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Formation mechanism of deformation-induced layer and mechanism of anomalous
reverse transformation induced by shot-peening for Fe-Ni alloys are investigated. In
this study, we found that the deformation-induced layer in the Fe-Ni alloys is
generated by grain refinement with the formation of shear band due to severe shear
deformation. In addition, it was found that the stabilization of austenite due to grain
refinement is one of the reasons of the anomalous reverse transformation induced by
the shot-peening.

A TEFE
(SHEHANL - M)
[ERE R & B
A TEHH 3,500,000 1,050,000 4,550,000

RIS« BPRHLAR Y
X—U— R LR, REEKROTA, SR, v 9y be—=27, EBSD

1. WFZEBRAAE S W D5
(1) MELERmEICEROTAEZEAT L 5L
D—DNZvay NE—=THERBHE. =0

AR E LTHWORDGERS .

(2) L, WFERERLIL, BEERICTT

vavy hE—=U ZRIE, MEHI RIS
NEft542 2 L CRyEELZM EXE5
TENTESL. LI, TETIE, &BEME
gy h—=u 7 %Ed 2 ickoT
IMTREICERZ2EABOTENEANSN
5728, MTREITETH /EdEa 3 2
TAEEREMNER L, oFEM S N6 RT3
ZELWMESRTWD. Rz, Sk
DB NT, vay hE—=r 7ER
— R R AEAE S 3 KO IR E DM EAx

B 7 ¥ o LB & it L 7~ Fe-33mass%Ni &4x12
Vay MU T ETE, LT
YA MEND A —AT F A MME~D WL HE
NELDZEERE L. —FH, A—&ATF
A MEALER D A% fifi L 7= Fe-33mass%Ni A4
RO Y 3 v FE—= 0 FEL & 4 &
MIFE~ALT VA NEREOLNIEAET
5. BB B~ gy PE—= T2 Lo
TIMIHGBE~ALT A NEERBRAEL D Z
LT E<HALNTWAER, Zo L) FkEE



KOFTHRIMLIC L > CTHERENRELLZ L
BEELTENID . vay ==
TIE, INTACEE D R 22 DL B O3 A1 &
STHRHERENELS RDIENRESINT
W5, FDO7, INTITEE D WS EEIX P EE
WPEY TR L > TAHEL D Z EnEX
HILDD, A—ATFA MUALERD I % i L
7= Fe-33mass%Ni A& CTIMI@Fk~17
B A NEENEL TWAHT-D, INTHREU L
IWERRDIAITE 212 V. TD2d, ¥
gy hE—= U Lo TEL LR
EREORAEBRIIAATH-T-

(3) kD X972y 3y heo—= 72
IMLFR~ LT A FNERRE L O
HOBAERZHALNITLZENTEN
X, Yay hE—=U DX ) REHEKR
OFTHRIMTIC L > TNTREIZAE T S
@A HIET D N TE D, £, 20
Yy BSsE AT LR LPICHE T
AUE, REEROT AN TN S BRI O
WK E DRI AT I D72 3 D Z & b Wifs
T 5.

2. e BEM

(1) A7 TlE, Fe-30mass%Ni 448 L
Fe-33mass%Ni A& LT, i 2 D512 T
vay hE—=u T %L, IMTE&MENINT
F OFIERERENC M T T B A kI
L. ZOEE, INTEMEE L TERTE B X
WINTIREIZER 2T 5. o7 EBRRER
IZEESWT, MR L OB ROBE NS
Tay hE—= ko TAL BER,
FEZERE (RRICHIERE) OFAEZERIZ OV TR
5.

(2) EREHFMEO—oTHHAT LR

Hlzxf LTy a vy b —=27 % L, Fe-Ni
B~DY gy NE—= I THAL L
B REN AT L AT BN TS F A
TADENIONTHHET S.

3. WD Ik

(1 ) Fe30masswNi A& & B L O
Fe-33mass%Ni A4:12xf L, 1100°C T 30 4y
DA —ATF A MUAER & i L 7=, KEmL
T2 (CABE, KGR, Dk, —EORBHI %
L, WRIRERPT 30 o7tz
i L7=(BAKe, 7B akt). ERLL 7=30BHC
xF LT, Fix OMEHTETE L O TR T
vay hE—=U TN T a1 To 2. T Dk,
X HREPrEEE (XRD) & AWV CA— 2T FA b
ORISR EBEE L. 512, MLER
BRI 38 1 2 Wi AL 2 7B 1 i 1% 7 HGEL [
Pri&(EBSD)IC THIZE LT~

(2) Fe-30mass%Ni &4:lZ% L, 1100°CT

30 MDA —ATF A MEALELZE it L7-1%
WRAKZE R T30 oY 78 o LB % i L
7=, ERLU 723t L, "5 E S 0.6MPa
BLONMTRM 1Moy a v b E
—= U IN T a2 T, FOEE, Yav e
—= 7, EIRH DT 150°CIC THEHME L
7o, =0, AE (1) EI[AERIC XRD B &
WEBSD IZT, A —ZFF 4 MADKEFESS R
RIER L OB 21T o 72,

(3) SUS304 (2% L CHIMEREA 4= &
T, RERNEICN TSR~ LT A MEE
AL, 20, BRBLO150CE TR
Bram# L, v a v hE—=U 7T 2177
o7, EO%, A (1) EIEERIZ XRD IZ
THA—AT T A MAOEE R REEZIT-

7z

4. WRIERE

(1) K 1@B LD, =hth
Fe-33mass%Ni &4 D/KEM B L 78
aMicy gy hE—=0 7T 20 L 7=
BN TR AT EEICB T 505 EmEEs &
WEBSD IZ LA~y 7 ThHD. 2D
b, KeMBIOYT7Eakziiod,
INTRETEFIZIE, B e sk 2 F 3 20
TEERNPEKR L. bz, KRBFIETIT
Sl gy NE—= U ZIMLTOSETIE, T
RTOFEHIH L TER2EAMOT 2%
AL TWDZ ENRDMD.

L)

X 1 Fe-33mass%Ni 542 31F 5 (ki &
OOV 7ol TRELHFIZBITS
LR B () B L O WS X~ v 7
(F). va v hE—=2 5L, EHIED
0.6MPa 3 X OV T #f#] 40min TH 5.




F7o, MTEERBE NICX, AR E
BiIn=., Fhwz, vayv hE—=27
TICTA L2 MEEEREE, —RZ2ERD
T AN TN D SRR bHAE & BRI,
RE R AVWEITAYE > TH AW B IE A
L, &%k GTALIBNEICHE 5 AL SR (L
RS> TIMTEERBNE/KRT D Z EDBHL
neklpoiz.

( 2 ) Fe33masswNi & 4 B L O
Fe-30mass%Ni &4&~D 3 v hE—=1 7
INTACHEY A=A T F A MRS RDOE
b~ K2 T 280, KnMick
WM THRE~ LT oA NEREN A
L, V7ol TCIEEREN AT
BRI THR~ LT oA NERRMNAEL
7=, F72, A—AT A MRS RNELFD
L 7= B OIRFE 45 2R3, Fe-33mass%Ni &4 D )5
2 Fe-30mass%Ni &4l _XTEinoTz.
L Ix , Fe-33mass%Ni & & @ J M
Fe-30mass%Ni A&t~ A — 2T F A B
NEVZETHHIZDTHD.

10 - : T ,
; Of& ~ o - Fe-33%Ni K ##7
goly =€ - Fe3deNiv I¥mF
, —#— Fe-30%Ni Anid
4 \—®— Fe30%Ni ¥ TE T
solp v !

a)

A
a0} © o

e AT bR (vol
>
£

o r & 2
0 0 20 30 40 20
I TR (min)
2 Fe-30mass%Ni A4x35 & O Fe-33mass%Ni
Bo~DVay NE—=v IS A=A
T A MEERES RO,

(3) X3 1%, Fe-33mass%Ni 5423 3 v k

v—=r 7 & LRI LA — AT
T A MR EE N OBGRERL
TW5., Ya vy hE—= 2 ZINTICEB T A0
REDEEZDE, K3 IR T LI, M
JEFI OB L, fafIBE D4 — 2T F A k
FRARE S RITHII L=, F D7, WEHES
DO ES T, WERBIT LI VIR D
LERHLT.

(4) &5z, Fe-30mass%Ni &412kt LT,
Vay hE—=U L EERBS IO 150C
WZTATVY, ZHUTHE S AR REENZ OV Tl
Rz KA PDNDHIEY, INTRFOREHE

FENREmWEE, WEENERICAELD Z &0
HEMNE T,

[
£
L0

- B - Fe-33%Ni§ J¥ it |
- ~O- = Fe-33%Ni KiHHf

F— AT P S EFRESE (vol )
o
Le]

a
40 - ]
P4 ;& b
20 €¥;' E
g) § i
G 0.2* 0.4 06 0.8
VE 4% £ 1 (VPa)

3 Fe-33mass%Ni &4 ~D 3 v hE—=
YIMTACRB T BEfEO S — AT F A K
FARFE Sy R M E O BR. Z oL & o
THERIE, WE5E S 0.2MPa (23T 120min
THY, "WEEES 0.4MPa, 0.6MPa (28T
40min TH 5.

P
L=

s
o
i

ZF—AF A FEESE L%
.
fanc

L]

foEie L 150°TNE

Ty

4 Fe-30mass%Ni &4 ~D a v hE—=
YN TACEBT B4 — AT F A MK
REMTIEEDOREZ. v ay he—= 7%
R, MESE ) 0.6MPa 35 X OVIN TR 1min
Thb.

(5) Yav bE—=U ZINTITHE D K7
WERE DR AR OWWTHRT Lz, 203
AFERE LT, DINTICE- TEAINZE
g DI IS ST PE 5 MR REIRE ORI &
LHEFB LV 2T 5 MGk T4 —
AT F A NEADBLEIT DEOBE G
L7z, DIZHOWTHE LR, 3 v b
E—= I Lo T AT U A MEICHE
A S35 EREFR G /1134 600MPa Th D,



T Ko TR NI 2FEEREIREE 1S Patel &
Cohen DX B8 30CThH o7, ZDFEHE
fEhs TN S A RBIRE DK FEIT/NEL,
IR vay hE—= U FITPE D WEREIC
FHET BTN\, FO, DL
R, Va v hE—= ZINTICfE D F—
AT A MAORENERERTH D &
W2 B.

(6) 2T, Fe-30mass%Ni &4t 7 aff

~Dvay hE—=U T THEKR LA —X
TFA MMEDO~ VT A ARG MGIEE
(M ) Z R~z ZOfER, a3y hE—=
YUMTACHE D AR TER LA —AT
F A FFEICBIT AT A A HER A
BEITR-10CTH AL ENRghoT-. v a vy
M —=0 7 %0 L TR WKE M IZ BT
5 M slZ 20CL ETh o772, S a v b
v —=2 7% L72EE D My SUIARINTAS
WZHEARTHZIZEY. 372bb, vay b
— = M- TA U DR 2 A fE
%, ITICEE D A— 2T F A MAOZEN
FRERTHDLZ LR hoTz.

(9) HBMERLEIZTEA L~ /VT A b

FA2HT% SUS304 12X LT, “a v hE—
=ML EE L=, = OfEF, SUS304 A
T v LV AFIZ BV T Y Fe-Ni A4 & FIERIZ,
vay b= FMIICRE D WERENE
U7z, &51Z, Fe-Ni &4 L FERIC, INTHE
DIRENEWIEE, WERIIIERICRD L
LR L. ZoBg0Y, SR K E
ek 4B 8 OV ER T D BG4~ D )i FH & 3
FFCTED.

5. EAFRMIE
(IR . BRIESH I B S e
)

(MeRERmSC) (B 7 4)

(D Hisashi Sato, Yusuke Noda, Yoshimi
Watanabe: 3-dimensional microstructural
evaluation of wear-induced layer in Al-AI3Ti
functionally graded materials by serial sectioning,
Vol. 54 (2012) FIH. AFeA.
http://dx.doi.org/10.2320/matertrans.ME201306

@ Hisashi Sato, Yuuki Fuseya, Takahiro
Kunimine and Yoshimi Watanabe: Proceedings
book of the 3rd international symposium on steel
science (1SSS2012), (2012) pp. 199-202. #5Ht

(® Hisashi Sato, Yuuichi Kubota, Eri
Miura-Fujiwara and  Yoshimi  Watanabe:
Formation behavior of wear-induced layer in
Fe-Ni alloys, Transactions of the Materials

Research Society of Japan, Vol. 37 (2012) pp.
31-34. HHA.

@ Hisashi Sato, Eri Miura-Fujiwara and
Yoshimi Watanabe: Effects of dispersoids on
wear behavior of Cu-based nanocomposite
containing SiO2 nanoparticles, Japanese Journal
of Applied Physics, Vol. 51 (2012), pp. 01AK04
(7pages). HiA.

® Hisashi Sato, Takayuki Nishiura, Eri
Miura-Fujiwara and Yoshimi Watanabe: Phase
transformation in Fe alloys induced by surface
treatments, Materials Science Forum, Vol.
706-709 (2012) pp. 1996-2001. A Hif .

© fepkr, —HkHE, EUER TV b,
Vol. 50 (2011) pp. 331-338. it A.

(3R] (FH131F)
(D Ai Namba, Hisashi Sato and Yoshimi
Watanabe: Anomalous phase transformation
behavior induced by shot-peening method for
304 type stainless steel, ISPlasma 2013, 2013 4
1H29H, ZdERF

(@ HisashiSato, Takayuki Nishiura, Takahiro
Kunimine and Yoshimi Watanabe: Phase
transformation behavior induced by shot-peening
for Fe-33%Ni alloys, Materials Science and
Engineering (MSE 2012), 2012 4-9 H 26 H,
Darmstadt in Germany.

@ g, VEIZESE, S, EINEA
va vy hE—=2ZINTIZES Fe-Ni 564D
R FLARZSREZRE), BRI 25 164 [BIFK
FEillH NS, 2012429 F 18 H, BB K.

@  EEpdAR, (e, EINER AT b
ZH~DT m v NE—= I HE S B

SRR REZE), BASNI S 5 164 [IFKZE
RS, 201249 A 18 A, FERF.

® g Fe-Ni &4 RB T HHEREIZTE
% U 7= ) —HHfk o> EBSD fiEbT, HAL BT
DIVNSER - B ARSI S IUN G 25 285
BRI B ka4, 2013 4E 8 A 30 H, fEAK
£

®  Hisashi Sato, Yuuki Fuseya, Takahiro
Kunimine and Yoshimi Watanabe: Formation
process of wear-induced layer in Fe-33%Ni alloy,
The 3 International Symposium on Steel
Science (1SSS2012), 201245 A 28 H, BHFE
IS —T R,

@ PaifF, Pk, —HKEE, JEUER



Fe-Ni 64~DT a vy hE—=0 7I2LED
FARERERE), (th) B ALBEFS 2011 FFk
WIS, 2011 B2 1L A1 7 B, =
varbryA—BIOILrFyr—UV—F
7 = A F—R.

® g, (RBFEBE, —JHKHE, R
Fe-Ni A4 ~DEEEEEFEIZ L 5 BEREAEE D
ERGmEE, (b)) AeBETs 2011 SR,
THARE, 2011411 H 9|, oL X vg
vEUEA—BLIOINLVFYy—) S — T =
A =R,

@ Hisashi Sato, Takayuki Nishiura, Eri
Miura-Fujiwara and Yoshimi Watanabe: Phase
transformation in Fe alloys induced by surface
treatment, International ~ Conference  on
Processing & Manufacturing of Advanced
Materials (Therrmec’ 2011), Quebec City
Convention Centre, 2011 48 A 9 H, Quebec in
Canada (FAfFai) .

CE NG AR

(PEZEY PERE)
O HmIRIL (G0 1)
OBAFIRIL (B0 1)

6. MFTCHLRE

(DRI EE

=R W (SATO HISASHI)

LB ITERY: - TP RR - W
5% 5 - 50402649



