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Experiment of AE Characteristics on Crack Extension
Akira KIKUCHI and Misao FUJITA

Department of Nuclear Safety Research,

Tokal Research Establishment, JAERL

(Received September 30, 1983)

For investigating the basic characteristics of acourstic emission
(AE) during crack extension, local stress loading tests were performed
for zircaloy tube samples at room temperature in the environment of
ethanol-lw/o iodine solution. It was clarified from the lots of

experiments that the different stages of crack extension were followed

by the discontinuous appearance of AE signals.

Keywords : AE, Crack Extension , SCC, Zircaloy Tube, Local Stress,

Loading Test
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EEEMERE NGBS, EVEEIURD EbHEE CHHESH, SSCARKIRET LS HETE
WTRE A AL U, COENTE Def. bEAMMET L7
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HEEFO SEM (EARER) BEEAT /e N2 9BLU0N3 03517 2ILFELT S, T
T AT RREOEEDE, SESHEICEDE7 5 9y OBBL LA/~ N3 2L 47
SRESOEERTH S, AERESORBENES 7 » 7 EROHET RO,
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ay EEN 2 2E8LUNZS
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UG 1| #NICRET 3 2 &M TE, HENTERTS %o

EEBEH S EEICHT > TIT -7 6D THD, COMDAE B FUELOELEFig. 7.1
T 3R, WS 5 kg GREVETE 1 5 7.5 kg ICE LA & % AR ESHHESNEDI, AR
Epist (EV) FARIEREK RD) &OMELIALNSE L DI 1 BDAE BHBICRD
BRANEEEF LTV A, CHEZAEHEEOBREOEEERTOOT, VTR 7 v 7 REAL
DEEHDLNEY T v 7R EDEAENDE (& AiE7 5 v 7 OHEER) ZRLTHNEbDL
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¥ L UR D DS EEcE L, 6 SMHELORESRER Lice COMZEL (Def. ) D5 6[H]
DB AR Lico LIE, EV, RDE LU Def, & bic—HDMARBER 2R Lichs, L8N 3 2
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d) FENo3 4

KERIZERN 3 IDOHRER TH S, Fig. 0 RERT. COBE, EMES S kg FiED
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e) EENo2 9

AERES 472 OAFEEEROTIT-72 00T, AEESRED I v RIAEGRERD 5729
DEBRTH 5B, Fig. 1 0ICRTLIICS 9 053 FTAE ESOREFREMAL R, 3 VREAR
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3.2 U39 ODHRE

FERIRT %, 10 LRy miA R0 L, T3 U —# (L8800 -£1000-%1200)
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EBNo 2 20RENCIR Fig. 1 1ABONDEIRTEr 797 (BSH25 um) OSHPELE
TERBiIcHELE L 77 v 7 WECRFMicER LTV 5,

7, EBNo 2 5 DREITIE, FIEOME 2 5y 7P LKEEL TV, Fig 12 €757
OWMRAETT. 77 v 2 FEAEDL /354D I TRENEDOESTICERL TS, TNLIEE
K& HAFEL, BLATDOEFEICAEVCHRNEERL TS, REBTHRILIOEREI 77
EEESOBHEREGLBEDLDTH 5. 7 7 v 7 DHAEREZ OMEITE T 5 FIIETIRE
DEic kB0 LB SH, TOELERBOENTEFETLSDREFEAL T %,

ABES L2752 BEOWISHESICK2E, 75y 7V OBERSHAOCHMEMLUEND B,
Fig. 13 (3FEHN 3 00RERICHVLWTOERARKEBU S 7 v 7 DEEERLILBDTHL. C
DEEIT S 47 2 OEMBEEZAVTIT -2 60T, MUBZERHIY LEEME L T4, FXA
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o HEBBEHABLUBRALNS 2ADY 7 v 70535 1A (GHD @ LEOPRETHATY
Be AEEELOHIEED S AROHNN ST HEY T v 7 ITEERVE—DLOAEEL, T

DEWMLOTEESAT20AMERFRNESED LRI EITE S,
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DT7FY NI ITHD, BARARKISD2 (RE) MicdLHDBERBAONS, CODfL
BRADOHAEE (Fig. 16.1, C) KAohd &5 KA HEHEEEEZRS 71 ¥ 7 VDT
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FERL T 5,

Fig. 16.1~16.3 ORILEABESTTLIIC, 77 9 FAIRB~NEHEBLU 7 0-F 1+ 708
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IEE1Iw/ oAy /B TR oA BIRERNHEFAMT 2 EICLD, ERT
FEHC SCCHEELERBCENTE, 77 v 7HDSEMBEICL S L, SCC HHDORET
BT TR IIN—F 4 YIOPBERBPN TS, D EMLTALERBEHOOETE -7z, " BEIC
SCC ARESHLZCE", UERYBIGENS N, RADBIRERTESCCAELBLLET,
ROHEE Uiz, * AEBMAEBSICHENEC L, PEEETAREN >/,

L LG, BiSkli~iddic, SCC iRLb2 7 v/ DEBEOHELSHEICIOBELLLE
CA, 05 fBRENBICEANICEET 000, FRLEREDH3IAD1IETYHD, LI,
EAEEHLAMEAF - TEEL TS, SORFORAHEHELAEDONIND2FTYEILLT
B, ZOEGEEHEEIEROEY, FRLULUEP-7IERDEDTH S,

75 90 DREFACHECHRIIERICL > THLMILS R, AEBOESR (EE, HSHoEmE:
anT) »ELT, 77w 2 IIRENRESQIEHAR (& AEBRIGHIGED) O&SmEEFER
TELDEERLNE, DL/ HRETHHORTUERBIC 7 ) —72E£ L, AENTIFERENITLE
Ehith U B, BEAPIIORELEZEERNARS IS 2ICHTIRENEL LE L. £5, 77 v
o DARFEHEEDIEE 5 E 2 AR OEIREOE(LOBIKICHET 20 THA >, $7, B>
WTRDEDOEREENS 2, BAEHOIETRLAERAEOARLL BT EEZHAL TSN, &
BOTHERETENOBAIN ~BEMICARE( LI LIAZLERELELTERLTNS, LD
BAEICBUAAE FEESRLTVWELEEEALLE, EUORABBEREY 7 v 7 PREIITKE
CERBLICERESEEFONG, WTFNIC LT, RAEHOEMR (7Y —78LU7 7 » 7H#EK
HE) 2T EETELD o7, _

275w 7 OEEOBHERANBIUCRLFELDEE0, THoR TOEBOBREICH LT, AE
EEOHETHCEERA L, AEFRTREHNZEIZENT 2BEEHD, Ch o DR
75wy ERBROESKIEABICHEL TV 3R T Th b, COHE,SAE FHDEMOREEEEM
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AEBDETICBINT, EMW@C%LL77;7ig®¢%%TF¢LTw5(Xﬁ RS
EERRTH Y 7 9 7 HAEMULY, TOWEAHE L. Fig. 16,1, 162 5XT1 6.3 LR
No2 5 TiEonfiliicsil s SEMBEDHART,

Fig. 16.1MA, BHAWd Fig, 162 © ARELEAE (Th) LoaAE (kW) wihd T
DT7IFY NI ITHD, BARITEHISO2 (WE) MMt L&HDBIERBAONS, COfAL

BREADNAREE (Fig. 16.1, C) TAohd L) AEHCHEHEEERT 71 ¥ 7 VDBHE
Hd b, THEEORLETFOBELCGOT, §H0OHLIOEENEE 7 5 » 7 OFERTHLHT &
BEERL T 5,

Fig. 16.1~1 6.3 ORLABENTT LS, 77 v 7ARB MBI 7 v—F 4 v 7B
g A h, EBTER7 7900 SCC (FEKE 1w 03 vHR sy /-1 THHT E
2R LTS,

4. BEEBIUSHOHE

FUEE 1w/ 0BAKZY / —vETOAL oA BKRHNHELRANT 22 LED, EET
N SCCHEELSRBCENTEN, 77 v VHDSEMBEICLSL, SCC HHDOAFIN
XBIF T AT —TF 4 YIBEBN TS, DT EMLTEEEREFNOHETSH -7z, “ BHEIC
SCC A#RESFEHCE”, BEIBECENS NI BAOBIEERTE SCCAEELEFELLLET,
mMOEEEE Lz, C AESHEBSICHE~NLC L | PREETAREE L -7,

Lin LS5, ISR~ L9ic, SCC itLb7 7 v/ DEEBOHIBZEHITLIVEELE
TA, 77y ZIERENHICEARICEET 00, TheBREONIZD 1 ETYHD, LI,

EHEEHIEEABR-TEELTOS, SSREZOBRAREBOLREONIAD 2 TYEELT
B, COELEEHEIEROEY, FRLULP-7IERDEDTH S

75 90 DRESFACEOHERIERICL > THLMILSN, AEBOKESR (EE, HEHoEmE
AHT) HOLT, 77y 7 BRENKELEAAM (ZEAEBRIGMGEY) O L = EEEHL
THELDLEEE LD, COLRETERORFNENRIC 7 ) —724 L, AEHC3BRCE
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Table 1 Test-cbjectives and types of push rod
. . *%k
Test No. Cbhjective Type of
push rod
No. 1 - No. 21 Preliminary tests on AE 1
signals, crack formation,
improvements of apparatus
etc.
No. 22 Cbservation of initial 1
crack
No. 25 SEM observation of fracture 1
face and off-load test
No. 29 Off-icdine test 2
Ne. 30 Crack aspects at tube- 2
axial positions
No. 32 Long pericd test 3
No. 33 Short period test 3
No. 34 Short period test 3

*% Reference...Fig. 3
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Fig. 1 Structural drawing of experimental apparatus
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Fig. 3 Three kinds of loading procedures used in
the experiments

————=Starting geometry
—Ending geometry

Fig. 4 Local deformation of sample during experiment
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F : Sample No.33
B E: Sample Na32 -
D+ Low load Na37 F

150"

Deflection
T

C: Low lodine concent. No 38
B: No lodine No.35
A: SSrod test

L 37 —=-LDAD (kg.w)

L i 1 L 1 i 1 L ] L I i

¢ 6 12 18 24 K §] 36
Time (min)

Fig. 5 Typical change of deflection with time

No. 25 15t steep Znd steep
Increase ncrease

EV,RD, Def.

Time

Fig. 6 Schematic drawings of deflection (Def), total AE counts
(RD) and AE event (EV) in the tests No.22 and No.25
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Fig. 7.1 AE signals in the early stage of the test No.32
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Fig. 7.2 AE signals in the middle stage of the test No.32
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Fig. 7.3 AE signals in the final stage of the test No.32
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Fig. 11 1Initial crack observed in the test No.22

Fig. 12 Typical aspect of extended crack in the test No.25
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B Position 0.4 mm F Position 1.4 mm

(: - Position 0.6 (5 Positidn_é.O'mm

D Position 0.8 mm H Position 2.4 mm
Fig. 13 Changes of crack shape along axial direction of
sample (Test No.30)
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CNooa¥  MiadTe )

Fig. 14 (rack shape observed in the test 32

Fig. 15 Crack aspect observed in the test No.33
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Inner surface

Fig. 16.1 SEM observation of cracked face in the test
No.25 ...... Whole view
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A Inner surface E

Fig. 16.2

SEM observation of cracked face in the test
No.25 ...... Magnified view
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Fig. 16.3 SEM observation of cracked face in the test
No.25 ...... Magnified view



