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1 E [Fim) i, MZoBNBHEET— RCThHI1L<HE, MM Th o~ AT 31 MIOZREMM
& IR DRER BT HOWTCHEHA L, R KRR~ T oY A MERRICEEE L2 IR — 2T 4 MR
AL Z D IZL<BRCRBIT 2 2 R/HOREY A M RDAEREZ RTINS, 61T, EFEOHETIE, ~ AT
YA MR T 5 X7 g R — VOERRNEIS INERA 4 B — 2 (Focused lon Beam : FIB) & H{54H
B¥% (Digital Image Correlation : DIC) % L7= FIEIC Ko TRHMEENTEY, F—AFF A b (fee) 1B~
T A b (bee) ~D fee-bee /T YA MEREIZEIT D Bain OT HADEBENLLND Z L 2N LT
% (fec: face centered cubic, bee: body centered cubic) .

% 2 ¥ [Rodrigues-Frank ZEf & FIfH Lz~ /L7 %A FOEREMEGRR] TIE, SNl 727 2 v
HADNEF—2ATF A DDBRIELIZERZZ 2 MO~ LT YA MEFRICH LT, $%7EFEELE (Electron
Backscatter Diffraction : EBSD) TH& L= ML T —# &b &2, [RERZEM O —FE TH 2 Rodrigue-Frank (R-
F) ZEfZ2FH LHE SmEOR SN2/ ERE L. S5, Bonizfih LT — 4 % Kurdjumov-Sachs

(K-S) DR A 7o 3R 7 5L & BIEAZEM ECHIT 5 Z LIk o T 24 DO~ LT YA b T
FESEHIEL, ZAXERLERE T ey 7 AT O FIEAMSL L, S5 OBHEE A L 72 0 15 D
DO E R Tz, T ORER, BIRFINAERT D~V T VA NIRRT 270y s EHKARTL— T Rm
Y IIWCREL QI HZENTEDZLRRLIZ. SHIC, fIRRTL— T u v 2L, ZOMRELFEMEC
LU BFHICRELS DT HZENTE, FRITARGRILH T Type-Ill Coarse block (CB) & FEFRTT 25 A— AT F A b
KR BRINIC [ 2> o TAE L 72 [Fl— Close-Packed Plane (CP) 7 /L —7NOMEBIRIZH 57 v v 7 xtix, #ih
SRBRIC X DR AR O~ LT YA M & RIS X PR AR LT, DB E T,
ZOESBHMRIAT YA FTay 7 BESLHTNEISNCER LTS,

% 3 % [Eshelby O MANTE B G2 FIH Lic~ V7 A S OERBBNEIS Tl T, w7 3o b
EReTH U DR TFOEMEE 2 — 2R L LTHRYY, TS X o TE L DERIS /) & BRI 5ESUV TRET
L72. 13U ®IT Eshelby OFEMENMTEM IR ZHWT, ~ /AT ¥ A b OIRRLEIIC L - TELT 5 NES
NEBEFFEIC L > THRIT LT, St~ AT7 oA "B X GEBAOA—RAT 4 MHRIZBIT A0
EREBEL, WHIEIIOEMA B =X LMt Lic. ZORSE, w7 A NORRE B & 0E LTz
& &, FEMBREM T2 T eigen OF A TlE, FEEO MR CHMEOT AR AX =010 &80, &0k
HIFBRERN O THEND O LT B L TND I EEM BT Lz, Fio, MRBIRIRZ RsFE k(T 2
7 b k=0.1)& L7356, A EZ I T RARDO WA 2 BB T 52 LT, MEOT AR LF—IT< L
T YA MERBIC LB EREY ) 0> 6 FIRLEE & 72 0, T DOBROWNERIS L, HHEIZRZR D b D Bain O A0
AP SN D Z &R LT,

Fam I 70 L DT oA FNOERNEIGRIE] TiE, BREANEFEORRSZ Y v L8O
T YA MERREEM & LT, BFEORILEEZBIIHMBRA T — VOIS 2 REFREE T 27 0%
LEOMENL R AT, 2 W TR T RF EMZFA L FETHR LR ey 7o 7 e @ flikaiEA L,
BHIMTRIOEICTIORE I L ZOTMPAHERRRRZ 2R L. 612, I 7 0@ LETHRLNZHEIG
HERER TN SHEE SN D~ LT A FERERD Bain 0T A D F & e L= & 2 5, [001]y (cih)
VIR IS T, [100]y (a Bh) 13/ RIS T ENC RSV T A2 E N ER0UR LCER Y, TF i3 X OMKEK
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FRAOBHEZR L RIRLRR OB, MK L— MERROZRENEIS AFHR, BIEICER D MA, KT L — MRk
TEREPNIRIC I DBLR D TR AEY A MRV D5 2R LT,

%« FRSCEBIL, FI3C 2000 7 & 9530 300 354 LRI ORI 572, b L<ITTEL 800 5% 1 HRH L T 723wy,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).

R RSCEEE, ARV —F VRN (T2R) I TA U — Ry MARSNET O T, AR A HEREHHONE CTERL T2
=,
Attention: Thesis Summary will be published on Science Tokyo Research Repository Website (T2R2).



(HLFRARR)

Doctoral Program

WXE B

THESIS SUMMARY

Foea—R A H HiRE . (X))« L o

n iy " - . %)
Deprtment of, Graduate major in &r 7{‘/{' a— A Academic Degree Requested Doctor of
L e =Y
R4 - FAEBTA -
Student’ s Name H #:T )ﬁi Chief Examiner e EP H

S (JE3C 300 FEFRAE)
Thesis Summary (approx.300 English Words )

Bearings are made of high-strength martensitic steel to support rotation under high loads. However,
premature spalling associated with microstructural evolution has recently emerged as a critical issue in
some applications. Rolling fatigue tests have revealed that cracks often initiate at prior austenite grain
boundaries near the coarse martensitic microstructures. Additionally, micro-scale transformation-induced
internal stresses have garnered attention as a microstructural factor influencing mechanical properties of
martensitic steels. This thesis, consisting of five chapters, investigated micro-scale transformation-induced
internal stresses in martensite as part of fundamental research into the fracture mechanisms of bearing
steels. The crystallographic orientation of a high-carbon chromium steel, comprising martensite, retained
austenite, and undissolved cementite, was analyzed using Electron Backscatter Diffraction. The
crystallographic characteristics of martensite were then explored within Rodrigue-Frank space. Coarse
plate-like martensite block pairs in twin relationship within the same Close-Packed Plane group, referred
to in this paper as Type-III Coarse block, were identified. These features were found to morphologically
resemble the coarse martensitic microstructures observed at crack initiation sites during rolling fatigue
tests. To further investigate, calculations and experiments were conducted to reveal the internal stresses
formed within the coarse martensitic blocks. The collective motion of atoms during martensitic
transformation was modeled as uniform deformation, and the resulting internal stresses were analyzed
using elastic theory based on Eshelby’s inclusion problem. The analysis demonstrated that that elastic
strain energy generated during martensitic transformation could be significantly reduced by lattice-
invariant deformation in both the martensite and the surrounding austenite matrix. As a results, anisotropic
internal stresses remained, sharing the same principal axes as Bain lattice distortion. Furthermore, a novel
micro-scale hole-drilling method was developed to experimentally measure internal stresses at the
microscopic scale, drawing upon existing hole drilling techniques. The experimental measurements
revealed internal stresses consistent with the theoretical calculations. These findings suggest that coarse
plate-like martensitic microstructures are potential crack initiation sites due to transformation-induced
internal stresses.
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