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SUMMARY

Thermal spray coating is formed by the process which melted particles
are flying with high speed towards substrate. The crashed and spreaded
particles are cooled and solidified on the substrate surface in a very
short time. So the stack of particles makes coating. The mechanical
properties coating are much different from that of any substrate bulk
material and they are not known yet. Deformation and fracture
mechanism are not studied enough as well. The investigation on
exfoliation in a stress range below the elastic limit of substrate steel is
extremely important to establish the design principle and to increase the
reliability of machines and structures which have the plasma spray
coating in them.

In this study, the exfoliation process of Al203 and Ni-4.5wt.%Al
thermally sprayed coating is deposited by an AE method. Tensile and
Bend stress are applied to each test specimen for the investigation. Test
specimens are BOND, TOP and BT (BOND+TOP) that are sprayed on
the substrate, S45C, with these powdes.

The results are summarized as follows ;

1. The waveform of AE generated from the three coating specimens
can be classified by FFT analysis into two types which are low
frequency(type I) and high frequency(type II). The type 1 of
waveform is considered to corresponds the exfoliation of .coating
layers and type II of waveform corresponds the plastic deformation

of notch tip



2. AE events under the tensile loading are much more than those of
the bend loading, because of the AE events added by the plastic
deformation of the notch tip.

3. The waveform difference of the bond coating and top coating
cannot clarify. But BT coating generates little AE signals because
of the restraint effect of surface plastic deformation.

4. The exfoliation of the coating layers can be estimated with AE
signals such as AE event and amplitude. These AE parameters
extremely increase when the exfoliation of the coating layer

generate.



I.4 &

Fd71& FE5F BAL SFYIFR}, AFgHE, ASGHNUNL AL T AE
g @RS T8I 4T 7IATZEE ARZA 35 Bl A3 SAYLS
229 AYL o) 43t B AA, FAY 35 2 A S 8 £ WHE
€ AHz gud JBas dF FAAG 7]Pold(l]. &A= dE& HUA
71l 3 N3P £/ M2v, 393 PPAE] Y AFE7 =
olA, 8F7] BFEQ ng, AZAFS] B, 34 FTAAH €l AEHR Y
(2. SAgA:= d9o o 319 LAH(Flame spraying), F284}
(Detonation-gun spraying), °t2 $ A} Arc spraying), &} Zv} £ AH(Plasma
spraying)s°l Qtt. o] & Et=vl $AYP LS 55, A9, E429 § &§
Hs@ A9 RE AR7L 7t5Ea, Ag9e Hold 43, 71AA 5oz Q
3 UAA, vzl 2 WA S 750 Heg 7IAA 5A4os AEHR
AH3). 28 Mg §A 7 ¢txn e M & AR V1A mEdE A
ole] ARAZxst Yol Adutels 4A Y 5 g Holy, ol AF
& 53], 35489 EdA AF9 S IgRPS A+ d% F=EAAA dEHY
td 2 998 NAZET Mg 293 AR AsEA A d27]
 FolH4]. £ SAIFAAY Fol §AAA AAHGAE a1 AR AT} &
BHAololq 2x, SAAE, ¥2e FIFIEE T FTHAHA WG BAgAP
288 TAANA dAgd 7132 YA UG[5-6].

olg| g A% uvtele na AFS AF, HE7] AN A LH= v 3
A2 e WALA ERY(RT :Radio-graphy Testing), &3 ©44(UT :
Ultra-sonic Testing), A HF YA U(ECT : Eddy Current Testing), A ¥
g4 (MT : Magnetic particle Testing), ¥5% 94Y(PT : Penetrant
Testing), 38 W% Y (AE : Acoustic Emission)5°] d. g2 A F
o Agte WAL FAE WYPolAY, $F & AP MFFHE FA
WA Ao BAholY JFRHTE AS5FH s FAAY £ dov[8-10], @



£33 Aol viE] AHAQ A 2AF AZE FA}L A3}
A ddiAez &9 x7] gAY AMNS A= FAA FF3I)T 3
Aol = A3 ¥ FA e FAE 7HAL A7) ol ¢ AN o
E 7AREY AT SAY-A UFP S AAL, HEY] 9 AEYE 9
& 7lgod d@ 277 oA U1

AEE= 1A Yo 3FAor JPAHAAD HPAYAI 333 ¢34 o @
At @4z A, A oA A9l(dislocation)®] o] Foly vid Y9
B4 R AF ol dEAQA Aoy, AR P A5Y A3 E, FA49

St EWY AE A3 E 2P Aoz gx Ad13-14]. 599
Joseph Kaiserol 213 w9 Wyo] dgist AE A7 AFAHAR, 2 9
@ie] §HS B Asd d AA }FS FAY o ojn] FPF YA
ol3tf A= AE A 37} W&3A ¥td= Kaiser effectE AAsH14]. 1
¥ AEA di@ A7 = ol 717E w4, A5 AFA do gdygdo
2 gud 477t olFolA ftvh. 53], T -5 EokAA 9 AEE 879
T T ALz R BAAR 37 FxA =4 BAHA @
S A7t olFojAR g3, dAHYLHANE AES HFAAANY A U@
o2 AgHo] A2 Y4 &AL Fohde dof HEsa AoH13-14].
BEAHE T7 49, Bd4d5 54 3715 A9 JAYgez o5 gl
g, I E T7HER FFvidY 9, AYstF e AA, 2gdn F
REZAe AL F7IEHY 2Eo 2 HAE AANAY AR EofA 9
AEA S & 533 ddddA o] &3nde B ol HFARANE 4
5k HIE A3 AEHAA gl

a2y, $AAE $AHA 29 Jdygon VAo A3 Yo WAPY F Ym,
2PA%% 714 BAAZ A3 2FF 3 ZI1AAole e AFY L Ay
Ao 23 Z1AF 5ol AsE F Jov, 53 n&PAAN AFHE 7A
R AU REANE, FFol Yol AA Adues} dojd F gl o)
8 A At 489 #F42E 98 F 3 (bond coating) S 49dse
WY, 2sdAe By, adn FAIFARA A A7 AP F e, o



d¢ A ASAAed SAAE 28 MU WY 2 A dE A
ot FEaA g AAolt.

ety £ AFAME FHAS HUD Ay §4 YA WY 337
78 2AE7] 9% 3% FUSY ¥4 £UE AE #Y AnE 24
o] gAY S HAE ZASH FEE VAN F4} 42T HASY
2 2R @



o. As R 8y

21 AN =7

¥ HAYA AL E AP, dutA J AT 8 SA2F(S4C)7IAA E=
zvl §A}3YE @ Aold. AYH Aot 260mmol™ FAE 5Smmoltt.
AYE HAAFH FEL Fig. 19 AMd #¥ol 60mmXxX25mme] WAL &=
t}. 7149 83 YRS Table 1 A, A¥A J4 L 4= Fig. 14 YU
. gl A A A=A 7149 FHE Table 29 oz Hexry
(blasting) & AAI® F, 253 AJE o 158 T AA&8%d. 292 2Y
K ol9o REZ v2R & F F=vl §AF A (Metco Co. Model IMP)
o] & Table 39 §Al= o2 AHH HABS HA&dAd. AP AR Table
4o JelR ulo} o] gy AgE AlO; My 228 Rc 3¢ gL
Ni-45wt. %Al §a £2& AHg3dt. 2939 FA: £=39L2 ¢ 100
m, A2 a23L o 200m3 3, ol YEIA 3FH APHS AR5Y
o}.

BOND : 7] 4(S45C)} B =(NI-45wt.%ANZY T A YA
TOP : 714 A9 (AlO3)A2Y T A|gH
BT : 7|4 BONDEY ¥ 1 $|of TopEZQdd AlPHA

A9 3FTF AFUL AN HER} NPz FEAYG. SYAYPULS
Fig. 190 UYed AgHE Apgsigioy, AFAAAL Fig.19 HEAYHO
2XME AERYo] ¥AR3A Qgtonz NYPA FENF A HHNTA oY
6mme| Vx2S AYE xAAHHE AHE-3 D Fig. 3(a)l.



Table 1 Chemical composition of substrate S45C (wt.%)

C Si Mn P S
0.464 0.246 0.770 0.0154 0.00693
~ 0470 ~ 0.251 ~ 0.774 ~ 0.0162 | ~ 0.00835

R15 Coating part

xxxxx
xxxxx

35

60

r 3
v

260 5

< > kg

Fig. 1 The shape and dimension of test specimen(unit: mm)

Table 2 Blasting conditions

Material Powder size | Air pressure Distance
composition (1m) (kg/ce) (mm)
White
15~53 55 50~100
alumina




Table 3 Plasma spraying conditions

.. Powder feed Plasma
Condition gas
unit . Spray
(psi) DC | DC
distance
Flow | Feed (A) | (V)
rate rate Ar H: (mm)
Powder 3 ]
(ft°/h) |(g/min)
AlO3 135 53 80 15 | 500 [|65~70]75~100
Ni-4.5wt.%6Al | 135 68 80 15 | 500 |65~70[100~ 150
Table 4 Powders
Condition N . .
Typical Typical size range
Powder composition (fm)
Al203 2.5%TiO:
Al:0s 2%Si02 1%Fe203 5~ 45
0.5 other oxides
. Aluminum 4.5%
Ni-4.5wt.% Al . 45 ~ 90
Nickel balance




22 MUY

Fig. 2& E=vl8A 2gdAPA AF 3} FHAPA e AE 5 & xA}
371 @ ANPFA RAEE UYgdg. AL d Al WsARAIYI]
(Instrong Co. €% 20,000LBS)ol®, AEZA A A+ Mistras2001(Physical
Acoustics Co. )& Al&3td Z3sA.

Fig. 204 AEAANZ 39 @ event@9 AEHOlEE £33 & 4+ U=
MI-LOC 42 EHol9t UdAH TimeFe AEWHEE I & 5 As
MI-TRA A2 EHo]E FTAA 7}F & 5+ A=F 2719 Mistras Board&
Ztzte] ZAwEHoN Wdsto] WA= AA3AG. o]FA Fo=A @ APz
A AE dlo|el= DTA file® TDA file2A A4 At A3 FPAPA »
A3 AEAA 7 ZAAE Fig. 3o Yebi A, Fig. 3(a)9] AZA P9 3
T AEHLE T HAZA ;] 6mme =& AU, deABAYH
719 az23=9] olFL£EE 0.26mm/mine 2 A, AFA HEE AEN
T ol 2/4°] WDAAN(FIHTHS 100-1000KHz)E T3t Zzto
Preamplifier(PAC 1220A)AA %] s3d9. AAte AL 103mmo]
o], preamplifier 60dB2 %33 100KHz ~ 12MHz2 Band pass filter=
A A

w3 MY Fig3(b)Ad JYed uig} o] 33 3 AL A3t AY7
o] AZ2HYE 2)FEEE 0.255mm/minE 39 ¢4F dF L AT, A A
spanite] A= 93mmolv], AW G ¥ AEAA T A 50mmeo]
o. AEA 3 $3 A9 preamplifier ¢} filter 52 HAA+= AZAY A9}
EdsA 8. a2 n AEAPA AolAH AEMA S APHe AP L 43
A 371 918t A F Silicong EX § F AANE R Fsxn n9F fol
x2 33U

AERY A35HA{L MI-TRAAN F AX2ZFEH $38 Channel 13
Channel 29333 HY2AEH S VA3AY. o] A3 YN g 71z
A9 d4AE Fig. 44 YE A, Fig. 4¢ Fig. 39 2719 AEAAN 239X
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T @F9 AAM RIAA d™A9 Add g AENIE 71AE 9 F AA
AM 38 AEREY 29 ANAAL A 14us o9 FHd5 5 {4}
ok, meta & AY9 F 9ol 5 channel?l AEH AN A ZAFo] 14us
WY ol =9 AT ¢S AYPH YFdA A AE #YPoz AFdn
a2 ol99 HYL XF noisex A3}Ad. 2R AF L FUAHA Y ¥
8335 X-Y Plotter(HP-3400A)o] & 7153 AESF3 X2 Ao &
& HANEEF 3o 35T & AE dHAEHE ¢ 5 AEF Y.

8 AE Event, Count, Amplitude 59 AE#ZvlelE2 AYPzHdAA
DTA file3} TDA file 2F& MI-TRAAA Ad3ste] 3y A3 Fu4+ &
Mg ddon AYAFA9 AHel= DTA filed HeolE€E ASCI Formatl.
W@t a2gze A3,
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Load cell

Tensile Test bending test

COMPUTER

AEDSP32/16

x-y plotter

Universal

Testing
Machine

MISTRAS2001
MI-LOC

AE sensor

AEDSP32/16

Actuater

MISTRAS2001
MI-TRA

COMPUTER

Fig. 2 Test apparatus
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Notch 6Bmm

sensor sensor
60
_ 103
50mm

SENSOR

il

93mm

Fig. 3 Loading methods.
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Waveform - TRA 1 f 20.98:81.3194897

PP B AP P S ST AP

e

|
b

By f:-8.2811 35, 7ussee
Waveform - TRA 2 f 80.80:81,31940897
: ' ' . ~ iRecvd:
] i8
Procd:
LBy 1:13.7u f:-8.8815 3% Tusee

Fig. 4 AE waveform and power spectrum by lead pencil break.
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N

m. 434 9 uz

3.1 AE 2415 Yy

Table 5% 6o+ AZH4 FIAPAA +3F AFPH F 7Y AE event
& Uegdg. F eventt MI-LOCS Holg 5 do] 7|5 d ZHolxn, AH
event= 2719l AEAMAMZ%¥ 4349 Channel 13} 29 AEAN3 #3Y&
MI-TRAA vl &<a 5 Channel?] 4% £9AHo] 14usec oJol™
AlPE dRolA 288 @43z 73 A9 ZAoltk. Table 59 64
A event €& AF9 37 ¥ AeEgd 8d. 394 AE evente
2939 243 o o BAHEd, AFAPY BS AFH A
Aojrg 7149 =XAde 38 F w49 blunting®s 249 ¥
oz A AL EFol AES Ao Hrz A% AE eventF7t &
A Feug gold Aog Jdg. Faz Fig. 5 AAE &9
HAAA HBAPYHAA = AE eventd}t 3= A @&k, Kibohori 5 9
Al Fe ¢ AlLO3E& $Ad YA AEo & UHAY HGrlo 71x4go
2 3% GAE HAAA }& VA HBAAASY FEFFAAY A
23T Y3 AL AEZ A3 #AHA F5S 2w (11l

Fig. 59 69 A3ANAHA F3AP B 4 29459 3 AE events}
a3 APANA e AAE =AHAT. Fig. 59 AZAHY 4% %
&332 ZIAe o] WA g AY @4 FHUHAN AFEAG. A
HH AFAt] G E AE eventE2 TopEZ A7l 713 Bon Bondi¥Y A,
BTaE A ¢o=2 At TopaBA 79 100-200sec®t 400sec ©]Fo| AE
T3 event?t 333 3719t Bond Z W A9 739 100-200sec] '3 ol A
TopERBA 759 984 FHAE event’l 333 F718d. BTZH A=
2719 ¥ ARt 249 AE event £°] 300~ 450sec HAA X3
.

Fig. 62 53X 3¢ 738892 7149 F8o] ogd LYol A

_16_



HEe F4A & HAd. 24 2dAES9 F3 AE evente AZAIYP A3}
e 92 BTZRAY BondA7t Q327 & 50sec el YAANA F7Hstn
TopRY AL A9 BA3x gdct. TOPEZH AT S45C 714} AlLOs;M 2}
He YT Ao, FPTHAA AR ddnE Ao 2AHA &
S8 Yeddg. Akita% 9[15] Mo# Ni-Cr8AlZE A2 433 A3 dig
AEZ AN st H3s Ao =2 &L IAQYF9 3§ 29359
vtola g AHWAF} #UUY &SHo o3 AEANZ 7L 2A¥Y Rausa ¢
vl 95820 ofd My mge A9 A9 AEJF HAdA = Ao
Azdg.

Fig. 73 8& %3837 AE count? ¥ X & uYedt}. Fig. 79 AFAY
AX TYAE count ¥ XE BondZHAE ASY dYollA F= w3,
TopZBAT 188 dqodA, BTZY AT 200~480MPa2 ol ¥,
A&Y FAAM Counto] A7]Ad didte] Hlwde ¥ Count7} B AL
TopRZB AW, BondZ®A, BTZEAL A= AHoAxn Ud. A7|A
Count¥7} & R $Al9 vt utg o] @y oz Azddg. 4
Fig. 8¢] 38X M= Bond 9 BTE A3 7o 25 B¥XHo AU,
Count59 A7]1& TopRBAZL 1 £A+= A &2y Bond?l BT ¥ A
o},
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Table. 5 AE events obtained from tensile test

Type Total event Selected event
BOND 1098 288
TOP 2227 606
BT 469 39

Table. 6 AE events obtained from bend test

Type Total event | Selected event
BOND 163 22
TOP 103 3
BT 758 25

_18_




500
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4 400
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- ©
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© 400 300
>
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=
fd 4200 ¢
3

200 4
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© o0 4100
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0 100 200 300 400 500
Time(sec)

Fig. 5 Relation between Cumulative event and stress

VS time in tensile test.

25 25
20 4 420
415 ®
E 15 4 58
2 2
e 410 9
2 104 ©
= =
K %)
3
4s
£
S 54
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4o
0 <4
T L v T v T v T M -5
0 50 100 150 200 250
Time(sec)

Fig. 6 Relation between Cumulative event and stress
VS time in bend test.
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Count

Count

300

o TOP o
250 4 2 BT
20d + BOND +y
150 A
100
50
]
04
T T M T M T T T ~
[/} 100 200 300 400 500
Stress(MPa)
Fig. 7 Count VS stress in tensile Test
4000
o TOP
a BT
+ BOND o
3000 -
o
A
=
250 -
200 A
150 .
]
100 4
A+ A a
04 . . Ja " +
0 *lavs  Atpan s a P
v T T M T T
0 5 10 15 20 25

Stress(MPa)

Fig. 8 Count VS stress in Bend Test
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3.2. AE® g EA

Z g4 AZAEA FIMNEANA FIE DTA#RYS AEHY &
MI-TRAA A B3 43 Al AEHI S 100~260KHzo| F35 P&
o] #e a2 AFel #YPx 500~580KHzS] FH5A4R Zd 159
dgoz FFHAd. Fig. 9~1291 2t AP F oA FFE AFHA AE

2HMEQR G Yl Fig. 9~119 Y&l Q3P AERY 9 3§
TopR WA, BondZ9 A, BTZBA 25 Y& A Type I, Type 119 3 §o]
#&AA. Fig. 99 BondZ"H A9 7% Type I #39 Fa4+-d 9L 100KHz,
240KHz2] A¥o] AY. a2 Type 11 #39 Fa4+dide 500KHz9
580KHz2| A¥o] At} Fig. 102 TopZ= A2 Type I 38 Bonde #$
o} 5Y3ta Type I #3& 100KHz, 240KHz 500KHz 580KHzo| A¥o] =
t}. Fig. 119] BTR29 A9 Type I3 & 260KHz 4 ¥o°] 23, Type Il 53
€ 500KHz® 580KHzo] A %o] Attt M/AA ZYAd 25 Type 1 #H3&
240KHz - 260KHz, Type II 332 580KHzo 4¥o°] 714 aA Jerdoh

W Fig. 120 Yetd FIYANH A9 d¥-£o] Type 19 #3o] a3y
Y a2 Fa5 540 AZAPAA Type 19 #3@#+= Aozt At Bond2 W
A 73& 100KHze F35A4%0| 714 A3 240KHz, 580KHzoA Al & At}
TopZ QA2 3% 100KHz® 240KHzoAA A3, BTZYA 9A 100KHz9}
240KHzoA A Ad. A7IA 394 25 100KHzAA I AXE Rojx 9 gh,
WDAX S 7S AMo] AFAUA4 Ade dARE AT E FAL o
100KHz®] F35Ad¥ol F2 Yegdoz B Apdye F3IAP 4 39
AoAA vetds Type 1 #89 F35E= 240KHz A¥ol 713 & Aoz A
Ztdo. ety AFAFHR FPANHAN 2z 2 A AE 332 o 240KHz
d¥ol A Y&t Type I 383 580KHz 4ol 24 YeEtdE Type I
o Yoz FEIHAY.

A9 event} o] 7 & A LAY AAES Table 7% Table 8 Ye A,
Table 79 AZANHFAHA HFF2 YA 2F Type Io] Type II B} B}
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Table 89 #§A&° AS$ AE event 57} Table. 72 AFA P2 Ao n
3 Agoln difio] Type 19 AE®E o] #FAH3 Type 119 A4FL A9
w A stA] 4gkrk. Type 13 Type I AES g9 244d dso n@sq
B Oda 5[18]2 TiNzZ®W ut9to] AES <93 ¥z Hrt AdAA 39F
o] utglo] @& AEC F34 W97 300KHz 3 B33t 9o, Akita &
[15]& M,o 8Alzee urelo] did AEAAAA 250KHzo 333 100KHz
o] 3}y & ZEF3 250KHzO #HEPL FYFo dLdRA o Zoln
100KHz9] #3 2 vurglo od Aoz wusn Jdd. & #A F5[21]&
2024A13t 3 2149 AFAH| & AESAHANA =X d 9] Blunting# £
ARPAo AETF o Fug digo] 500KHzY S R u3dtn ot way &
AFAA Type I 3 2339 weo o3 2BF Aol Type Il 33
S 7149 AP o Ao Azt

_22_



i) u"m' }

0.00 1.00MHz
(a) Type I power spectrum
0.0 255. ¢
ses

(b) Type I wa
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gt

(c) Type II power spectrum

0. 1.00MHz

B s i

0.0 255. ¢ ses
(d) Type II waveform

Fig. 9 Two types of typical AE waveform and power spectrum(Bond)
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0.00 1.00MHz
(a) Type I power spectrum

0.0 255. 1 ses
(b) Type I waveform
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0.00 1.00MH:z
(c) Type Il power spectrum

0.0 255. ¢ ses
(d) Type I waveform

Fig. 10 Two types of typical AE waveform and power spectrum(Top)
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0.00 1.00MHz
(a) Type I power spectrum

0.0 255. i ses
(b) Type I waveform
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0.00 1.00MHz
(c) Type Il power spectrum

0.0 255. 1 ses
(d) Type I waveform

Fig. 11 Two types of typical AE waveform and power spectrum(BT)
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Type I power spectrum

Type I waveform

(c) BT
Fig. 12 type I of typical AE waveform and power spectrum(Bend test)
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Table. 7 Classification of AE events obtained from

tensile test
; Selected
Specimen Type I Type 11
event
BOND 288 208(72%) 80(28%)
TOP 606 352(58%) 254(429%)
BT 39 32(82%) 7(18%)
Table. 8 Classification of AE events obtained from
bending test
. Selected
Specimen Type 1 Type 11
event
BOND 22 21(95%) 1(5%)
TOP 3 3(100%) 0(0%)
BT 25 24(96%) 1(4%)

..32...




33. A= " A9 Y7+

Fig. 133 Fig. 1491 A3 A AAEA &3 AEX L ¥ &8 4
gt 2Py zt AZXE5L Type 13 Type 119] A XS FE3A =A%
Ao}, Fig. 133 149 Yl AEIZE L 25dB~70dB9] ¥ ¢lol Ao Fig. 13
o] AZAHelA BondZB A9 7§ oF 350MPa °]& 9 A§&3tolA Type I
% Type 117} o] B A& Jow 1 ojFo ngHPoH:= Type 12] AEA
X2o] #FAHY eventFE AU Type IQ) 49 W& Yol A ¥
31 oy Type IIE 100MPa-250MPa Alolo] HZF =0 v, “18]5 Topi
dAo 74+ 250MPacldte] A g3t A Type I3 Type 117} o4 A3
Al 1 o]F o] u&ZHRAE Type I3 Type II7F 2 A3} Type 119] #Hol
Type 18t 8o, &8 BTRZE A 23S 250MPa o|3t9] A &A= AEA
Zo| wAsA ¥ 11 o)F9 3| A Type I3 Type II7F A& Yo
1} Type I°] Type IR 2t} BondZYAYE TopRB A 118 GAalA
BolE Type 119l 8ol YyehA @3 BTAYALE 1183 F9NA Type I
o] #2 #AFAHE Aol FH3 @ B TopaYSL AAYo] 23A
RS Mol 2QYH glovg IQYFY 7|4 =N A AUY A
237t A9 gloey BondzZBAdE 1 Adst glov BTaHAY A $d:=
28 FdAAAM 7932 Wl Type [0] F2 AFHn2 FALJEY S
L8399 9Pl F2 ¢ + U Fig. 14(FFANP) 45 BondZW A%}
BTaRE A 4% AFAHe A9 @ AES 71 A 3 2718y
AJANAA 2aF X3t YAWN AL ZF Type Io]lW Type lIi= 22t &
U] AER o] #35At. TopRB A A AEXN X o] Ao wAsA i
Type 1°] AE7} 370te] @A F o] AL A9 =AA9 <
ol AFAAA Yeld o] oF FHLAAAAYFLEaAE JeERYA Qo

AGA] AFAPo) 713 F3% BTERB AN dd AERF ] ZA 42 ¢
& 470MPaZtA %3838 S 73t AFANHE & dA(case 1)9 100MPa
7AA E4S& A FF A AL ¥t s1Ae LAdAFHo] Yey:

_33_



530MPa7t x| 213 3 & 718 A (case 2)°] AE Eventst &< Fig. 159
=& AG

Fig. 15914 case 29| AE eventt 13 9%& &g 470MPa$ 34 A
= WA e ¢ Kasier& %7} ey 1 o] F 470MPa~530MPa $ 2ol A
b @A o] AL Kasier&#2ZA delx dd.[14] Case 294 +3
AE eventZ} 3743 F713s .

Fig. 169+ Fig. 159 case 1% case 29| AEA S d3toq Type 13 119
AES Y3 dgAHAEFHS BAste AEAEFA S} #AAE eI
case 29 Azt ¥& YL /1Y WHAANA F= Type 119] AER o] @34
. @& A Type 19 AERE L gy vte] utalo] Adso] AAH ol
Type II= 714 =X Ad9 LU o3 24d AYdS & 5 A

w2l A, Type 18] AF3 AERE L zq wvte] #9Y, €3 o AEHRF
o2, Type I+ 7149 A2AWYo 2 AESRE SR ¥Heo AF34 JAA
o] AYFo wr|+E A AA AFAP] F¢ =2AA AWl
MY o myguute] #AF slip R yes 24T Aol TopA WA
o] B A&HAA Type I3 1I7F BAs= AL 7149 £8P ot A
tejo #d ureEsh HASy] WEoln ol A AWNo Mty aG Aol
o] AER Aol A9 FuHrz AFFHAdME= F2 Type 119 AEHFHo] Y
Bl Bond YA A5 AZHAAA Type I3} 112l AEs}Fo] =AW
o] A4WME o3 WA YA E FHEIAYFT Y £249W8F dA
52 gF o3 TopRBANA Yetdd Type II7F #FHA = Ao
Aztd.
g8, BTag A A $oe At 39350 98 Bond223l 449 X9
a4 WP TEAA[19,20]0 2 HEHAA= AETHPol BALA gon
Sl A %zt Type 17 119] AE5 3o @@ dr).
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FYNYY AL xAAJ opyEz ngANN 24EYPo) AVAT 1
JE7 Mot Type 9] AE#Yo] Ao 248X ¥ Aoz 4Zdn.
geA S zRAS] A3 2 TP 2Yvve] REyxs} YL BTR
QA7 7HE S48 Roz ehdr(16).
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Fig. 13 AE amplitude vs stress in tensile test
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Fig. 14 AE amplitude vs stress in bend test
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NATZE @427 S45CE 71AZ 3o Ni-4.5wt.%AI(BOND) §58% R
AMete] TiO(TOP) 28 As=s Fegp=vl &4 FA4 93 BOND, TOP
2 BT(BOND+TOP) #4289 AgHE Az F, §AZ3AA 9334 H
Z3%8 AgA vAAHAYS] & FFYU AERS A8t §AmEE o @
AAZA et S§FE HPS PAF A¥E 534 2.

1. 8212942l AE®Y L 240KHz AF 599 Type I3 580KHz 2539
qo] Type 12 78I 4 AtdH, Type [& ZWZT 9 e, Type lI=
2149 2404 & 2AFD. XA AFANHAE= Type 134 Type
I Z2YXPA Qo= F2 A 7Y S el = Type 19 Yol Y
o

2. AE N5: AFAde A$ Bel deuw FANWY AS 440 53
AP BTzHA A$ Melse EHs4Wd FAEAA o4
Bond=9, Top=9ut o, 2AAH A4E FVLATEEAI A
o git.

3. AN} FUAU Y $HA% Bondst Topsl et whel Fol 7}
S 9. %, AYPLe] FH mE AERYe 54 B A7 ¢
vehuA epgieh.

4. $A:Y 329 vwta]lE= AE event, Count ¥ A% 59 AEA S ¥4 & %53

o Z3o| sHsan, AESetet: SAM T welst wAsE FAAA
3438 37
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