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Study on magnetic property and fracture behavior of magnetic materials

Kenzo MIYA !, Kazuyuki DEMACHI?
Kazumi AOTO?, Yuji NAGAE?

Abstract

Establishment of evaluation methods of material degradation before crack initiation
is needed very much to enhance the reliability of structural components. We remark
magnetic methods in this report. Our objectives are to reveal the relation between
degradation and magnetic property and to develop evaluation methods of material
degradation, especially plastic deformation and stress corrosion cracking (SCC). In the
former part of this report, evaluation methods for plastic deformation are discussed. At
first, the study that shows the relation between the magnetic flux leakage and plastic
deformation is reviewed. We developed the inverse analysis method of magnetization to
specify the degradation distribution. Moreover, we propose inverse analysis of magnetic
susceptibility for quantitative evaluation. In the latter part, the topic is SCC. We
measured the magnetic flux leakage from the sample induced a SCC crack {Inconel600).
Inconel600 is a paramagnetic material at room temperature but the sample shows
ferromagnetic and the magnetic flux leakage was changed near the SCC crack. The
possibility of detection of a SCC crack is shown by the inverse analysis result from the
magnetic flux leakage. Finally, it is recognized by observation of the micro magnetic
distributions by using a magnetic force microscope that the magnetization has relation
with chromium depletion near grain boundaries and it is weak near the SCC crack.

From these results, the magnetic method is very effective for evaluation of degradation.

! Keio University 2 The University of Tokyo

8 Japan Nuclear Cycle Development Institute
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(9) SCC 75 6 mm BLEEEN T & 7 5T SCC BARTIBETY, BAKSOREN
BiEiiote b0k LRHLAS—EE M) Tha &1 5. Molk, SCC DEBOIRERK
BT I3 B BEREEE DD Mo= - 3.12X 104 [A/m] L3R,

(&) MEEERIEREE,D SCC I CIRMOMERIZE~RUERED LTV 5 2 ERTHEER
5. x W EIT BRHEAATIE, SCC BT 2 FERIIFEShA Z &, SCCHATH
TR O Mo L —ET B LA ZER L TROLIHALTNS LT3,

M = Ms-a exp (—&—B%y), @

I Ta, B, viZENThEHLORD LI-F2E, SCC CO{fJZE, BIXUBHEAELS LT
DHEEIERDIEN 0 ITHER LTV A.

BEFELTE v BECRTBa, 8, vyEEETa—T 7Lk, ¥, BHEFI)
IERAIZ L - TR

Fit. = 1|3 (B = By} +0>.(8, - B} ) ®)

IITC, BruelIREERERR, BeoldRE LIRS TR EIREEE THS.

7, Bildy=y() TBIFBBTHY, F2HISCCHERIZHHAIT D LEEHFLTY
3. TISEAZRDABICIE, -4mm<x<dmm {ZBITABHREBE x RoDHEERER[ V. &
BT LT Y ZADERT A—F 1L, 1H#ROEEE 200, 2R 0.7, ZZRERRET 0.3(2
L, 15#{Z 411 1 ERRERERE 06 L T2)THD.

300 HASEITE LN I-RHESHRBRLE 11 127RY. SCC By TRHbLAMEDFEERIC
~URNEL 2o TWBIEFARENT-. RREREEICEY U ClMERIC X » ThERER, REBRMLY
INE BB EPBREINTEY, I I TRALEED LTV S8R L RARICEBETEOREL
F - THB LTFHRENS[8).

5.4 MEKIEMSHELE

BB BEREIC & Y\ LM o7- SCCHREF DR ERHEE & SCC S ZUAFETOM
REERLORE RS - I, BB Magnetic Force Microscope: MFM)Z & 5818
FiTFote. BRSSO o F L A—OITRERIE 20N/m, R #E & S OMR
*HEEEY 100nm TH Y, BEHOBRBIZIMALEREZAVTHS. HIERLTEER. K&
Fiz BV T{To 7.

1, SULARHMLIcE X ARELPERTHD, SCCHLMD lem 1T EEEN/-FEIETD
BEPITo 7. ZOESIESCCHMAR, ERKICAL TV, K 12 I+ E 78S (Atomic
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Force Microscope: AFM)IS L UBES IBEMSHBISHER 2R, AFM SEBERIIRBRS ORE
ARG LTWAR, BIciliMiE B2 b, REBREHETHLA I ERbMs. —3F,
MFM SR T, RRREECR O TRHEL T AEFINRERTWA, 20k 5 sl
BUESNTeA a0 600 BREL L OO RN, Risfic BT 3RHETH B 2 & B
o, T, SIEMEIZ XD Ce ORZHVREETHD LEZOND. B/E, 11231600 DF
= D—RERERUAT THE ), BRTIIEMELZTRTE, Cr ENRA3ICLEN-T, &
= Y —REP LR L, 9 10%RMI2/0 5 L FiB CHMBEME S RT 2 L BHESh T 3[9,10]
MFM (3 BB BT Cr B2HIET 3700V TV 35BS 7R
A, DREREHESEE, DEHBICh 3EENRTIEE, ERIERMER Y OREEELT
W5, £, ELHITHREZEDDZLIZE>T, MEM 2RV EBE CREED B\ ST
PEE R CE DTN 5.

RIZ, SCCfEILRIT 2 MFM BE8%1T-7-. 881K 13 TR T A, B, C D 3 &
Thd, BERERTR 14ITTY. SCCITRES3ITLER-T, Slibic L AR ERFEET
DEAENTES oo TS, ZORRIT, IREREEEZ AV ESHR OUEIER L E L
T3, §%, BHEOENSH 2 WIBHERICHT A EFEEZE LM TAZ LIt LY, B
KRR RWTSCCRELZE=F Y V7T AREBEERDS.

X9 IRRREHEERERORBR A TR
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6 Bhhiz

B CHEA—ATT A FRATFT LV AFESUSS04 SIIZBI L T, BRMFEILL 248
RO TERIEC OV TR~ £9, BAZART D Z L& W EEERRERRICBN T
FrdA VEREZEZ L, ZOHSSEMEMEE T L S Tk TR ENT, BABFHFEL
T IR R BE S D DR S R T 2 R Avhid, IEhEPEFEHRET s &
NERETH D, EbIZ, BHEELEHEREOTERMNZBER L Y ALMCEIE, 4ER
B UIBH RO OEFATRELAVWT, SEEEOFEENRMAEEZT D Z LSRRBICR S, =
ZTEERIEE. WTIOHGEIZLTH, BETORL TV A RERCETFEZE-REF
BERARY, XERALANCBOTHREESEAERI A THS,

FRENLLERESCBERTHIEHERFNCH L TIThh ROV THHREL
77 BB L o T, BRHEETHEA L apx N 600 SN L RT3 RB L, *
OFEMERRIFEECBIT AL TH A Z Eibhote, b, BB NEAENE
EALRBRAOREBESESGRE 7 v 7 A — e 32 AVWTRIET A Z LIk,
BB CHRBENRESBLTWB Z EBbhol, HF-CRZE LI-REH7TATY X
AIZESL BHE SN FEEZAWT, Bkahs it L 25, VLB ERET S
T EBTFRETH D I ENRbhrot, BlhurE TORBRREEOELIT, BB IVELCKE
R IR E OB OB LB Z LB bhol,

PEnk sz, BE. BEEEL BRI TNBEF—RFF 41 FPRARAT VL AEOA V2R
V600 B eBLEEIRICRB O TR F U L 510D, 202 BS MG
TF 7 AT — e 2 BOTHIETRETHSD Z Ebhol, &6IZER LI UFITrEE
ERWTHEEFTESETRTHI 2 L bELMNNCR o, 0L 5 ICHSH RIS
FL LTREFATHD Z LRSS,
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