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1. 1. FZ2U5&0f%
FHURBITRETHBETH D LWV FHEZTEN L, T OMHEM 226
PEEMER ISR STV D[1-3], BEMED 1 D THOMEED Y = v
Moyt JERERE (RRERVIATLRITEML, 7 7 Ete) . BREER (E
MEZE R IRBE T HEBAL) . # — By BRBET A TH —E U ZE L, Al O
% BRE) S DN D DAER STV D, T A OEIEM XTI LR O
Hih & LT BEBRCT 4 A7 (@EBEY AT DD FRIR O L) %o ElEsE,
AN JE PR D o — A i & §H3 S O IEMER R STV D [1,3], R, [ElER
KEBE DT 4 271X, ZOBENERFGEZ | SEZTDEmWE R RD 6
n5[4],

1. 2. F¥ U AEORBFENIREAREIR

1. 2. 1. HHLARKROBRESTR

M2 13 882°C CRIFRZREN L Z 25, MR RRIREE L 0 MR I3 s
RONL 1 (bee) D BHABLZETH Y AR TITHEESI7HE T (hep) @ o fH
ICZEHET D, o FH & B FHORE MBS & B2k i 2 NI Fig. 1-1(a-b)IT7R
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3, Figure 1-1 (20T & > OFERIZBIT DT EH%E 7T, hep-o FHOKT-EEK
%, a=0.295nm, ¢=0468nm TH Y, c¢/a b’ 1.587 TH D, ZAUIRKENRNS
MG OB 1.633 L0 /S, ST OREmIZ{0001}. T, KEITMIE
<1120>. T 5, bee-B FHD 900°C TOHEFEEL 0332 nm TH 5, D
{110} T, EEFMIT<111> Th H[1,2],

(@)

(1010)

0468 nm

c=

Fig. 1-1 Crystal structures and main crystal planes. (a) Hexagonal close-packed lattice

(hep, a phase) and (b) body-centered cubic lattice (bce, B phase).

BRITHEZINNT 5 EHERIRENET 5, RENOFIR L, B HoEN
100% & 72 HIARDIRE A B N7 A (Btransus: Tp) EFES, FX¥ 5805
GtHIL, o BEMTEHE & BRENMTRICKEL FITLI LN TE D, a BEL
TLRITEHRO Al LRBATRLD O, N, C BREMTHY ., 2 bOLHEEEIN
THZETR M TP RABEART L, BEEMITHRIT. Ti-X2 JLRIRAEX DR
IS CTC 2 FEH D, —JHik, IREEKIC o fHE B HH & HFH L OMFELE L g\
isomorphous # A 7T, & 9 — IS Z 7T eutectoid # 1 7 Th 5, 44
A T OIRFEX DX % Fig. 1-2(a,b)IZ7~" 7, isomorphous # 1 7Dtk & L TIL
V & Mo 2, eutectoid ¥ A 7 Dit#E L LTI Fe & Cr N TEMICHEH LT



Do ZOMIZ, BT P RNDREDN/NS N Zr 0 Sn FEDOILE b B TRIE TR

ELTHIHSNLTWA[L2],
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Fig. 1-2 Schematic illustrations showing binary phase diagrams of Ti-X system in which

X indicates B-stabilizing elements. (a) B-isomorphous type and (b) -eutectoid type.

1. 2. 2. A&0EE

isomorphous % A 7 DF ¥ B4 D 2 JTRINREX % Fig. 1-3 (TR
[12]e 2% A 7O HLILHREEIT Ti-6A1-4V 54 THV . FEiEIZT B MR
10%F2EEFRAF T 5[5,6]. Ti-6Al-4V G4, Mizi— L ¥ O RZIZ L O,
FE[E R (RO AR R L 72 SITRIA < S Tn g, = ¥ v o EEsERIZ
WHNDRIDOEA L LT, Ti-6Al4V G4 L0 b B LZEMEN G | EHED Ti-
6Al-2Sn-4Zr-6Mo (Ti-6246) SN RENTH Y . FEiR TO B D FRIL 25%FEE
ThHD[7. TNDHITMZ T, Ti-6Al4V A4 L0 b o ME03 5 < MHEWE (FiR
7V —7HE) TN D Ti-6A1-2Sn-4Zr-2Mo  (Ti-6242) &40, Ti-6246 &4 X
D B LEAE DE Ti-5A1-2Sn-2Zr-4Cr-4Mo (Ti-17) A& N TN &
hTns,



Temperature

Concentration of B-stabilizer

\; Ti-6Al-2Sn-4Zr-6Mo (Ti-6246)

L Ti-6A-4V

Fig. 1-3 Schematic illustration of pseudo-binary section through a (-

isomorphous phase diagram.

1. 2. 3. ¥X9%

o FHOT XV R % hep & O BALf O 2 W T Fig.1-4 (2R3, ERT
AU IR ST D<1120> (<a>slip) TH Y, T f & L TIE{0001}q (&K
m) . {1010}« (FEm) . {1011} (#Em) 2H Y 9%, £ LT, Burgers X7 K
JZ ¢ IO RS & F55<1123> (<c+a>slip) T30 23 {1011} o (BEfH) | {1122}

($fm) TEET 2, BMHOT Y RIT, bee MiEZ AT HMOERE & RARIZ,
TR FANE<111>p T, T30 [\ IH{110}p & {112}p & {123} TH H[1,2,8],

c
<1123> 11011)
(11221 — {1010}
] -
as N
W
N <1120>
= Sl az
{oom}é._ - \\
aq

Fig. 1-4 Slip systems in a phase.



fliF & (aff) ITBWTIE, BRSSP EE A S BEEREEE— RT
HY . MEEE LTE, {1012}e, {1121}e, {1122}e NRESN TV D, fH L,
Al DI X0 B OTEENIINH S, A THRETLF 2 o EailB
TIE, HEREFE— FTIERWV[1,2,8]

1. 2. 4. fEdFR72RI7A LR

F 2 BEBD Boa BREIZEBWT, AR O a fHIZRAED B FH & Burgers D7
AZRE4R (BOR) ., O F 0 {110}p/{0001}a, <111>p//<1120>c Tl e 5 2 L 3515
ALTUWAD[9], BORIZIX 128 Y OSehdlh (NUT 2 R) DMFEL, 120 B
KNG 12180 ORI DTN Z G T D a AR TEETH D, afiE BFHHO
il A DR 2 IV T L&A BOR i 729G da if & 5 i ol % Fig.1-5 12
759, Figure 1-5(a) B #H & (b) o FHIZ VN T, AT BIGR 2 i /& 9~ 2 &G 171 0O (110)p
E(0001) &Ny F 7T LTS, HEATERZ AT 5(110) &£(0001) 12D
W, ED OEVES T M B BT IKEE % Fig. 1-5(c) A2~ 97[10], Figure
1-5(a,b) TNy F o 7 & HE LImiZHY L, Fig. 1-5(c)i23 1T 5 71 AT REfR I
[111]p/[1120]. TH D, 1 DD {110} EIZIL 2 D D<111> FIEBNHFIEL, T D
DIFNEFEIL 70.5°TdH D, FAITH LT, {0001 }q [N D<1120>4 7 1H [ D 77
X 60°THDHZ LD, [111]p £[2110]e DAEFEIL 105°TH D, 1 2D Bk
Fr2>5 BOR (ZESE R IS 1280 O o FHNY 7 MEO HAL AT
10.5°DIZ, 60°, 60.8°, 63.3°, 90°23&H V) 9 H[11], o/ FtiitEEE OFEMIX 3.2
Hi T %,

1. 3. F¥ U E548EM OB & KN R BES
o FHOTERRITRLIR o EARIK a IZHFHTE D, Ti-6Al-4V &4 DR 22 AMEMETE
RE% Fig.1-6(a-c)lZnd, ZHOHITNFHEMBETETHY . AN atl, KEAN
BARIZXINT 2D, TIZEH., (a) &7 A 7 IRHEE. (b) 2EALIRFHEE. (o)
_5.



A E— VAR E FHIN D, o HOTZRRIZ, &l T A Z WA TIERK (b L
KUIXZ AR | REALKAE TITRRTH V. o FHOFRMIC BFHAEE LT
WD, NAE—ZVHERIE, KRR o Sl T A TR o THERKS LTI D .
727 2 74K o 1% (a) & RIERICHCIR o & 7880 B FEA DA D,

PRI o FHOTRBIIKAET D, B2, 2l 7 A 7 Wk, i
PERBARIFIRSUCE N, RmbLAR, WO A | —Z VR ). SE
PE, AR A 7 VIR IR BN D (1],

[1120],
[111]p
10:69 4
60°/
N/ ——=3[1210],
a, <7 /
1210], /
[1210] / 0001),
4
!

[111]g

[2110], —
[111]
(110)p [iizoﬂj}laS

Fig. 1-5 Schematic illustrations showing the Burgers orientation relationship (BOR)
between o phase and P phase, i.e., {110}p/{0001}q, <111>p//<1120>q. (a) Crystal
structure of B phase in which (110)p plane and [111]p direction are indicated. (b) Crystal
structure of o phase in which (0001)q plane and [1120]q direction are shown. (c) (110)p
and (0001)« planes which maintain the BOR.
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Fig. 1-6 Optical microstructures of Ti-6Al-4V alloy formed by different thermo-
mechanical processes. (a) Fully lamellar (platelet o) structure, (b) fully equiaxed (granular
o) structure and (c¢) bi-modal (granular o with transformed matrix of lamellar structure).

o phase and B phase are displayed in white and gray, respectively.

a FHOTEREIE, BARIINT. & BULER D AR L » TED 1) 5, REMRRET
DR % Fig. 1-7(a-b) I ¥, T LH(a) Bk a filfik, (b) Kok o kO R
ETRTH Y, AR O LT HEDNREOFELZ | BIIR OB RGN T2 R4,
B DM, isomorphous Z A 7' D 2 SLRIRIEX Z HFFE L TV D, Bk o fl
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Wiz, mIRO B EAR TOME D L < IXEVLEE O o+ B I~ DM HELEB L TR
Ens (Fig 1-7(a)-(i) o WEEEERNEWIGE | BRI - TEfe 72 o /8 Ckr
Ra) DI, £OBOMANEIE T, pRLANS BRIFNIZHID > THCIR
a DRET D, ZOEE, ANU T2 RBE UHCK o 23BHE L CTAER L, 2R b3
TR ET D2 LTI ATROan =—MENER SN D, WHEEE L 72
HRE, R ESND T A TR aDag=— A XLT7 AT (BR o) OEHID D

L. HIZ, mEEENFEWGAX, W07 basket-weave KD o FHZENSE S
%o LT, FHUEED B RENMITRIBENE N, B N7 FABET L,
FRZE B A R C DI MRS 722 2565 R R/ T AR TdH - T h basket-weave R
D o FHFFEE DG, ARG TRG & T D TR 7R BE A 0 1 1 i
TIX, Ti-6A1-4V A4:137 A 74K, Ti-6246 A 421 basket-weave IRDOLRE L 72 D,
¥, ARBFZEDORE TIXRWV, d@Efem AL REH#H (CCT dhift) o/ —Xi2n
MBIRWRWHETHEIT L &, v /LT oA NERENEZ 5, B BN S D
mARIZIE, W LD T2 D RN ESLE 3 i S L %, IR b EVLEL (Fig.
1-7(a)-(ii)) (X, atBIEOMBEH TREFL T 0 a iz BFHE LD bHAK
THEUIETH Y, FERhBVLER (Fig. 1-7(a)-(iii)) 1. o+ p I8 iR B CLRer
LT B MIPNICH 20N o FHZATH T 20 CTH 5, IRILEVLEL TR S
2 RN IR 22K o 13 1 IR o, BRRVBMLERIZ TR S U 2 f0fl Z2 AR0HR o 13 2
wa EFEZND[1],

Bk o AR IZ. B EARE S WA (Fig. 1-7(b)-(G)) THEOLINZHIR a 2, at
Bk CEMHIEE I L OMESL A M = & TR BN D (Fig. 1-7(b)-(ii) o Z DREREE
b il & RS, ot B T OBHISEE 2 I DO IMEY A 7 L TEET D 2 &
b5, AP & S A —F VRIS, #HEROmA, b L < ITELEH T
FETIEY 431 B, Bl 21X, Fig. 1-7(b)-(iil) D BSLELFFZ B\ T BV ER T ofA
FITkok o & pHTRER S AL, BDIR o ORFERIZBVLEIRE ICIRTF T 5, 22
T, BB ICIRIG T D Z & T, T ek o RO AR E B X | BRI

-8-



TFAET ZR0R o ZpR S & CRIRLIHEZ 1E 0 ATy, SRR 21525 5
B3, Fig. 1-7(b)-(iv)D TRIFIAETH 5, —J7. WIRERZhEULE (Fig. 1-7(b)-
(ii),(iv)) Z 9 Z & T, Kk o OJEFHIZEINR T A T4k o DB S 1L, 23 E
— X NVAREDE DD, LR VLI O BRI XSS OBCR o MRS 5
i (Fig. 1-7(a)-(ih), (i) ERERTH D, KR o 2 1 R a. B2 T A T HRER
WOBIR o & 2 R o EFES, A B—F /WIS EmeRHRR L 0 & 7%
M (27 v BEORE LHEREDD) ICTEND E STV A,

F o o EeEM 2 1] i TR EEN RO Y CRERER (T4 A7 5F)
AT 558, HLHAE Ti-6A1-4V 1 o+ p B COHETE SN D R0K o FLRE
(A B—HUAHR) OFERET— AR SN2 (ot p BEkEM), —75. &
BREE A4 Th 5 Ti-6246 1L, B BRI COM#E TR S L2 HCIK o fLEkOFRET
RIS (BIREEER) .
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Forging Heat Heat
o A (Single-heat)  treatment treatment
g 4
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g =< e Tg
(0]
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E B
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Alloy

Fig. 1-7 Typical processing routes for microstructural control of titanium alloys. (a)

Platelets a and (b) granular a.
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1. 4. FZ U E5@8EMOBERRE

WLZEg— 2 ERIRIR, T OMENERFELZ SR T b EVE
FTEMEDSRD B D, DT, BEREGHRAEIZ L - T, #BEMNEICHE % 5|
SIS R EN T & ZRGET DM D H[1,4], T Z o EafiEh|c
B AREBEW LN KMGIL, B TRETRAT LY VT AT VHEO &R R
Yo, FEHTERT 5 ZHFEDR AR TR ORLEK (N—Fa) THY, Th
FNEEENAEY (high density inclusion, HDI) & IKZENTEY (low density
inclusion, LDI) & FEIFALA[1], FIZ, #E TR TR SN H 2 NEEIL S A
KL TH D[],

— R AR B E I TR S A OB % Fig. 1-8 ISR, BEW 252G T
% v — 31 (transducer) & FEIEND, T4 A& iaibt & k1% /KIC
=L, Bl DEEMIC BB R A AR L, ZESNDERFE D L ICRBOA I
PRI 5, LinL, 574 U ABEMIZ RSO CIAMEHRRICER L CR4T 2
EHORENE L. RN DLEAT LHEZOHBIEEET LI ERMEA T
511, MERERRICE R T 213 5 138EL A AME S I TR Y, FREHIEI
KOBE A REF M L, BEREGELm EEE 5 2 EREM L FEFIC
HETH D,

Water tank

I

Forging product

. .

Fig. 1-8 Schematic illustration showing ultrasonic inspection for forging products
of titanium alloy.
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HEE BRSO IR, W NP B R THUGEL / A4 AE ST 28 h %
T 5, BMEROL S L IFHELT, B8 =X 2D D 2 OO
IO RETAEL D, KIHIEROBEIGD 1| DTH I, AR TITRARD
FMEOFRE THRAT LWE LK LS L LT5, BEA L E—X R (2)
ITROXTRINAD[12], T T, p IR MOEE, CIEFEMOMMESRE VL ITHE
WOEHRTH D,

Z=pVL (1-1)
Vi = (Clp)"*? (1-2)

ZD, EEM OFRE (T4 2 LKkEDOFRE) TIELTRANA U, b
WHEIZ R 8 235613, F4 > & ORBaO T E TR P4 T 5, LHEMIZIE,
KMaDs S DREHE T 2R T 2 LER’H D, Lo L, BEMNEICHEME RO R 5
HRE R A A UDAET D & A L E—F U ZANE L, RAA DR E T
B ORELE Z 5, hep HEIEDOHMT & o HEE S OB ELL Ciu. Cs3. Ciz, Cis,
Cul¥, ThZH 162.4 GPa, 180.7 GPa, 92.0 GPa, 69.0 GPa, 46.7 GPa & i &
NTWD[13], & 2T Cruld c T TRE R ST RID, Css 13 ¢ BT SEAT 72 07 10 OB
EHTIH S, hep HEEDREEHITIIT 2 BWMERIT, ¢ SRV ITIFFMETH Y . c Wi
DIEZ XV BT BH[12], BERDIERET M E ¢ #eDRTAEEL 0 LT5
&, Fig. 1-9 DFRIZRT Z LM TE D, 0 DERDHME N AA VDEET D &
ZORETHEROBMILAK Z 5, HELIZEWVERE T 2 B E RO 3L ¥ —)
Ko d T L HBMEEMES, T LT, AHEOERE G M &3 G m~8El+ 5 2
ERGHRELE O, Bl I TREIND 2 EMnD, ZORFBELIC L 2GS
(% WEUE ) BRERFOBEL / A RMEZ L7 d, BEMRELI N —Farf
DB HITERRE QI AR TITERRANTIINT 223, ZOFHROZE(LEN,
o fHF & OFEEE ML TAE L D EHRDOZITIEWV[14]72D, N—RanrbAET
DIEZOMIEDEE L, BT, RGOV A AD/NE LR 58, KiamnbAaT 515
FIRENGI IR DO N L < 72D,
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Fig. 1-9 Relationship between elastic modulus and tilt angle of c-axis in hcp

structure (o phase).

ARG TR ONDZEREFORIE T v 7 7 A V& HIEEE & TR
M1 Fig. 1-10 12787, Figure 1-10(a)l I8 5 RT3 1T 2 81EM & GRfil7- Dl
AR LTIV, Fig 1-8 OWiHEMICHY T 2, S OB & 8 &k
Z ANE L. Fig. 1-1000)IZ ™3 BUHE 5 & % 7 #ELE 52557 %, Figure 1-10(b)
DIKETF M OENIERAE - ME T E2ZAETHETORMTHY . U d L <k
TTRGELAE U T G OTR SOLIEITH S 3 %, #Eh Ofifm (Bl 112 b imw
Fm) LIEm (Fim Oz d 28 m) NHIHEAT I EFZKFICERER
“RF”, “RB”& .9, RF & RB OIZFRO B HE B IFHEM NI THRAE L2 S
DTHY | K6 DOREMES (KIES) b L ITHHE R A A b D% H#
LIS (BEL, A XME5) OFEERHY 55, KT, KME 5% Defect”,
JRIFTHIZ R D @\ g LR B2 “BS L ie T, 2D X HIc, F¥ A4k
FHIZE W T, FMRRICRIN U TR AT D% T HGELE B OBRED m < | Ak, B
WERERA TRINT RERMN O ORFHMES L BRY AV, KIE S OB %
FHET L Z EMbREE 2D,
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(@)

—
O
~

Water
Transducer RF
>
te/2 | | RF P RB
_ g Signals from
Forging BS .g’ the forging product
product t/2 | 5
§ BS Defect
t12_ | l Defect %_ J
IS
< 1 1 1 1
RB ' ' ' '
w2 | )A tr ty t, ts
AN AN Time /us

Fig. 1-10 Schematic illustrations of ultrasonic measurement. (a) Setup for the
measurement. (b) Signals as a function of time. Signals at the front and bottom surfaces
of the forging product are indicated by “RF”” and “RB”. Signals between RF and RB are
generated from the forging product. Signal caused by a defect and locally large amplitude

of backscattered signal are indicated by “Defect” and “BS” in the figure.

1. 5. FEFUE&IIBITEI~vI/InY —r L EOEEM

3EINC T, BB E I T & A EEM ORI & JE k%
IR, S BERARRE TR & 4L 2 BAHISEE T ORDIR o SPHCR o DA X
1020 um FREE W CTH D, UL, s I ER T 5 &, 100 um 28 2
HEFAICIEY o HEIELEORES AL E AT D RFTE G N A A > OTERD )
HEINTWD, 20X REITEGMMEP TR S NI FAA ITHEFET
macrozone % L < | microtextured region & FEIZIL TV 5H[15-31], AMFFE T, =
OMfE RAA &2~ rm) = T 5, £DF% Fig. 1-11 127”73, Figure 1-
1 (a) i3/ A T —Z Vi Z AT 5 Ti-6A1-4V A& DRI T E TH 5,
JREDRLIR o DFBRIZ, IRWIKEOHKZL T A ZREHEN RO b b, Z oM
ik & EERE - BAMEE  (scanning electron microscope: SEM) PN D FE - 1% 7 HL L
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[A147 (electron backscatter diffraction: EBSD) {12 & ¥ I L 7= invers pole figure
(IPF)~ » 7% Fig. 1-11(b)IZ~T, ~ > 7 OEfTE, T oiFEE=AFL b
EAZATV, BRE BRI BT 2R T M ORI E T, Rk a DA X1 10-
20 um 2 TR T 5 23 (Fig. 1-11(a)). £X 100 um % H 2. 5 #PH CTHALL O & 7
MEBETH~I/a ) —rERRLTNDIERNghb, ~7/ay = F—20
RERAEGILO X O ITHRD N 507 RS ORI R IS B A R IE T &
STV D[15-16,18-19,24-25], Hiffii E TIZ, MLZEHET ¥ VR RIZIB VT,

FIRGIE O BN EE AR L R, ~ 7 v — I E RGN
HERER NIFT LI TV AH[31-39],

ZOX DR THEMNEEMEND, 1.4 8 TR 721 T BGEUE 5 DI KIT
TV a Y — DRI DN T, Bkx 7N I S LT 5, Ginty H[32]1%
Ti-5A1-6V-2Sn &4t L TERER OB THELEIZ2#HAE L, v/ Yy —r (2
D R TIE macrostructure & FRL TV 2) O U TR ABELAEZ V|
W U CHRE S IS S AS L7258 T BELE B R bR 72 b 2
& &R L7z, Panetta H[33]IL. Ti-6Al-4V 54t Ly MRS TWA~ I 1
V= OBIRIE, AT AMEIC LD A —THY ., Ly MNATRIZBI %77
BELE BREOEBFIRIC /25 SR L T D, B, i 51%, BEE 0% i
LSRRG FIC L TR GRS, ~ 7 vy —OfEH s L
TETRFIICHEET 2 L0 b, TEZFICHRE LA @&V T GELUE =
NEHND Z LA LTz, Gigliotti H[3411%, 1R « RO Bodl B C O Rk 72
BE7rEA Ty /Yy = (ZOXTIE, ae=—KHLTW\5D) 2/t
FTHUE, BIHEUE 52 R&E MBI TE 5 2 & & Ti-6A1-2Sn-4Zr-2Mo 5412 T
E5E L 72, Humbert ©[31]1%, TIMETAL 834 (Ti-5.8A1-4Sn-3.5Zr-0.7Nb-0.5Mo-0.3Si)
Ba&E Ly MIAEU D% BELE BRE O TSR 537 Y F RN % e
L7z, By M, EFFACH O~ vy — U BRHEELTHND Z & I
2, w7 a Y —rOEFMICR L CEREAR FIICBEEMET 2541
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W GHEUE SN FET D208, H~ 7 1y —NORPTEGMROmM S
0. BIBEUEZRENEILT 52 L 2R LT

(a)

0001 X 1210

Axialdirection

X 0110
Radial direction

100pm

©)

Macrozone
(Microtextured region)

Fig. 1-11 Macrozone observed in Ti-6Al-4V alloy hot-forged and heat treated in o+f

phase region. (a) Optical microstructure and (b) EBSD inverse pole figure (IPF) map of

o phase. Radial direction (x) and axial direction (y) of the alloy are indicated.
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SR DO FEBRAIFRFHIMN 2 T, BE I OBELFENZ DWW THEERIIRBE R 72 S,
Rose[35-36]. Han[37]. Lobkis[38]. Sha[39]51Z & V| &G EKELIE FH8EE %35
BEET VARES TN D,

L)L, w7 ay — BRI KIET 7 a ' AR OB L R HE LT
BREHIBRER TH 5[20,26], ED72d, v 27 vy — 2 DIBHE & 1% T BELEB) O E
EFABIC b AR SN S < T X U ERBEM O/ E L EBIC IR EN £

Uy,

1. 6. AHEDOEK

VIO RIS, AR TIE, BERREEICEND, ThbbBEE 0%
L& 4 TN T 7 B 215 2 72 0 OFH TS 2 I35 2 &
HEBET D, TDDIT, FHUBRBEMICER SN D~ 7 vy — U PNiiEE
WREMEIC 5 2 2 B2 HE L, v 27 1Y — 2 ORI EIREE DO R 72 i I
B0 ke,

1. 7. FEOHEEK

a FHOMREHZLAMHMIZREIIHR o LRDR o TH D Z &% 13 HiTh~z, i
b2 FEEOMBIEZIANRET D2 LT, FH UEEEEMITER SN D
~ 7 n Y = ORE L AR 2 RIS AT 5, AHMMIEE TR S
HREFEM B L LT, IWHHRRRESS TH D Ti-6246 G4 (BUIR o M,
BIEER) &, ARG S TH D Ti-6A1-4V 54 (RDIR o Mk, atp ik
BSERY) ARFExtG L 4%, BT ok A SRR B AR A &
FICEFL. 20O%, 7t ABREMER ot B BEM IS & BT 5, 72
B AW TIE, BERREGME L LT, il A X575 TH 2B ITHELE 15
H4 2,

AR SCEZLL T ORRIC A 6 Tk S b,
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1 RIS Th Y BRI Sz b~ IR0 B 1 & AR L O 2 7~

552 B & 3 FECIT, B IkEBNE A LARIK o #Ek A A9 % Ti-6246 (Ti-6A1-2Sn-
4Zr-6Mo) ABIZBT AR EZ RS, 52 mTIE, BlEkE TSNS
~ruy = ORBARL, v/ n Y — 2 LS O%TEELE B L OfE
BZEEIICH LT 5, 2 LT, v 7 1y — 2 O N &R RSk
AT D Z L2 FEREMITREREZ S LITRT, & 3 BETIX, v /vy —r
DOHLIEH A 4R35, ZO7DIC, £7, F2 B CHEIN v/ rY —
DR A T =R L%, poo BRERFO Y 70 MBIRIZE B LSRR 72 et
THOEMNIT D, TD LT, ~7 1Yy = OB KT T 7 1 & K+ DR
ZA G L, BEREGHEOM ERR A BREET D,

WATELE S FECTIL, ot pIREEZ i LRLIR o #LHkZ2 A7 5 Ti-6A1-4V A4
ZBET AR R AR D, BB 4 ECIE, v a Y — O EEREAHEESE T
b DR o DIERFIBIREZ B 62T 5, B HARK TOBMLIE TR I N D T A
ZWR o 2RI E U, ot B IR COEEETE THOR o WIZHET Rt L7
(ZHEH L, ZO%OBENCAE L 2 EH 28I 5 2 588 L2 RT, 85 mTIE,
T A 70K a MFR ORI &~ 7 1 ) — o OREIM RN M IE T o+ B TS
IMTARZADEELRET D, TOMREZT, otp BEETHER SIS~ 71
V=V DR A = AL ERF L, v 7 v — ORI LR AR T 5,

H 6 EITRETHY . AL THRONIHERE £ Lo Tt . WFSERK
D

ROEFREBRLEEZIRT,
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H2E

B E S 4 Ti-6A1-2Sn-4Zr-6Mo (23517 % p B TOERIEE T

RINB~7ay — DRR L BER D% FIRELFENC KT T
(BIR o #ELARR)

2. 1. #%
ARIFFEClE, BERIEEEICEN D, D F D BERO%ITHELE 4 v T ¥
v E e EM 2155 7o D OFKRTIETE R 2 AfEICT 2 Z E DN FEETH HFH2 H
L3 BT, ST AR ER e B IS TR S LD HCIR o
xR LI 5,

ARFETIL MR o OFFRIZRE TR S 41 2 BRI 72 558 L 5 42 Ti-6A1-2Sn-4Zr-

Tl

6Mo (Ti-6246) (Zxf L T, B HAFHEIZ THE~ O TR CEM#E L 7ZERIZEAR S
nNo~r7nay—rORBERGMC L, BEEOKFEELEENIC RIET 2%
HOEMNMCTAHZEEHBET 5,

2. 2. EBRFE

2. 2. 1. $EEdoER

AR THNZ Ti-6246 5D B b7 A (Tp) 138 965°C Th 5, MR
OYIIFE & Hefig L. B BABIICINEA L7214, B CTo 180T » 7 v MME
EhE LT, 7y 7y MEEOE FERIZ 0%, 33%., 50%. 67%. 83%D 5 & T
b%, MHBEMOERIETRICEST &L L, JE RN 67%F TORMIC
BT, #BEZROBRPBLZER200m, FH60mE 725 L 912, [ETE
(206 U TR D B 72 29I F 4 & T2, (R L JE FER 83% D &I DUV T,
WG TORMOIEIEZB T2, JE TR 67% & [ UK OIZFEM 2 iz,
ZDI=®, BaEROBRIL, BLEELE 280 m, JEA 30mTH D, JETE 0%
DEATHR LTk, BN TIZ TERL 200 nm, £ 60 nmDW)HAFEH1 % HEfig L |
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O L DB A M2 T, o F & 7 CBERE D 7% N % 7=, &R OH
1B, B ORI & BVLER C OB R OBREBL LD T | FEMEREIZ T 7 A
Al (Deltaglaze™) % ¥4 L7z,

7w 7y MEEIZIE, N EGeROYEeH (Tren) AW, AT
VUABO SRE (= AE) TR S - BVERT 2 WIFEMICEA L, B
WP OFPREE &2 WE Uiz, BV O AALE L, PIIFEM OEAF RO T,
RTINS OO D REOPHINLE & Lz, YIMFEME B B
1050°C (Tp+85°C) (ZHEAL . 100 min HIPRFFS 5 Z & T B RAEEZHK 700 um (2
PR L7z, F 0%, WIFEM 2 NBUR 2B E D H LA IcEE Lz, £ LT,
OIEISEM A2 22 0h S8, WIISEMICHR N L2 BV DIR DY 1000°C (Tp+35°C)
W LZERIS, 7y 7y MEZER Lz, 2B, &L T 1000°C (20
BURFE U, &8s OB D OB X 2 FEMEmMBEOK T E2MA T2, 7 v
7y MEEIZZ 7 A~y RBEEIEE A 1800 mm/min O — &4 THEHME L 7=,
JE FRBIZHMEM RN R D720, YIOTHEERE TR D, JETE
33%. 50%. 67%. 83%\ZH T DHWMOTHEEIL, £NEh 033 57, 025 57,
017 s, 017 s' ThH D, 7 v 7ty MEERIZ, EMEZELIZEENHIY H
L, A (7 70) 2Kk 2MHZEm CRBE THAILL, TO%, ImIRL L
ZhEMLER  (solution treatment and aging: STA) % HEfifi L 72, BMLEVLIETIE, o
+B Ik D EIRIL TH D 935°C (Tg—30°C) ZFEA % 120 min RIFEFF L7214, =il
FTEM LIz, £ DH%OEZHESLEETIX 595°C (Tp—370°C) (ZFH % 480 min [
REFL7-%, |IRE TER L,

Lith, 7 v 7w NEERIZ STA Z i L 72 FM 2 86EH & O, 1 T3 0%,
33%. 50%. 67%. 83%\ZkIT DHEM 2. £ LTI FRO, FR33, FR50, FR67,
FR83 L#d 52 L &T 5,
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2. 2. 2. SEEMOMKR L RS GARIE

FRRBLZRIT, RPN & EATE TSR (SEM) & W TIT o 7o, BIEANL
BV BER O JE T P T RTINS O Pl & R o PRINE & L Bl
S X BOET ) &R IS AT e i & LT,
#ER FR33, FR67, FR83 DL BB Z Fig. 2-1 [T 7, HAICBZES

IR a FHTH D, BRLORIFUTIE - TR SRR o & BRIORINIC
TER S ALK 0 SFRD B D, TAb I, BAFEIER OB AR CER LT o
FIC, 1 R a EMEIEN D, & DIEEEIT basket-weave IR T, fH %~ OHCIR 1 K a DE:
S IR 10 yum B TH Y . ZOFEREITKT DI FRO B2 TR b
W, I, #BERS FR33 @ SEM fHf#k % Fig. 2-2 (27”7, Figure 2-2(a)lZ CTHED
SRR ORI 2 S L7278 Fig. 2-2(b) Th 5, FBEMEE M (Fig.2-1) T
A S o X, SEM i Cldd W IR TRl SN S, Ko, ki
o EHCR 1R o & HEORHEITRY, Figure 2-2(0) 50050 . BCK 1R a @
EIBRIC & & 283K pum B OB 22 B0IR o 233D B D, ZHuE, BERhELEEC
WEIFN BAEDHTH L7 a 4T, 2 a EMEEND, DF D, 1K o OREIFRIL 2
oo LFRE B TR SIS, Ti-6246 G D o FHAYSRIT, ARAFIE & BULERSE
DPITWFEATIIZEIC BN T, K 75% & ME SN TWD[1], &k, FHMETHE
IS IETRD I BRI PRI 678 um T 7=, AMFSETIL pRIED
KENEZETH L7120, LUk & #ERT pREEZ 700 um & FLdiT 2.

WA, SR OGS TN A TR 572, SEM N T EBSD @& T-7-, HIE
(Ll & BRI MBI L AR TH D, MEDAT v 7H A XL 1 um TH 5,
BHOBE 2% 7 < RICHE LIz, 1 OBEgIZ 7 £ 5t HKL 4
»Y 7 h 7 (Channel 5™) % H\CHENT L 7=,

2B, ABFFE T Fig. 2-1 & Fig. 2-2 1R THCR a flfk L 0 b K~ 27 0y
—NZERT D, AIFFEIZIIT 2 ESBD MIED AT v 7 A X3, BRD 2 R o
DY A REARTRE L WERSRIZECHIR 1 KR o OFEEITALT — & % R
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LTWD EEZBNDN, AL TITHAMEICXR L T e, BIg, BRIZX A
WEERGAZRE . HICHR o EFET,

Fig. 2-1 Optical microstructures of Ti-6246 samples hot-forged at 1000°C followed by
STA. Reductions in height are (a) 33%, (b) 67% and (c) 83%. Grain boundary a and

primary o platelets are observed in white. The forging axis (FA) direction is indicated.

Fig. 2-2 (a,b) SEM microstructures of Ti-6246 sample hot-forged to a reduction in height
of 33% at 1000°C followed by STA. (b) Higher magnified image of (a) in which white
square dots indicate the observation area. White arrows indicate examples of grain
boundary o and primary o platelets which are observed in white in the optical
microstructures (Fig. 2-1). Regions between primary o platelets consist of secondary o

platelets and residual B. The forging axis (FA) direction is indicated.
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2. 2. 3. BEEAE

R 7 D 2R U 2 15 T HGELAE 500 & RT3 5 7260, SBIEA > & 1B IR
R0 L, BERAEZIT> 72, YRR Fig.2-3 ISR T#Y THY | (a)
Fm, (b) MHEMTH D, EGERRER A Om S 07 T dkoEts o fodsh 7 m & —
B, RO 1 U3MBEM ORI —Bd 5, BRI O S I380EH
DIEAH LIFIEFRE T, #&&H FRO, FR33, FR50, FR67 (% 53 mm, #%i&44 FR83 %
26 TH D, FEFHNCERZT LD O 2 WOESE, WIS Iz,
THH S5 mTH D,

Hot-forged sample

(@)

Specimen for
ultrasonic measurement

(b)

FA
<>

53 or 26 mm
<.

Fig. 2-3 Cut-up drawings of specimens for ultrasonic measurement taken from
the hot-forged samples. The forging axis (FA) direction is indicated. (a) Top view

and (b) side view.

AE MBI 3T 2R & il O A AL Fig. 2-4(m 7, JIIE
(i, CEYER Y 5 MHz, 10 MHz, 15 MHz OfARIO 7 7 v NMEfil1- %2 Fu,
ARBRFT & TRl A KITIR U CHIE LT, 2236, BEAMBOBERN T 2 o hais
HT OO R, ENE1UE 1200 pm, 9 600 pm, #J 400 um Th 5, AHH
(AT SV ZAR D TH I A VT2, SRS RS AT ISRk -2 & A ST 2 (5
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L. [A CERfil7 TR - % GHGELE 5 (B[RS #3106 Lz, Z2¥. AHET
TREMIE AT > TV RV, ST O15 B30 B 1Tl O RS O M E SR
£ o THER D, AWGE TIRA BB BB OB 72 AN =728 | %= ITHEELE 5
R DAL B AR UF — 2 R EOATHETE 5 Z LICHEENLET
b5, I, B O%THELE FRENFRRE O & 725 X 51T, J8kEE
(CHL732 2 Gefh OB 5 TR EE 4 0 SRR L 7o BARAYICI, JEI 2 5 MHz,
10 MHz, 15MHz ORIEICBWT, THLH 20dB. 30dB, 40dB DIfEEZ1T >
Tz BBERBIETSEFMEICOE 4 SiToT, WMELEGEZOMETT T AL~
AT ADER D DD, HEBARZIZT D720, D 2 X HIRMEEAE 5

(amplitude of signals) & L CTHEHEL L 7=,

—~
Q
~
P
O
~

Water
Transducer RF

>

tel2 | )A RF P RB

Specimen § Backscattered signals
BS1 » from a specimen

t1/2_5 J ‘S
9 BS2
©

2 BS2 3 BS1

< .

to/2 J Re tr ty t2 ts

/\ /\ Time /us

Fig. 2-4 Schematic illustrations of ultrasonic measurement. (a) Setup for the
measurement. (b) Signals as a function of time. Signals at the front and bottom surfaces
of the specimen are indicated by “RF” and “RB”. Backscattered signals between RF and
RB are generated from the specimen. Backscattered signals which have locally large

amplitude are indicated by “BS1” and “BS2” in the figure.
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AEIHIE TR ONDZEREFTDT 17 7 A )V EBARIIC Fig. 2-40)IC7RT,
RIS 1 3 Fig. 1-10(b) CitI L7218 Th 5, (AL, ARIFFETHW -3 R
AR Ma % & £ 7202 R Ol & B ) b7 A2 % SHE 5 (RF, RB)
ORNCER® bILDZAFE 51T, MRICER L CRAE LR FBEUE S Th D, X
FHUTIE. RTINS R & e B I BELE 5 12x LT BS1 M UVBS2 & FET,

v I ay = EEATHERMMLIAET DBE O% THGELE BRI K
FHRARR DB 2 SRR RET T 5 720 AIRZESRE (FEM) IS X 23PER S 2 =
L—3 3 > ComWAVE™ T & 2 BUEEAT 21T - 7=, BEREITIC W R E T

L E ATMEIZ W TR, 23381 TRz~ %,

2. 3. ERER--BZE

2. 3. 1. BEROKRTBELES

JE %S MHz ORIE CRIZZAEE 5D 7 07 7 A4 v O—fil% Fig. 2-5 1277,
ARERf LK EORETAUTZKHES RF, RB ZKHFITRT, ZbDORIZHE
DHONDBGEEUEFICTERT 5 &, #EH FRO & FR33 3B DR 51
BIRIZE D AE ZRENMERV (Fig. 2-5(,i1) . —7. #&1E# FR50, FR67, FR83 (T
XHRE O @R FHGELE 52RO Hvd  (Fig. 2-5(iii-v)) o JEA M OTRE /34
X, FRICHRIER FROT 2NBHZE TH L8, B oFXmirfs (RF, RB ;) (2
AR OIR LA ISEHAHE OE BIRES E, — AT, AREE Tnb 54
T RIER T SR L TR —Th D, PR LT, #5&EH FR67 (2% L
THEWTE D~ 7 n A B LT L 2 A, IEMEETOE B ohLTE#RI T
<VEBENNSWZ EHEE SN, — T, BAFREIZBIT 2 IH BRLITR
TARTH Y . REREENMIGENTZZ L 2HR LI, 202D, BITHGL
IR TS OB RIS WEBA T2 2 L RIB ST, T DT,
A DREH T RERIT I T 25 BELE F A TSV e, & 2Tk, B
. RF & RB OH{Z{E T, RF & RB [HDORE S D 25%IZHY 3 5 X[ & &%
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L. = DX % Fig. 2-5 9112 mid-height region” & €9, & L C. JEAPFREDIF
IR LT B AT (RFREIEIPR) (2569 215 5 5REE 0 2 S Pt 7 AR 4 5k
72o T D% FXIE 558  (amplitude of averaged backscattered signals (BS)) & #5
THZELET D, B, BRI S 4 BORE THEIEIE 5 E o
PIfE % LA OREHT W D,

(@)
RF Mid-height RB
0.025 . region
= [
2002 f
T r
5 E
» 0.015 |
© r
[} L
S 0.01 ;
a r
€ 0.005
< L
o
0.025 region
> [ <)
g 00 0)
c r
i) [
@ 0.015 |
ks :
q) L
3 0.01 '
s ¥
£ 0.005 | M
< :
O 'A 1 1 1 n 1 1 1 1
Time Sys

Fig. 2-5 Amplitude of signals as a function of time measured at a frequency of 5 MHz of
Ti-6246 samples hot-forged to reductions in height of (i) 0% (without deformation), (i1)
33%, (ii1)) 50%, (iv) 67% and (v) 83%. Mid-height region to obatin “amplitude of

averaged backscattered signals (BS)” is indicated.
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JE#EL 5 MHz, 10 MHz, 15 MHz OJIE TH b V72 FEME 5 2, BAF S
([ZFB T D TR U CEIE L7/ R % Fig. 2-6 (T, MG SR B X B H 8
EOETREBEEFWROHBIIRBAKFT DI D800 5, 2F0, A 10
MHz & 15MHz THIE L7zHEI2iE, [JE TR 83%E T, JE FROENMIZE
PG S 5RBE DS EFRICHIINT 525, ZAUCK L CEIEL 5 MHz THIE L7241
X FETE 67%F T EHEFRENEFICHEN T2 b0 —7 2R L, B
72 % JE N RO X o TEE ZIRE N0 T 2l 2355880 B iz,

0.015 i
Hl —O—: 5 MHz
[| ——: 10 MHz

0010 H —<>—:15 MHz

0.005

Amplitude of averaged BS/V

0 10 20 30 40 50 60 70 80 90

Reduction in height (%)
Fig. 2-6 Amplitude of averaged backscattered signals (BS) as a function of reduction in
height of Ti-6246 samples hot-forged at 1000°C followed by STA. Amplitudes of the
signals were amplified by gain values of 20 dB, 30 dB and 40 dB at frequencies of 5 MHz,

10 MHz and 15 MH, respectively.
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v/ u Y= ORI RIET B B COBRMBEDRELTR L5720, £
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ICATRE T B, 14 Hi TR 28 Y | o FAOFEPERIT, hep BT DTFRIEMN S ¢ dilla]
DIZIFHFMTHY 0 ODHIKAFT D, ATV T, BER DO A 71 & #&
R AIE B L, Sl L c BN EITORAEE 0=008 95, N~
> BT DK RE RO EMTIE, $EMG ISR 2 o AHOBMESR &R
5o Uk, ZDO X HIZ 01k L CRMTT=fid i~ > 7% TA ~ v 7 (tiltangle
map) EFTHIEET D,

#ER FRO O TA ~ > 7 (Fig. 2-7(a)) (ZHBWT, 0 BEEO (KH Tldfre
EREITENT BITD) NS RBRR OB E B D SHTH > TW DA, 20/
SRHLR ORI A FR< & IBEBIOBCR o ZFRBI LS\, ZiuE, sk
FRO IZBWT, BED & OB o D 0 BN T VX LA ThHD Z & &R T, £,
IH BRI D —# %2 A AR TR PTIIRT, [H BARIFENRK) 700pm Th D Z L2357
D, BTN 33% Cias L7 Bi&Es FR33 Tk, H BRIADB AR & 72> T D
(Fig. 2-7(b)) o AREIZEANSHT BV E THINT 2EHA 28O s b D
D, ¢ BDSKE & 72 J7 0 % DTV DR o BAERRINIZZ N, D FE D | #85&ER FR33
(ZIXIABR 2R R AT AR TR S v CunZen, TE FERD 50%LL0 EOdkE % i
Z & T (Fig. 2-7(c-e)) . AREIZELHT B2, D F VHCIR o O c HihH 3 (i
(2% L CHREICEW /TR AR E AT MR R AL RS TV D,
IR DAY [ TA ~ v 7O ST IXEE T IC 1T D a FHO MR LRI 5,
ABFIEDRBE IR E I I T D BE WO NK T tgsErme —H%3s52 %
ZET DL CORFEGMEBEEGT D KA CNITHEERENELTHY | v 7
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Y= LRI LN TE D, BREFEEICIE, BXD 0 DR o 235380 5
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fER, & OBHEfEL & A2 B A TR TR S 5, JE Rk O fg D )8 7
REBOERF O E TR I VW ELS 72 % (Fig. 2-7(c-e)) o

~7u Yy = PEEEOBELEENCKIZTEELH LT HDITiE, ¥
smay—r RO R E UTER SN D IR O RS E I T 2 BN &
Do DD, BEMIZBIT D a FHOEAKIZE B 5, Figure 2-8(a-e)iZ
$BEAF FRO, FR33. FR50. FR67. FR83 D {0001}« EAl X Z Z N Ford, T
@Y . #EH FRO (CIXRFE ORI L Ty (Fig.2-8(a)) o 1EAR
RENTIFAINE L 72 25O EFEDNRD BV DA, ZiuE, EBSD ORIEREF A3, #
R FRO OFFEY A K16 LTV TH D, JE FER 33%08H6E T, EAM
R SN D>DH DM, RERHABE CTH S (Fig. 2-8(b) , £ T 50%LL ED
Wiz g 2 LT R TmVWESHBSER S D (Fig. 2-8(c-e) o TERL S 1L
7240001} e DEAFERRIL, &t L ClikRTh D, o SOEEN E &
H7 & DR TAEGO) TEILT H L, RES 2FBAICHIHTE 2, F 1 OEM
MLEIX A OSEER, $ bbb 0= 90°OAENMETH 5, &2 OEMBAE
1T, IEABS I OAERR & a1 & ORI E TH D, 1 OEREAE
I%. Fig.2-7 (c-e) TR SNz~ ) = DNy & —FT D2 Lk, B
[E8EIE O E FROBEIMIFED 0 = 90°D HNLASy DFFEICKRK L T~ s a ' —r
WERIND EBEXBND,
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Fig. 2-7 EBSD crystallographic orientation maps (tilt angle maps) of Ti-6246 samples
hot-forged at 1000°C followed by STA. Reductions in height are (a) 0% (without hot-
forging), (b) 33%, (c) 50%, (d) 67% and (e) 83%. Colors in the maps show tilt angle of
c-axes in hcp lattice (a phase) from the forging axis (FA) direction, according to the
attached color scale bar. Prior-B-grain-boundaries and clusters of a platelets having
similar tilt angles are indicated in (a) by white arrows and white circular dots, respectively.
FA is indicated.
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Fig. 2-8 {0001} pole figures in Ti-6246 samples hot-forged at 1000°C followed by
STA. Reductions in height are (a) 0% (without deformation), (b) 33%, (c) 50%, (d)
67% and (e) 83%. The forging axis (FA) direction and orthogonal radial (R:1 and R2)

directions are indicated.
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ABFFE CIEEASE 2 B I CHEME L Ch v | BARERER OmHELEBRE IR
7% oo BREISTHEIR 1 R o 23RS %, Figure 2-8 (2R L7z a tHOEAHHAR
DR EFEIIZIH 22T 5720, RICEARIBEIC CTRET D B HOELHR

IZE BT 5, $&EM FR83 12T 5 {110}s. {111}p. {001}p IEMR X% Fig. 2-9(a-
OINZENTRT, {110} EMAS (Fig. 2-9(a)) DOZEEAROMEE L, Fig. 2-8(e)
IR L72{0001}o EEMRSE EHEEL L TV 5, FIT, {111} EMEX (Fig. 2-9(b))
&£ {001} IEMRASIX (Fig. 2-9(c)) (ZBWT, {111}p48 & {001} p MR AS EE il | 2 B 1)
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N5, ZHUE, bee HIEE AT 2@ BMENT—RAVITERD b D EMEA VA G
WhTHD, poo ZRETHKIND o MHIL B RAHE OMIZ Burgers ® {7 A%
(BOR: {0001}o//{110}p, <1120>u//<111>p) ZWEET D Z ERH BN TV D[2],
AHFEIZBNT S, {0001 & {110} DIEMR A OZEEROREEN LTINS Z &
75 (Fig. 2-8(e). Fig.2-9(a)). Btk o & B EEFHIZ BOR 235 Z & AR I
%o & Z T, BOR IZEUWT{0001} o M & [ FATRIFR & 72 2 {110} MO AL fA S
ERREIT 5, D72 DIC, Fig. 2-9(d-e) I F N33 g0 {111}, K TUH{001}
EWLEXZ D, P TARZONATR., HBAF., ZAROSTLTIX. <
MEI{001 8, {110}4%, {111} TH v (FK KO H 02 fadih 7 m & 77227,
(RS2 (Fig. 2-9(d) 22Ha0 50 {111} 0D 1 D23 il
ITOHE, {11004 & #BEdh Fm & 07T AAEIL 354°L 90°Th b, [FIEKRIC
{0018 D 1 S EIERN AT DA (Fig. 2-9(e)) . {11048 & sl & o
IR AEEIL 45°L 90°TH D, DF V. Fig. 2-9a-c)l\nTHEAMBE AT D B B
725, BORIZHEWY a FHMERR T 2855 121F, {0001} o 1821 0=235.4°,45°,90°D
3FEHOAEIER EINDILT TH D, 0=354°L 9=45°1F, EMEK LTy
BEDNHELWNZ L 2B BT D &, Fig. 2-8(c-e) D {0001 }o IEHR & XIZ F5 1T 2 RN
I BOR 2O FARS DAL T JE LRV,
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R.

Fig. 2-9 (a-c) Pole figures of B phase in Ti-6246 samples hot-forged to the reduction in
height of 83% at 1000°C followed by STA. (a) {110}, (b) {111}p, and (c) {001}p. (d-e)
{111} and {001} standard stereographic projections of a cubic unit cell, respectively.
Each square, ellipse, and triangle indicate {001}, {110}, and {111} poles, respectively.
The forging axis (FA) direction and the orthogonal radial (R1 and R2) directions are

indicated.
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FEiE L7z a FHOEAHAMIRE 2 L E RIS D 72D | #EH FR83 IZH1T 5
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LibzFElwsn s o flo~7ay—r FOFERE LTRSS IR
ORI E TG, RO L DICEx bND, £, B HIMAK COMMMBIEIC L
D {111} MR/FA, {001} #R/FA OEEEME GBS IR SN D, EOHROMN

BFETO B—o BREIZEBW T, BRAEND o 123 BOR IZIEWVVAERT 5729, 6
=35.4°,45°,90°D 3 FE DB 1 IR a B END, £ LT, b 3FHHED O
D1 2ODOFNGY (0=90°) OFREN~ I vy = OIBRIZHET D, v~/ 1)
— OFREIEEE N0 L CHREICHONCTRB Y . HHD 0 OWK o DS B
PEREIR & ORI STE R S D, ~ 7 vy — b BRI R N R e D
Zenn, BMEEMEE LEBICRERBABEGE SR RET L LEZ LD,

ORI, w7 u Y = DB EE 0% G HELOIREIC 72 5 2 L BN EME
B G E o T, RIZ, EEOREG AR D, ~7 1Y — U DIERNRRD
5T 8EER FR50, FR67. FR83 [ZOWT, $EiEd T 36T 5 g oy g
H (d) ZEIRIEIZTROIZEZ A, ZNEH 360 pm, 256 pm, 148 um TH >
2o R AT HRIER O T RN LA T 2 &R TX 5, Fig. 2-

(R L7238 Y | JEHEE 10 MHz (& 600 pm) & 15 MHz (5% 400 um) Gl
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TE L7582, PG S oR B X BE R O JE T RNV L7z, —
¥, B SMHz (0% 1200 pm) CTHIE L7355 121, G IREITE TR
67% CE— 2 Zam L, HRDLHEFTEROHEIMZLY , LB T 2B M358 b
7o TORERMND | BER DR GHELZBN IR OTER & £ DRSO 7T
AATTET, JHEE (ER) O REEZ T TN L I ENRBREND, £ I T,
WEIZ T, SEEEBIRE & R DR L OMBICE B LT 2D 5,

IE

AC, = 8.4 GPa
AC, = 4.8 GPa
0.1
0.08 |
> L
g h
$ 0.06 |
>
s /

i /|
0.02 | —
0:...J.v.
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Tilt angle, 6 /deg.

Fig. 2-10 Distribution of the tilt angles (8) of c-axes in hcp lattice (o phase) from the
forging axis direction in Ti-6246 sample hot-forged to the reduction in height of 83% at
1000°C followed by STA. Differences of elastic moduli are represented by the differences

in tilt angles between 35.4°and 90° (AC/), and between 45°and 90° (AC>), respectively.
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5 1200 pm OFPHTH Y | #&EM FR50, FR67, FR83 (Z31) 5 EHIME OFLPH %
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w>w >

Fig. 2-11 Schematic illustration of the multi-layer model consisting of two kinds of
domains indicated by A and B periodically aligned vertically. Domain A represents the
macrozones, and domain B represents the regions consisting of a platelets with several
tilt angles. Values of mean thickness of the domains (d;) for numerical analysis are listed

in Table 2-1.

Table 2-1 Values of mean thickness for the layered structure (dr) used in multi-layer

model in the numerical analysis.

Mean thickness, d;/um

25 250
50 300
65 400
100 600
150 800
200 1000

1200
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BEET CHRONDZEREFDO T v 7 7 A L DO—f% Fig. 2-12 |23 ¥,
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(R-AH) ., KOE@RiRET IV HIAE L% T HGELE S (BS from multi-layer
model) Z/RY, OB LIHELE S % b L2, 2.3.1 fi & [F CEE CTEHES
SREE A B U, BUEARAT T 7 FIME S 0REE & Z IR £ 7 L D JE R 7
(d) THEHU7ZHER % Fig. 2-13(@Urnd, WTHLOBEEEIZB N THEHES
FREEDE— 7 D d 2k LT 2 DTCB O b s, BERBEPRELS DR, oF
DR W) BELRDITHEND, WTNOE—ZAE S d O 5 (KO
BB D, dix A THBIL LT (d/2) W T, [A LT —# % Fig. 2-13(b)
ISP L7, 5L LCTd/Ah=025 075D 2 EiTZ& M CRT 5, $Efif
HrZ AW d DIEDOH T, SEEFIRENRRO ©— 7 &R T d/i fEIX
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W E— 27 OFREIL ddA fED 0.83, 0.67, 0.63 12\ T, ZhENRD LN, Z
DI, R KO 2 RE—27FHABEEIC L 5T, ZEFR T d/i 5 (025 508
5. 0750 F5) ICRO bz, DED | AERBIZEIST, FEO dAfETE—2
ERTEBZLND,

Z 2T, JEES S MHz 1281 2 FEME BIREIC OV T, BB OfE R A E
Bt AL & g U C Fig. 2-14 (29, MEDOHEAIZRW—H AR L, FEBRFERIC
BWTH, TOMRMEAICE N T d/d = 025 L5 022 TE—27 ZR_3 2 N
SND, &2 T, JARESMHz, 10MHz, 15MHz (23 C, KR TH=FHE
IR % dyA Ik L C Fig. 2-15 [ZHHL L 7=, JAP%L 5 MHz OfE RV T
JRDOWEY TH D, JEREL 10 MHz & 15 MHz OSIFIZBW L, did fEOI
(6t L CEBME B RENEITHEML T 5, 2k, HEAZNEN 600 um,
400 pm & JEPEH5 MHz (R 1200 pm) K0 <, EH 5 DEREICKE VT
b, E—2 5 RTAdOEID b REVWTEDEBX LD, ZTDLHIT, EREIC
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BOWTIE, dA=075TFTO2RE =7 RRBDLNBRNE DD, ZH LIS OH
AT ER A AT RS S & R —F& 7~ 9, Figure 2-6 12C, A%k 5 MHz OJIET
X, SEREBIRENE TR 67% CE—27 2R L, TR DHE FROHINT, O0M
DI DM DN BIRO ST, JEE 10 MHz & 15 MHz OJIE Ti,
JFEFHROEIMAENFEESREITEFITHEM L, B =27 2R hole, ZH
I, R S 72 IR AR O SR BIE At L ClEER OB RN L | FFED B —
7 %R diA R TRIG ol lcbEX biD, UL EORENL, AR5t
T B AV EIRALFE DRI U T2 G S IR E O bIX AR EIC L 5T d
PAE TR TE L Z B GMNE 5Tz,

T-Pulse R-AH
. 0.004 \l/
=]
s
« 0.003
c
2 I BS from
S 0.002 the multi-layer model
o I
s
2 0.001
o
€
< 0

Fig. 2-12 Example of signals as a function of time simulated by the numerical analysis
using the multi-layer model. Frequency of 10 MHz and mean thickness value (dr) of 300
um were used. Transducer pulse (T-Pulse), a reflection at the artificial hole (R-AH) and

backscattered signals (BS) generated from the multi-layer model are indicated.
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Mean thickness of layered structure, d;/ um

Amplitude of averaged BS (a.u.)
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Fig. 2-13 (a) Influence of mean thickness of layered structure (d:) on the amplitude of
averaged BS simulated at 5 MHz, 10 MHz and 15 MHz. (b) Replotted the same result in

(a) using the mean-thickness values normalized by wavelength (dv/2).
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—— : Simulation
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o 0015 [ 0.25—0.75 10
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Fig. 2-14 Comparison of the amplitude of averaged BS obtained by experimental
measurement and numerical analysis at frequency of 5 MHz as a function of d/4, where
d: indicates the mean thickness of the layered structure and 4 indicates wavelength of

ultrasonic wave.
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Fig. 2-15 Influence of d/A value on the amplitude of averaged BS experimentally
measured at frequency of 5 MHz, 10 MHz, and 15 MHz in Ti-6246 samples hot-forged
at 1000°C followed by STA, where d: indicates the mean thickness of the layered structure
and / indicates wavelength of ultrasonic wave.
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T, 2D LMD, AR TRD I EEESRED B — 7 1%, BELTEOE
BIZL-oTELLEEBEADND, DEV | dAED 025 XV b REREMHETITE
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FEERBLIZ B EA D {110} OEUT 6 {8 TH D, Figure 2-9(d,e)lZ/R L7 FEHELEY
K53 580 . {111} HR/FA, K001} H/FA OELSFRIZIBWNT, 6=
90°IZAL M™% {110} OHUX, TN EN 3 FE 2 THY ., WTFhbalk (6
@) OYELLTFTHD, 2F VD, RTOHFNEMRHR THBELT X, v/ 1
= IFER SN, FDTDENDONY T MERIRPA T TND Z LT
HOENTHD, ZORICHONTE, FEI3ETlkm T Do

Figure 2-1 TE X L@V . AWFETiA L7 80EH OFERRIITRS o BOIR 1
Koo, BIK2Wa DIFEHD atHE | FRE PHTHR SN D, Tk TR #R
1R el B LTl L& 7, R a \2 oW TR, HR 1R o & [T I BT 68
E% D B—o BRETIEL S4u, B RHAE L OFIZ BOR Ziiijd T2 B2 bhvd, FF
VML TIERL S VDR 2 R o DfEFEITALIZ DUV T AHFSE TIEEHIIZ i
LTV, Btk aZz 1 o &THTFTXUEEITBWT, REhEULEE TR AL S
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NDBAR 2R a DAY T o FERPBFT S TR Y HBOR 2 R o Ofsdh LI,
BECAFAEL TWDHHKR 1 K o &R UK H A2 IR L S\ 2 & s ST
5[5,6] AWFIEIZINT D 1 K a DIFREITHCIR TH 273, REZhBLBLEFE IZ 3B\ C
[FERD AT T MERBEZ > TV D EE R B, BHRIER D oo ZRETE
A L7k 1% o OJRFTEGHMOERE 2D, v/ vy — U BlicHE L
TNnbEEZLND,

2. 4. &5

AB T AR o ABRR DO TERE TR S 41 2 AR 72 & R BS54 Ti-6246 (2% L
T, B HAE CORMBEE TRk S D~ 7 v~ O MERE L, BEEO
%A BELEEN RITTRB LM Lic, oM RomAIXLL T O®Y Th
5.

(1) pEAILTE TR S0%LL DT v 7y MEEZ i Z & T, a fHO ¢ il
PN EBGE I et U CIERELZACA L7 KRR RETE G MMR 2 A 3 Dk K A A |
SFV~w IS —UNERENDS,

(2) v/ vy —rOREITHEMICS L CREICHRLTEY, v/ ry—

TR ORGSR, IR DTER LD, ~ 27 1y — 0%, B HARIR COENEIEIC
BT 5 BHHOBMEAFEAMBRORZEICER L, ZO%OBHBE TO p—a %
BT ONONT T MERPEZD, BRSNS EEXBND,

(3) MR o @ c fih & & 1A L DT AE (0) ICERTHE, v/ uy—

NE 0 = 90°DHIK o TEITHEL STV D0, Z OMHEIER T B A8 2L A

AL S BOR 22O E S D 3 Tl (35.4°,45°,90°) @ 0 DK o TEITHE

REND, w7 Yy — LEREGEEIL, BT 25K o D 6 DEWNTER LT
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BERPERO AL E T, G U CHTIC T 2B E R O% G EELA A T
Do

(4) BAEFENT OFERZEBET 5 2 & T, B FHGEUE 5 TRE L di Ik LT
2L, BB L 63 d/A=025 THRREEZ~TEEZOND, 22T, dilZ
EHEEA (um) . MIEE (um) TH D,

(5) diA fEA 025 £V & KRE R TIE, stochastic HUELIC K-> THEH K
DBRIFTHEIE Z D720, d DIDITHEVME BRSNS 2, —J7,. ddAfED
0.25 % FE % & HELZEE) )Y Rayleigh BGELICER L, B2 b 4 OIIC LD %
JiEUE S IRE RN 5,

(6) w7 vy —rZiiifed % Z & T, ELEE & Rayleigh HELIZIERE TX |

BIEM B A C 5% THEE SHREZ KR TE 5, 2 £V BERRGEZ M L
TEHEEZALND,
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FIE
B R EE A4 Ti-6A1-2Sn-4Zr-6Mo O p BEARIR COBREIEE TR SN
A ruy —r O A = X5 EEHIES BRIR o KHRR)

3. 1. #%
FIZ T, Ti-6246 542 B HFEI CEARIREZ 9 2 & TSNS~/ 1
V= DR EETRA L B SR O% T BELEEN KT TR A G Lz, £ Of
B, BITHGELIE BRE 2 KT 5 7202, ~ 7 a Y —C OWHME R H R TH D
Z & ER U, BOR 1R a3, B EARIER COBNBGE S OB ERBEEIZEB T D p—a
ERIZEVEMREIND, EOE, MOOBE TR T MERN/EZD, w7
B — U N END Z EDRBENTED, EOFMIIAHTH S,
ARETIE, BOIR o MfkEH T D Ti-6246 BE&OB S RENEZ 17 L3 5720
v/ = OMAMEEH AR T 5, T DI, v/ a Y — U DR A I =
AL, Boo BREEFOANY 7 o MERIZER L THRFT 5, €O ET, w71
V= OB RIE T T a e AR T OFBEEH L L, @B EREREEDm
FINRAERGET D,

Tl

3. 2. NYT v MEFICET A RERA R
FZ o BED Boa ZRRIZBW T, ERFED o 11X B F:AH & Burgers O J5 (7B
% (BOR)., O F ¥ {110}p//{0001}o, <111>p//<1120>¢ Z1ili /92D Z LN HIT
W5[1], BORIZIZ 12V DAY T > EFEL, 1 20 B &SRS 12181
DRI DAER T EHT 5 a R L 5 5, BOR O—fi & LT, M FA7RIFR
AT 5(110) £(0001)e % [HIERRIT A2 5 77X % Fig. 3-1(a,b)lZv97[2].
1 DO {110} HHNITIX, 28 Y OFAEATEMR (<111>p/<1120>) Y 5 5,
Fig. 3-1(a) CIX[111]p/[1120]a 23, (b) TIX[111]p/[2110]a 2SS B EATEAMR 2 A9 5,
1 SDO{110} FIZFIT D 2 DD<111>p HIMDOMAEFEIL 70.5°THh 5 DI L
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T, {0001 }o N D<1120> J7 1A D E T 60°Td 5, £ D728, Fig.3-1(a,b)
(RT2ODRRRD a Y T FOFAAET 105°TH D, HPITHIR a DAL
£ J7f & —E9 % invariant line (<335>p) %79, M NV 7 2 kO invariant line
DFAFEFITH 80.6°Th D, DEV | MK a DFMAL 10.5°L/NENH DD, Fk
RHMIIRE RS, BOR Ziii@d 2 o fHE B FHO St E O AIX % Fig.
321292, BRI v — R (fEm) 13{11,11,13}p TH D, ZD7H
— FEHZBEMICAES &, KRR F—ETh 5 {112}p/{1010}c 237 7 ARICZ
RSN TEY, 4 R7 7ty & {110}p/{0001}« D3 ERLT D[2-4],

BRI AR Y A P THY, TOMRICL DV BRENDE ) 7 MV
SHflSND, FZUrE@ICIRGWn—A2 Bl & LT, £95 112, 4Rk
FRVZ T O FFAE & FETE OGS TN BEFR &2 FE0 03 . BORHMAI O REFE & & fif 5 5 (v B
BEOLOTNE/NSLSTDEEI RN T2 BMEEMICRIRS LA [5-8], KIZ
RS B ORI AR HERIEM b= XV ¥ =2 T T 5720, R x /L%
— PRI TE DT AT, DF V=¥ —Ri Chifti 4 T&
HIZTIES A D) T hREIRE D, ZHE Lee H[9-1011C L 2 HFGFFEA,
WS, BRIIB[SICE D 2 FHAT > L A (Fe-25Cr-6Ni) DRFRhEVLERIZ B 1T 5
o REFE (bee A#i) RIS CTO v 4 (fec #EiE) OHTHIZBIT 2 EBRAUMFT TR EN
TW5, BRIF % &4 (Ti-15V- 3Cr-3Sn-3A1) OEFIFTHICEB N TH, HED
M6, 7VELL DY 7 MEBIAIZ R L TR Y | B RHBRLFUZIER S L5 #HIR o FH
DAL, REMR 2 mEOMK = R ¥ —Fm ({112}p/{1010},
{110}//{0001}) (T3 2 FiE HIM<111>p PSRRI IS FATIZIE VDN 70 b
IESERNTEIR SN D Lk LTV D, IS, FZ U AaICR A ORI & LT,
BEbZET 2 BRI {110} MRS E VM AT & 22 3@ {110} (FAFEEZEMN 10°LLF) %
T D56 R o D {0001} AN {110} (2 AT E 22 DN 70 R AVE-R
NG Z LIS STV 5 [2,11-16], Bhattacharyya 5 1X[2]. & DOHEH
& LT, {110} &£ {0002} DFE IR 2T < . RIS o ORIV T2 IZE T
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%o REORE RNV —2R/METELTEHEBLRLTND, DED | RISt
o lZ—FHD BRLE BOR &3 D5, {0001}e 23 3iE {110} I FAT72/NY 7
N ZEIRT 5 Z & T, BOR i@ L72W D BRLE & TE DT EAMZR
b, o AN F—ZH/METED LB LTS, R o BRI, BRI
PLZTE > THOR @ 23TBAL « BREET 2728, Bk o OFEEFAIZ 20T H Ak D
B TR o EFBED {0001 e DEIRINGHNWEEZELTWD, 2D X, F
o GeDMERBIZBNT, N7 U MERPBHECEZSZZ EAMmbTW
Do

NUT v RSO IR Tk E LR RER OB L (IR O AR L.
O T HFERABEE) | R~ TREEOEAN, K ORSHT ) OTE R 2550
HITND([T,17], ABFZEDKRIG T o HMiZERT T 2 GG IcB\V\ T,
BLAAT I ISE DR SIS 72 D8RR H D T2 ZOTERIFAF £ L < 72y, HIZ,
E\HfE% O B ORI DSRAETH D . LR MaOENIIBECTE 2+ & W
%o T, AWHETIIEIERT B R DMRI L & OT Hahtd b 8N K 5 hL
FEdbicE B T2, 3R, 34 Hi Tl Tk~ %,
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(a) [1120],

[Tty [2110],
—/7\ [111],
10.5° ,
60°
N/ ——+——7 1210}
[T2T0], & — /
7
i (0001),
/ 0
[111] Ly 144 Invariant line
. 335,
[2110], [111],
1120
(110), [1120],
(b) 5 [2170],
- [1120], 1,
"R
10.5°
N (0001),
\\60°
[1210], _______\
7 11210,
\
\
\
14.40 |\
Invariant line \ )
335, - V. b
[111], [1120],
[2110],

(110),

Fig. 3-1 Schematic illustrations showing (110)s and (0001)e which maintain the Burgers

orientation relationship (BOR). (a) Variant 1 and (b) variant 2.

Normal to ledge terrace

{1010}, // {112}6 Macroscopic broad face

14.4° {11,11,13)

<1120>4// <111>p

{0001} / {110} — >

=

\14-40 Invariant line<335> —>

Fig. 3-2 Structure of the interface between a phase and B phase which hold the BOR.
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3. 3. ERFE

3. 3. 1. NUT Y MEH

¥ = DB A = XL EBRT D720, 2 Bl T~y —
> DI AR BT8R FR50 & FR67 (2%t L C . Fig. 2-7(c,d){Z7% L 72 EBSD
WEARERE S LN T Mg 21T 572, 2N 7 > MENTIZIX, HKL o v
7 k77 (Channel 5™) % Fvy, 0 1Z%F L CTEffiF 7= TA ~ » 7 (tilt angle map)
DO IENT RIS & T 2B 28D BLY | a FHD TA ~ 7, band contrast {4, o FH &
BAHDIPF v v 7, kMol L BHHDIEMARZ L, aff L B O TAT
BAREZ T, afHD TA <~ 7 & IPF = » 71X, FALZEN 2°LL EOBER (21
) B TRV 2, B BRI ONLE L, band contrast DB = F T A T
Iz, 1H BRAOMEA D BRINIZTEAR SN DR o DR MNRRD Z &%
ZRELUTHW Lz, Ll E%OMBTH D720, 1A BRIAD RIRR &
b2 <. TOEEIX BMD IPF v > 7 L BEFIZIA BRI ONLE 2 HEE LTz, ki
ol BEEET 2 BRINITIERR S LD H0K o LIRS MR RZRY | 208657 T
JEI R % PR A 7o I & B U CMRAT L7, L, 20K —IRE L TV A4
% . band contrast {2 DHARE A S L IR R a LRI LT b DB H D, BAL
PUZTER S TR o 12k L CL o fHO B AR A2 b &1, BEBBOHE R %
TFEYCHIH U fER AL E— OBCR o D2 &2 T~ I X 0 g
EREN DL TR DBERHE L WIEAIZIE, o O IPF vy 7% 6 L2, ik a
DRIRJ7 DBl O SIS O W E S8 & T/ TR U RS ah 70L& AT L 7=, B3RP
RN OS2, B OVERR AR X ORI O M4 2 1 R 7,

3. 3. 2. HEEMOER
~ 7 u Y =R RIET T et AR T OB AT o720, 2 m
7] U226 CHoEM 2 FIL L7z, Z DB, NU T RO FE & LT, #akal
B RIEEDHRIAL & O AFF R BN K ARIE I LICE H L, &R 24
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B L7z, OFTAFEMABE 28BS 5 FE & LTI, &R0 O Al K
DI A W L7z,

MEHZ AW Ti-6246 4D B F 7 R (Tp) 131 965°C TH Y, 7 v 7k
v MEERFOETHRE 67%E LT, #El pRifea Efll+ 25 BT, JENT
P (ETHR0%) s &R UBBIEO % 5 2 72 FM BIERL L 72, PIEH
ORIZE 2 LR L Th D, #BIERT BRIRIZ, 252 = CTHV 2 700 um % FEHE
(2400 um & 300 um @D 3 KHEE R L7z, BRIROFEFIKIIFE 2 HLF LE
HTHY ., YIIFEMZ B EFED 1050°C (Tp+85°C) ([ZMEAL ., BRIENEB LT
300 um, 400 pm, 700 pym & 72 % X O IIRFFRFZFEE L, 7y 7y MRS
RO OTHEE T 7 v A~y NBEHE CHIE L, 2 2 =& F L 1800 mm/min
(ZIMA T, 1HTEV 180 mm/min O 2 KIED M2 Hiz, 7 v A~y REEIHE
FIIRER TETETHY  WIHOTHEEIZZN LI 0177, 0.017s! TH
%o & Ofth, SR IE % ORI LR EVLBE O S E, 2 LR L Th
Do T w7y MEEBRITIECRNELEE & i U 72 B A HREM L PR D,

3.4.4ZLAREIC RN T, #GERT BORIFR 300 um, 400 pm, 700 um & L. FIHIOT
FRREE 0.17 71 T U 7o #B0E# 2 £ 71240 FG3F, FG4F, FGTF EFRL, E724))
O A3 0.017 s THOE L 72 #0EH 2 £ €1 FG3S, FG4S. FGTS &7

52l T 5, ek BEM FGTF 1355 2 B OH#GEM FR6T & Rl —#aEk TH v |
34201 % TITATE & £HL 4 — B S EHIEM FR6T L#RT 5,

3. 3. 3. SHRiEM O
~ 7 uY = DMIREETR D720, 5 2 FLF CJGET EBSD JIE AT
ST, 7Y — DI KIETHOERT B A & OT Bl E DR LTI~ D
7=, &R FG3F, FG7S, FG3S 12kt LT, 3.3.1.8i& W UEFET/NY 7 o Mig
WraiTolz, £ LT, SEMOBERREEZTH 5720, H2HELF LHIET
% FHCELAE 5 om B & BT L 72,
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3. 4. EBRHER - BE
3. 4. 1. {110} DFERRFMHFICEET 2 Tt
B2 EOBRBHE RS, B EARR TORMMERITIT, BRGNS LT
TEENM O T, {111 p MR//FA & {001} pH83/FA (FA : $B&h) 20 EHEEE
BAERR DN TE AL S T2 (Fig. 2-9), UAtR. ARFE T, {111} p M3 dh 7 m i
W95 BRLE"BRLT (B-grain) . {001} p )N Hil 7 N2 B a3 2% BRI & B KL
I (B-grain II) &2 & L42, BRLL & BRI 2NDHALD BRFAMKIZ U
T, PRIARETERT 2 BEEE B iDL A+ % Table 3-1 (279, CLIZPHRIT & BHE
2%, C2HL BRI ML, ZLTC3 X BRI RILENEET 2 BRLOMER T
Hb, kD@ y . poo BRED Y T2 MERIZEBWT, @ {110} O
BERPER T THDH, £ T, Table 3-1 [Z7-7T% B RiOMARIZH LT,
W {110}p DI 2 fGT L7z,

Table 3-1 Identification of combinations of adjacent PB-grains in Ti-6246
samples that consist of B-grain I and B-grain II. B-grain I and B-grain II
represent B-grains whose {111} pole and {001} pole is parallel to the forging

axis direction, respectively.

ID Combination of adjacent B-grains

C1 B-grain I B-grain II
2 B-grain I B-grain I
C3 B-grain II B-grain II
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REHZIT I AR ER R & {001 AR HER 21X 22 I T, #2140 Hp 2R 70 S i
Jme—E L, AR HEEE I L CHEER T E T, 5 2 ETHRO L
hWicvw 7 ay —A% a tHO ¢ i & ST & O TAE (0) A 90°ITEE DR
Wa THESNTW, 207D, FEEKIZBIT 2HMEEO {11085 B+
%o BRLOFAH ClIZxHT D MEHE R % Fig. 3-3 127, Figure3-3(a)iX {111} %
R & (00NMEERE N ZEREDOETHEKTHY | MOR{LD 7=k
JEEIZALE T 5 {1100 & 2 HICkIc T 2 KR O A EZ#INT WD, £ LT,
{001 MEVERE T H D 2 DO {0MRE E A Eduimi, MR, {111 EER I
H 5 3OO0 %E T IEIUBI, MRIL, MRILEFLT, {001 EARER X O[ElfEf4
FE4 ¢ & L. Fig. 3-3(a) D {001 MEAERFZ I I T R A FE#R T L7 IRTE
p=0¢,7%, TLT, {IHFEREZKZEE L, {001 HRERZX 2 AR (2
Bl S5 2 LT, {110} DFERSM 2 et Lz,

R & f L, FRI~THDO W EIEHE L, & o IS8T 2 i o A4 2=
% wip, wip &TEFET Do 2B wip & wiip ITHERMETET, ¢ OHEIMIFED wip &
wiip DEAL % Fig. 3-3(b)ITRT, @=0°123\ T, MRl &, F 7Rl AR & Bt
THETHY |, vk ool THE 15°Thb, 7T wp lZEBT 5, ¢ OHEMIC
PERBTTIARID S BEAL, @ = 15° TR & WRITOD [t 5 ORI fc T B2 22 BEFR & 722 0 | wis
=30°12#ET 5, BRD ¢ OB TREIIIABRINI TS 720, wip 1TDICEET 5,
DFEY | FTHEMRE OAEEIL 30V RRKTH D, RIZ wip \ZEHT D, ¢ O

WA IRRIITNZ T < 728D wiig 1T T 5, o =15°THILE T2 D G0,
wirs = 008700, DFEVD, HLH{110}p ZTEAET D, TR D o ORI Tt IR
MOBEND T2 wip 1 FHINZHEE L 5, FROBETZ1T 9 Z & T, ¢ DEAKITHE
W Fig. 3-3(b)0WIR T AEZENE LD Z ENphnDd, — R, 92 {110} D
FEZEN 10°LL FOHEIZIL@m {110 & RS n5, T2 T, AAEFZ0LRD ¢
IND IR 100D A AL TR LTz ¢ OfiPHZ H@ {110} DTEASIEE L, %22
P % Fig. 3-3(b)HUI/Ny F o 7 TRd, BRLT & BRI SEEEET 2 BRLOFH A
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1R TC, et kT U CHRE 72 5 N m AR S EC B3 5 {110} g i A3, 2/3 D
EVOMVER T (110} Z TR 2 2 L3005,

[FREDORG %2 BRLOFAETE C2 KON C3 Ik L CTiTo72, BRI A2 BT
HRLAHE C2ITB VT, 9=0°60°D 2 S THOWDO {0 BNERV S, 9=

AR A B L, B 10°00AEEEZZBET L L. Bl S DRIUIT T
NG E)—=Thb, ZD7D, BEREAERYT A e LTOMEIIHNEEZD
b, ¢ =60°1%, Shi H[8]BIE~RTWN5D . BEET D BRI BERTH Y |
BRI A AH) Z e A TR BRUZ[F— LD a BB SN D 5 & DO
HRHDH[13], 2%, TORMEIT, <I1I>8#hEY I 60°HEz S TR SN D 23
KGRI T D, bee HEDF Z NZBIT D, T D I3 KSR ORI T 1L %
—IFFRHTH L2, FL bee HEIEDE Y 77 ANZBIT DRI R —IL, o
& DR & bR THERNRVME T2 W E OBERH H[19]1Z E b, FHX I
BOTEARY A FE LTEL LRI,

B KL II [R5 B RLOFAYE C3 Tid, ¢ = °COHFAETOH, HID
{110} p WS EAR D & 9, HiIfR 10°DAEFRELBET D &, Bl In DRI~
Ny E)—=Thh, BEEENRTA e LTO@EITFHNEZEZXLND,

DL EORECIE, sadEimic st U CHREZR G MO {110 MO EXHRE Lz, &
O, BHLT & BRLILIZENENAFAET D, 0=35.4°L 0=45°D {110}p FR[F] £
DTHET DAl REME 2 FRET L7, BRI EH ClL IZB W T, FaliEDElisf fE &

S>TH, B0 D7 TAT VT EFRIZITW 9.6°DAEENHDH Z LD,
FEEIC @ (110} 2 TR 2 FIREMEIZIRW E B2 B D,
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(@)

{110} pole
® :{111}pole//[FA
e o : {001} pole//[FA

FA
jﬁR»]
R,
(b) — Wy T Wi :Common {110}
40
30

LVAVAVAVAVA

Deviation angle between the
nearest {110} poles, w,, w;, /deg.

X T

Rotation angle, ¢ /deg.

Fig. 3-3(a) Definition of rotation angle (¢) and deviation angles (i, and wiiy) at each ¢.
¢ is the rotation angle about the forging axis direction (FA) in {001} projection. wi, and
wiip are the deviation angles between the nearest {110} poles perpendicular to the FA in
{111} and {001} projections. {110} poles perpendicular to the FA and corresponding
large circles are depicted in (a). (b) Deviation angles as a function of the ¢. Range of the

@ generating the common {110}p poles are indicated by hatching in the figure.
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BRLT & BoRL I ik, #a&hloxr L CREICHEHERR T DB T 5 {110} i %
AT 5, £NHD {110} & BOR A /&3 5 a FHD L 2 BRI Fig. 3-4 (2
R, mEATEIMRO110) £(0001)s ZIERTRNG RIEKTHD, <111>p &
invariant line <335>p ZX/r LTV %, (0001), mANIZHEVZ 3 KO BRI
<1120>, R L TH Y FIPETRMR AR T 2<111>p £<1120>0 & KVEHR
THIWTWA, 1 OO{110} ENIZIZ 28D OFALDOFE2 D o FATERLATHE T
BHLI NIZIERL S D a AHIZIUVN T, HIFEATRIR A B T 5<1120> J7 A3 e
Wi & —ET 5 a #BH LA ORI, & 9 — 5D a #BiL% ORii& EFKT D, afH
DRSOV T, ORUE#H#AEENT 2T < . ORI #&E M xf L CHRE RS
[FIZITVY, £72. ORi& ORiiZ#&IEHIE D (2 180° s S ¥ 7z a FH7 L% ORI’ &
ORii’& L CTHEEMICKAI L CTEXRT D, BRI ANITEEREND 280 D o fH)7
MEAZEWT, FHEEITER A2 AT 5<1120> & #iEdh s ofmEZIIVFR G
547°LRUTH D, ZZTiE, P THTIAMIZAL <111> (KTIE[111]) &
FAPEATEIR 23 % o #8704 ORiii, £ EJ7micm < <111>p (KTiX[111])
EHTAEATER A AT D a FHLE ORivE EFRT 5,

-61 -



Fig. 3-4 Schematic illustrations showing a phase orientations formed in a matrix of either
B-grain I or B-grain I when the BOR is maintained. <1120>4, <111>p and <335>p on
each plane are depicted. Bold lines in the figures indicate directions where there is the

parallel relationship between <111>p and <1120>.
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3. 4. 2. w7/ —UHERIZKIET p—o BEREONY 72 MEROE
AREITIE, B HAIE CORMBER OMHRBIRICBIT 5 poa BRE TSN
% o FHOFHE LG FIIREEZ TR, v 7 0y =V O A I = XL e RHT
Do TDI=HIT, 52 ETH R~ 7 1y — U BN b= iEM FR50 & FR67
(ZxF LT, EBSD HIE TRl b T ALIE o 2 S AR L7z, £ OfE R, 2 TE
O~ a—roRRO LT, 1HEBIE, B BRI A A CTHEET 2o B
B R T DR o THERL S AU, Bolk o OFE 88722 528, 0= 90°T 3 &k
TEINZ S HFALBFEBL O/ KA A > TH Y, Hi@E {110} ZTEKT D B KiDFHE
HCl CHIZIN, 2FEB X, o HORETMNRRZRY | 3 RITHIZ BT
ML FRIR D05, 0=90°DHIR a MO SN DMK KA A TH D, Thid, I

{110} ZTEAL L722W B RIOHAGHE C1 KON C2 I281TF 5 B AL T, OB KL
NICTHEIZ ST, 55 1 B CIR_7238 0 | hep #EEDHMESRIT 0 125 U TE{LT
% (Fig. 1-9) . D7D, 3 RIBITHE LTI R > THWTH, 0 VLD o
O KA A VBFET 2 EBER OB I A ISR, ~vrnmr Yy
— U ERRED, AT, Fvoruy =X AT A FAT B LENE
NWHT22LE32%, WTNOXA TO~r7 vy =28 a MO ¢ BTSRRI
S UTHEEIZEMLTEBY, &~ n Yy —UPlHAEDIHZ LT KRR~
Y= BRSNS EB X B, Tk, AR THEISE LICHEIZRB VLT, B
RLOFAAR C3 T~ 7 B Y —  OERIERRD Hivieh o To, LLFICRE 26
RETT,

(1) 3WETMITHER GNP D~ 7 vy —2 (A7 A)

HOERT FRS0 IZBIR SN BIRY /e 2 4 7 A O~ 7 v Y — % Fig. 3-5 1T
9, Figure3-5(a)lX 012kt LT, LT A7 —RA T — %&b EITEBfT LI TA
~ v 7 (tilt angle map) C& 5, Figure 3-5(b-g)ld(a) & [FIFREF D (b) band contrast 14,
() afHDO IPF v 7', (d) BFHD IPF v > 7 TH VU | (e-g)lE. FILZI{110}p.
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{111}p, {001}p EMREXTH D, IPF v v 7L, e i —AEOA T %
b &IT, AHIE R OERT M OSSR HE2 KT, (a-dIZBW T, FLARET
E 727 o ToE 3R W NS IR Dt GO O R ORE R & BATET, (e-g)D
ERGSK O ITIZ(A)D IPF ~ v 7L —579 %, &M oifEthhm, KO-
B NI I FEE L7288 TH %, Figure 3-5(a-c)0>H 43735 X 912, 1AEF DK
ISR - TR R Z2 B B ORISR B, KHIZ“Prior-GB” & i L TV
%, Figure3-5(d)7>HIXIH BRI ZFkAB] T 22y, 5 L LT Fig. 3-5(a-c) & [A]
UAZEICIH BRI ZFET, Figure 3-5(a)iCid, c filiAvaBadih oot L C B (AL
L7z GREICEMT ONTE) af i~ 7 0y —oRN@Rb b b, IHBRAZEA
TR O BRINIC, BEWICFEATICHE Lok o GEFR, A R7L—R) @
R ENTNEDEND (Fig. 3-50b) . WD BRI SOk o DR
FHNFRKRE S ERDM, afiD IPF v v 2B W TG ot »
FTID BRI ST HCR o b {1120} MM EIES 5 A ZELA LT\ D Z &
Mornn% (Fig. 3-5(c). BV & O HIR o 2SEWTATICRR L2 SIS L
T, EEDOEMRXE DO FAEACETRT0, a HHO FALZEACITFE L5780 L vz
D7, REIZBWT, AWVICEESMNE UKD & 580K o Offilkd am =—
EMESZ LT, IHBRFULFICER T2 & 220 FUCH ENTZ a FHFE O 5
N5 (Fig.3-5(b,c)) . ZAUDHITRIR a O—THY ., TOFEEILIH B RIFITH -
T, ORREFANIE L E T D, Figure 3-5(b,c)? band contrast 14 & o FHD
IPF ¥ > 7 &xtbtbd 5 & BRINIZIEAL S AV ARIR o 2SIEREIR BRI ICHE L TV
HEFT RO HILD, AL TIE, KR o OHAF & LT, 22 CHENT o
FZAE B UCHM AT LT, BRICEHR T D & Fig 3-5(e-g) D EMRKITIE,
2 0D BRUKHILET D H & AREADMRIFE D HiL D, Figure3-5(d,0226, [H B L
SO TN {111} p MRS SBAE S T BL A L7z BRI T 23, % 72 Fig. 3-5(d,g) ) 5.

IH BRSO FANZIE, {001} W23 #&Hh)7 Mz Bdm L7z BobL 0 2SR ST
L2 ENGIND, DFEV | BRIOMERTIXCI THDH, £ LT, {110} EARAIX
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(Fig. 3-5(e)) (ZHALEIT/RI@D . #=90°D 2 S {110} MEA3 18 {110} (common
{110}ppoles) ZTERL L T\ D, TN OHDMAEAIT T TH Y, —fRINRT 74T
U7 (10°LLF) Lv/hShrot,

Figure 3-5 (2R LMk o D a0 =— LR o OFE S0 % fi#dT L7-, Fig. 3-
6(a-c)lL. ZNEI BRI NIZFER SN2 2 =— (colony 1), Fift o (GBa).
B KL I NIZTE &7z 2 =— (colony 2) (ZXfT DfEMNTHEICTH Y, XD/EAM
(R o FHOD IPF ~ v BN T, TR & Lotz A T4 FFRRLT
W5, BRATRREIIC 3T D o HHOREEE LA {0001} e, {1120} IEARALX O
X CH I L. Fig. 3-5(e,HIZ7s L7={110}p, {111} EMSIXZ Z NN ERED
BT, KMOLAHNZER L TW5D, EMmE RIZ3B0 T, BOR ({0001}0/{110}p.
<1120>//<111>p) ZiE T 5% JLEI TR T, 2B, <1120>y/<111>p 137
TR CTH D720 AKIZF MO CTERR LIz V5 R& Th 503,
ARFFE TR D mfaE (FOERT ) (BT, Fmy hre—87 5
7280, {1120}e. {111} EMSKE AW CHRPEATER 2 METT 5 2 & 259
%, Figure 3-6 22553775181 | colony 11X BRI &, % L CTHIR a & colony 2
(L BRI & BOR Z{if)2 L TRV, WFd{0001}qf b Hid {110} & 1HFATH
1fE2AGT 5, T ZTHERENZ EE LT, K a & colony2 {0001}« AN EE4R
T2{110p EHIZFR U THL OO, HAFATERZRO<I11> 1R 5H, OF
D RIS o D<1120>0 [ LRI PATICE WV <111>p & FREATEIR 2B T 503,
colony 2 D<1120>q (XK ME I3 L CHREIZITV<111>p & 5 WAPEATRIR 2 i 7=
7, Figure 3-4 CTEFR LI=RKiLZ MWD &, colony 1. K a. colony 2 @ o fHF7
A%, 24 ORiii, ORii, ORI TH 5,

FEIRINC R L7z Fig. 3-6(a-c)® o FHO FALEHRZ 1 DIZHEA L, Fig. 3-7 TR
7, Figure3-7(a)iX a fHD IPF = 7 TH Y | x5 T 5{0001} e, {1120} IFFRA
X% (b,e)lFNEIRT, IPF < > FIZBW T, TR U ORE R %2 BT
749, Figure 3-7(d,e)i& Fig. 3-5(e,HIZ/x L7 {110}p, {111}p IEMGIXIT&H %, Figure
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3-7(b-e)lZ7~ L7 IEMRRIXIZ 1, Fig. 3-6(a-c)ll/m 34 a FHEEIK D AL, K OZER
5723 BOR Ziifi e 35 BpHOMAE ZNZEIR LTS, [H BRI B MO B kL
(ZTERL LBk o 1, RO B RIS e 0 R H A S K& < B n08, H\ho
TiIfE 22T/ S <3 RITHNTAE STV L T D BIGRAEMT L 72 #6 2. colony
1 & colony2 O FHALZEFK 7°CTh o7, T OFRIT, Sl 2 T8 m SRR 7 m 5
B3 2 {110}p m2 1B {110} ZTERLT 2 B KRLOAEHE CLIZBW T, [H BRI
OO BRINICTEER SO o (mr=—) OREHMNRRRDEDD,
6 = 90°T 3 WILHIZ bifisa TOLAFEELT 2 2 A 7 A D~ 7 v ) — VIR
b7z,
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Fig. 3-5 (a) Tilt angle (TA) map of type A macrozones observed in Ti-6246 sample hot-
forged to a reduction in height of 50% at an initial strain rate of 0.17 s at 1000°C followed
by STA. Mean diameter of B grains before hot-forging was 700 um. Corresponding (b)
band contrast image, (c¢) IPF map of a phase and (d) IPF map of B phase. Corresponding
pole figures of (e) {110}, (f) {111}p and (g) {001}p. The forging axis (FA) direction and

the orthogonal radial (R1 and R2) directions are indicated in the figures.
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Fig. 3-6 (a) IPF maps of a phase highlighting colonies of a platelets growing in the same
direction and GBa. Corresponding (b) {0001} and (c) {1120}« pole figures super-
imposed on the {110} and {111} pole figures shown in Fig. 3-5 (e,f), respectively. (a)
colony 1 in B-grain II, (b) GBa and (¢) colony 2 in B-grain I. Circles in the pole figures

indicate poles of both a phase and 3 phase which maintain the BOR with each other.
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Fig. 3-7 (a) IPF map of a phase and corresponding (b) {0001}« and (c) {1120}« pole
figures of all regions analyzed in Fig. 3-6 (a-c). (d-e) {110}p and {111}p pole figures
indicating the poles which maintain the BOR with o phase in each region identified in

Fig. 3-6 (a-c).
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Rk D~ 7 v — 3EM FROT IZB W T LD b, & DGR % Fig. 3-

8 IR, XIDOFEBREFHIX Fig. 3-5 LAk Td 5, Figure 3-8(a)lnd TA v v 7
ICHBWT, ¢ EABEEIC R L CEwRECEN L (REICEAMNIT HRE) afio
~7uYy— PR HND, Figure 3-5 1O LN~ 7 Yy — 2 LFRIERIC
BRI A H A THIM D BRINIZIZAL S IVIARIR 0 13, TN Eham =—Z L
TS, EWCHETMIIRESEZLRDL DD, o fHD IPF v v FIZBWT, W
THHREOICEAMT BN TEY . {1120} 2SS mICE M LT\ (Fig.
3-8(b,c)), Figure3-8(d,f,g)2>6 . IH BRIF O FHIAS BRI, FHIA BRI THY |
BRIDFMAR CI THDZ L5, Figure 3-8(e)lZ/m7 {110} p IEMR X 7> 5
Bepz B ORI TSRS kT U CEEEZ AR T 3B A 3 25 {110} i CHL# {1101
AL TR, BRI L7z & 2 A, L@ {110} MEOHEEIT 7.1°TH -
77

Figure 3-8 ICRRO LN~ 7 u Yy — i+ o am =— RS o 12k LT,
Fig. 3-6 & [A] UEHEH CHNLf#MT 21T > 7=, Figure 3-9(a-c)i% o FHD IPF ~ v 7T,
FNEN BRI NICIER Sz =— (colony 1), Kt a (GBa). BRI NICZ
RSz am=— (colony2) 23 HMHTHER TV | MRHT I G A8 A /A
74 hFER L TW5D, Figure 3-9(a-c)lZ /"I fEIRBINCMENT L 72 o FHO L1 ® %
1 DIZHEA L. Fig. 3-9(dIZ IPF v v 7% XfIGT 5{0001}e, {1120} EAHRAIX]
% Fig. 3-9(e N ENZLIRT, IPF ¥ v FITBW T, TSR U ORIE R % B
6, C#9, Figure 3-9(g,h)IZ Fig. 3-8(e,NITx L7={110}p. {111}p EMEXKTH D,
Figure 3-9(e-h) D IEM X2 1%, Fig. 3-9(a-c)lZRd 4% a FHFEIR D AL, K OEH
573 BOR Ziifi 3% BAHDO FAL &2 ENZE 4T, colony LIZBRIII &, £L T
K a & colony 2 1 BRI T & DMIZ BOR &/ L, W10 {0001}q i b 3
{110} ZIEIR L T 5, Kift a & colony 2 23 EATRIR Z A9 5 {110} i 1 L[]
CTHDHN, FAPEATEMR 2R o<111> N2 5, KR o D<1120>, (KIS
IFATIZEW<111>p & HFEATRIRZ A 525, colony 2 D<1120>q LKL 5 ik
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(2t U CEEIZITV<111>p & A TRIfR 23 72 7, Figure 3-4 TiEF L 7o Kq
W5 L colony 1, Kift o, colony2 @ a FHFALIXZ L4 ORiii, ORii, ORi
Tholze ZHIL, Fig.3-71R Liz~v27 nY = LR CHMAEDLETH Y | Fig.
3-7 LEIERIZ, 1B BRI B D B RINIZIZEL L72ARIR o 1, R T MA K &
SEBRDHLODOHENOFNZET/NE < 3 RTINS AR L TV 5 (Fig.
3-9(e-f)) , BUIRFEMNT L7-fE %, colony 1 & colony 2 D HA7EIEKI 80 ThH > 7=,

SRR 72 AT RS B & IR LT W23 Fig. 3-9(b)N D H A REIIE, $iE 2 5t
U CHRE AR I HEA L2 BRLR RIS S IR o 278 L CH Y | Fig.
3-9(b) T/A T4 FERLIZRAR o SRR TH-T-, £, AGKH
(T DA ZERD DAL DAKEH MOz a F AR T, 20 o IR o &
[l UG Cd 228, BRI H (REFO ETFHM) IR BRI TS, HEFo
THEBIZ, colony 2 EIERRE ST MMM B3, IPF <= v FIZB W ThrAIZ AT 5
MNTBCIR a 23580 b, BIRMENT L7= & Z A, Fig. 3-9 OHRE OIS AF(ES
LRIDIHE BRI G AE LIEARIR o TH Y | Fig. 3-9 TG & L72IH B kit
IFETHRELTWD Z E2h, BERHECR L a RO, fiT5 08
H RN ~DOREN BN -T2 b O LRI S LD,

WFAUZ L TH, Ll {110} Z AT DA C1 OBEE BRI S5 ¥
AT AD~I =BT, Fig3-7 & Fig. 3-9 [Z/R LTz a fAHOMAE
DNHEBICERD BT, Z O a AR OM AT % Fig. 3-4 TEFE LKL EHANT
Table 3-2 (ZFEH 5, BRI, K a, BRLIINIZIE, EHZL4 ORi, ORii,
ORiii® a fA AL, & L <X, ORi’, ORii’, ORiv® a FHHNLNFERD BTz, T
ZND o B OMEE ZHET a, AT Db LT, MHEE b ITHEY a 28k
IEHEHEI D Z 180° RSB/ L TH Y | 2 DOMEFITEMTH DL, ZD LD
(2, FEHE Cl OB BRI W T, FEEDIMER D a MBS NI &
IS ATSENONY T v MEHIRIBAEN TN D EEZ DD, sHliT, AR (3)
HTEET D,
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Fig. 3-8 (a) Tilt angle (TA) map of type A macrozones observed in Ti-6246 sample hot-
forged to a reduction in height of 67 % at an initial strain rate of 0.17 s™' at 1000°C
followed by STA. Mean diameter of [ grains before hot-forging was 700 pm.
Corresponding (b) band contrast image, (c) IPF map of a phase and (d) IPF map of 3
phase. Corresponding pole figures of (e) {110}p, (f) {111}p and (g) {001}p. The froging
axis (FA) direction and the orthogonal radial (R1 and R2) directions are indicated in the

figures.
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(a) colony 1 (b) GBa (c) colony 2

(d) all selected areas (e) 0001, 1120,
colony 1
colony 1
GBa, colony 2 colony 2 \# ]
| GBa
colony 1
@ 110,

y -

colony 1

GBa colony 2

Fig. 3-9 (a-c) IPF maps of a phase highlighting colonies of a platelets growing in the
same direction and GBa shown in Fig. 3-8. (a) colony 1 in B-grain II, (b) GBa and (c)
colony 2 in B-grain 1. (d) IPF map of a phase and corresponding (e) {0001} and (f)
{1120}« pole figures of all regions analyzed in (a-c). (g) {110} and (h) {111} pole

figures indicating the poles which maintain the BOR with a phase in (a-c).
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Table 3-2 Combinations of a phase orientations which form type A macrozones.

Site a b
B-grain I . "
({111} poleyFa) | OB ORi
Prior-BGB ORii ORii’
B-grain II .
(1001} pole//Ea) | ORl ORiv

(2) cHh& s & O3 ME (0) »WELO~ vy —r (X247 B)
HOEM FRO7 IZBIZE SN )72 2 4 7" B O~ 7 1> — % Fig. 3-10 |1
T, M OEPLEGHIL Fig. 3-5 & FEETH 5, Figure 3-10(b)IZIH BRI D h L—R
ZEAAORBETRTIEY . S OKEH MM OTZIH B RADBRBD D (Fig.
3-10(b,c)) o IH BARIFD B BRI, TR BKII THY ., BROMAE C1 T
&% (Fig. 3-10(d,f,g)) . BOIR a 134k~ 22 HFANZAKE LTV 55 (Fig. 3-10(a-c)) .
TA ~ v 7B WT, I3 BRIAD B B KL T NIZITARAIZ AN T B 58N
%\ (Fig.3-10(a)) . 2F V. c Bl &l U CHRRELIZALRA L72ACR o 235
< ENTWD, 728, Fig. 3-10(e-g)(Z~d p O IEM A KIZIL, FHELFRE
DORROMIZ, B 7 aTafMfT bNTmbEO LD, BFEO IPF >~ (Fig
3-10(d)) ZRE LR EZ A BRI NIZAIEL TWAHIE S Z KL T\ 5
T EEMER LN, TOREIXENTH T, T8, BRI DRERITRED
ML 7 Uiz, BBk B ORLICIIT 2. SBoEWhT R U CHRELIC AR T [ 23R )3
{110 MBI OAEFIT 11.2°8 20.5°TH Y, Hm@ {110} 1FFEL STV -
7= (Fig.3-10(e)) o FiFt a ([CHOWTEEMZEIZT L5208, SN0 7 2 R v
SNTED, BHRLT & BRI &ZNE4 BOR Zili/E 3 5 a tHRE D bz, B
BT NIZIE, c Bl2S g b oo U CRERELICALN L2 B0k a S BIEE N TV D
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e, KO EERMICHRDZD, BRLT & BRI NIZTEZEL STV D1k
Woo D 0 OB % Fig. 3-11 IZZENENEEB L2, Figure 3-11 IZBW T, (a)
BALTI N, (b) BRL I NIZTERL S AVTEARIR a IZRTT 2R TH D, 5 2 m Tk~
720 . {111} H8//FA, {001} MR/FA D B HHEA KM Z & & 12, BOR Z e L T
FEREN D o FHD 6 13 35.4°, 45°, 90°0D 3 fEi¥HCTd 5, Figure 3-11 DI /34
b, INLEMR—ET L0l —2r BB OLNDL, LL, HOICBITAHE—
7R D ERIT B RIFICERR Y | BRI N TIE, 35.4°05 45T D v — 7 58 %

& 90°UTED B — 7 FREEN[RIFEE CTH D DITx LT, B KL T NIZHBWTIE 900
BEOE—27 BRHLNIE N, £ T, 0=80°D a fHOEIGERDT= &L Z A, BHL
IS 044 12k LT, BRLINIZX 077 TH Y, BRI I NITIEZ, BRI IT N & AR
T oo HAMBGEREN T 0 U CHREICER M T 280K o 2349 1.8 fFZ <FFEEL TV,
ZORRIT, BRLIIZIBWT, c il sl & 2T HE (0) BERo X A
7B DOw 7 aY— U BERI I TV,

Figure 3-10 [ZBWT BRI NICFRDO BNTZZ A T B O~ 7 vy — ORE %
ARSI D, FEATOXRIL, v~/ n Y — L OREREEZETH S 0= 90°DHR a
& L7z, BRLTIZIWT, HaEHhC B®E 72 {110} p 23 3 D7 5T 5, £ LT, &
{110}p M 2 DDO<III>p BIFET H728, 0 =90°D a f8/3NY 7 MMEAEEE 6
WY BHD, KR (S T2 R) AE UHIR o 2 L, PR %
1To7z, fhH U72HCK o % o platelet 1 75 a platelet 6 & 52 L, Fig. 3-12(a-HD a
FED IPF ~ » N2 TA T4 MRRTRT, £72. Figure 3-10(b)IZ7~ L7ZIH B i
ROk L—Z% Fig. 3-12(a-HIZ b LTV 5, Figure 3-12(a-c)id k& H 23K SR
X U CREIZITWVHCR a TH Y | Fig. 3-12(d-01E 5 E 7 M AR 12 AT
TR o TH D, 2D OHK a O FLIE#RE 1 DITHA LIciER % Fig. 3-
12(g-i)lZ7~"$°, Figure3-12(g)i% a fHD IPF ~ v 7 T, %t d % {0001}, {1120},
BRI Z (hi)ZRT, IPF ~ v I8\ T, Tt S LS OJIE S % B ClH
B RIAD b L—A% HD SR TET, Figure 3-12(j,k)i% Fig. 3-10(e,HITR L 7=

75 -



{110}p, {111} EMSX TH 5, Figure 3-12(h-k) I\ 2R IEMA X I1X, Fig. 3-12(a-
OISR TEBR o DFAL, KOENH A BOR Ziii e 3 25 B OGN & ZNEi
T, M L7Z0 T ok oa b BRI & BOR /- L, =900 6@ Y D3
U7 v MRETERIRSN TV, 22T, B BRFUSITWREFIZ I, R T mn
BNk U CHREIZITWD 3 2O 72 b (a platelet 1,2,3) OB M &
<L HBRIFR NG SH DR, AR H MBI E I EATIZE VAR o (aplatelet
4,5,6) DIEEAEEE DS E 2 D DF8D HiT,

2B BURE L TRV, BRI R R L7 pRiOMAE C2 128\ T
b, RO~ 7 vy =R b, ZO%E, #IEEICIEE /R {110} R4 3
RT D afHOANY T NI, BRAOHEMICH D 2 2D BRI TICEFE 129 17
T DN, BTONYT U ERRIRES LTV,
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Fig. 3-10(a) Tilt angle (TA) map of type B macrozone observed in Ti-6246 sample
hot-forged to a reduction in height of 67 % at an initial strain rate of 0.17 s™! at
1000°C followed by STA. Mean diameter of B grains before hot-forging was 700
um. Corresponding (b) band contrast image, (c¢) IPF map of a phase and (d) IPF
map of B phase. Corresponding pole figures of (e) {110}p, (f) {111} and (g)

{001}p. The forging axis (FA) direction and the orthogonal radial (R: and R2)
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Fig. 3-11 Distribution of tilt angle of c-axes in hcp lattice (a phase) from the
forging axis direction. a platelets formed in (a) B-grain I and (b) B-grain Il in Fig.

3-10 (a) were analyzed, respectively.
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(@) a platelet 1 (b) a platelet 2 (c) aplatelet 3

(d)

Fig. 3-12(a-f) IPF maps of a phase which shows a platelets having the same variant with
each other in B-grain I shown in Fig. 3-10, respectively. (g) IPF map of a phase and
corresponding (h) {0001}, and (i) {1120}« pole figures of all a platelets analyzed in
(a-f). (j) {110}p and (k) {111}p pole figures indicating the poles which maintain the

BOR with a phase in (a-f).
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B2, HBRLADNOHEAL, BRI DRINTEARKR LT Z X DNLHHEFICE #
AT BOY 7y —URRO LN, EORER%E Fig. 3-13 (2787, Figure 3-13
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BIRIIAFERE T, 1 DD BRI WIS SOk o Zfffrtge s LT 5,
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S, IRENT ST B AT B DS EEE ) 2\, Figure 3-13()ICR T 0 DL 55347 )
LMD Y . 0=90fFEDE— 7 3 E <, 6=280°0D a FHOEIG1X 0.74 ThH -
Too ZOMEILFig3-11(@EFRRETHY . ¥A T BO~vIruy — /7832
EMNTE D, 72, AW CEM L 7o B 2 IocKiE A Th V) | BATE
FHEOERMD TR, Z DT, BIELLIZHOR o 23, FEDNTRIN TRARK L7252
DUV TIEREIZITHIE T E 7203, $#a&ERT O BRIEEDS 700 pm & HLIK T, HoRF
WIZEESNTEY, BIEmoRIT RIS B RIAER HOTWD ATREMED Fm
Z &, HITIH BRI BIERL S AVTHCIR o & IR MR 20K o 3% <
WOBINDLZ LD, RN TEAER LT & HEr LT,

WTHIZLTh, BRIINITIZZA T BDO~ 7 0y =N STz, B
BLTIZIE, 0=90°D o fHNY 72 ME 6BV HD, T, 120 BhEdbki 5
JERCFIRER 1280 ONRY T FO¥ETHD, b L, NI T2 FERMEZ 5
R AUE. 0=90°DHK o DFZABEIL 0.5 L7223 ThDH, Ll BIEL
W HOBE 6=80°DEIG A 0.75 BRE TEWETH 72, D72, filH )
DOARY T v MBI EBN TN D LB X Hs, SR, A (4) THTERET
Do

- 80 -



Color scale

| .
6=0° 6 =290°

FA
<>

(b) 110, © 111,

R,

—_

o

p—
o
]
[82]

o
o]
o

o

—

w

L e e
e

\
|

; U
0.00 T TR T /-/\.'\A ......

Frequency
o
)

o
o
o

Tilt angle, 6/ deg.

Fig. 3-13 (a) Tilt angle (TA) map of type B macrozone in the interior of B-grain I in Ti-
6246 sample hot-forged to a reduction in height of 67% at an initial strain rate of 0.17 s™!
at 1000°C followed by STA. Mean diameter of B grains before hot-forging was 700 um.
Corresponding pole figures of (b){110}p and (c) {111}p. (d) Distribution of tilt angle of

c-axes in hcep lattice (o phase) from the forging axis (FA) direction.
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Fig. 3-14 Schematic illustrations showing variants and morphologies of a phase typically
formed in a matrix consisting of adjacent B-grain I and B-grain II with a common {110}
in Ti-6246 alloy hot-forged in B-single-phase-field followed by cooling. The illustrations
are depicted from the normal direction of the common {110}p planes.
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Fig. 3-15 Schematic illustrations showing variants and morphologies of a phase

typically formed in a matrix of -grain I which doesn’t share a common {110} with

adjacent B-grains in Ti-6246 alloy hot-forged in B-single-phase-field followed by

cooling. The illustrations are depicted from the normal direction of {110} plane labeled

by number 2 in {111} standard stereographic projections.
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Fig. 3-16 Tilt angle (TA) maps of Ti-6246 samples heated (without hot-forging) at 1050°C
followed by STA. Hold times at 1050°C were adjusted so that mean grain sizes of B grains
reached (a) 300 um, (b) 400 um and (c) 700 um, respectively. Colors in the maps show
tilt angle of c-axes in hcp lattice (o phase) from the forging axis (FA) direction, according
to the attached color scale bar. Prior-f3 grain boundaries and clusters of a platelets having
similar orientations are indicated by white arrows and white circular dots, respectively.

FA is indicated.
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Color scale

Fig. 3-17 Tilt angle (TA) maps of Ti-6246 samples hot-forged at 1000°C followed by STA.
Mean grain diameters of B-grains before forging were (a, d) 300 um, (b, €) 400 um and
(c, ) 700 um, respectively. Initial strain rates were (a-c) 0.17 s™ and (d-f) 0.017 s™. Colors
in the maps show tilt angle of c-axes in hcp lattice (o phase) from the forging axis (FA)

direction, according to the attached color scale bar. FA is indicated.
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Fig. 3-18 Effects of initial strain rates and mean grain diameters of  grains before forging
on the amplitude of averaged backscattered signals (BS) in Ti-6246 samples hot-forged
at 1000°C followed by STA. Ultrasonic measurement was conducted at frequencies at (a)
5 MHz, (b) 10 MHz and (¢) 15 MHz, respectively. The amplitudes of averaged BS were
amplified by gain values of 20 dB, 30 dB and 40 dB at frequencies of 5 MHz, 10 MHz

and 15 MHz, respectively.
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Fig. 3-19 {0001 }q pole figures in Ti-6246 samples hot-forged to a reduction in height of
67% at 1000°C followed by STA. Mean diameters of B grains before hot-forging were (a,
d) 300 um, (b, €) 400 pm and (c, f) 700 pm. Initial strain rate were (a-c) 0.17 s, (d-f)
0.017 s, The forging axis (FA) direction and orthogonal radial (R1 and R2) directions are

indicated.
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Fig. 3-20 {111}p and {001}p pole figures in Ti-6246 samples hot-forged to a reduction in
height of 67% at 1000°C followed by STA. Mean diameters of 3 grains before hot-forging
were (a, d) 300 pm, (b, ) 400 um and (c, f) 700 pum. Initial strain rates were (a-c) 0.17 s
!, (d-f) 0.017 s7'. The forging axis (FA) direction and the orthogonal radial directions (R1

and R2) are indicated.
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Fig. 3-21 (a) Tilt angle (TA) map of type A macrozones observed in Ti-6246 sample hot-
forged to a reduction in height of 67% at an initial strain rate of 0.017 s at 1000°C
followed by STA. Mean diameter of B grains before hot-forging was 700 pm.
Corresponding (b) band contrast image, (c¢) IPF map of a phase and (d) IPF map of 8
phase. Corresponding pole figures of (e) {110}p, (f) {111}p and (g) {001 }p. Arrows in (e-
g) indicate poles in one of the B-grains II. The forging axis (FA) direction and the

orthogonal radial (R1 and R2) directions are indicated in the figures.
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Fig. 3-22 (a-f) IPF maps of a phase highlighting colonies of a platelets and GBa shown
in Fig. 3-21. (a) colony 1 in B-grain I, (b) GBa 1, (¢) colony 2 in B-grain II, (d) colony 3
in B-grain I, (¢) GBa 2 and (f) colony 4 in B-grain II. (g) IPF map of a phase and
corresponding (h) {0001}« and (i) {1120}« pole figures of all regions analyzed in (a-f).

(j) {110}p and (k) {111}ppole figures indicating the poles which maintain the BOR with
a phase in (a-f).

- 106 -



3280 TR~ Y | B EOEREIT, R X —REPRREICTE S
ETATT, MAHEZ TEDLRETIRKE I ZENTE LY TV FREIRS M
G\ DT RN E OB LN T N ERBICE RN FEEE LTHEID I
TV %, Figure3-21 OB OEMNZIE, BRI NStk UKL o DAL SERL
L7cSEIRDRBO Hivle, £ 2T, R HEOMEA ERR o DY 7~ & DORR
Z i ~7-, Figure 3-2 T/RL7ZH Y . BOR 1B HIE= 1/ F — X
{112}p//{1010}a TH 5, £ Z°C, RS & {112} OB AIZE B U TR 21T
ST, = DORER%E Fig. 3-23(a-d)IZ7~R T, Figure 3-23(a-c)ld~ 7 1V — U NS
NTWRWEIR ORISR o TH Y . Fig. 3-23(d)iE. Fig. 3-22(e)® GBo2 TH 5, X
OLEMANT a FHO IPF v v 7 THY | TG & LIRS o A T4 PR E
HERHITRT, OGN, 35T 2D a HOFA A {1010}« EfR A X O
TRLTEY FHRA o & BOR Zii 29 % p O ({110}, {111}p, {112}p) .
K OY112 DO KM &2 EREHETW\WD, EMAX ETO a B @rr T, IPF
<~ FICHIET D, BHDBDIEEHTEIZOWTHAT S, £ Fig. 3-6 LR T
HGH TR o D {0001} o I & <1120>0 FH B ENZEIEATEIR 20 e 95 {110}
M &<111> FmZzFEE L, £0%, Zib O & BERRIZH D {112} p 1 O
RO, LT, {1010} EMARSK EICERA DY TEE L7, Figure3-23 (2
BT, {110}p M8, {111}p48, {112}pM1E, ZhENBa, Fa, REORT
L. {112} RO K Z K AORETHIVY TV 5, Figure 3-23(a-d)I R3O 700D
B o {1010} miL p REFHD {112} p 0 & PATREGR 2 L, {112} I DOIER ST
A RS L2k L CHR o ABFFETIL, RIFRED 3 WITHIZE A 25K
TWRWTZ O EMER R REHIE £ 208, AR L% — 5L D {112}p/{1010} ¢ 23
PR TE DRI AT E R D X ORISR a DU T FNERSNTEY | B KL
ROBHALITHEVRIT 0 DT T b2k LTzEEX BRLD,

BAMEEIC L0 BRI SBEEC R L CREICH O EIR 2RI 2 D &
B o DTN ORGBIR S NG\ Z L 1E 342 Bi Tl To, ZD7=, kit

- 107 -



a DY T MR, pRIAOER LR 5 1 SOfFFEL LTEA bR
}Z)o

10104
(112
o | ® {110};pole
® {111}zpole
| - | e {112}zpole
L7 {110}
P ——— Large circle of
{111} {112)gpole
s (112)
(b) FA
2110} LR
B / 1
111} R
{112}
L]
| .
{110}
"
' {111}
(d) {111}
[ {110} _4—*
{112}
[ ]

100um

Fig. 3-23 (a-d) IPF maps of a phase highlighting each GBa and corresponding {1010},
pole figures superimposed on the {110}p pole, {111}p pole and {112} pole which
maintain the BOR with each GBa, respectively. Large circle of the {112} pole are

depicted. White arrows in the IPF maps indicate highlighted GBa.
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Fig. 3-24 (a) Tilt angle (TA) map of type B macrozones observed in Ti-6246 sample hot-

forged to a reduction in height of 67% at an initial strain rate of 0.017 s™' at 1000°C

followed by STA. Mean diameter of [ grains before hot-forging was 700 pm.

Corresponding (b) band contrast image, (c) [PF map of a phase and (d) IPF map of f

phase. Corresponding pole figures of (e) {110}p, (f) {111}p and (g) {001}p. The forging

axis (FA) direction and the orthogonal radial (R1 and R2) directions are indicated in the

figures.
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6 =90°T. 3 WIMIZ bRERGMPEE ST 2547 A D~ 70y —UPNBES
T,

DX DT ERT BRI MR LT D Z & T u Y — BRI L7223,
ZDOFERA N =ALT 342 HITRLEAR LRI L TH -T2, FFIC, BRITIZE
WCIE, SEEE S 6 U CRELCH ORI E SR S D & R T 1 2SR
[CHEEICTV o AL E AT HHCR o O3 a =—RER S A EASFE8 S Hi
T2o SR BORIAEDOMIRILIZ K 0 | ERRAICIE BRI E BRI LT 2728, B KL
HONY Ty MEFGICEEGET B2 0N, EOEMEOREE L BRI TN
DY T 2 S EFFACIZIE T, Te LA, BAMBEIC LV BRI T B S
72ELThH, RO BRL T OV A XDN/NEL B2 & T, $EEMOEL I
. FOREEFMIRESMRE CHIR o BERR SN DA RETE %)
ENRRENEEBEZOLND, WTIUZLTH, BRIINIZER SN~ vy —
i e 2 FE & LT, $RIERT pRIEOMBKIZTARI E B DI D,
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Fig. 3-25 (a) Tilt angle (TA) map of type A macrozones observed in Ti-6246 sample hot-
forged to a reduction in height of 67 % at an initial strain rate of 0.17 s™' at 1000°C
followed by STA. Mean diameter of [ grains before hot-forging was 300 pm.
Corresponding (b) band contrast image, (c) IPF map of a phase and (d) IPF map of 3
phase. Corresponding pole figures of (e) {110}p, (f) {111}p and (g) {001}p. The froging
axis (FA) direction and the orthogonal radial (R1 and R2) directions are indicated in the

figures.
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(a) colony 1 (b) GBa (C) colony 2

////;ﬂ \ ci?pyz
11/ « R4
- x R2

colony 1

»

Fig. 3-26 (a-c) IPF maps of a phase highlighting colonies of a platelets and GBa shown
in Fig. 3-25. (a) colony 1 in B-grain I, (b) GBa and (¢) colony 2 in B-grain II. (d) IPF map
of a phase and corresponding (¢) {0001}q and (f) {1120}« pole figures of all regions
analyzed in (a-c). (g) {110}p and (h) {111} pole figures indicating the poles which

maintain the BOR with a phase in (a-c).
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@& BRI ORI & OF A AR O A8 D 8
ZIVE TOMBORER, OF B3 E ORI & fatan B ki OMKIkIX, Zh
T~ u Yy = ORRBICIR DR S D Z L PRSI NTo, RIS, ZILHOFEE
LB EDETHEICB T DR EHFT 5, OIHOTHEEE 0017 s 1T T
. BofBaERT BRLE A b APRIAL S 72858 FG3S 1B W T, w7 1/ — UM
b b STz (Fig. 3-17(d) . AHEIEM I3 LT, FeOME & RERIC A
U7 MENT & S LTz, $8ER FG3S O CHERIHLK 2~ 7 1 Y — Tkt
DIEMT B % Fig. 3-27 129, OB Fig. 3-5 L[A L Td %, Figure 3-27
(A2 5oy 58Y . IH BRI (prior-BGB) @ A B KL I, TFIA B KL II T
bV BRIOMEE Cl Th D, IH BRIFUI AP TH % 23, band contrast 14 (b))
& BFAD IPF = v 7 ((d) 2»5¥Wr L, Fig. 3-27(b,dIZIHBRIAD FL—2%EH
BOFMTRT, afBD TA = v 7 ((a) IZTEBWT, H BRI L CTlflo B
B o FHOD ¢ ANEIEE 6 L CREICRM T 5~ 7 0 Y — U380 S5 A8,
ZOH A XM STV 5, 1B B RLADEHL L., £ OB U T B kL
WIZRERE T 280K o OFESH. 20 HMSELL TWD L2 IChZIT bR
%, Figure 3-27(a-c)IZ 1% 2901 2 HEWD TV B8, 1B BRI 1T T 7 20k R
TP ENTRS o 134720, band contrast & ((b)) & aFHD IPF ~ v 7 ((c)) &
DA D, B BRIFUTIE BRINITIERL STk o &R CHALO o fH3 %<
RSN Tnb EEZ B b, Figure3-27(e)D {110} IEARAS 26, BiEfE B KLIC
WEEEB {110 BRI N TS EE X BN DAY, Fig. 3-27(e-g)nd B AHD K IE
WX 55535580 . pRIT & Bk I KN O JFFTHI 22 FAL LA K& < |
AEEITRCE o T,
~ 7 a Y = EBRT D au =— SRR a2k 2GS 7L O T RS R % Fig.
3-28 |Z7~k§°, Figure 3-28(a-c)iX a #HD IPF ~ v 7 TH V. TN B K1 NI
Sl am=— (colony 1), Kt a (GBa)., B KL I NIZEK S NTmam=—
(colony 2) (ZxIT DEHTHER TH O . AT IR EZ A T A FERRTRT,
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IH B R HE L 20h IR CRIE N IR A R R o & L TRl L7z, Bl Sk
B BIEFIT/NE W, RN A JE R L A RATTRT, BEENIC g
Hrl7z a BHOTGALIEHZ 1 DIZHEA L. Fig. 3-28(d-H)IZ7< 7, Figure 3-28 (231>
T, (X a D IPF ~ v 7 (e, )EENZIXIET 5 {0001} o IEAR X, {1120}
EMEKTH D, IPF ~ > 7B T, SIT RS ORIE R &2 BATRT,
Figure 3-28(g,h)IZ Fig. 3-27(e,NIZ /R L7 {110} & {111} D IEMR X TH 5, Figure
3-28(g, )27~ L 72 IEMUS X IE, Fig. 3-28(a-c)D 4% a FHEI D AL, K OEN S
725 BOR Z i /i 35 BAHD AL % i Z #L7RnT, Figure 3-28(b) DAL Ft o IZF VT
YA ZPNE L B BRINIZET D B HHO AT AR K E Wk
LT 2N EE L < ZBRRE TH 505, Mt LIZ#PHICIR W T Z 0501 ORiii
EBEZ DN, £o, MO T U N EFT ORI o B SNTND LI
REzidohiz, 20, T E THECBIZ S/ ORI D o FRITALASKLIS
o & LTHIZR SN, colonyl & colony2 DU 7 o MENT & #EL 2N 7228, MK
WaDRREHZEBLCTHR LZEZA BRI E BRI IICEKRSL-%an
=—® o fBHALIE, ENFIL ORI, ORiVTH -7,

ZDOX oI, BT BRI NIZB W T, BE MR RIS SIAVAY Ve
YRMBERIN, v 7w Y = UBRRIZEBIT D ARER IR A T = XA LTE LR
M, w7 uYy = U RRHb S vTo, ZAUE, $ERT BRI DAIRI L & OV A
[KIk A A5 Z & T, BAMARIC LV RET D B RN BT T4
b &R FUB I EAMEEE S v, BRI, KOV B RINICAER T 2RIk a DY T B
B TE D EEZBND,
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Fig. 3-27 (a) Tilt angle (TA) map observed in Ti-6246 sample hot-forged to a reduction

in height of 67% at an initial strain rate of 0.017 s™! at 1000°C followed by STA. Mean

diameter of B grains before hot-forging was 300 um. Corresponding (b) band contrast

image, (c) IPF map of a phase and (d) IPF map of B phase. Corresponding pole figures of

(e) {110}, (f) {111}p and (g) {001}p. The forging axis (FA) direction and the orthogonal

radial (R1 and R2) directions are indicated in the figures.

-117 -
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Fig. 3-28 (a-c) IPF maps of a phase highlighting colonies of a platelets and GBa shown
in Fig. 3-27. (a) colony 1 in B-grain I, (b) GBa and (¢) colony 2 in B-grain II. (d) IPF map
of a phase and corresponding (¢) {0001}« and (f) {1120}, pole figures of all regions
analyzed in (a-c). (g) {110}p and (h) {111} pole figures indicating the poles which

maintain the BOR with a phase in (a-c).
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3. 5. #&

Btk o Al 2 A3 2 Ti-6246 @O EREEMEZ M EIE 5720 % ITHGEL
DIFR D~ 0y = DI A T = A L L ZORMLIR#H 2 MEt Lz, £
T, BITEELE 5 RIE TR B 2 Tz, B B2 o 72 FUIZ LT o
D TH D,

(1) B HARI TORMIEIC LV | Bl L CREIMO BhL R w2
B S Av, {111} fR/FA, {001}p H3//FA (FA:8%1EHh) BB AR ARk 2
T 5, ZOMMERE L EEMEMOFZITER LT, MENRED poa ZREIZIBWT
K72 N0 7 0 MBIRDNE Z 0 | c i g L CREIZRM T 54 A 7
ALZATBO2FEEO~ Y —UBNERSND, ZHOBMAEDISZ
T, MR~y = RNERSND, B, A7 A3 RIHICH aff
DINEDHEBLOMFE KA A > THY ., 4 7 BIE 3 RIS a MG e
D3, c il & HEE & DT A () PELOERTH D,

(2) OFTHEEDIKBUZ LY BRIADNBHE S, Bt o ODXU T2 F 2%
IS5, KRR S BRI N~ERET D8R o 13, KIS o & OHALFAEN/DN S
XY T SMBEERISIEIR SN D, ZOREE., BRIAOEBHIkIcLY, v 71
V=AM SN D, BRI T ISR T D8R a 126 L Th —E DR b2 R
W Z05, HoEhlZxr L CREIZMODR R EEZ AT 5 BRI BRSNS &
NY Tz MRRDGEZ Y 5 < OF Bl BRI X 2R N i kD ATl =7
1Y = DREM BRI 57 T,

(3) $BERT B RBRDMBALIC L Y ~ 27 vy — b 5, Fric, BB

BRI ESND BRLI DOV A AN/NES L 720 | BEM DOER TN & £ OIEE ST

(AR AR UHCR o DR S D HEPHZ [RE TE 23RN K& <, il
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AT pRIFEDMKALIZ, PRLINICTER SN D~ 7 vy — UMb DA R FB &
EZbND,

(4) $BEAT p KFEDOMEAL & 0T HH R A MAEDEDL LT, v/
V= DML R IR E 725, BAEIARICE D RET D B KRN D JRETHIZR
LA RSB ML Zfede L, BRI, MO BRIPIZAERRT 2 a fHONY 7/
FMaEZRETE D EEZLND,

(5) =7y —=rORHEMEIZ LY | BERORTRERE 2K TE 5,

(6) LEDOFERNG, ~7 vy —Ofibiast & LT, $RiERT p R DKL

L& OFTHREERBAGRTHY . ~ 27 1Y — b ORE R B E R4
[ ETEDZLERHALMNE ST,
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E4E
WHTF # G4 Ti-6Al1-4V O a+B I TOERBEMIZTIT DT A TR
o DFEYLEE) ok o $H%)

4. 1. %3

R E TR o TR S D~ 7 vy — B, BEl e &
OHEZHALNICL, w7 n Yy —rOikfastzr Uiz, 54 FEH 5 BT
X, Bk o M DR D~ u Yy —UICE R T D, O, KR o kO
RE T S MBI 2B 4 TH 5 Ti-6Al-4V B&E ekt gi L35,

1.3 fi T~ 7238 V) CRLR o Al B BRI & DM AT S L D AR o (F
A F YR, basket-weave JR) FFRIZR LT, at+p i COBMIIE & FEdi A2 9= &
TR SND, DV, F2ELEIFETIL, pHMK TOMMMEL . 20Kk
D Boo BN~ v — VRO ERFBWMETH o7, 5 4 BEHE 5 BT
%, B HARI S OB A% D o+ B I TORMRE CER SN~ 1Y — i
DWTHHT 2,

Ti-6Al-4V 54 % B HFRIE D M EIT DB, Mo v ORERICHN S
REBFEMIZB T HHHAREITES . 7A TR o DEREIND, v 7y —00
FERGHLEECH DRDIR 01X, 7 A TR a 25fET 25 2 & TSNS, £ Z T,
EPHIOITKLR o MR OTERF B Z FRT 5720, KETIET A TR o D%
LB EH T D,

T A TR o MikE AT D Ti-6A1-4V BEOBEETE & £ D% OLBEHIC X 5%
L ZFENCEI L C. 2N E TIZE < OWFENFE STV 5[1-10], Weiss B3
[1,2] BAHIZETE & & D% D BES T OFRE BN KT T WM T 2 TR S Dz
HEL, 7ATORLNPENR, S LW 2R, BIZ, AT Ka
NERY LT D2 A= AL EREL TV 5D, BMER CRETAICE AW EA
AL, AT & BEstBARIZ 51T D EIE - FAERIZTT A 7R o 280 5 o/o kL
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R END, £ LT, aahiFUTIR > TRAHMRE L. 7 A Tk a Mo s
o, aoR IR 72 BHOERIZED . 7 AT o BIR o) BoEEns
Z &%, FLEE T boundary splitting & FEIEIL TV 5, Semiatin & 1X[3,4]. ZAWLEAE
(2 & DB EEMEZRENC SOV TRIRA L, AR R E S b 2113 Y O 4
25 L EDOERNMETH D Z & &~ Liz, Stefansson 5L [5,6]. ZAMA#% D
BESIIZ d5 1T 2 ¥R b 2B 2 A U, Sk E L, TOEXTZOT & L bt
SRS IIRAFT D2 &0 LA L, 900°C 75 950°C  COIREHPH CIILIEE
FEELRNWI 2R LT, ZhOOfRERE S &1, FlbfkiX, 2L 5 8
B B2 33T % boundary splitting (2 & A HCIR o D4y WHEFE & | BERZ IR
TS MARAGERRE TEITT 5 LA STV 5 [5-7],

T¥7 & 22BN T, ZRMICEMRRR A5G 2 72 0I2iE, WAL 20
% OBESIBRRICIIT 2EEE A I = X A BRT HNER B D, FX 8D
FLAEENC B W T BVHIZTRICBIT 2 oo bR DOERBEMAEE L ZE X 6D
25 EAEZSTE CTHCR o WIS T 2 JRFT 221258 B LI iF9RIEBR & 41 5 [8-10],
Bieler ©1%[8]. SEM/EBSD HIiEIZ T, T A K a OFIHIEE AL AN i 56 E)
CRIFTHELRE L, HET R LJEE TR0 O T PNEET 5 LD T 2
TR o DFHL LGN & 2R Lo, R 513[9,10]. SEM/EBSD Z /- ik&t
2T, mE RO TR (K107 s!) TOERIZE Y | o FHOEREEN R
MBS HZ L ZR LTz, BRSNS ala bt O HALZET, OT AEOEENN Y
WREL 22D T AT a BNEEUET D, SEATHIRIC LY | BAHERIZ LY T 2
ZIR o PICHEET DR ANFILICHEETH S Z LIFHA LT Y SO
BDN, 2 OBIR o NIZXTT 2 a/a R DIEZRZEENZ DWW T, AR R %
A%

Z 2T, AW TIE, 7 A IR o MfilkAZ AT D Ti-6A1-4V S&IT-DOW T, FAfH
BN L o> T A OBK o NICHET D RFTHNEZRE L, £ DO®ROBEHIC
B 2FMEE LI TEZELZRALNCT LI 2 AL L,
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4. 2. FEBRFE

AWFGETHZ Ti-6A1-4V 540 B b T R (Tp) 1349 995°C ThH 5, EHEE
500 mm FFRRFEM 2> BP0 H L7z 50 mm x 35 mm x 35 mm O/ H#EM %
1010°C 12 10 /3 FEINEMRFF L, 7095 2 & TT7 A 7K a Mk 2 1570, BVl %
fi U 7o/ N B D 6 L BRI T J 0 B 8 nm, 55 & 12 mmoD P FEEAERRER 2
B L7,

7 A Z WK o kA AT A FAEEER A 1S3 LT 950°C C O fE R BN ] e el &
Fehi L7z, RERF & 950°C T 300s AfRfs L72te, O ZHE 0.1 O—E SR
T, FETFHR 0%, 20%., 50%. 70%D4 5t THEMATE 2 A 1=, FEMEtRITEE £
THABAI LIz, D%, RBRA % 950°C T 2 B REF+ 2 BEMI 21T > 72, BE
i ORmBIL AP LT D720 BB T A s TEZEE A L, BESiRI3Km L
77

AT ERE & BESltR OB A 1% U CHLRRBIEE 24T - 7o, BT, EMEIhC
AT 72 W T BB A O S T O T R ANIEEER A oD & RO T
FIACE (12 RALE) & Lz, TOEEICOWVT, ROBETHLS KT 508,
OT B AL ELER IR R T D T 5, BAHJEME & £ DR OBESITHE L 5 a fH
DIGREEAL A TR D 72 | BB BLEE 21T - 72, BRI T &« OBCIR
o PICFEET DRt N2 A2 F~ % 72, SEM/EBSD #{lIiE 217 > 7=, EBSD #|iE&
DAT v T H A XL0.1 pm THDH, PEMEEL S LI, BK a NITEKISILD
Tt LR DO [RlERER A SR D 7=, 7235, EBSD JIERE FOMHTIZIX, HKL™ +hod v
7 h =7 (Channel 5™) %\ 7z,

BN BIEA SN Y O T A2 RO D720, AIREFRE (FEM) 12X
DIRNT 2 AT o 72, MRNTICIEa Y B a—% 7' /5 A FORGE™ % v, TEIREA
JERECTAE L D OT B afiffr Lz, JEMRICER T 5B 0L DTR 2 B8l
B2, W AMIEEREIC 0.4 22, FEM AT ORER. Kb HY O AN
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BIOELILERBR T RS T o 722y, O R AR 2 T o 7=, EERREZ )
Z D72, OF BRAFD AR08 8 & JF1R1 O YT 1/2 AR E % 8152
friE & Uic, MRBIZALE O S O AIE, JFE TR 20%, 50%. 70%D 54T,
ZNEH 035, 1.09, 1.79 Th o7z, Utk BARATE &2 MY OF A OETRT,

4. 3. EBRER - BE
4. 3. 1. BWER L Z D% OB X 2K

WAL 2 Fig. 4-1 IZR"9, A TR anbkbdag=—HikThH, 7 A7
IR o OFBIEAL 2 um FEE T D, 950°C TOEMEMEATE O S AT BT
% Fig.4-2 |2~ ¥, Figure 4-2(a)l T/ EMETEVBRO L 2N 272, O F VSO
0 DR THD, 7 ATIR o ORFIFAITEMENII RS U ThEA 2272l
ML CHY . YIHHER E B OB EE R, BAHEMROER, ZLAEDT AT
W oo HERERNI KT L CHRECEMT S X5 ERMICEER L T\ D, HL, I
FRR I B WD CHEMEEN 8 L TR EATICELm LTV 2T A TR a 12, Fo o7&
BT 2HEABRRBD LD, £ OF % Fig. 4-2(b, )N HERAITRT, 950°C DEL
AR A2 ORI & @ i3 CRLEE L 7oL BB 2 Fig. 4-3(a-d)IiCE L 5,
7 A TR o BHERT DB o ZBIBRICHBITE D, BABEMRTOBIR o O
(/B F) 1, DL THHARARE TH S (Fig. 4-3(a) . BAMIEREIZ LD |
Btk o ORI ADNER SV, — 5Tl s (Fig. 4-3(b,c), 0T
FHEDOHEILEN, BOIR o 1T L s (Fig. 4-3(d) . Badlith o 67 BHMER
FHHR % Fig. 4-3(e-h) I 7, IEMEATE 26t S (FHY O 74 0) BESEL L 72354 (Fig.
4-3(e)) . MR o OEMEIL, RO LN TEHRBRRAHER L, Wil o b
W DFEY . T ATIR o IFBARIER A S A2 R D BRI IE R 2L TE T AR
BETh D, EMERERT & BOR o DMK Z 5, BEMZ OMRRIL, O
BOBIMIENE L s, EA3 T (Fig.4-3(f-h), 20Xk Hic, 727
W MRk O S, OTHREROEIMIEVERT 2 2 L3R Iz,
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ENHJEAE R BERE 2 i U 7= 5B o e BRI SRR AR (Fig. 4-3(e-h)) 25, HROIR
o DRSS (L) ZEH L, EHIZIZEEEEN Y 7 b2 -, &% % Fig
4-4 T, PREEY , AHYOTHOEMIHEN, EHES L ED LTV 5D,

Fig. 4-1 Optical microstructure of Ti-6Al-4V starting material after heat treatment at

1010°C followed by furnace cooling.

100pm

Fig. 4-2 Optical microstructures of Ti-6Al-4V specimens deformed at 950°C at 0.1 s7!. (a)
Immediately before compression (without deformation), and after compression to
equivalent strains of (b) 0.35, (¢) 1.09 and (d) 1.79. White arrows indicate regions where
o lamellae were kinked. The compression axis (CA) direction is indicated.
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25Em

Fig. 4-3 Higher magnified optical microstructures of Ti-6Al-4V specimens
compressed at 950°C at 0.1 s™!. (a-d) After compression, (e-h) annealed at 950°C for
2 h after compression. Equivalent strains applied are (a,e) 0, (b, f) 0.35, (c,g) 1.09,

and (d,h) 1.79, respectively. The compression axis (CA) direction is indicated.

25

20

ie4
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Mean length of alpha plates, L,/ pm

0 L T S S SN S SR S NN B R S B R R
0 0.5 1.0 1.5 2.0

Equivalent strain, €

Fig. 4-4 Mean length of a plates, L4, in Ti-6Al-4V specimens compressed at 950°C and
then annealed at 950°C for 2 h, plotted as a function of equivalent strain applied during
the compression. Error bars indicate the 95% confidence intervals.
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4. 3. 2. BEER CTEx OBIR o« NIZA L 5 BT E

BN 22 TE D3 BES R ORMRIZ I 5- 2 2 B2 6002 572, B\HZAE T
{2 OHCIR o WIZHET D RFTHALZECER T 5, £ 2T, BEHER%ZORER
Fizxt LC EBSD JliE&#{T > 7=,

FEHE O 7 1.09 OB O SEM #iik & . [Fl—HiEF O IPF v v 7' % Fig. 4-5 &
Fig. 4-6 \Z7"7, IPF ~ > 7 OAMITIE, KISHFLT 2R E =M 2 v, 531
TE RS UT D A 7 18] Ol 0L % 7897, Figure 4-5 127 2 74k o AN EAGRHEAIC
XU CHR L ZREEICEM T DS T, Fig. 4-6 137 A 74K o 23 EMEE 6 LT
FATICR AT HHE TH D, 7 A TR o ORI RBCR o 358D b5
M. I DIEERIREIARFFPIC B CTh o 72T © mHEIPICA S L7z o 48
Th D,

Figure 4-5 |Z/R 38 0 | JEMERHC ) U CTEERIEEICALA L2 T A TR ald, 24
A% S PIHHLRRICER S DAL BRI R R A MR 2B b b,
JEMEENZ S U THATICEM L7277 A 0K o 1%, BUHEIBIZ LD 2 7 RICETE
L T\ % (Fig. 4-6), EAERNI KT L CHREIZE T2 7 2 74K a O3 b 4B
RBOLIDN, TAUTHEOT A 1.09 [ZE#ET D £ TONWIBEBOERLTT AT
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W21 - THEAT L 7=,
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Fig. 4-5 (a) SEM image and (b) corresponding EBSD IPF map of Ti-6Al-4V specimen
compressed to a strain of 1.09 at 950°C. o lamellae in the observed area are aligned almost
perpendicular to the compression axis (CA) direction. Colors in the IPF map show the
crystallographic orientation of the hcp lattice (a phase) parallel to the compression

direction according to the attached key stereographic standard triangle.
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Fig. 4-6 (a) SEM image and (b) corresponding EBSD IPF map of Ti-6Al-4V specimen
compressed to a strain of 1.09 at 950°C. a lamellae in the observed area are aligned
approximately parallel to the compression axis (CA) direction indicated in the figure.
Colors in the IPF map show the crystallographic orientation of the hcp lattice (a phase)
parallel to the compression direction according to the attached key stereographic standard

triangle.
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discontinuous change in orientation) & U7z, REfi HAI A A% Pa&or L, BED
B PIEDESEZ LT 5D, Pk LIDEFE% Fig. 4-8 ITHEXBIIRT, HUIK o
DYiah & &AL, Pam DR a O¥EElE TOR S % L & L7, EBSD il
ECHREIET a7 74 VES LI, FEIT L 2T Lo, A Cilk~7-i@
0. T AT o OEFEEIEMEESTT 2 P ORLMAFEL Tz, Z0
72, JEMEENC T D ELAAS 45° L D /NS T AT o BBATT AT (parallel
lamellae) . JEAMEHEIZ %9 DB A 45°LL DT A TR o Z<B|ET A 7
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132 -



O T BOEIMAEN LIS NEL 5, L, HITTATDO L%, EBEHT AT
IR T/NESWVEA DB D HiILd, 2D eMmb  FITT7ATHNITELEF 7
EIIE, Bk a WO RERe 72 FAZ LA SIS 32 LRI b,

s
N
w

X

(
}
——=r]

Cumulative
misorientation, 6., / deg.

o

—_—
(2]
—
[3e]
()]

- N
w O

—y
o

[&)]

Point-to-point
misorientation, 6, / deg.

b At -J LM-M
0 5 10 15 20
Distance, x /pm

(=]

Fig. 4-7 (a) IPF map of Ti-6Al-4V specimen compressed to a strain of 1.09 at 950°C. (b,c)
Misorientation profiles obtained along line A-B within a single a plate depicted in (a). (b)
Cumulative misorientation profile along line A-B relative to the orientation at point A in

(a). (c) Point-to-point misorientation profile along line A-B.
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P,: Points with a discontinuous change in orientation
L, : Length between adjacent Py

Pd LI Pd
<>

Cumulative

misorientation, 6, /deg. misorientation, 6, /deg.

Point-to-point

Fig. 4-8 Schematic illustrations showing cumulative misorientation profile and

Distance, x /pm

point-to-point misorientation profile along an individual a plate, and the definition

of Psand L;.

@ : Perpendicular lamellae
A : Parallel lamellae
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Fig. 4-9 Mean length between adjacent points with a discontinuous change in orientation,
P4, in Ti-6Al-4V specimens that were compressed at 950°C. The mean length was
obtained separately for perpendicular and parallel lamellae. Plotted as a function of

equivalent strain applied in the compression. Error bars indicate 95% confidence intervals.
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Fig. 4-10 Mean length of a plates in Ti-6Al-4V specimens compressed at 950°C, plotted
as a function of equivalent strain applied in the compression. L, indicates the actual mean
length of a plates measured by optical microscopy for specimens after compression and
annealing. L; indicates the mean length between adjacent Pz measured by misorientation

profiles of specimens after compression. Error bars indicate 95% confidence intervals.
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FSIX T, Figure 4-11 [Z/RTHCIR a NOD AL C 22508 G DS ST L 2 751,
Figure 4-12(b)® IPF < » 7121, Hik a WO X C-G 1281 % o fH L%, hep
SO BTN Z VTR LT\ 5, BATKZ i3 5 2 & T, @R TIEdH 523,
BCR o NOREEE HFALERRIC BV T, BIEREOZ(LA A T TWD 2 LR35 D,
Figure 4-12() D L 7' 0 7 7 A N EFEHTT 272012, IR o D {1010} D% <
NIDHKE (RO M) % Fig. 4-12@2HiV 7=, {10102 TR K MICHE

556 [F CIRldRE %t U ChRG g i L EHEA R Z > TWDH Z & Z2Rd, Ll
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Fig. 4-11 (a) IPF map of Ti-6Al-4V specimen compressed to a strain of 1.09 at 950°C.
(b,c) Misorientation profiles obtained along line C-G within a single a plate depicted in
(a). (b) Cumulative misorientation profile along line C-G relative to the orientation at

point-C in (a). (c) Point-to-point misorientation profile along line C-G.
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Fig. 4-12 (a) {1010} pole figure showing orientation change along line C-G within a
single o plate depicted in (b). RA®P indicates the rotation axis (RA) of the orientation
change in regions between points C and D. (b) IPF map shown in Fig.11(a) and schematic
illustrations of hexagonal unit cells of a phase that indicate the orientations at each point

from points C to G within the o plate. The compression axis (CA) direction is indicated.
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Table 4-1 Rotation axes (RA) in regions from point C to point G shown in Fig. 4-12.

RA
C—-D <2,1,1, 12> (~ <0001>)
D—E <1010>
E—F <1, 5,4, 0> (~ <0110>)
F—>G <5,4,1, 6> (~ <1101>)

[FERDOfFNT 2550 O 3 SDOXRM] G D 2B E, RENSHAF, JAF DA
G) IZHOWThFEM L7z, £ XHOREERZ Table 4-1 (ZHP$ %, Table 4-1 7>
5, KEEICEEREN L L TN D 2 ENahnd, 2ED, XHE C-D O [nlds
FJER DB Y <0001>3U065 Th 5 A3, X D-E (3<1010>17 %, X[ E-F 13<0110>
ULfF, KM F-G <1105 CTh D, T OfENT ORGSR, 8t )70 2L ER O #iPH
NTH-TH, BEREINEL L TS ZERHLNE Tz, FX D a I
B DET RO RITAERT D LJEHERT Y Th D[], fdbEEsI T~
DIRENOFEF & L TAE LT, Mironov H[I2[IZ LB L, IEBE)L7=T X0 RITIKTFL
TIR#REh A F 5, Figure 4-12 & Table 4-1 [Z38® b7z [mlisth o 28 ik, ke
XRNZIRWT, TR0 ROTEE & & FfEEEH (slip pattern) 2358722 Z & 2SR T4
Lo, ZOHE. BREMTEHAZEE LKL, BMFENICSHERERA

(geometrically necessary dislocations : GN #&i) 737%7F L. GNB (geometrically
necessary boundaries) KT A[13], @mOT AEOERZ T & [BlESdE DL
LAEDED GNBIEFIZIE, @V TOTHNEL D LB X B, £ D% OHEH
THT=72 wo R ZTERR T E 5, Z ORI ORGSR, S8 2 572012
1. 2 ST ED K & e At 28RN &2, BlEREE D28 A2 Z T 5
VERH D EEZ LD, Al 02 LA (points of change in rotation axes) % P;
ERRL, BEICER LTz Pa 12 Pr &2 72 2 OB ZRZIT, B & OE
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P, : Points with a discontinuous change in orientation
P, : Points of change in rotation axes

L;: Length between adjacent Py

Ly : Length between either P4or P,
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Fig. 4-13 Schematic illustrations showing cumulative misorientation profile and

Distance, x /um

point-to-point misorientation profile along an individual a plate, and the definition

of Pa, Pr, Lr and Li.
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o DI EFIXEZTEBELZLND, (AL, LuDEIX, OTHAEIFEDLTIZE
—ETHD, U, BSOS P IIER OB TRk S D2, K
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Fig. 4-14 Mean length of a plates in Ti-6Al-4V specimens compressed at 950°C, plotted
as a function of equivalent strain applied in the compression. L. indicates the actual
mean length of a plates measured by optical microscopy for specimens after
compression and annealing. Ls indicates the mean length between adjacent Pz measured
by misorientation profiles of the specimens after compression. Li indicates the mean
length between either Ps or P measured by misorientation profiles of the specimens

after compression. Error bars indicate 95% confidence intervals.
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fba gl EE T, mOTREOETEH OB TIZ, P26 bR o 28815 o/
BRI S v, IR o oW 2 %, BRI OBEsi Cix (Fig. 4-15(e-) . St
TR FX—Z2K T D708 o O3 &AL HEIT L, Fil Chitk o)
DSBS D, 7eds, ABFE TITFEMICHE L TO 2RV, oo bR & [FIER
(2, /B P b EELEB B L TV DIXTTHh D, BEITHR6, 7T, Bk
IZIER S LD A DA EE (groove angle, 6) 1%, a/aBift & o/f FHEiteri 53R
RS & ORI, S sin 6= yaa/ 2pap Tl ET D EIBRXTWND, T 2T, yuu &
yap 1T TNTH /o KR L ofp REDORETANLFT—TH 5, K o OREIZR
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Fig. 4-15 Schematic illustrations showing globularization of lamellar microstructures
in Ti-6Al1-4V specimens hot-compressed and annealed. (a-f) Morphology of a plates.
(g-1) Cumulative misorientation profiles. (a, g) After hot deformation by low strains.
(b, h) After hot deformation by high strains. (c-d, 1) Initial stage of annealing, and (e-

f) after prolonged annealing.
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w5,

Fo o GeO~ s vy — VBRI ET GG, FhlfbzE) & T

W23, Germain H[1]2%, 7 A 74K o #fk % A9 %5 TIMETAL 834 (Ti-5.8Al-4Sn-

i

3.5Zr-0.7Nb-0.5M0-0.3Si) &4kt LT, otp HeCT—fillEfE & Bedl 2 fig L /2B
v/ Y = OBEREGER A RE LT D, JIGHRIE NS E—Z U TH D |
BN T2 ot GBIk 1 K o) OJEMEEAMMOIREL | Bedlitg OB A
IZBT D oo BRETONY T2 MR Bk 2 K o) ITEKRLT, vy —
CINERRT D EEBE LTS,

FabE~ 7 0y — U BRICKIET M T AR DOEEBELZRFT 57 DICHN D
N TV DERAT G IFETRE < 2 FBEICT bR, | EBIZRAL VAR TS
D, T AT o kA AT D Ti-6A1-4V G4 % %5, SHb S8 RIT T2
PRET ST D [2-4], Poths B [211%, NEF A & WMot L B # MG
D2 ETMIEARNADEELZFTITEY | OTHAENFR CHAIE, BT Mo

- 148 -



HTOEBIZHART, WHHOEREMAEDED Z LT, SLEMET T2
Z xR LTz, B2, Muszka H[4]1%, 7 A 4K o #ARPN O o/B S 1 Burgers O
JifiBf% (BOR) Ziid 4 5 Z LT H L, HHbZFENIC LTI L/ SR DFA
ERET LTS, 0T hik 0.5 ZIEH M OB THET 2 & o/f St BOR 73
MBI, 0T HE 025 TONES5m &5 A NERN 2 723561213, o/ S o
BOR 73fERf S5 Z & & SEM/EBSD HIE DR Rz b &R Lz, Zhid, L
NANZ L > THBNICER SN D 0T o= 1700 | Flifb=RIT %
B2 EBLEL TS, ALV EREZ AW T R AOREEIZOWT, Fifil
EE)OMICAM LTI L D22 LK (cavity) DOTERL « B0 8~ P8 Rt
ENTWB[5N, v 7 a Y —r OERRIAR D HBaHE RS 72 5, 2 fEE O
TEAT G EE, BAT 5 3 Kz Thhe L, K, % 90°Z% H &¥ 5
~VF AT v TMTe, TORELOMTHETHD, 7 AT o fikzHT5
Ti-6Al-4V A4&I2, ZHODOHETHTETZ & T, ¥ 737 ¥4 X0

ozt

i

B

AR 2 B E I B D Z k6], N~ 7 vy — ik ans Z &
[7I3E SN TS, LArL, TRHOFETHO LI TV DI T, iRH
(500°CHHT) - AROTAIHE (1073 s FH7) TH Y, THEMIIAS AVHRT
WD ELHE] (800°C ~ 1000°C) « O A (107 s f13) BUTOMFHIA L5
AN

DL, TATRaZE aFBITNL LEZBEOE L~ v —2 D
FFENC KAET ML S A DEEITH SN D2 E 720 TP, — k7t
EIN LR TOMLARADEZEIIARARER L, £Z T, KAETIE, T2 U5
BHOEM T T D2 — IR REBOEMN T T, 7 A 7R o MFkOFHL L~ 7
1Y — TR RIE TN T AR A DR E A LN T 5 2R E Lz,
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5. 2. ERFE

KEHT U Ti-6A1-4V 54D B kT %2 (Tp) 135K 1000°CTdH 5, HIHIHHE
e T ATWa T D70, EHE 135 mm, £ IK 450 mm OFEM % B HAHIKO
1050°C (Tp+50°C) T 1 RefifRFF L. KB TERE TWHAEI LTz, KRz LT
WA, SEFEBEIMEE T A S U R IECHIE L7218 BORIA I 800 um T o7z,
Z 0%, EA 130 mm, &S 180 mm FEFEM 200 L, #iE (EfE) T
fit L7z,

g (JEME) ANT0E atB 3> 950°C (Tp - 50°C) T 2 /XA T L7,
1 NRZAHOHITAZIBN T, FM % 950°CITINEMRFFE, JE T 57%D 1 7 v 7
Ty MEE (EMNT) 207, #Ek, #HMIEERE TERThEAILEL,
DFEM A 1 A BEEM T D, B, IHOWETERIT 50%TH o728, HH
U 7o $BE 2L IE DN R TIL R o722 2 b H Y . REREMIN LA D - 72,
1 2R O#E (B w7, EEJrm, #Eidima €4, CD1, RDI,
TD1 9%, 1| NAHBEEMICB T 2MMEEEEGHBRER D7D
SEM/EBSD € %17 - 7=, HIERE X TD1 (ZHE /R Wi . JEA 07 M ddaE R
O & U BRI EEM ol & Rm o PEAE (12 BRA0LE) & LT,
WEDAT v 7 H A XX 1 ym TH D, Figure 5-1 1%, TOFREERTHY . (a) atd
D IPE ~ v 7, [AHREFHZEBIT 5 (b) {0001} IEMAE, (c) {1120}q EMLEXTH
Do IPF =y 7 OEAFFIE, BKIZHFRE T 2IEHE=ATE 2 KA HIE RO CDL @
FAL %779, Figure 5-1(@)I2BW T, 1732 BEEGEMIZIE CD1 1% L CRER S

R LIEAZ LT =030 b5, Ziudk, #ERICIZFR TH 72 B
Bl T ATIR 0 Dan=—PEIC L > TRPBIRICEE L2 L and, 4
ARAROEFEE LTI E OO a fHD ¢ fili 23 CD1 12k L CHELIZALA L, {1120}
FR7AS CD1 2t U CWAT & 70 2 AR EMEEE SRR 2378 0 B D (Fig. 5-1(b-¢)).
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(b) 0001, (©) 1120, Contourline
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Fig. 5-1 (a) IPF map of a phase and corresponding (b) {0001}« and (c) {1120}« pole

figures of Ti-6Al-4V specimens deformed by the first compression. The compression was

conducted at 950°C to a reduction in height of 57%.
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1 XA HIEESEM NS, 2 XA B OEMEIN TS 2887 280 H L7, BRE
P % Fig. 5-2 1T, MIARAEZEL T 5720, 2 73Z B OJEAE 7 % CD1
H LIZRDIICEATR 2 FEH & Lz, 2 23 % B OJEMEEITT 773 CD1AZ AT 7220
TARAZf%EE A (route A) . RD1IZPATARIM T SR 2R B (route B) EFESZ
ELT D, BRI AT ANRHE 2 SXHDER#A AL THY, £ B
132 R 2 B OEMFEG 23 1 232 23D 90°[ldE LT\ 5, B TR IZEAE 8
mm, &S 12 mm O T, 1732 B#EM OJEHH 0T 172 RA0E ) 6 8]
DH L7z, £ LT, 950°C ITMEMRFFR . O Bl 0.1 s O— B THTED
JEFROER AN Uicth, W AMENEAT 5 72,2 73 A BIE T T 20%.,40%., 50%.
T0%D 4 KHEE Lz, 1 /S AHDND DRIETRIT, TN 66%. T4%. 19%.
87% TH %, 2 /3A HDOJEMEM T4, 950°CT 2h fRFFT A HEbiAIE L 7=, =D
B2, BESIRFORMER LA PG < 7m0 s BRI B ZE BN L, BESRI3KkE LT, 2 /%
2 HOJEM TR, ST m, BT a2 £ £ CD2, RD2, TD2 &3 %,

3O AT RRER Tt LT, R BAMERIC K 2 k@152 & SEM/EBSD (2 K %1
fFALIE 21T 72, FRkEIZE. KOV EBSD HIEIX, CD2 (2 FAT72 Wi ¢, &
HITE O P RT 172 PEALET K L TIT o 72, EBSD HIEE TDO AT » 79 A X%
1 um ZHARLE U, MR o WO G L2 FERNC R 2 BI2IX 0.1 pm & L7z,
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RD1 route A: CD2 // CD1
' route B: CD2 // RD1

Specimen afterthe
first compression

Fig.5-2 Schematic illustrations showing strain paths. Direction of the second compression
axis of route A is parallel to CDI, and that of route B is parallel to RD1, respectively.
CD1, RD1 and TDI represent the compression axis direction, radial direction and
tangential direction of the first compression, respectively. CD2, RD2 and TD2 indicate
the compression axis direction, radial direction and tangential direction of the second

compression, respectively.

5. 3. EBRHERE- B8

5. 3. 1. FELEENCKITITMI R DOEZE

TR A KOWRES B ONINIT A CTEZEME £ M O % Fig. 5-
3(a-d) X ONe-h)IZZ N 3RT, (a, e), (b, ), (c, ), (d, h)iX, 2 /NAHEFRNRZ
NEI 20%, 40%. 50%. 70%DFE R ThH D, 2 73AHOEME#EIT 2N 1 232 H
BT O A OIT/RAZBNT, 1723 HOEM T S #1172 CD1 %]
LCEEIHFOD A X VT =3 2 NAFEFROBINIEWIEF SN D, 2
/XA HOJEMEE T2 1 /3 A BIZxE LT 90°Hlfs X w742 B O T/ S A Tl
1 N ZAHOEMTIHPRLE aflD a0 =—NRERIR E 20 | ZOME TR 2
X2 B OEMEETIC T T D, 2 282 BETEN 70%E CHIMT % & (Fig.
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5-3(h)). CD2 ICTEEZRFHNMRND A Z L7 0 —DFFENRD LN DN, B
A DINTANRZHAD & £ OREITEAE TRV, 2 732 BE TR 50%LL FiZ
BWTIL, AR A X L7 a0 — 338 67wy (Fig. 5-3(e-g)) o

T A TR o AT DHCIR o DIZREZAKIZE B9 5728, Fig. 5-3 1T L7z
R ORLR 2 Y P BRI CEfF R TR LTz, T O/R% Fig. 54 1077, X
DOFECPLBIGE T Fig. 5-3 L [ABETH 5, Figure 5-4)iE, 7 A 74k a 2k 5
Bk o D—H%& BAKEITRT, Bk o OB, ITIRE (950°C) (2N
FirplZ B HHCH &I T, ZOBEERTIIMER TE RV, HEilA~Dm A
HZHTH L7237 o A & 2R BRI DD, BRI A OINL/RRIZHNT, 2 X
ZHE FHEOEIMEND, 2 < OB o 2RI OKFE G RICEM T 5 & 36T,
Bk o oW (ZEdiifk) 23dETe (Fig. 5-4(a-d) . #&E B OM T/ RRAZEBNTH,
JE N RO, D BCR o O WAFE O D, EfEE Az 1 32 b 90°
[ElHR STV D72, 2 28R BIE T 20%I238 WV Tk, Bk o 231 8P R J7 10
IZHECAI T 2 REFAASERD B D A (Fig. 5-4(e)) . JE FROBIMNZLEV, CD2 (I2%f L
THEERTTHA~EHRAIC ST DM 235580 5 d (Fig. 5-4(f-g)) . £ LT, 23
ZHETRD 50%LA ETIE, Ko OHK o 23 CD2 ICFEEZR T AICALR T2
(Fig. 5-4(g-h)) .

PRBE A M OMREE B OIS A CTOEMith, BESZ i U 7238 O 6 Fuigss
*HAE 2 Fig. 5-5(a-d) & (e-h)IZZE L ZF R T, Fig. 5-5(a, e), (b, D), (c, g), (d, h)i%, 2 /¥
ABHETENRZNEI20%, 40%, 50%., 70%DFEF T %5, Figure 5-5(a)ll, K
W o O—F A BAKHITRT, Figure 5-4 L EBEIC, Bk o OFEPHITEEMIERE
(950°C) ITMEMREFHIC BHTH S T-EIT CTh D, Bk o DI LIZ T3 5 f]
Wrikdfr & LT, 7 A P2 BUF R —RAIICHW O TW D, £ 2T, it
J& (globularization ratio: F) %, HCR a (2351757 A7 Kb 2 BUF OmEE=R,
EEFR L. ARBUTION L OB BEMETHMEE b LICAEH L. F 2 5HD
FERICATRE T B, B A ROREE B OWFROM I ARZBNT S, JETFRD
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FEIMZFENEER L EE SR D MEHA 3580 Hivd, L., 2 732 HIE TFR)N[E
CHAITIE, SHbE I KIET I T R A OB IEE TR o 72,

cD2
<>

100pm

Fig. 5-3 Optical microstructures of Ti-6Al-4V specimens after the second compression.
(a-d) After compression by the strain path of route A, (e-h) after compression by the strain
path of route B. Reductions in height of the second compression are (a,e) 20%, (b,f) 40%,
(c,g) 50% and (d,h) 70%, respectively. The first and second compression were conducted

at 950°C. The compression axis direction for the second comprerssion (CD2) is indicated.
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Fig. 5-4 Higher magnified optical microstructures of Ti-6Al-4V specimens after the
second compression. (a-d) After compression by the strain path of route A, (e-h) after
compression by the strain path of route B. Reductions in height of the second compression
are (a,e) 20%, (b,f) 40%, (c,g) 50% and (d,h) 70%, respectively. The first and second
compression were conducted at 950°C. The compression axis direction for the second

compression (CD2) is indicated.
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Fig. 5-5 Optical microstructures of Ti-6Al-4V specimens after the hot-compression
and subsequent annealing at 950°C. (a-d) Annealed after the compression by the
strain path of route A, (e-h) annealed after the compression by the strain path of route
B. Reductions in height of the second compression are (a,e) 20%, (b,f) 40%, (c,g)
50% and (d,h) 70%, respectively. Globularization ratio (F) for each specimen and the
compression axis direction for the second compression (CD2) are indicated,

respectively.

BCIR o DIEREIZ KAE TN T N2 DB A FEMICHRET 5720, 4 DK o
DT AT KNb&E b A NT T A CTHEHE LT, Figure 5-6 1% 2 /XA HE RN,
(@)40%. (b)70% DFERTH Y | FRIE A LIREE B OMT A LD EMINTHEIZ
Bedl 2 U7 B A 0T R R ThH D, 2 N A BETERD 40% D45 (Fig. 5-
6(a)) 1FMITANZDBEITGRD N2, —T7, 2 /82 HIETHRD 70% £ THN
3% & (Fig. 5-6(b)) . #E B OMIT/RATIET A7 MO RE ik o OFF
TEBERE 3D U7 AT NG 2 SR OBCIR o OFFAESE 300 L T %,
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DFED | R A DOINTRALT AT MO R E RHCR o SFRIFE LS W EA
BOHI, MINZADEE L, 7 ALY MEORE 2B o Z25Wrd 53085
HHEEZHND,

—— :route A: CD2 // CD1
— :route B: CD2 // RD1
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Fig. 5-6 Histograms which show frequencies of aspect ratio of a plates in Ti-6Al-
4V specimens deformed and subsequently annealed at 950°C. The compression
was conducted by the strain paths of route A and route B. Reductions in height for

the second compression were (a) 40% and (b) 70%, respectively.
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5. 3. 2. v/ uYy—UBRIZKETINI X DEE

AEiTlE~27 0 — U BRI RIET I T AN ZDOEEICERT 5, &% A KO
FEEE B DN T S AN K 2 M T2 (2 BEsh 4 f L 72788 12 L C EBSD flliE
BiTol2, WIEDAT v 7H A XF 1um TH D, IR o DT 27 kO HHE
AT AR 2 =GR B o 72 2 XA BHE TR 40% (BFEE TR 74%) O
RBTICKI T DR E R, Uk, ZROOERBA 22N TR A M. &
O B M E PR 2, 7pd8, AEIRT EBSD HIEDRRIT, BESLTITAAAES
DRI o BTSSR L Uiz, BEREZ OB HNEBTE TR S AL 72 o FRISE3
D IPLRERE L, S EAWEHERETER R EExbND 2 E D, FifL
[F) ZEAG FE DARNRE s & BRE S BERE L, T 217 o 7o, MIER R 2 i L
band contrast fi£ 110 LA EZ TR R OME R & LTz, 23, IPF ¥ v 7128V T,
PR Lo e s BEa TR T,

TRHE A M &R B A D IPF ~ v 7' % Fig. 5-7(a-b)IZ, FIFAEF D TA ~ v 7 (tilt
anglemap) % (c-d)IZZNEIRT, IPF ~ v 7 OAAIT L, KIS T 2 HE%E 3
fIEZ S LI, a FHOFHIESICI T S 2 23 B OEAE (CD2) O A% 7R~
TA ~ > &, a FHOFBHERIZHBIT D cfil & CD2 & DT A (0) ITx LT,
XNZPFFET DN T — =% b LA Lz, Figure 5-7(UIZHBWV T, R A B
IZIERR I AT BTz, ©DFE D {1120} HE2% CD2 (ZHdm L7z a M2 LRI %
<RBOHINAD, B BH (Fig. 5-7(b)) 1Z1E, fHITHICHE: 2 72zt b
7o, SRR GALICELMT 5 o FRAFE B35, Figure 5-7(c)®D TA ~ v 72

PR A MITITAREAOME, 2F D 0=90UfFD a FHRZ < B Hiv, Al
v ruY = EEH LTS, THUSK LT, & B MICITHFENLREAET
D, DFEY §=0°~90°F TD o fHFED Hiv, HEHIZER2 LD o FID> DA
ENTEY, HER~27 0y — 3B b,

- 159 -



0001 €D2  i2i0

0110

Colorscale

Fig. 5-7 (a,b) IPF maps and (c,d) corresponding tilt angle (TA) maps of Ti-6Al-4V
specimens after the hot-compression and subsequent annealing at 950°C. (a,c) Annealed
after the compression by the strain path of route A, (b,d) annealed after the compression
by the strain path of route B. A reduction in height for the second compression was 40%.

The compression axis direction for the second compression (CD?2) is indicated.

- 160 -



Figure 5-7 ORPEFRERZ H &1, 0 OBEESAI % Fig. 5-8 I[CHEM L7z, £ A
FACIE, 0=80° ~ 90° DHIPHIZHAME /e B — 7 BN D, BRI B MIZBWTH
0=80°~90°DHE N i b mAY, FREE A MR TE— 711K, =025 0
= 90°IT T TR 2 IZHEEARHM L TV 5, #RI& A M CHRZRE—2 2R LT 6
= 80O DO REFEMEZRDI-E Z A, R AMMN 053 THHDIZRL
T, BEB#HIL023 TH Y, BEAEHEICHBRRZENRZED b,

B SNTo~ 7 vy — 2 OF A 3EIC A L7z, Figur5-9 1T, (a,¢) {0001}q
BRI, (b, d) {1120} IEMRRIX %777, Figure 5-9(a,b) 38 A #. (c,d)D3#%
B B M OFERTH D, R A MIZTIZ a #HD ¢ 2> CD2 1% L CHEEEIZALM L,
H2{1120}o #5823 CD2 (ZATIZHELAI 2 PRl A g@ BV JEREEE SRR 358 9
Mo, £ LT, CD2ICFEERSTMIT ¢ HOERD 3 DTl b, 2 H1% CD2

DA TEA EEFRIC 2 L TV 5 (Fig. 5-9(a)). . TRIE B M DA
I, BT X A THD  (Fig. 5-9(c,d) ., EAFMEOERE 2 & &I g
B, R A B ERREE B M OWiRSIX % Fig. 5-10(a,b)iZE N E T 5,
WL CD2 D& w7, & LC, makdf OEFEE 477 7 T Fig. 5-10(c)
R, BEHBOREIIEMSMER LT TH Y, &R AMIZB VT, {1120}
RS CD2 IZEEFEL TV D Z L AWD TR TE D, HLHEEITREE A 69 &
BRVODIZH L, #REE B CTlE 2.2 & HlRA/N & < TR A DOZETIC S 0 HEFEE
PRE RSN TND, TNHOFERND, ~ 7 1y — 2 ORI EAE
AR ORELBEBRLTOND EB I OND,
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Fig. 5-8 Distribution of tile angle of c-axes in hcp lattice from the compression axis

direction of the

second compression in Ti-6Al-4V specimens deformed and

subsequently annealed at 950°C. The compression was conducted by the strain paths

of route A and route B. The reduction in height of the second compression was 40%.

(@) 0001, ®) 1130,
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Fig. 5-9 (a,c) {0001}¢ and (b,d) {1120} pole figures of Ti-6Al-4V specimens after

the hot-compression and subsequent annealing at 950°C. (a,b) Annealed after the

compression by the strain path of route A, (c,d) annealed after the compression by

the strain path of route B. The reduction in height for the second compression was

40%.
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Fig. 5-10 (a,b) Inverse-pole-figures of Ti-6Al-4V specimens after the hot-compression
and subsequent annealing at 950°C. (a) Annealed after the compression by the strain path
of route A, (b) annealed after the compression by the strain path of route B. (c) Intensity
of texture developed in each specimen. The reduction in height for the second

compression was 40%.
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WIZEAHEETER T D o HOZEMSMIZER T 5, v 7 1Y —U RS
AT A M OBEEHARIZHB VT, Fig. 5-9@)IZ/R L7z Y | ¢ #iliAs CD2 1Zxf L
TIEE T, CD2 [\ Y (%A FERE O 3 2 PFTICEERE L TV 7=, Figure 5-11(a)lx
Fig. 5-9(a)lZ/~ L72{0001}o IEMBLSXCTH Y . ERME % P1, P2, P3 Lild, =
OEMRREZ S &2, BREAE P, P2, P3IZEENLHERET FECHiH L,
o fH IPF ~ v 7" & L C Fig. 5-11(b-d)IZE LI T, IPF < v 7 O tafF i1 Fig.
5-7(a) & [FAER T, filiHH U7z o AHUSA OWE UL REATET, AENALE PL 225 P3
B END aMIZ, WFHD CD2 1% L TEEIH O HRIZHM L T D,
HORALAR DI Z1 1L 50 pum 2> 5 200 um F2E TH 5, REFOAKFEH I 1T 5 ik
AR O E S, HEMEF (I 550 um) ZH 2 TV A T2 D IEREIZIZ 00 B 720 A3,
JEZIZKR L CTHARWRIPHICER SN TS EE X bid, AENE PL D 3
IZEEND a MHIZ. ZENEN c §IORMPAHETH Y . 2 HEIROMERER R A
AN RN RKe~vru) = e Rpds, &~ 7 vy —rONERIZIE, ikl
BT SN o fBRFET 5, D FE Y (cHili[E W IZIZFALEEE L TV D208,
{1120} #23 CD2 (ZALMAI T 5 (RRElZaftiT Hiic) o FHOBEE DS Hhigry £ < 3@
oD,

WHSHI AR TALOD o FHTHRL S, B~ 7 vy — U DK b
IR0 TRk B M3 LT b AR DT 21T - 7=, Figure 5-9(c)IZR L 72 IEAR A
BT HUN T, FE L 72 B AR O TR 1359\ 08 | AR AL B A SE RN 1 2 %F 52
WCHIH U7z, Rl U7 SERENLE P15 P3 % Fig. 5-12(a)l278 9, ERENLE P1 A
5P3CEEND aflz IPF v 7 & LT Fig. 5-12(b-d)IcFNZE 7, IPF <
> 7O EfFIT I Fig. 5-7(b) & [FAIERTd 5, Figure 5-12(d)Z, FEUANLO o FHDNBE
WITHEEL TV DG RO 550, £ DA XL ghy/h S <. Fig. 5-12
GZHENTIE, BRI ZET 5 a tHOZER ST B IS TN 5D,
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Fig. 5-11 (a) {0001} pole figure of Ti-6Al-4V specimen after the hot-compression and
subsequent annealing at 950°C. The compression was conducted by the strain path of
route A. (b-d) Corresponding IPF maps showing spatial distribution of a phase having the
orientations of P1, P2, P3 as indicated in (a), respectively. A reduction in height for the
second compression was 40%. The compression axis direction for the second

compression (CD2) is indicated.
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Fig. 5-12 (a) {0001}« pole figure of Ti-6Al-4V specimen after the hot-compression and
subsequent annealing at 950°C. The compression was conducted by the strain path of
route B. (b-d) Corresponding IPF maps showing spatial distribution of o phase having the
orientations of P1, P2, P3 as indicated in (a), respectively. A reduction in height for the
second compression was 40%. The compression axis direction for the second

compression (CD2) is indicated.

R A MIZERD b= B X (Figure 5-9(ab)) &~7 mr Y — 2D HE (Fig.
5-11) OFF#%i%. Germain H[1]2% TIMETAL 834 (Z a+p 1 CEARM —#lEHNE 95 =
ETHBIEMBRLFLUL TS, 61T, BREN NS w7 1Y — U DIRET
BEREE & R 7ot DMK IEZ SEM/EBSD I E Cilld L., BT 2510 B RiNIZE
RS ORER LR EIR D T A TR o Th-oTh, 1 oM ERINTIC
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a2y MEFIIWITNS 0 Th D, #EimT XY (pyramidal slip) (ZHEEFEAIE

- 168 -



THMR, AREMR{1011}<1123>T RV O T, b RKEQ2v =2y METOE
AL TWD, HEET R0 Ova Iy NRFIFFER TR (a2,a3) & FFREC
RE7METH L2, CRSS BHEHE T XD D 3 fF L KE W=, IEE) LEEV[8], X
> T, BAMEREEAMRRO AICEL LIEACR o OMMEZERIT, fEm+ 20 2
FHREHS LEZXLND,

I, B RS ARk O FALICEE A L72 AR o ICHEm 30 3EFE§ 5 2
& THEL DHERBIERIC OV TREST D, FEET <0 NEE$ 5 & ¢ #ili4 [BlisE
ET DR EEIERNE Z 508, Z ORI S FITIEHT XY RICK > THER D,
Figure 5-14(a)lZ, ¢ §fi75 CD (2%} L CHEE T, {1120}, 7% CD IZ%F L THAT72 a
FRDJEE 2 AR, cHhiE D DEHAAE L ¢ L EFR L. AEID OEERE 7
7 A, Y Oflfisz~ A FALT L, FEITNY a OF D Ti[EN CD 2
ITI0RAEZE 9 = 0°& LT, [EHAICHES H )Y (a, a2, a3) O =Xy AT
DA% Fig. 5-140)0WRT, =028 W T, FEETNY alds = 3 v MATR
0 THHLDIFETEP, FERTRY ar & as BNEET 5, FMO L THRHE A
WENDIEMERITB N T, FEHT XY a BEBIT 2 & A7[E D O [RIER A3
0, HETRY a 2NEENT D & ALBEND OFEERDGE Z 5, Figure 5-14(b)IZH0
T, AEIY OEERSEZ S & FEET YD axNEBHTLH L), HET D aaDv
2y MAFRELS R, WITHE TR aa D=2y MAFIINEL< R D,
DFED, HEETANY aaOfROVICaNEHT X102, TORKE, £FEY

Ot ghlEERE URERA T 0°12 R D, RIT, @ =0°DRAED & 2[R D D [E[#RAHY
BZDHE HETRY asNEBIT L &), Bl I3fic, HET Y asdv =3
v NRFA/NSLRY ) FICHETRY a0y oIy MNRFRREL LD, D
FO ., HETANY as OROVIZ ax NEETDH X105, £ORRE. AEY O
FEHEAA T D, BLEND | BIEMEA MBI SR E ML Th Y, —HZ D)y
MBS ND L, D%, CD IZEELIMA TS, HET XY a & a3 DIEH)
RO PALRAE CITZEAM & 72 0 AEREIESE Z 0 # 2 L300 D,

- 169 -



(a)

0110

20pm

A B

15 1 : '

B og | | :

s | : -

2o 10 | i 5

5 ] | !

eS| o

3g %} ‘ -

) , :

2 1 ]

E 3 ! 1

0 |I } 1
© " |
o F I
s | i
8¢ 10 | :
0.2 r !
:EE 1
Et 1 ;
o .o !
og 5 r :
.E F 1

L
L . l_-.l b

0 N .
0 5 10 15 20 25 30
Distance, x / pm

Fig. 5-13 (a) IPF map of Ti-6Al-4V specimen after the hot-compression and subsequent
annealing at 950°C. The strain path was route A, and a reduction in height of the second
compression was 40%. (b,c) Misorientation profiles obtained along line A-B within a
single a plate depicted in (a). (b) Cumulative misorientation profile along a line A-B
relative to the orientation at point A in (a). (c) Point-to-point misorientation profile along

the line A-B.
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Table 5-1 Slip systems in a phase and corresponding Schmid factors and CRSS values.

Schmid factors are obtained in a phase whose c-axis is perpendicular to the compression

axis direction (CD) and whose {1120} pole is parallel to the CD. Schematic illustration

on the right hand of the table shows a basal plane and three slip directions of prismatic

slip.

. . CRSS
Slip system Schmid factor (Ratio) [® a,
a, 0 8
Prismatic slip a, 0.43 0.7
a, 0.43 a as
Basal slip 0 1
Pyramidal slip 0.40 3.0
(@) Rotation angle, ¢
@)
OI
b
®) 0.6
[ a, a, as
0.5 £/ \\
S 04 A o
(] F N ’
.,.Q / AN /
o 03 N ;
€ [ X
0.1 \/
O L 1 1 1 \I, 1 1 1 1 1
40 -30 -20 -10 O 10 20 30 40

Rotation angle, ¢ /deg.

Fig. 5-14 (a) Definition of rotation angle (¢). (b) Change in Schmid factor of prismatic

slips as a function of ¢.
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