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TR, HERBREEo = kL F— &P ORI NI & > THRZRBREICR > TR Y, HEKiRRE{b
AR, BEWE, BRI X—ICBET R ORE S TESFICB VT HREREIC/R > TN 5.
IO XD BRRFEHIN AR T 272012, BE OBBICITRWETT2 2B RE R E 2 A T 2 F B O BR
FLIGANHED HILTWD. Bk E LCTiX, RGCIEME, GURMEREA R, B K, 2\E
TEMARARE, T BB EATEOMEIAIIE SN TV AW @ 2o, MEAESKRE (Buy
PERE) , BOAHBTL T (et v HiER) |, @UARTEARZT (T 7 Fao—2HRE) L
IEVHMEE LTA TV Pz MRS IERIICER ShTwa® O —o®Emmie s 7Y
Tz v MEOWFIE Z TG S BT Bt O — o3k Ei iR &4 (shape memory alloy, UL SMA)
T 5 N"® SMA Tiddh 2 0L LT RENT EORRAE L, AR L R CRREEEAENS.
Z DIl O ORI, LT2BTRE & 72 203, MBUZ L0 2 OBREERIXIZITE
BT R0, BRPTICED. Ziudk, @FOSRIZKIT DML DTNV ERTIERL,
~NT YA L (martensite, M) ZEHE & PRI D A E O ZIZ Lo TEENAEL, MBI X
LHYWERRTIEIRNEDL IO THDH. ZO X HITER LIRS ) N OB LV DR~
ERDBG AR E (shape memory effect, LA T SME) LRSS, 72, AMIC LV BEIREE
Z L%, BRETREEICEW TR OBEEEARETBE L H 5. ZOGE, IR0 R
HIFRIZARBRM CRERE AT VU R —TZ2f/i&, BEOWEERZ TN LOSKEIOD

WHETECTh 572, HiME (superelasticity, LA K SE) EFEHINTWS. SMA [ZZ#H SME
R SE W oloa=—7 REERERE AR L, RERLENENET 57210 T <, IEFITRE 2FE
IEHBRAETHOT, T/ Faz—FAEEICERTBY, ZTOIRAMERMICERShTHED
—(0, 0919, 18). @-CH g1 2 13, SME ZFIM L7-BA1E, % LR E R LTI % &k
XREER DGO, ZORERDEZRE N7 7 Fax—%, S5 IAB 25
BB Z R R TR FESSHEIN TS, SE ZFIH L7255 I128 A KX REE O AT
FIVX — DR L OB, AT X7 L—2L, b= a3 —, BHEMSISH ST
L. FMZBOTHWLA TS SMA X TINI R, CufR, Fe R &ENH 5. CuRITIMIAES
T T b 2 AFESRRL K & < MR UReME & IR 7RIS & 5. Fe RILEIR CIEBI 3~ 2 A3k
WU R & B RIEREICRIRED B 5. TiNI RITEAITH 22035, Kb ol CTEMEICE 2, o
SMA IZEERTE ITFHEICEN TV D T2, BEEMRIZBW TR BZ VLTINS,

SMA DISHIZEWTRUESR T ARG T 272DI121E, MEIOE - NFR/HENRLETHSH. SMA
OMSBERFEIL, T CILIRRZ L 912, FIZMERIZESWTHNRS. SMA O M ERBITIRER X
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DIBIRICHEAT LT T B0 -GV B2 0F, —EISH T OMEBE HEIT SMA FET1E M ZfE &
ERICKY 2 FMOEEEZTSH. 7AL—TDHAEICIE, MARETEUELOTHOKE S(T6
ST DR E (A bu—2) 1), SMA R FIIMOHiAZ T 5. LinL, 7 0—7D8RAI10IE,
SMA HFAFTIE M ZREOTHORE SIZXHIST DT OR hr—2 3G o020, FfEZ, OF
FEFHR LT SMA F1- A ME- AN L 72355 2B 2 BHRIE D O 2 b b 7 v — 7 Tl BRI ik
FT 20T, BENOEIZTNN—T OEEI_RTNEL 725, LIER-T, BEHET 2
Faxz—uRy NMEOEEN L LTHWAEE, V7 A —I2B8IF2EENEZZ v L—T
DEA L FRRICITADICFIH TE 2. F£72, M ERBITAMRRA R X OB HI O EE K FT
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SMA 23T N —T A& 2T %6, —EIR FTIEOT AOEB T A EFHE s V) — T AR
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BOWTIIAROEREN D2, BEERBROBEITH L WD, ZhbOBZICHES< FER
HURFZEIE 2 E TiThiu T, SMA O TIE, i OEB 2 HIH 527 7 v F07 L—=F,
WECEB ) &M 27 7 Fax—%, BLORRERZHTT 2567 Sl T, fiE
RIS 20BN HDH. SMA & IO 256, iGN IS 5 AT 58 & BT 54
ERDHD. £z, SMAZHWEZN O8RS, HAHMEE TEESEEOMELRFFTD L1
FET 2 Z LBV, —EOT A NI TR R G 2 5 7o T3S /B3 X OVER ) [ A3
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HZENFRETH D, —J7, SMAITIEE OBBIZHARD LIEFICKRERER 2T 5 2 LAl
o D72, IR I TEME R TEN R D D, FIERAIN TN D SMA ITHIWT A PO
WT—TROTERN L <, 2 OB 2 95 5 BHE I IR Y (41 5720 DO N ERIC S TR M EE
ThD. ZIHOERN S RO 5758 TIL SMA OS5 BR A E#E L\ =, SMA O 555
RICBT BT — 2%, HRMICH D, L, SMA OFERIZBNT, £< DA SMA %
TIERE LER S D, 65T, SMA OEFREZMEIT 5 2 L 1% SMA FE 1T a%EtT 5729
FHEFICHETHD. ZDDIZ, SMA Ol R IZ BT SN 2B I L D SMA
DI IFFIEZ DN THIZEDM TN TV -0 —35 SR oE stz m ESE 5 5EE LT,
vay == FRENARERHHW. N biE, MEREICEMREERIS N2 B C AR 2%
TG EOBIRIS ML, 7 S SERZEOE LR H 572012, FErFmiTE 5.
A, TiNE SMAIZEFR A AU A EANT L L REE S O E3 % Z &% N. Levintant-Zayonts 512 &
DEENTNED. ZoZ Lk, TiINISMA IR A 4> ZIEAT D R HRIEOm 45 2
ERHIFFCE D, EBIT, BHEAAOIEAICLY TiNi SMA ORMHIZEWT, AMRIZHEER S
HNBEMET LTV E @GSN THY, ERSHICHR ST a0 © 00 00,0305, 08).
W) @H-COEN - Upv L, ZHE TIZERA A > & 1A LT TiNi SMA O HEIC SV T ORFZEIE
W S TWZRY. 2O X 51T, TiNi SMA OJEITRFEIC I KIETERA A U IEAOKEL, SMA
FFOMEHRA AW LSEL-OICEHEETHS.
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AHFFETIE, SMA OHFTHRH L EH I TS TN SMA IZOWT, JERA OIS HlE Y~
N—T AR T DM AR, — IR TICBIT 2 EEHE 7 V-7 B0 U — 7
Retk, — @O FICB T 5 AEFHEIS IR L OIS EE R, BLOERAA AU E2EAL
72U A XYM DOETIE K OYEFFFEIZ DWW TRETT 5.

Fi %2 DA 7 ) — T AR I T DML SV TS A TR oz, OF ARl
FHNZRY, OFTHOBEMAEND. M AR COTAAERT 554, SOOI 54—
—Ya— FBXOISHORALTET v F—a— MIBIRARW. £, M ZERE L HEEOHERED
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REOEREN LIRESMOELITHESE, e OV 7 —7AMICEB T 2BHMEER, 71—
L7 U —=7E R LIS LIS EE ORI S MC T S, £, 2 V=T L7 V=T
BICR L Tl & OIS IHRFFOT BN LRI 5 2 D508 2 0, IG R &G A EHEICEI L
TG TR N RIS 5 2 D BTNV TEET 5.

TiNi SMA U A YIZEFHA A 21 EA L, Hiflhg iR &Rz A ZVEHIE (differential scanning
calorimetry, LT DSC) |2 & 0 A & BRERE I T 2B AZ O L, iR Y il
Y G RRBRIC L VIR GTRRE R O T 5.

RESUE 8 EN DAL STV D, H 1 EITHR CTH Y, MIEEREAEO BE R ~5

% 2 FETIE, SMA OIS — O B —IRERIR, HRI X O 70— AL O OF 2l & ik
BN 31T D ETEREO W TR 5.

%3 TIE, AWFFECHEAT S TiNi SMA R 8B L OFEBRIEEIC OV T 5.

HAFETIE, flixOY T —TAMICET D BEEETERHEIC OV T 5

85 mCIE, ARy T —TARIC T AR UV —T L 7 ) — TR A 5
292, £, WHRRFOTHNRZ V=T B IO U —7RIEREICE 2 22BN TR
5.

556 I, I Y 7 L — TR IS T 2 EREFH RIS URER & IS EHEIC OV TR T 5.
7o, ISITHED IS IRERT KOS EIERHEIC 5 2 DB OV T B MNITT 5.

BT ETIE, BHRAAUEEALR TN SMA U A YOEREIRE, £ L O TR0
T, DSC B, Hfh5| iR L OWiHR 0 i h P 7R B L o 0c T 5.
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6 =E&+0OT + Q¢ (2.1)
E=5(0,T) (2.2)
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Fig. 2-1 Three-dimensional stress-strain-temperature diagram showing the shape memory effect and

superelasticity of a TiNi SMA deformed below A and above As
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X Q1) IR E R AR A R X (22) IEREOMEITRRE 2 B ET 5 ik
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Z(c,T)=0 (2.3)
Z(o,T)=1 (2.4)

&%, X (23) 2N MERDBIIASM R LOWERORK T &M, X (24) 25 M EREDOR T 5K
BIOWERERORIREZZNENE 2 5. X (22) ORKEL L TKhKEEZS.
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; =b,,C, T —b, 6 =0 (2.5)
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[P



ZZThbw Cw baBXU CaldttBE#THS. K (25) 1T M EREICEHT 2BFEATHY, K
(2.6) ITHWAERICEHTLHDTHS.
MBVERD—ETH L EMRELTHEST L, X (25 BLUAX (26) FThth

E=1-exp{b,Cy,(M, -T)+b,, o} 2.7)
S=exp {bACA(As _T)+ bAJ} (2.8)
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o=C,,(T-M,)-2In10/b,, (2.10)
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d (2.13)
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dT
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ORBIEIMZEERBIOHEETOREICHY, TNENDRICEIT D MHOKRE»REZ LB X
V& ET 5. HDOBHEMAB LD A IZTNENDENRLB L VG &b ikiEEERT. X (2.13)
BLOR (214) THESNOEREOERSEMIT, M2-3 DR ABLIUTRBNLRAITRENDS
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Fig. 2-2 Transformation lines on the stress-temperature phase diagram
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Fig. 2-3 Conditions for progress of the MT and the reverse transformation in the subloop loadings on the

stress-temperature phase diagram
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Fig. 2-4 Stress-strain diagrams in the subloop strain-controlled and stress-controlled loadings under

different loading rates
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FIE ARABIUEBRERE

3.1 #RMBRURBRA

MRS, 7 U — 7B KON IR RIEER I W TR B o b (R T s <
7 U T VB O SRl A R Zfkdh Ti-50.95at%Ni SMA i Th o7, MBI X 2 f
¥H0, 0.35mm & 0.7mm, EIZZFHNZEN 10mm Thot-. RAEEEEER (differential scanning
calorimetry, DSC) TR 7-#48£t> R ¥ (rhombohedral phase) ZHREBRALA L #& T DIRE R, R, B
KO RERA G & H& T OIREE As, AdXENZEIL 279K, 245K, 254K, 281K Th-o7z. Z DOk
MOREE 0.7 mm O EDBERER T 2K S 120 mm & 170 mm (28] H L CEHMERER 21T > 72
F72, EX0.35 mm OMEN SR ZE S 170 mm 2810 L T2 U — 7R BRE L OIS kR
R Z T o7, RBAIXENEN—RIROEFM Th o 7. BRI T A TR
BT Do NHEREIOFE S T50mm & 100 mm O 2 FEETH Y, HEEEOT A7 M (fEsfk)
TENENE L 10 Tholo. 7 U —75ErIs L OIS IREMERIZ 31T DA R BERE ISR i 057
A DR ST 100 mm Th - 7-. K 3-LIT@E#HMEAERR, 7 U —73ERE L OUSiEfmaER Ty
TR A TR A T E iR T, Bl 2Bl 2 2o A £ Hi2i% 2000 FOx A Y —ik
WCEVEEEM L2 L7z (K3-1) . V—F7 T 7 42K DIREDA 2 BEET ikl M 13
BOPAE —IRIGESE ST (¥3-2) . ZOMEOBITHABRAFRTREICEWTHESETE
0, BEOREZART T2OOHEN L TR T O 2 (178 Sz, Lo T, BiiEo s
EHEGABRA ITiiLD Z &7e <, B DD FoBENIALE K 0 AR SR, RO A
175 SEDRFOBDEBITHE . Z D 1 512 UTERL L 72388k i 2 5 U T T B 17 - 72
L7eDio> T, BB OFREIIFRAKIRE LR Tho 7.

I G7R BRI BV T W BB A O 1 () 7 7 2 <=7 U 7 VD £ 5 i Ti-50.85at%Ni
BRFEEEEVA Y THY, F|RITBW MM ZRT. EEIZ05mm Tholz. Z o)
LR 2/ S 80 mm ITH] v i L7z, o7 aiBRIC LR T DB O K 1% 30~40 mm
Thole. ZOUYIHLIEY A YEK 3B ITRT L IITIRETEEL, M 3-4 1573 L 5 1Tkfmd
% 2 7155 50 keV DIMET RN F—TERA A ZEA L. ERA A EARDOEFHLS x
10" J/em? & 1x 108 Jem® Th o 7-. 3 3-2 [T RBRICA V=R A Tk 2R
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Table 3-1 Specimen geometry of TiNi SMA tape for superelastic test, creep test and relaxation test

Test condition Width [mm] Thickness [mm] Gauge length [mm]
50
Superelastic test 10 0.7
100
Creep test 10 0.35 100
Relaxation test 10 0.35 100

Table 3-2 Specimen geometry of TiNi SMA wire for fatigue test

Diameter [mm] Length [mm]

Fatigue test 0.5 80

32 EBREE

321 B|RARE

HIIRRERIZIE, KGR SRR IEE ( (bR EHERYERTR EZ Graph) & Vo, 24Uz
51 iRAEREE L INBG EIEE & DI STV D

HEIERER, 7 U — 7 RBRB L OIS IERRBRICRB VT, WMB A REOLRER L IRES LA B
B 5010, BREROBEIIET VAT AT (S () # DMX-HD2) i L OEh & fighr~
Ar7vaRxa—7 ( () F—x= A8 VW—6000) M\, BT RIMOLREIC K 5B E
S EA L DIRERCITHNRY —E 7T 7 4 (HAET B4 =2 A (Fk) 4 Thermo Tracer H2600)
EAWCHIE L. £77, BEBEROBIICHEWNT, &) EOTRIEXENEIAFRL T & AFRO
FTHTEDZ. LB oT, OF HlE &SI RE T TN AR & EmsE IS T 5.

EFA T UHEALNE LT TiNi SMA U A ¥ O 5 [BEFRERIZIE, 25 M HEEES0 mm OO v,
Bz HE L.

3.2.2 WHR YV YETE Bh T 55 BRI

7RI SMA 0 iU 95 PSR IBR FR L BRE & u7- THIR 0 V1 el 1 7 kD 2 L 7
X 3-5 (CHRBESOWIER A 7T, —ORBET, T— OO REEER A CHE L=y Ty
DB LORBFHMD 7 T 7 @IARZ D 2 LIc kY, iR L OFEY EEiif % 5 2 5% c
b5, OTHiERe OMEE, ShHRHOOESRY 507 QOB IMELELEED T LiC
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EVITo7z. Fe, MFICK 2B OT HAE T THLE LR v FmihF 2312525
ZLEMTED LIS, AOOHAHETITABRA 272 2ICEEET, Fv v 7 EBORNO 2 il
TN B HICEEES) T 28 & Lo, Bk LB 7 — ) oRlfsz & 312 L - THHY
A ACRRSE, EHMEEEISRICE (k) FoxrAMoB S Mii~A 7 nXa—7
VW-6000 % v 7z,

Fig. 3-1 Photograph of specimen after mirror-like finishing process

Fig. 3-2 Photograph of specimen with covered by soot obtained from bees wax

5% 10 J/em? | TiNi wire-samples

1% 108 J/em? |

Fig. 3-3 Photograph of ion implanted NiTi SMA wires in special holder
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Fig. 3-4 Direction of nitrogen ion implantation
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@ Speed controller Crank 2
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Fig. 3-5 Experimental apparatus for alternating-plane bending fatigue test
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(1)  Furuichi, Y., Tobushi, H., Ikawa, T. and Matsui, R. : Fatigue properties of a TiNi shape-memory
alloy wire subjected to bending with various strain ratios, 2003, Proc. Instn. Mech. Engrs., Vol. 217,
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(i) JETTHRE—E T EISTIKEE DO 7 2 %E TAfMT L, ZO®RIE) 2 —EICRFFT 2 aER
ATV, 7 U =T A T

(iii) OFHHE—7E T LEHE « TEOISTIKEEIZB N TOT A0 ok LAE ¢ 2R 4170, &
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43 ERFERBIOEL
431 YITN—TBEEER O HEEKFME

(1) —BOTHEET TOER

—EDOOPTHHEE 1x107 s 55 L O5x107 s 0 51 #EaER T b 71 -OF Al & (X 4-1 1201
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BIZBWTOT AOEIE T 2 @R 2~ ROTAEHEOLE, Ak L ORmRfEizkl
WTENEISITFEE M ZRE & R REIC K 5 B L TEDISTIAREENBLN D . mOT B EED
By, BRI COMBOB X N K E <, M ERER L OWARORL & ToRBHEE TR 5.
OTHFENFH WG, ARV TEMERICE VIRENREL 20, M AREOHERICLE
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500 dg/di=5X10%s1
@ Loading
E—
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@ Unloading
0
0 2 4 6 8
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Fig. 4-1 Stress-strain curves under de/dt = 1x10™ s and de/dt = 5x10™ s
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(2) —EISIIRET COER
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BRAFICEB W CIRE BT 572012, M ERPERT 5008023, OTHBENT5 2 &
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. 300 do/dt= 0.5 MPa/s
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w 200
C,
100 «-—
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0
0 2 4 6 8 10
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Fig. 4-2 Stress-strain curves under do/dt = 0.5 MPa/s and do/dt = 5 MPa/s
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DIFHIENN.

-~ -
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(a) MT band without tinting (b) MT band with tinting

Fig. 4-3 Photographs of surface on the specimen at several strains ¢ without tinting and with green tinting
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Loading k Unloading

Fig. 4-4 Photographs of surface on the specimen at various strains ¢ under stress rate of 0.5 MPa/s
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Fig. 4-5 Stress-strain curve under stress rate of do/dt = 0.5 MPa/s till strain of 2 % followed by constant

stress
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Fig. 4-6 Change in strain with lapse of time in creep test
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Fig. 4-7 Thermograms of temperature distribution of surface on the specimen under do/dt = 0.5 MPa/s till

strain ¢ of 2 % followed by constant stress
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Fig. 4-8 Photographs of surface on the specimen at various strains ¢ under stress rate of de/dt = 0.5 MPa/s

till strain of 2 % followed by constant stress
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Fig. 4-9 Relationship between volume fraction of M-phase and strain during creep deformation
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Fig. 4-10 Stress-strain curves obtained by cyclic loading test with strain variation under de/dt = 1x10™ s

28



4.5% 4%

Unloading

4% 4.5% 5%

v

Reloading

Fig. 4-11 Photographs of surface on the specimen at various strains ¢ in 1st cycle of cyclic loading test
under de/dt = 1x10™ s*
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Fig. 4-12 Photographs of surface on the specimen at various strains ¢ in 3rd cycle of cyclic loading test
under de/dt = 1x10*s™
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Fig. 5-1 Stress-strain curve under a stress rate of 5 MPa/s followed by holding constant stress at 508 MPa

Strain [%]

from a strain of & = 2 % (point H;) during loading and holding constant stress at 231 MPa from a
strain of & (point Hy) following a decrease in strain of 1.5 % from the maximum strain &, (point
H,) under a stress rate of -5 MPa/s during unloading
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Fig. 5-2 Variation in strain with time in the creep and creep recovery test under a stress rate of 5 MPa/s

followed by holding constant stress from a strain of & = 2 % (point H,) during loading and

holding constant stress from a strain of &; (point Hz) following a decrease in strain of 1.5 % from

the maximum strain &, (point H,) under a stress rate of -5 MPa/s during unloading
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Fig. 5-3 Photographs of specimen surface at various strains ¢ under a stress rate of 5 MPa/s followed by
holding constant stress from a strain of & = 2 % during loading and holding constant stress from
a strain of g following a decrease in strain of 1.5 % from the maximum strain &, under a stress
rate of -5 MPa/s during unloading
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|

Fig. 5-4 Thermograms of temperature distribution on the specimen surface under a stress rate of 5 MPa/s
followed by holding constant stress from a strain of & = 2 % during loading and holding constant
stress from a strain of & following a decrease in strain of 1.5 % from the maximum strain &,
under a stress rate of -5 MPa/s during unloading
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Fig. 5-5 Stress-strain diagrams for creep and creep recovery under stress-controlled subloop loading
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Fig. 5-6 Stress-temperature paths for creep and creep recovery under stress-controlled subloop loading
(OAB, C’DE: constant stress rate, BCC’, EFF’: constant stress)
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Fig. 5-7 Variations in strain with time in the creep under a stress rate of 5 MPa/s followed by holding
constant stress from various strains &; (point H,) of 2 %, 3 % and 4 % during loading and holding
constant stress from a strain of & (point Hz) following a decrease in strain of 1.5 % from the

maximum strain &, (point H,) under a stress rate of -5 MPa/s during unloading
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Fig. 5-8 Relationships between creep strain rate £, and MT strain & - &vs, and creep recovery

strain rate — ¢_and reverse transformation strain xs - 3
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Fig. 5-9 Photographs of specimen surface at various strains ¢ under a stress rate of 5 MPa/s
followed by holding constant stress from various stress-holding start strains & of 2 %,
3 % and 4 % during loading
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Fig. 5-10 Thermograms of temperature distribution on the specimen surface under a stress rate of
5 MPa/s followed by holding constant stress from various stress-holding start strains &
of 2 %, 3 % and 4 % during loading
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Fig. 5-11 Variations in strain with time in the creep recovery test under a stress rate of 5 MPa/s
followed by holding constant stress from various stress-holding start strains &; (point
H3) following a decrease in strain of 2 %, 3 % and 4 % from the maximum strain &,
(point H,) under a stress rate of -5 MPa/s during unloading
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Fig. 6-1 Stress-strain curve obtained by the test under a stress rate of de/dt = 5 MPa/s till a point H; followed
by holding strain constant at ¢; = 6 % and thereafter unloaded till a point H; followed by holding
strain constant at e3=2 %
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Fig. 6-2 Variation in stress and strain with time obtained by the test under a stress rate of do/dt =5 MPal/s till
a point H; followed by holding strain constant till a point H, and thereafter unloaded till a point Hj

followed by holding strain constant till a point Hy
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Fig. 6-3 Photographs of specimen surface at various strains ¢ under a stress rate of 5 MPa/s followed by
holding strain constant at a point Hy (& = 6 %) during loading and at a point Hs (g3 = 2 %) during

unloading
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Fig. 6-4 Thermograms of temperature distribution on specimen surface at various strains & during loading
under a stress rate of 5 MPa/s till a point H; (& = 6 %) followed by holding strain constant till a point
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Fig. 6-5 Variation in stress ¢ and average temperature change AT on specimen surface with time during
loading under a stress rate of 5 MPa/s till a point H; (& = 6 %) followed by holding strain constant

from the point H; to a point H,
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Fig. 6-6 Thermograms of temperature distribution on specimen surface at various strains ¢ during unloading

under a stress rate of - 5 MPa/s till a point Hs (& = 2 %) followed by holding strain constant till a

point Hy
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Fig. 6-7 Variation in stress ¢ and average temperature change 4T on specimen surface with time during
unloading under a stress rate of - 5 MPa/s till a point Hs (g = 2 %) followed by holding strain
constant from the point Hz to a point Hy
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Fig. 6-8 Stress-strain diagrams under (1) the strain-controlled condition (broken line) and (2) the

stress-controlled condition (solid line) in the subloop loading
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Fig. 6-9 Stress-temperature paths for stress relaxation and stress recovery in the stress-controlled subloop

loading (BC, EF: constant strain) on stress- temperature phase diagram
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Fig. 6-10 Stress-strain curves obtained by the test under various stress rates do/dt till a point H; followed by
holding strain constant at & = 6 % and thereafter unloaded till a point Hs followed by holding strain

constantat &5=2 %
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Fig. 7-1 DSC curves of three kinds of wires with non-implanted, 5 x 10*® J/cm? and 1 x 10* J/cm? of nitrogen

ion implantation
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Fig. 7-3 Relationships between the bending strain amplitude and the number of cycles to failure for three

kinds of wires obtained by the alternating-plane bending fatigue test
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&,=1.04% &,=2%

Fig. 7-4 Photographs of a fracture surface of the wire ion-implanted with 5x10*® J/cm? dose obtained by the
fatigue test for g, = 1.04 % and 2 %. C;: maximum bending strain point at the center of ion
implantation, F¢: crack initiation point

Fig. 7-5 Angle @ at crack initiation point F; from the maximum bending strain point C; at the center of ion
implantation
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Fig. 7-6 Relationship between angle at crack initiation point |8 | from maximum bending strain point at the

center of ion implantation and bending strain amplitude &,

733 ZTHRATUVEAD A, SuBXVS ~DHE

T, AFEACIT DU RERK TIRE A, EISTIAKCEE DS ] o 38 XK OV 57 %5y
MOMEEBIZONTIHRFETT . BT TR LI, A A VEARRPSWEE, AlxERL (X
7-1) , owlHETFL (K7-2) , gldvha<iesd (M7-3) . A FEANTLD AB I Roy ~DiE
BIIRFCERWLH L2 B LK TH . REESEIRE & WSS, AL ER L, ou
FIEFT50 4 AL AR L EAFEADY (I,= 1x10"° Jem?) Doy & A DZEALEIE Ao | A4
IZ55MPa/K T 5. = OfEIE TiNi SMA DOZERESE OAE X |27 D,

AFFEANEDNDVIRNGE, AT CTEANCLED A, onB LB ~EEII NIV, 2, A4
HEABEDREFIZZWEE, OIS LEICEMT B2 005, ZOZLEBETH L,
A, ouBLOBEA A AEAE |, ORI 7-7 IR THEAKD L 512725, K 771280, |
XA, ouBLOBXLTA A AEADEENBNIMED DA T EARETHY, g L0 A FEA
BNVDIROVEILTIE A, on B LB DOZEALIT/NI V. KIX A, ouBLOBFR L TA AU iEADE
BN 54 4 FEARTHY, I3 L0 AT UFEABDRZWVGEIRTIE A, ow BL BB OEIE
NSV, T A, onB OB & s OBOFEKICE N TEET o EEZBNS.

FEREIVEONTZ A, owBLOB EA AU FEAR |, ORREZKT-8IZ7RT. X7-8 128\ T,
13 2x108 Jem? ITAE(ET D EE L, A, owB LB OBIZTRDOATRENS.

65



Af =a, Ioglo(ln/|0)+bA
O-M :ao' Ioglo(ln / Io)+bo (75)
ﬂzaﬂ IOglo(In / Io)+bﬂ

FNENDOMFEEIT ap = 543 K, by = 291 K, a, = -31.4 MPa, b, = 444 MPa, a; = -0.0921 and b, =
0673 TH 5. FHHEINE 1, & IIFZh2h 2x10° Jem? & 1x10° Jem? 72 5. 1o & s DFERIZ D
TIEHASBROWMIERETH 5.

Unaffected Affected Saturated
region region | region

S
<
1
1
1
1
1
I
1
1
1
1
1

Aps Oy, B

Fig. 7-7 Schematic dependence of As, o and gon I,
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