickers indentation, Acoustic emission test,

Radial/Median Crack, AE peak amplitude, AE energy
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Fig. 1 System of crack generation after Vickers
indentation
(a) side view of the crack

(b) top view of the crack
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Fig. 2 Schematicdiagram-of (a) median-model and (b) Palmqgvist model
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Loading (b) Unloading

Radial/Median crack

Fig. 3 Crack configuration around-vickers indentations
(a) penny-like crack-during loading cycle

(b) radial/median, lateral cracks during unloading cycle
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Fig. 6 Analysis of transient acoustic emission waveform
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WS YeRUATh Fig. 1o Uepd vlAA 48] & HF5 #4959 24
oAl B wkel o] ] deA Ayt Hd I3

Q1 aht) gt/ <l

Fig. 7 Subsurface deformed zone
after 3—-point—bending test
at 4.903N indentation load
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= AbeA 24 g 5 9o,

Fig. 9 Cracks generated from vickers indentation

at 19.61N load
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Fig. 10 A top view of the crack generated
from 9.807N to 29.42N indentation load in glass
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Fig. 11 A top view of the crack generated
from 9.807N to 29.42N indentation load in coating glass
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Fig. 15 Schematic diagram of AE signal detection System
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16 AE waves emitted from glass during vickers indentation
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Fig. 17 Typical AE waveforms subjected to various load during indentation

in glass. Observed AE waveforms during P(loading cycle) and

U(unloading cycle) respectively.
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Fig. 20 Typical AE waveforms subjected to various load during indentation

in coating glass. Observed AE waveforms during P(loading cycle)

and U(unloading cycle) respectively.

_43_




D AE Hdf 1%

Fig. 21& RG] @82 7tk wAg b)ahze AAs

_44_



(a)

0.06

-
—
0.04 | " i

0.02 - i

Peak amplitude (V)

0.00 L L L
0 50 100 150 200

Radial/Median crack length (m)

(b)

0.20

0.16 - g

0.12 - .

Peak amplitude (V)

0.04 - e

0.00 L L L
0 50 100 150 200

Radial/Median crack length (/,cm)

Fig. 21 Peak amplitude plot for radial/median crack
in coating glass to various load during
(a) loading indentation cycle and

(b) unloading indentation cycle

_45_



2) AE °|X]

Fig. 22 ZEfeelA (8F& 7ok @9 (b)akass #1718t
= @AM BEE AE oUAE S d/vdst 7 Aol hsl ekl
afolh stes AAsks w9k fofxl AE duA= stes vheke E
ob dojx AE oy nla] 3.5~15.58 & A& & 5 AL &
A Bl dAERE dolx AE oy Hlwel o] dES
oAX AE olUA7} S7bsht 1 F7F vl go] frelolA dolx F7
Bt @A) vof 3 A9 5 SISk oA ®del
Aoz al w29 AME Walistel stge AAdks T
Aol WAool fFelo us] ¢ zolrd AE oy X7} {2l H]s)

2 F7hE kA oj ARtk

_46_



(a)

0.0000004 - E

0.0000003 |- —" E

0.0000002 - E

Event energy (E)

0.0000001 - B

0.0000000 N 1 N 1 N 1 n
0 50 100 150 200

Radial/Median crack length (/)

(b)

0.000007 - - ;

0.000006

0.000005 |- B

0.000004 |- -

0.000003 |- y 4

Event energy (E)

0.000002

0.000001

0.000000 L L L
0 50 100 150 200

Radial/Median crack length (/m)

Fig. 22 Acoustic emission energy plotted against
radial/median crack length in coating glass
during (a) loading indentation cycle and

(b) unloading indentation cycle

_47_



4.2.3 53¢ Y9 AE HU IZF v

Flg. 232 fE9 zgfdel disl 19.61NZ <l Al BE¥ AE
7 vwst Aot

Fig. 24+ 2ok ¥ gl vAL A (@) sts= 7Hete @A
o (b) stz= AAStE DAl HEE AE 999 Hdo &2 2y
/Tt 7 Aeole] disl] vebd 29olth. glasst 8], C glassE
T 5 2] (coating glass) & YERATH

(@) Al = thest sts o2 FdAl A9 felelA WE¥ AE 39
o] Hu AZo] fEldA WER AE 39 Hd HZFof vlE =2 AS
& 4 Uk AE 392 A& diFe By el vz Wy
Agt Arg FHIAY AN E uFORA T Thehs T LA

A .

¥ AE 939 Hoh JF e aEreol 28E AE Hof x1Zo]

_48_



Loading

Unloading

006 .
0.04 24
0.024 14
s Sl p |
o 0.00- . 0+
Glass | & g
> -0.02 > 14
0.04 2
-0.06 T T T T 3 T T T T
-0.001 0.000 0.001 0.002 0.003 0.004 0.005 -0.001 0.000 0.001 0.002 0.003 0.004 0.005
Time (s) Time (s)
by :
0.044 2
0.02 1
Coating 3 ol $ . B
Glass ey 2]
0.04 24
-0.06 T T T T 3. T T T T T
-0.001 0.000 0.001 0.002 0.003 0.004 0.005 -0.001 0.000 0.001 0.002 0.003 0.004 0.005
Time (s) Time (s)
Fig. 23 Typical AE waveforms emitted from glass and coating glass

during vickers indentation

_49_




(a)

0.06 " T T T T T
|| —m—glass
—e— Cglass
0.05 |- -
L R ]
o— —
=T / T
2
(] r L) 1
E
= 0.03 | -
Q.
£
@®©
% 002 i
jo)
o
0.01 - 4
0.00 1 1 1 1
0 50 100 150 200 250
Radial/Median crack length (/)
3.0 T : T - T - T
—®— glass
—e— Cglass ]

25 3
= 20 1 ]
s,
[}
el
2 15} -
=
£
@®©
s 10k i
jo)
o

0.5 - g

I SE—
0.0 L —— |. L L
0 50 100 150 200 250

Radial/Median crack lengtt (/m)

Fig. 24 Peak amplitude plot for radial/median crack
in glass compared with coating glass to
various load during (a) loading indentation

cycle and (b) unloading indentation cycle

_50_



SHFd A7lE AR Amghel wHsiEE fejel IR &
gA7] HlIE Fig. 25¢] Yebdllth Z®FEs ¥
tE (2a)& fEol Hla) & dolw wAsiy S¥ P A7t He
Hp o ol o]® <13 Fig. 249 (a) 35S 7Febs &<k 2 o
Fel Ao WFo] fFele] v A doAAE Aow o] A

Fig. 2404 3t5& AAGE D) DA = ZEFEdA WE" AE
Ho xZFo] FElelA WEE AE Hd JFol njsf & Fow v AE
gl & & Atk Fd5e AASE dAdME B WFgo syt 7o)
AAHER IR e Foig A wtel 4 1Wde wafsto]
gt /ool #94e] MO % ol vl #ta WEY AE FHd A%
T g9 AR ofAZH

ﬁ

_51_



Stress intensity (Hv)

1000 T T T T T T T
|| —®=— glass |
—&— C glass
800 .
o~ — = °
600 e = & g _
¥
400 .
200 - .
0 ' | ' | L | '
0 10 20 30 40

Indentation load(N)

Fig. 25 Stress intensity in glass compared with coating glass

to various indentation load

_52_



4.2.4 TF W7} EE o] &3 #4209t AE oA
A EFA

9 A% = Aotk
o714 AE o|uAl= 1bg o] MR owa ZF AE-AlS o st dujztoe
2 AEAX L (4.1) ¢ AW ew Yebd 5 9rh

N Ti

= V. dt (4.1)

t=0
AZI Vst 2o A, Ti= #S588ke AE 3389 AXEA ¢

= Alztolth,
JE 3 e/l #99 A4 JuA 7C E AE VR 9o
Ae 2 (4.2) o2 ekl =gt}
o< (rC* Uy, (4.2)
AN Uy AA Hgoluvxth Lawn¥ Fullerel 93hd 43189
Jolo 5AAFE FIol(©olm 54uAR Fye A7 C*% ¢
oltt, A WHAUA (UypEs HHA @E(PQ/EC%} s e
B (CH e FA A 4.3) o= v I $ 9,
Uy < P*EC (4.3)

_53_



3.2.44)4 et 2 (3.2) 5 #HWo] dlstsy 9= vERd 2o
2 AYsHA ¥4 A (4.4) = JERE £ 9lor
pC = Kol x (4.4)
oluf Kiex= A x|olar, x& Ao} AJHOZHE dojx = FAab
A Aol
21 (4.2), (4.3) X (4.4)ZHE AE °yUA(e)+=
e oc (K /E)C* (4.5)
2457 B¢ & = Atk
21(4.5)S & AE YA () 7840l (C) 9. 450 vlgdtt= A

Fig. 26/ frg]ell wio] 22 8] A28k Al WEEE AE EA dig
A ATAREN etFE AlAstE DACA She S/t o] F=
ANHAER oju TAAE g oyAE d Aolol whsl L= 3he
A& Hepdsith ol & Fall AE <IHAZE 7 A2 (C) 8 4.5l Bl

reEfeh R geloll thall HlAX Skl Al EHE= AE
A e} Aol (O] dAAE Bs17-flell =3} a3l

Fig. 273 Fig. 282 77z} 29k Z9f2lel vAA 4 Al &5
o]2]= AE A139 AUAE /vt 4 dolol s verd
g zolth fald FZYFEel nAL 4 Al HEFHA = AE AT

A= e d/mit]t < dolel il 24 4+ 1.2, 0.95 HH= 7
o] wd Aol (Ol e Je & 5 AU

_54_



T
ng __
.
1E-5 "y
] e | _u:g LS
] n L 1] “! r By
[ ] 1 "
L
- a1
§ 1E'6—: Il_ » ._% _:
% 1 H "y = L 4.5 ]
L Ly . i
< ] = _i_u
1E-7 4 “macs B .
L ] L] u
10

Radial/Median crack length ()

Fig. 26 Acoustic emission energy plotted against radial/median

crack length during unloading cycle

_55_



1E-3

1E-4 |
8/~ P - N
8/ ] : S -
g by :
: " & n AW
Ll | ]
<

1E-5

Radial/Median crack length (zm)

Fig. 27 Acoustic emission energy! plotted against radial/median

crack length in glass during unloading cycle

_56_



T : : ]
1E-5 - m = . E
—~~ m
EJ/ m
3 L} __ L}
5 1E-6 . . n s
E L] R 3
% _——— W g m
w /I’_/LJTP:_ [
< y - O 9 ] .
sl 0 ]
1E-7 4 an ™" "= - e
— . .
100

Radial/Median crack length (zm)

Fig. 28 Acoustic emission energy| plotted against radial/median

crack length in coating glass during unloading cycle

_57_



5. A&

Aehel el oA FHEIse] fel Euel IFY @ AE A
S @ W wgEE AR 399 54 Bl v 2 dEL

D AE 98 #2A AL tAbel sta s 7hsks @AM = dy o
AelM=sidd/vitiet 2 3l dHd «

03
£V
1e
ol
o
o
flo
2
)
ol
_,d
ri

o vlsl o =4 545 =
of Qo] Fose] wd FH ol W o] nlE LA
AE®] FHu Zo] o WA A=

4) 2.942NlA 9.807N7FA] 0.9807NwH$ 2 wlo] A2 H|A A QF]lA]
a5 AA GACA FEF AE oUA7E D Aol 4.5%0 s
ARAINE e ol 7IE9 IFY W7tHFCe R si4¥ AE v~
7b < Aol 45 sttt o] &3¢l AT ©]F 9.807Nel
A 29.42N7HA] 9.807TNTRI = HIAXL gdel A&kl frelet TR F
oA A AE YA gt d/dTier Fd ol 72+7t 1.2%, 0.9%
of wlelskdct.

_58_



6. Fiwd

1) Chang-Hun Lee, Jin-Ho choi, Jin-Hwe Kweon, Jun-Hyung Byun and Yeun-Ho Yu,
“A study on the non-destructive characteristics of the composite structures using
the Acoustic emission", The Korean Society for Composite Materials, Vol. 1,
2004, pp. 139-142

2) Akio Yonezu, Baoxing Xu, Xi Chen, 'Indentation induced lateral crack in ceramics
with surface hardening', Materials Science and Engineering, Vol. 507, No. 15,
2009, pp.226-235

3) ojFED, "AEE AL JAF 5 VESHAL AlE; 1999, p.2-31

4) B. R. Lawn, E. R. Fuller, "Equilibrium penny-like cracks in indentation
fracture”, Journal of Materials Science, Vol. 10, No. 12, 1975, pp.2016-2024

5) B. R. Lawn, M. V. Swan, "Microfiracture beneath point indentations in brittle
solids", Journal of materials science, Vol. 10, No. 1, 1975, pp.113-122

6) B. R. Lawn, A. G. Evans, "A model for crack initiation in elastic/plastic
indentation fields'", Journal of Materials Science, Vol. 12, No. 11, 1977,
pp.2195-2199

7) J. T. Hagun, M. V. Swan, ''The origin of median and-lateral cracks around
plastic indents in brittle materials', Journal of Physics D: Applied Physics,
Vol. 11, No. 15, 1978, pp.2091-2102

8) D. B. Marshall, B. R. Lawn, "Residual stress effects in sharp contact
cracking', Journal of materials science, 1979, Vol. 14, pp.2001-2012

9) B. R. Lawn, A. G. Evans, "Elastic/plastic indentation damage in ceramics :
The median/ radial crack system', Journal of the American Ceramic Society,
Vol. 63, No. 9-10, 1980, pp.574-581

10) H. Miyazaki, H. Hyuga, "Crack profiles under a vickers indent in silicon nitride

ceramics with various microstructures', Ceramics International, Vol. 36, No. 1,

_59_



2010, pp.173-179

11) S. H. Lee, H. C. Kim, "Acoustic emission during indentation fracture of
soda-lime glass', Journal of Materials Science Letters, Vol. 3, No. 10, 1984,
pp-907-910

12) K. Y. Kim, W. Sachse, 'Study of brittle fracture by acoustic emission from
indentation cracks", Journal of Applied Physics, Vol. 65, No. 11, 1989,
Pp-4234-4244

13) N. H. Faisal, J. A Steel, R. Ahmed, and R. L. Reuben, '"The use of acoustic
emission to characterize fracture behavior during vickers indentation of HVOF
thermally sprayed WC-Co coatings', Journal of Thermal Spray Technology,
Vol. 18, No. 4, 2009, pp.525-535

14) M. Belmonte, A. J. S. Fernandes, F. M. Costa, F. J. Oliveira, R. F. Silva,
"Acoustic emission’ detection of macro-indentation cracking of diamond coated

silicon', Diamond and Related Materials, Vol. 12, No. 10-11, 2003,

pp.1744-1749

15) e, "A3prLE e AlefE 0] #9AGASH Y3 S 2006,
pp.2-108

16) S. Koshimizu, J.. Otsuka, . '"Detection of ductile to brittle transition in
microindentation and-microscratching of single crystal silicon using acoustic
emission", Machining Science and Technology, Vol. 5, No. 1, 2001, pp.101-114

17) ARE R&E7 mAgte A g5y fAFSHAL AR, 1997, pp.61-177

18) K. Niihara, R. Morena, D. P. H. Hasselman, "Evaluation of KIC of brittle
solids by the indentation method with low crack-to-indent ratios",
Journal of Materials Science Letters, Vol. 1, No. 1, 1982, pp.13-16

19) YEB]FGAHALE 3], "S- FHE A58, 7oA, A4S, 2008, pp.11-79

20) P. Dyjak, R. P. Singh, "Acoustic emission analysis of nanoindentation-induced
fracture events', Experimental Mechanics, 2006, Vol. 46, No. 3, 2006,
pp-333-345

_60_



21) KS B 0811 "Metallic materials-Vickers hardness test-Part 1 : Test method’,
2003, pp.3-7

22) T. Haranoh, H. Ishikawa, '"Crack evolution in vickers indentation for

soda-lime-silica glass', Journal of Materials Science, Vol. 17, No. 5, 1982,
pp.-1493-1500

23) G. R Anstis et al., "A critical evaluation of indentation techniques for
measuring firacture toughness: I direct crack measurements';

Journal of the American Ceramic Society, Vol. 64, No. 9, 1981, pp. 533-538

_61_



LT = i M PO = R L i A 1A

b
<

]

(o}

o e
P Ths |

]

Al o

=
T

oy

o
S

o
.

b

PR,

Fa o)

B
1

A KIMS A

N
1

ol

i

—

0

¢
il

o] FAS| k-

R
<0

HA

A 6_
A==

WA

A X

M A 5T 4ol A

ANA FAEH U T

3

0%

!
NR

A2 25

A

B
A= T,

< E)A]
— 7
ol glol FAE Aget

2, ERA A

W4 A7

=k

EENT R

I
S B

=
=

wpA O 2

AT

2] FA A

o
)

_62_



	1. 서 론
	1.1 연구 배경 및 필요성
	1.2 연구목적 및 개요 

	2. 이론적 배경
	2.1 IF법
	2.1.1 IF법의 원리
	2.1.2 취성재료에 IF법 시 균열 발생 및 전개

	2.2 AE 시험
	2.2.1 AE 시험의 원리
	2.2.2 AE 계측장치
	2.2.3 AE 신호처리


	3. 압입 시험
	3.1 실험 재료 및 방법
	3.1.1 실험 재료
	3.1.2 실험 방법

	3.2 실험 결과 및 고찰
	3.2.1 유리의 파단면 관찰
	3.2.2 유리와 코팅유리의 경도 비교
	3.2.3 유리와 코팅유리의 표면 균열 비교
	3.2.4 유리와 코팅유리의 균열 모델


	4. AE 시험
	4.1 실험 방법
	4.2 실험 결과 및 고찰
	4.2.1 유리에 비커스 압입시 방출된 AE 신호 처리
	4.2.2 코팅유리에 비커스 압입시 방출된 AE 신호 처리
	4.2.3 유리와 코팅유리의 AE 최대 진폭 비교
	4.2.4 IF 메카니즘을 이용한 균열길이와 AE 에너지 상관관계


	5. 결론
	6. 참고문헌


