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Martensitic Transformation and Plastic Deformation in 18-14

Stainless Steel Single Crystals

Yakicki Hico, Tsutomu MORI, and Tadahisa NAKAMURA

Synogsis:

Relations between martensitic transformation and plastic deformation have been studied using single

crystals of 189, Cr-14%Ni austenitic stainless steel.

The Ms temperature for y—« transformation decreases

with plastic deformation due to slip. It has been found that the morphology and the crystal orientation
relationships between the martensites and y have close relations to the slip systems which have been active

during plastic deformation. When thc martensitic transformation occurs during plastic deformation, the
plastic deformation is conceatrated in bands parallel to {I11} planes of y and the negative temperature
dependence of the yield stress is noted. This is associated with the y—e transformation. The above
plastic bands are parallel to the most stressed {111} {Z11) shear system of y to induce the y—e& lattice
change. The occurrence of the y—x transformation results in a decrease in the easy glide strain and in a

high strain hardening in the stage II deformation.
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Fig. 1. Stress-strain curve and Ms, and Ms,

temperatures against prestrain given at
24°C in single slip orientation.

Photo. 1. Optical micrograph of typical primary
and conjugate slip bands (109, tensile

strain).
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Fig. 2. Stress-strain curve and Ms, and Ms,
temperatures against prestrain given at
- 24°C in double slip orientation.
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\/Iartensme surfacc relief.

(a) «a and ¢ martensite formed at —85°C
on an annealed specimen.

(b) a and ¢ martensite formed along the
primary and the cross slip planes on a 10
% prestrained specimen.

(c) a and ¢ martensite formed along the
crosss slip plane on a 169 prestrained
specimen.
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Photo. 3. Optical micrographs of martensite formed on prestrained specimens with do

slip orientation.

uble

(a) Lath shape a martensite (revealed by polishing and etching) formed in bands
along the two active slip planes (4% prestrain).
(b) Surface relief of ¢ martensite formed along only the cross slip plane (8%

prestrain).

(¢) Surface relief of ¢ martensite formed in bands only along the cross slip plane

(169, prestrain).

(d) Surface relief of @ and & martensite formed in bands only along the cross slip

plane (169, prestrain).

— 4] —



2566 & & £

5 61 4 (1975) Ell=

FTRERCOLZRBETEI SIS, Ms, Sirsl35
Yo a~OLEED, avFHA WHEFERE 2
TE T RO BT AR RA T B & 313809
DbETHDi. FEEH 16% chdtabecviiyy
YA MIELIT 7y DTN EICFTRERI 0%
435 (Photo. 3 (c)(d)). =HIT~_Y xR T35
Th, B—3X0EoEVWRBLEH I a v 74
A MBERT N BT R 0B FET B X 5
KBHE Msg BTDr—a~DERERIE 15~50% T
P
TOTFTEPE—FTROCEZLRB/RFICIE, TDb
DEHNZ X OFEE LT 94 MIv s oficiir
DETN O FITRMERCTETS. F LT, %0
MIRERESIC X 5 L FREMERI/ NS L S A= F 44 b
DEELI DDTH 52 L2325 (Photo. 3 (a)).
KeLLy o> 5% T®, zok 5 aéEsdiciifEk
SIS LT {111}y W& EFT {110}y Z¥EDa <
THA MHBEFETHLEMBTRENRDS. Z I THRFED
¥ bee (w544 1) 2EHLT. ERCEREBPE
BFREFICE D CTa= 794 b EBHEOR BT
FHRIBGRE AN, BRI e w5794 b EBHEOETF
FHRIBE R AT LT A
B3 ~XboEwv, 53RAMS [235]: To k%
ZEIRT8 %I RPHER S0, RIEEET ST
aTNWVF A by 0% BRES /. ZORBLD
ET0ME ()¢ 25 20° T C EAEFIEMERE
HEFEE IO L, Bk X O BEABE Lie. 3
EE TSI IETES 200kV o JEM 200 ¢H D
30° {FERIEBM R T — o v
Photo. 4 (a) WHREL LA = VT ¥4 F OBBEF
PRI X 2B R TH D, BVEHSPETA —2F
FALEeRNWNTFUYA b, AWESDa T T YA
FTdHBH. %7z, Photo. 4 (b) IXEHK Fo—F TH
% EFHERBTELE 2BV 70T DEIC
BIERBECAHLTWS. U LciiFREbaa =
NFoH4 N, [BBEA—~ZX7F4 b, hate w7
YA PRYOEIHSETHH Z 2R ZOHERIT
EAERANTE [111]g, [011]y, [00011n MK D AS L
TWHZEETRLTVWS. ZOBFHREURNBIIRMEE
VT o4 PORBCIRO X S e SRBEEESH D I L
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Photo. 4. (a) Electron micrograph of a transformed
zone whose normal is nearly parallel to the
electron beam. The white crystal is «
martensite. The black region consists
of the matrix and ¢ martensite.

{b) Electron diffraction pattern indica-
ting the existence and the orientation re-
lation of the 7, and a and ¢ martensites.
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et

Photo. 5. Primary deformation bands formed by 5% tensile strain at —74°C.

B A o0 % LRSI ORI BB {111} HIC
Ffile ¢ eNATFHA PHBT EHZ LT, TOFRED
{111} @ Lo 211 FE~ORTFOWESE % B) T,
RETHLOEH O EEEFKRTS. avwv7 44
N ewaF a4 Mo ORI BERE DD I ER
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HEEFEXD.
32 INTFUHA MEREESEBHOBETEA
Photo. 5(a)(b) ¥ —74°C T 5% DHUEEE
REEROEAETFHEMBETE CHS. BHEER T
TRENE U BEFIE, ZERE IO X S @b L, L
~ERSS L LA oo BR ESHA D X S rEBIENh 5. LA
#% Photo. 5 (a)(b) DX LRIl EHR LK (3

(a) Scanning electron micrograph of surface relief.

(b) Enlargement of (a).

(c) Optical micrograph of @ martensite in deformation bands, revealed by

polishing and etching.

(d) Transmission electron micrograph of a deformation band.
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Photo 6 (a) Scanmng electron mlcrograph of sur-

face relief indicating primary deformation
bands and a secondary slip line. The slip
line was tilted at the interface of the de-
formation bands.

(b) Interference micrograph of surface
tilting due to formation of a deformation
band.
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Fig. 3. Stereographic presentation of the deter-
mination of the shear direction of the
deformation bands formed under the ten-
sile and the compressive loading. TD is
the loading axis, SD(T) and SD(C) are
the observed shear directions at tension and
compression, respectively. Dotted lines
are traces of two specimen surfaces, Sl
and S2, and (111) and (111) planes.

OEWHEIT 0.17 THY, 0,=9.5° L2k Zhb
DEX Y, ZEWOE > 2WHRER 0.31 THLH T &
MNhhrof. FLC, WEAmE Fig. 3 ox7 147
57 bk R UIcEBs ) Thok. T, Fig 3RE
MR CTRLNER W OME FE bR L. EfRER
< (M) micFABEREoE»c (1) micF
FRERELRE LR LL, (1) ERaoiEis
(1121 v, BEEREScHbh (1) HEH O
Wi (1210 &3, BaoTwa. FfERBRTO (111)¢ %
o OB EENE [112) Thote. ks, TEHEHERT
Bhh 7 ZR 0B STEEL £ o X 53 0.31
TaHot. ThiE BGR~ 75 5RME THlE S ol &
M—Tadhd. ZOFR, EWOHE S BMEREIZ30%
EWVSKERLDOTHY, FBW AT {111} (211)¢
HMITH D Z LW FE» D B

HETHRD X S, WHERhCERORZ HiRE
HWETIE, BRESHGEREREESH 5. 2hi, ¢ <
VT Y4 bPDFAR XD EFHEEINT VW59 ;s
LD e w7 oy A boRg (111}(21D: FRTFRO
BhgwxotiRee®. ooz, ZTRgEHKIEe v LT
YwA MDEDPICaT AT B4 bSO TH, TN
DRED {121 e Th 2z Li3, BWBHOHSE

Table 1. Schmid factors for the {111}¢(211)¢
shear systems. The specimen orienta-
tion is given in Fig. 3.

Shear plane Shear direction | Schmid factor
e | f |

Kl LTewTorH4 MTEPRORTWH T &
FRETSH. FLT, ZOewATFrH44 MkoTEK
BOMRERTFES RN EDTH 5. EEIL, a<iv
F o4 MIERGHEMRIC H 5 variant HIREEE L TR
£ELTHD, TOZELEEFBEILAND L av VT oS4
MEsfhds LCREEERICAZ <HES Lixv. ik,
T AL {111}21D BRIROBIEIC X DT TE 5.
oL, TOESTEIT e v T B A NOERERD 2
ETHD. WEiAMICE LTl e w7 b4 b e r M
FODEBNIL V. Lo L, BOBIHIC X 5T FHREHT &
EEB IR X b, KEORBREE (—74°C) T r b
DFELIFMATEDI LWL TH D &bk
LLEofERITEIE S h 5T {111}21): BUKY
FRTOLBINIG S (Schmid KF) 2R RDOTTETRIC
EFIRbDOTHBZ LTI w5, Table 113 Fig. 3
W Lic AR oaft o {111}<211)¢ 39#i7%R D Schmid
BFCTHs. kBT (UDZETDEmOFWFH
@ Schmid HFXFELAEOTHLOTHKLTDHS.
e v T YA bR MY DR SR OB DR
V3, BYKT 5 [A155 B — 5 [@)1T oD % T] AE (unidirectional) T
H2T, WHmICFAE (bidirectional) TwWZ &iTdh
5. % T, Table 1T, BIARICH L CIIRTATAE
{11} 211y FICIZIED Schmid WT-&#7-4,
KR LT BT AT AE 2 BT SR 13 & @ Schmid RT-% #7-
7z, Fig. 3 & Table 1| ##fMB3+5 &, 5PERABTE
BT EiEE S NPT O YR 5 3R KD Schmid (KT
(+0.40) 5> (11T)([121); BIHFHRTH D T & 23bh
5. FEHARTERCHREINAZER D, BKD
Schmid [T (—0.46) #&#F> (111) (1121 WHIFR &
2FHEiz K&\ Schmid BT (—0.45) %> (11,
[2] W RICBT 2D THoR. Kk, D250
Schmid FEFOHEDEICITE LA EBVA V. BLEO
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FERINNEIMOD ETRETD c v T H4 M,
Schmid FFAHFAD {111}:211): WEIFHOBHETZ
OFELEF BT b variant THB Z L& RT.

LEo##HE, R—ofEicsBkEre S5 X, Zhy
EHITEMLTD, FEROBICER LTI RIT D 2R
B, OWHESFEETHZ LEEKRTSD. +9
ERILOT, ZZTELTWBERE I FT ¥4 b
MEVWSHOBTH2C, FhIXFBHEIVEDT A LF
—PBPEVWLDTHD. Thdpx, —ERE LTSI
ZOESEREL—FEELRY, FLFMEOERLET
TLERRVWI LIRS, ZOZLEEDI-OBROE
BRTH5.

Tishbb, HEERE -74°C T 2% FRER ¢, 3%
HEmEemlsE L, tok —74°C T 2% FHLEE
¢ TEMEEE L. Photo. 7 I+ 0—HITH D,
(a) (c)BREPIDFIEERBREZED, T LT(b)(d)ikF—
BIMOEHRRBREOFERERTETHS. 2hrbbh

1))

Photo. 7. Scanning electron micrographs of surface relief due to formation of deformation bands.

(a) 29 tensile strain at —74°C.

5X 5%, SERRBRCEVALTEEIE, Thick < ERE
KB TR EIORLKKELET, TEBDIEL~AEDZLDR
V. T LTHERBRTREE LL{GNOERHIFELETS.
AEOERCHEMNH LD, ERHOHE S KE L
BIEETHD. & i, ERFLRE c 7P A
FTHD L LEET D L, THOHE S R E 354
Y%olitsd. UL, ERHOIE S WETE OEBIE i
V. B RiClza T o4 b dD, TEEBD
BRDE<HY, BEOTNDIBIDOTWEZ LT
LICWEBETER Y. LoD T, BHEOHE S WS
DERHEE ¢ =07 >34 DR S TIRTE O H R {E A
WMLTWBZENRLLBRTHEH, ERTrEE
M ZEETRELTWERIEDOWTIL, BHCiERZH
ThiFicizvdic .

¥, WHZEHREXBIZE LI LA ETXTOLER
KOoWT, R—DOWEIEAELNE VS Z ik, B
WL, FEAEHREPORELELIBY, FOHER

(b) 29 tensile strain and 29 compressive strain at —74°C. The same area of (a).
(c) and (d) are enlarged micrographs of (a) and (b), respectively.
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BELT A ERERT S, COT LV, EDELEEE
PO TCEBBERTRY, HERLAL Tihbb, &
Bleth : Lo LB RTINS OBBIRIS 5 h, &R
Betka BB LTWEVWERESEE LTV SKkEE~NE
SIBSKET B, EFRRFHLVWERROREDEIS
i oTENP bR T\ Wi

—EERRg LB w G857 AR O X D
W LTHBTES. TEFohitiZa<wvs o4 b
SREGETD. av V744 PIKPIR TR 2L
SIRIBRBR TIIREPKE V. Tihdbbh, BT
KTH5. LB OCENELERENEOEEEEORE
ELLD. Fhx, BREEEELZONIRCIIEL
L, ThPRETH LD, SHENTHCCEETZED
7RG N TR ERO MM AR B EL Z Ll b.
MU OD I LEEHEIFPRON B0, SMHELEE
BERHICERL, ZEFEOHIBTOT YT X 564
ERGEMBTEBC L E, KOS, BREHEBE»S
HimLic. LiehoT, BRHOHESEREORMIEE
O ERRE E—H L L THEWT LWy, 20T &K
DERTHELID Bz

9, MERRBREICy — o — 2% b, RERNE
D= — o fiEEEE & f % U CERAYR MO (0.051) %5k
Wiz, TOMHRUEH Schmid FFRAD (T11)[121]¢
iR T E b SEE LT, (1) [121] 3o
BIRE rm ZRDDE, rm=0.078 Lizof. —H, &K
Bl or—ve—sBcBbh - ERa (51704, #
KIE 55, FIGIE 16p4) DIRX D, TEWNHSHEN %
BBLTWDELTEIEFOEDDEEG(r)2kdi.
ZDFER 71 0.25 THO. HLEHEIX 0.30 53]
Wiz oL T5 &, @ERHOE S EEHWE (o
74=0.075 L7cn. ZHIILILEE L 7»,=0.078 &
BEAEZELVY. ThbbRiO LT 94 ZiEXR
SRR {111}eC112) e RERFETR ST HICE
LTk, ERFOWEEEN 30% TH5H LV 55
I E RN DRI NI L B,
3.3 BHEHICEIEFICHFELT VYA MO

EE

AL ICAVWIE541E fcc BE4THD, o fec &
AL FERC, BELABOSERER TR X548
LB (B B3 X0), 1M (ERE(L), 5 1ER
(BRI ORAS B TE 5. HE, DTTH
CHEETIRNFBR VT I 4 bR ET HEEDL
LT, B0 X S msBngi s - B s, Fhick
IIETHBREEOEENR SN, L L, DT
ML HICRE B vV 7 o 4 NITEEAS, VAMREE)

I

KEIETEEOLIZDOWTHRNS. s T oHA +bD
Ttk & BHRAIEE O BIRIC OV T RS L D &N BB
B3, KESIEELFHC BT EERTH DD, L5k
SRR T2 ERDAELIEREY D2 5TH, RO
FAELRVERSGCIPERI L VERTHSS
F—=AFTFA PAT U U AMBERHOWBEFEB 2 FH~
7o D, MEevric }» PaxTon?s), BrReeDpIs ¢ ROBER-
TSONS DK 25 5. THOLOWRBREEL LT WD &
Bbhsd 25 L AHAORFMERFCEIA LT, BATFiead
MECHBONIBUEB LIS NFHR VT o34 bDFE
AARIT & DBEEIZ DT IR Ao

Fig. 4 it fREMLIREC KT BIGT- T L BE- 1t
BEEOTLMEE =Y. ROIEH-BihiE TiEHh o0 fec
BEDBWREE LR 5 RELAE, (1DEERTHE,
KV EIRIF EBRIG NN E LB W SRR D
REERTFEPBRbND 2L, BXW, (2)EEHT,
BHTNOENEERKRLLZITERD L, BHTD
BOMITELNELLREL LB ETHS. UTFTE
NHEDBRRICOWVWTE LRI T 5.

3-3- 1 {RIBIHIT 317 D BE ORI 00 o0 1R P (R ke
Fig. 5 3F— AR, 0, RIFHbhvX 5l
L7cB OB 5k s X O HEORRRIC N DOIREZ bz *R

50 i T
by
£
E a0 f -74°C /13) -60°C
g 2
a
® 30
=
w
S
£ 20
§
-4
| (1) 24°C B
10 —/

O T |
o 10 20 30
o Nominal  Strain (%}
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. 4. Stress-strain curves and change of magne-
tic permeability.
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Fig. 5. Tensile and compressive yield stress versus
temperature. The arrow indicates the
temperature below which formation of
deformation bands, consisting of mainly «a
and e martensite, replaces slip at the early
stage of plastic peformation.

T ik, ZORTHHOBKRENERE &Sk
DI KBRIEE LER DM E T X > TEROE QR 5
BRIELZPLTHD (3-2 £8). ZoRO EHEHRD
FRIE3-3-4IETHERT 5, FEEHABROFE TR, BS
PITHg —30°C #FKIC LT, ThX WER TR, BRE
NOEFRERFSE, ThX KBTI, FEDREK
FUHENRBLND L2 TT. ZOMBRERTW®R, EKR

JCADH T <, WhEHicbEbh s, Fig. 6 X[

—HEEZEFERT 0.1% MIEL, BELZET LTHG
fBE L, NECHEBRE R T CHRE LS ToRE
KEETHD. MALBEIN/NZ Wiz, —90°C DE
BRERVTIE, [SUI-BEfIEE A ENLifb e R
KWESTROBCH 0, BRI TV BRI/
v Fig. 6 ofER 1, EOIREKIFELED OISO RER
FUA~DEEH —30°CTETHZLEHED L SITRL
TWd. EOREERFMIX. BIEERE Lo RE KT T
HAH I, HOREKREET, ZoBoRsTHy,
Breepis 5 HEE LTV 519, Breepis S XEIC X o
TRARGHOEREREESRE LN SFICE, X
aZ?IWTFHA PRBEELTEY, av T4 4 D
HBFELET D Fe-Ni 4T, BRISHOMBEKE
AR LNLWZ Lo b, BREKREHII VT 94
PERETLHZETE 2TH/5 N5 EfHL TV
5.

(kg/mm?2)

Stress
K-S

J

Flow

[+ PE Y P - b
-i00 -80 -60 -0 -20 o 20

Temperature (°C)

Fig. 6. Easy ghde flow stress at various
temperatures.

EROCIIZOERIELVWEHE LD, b LEE
FIRERIC X 2T ZOZ LdE»D R 5. A
Wi EMIE 500°C ¢ Lhr £ 522X b Ms, &
EEAETLEET, Mse D% KIEIIE< T 5 2 &4
TES. Fi, TR I>Th e 744 b X
Da<2 7% 4 bOEBFEAELIZL K50, 2T
500°C | hr sz 13 &2 Lizf—atEHc v Fig.
6 LE—DERPITRDTCHID, avrtT 44 PO
Fdpn L Fig. 6 2RE—DfNEHOREKRE M
BRON. bbb BHA, ZOBRERICXLBEREOLL
HRABCIHELT, a7 ¥4 MY —65°C Ll T
REE LD ERTERLT WD, 2D LIL, ¥8
WA e v T ¥4 FPDOFEIC LI DTEL, Thr
BRICH OSRERTFEEARCTRERR: Lo>Twb o &
DILTITTHDEEXD. KRR, rH»b e ~DLERE
DAL ERERBNHRE VDT, BRBEREIC I >TRE
hig, BRIENPRIBRNE 752 LRERTE 5.
ik, TTCBRA-ES, ZEREORIITr EL{E
ELTCW588355. Fe-Cr-Ni 5&0fFXME= *
W —BRIRERNS VDT, r WEOFENERE
b TEEZTE, BRENOEBERITFHIEZcx
X5, LrLass, ZEFCRLT w744 b
BHFET LS, v AREBBRIC I FRERE® s R
@ETE, MRLAS LR b kdE vy 2,
L bbby, K TR ONICBRE S OFREK
FHIAEMITE e w754 ORI LT E
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FaR L7
3.3.2 KB RITAEAHTDORSEXREIN
THEfk

Fig. 4 £k T, RBEEH 24°C OG-

BEHTRODOOLEIEE~LEBO>TV555, B 1M
OHITE{LIE MEYRICK2Y LRHRE L5 G/500 (G
WRIER) SFABRETHH, —KRO fco &I D/
. LA L, SHERIEENS—42°C it b L, 24°C X0 E
WES TN OHBIEFICREOMIE{LEE LS. Fig.
4 CEABIREDS —42°COEAE T BEEIXEVX S
B 255, i, 24°C kit 58 L R omITEL
N—fgED fcc HFLEITIHENT/HNEWEDTH 0, [F—FH
DOREFT, FIERE P IEEEZ BTG L TR
5T _00EXE, 24°C Ly —42°C oFMBENT
MRENS(Fig. 7). KBRAZBZEEFHTNVIIEL
mh, —74°C B LIFEAEBEINKR LD, B
UZER OB L h K EMTELE R ¥R BREE
P Ms, SOELED —94°Cici s s, HUEROE
itk b4 v a VR LR, BWTKRERMIE L~ &
#%5.

Fig. 4 12313 5 thiBHR pr OB, a<v7 9
A POFAFELIRFILTVSHEEZTI . Tabb
—42°C DT ORBRIBEC BT 5K I THE{L 218
Tt BREE py OWIMEEDTWH I &, awrT v
YA FDOFE L RELMTE(EBEEST O %
TLTWS. i, LA Ya TR LT g HSPEER
RICHEIMT B2 2D, awbFT 44 bOSN— A M
R LD, B4y oBRHERENRLZ ENDRD

30 i

(%)

€1

O L 1 1 L L A
-B0 -40 O .40 +80 420
TEMPERATURE (°C)

Fig. 7. Easy glide strain (¢;) as a function of
temperature.

Fig. 71z, Fig. 4, No 5 w R LEDLFU B3EH
MO R T 2RBBE LB HTXVIROEE, «,
LOBBRETRT. HiLD —40°C £TRMBOE <D
fcc £&LFERIT, RBIBEEOET & &biT, e XEL
7 Bh —40°C AT TIRAI ¢ BELRS. T0ES
TRY)DRSICEBOR I HIEE —40°C i3, BKEN
RSN OREKRFECEROR Z 5IRE —30°C sk
V. L L, Fig. 70 —40°C LT oA RS T
TOWAE, A ae T 44 FAEETRLE LR
TNV EDERTHD, evVFo 34 FOFLELITE
il Thbb, BHETNDOXNE, Al
MIE OIS, BT I0RORLNTHSD
T, RELIIELE, 28D a v vF 44 ML
TAHZ L LEET S T TIIT R

BT, 61 DEIHavs o 44 FOFBERLID T
E&, XDELPICT HDICRODERE T2 =
BIZ B HFERE Mse ORZFICTF2MERHD T
E%& 3.1 Tuh~7:. Fig. 8(a) CEETELXDEDT
L xfzDb, —74°C TIRELIY & w7zF—HEo
WEGOIG - &, BE-p OBBREZT Y. %/
Fig. 8 (b)itid, TR BT LTFER eps & —74°C 1T
$5 o OFRETRT. SEMUAFET Fig. 4 OX
51, —74°C QUEER TIE, BMEEROPID» S py
ML, a=w/FH4 MHEREEL, BHETNHIFIZ
LAFEEXN 2. LacL, Fig. 8 (a)ix, =il
TTEEE 273803 eps DOWEINE & BT 4, OEIH
B, awTF oA LIRS RB LR
FTLTED, Fig. 8(b) X eps DHFIME & DT, 1 H*
BB LEERLTWS. Lcps>T, Fig. 8 (a),
(bYDFRTHRBEEL, a<v7 34 FOFEIEN
T er BELADZLEEZTLTWA. Thbb, &R
wEITD o ORAE, WBEEaw T4 bHRRE
ELRT WD THEEHERTES.

7c3 3-3-2 T, RIREEMN Ms, SHELD—94°C
BOWTHRBEEROMMI LA v = 2R LH, Zh
Fawbiod4 bON—Z2 MIRLEICL D b Eh
Frr b hkA. L L, 32 KB TLkE LTow
HRX, e v T4 PTCEPLDLRTED, a<wv
T b Eetkl LTBEERICRKESFSLEWT
&R, ZOLODFEEB—RFELTWSE,OL
SrRbNBA, ZoACHETIHmRBREZUTICENRS
AECIEEE LT, BUMERRASEZMEE LTE7. L
»L, 7—a ZEREE 2.4% O@EHMERZMEL>TY
%), BREMAM~DHOEERa v v T A DO HAL
KLEETHTHAOD, avwvFo 44 bRIEEL K
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Fig. 8.

(a)

:WD¥——-

1 1 |
© 4 8 12 6
Eps 0t 24°C (%)

(b)
(a) Stress-strain curves and change of
magnetic permeability of the crystals
prestained at 24°C and tested at —74°C.
(b) Easy glide strain at —74°C as a
function of prestrain given at 24°C.

SHMDLDHBRDTWHDT, KREED /3% a <
TrYA MPBROTFHMEE LERT S —-%°C T

TEIO/N—Z2 VT4 Lirae 7o ¥4 M, FHEE
WTINE, RELERDL5 %L EE HHT 7 Lz
BOTIEON—X Mz k27T, b Ed4x10-4D
MUBEELLIETTHS. coHboFE o3 3EHN
RE03, 15000 kg/ mm?2 TH 35 529 2T OH
B, 6kg/ mm?OWHEBE T2 LTHELNT &K
5%, FHShAWMEBETIL, $91.5kg/ mm? TH5.

L7cdDT, w4y = OF4Lld, riHX oo
KEWVTNTFUHA bON—Z MOFRET XD THH S
NELDTHHLEERLTEVTHASS. Ik, LD
REETOFG TR, RBONAEHOZE 2, R
EINCFEENR TV B REEZERE, o— Fe Lo N7 E8
PRIRTHDZ E2EMEAL TV, KEXOFEHE L
TRIL2»2EVbDEEXS.

3-3-3 KB BWT M THELO ARk EEA

WE, IMTECEERMR G CEBEMONERE 2B U T
BEENS. UL, & CTREET 2ERICKTBX
EAMITLORET, d2L A7 —LDOAZE HDT
BAHS. Thbb, awvF 44 FOFEENRTF{LE D
7L, NEHEEARZE, FODFRa v L7
VA POZENFRINELELEML, TORE1E
DIEShBHOBRKELMIBEOERTHAS. Ll
B, a TNTF YA FOREBEL TG -Bihg
TORELMIBLE 75T L DT

3-2 Itk T, BRREMESBHAERIL, THFEOTRY
—IERELLDOTRIB L2 (X TEEORIZIZ
avwNT A MBEFETS. £ LT, ERHES R a
TNF R4 FDIFEDEDIEIL LTE Y, Hbirr
B IIRETOLERRE T Ebh TV WIS T
FLWERFOREICX BT & b7 ZoHmYE
DEEE, RELESERHE CEIVWRERS T TIZE
AEFLVGEH LR CERSELZ 2D, ol
KRS LIPS N BT THS. UL, &
MR LESERE T Vo ENB UFICE ST
Y RKAE T LA L BT, COBRER
LB LADOBUTOERTHS.

Fig. 813 —74°C k3 25 BEERAMIDNE F1-758
MEBE-HBEROBBROFMETL 2bDT 5.
HBREY, 2 %EBHE(Fig. 8, AKX himzisd
a w7 ¥4 POREIRFETE D X 5 L ERELEIE
ACHAITHWTH, FHUAZLRIROAL W, Ll
B LEALELIRT & DIt &, HBEEHCHY X 57
EHERLNIS. Photo. 5 (a)lcflk R Lz 5ic, B8
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Fig. 9. Stress-strain relation and change of
magnetic permeability at —74°C.

A, B 5%, BAICHEY L-EoRRIRERE
it 1 BEOEERHEOABHE .. L T A,
Photo. 8 (a) KRT X S, BEM 102 inbh, B
W{LEIC A B &, EEREHLINC LERHH BE S
5. ZOX 57 2REW AL, Photo. 8 (b)I/RT & 5
T, TR A LcE BT OM okRZE BEEICRD
h, T OB R LR R FORRZ T %
X5l 2RERFORT, FEOMAL L LI

MUTHAL. 2REEHFODC S aw T 34 MHTF
TS, Zhid, Photo. 8 (¢) DMIERBRE LI MET

BHiD, 2REEFCHY LAERCa» VT ¥4 b
DFER S L TF<HBPEBIRINDL ZENLHLATH
5.
DIFEOBEBEREZELDHERDIHICHD. ((ISHH
DERIC X2 TEERTH T bW WiEiz, 2
WERHHBFEEL, TP EERFORELXHEETSZ
L, KRELNMTELORI ZFRENAEBHTHD. T
ftbhb, GEDOOLERFAREHRD a v VT 34 POFEE
W, TOEEFEFOMIEtE b7cb3. LiL, &
H-BEER EICRbh T b, Zh CTRBATE K
W BETORREEZPB T MDD a~vvT o34 FEEE
EHHOREEL L2 TEB XN TSR 5.
BB 2 RERHESRAE T HEATI L < b2 b
V. Lip L, ZRIL, ZREZ b fec §40OF 1

Photo. 8. Primary and secondary deformation bands.
(a) Scanning electron micrograph of sur-
face relief (1094 tensile strain at —74°C).
(b) Scanning electron micrograph of sur-
face relief showing that a secondary defor-
mation band hinders the growth of a pri-
mary deformation band.

{(c¢) Optical micrograph of @ martensite
in primary and secondary deformation
bands revealed by polishing and etching.
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pESS Schmid BF23 ClIHBATEL Y 2 KT <%
DEMIEENC I D TCET B EERHS LTV DERTH
HEFZRD. bBhA, 2RERFOFRDL, EHEHL
BEMERICENE LTRZ SO TR LY. T TEH~
XS, BEHFORLRAILY o — 4 — XFENTH 5
A, ERWOSME, HigiEEe HE A~ & EEn
KEHS. BLERTE, RO BEHIERPNE v
Rizdh, »5BREZREEFIHIEFEELTVS. Kk
DEEFO GBI E—RTihoT, 2RERTFEH
n, HILWELERSORESLT 2 kTS Fbh
5 X 5 O REN K E LI TE{LIRAETH S
3-3-4  ETA MO KET HE

Fig. 51, F—ARoETh, FIERMER & EMHERR
ETHRIRBENRIEDZEEZRLTVS. £, REIC
W 2%DUMHETINT A M TELBOEERE
FITRLTHS. ZORENFEO»THMETELD
ZEREREPSHLPTHA S, ThbiXRl—DREICH
FLTVS. EEFOFCIL, edav T ¥4 bk
X r WMEB DN, a=vF o H4 FidfEE LT
YU ERICHEVHFES LAV LRT Tl e~
WFHA ey WEOARZ, {111}{211): BUIETF D
BEcXoTHEL, ThbRTRY LREDOTE—FMR
f (unidirectional) &>z L2, FFhiC X2 TE
RICTEE) LB WSR2 & (3-2 &) Lo
BFEL X LBBALAE

Fig. 5 0EBRICHA VB TR b E 23 VWIlE R &
%@ Schmid BF (M) 1%, 313K Trx (111)[121],,
M=0.49 TH b, EHEEE T, (111)[112];, M=0.31
Thol. ZOZELBFOTNDIC X 5ELIE» 5
LR ORLET X HBUTRA~BHIEBE (KTRLE
IBRE) A2, Fig. StV CREGRBRIC KT B A
2, BRI BT HX D W L #BIBT 5. X7
FT, 53R &L EMEHABROBIRICHDORESE L
DVE, SR TORINTT LABEUT, ELEHERT
DOERENTRUIBEL FTH 5. ZoBEMEIZ, 558
AR TRER T 2L L, BRGEHOFEIREKRTER R
TVva. EMRHABRTIITRO84EL, EORERE]Y
BTV D. ZOOBRICHOBENERAEINS. &
ENCR LCIBETCOR RIENE R bHEE 23w {111}
L TRIFRA~SET 5 &, 5IEERERTI34.3 kg/ mm?
FEHEABR T, 4.0kg/ mm? LigDTh ik HES
BOFB/NE . ZOBRFYEG I, IBECHEERYE
25 LEEABOBEEDFBEDENELABRETH
54, LOEBER, < EbERE LTE RO
HRAEHRZLERLTWEEERS.

73, —60°C ToOEMREB T, (111)[112); By
FIZEBERHOMT (111)[112] FEFRICFTRE
iAo/ ZoWEiRIE —0.28 £\+> Schmid
BF &L, (11112, oxhix 0.3l iF <, FEH
ART2HERCHELTHIRTHS. LT, &
NEXDERFTIPLVDOEETELHZ & LFREHET
X,

Pl iz &, X 3-2 & 3.3.1 CihR/z
EPDDLRBEE T, R ZWMEERRIZ LT 34
MRBELLTL DT LI, HTOHFEED ~HTH
D, BUTEOEFROERCIILVWEEZTWS. LA
L, B s ZERomiiEibe L CitEs 4 56
KERFITZEDDTIIRL, =774 FEHEROY
ErI R 58 2 B 2 N OWRIK ST X B £ 2T
5. ol A, BEMELDOZEHZILED, r—e
LREIARTEIGEZ £ 50T, EHFHEDOSFMBIREWE
XDdr—> e TREIIREINERETHS. LirLigs
LERMRE N LETADOTEY, 17— BRERNTH
I EWRIER N NST B EE LB L, evAF LY
1 FOFEE OHEDATHF) KD & B BT
&, BETD ¢ wNFH 4 b variant LT
foo ERRISZ EMBavvF 44 SOFRRETHT B 5L
ROV THLE XD LR TTIRIBE LA, b
b, 7—=evNT Y4 MERBIE, {111}:Q210): R
AT X AT, SN, roa~OBRFELE4EL
5 {111} <211 BYBTR O B & 2 B 5 3RS 7 DA
BHUC, roa2vFr44 FMERECEE TS FL
T, BRRKERRZ, YA 2 BT 5 H o s 5540
OFHRICHRCEHETESD. COEE»STHIE, T
DK BEUBREPRIERED 2 VT 34 bRk
ELTHES B 1D Sz ed, TXIFETHERIAL
BERONTBEHNDRSDIK/PMNC X O THEBEShERE T
Licies. BEECHELTHTHDN, B—Fph
ETANDICGELT, BT <0 R THE Z/FEDIER
BEELCEREL, ABENOSH DT T > & ok
KBTI WATREMIE e B &£ 2 A 0 LIXTRET
H59.

3-3-5 —20°C iz i3 REHBA

Fe-Ni, Fe-Ni-Cr £&£13d 5BEEHMICH VW TIEY
WARE R R T80, KRARCHVW A -7 34
FAF L ABBERIZEVWCD, HEHIREGEHEI
TERFCKERBCEZHIL7-DT, TOEREZ RS .

FRRCBN A —ATF A AT LAEBESD
WENCED X TOSERMBUNE, SERARIE % v EME
< AHSORBBECIWT, 50~609% BETHO
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Fig. 10. Stress-strain curves and change of
magnetic permeability at —20°C
and —40°C testing.

foo LU, HMEIEEH —40°C itk W CIRENF £ T
SIERMEONE, #9 150% s, —20°C kT,
200% Ll R o7z, Fig. 10 12 o S h-2ehig &
Ea L IBERR o OBFBRETT. KX b 200% Sk
DU E TRTHRBRIEE —20°C 1T\ T gy OEEIITR
WwWok, 2%0h, —20°C Tila<wi7ro94 MIRLE
LTwiswZ &dbrd. Tihbb, ZFEICH V18-
44— 2554 F2F 2 L AMIE, Fe-Ni 54 LR b
T KRELBUDOREDI DI a v LT ¥4 bD
BREIAUETHS. HkdH 5 Lk —40°C DEBRE;
RZLEDLATVS. ZORETRMEZHKOYDIE a
VNT YA bOFEEN L, KEEBEHTROE
B, BIBRBEOMTEILLKRE <7V [HUEH 60%
KD EBIERN BN IOBME»ba v VT
YA PBRE LIS, TORSET X FOKE 2L
LB, BNTHETS. Zhida<b7 ¥4 b
BREZTES LTI AE <7D 2 & ODFFERT
H5.

4. & #

WEAMERACTREX L 18- 14+ —-2XFF 4 FRF
CUARBEESE VT, T4 MERER BT
TN X LBUERTORE, BUHEESTEAE
FUoHA MNEREOEITIC I > TR Z 50 LRERE, B
XTI EIET NNNFRAMORE, BEEESOEN-
EHBRCBIET v VT oA FEROBELZAS, DT
DEEmE 5.

(1) =594 bPOREEDFTICE 2723 XD ic k
LRI, TOHOBMBIC I >TEL S 18-14 2
FUVAD R VT YA MERBIZEET LS. Thbb
BEBDIOCRER, BT D RIS EIT R BARERIC
ETNTLUHA Fbav Tt MARETE. TE
T L, BRT DM FIT Bk OEEEME A 2 h
LEDThbs. e?NTF 74 b Ms SI3BRTH
EOEDLLRVD, avwTFo ¥4 b Ms S 3BED
BKEEDITET TS, Zo®hHil, B —Foxh
BT NDDHHRRKE .

(2) REMELLEETDIC X 5MEETRIT <L
FoHA MERBICKDUMUERC L OTEDL L. WBHE
VERPTENC B LT3 L, {111} T SE1T 7 B AR AERR
BYEDH. TR e wvF oA bERES {111} 211
YT R OBIRIC N AR RIS s B FIC BT T E  (ELK
W), TOESWWTIXIT LA S —FEDME 0.31 L7 5.

(3) EERWCIAT, 2REETIRETS. 2
KERPREEREOH e R EEZHIET 5 XS
B ek smT 5E, BTV EFEELTRER
INTEE{E~%%.

(4) =744 MERER R MR O )
B—AmEETd 57D, BEEEPEEOETICL DT
T LRI — AL OMER TS, FERMHTET & EHEfE
TOMERKEREIRRLS. ZhEEUTa s e 2T
1 MORATZREDIAFMAEMTIKTF TS, Thbid,
TNT YA NERRIC ST HYEIRF B8R S H B
HEVO T ELLEHEMCHETES.

BRI, AR ETH, BAOHEE LTWwiziui
F. Lecromisey fi4 (CETIM, France) & ZEERO—E
KB LTwRlwWichBE—RERICER# T 5. EBRE
D FEMEKFE R (B PRI R E— 1 SRt
R LR LHEEE LV
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