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B ATAIIENLTE,. BIERREETFsIC
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Pk & EERBREOCSEET, SRS OWIER L L s
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ROBME EFICL, HEFEOBEREBRTAHL.
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A, TOMFICEERL T adh ol ROBESEIE
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= TR BITLAE, T o B0 RR LML o &
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ST RDREIRETHD. ok kB Thn
HOREREPIROME, HooBEC LD L4000
FEIHRE 1960 E I 88T Lick 0 ETHD. F2 v
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BV T LI EWB LYo o bR EERO 2R
ffent, REENO B 5P D TEESRN LR Shi
TERFELTG S b0 Bbh, HEBREE
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BEZR X STV I 2y e & ThH o, ki
B L TARZZVE W) B EE o2 X I,

2.1 FEHEUOHEOMEHRBICEL LREROFR
FLOWEEOUEREIZIE, WX ) AETASRNERE
HOMIT A EDPUET, F7 5800 L TCKRET
IhAEI s N X 123EEFARSIRES 4 W
1%810% (19624F) 12, % Y ESE&ONHEREIcY
T AR EOEE 2B OTH L, FOHE
(1961 4F) DEIZ, Ti 6&OWERRZ D TIHRICHE
T\ 72 Dr. Jaffee & Mr. Ogden %, 2KE Ohio H®
Columbus (2@ % Battelle Memorial Institute {ZEFRI L
7EROHRTH D, L, RELLEHO 2 TTRIRER
PHEEHICREEND S oI L ATV TV
B, WP NBRENZIER L LidEETH-
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ERET A, FINTREICL T, BRANENLL, 370
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HEMHET LI EPUETH -7 FETEORIMCE
T, FRES LA ST, afffimzitkdsiH
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ALz EHESEEINSOGETTHETMAEHLETH
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WO RRIE, 2 EREERERMOBEIZL ST, aF ¥
YEE, a+fF I VEERTBTF Y VY EEO KN R
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(b) Allgeseit
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Ag, Co, Cr, Cuy, Fe,
Mn, Ni, Pb, Si, W
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Ti K
(c) whigy
Zr, Sn

2 54 IRRGEREMOSHE

~ WFFE A I & B A T (11D

EEN, BEORBEIME L 2B o2 bDTH A,
F & rEESEBO TENCEESTETE 0T, BF
R FAOE D & REBIFOK & LRI oBYc, =
DX RN ER L. Ly L, REROZE
FREE 1 TR LD IBDTHMN R DD TH -
7o NSRBI & v e 2 TR G
SEBHELICE 5T, B0 LR OYE 21T
9 T, ZOBEIZBLTH 0O Ty —
RLBBLDThh ot

2.2 BEEOWHOMEEICET 3 3 TRIERIOF
% EAEETRAL LD 3TRULORE-AWE
BAHOT, BRICAELTELLT, 3RIRE—OB
REMDI. F¥ VD THEELTETHLOTEHEE
OBEBITIE, TNV I T EORKYOHINIERTE v,
B 39NTRE & ) RIFBR LB & v 7o, AR Lo
SHEOIIRDON—Z LIZTI ARV VEBETHEORE
DBREWEBENT, KB L WHROBEBROMIZERZ
RITLUTHBT B, CunN—AEHEML THABEBOR
FEREL T AOT, HAKESE5, BREOE
75 ZEOHE R ETO&RICT LAY - FTHiDHD
., WEBRIZNY Uy Ao — X THEE S
TWBHOT, P HEEL 25 BRIICE T2 & 28
T& A, oty ML, +ocHsRE, Tragy
HAZHEBAL, TONERFHK CERE2TR720 &
DFFETIE, WO Wyl & UQRAT 2A%8A
RN  FRICED TGRVWHEEO A& E S 5.
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H4iZZnEH L THRLAEZEOGETHVTES
7= Ti-Fe-Mn 3 TR0 1000C OERETHRIERS 7T
b, BEBEOWEICE, HMSIORTERZH.
Mo BOMBMEEHERMBEL LI —F -85, Pt-
PtRh AEA CIRENEL T2 o7 BB ¥
BIARIGTR 22007 & Se S BB I L L » TR D,
PERERI A2 L7, B, BT B O ZEEOH
BRI XIS ABFEROBErSHEL. oh
Hit, M4 TIBITRLTHAH., ZOWFIEFELLT,
M ES L BUOROBEET (48 REICER
PO S OREFLRBRICBI A EHTH 5.
COETRIKER L AT, Ti-Fe-C 3 TRIER S,
HORMTE BN CUR EIPRR OBEdS) &Rk
AR OWREERICL 5T, Ti-Fe o C #30% L.
TOFOWHTTE 1000°C DZR RS D A5

SoTfe &0
Fe Cwt %)

E4 Ti-Fe-Mn3t%® 100 T O %R IR
REI & 18 2 OI|RBED BTI HLAR IS

Wik, 8 95 Fe

HMegnifying-gless
FL-FLi Thermo-Conple

Jpecimes

Molybsenem
Crveidle

Galsslers tuke

rg’b‘%/ 7/"/;/7;;,? Holybdeavm
i ) Healer
Healing Space
Hoter Jenkle Wolled Woler Cooled
& Copper Furnace Stell
fibker - foliag§  Source of Electricily
gfmy Mf(;z. Hizgs
Vecwom — i
Ko Celidd saction Fprozeter ™ 7

Treastormen
5 Ti-Fe-Mn3 3tk & 0 & BIRENE
EH OB

E 757
ENTwaE, Ihsifiid, slodip i FEics

LEBTHELNALZLOT, FOHEREIVAREVD
DTHorz BAERE 1 TRk T,
b LABOERBRTHRIEN T A— 5 =R o T
i, BOTIEMLSRNTRENMEO RS, F 14
(458 H) O 8tk CALPHAD ik » TRD SR,
Al-Cu-Mg-Si %D 0.6 Hi%—ED 460°C DERITHER
BT, ShENELTABE, BHOKELRLONS
B, FEROBERITE»EDL2HR V.

23 FRUEEOBETRESEFMTEORSE N4
B o F e o L OBRGHE LT, 4EEICHE
SNTVWAHEIONF ¥ Y FREEIMET B KA von
YINTTIThN, ROBIBELHIEREEYSOE
T, T ORBEBRESHETTORLZ LA o Ty
5. HB4BoOSE, 19804 (BAISS4E) 5 A, *
) ERREBE AT b TWADT, HEIC27EDH
BhHnTwnb, S, ErEEBIOENOT, 4
L R RIGT, IR L2 LV AR S T
B, RO S MEHIT, 19844 (BAIS94E) PO 3 2
YA THREENR TV S, $#1E, Critical Review?
i e odz BT ¥ 50O, BRI
LEMWCL sz L Tn T, BETLHRSIEA

F£1 FIUEEICBITAHEEREL £
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|| AR sS (D) 752 <7y b:p
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(0) 5% 8.~ F+p
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TBDT, %0 paper & FRHICHE L /2800w
T, F7 v EEOMERE L BMBOBMEL RTHL
vy,

Ti EBEICBR7 & )12, KR hep e #8id, 882C T
EIRO bee HICHERT 20T, £HHILHOWIMC X
T, $HEROMMPHEAL, BUHEIEHIIRD. I
5T 3 7 UHEOEIEIC X o T, BN ESISKIRC
Mg a., £L1LOZFZ UV EEICBUIHERE T
BAELLIHMERLL., BABICHFCEELRZ QL L
T, ¢ e D 2BEOTALT LY MMH), BEA
N L Wihw, o, B, o/ FHEEORHEME, 4
LOBNBEORLR L OO RS S, (L
BE, HHROWOBE) —F, TiHdEEBEROII T
HRICE - T, B2OTRTLIIHIE, a, a+f, RUB
BEKMEN, Neara &NearfBI2MIME NS, £

otk pHOERMEE, BB, ¥4 XRUCTEREC

LoT, BEORFENKE (LTS, EFORIMIL
o TEALDHEBZERT. o MRELREHETH S Al
Twt% T TORM & - CTHIRRE, Mg, 71 -7
MEAE L (BREES. Larl, #RU LEORNTIE,
Ti-Al 2 TERRIEH TR EN TV D X ) ICH S
FRTa, (TLAD PR INF LWL ERYT.

2 HEIUHELMM - HE L oMK
= «H ?smzss Ker vmE
A EALTE 1-3Al-2.550 G
(ALO.N % Ti-5A1-8Sn-2Zr 1Mo-0.28i | 2% ) Lo
Py mk | T gAL 1Mo 1V E7ET
1 @ B pi-6A1-25n-4Zr-2Mo 2R
f Ti-6Al-4V ;"%%
x a+B 1 Ti-6A1-6V-2Sn
i BEiLEE # | Ti-6A1-25n-4Zr-6Mo
S.n (V, Mo, Fe, Ti-8Mn
ZroeMnn )| [ | Ti-13v-11Ce-3a1 !
EHA 39| Ti-8Mo-8V-2Fe- 3A1 xm ?E@T
Ti-3A1-8V-6Cr-4Mo-4Zr (8C)
Ti-11.5Mo-6Zr-4.58n (81

EEFETOMEFHEDESR

— BFged i 2 B A T (10D

i, Ti-16%Al 4% 900C LW EAT B L, affiloik
TSI TE S 20~40A OAMUIR e, AW ER S5, Sn
o E LB Al X DSV, BT EE L 2.
Zrid Ti L &REBEREIELHV BRELTHT, Bl
RO RS CHRME LA SE 5. JREbinsice,
ASEARIO Mo, V, Nb, Ta & #7810 Fe, Cr, Mn,
Co, Ni #4'H 575, BHEOHFIELEEIKREZ V. 7
FHIEORM % Mo & VAEREEICHVLNS,
Si XA, 0.1~05% miNsh, HiRBELR>
V—TERERWET S, SFE RET Y, E-Y %
T 5720EEZ 6N THWA,

2.4 oc+PEISEOHMNE  Near a R a+fEED
B2 RN A 6 IR L, TR 2
AR 116242 (6A1-2Sn-4Zr-2Mo) DWW, BHE
19 @, ) AT (0 RT. BLIEELROIE, p
Transus C, ZORELETNET S L, H—FHEES
BoNnA, fTransus YLETMESUIM T 2% - 2%

A Transus
BB LIE
E-AL) SR S
BE T
s
B
-

BRELTER (%)

6 o+ fEEORERE SN

JI;JW’ #l <7 # - ..
70 L - \ =% 4
Do 54 g g}giﬁ

(a) B EALALE (O

éﬂg ;§;-252m £

®) o+ BB TN LRe + SR THEELLE (Ei—K o HEE)
© a+ BETHENTHS by Y AETOBRMULE BKaed~ Uy 72 AP EOEMA o)

FH1

Ti-6242 5 E&OBALARILREIC X 5 2 7 o2t
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WHTAE, @ O£ THReHBEIEONS. a+f
WOMIHEHTE L, SH—RoMBEEL O), o+
B TIMTIH, PfTransus & Y LT OBEETRT S
&, (0 DEHICHMALHIR e E S ROSH o HOR
BB ONE. BEOBGOWTIEIFHETSHS. o
HOBEIZL - T, BRHEENELT S, 2OokLO
I3 3 IR T, EROMIEIEZ ORI X T
12k oT, 37 uiEoBEREIYTbRTns,

25 PHASOBOE ERELHEEITa+pEE
G L0 OHHMIAES T, BRPkE BViRELE
B, HBEAMFLWEENREEEZRT. SHESOH
LBIEED 6 THEAO WCE L. BMEARE L RIS B
SEFNID &Sl o T B, FRLLBIISE 1 Kadl
DOEFFELHET 272012, Pftransus £ ) BLERE
(BHfRAl) F/213, FREVAGE (e+pEMHML) <fF
. BRI 2 KEOHTH o IS & o TR X

il
N

= i 759

h, BIEDESVIZeHOY A4 X, BREUERRICL
S TERSNG., ROTEOFHELL L T, EHHIC3
7 RIS L I LATTRETH A, — DI HI
RIS & - CHEA U 2BREN U RIC B8
BELHHAERII L > TP BB HEZRE R 2
HETSHY, MOHRERY pHPERTHIRE 512
EHR TR R T4 9 2 B Th 5. Z o 2 B
M, @ GEEB,) — BEETORML becf #)
= (#4147 1e R 2a) &, b BEE,) — BEE
FOHELANFRoM) 947 1a B 2a) O3
Db bH. BE L MOEERH & 2 B 0ERI1T,
HEHE LD Ti-I5 Mo-5 Zr-3 Al A&t LTk o 7251 2
THRIZREN TS, JE I Akw-o 8 E R
TOIR LT, BE TN —58 L 72 e d38Et
Boh, FLWRELISERTE 5.,

26 ERFHLEELTOEEYE  FARUSI,

£33 o+ BT ELDeHOTE L BRWHELE

aHOWE  BlikEm & SIERN 7N —-THE WO | WRLY o VEY | BNES A BB | ST X SER
% #@ oa | dlLiw I & #® e I3 fi
$§F K e [ ALEs fit i 2 & % ]

T4 T ORUNEEE Z OIS

AROWE ERRBARE ERLHE
5% &3 FHRURIBITE 1 $-1 L%
RUBGL
14244 HHEIR IXOFIVY oo K
Nivd, ATyxyg
BhREH AUFIY—-, F-UVE
144 LERUBELR BeLE, EGRE, X078
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o3 ten BABRK, BEBLY
ﬁé;té. HEBA VT8, coTdBLUBYaIV,
MRS, BHANH Egas
arkay HEEE, AReEe AXBGRE, Zo A~
BoRRes .| MHER, tv¥-6

(a) 850 C E ML # 8E A +,
5007C % 30 min B&%)
(b) 850 CHEARILHERE AN,
350C x 10°min +500T x
500 min
EH2 Til5Mo-5Zr-3Al &840
TEEERIIC L B oo
MLz R TEM 5 H

®5 LGRSy A&

ERUE, BEEB SR JGR5IF
Ti-5A1-2, 5Fe f-rich |GREMA
Ti-Al-Y-Ko-Fe , SPT700 j-rich |WmME, BEg

Ti-341-8Y-6Cr-4Ko~4Lr, Beta-C
Ti-541-28n-2Cr-4Ho-4Zr~1Fe, }-CEL
Ti-3A1-15K0-2. 64b-0. 251, Bepa-215

metastable-} | WEA 2820
retastable-} | BEK, FHEBH
metastable-) |EfBR{EEE, MMC

Ti~6Al-480-47r-. SHo-, THb-, 481, IKI834 near-¢ |BBEAFA20H
Ti~5A1-35n-4Zr-. 4Ho~, 4581, Ti-1100 near-e  |BERATFAA0H
Ti~25A1-10Kb-3¥- 1Ko, Super-s, a2 Efett-7:4
Ti-48A1-2Hb-2Cr (at}) 1 =, EHEE
Ti-4841-2Kb-280(aty) 1 =8, BEL
Ti-48A1-2Kb-28n(aLy)+7iB, 1-XD BB, Bro-

-
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%6 HACREWEShETY Yok

ama1T &85 | MR feprs 158 P
HEESETFI | Super TIX (800.1000) 38K Ti~Fe~0-N,
RER. BAE. RBEE | ORI 05T
KS100, K5120 BEME  |Ti-0.350-0.35Fe, Ti-0.30-0.5Fe-0.6Si
BHEE&® KS 50Ta BEMA  |Ti-5Ta A AT RIS SREBHIETS U
SMI-ACE ERER Ti~0.5Pd~0.3Co
KS AKOT REMA | Ti-0.4Ni-0.1Cr-0.03Ru-0.01Pd HEME R g:f" g’é_; gg;ft’_ki}: 7
TICOREX B#&R | Ti-05Ni-0.5Ru
alled KS6-4-4-1-1Ta | RFEHE Ti~6AI-4Sn-4Zr-1Mo=1T2 Baoy—JaE MEgILUs
DATS54 AEHRE | Ti-6A1-4Sn-3.5Zr-3M0-1Nb~0.3S: TEREE MmERT O
(- BYEEE: SuperTIXSIF e Ti-Fe-3, 5~5, 5Al AR L. BHIRE AEHEBRAR
SP-700 NKK Ti4.5A1-3V~-2Mo-2F e FAMMIE, B8k INTST MERBS
KSEL- F ®MEME | Ti~4.5A1-4Cr-0.5Fe-0.2C SR L% REB
KS Ti-9 B»FEA Ti-2Mo-1.6V-4.5A1-0.5Fe-0.3Si-0.03C| AMBIE A AR
DAT52F KE4FI%E | Ti-3A1-2V-0.25-0.5REM EiE BHE (22 DUR, VIR T
KS5-2-4-3-3 WEME | Ti-5A-2Sn~42r-3Cr-3Mo RGBT pERT Y
BHER KS 15-5-3 BEMEA | Ti-15Mo-5Zr-3Al AT, WAE AR
KS 16~4-3-3 poyadat el Ti=16V-4Sn-3A1-3Nb ¢ .
e
DATS1 KESIAEE | Ti-22v-4A1 .
SAT-2041CF BEHESB | Ti~20V-35A1-1Sa AMAMIE gj’f‘i‘ggfg Fakt. INT 23
DAT55G KESHRE | Ti-15V-6Cr-4A1 EAME-EERS TNTISTAYE
SAT-B4AW FERERB | Ti-6AI-4V~10Cr 1.3C BESEE U8B

F 5 v OARBENEE L F OISO, ROYSEERE N
Y UoEEENFECNIARTEARE SN T 7 V54
T, FREFNRT. FF7 Ui bbo ki, Sk,
B IE R OB AN § KIFEIZ L > TEATRT &
Iz, BEEEEIGREICL - T, 39 - SIZECEY
Hh, BEEoEFREFELHEEE LT, ABERT
FTER, BRREA—F > - 75— Nz EOBM,
HKBERE R AW 6, HEICESNE S RN &%
CMNMRESES L WG, AREA 77 v M, BRH
B EICEZRENDE LI RhoTnb, AL, $Ek
b HARRNCREFHEMTOFBEIZ R, LS
FOHEENETHDH. R5ICITKRERCHRETHBEEICH
BENEMERES Y VSRR LN, HETY
1990 SEACIC A B &, TNLDEMTF ¥ »EEDHEN,
AR—, HEELEEO—RREGIFICRECEREN
BEHICRY, BEEEN— AU UTER - SR
LEEE, WML, RBEHEICENH LV Y VRSN
EOITRT LI CBE S HREEIRTWD, KL, RE
I FSEI CRR SN/ F 5 v E& “TL AN 8
I o TWwh. 7z Kroll I 5 R A BlgH:
& LT, FFC (Fray-Farthing-Chen) #:& 0OS (hEF-8%
AK) BEANEE SN TV A, R, diERBsnko T#EL
DHESL U C, AlAETF & U 2MRE N5 X5 IS,
F & OB GEIIREIRENEESS.

3. KHEINEHARRINOSEH

3.1 HVEROE [ HHIC RSN (Season
Cracking) EVIHYHEFDH D, o WER o+ fEHFORE
REFGHMHR L b o KERICBWTE L L
hhstes 2 b, The KRBT 5 LRIETE 52, &£
IR S TWAEEINE, LIFLIEEho b 7L
PEAEL, ThOHEHECHIET 5 ORI EICEEER S
EDEL DB ELHHNTWD, SRESREOWIN
T, 37 THBOBASHSICTE R o ol RIS
BFOBBEERHTH o BHISTHE (1962 4F)
EIC SR T OBBICER S h Tw S HE 8
2 FEOREHEMRY © Cu57.0~585%, Fe0.5%, Sn0.6%,
Al1.0~1.8%, Mn1.0~2.0%, (Pb0.4%), Zn #&&)
DEN I - Fy MCEBOBARNREAL, MEERTK
XIS o 2. MEHEEE, BEfgh e v BRI,
I A% (Stress-corrosion Cracking, SCC) &I
W, SRS GREIUANEE) LEEEUREAR
BRI 2 L LW IRBHESR L BR TH
D, EB 60— HOARMA LIZGEICEES NI E,
s THVIZYAEE ATV LAESIIOBEER
DHED Z L ERHL MR o T, BRSSO
R SICHEM BRSBTS, HIROHK
H—3% (A, BRAOERERREE A L8
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HHRLFRE T -7, BHESE 2BRU 3
W, 7 rESYREAEATRICBITA SCCREBET-
729, IBFI38AE B K UIHIOAE B IS AT N I B AT o
SCC SERBEZ B EWEL T, ATHAPCRBEITR
o, EBROHKPTIENEANL T, SCC DEZH
BEHECE 5 HEFERTAOPHMNTH - LA L,
LR D EEEO SCC R FEEICEMT A I & 13k
BT, HeDF—5 3550575 ERICRILOFhE
M TE R ozOELBRTHLERS. BONLE
BE, SHREFEN - Fy PERBICERETERNS

ERHLMIILY, AFYLAGIIRBIRL I EICR
ol BERMRELT, v MO PHETEY,
TR D ORENRERRTICRAE VI 2
B, RICERBEZLOETHLPIZE TS, #
FTIHEETHEDRINT SCC LT E 2w, BRI
2T L 912, ALZn-Mg&4® SCCiE, Hw
RIS, BATENER L T, Cr RO Mn 48R
TSCCABIETEARZ EDN, ATEBELLICLST
EHENOEREBEETH - EEDRIER LW, Al
HETIE SCCHERMBITRABS T, WHO SCC
L OMENBHTHLOEEZSND,

3.2 oHEHSBERICLD SCCOWE  Lin k>
WZHEO SCC HSGRED THEET, Tk 5%
EIBH SN T v, SEONSE CIHAI424E
(1967 4F) &, HBMEARSERICEShOEFEREL T
KE) AT & o TIThNAWIEY TS OB
HATED L REEME LN TWAE, T vy Uik
TR L7 o8 (Cu68.8%) BiEG (B 5mm, B
2 100mm) vy, 28% 7 VS YVRKEBHEFHCWT
FEHEERT PRV FRANT, B 7 1R L 223EE T,

A DOER LI
H L RE
WD |
HHE bl e TYESTK
FAX NI - tF

S

b

7 HERO SSCRBIIH - RBB OB
&M

E 761

PSRBT T) (CRSS) DA O%OBRMEX AL,
HEOWRES SERTI O LT, ShoR4+m57:
HIZ, BRIEZWEL, HORFA YN - =TT
Wl- 7z, FMICEHNLD slip step & FINORITIZHB
THZ L/, B 312 slip step LEN O E %2R T,
FTICSCCRRIZTHEMEN LW CoBBRY
slip step OREOFEZRT. HoRlHERIZ, ©
SCCH#ETICETARNITRIFEEST AL L. (2
COTHRIEEHERIC L o Tslip step 242258
WIS/ & BRAH Y, CRSS O 70% LT i, 100 H
LLEEB LT slip step ZBIZ AT, ghd &gl
Wl PRI Y, oFBOT e YHERA

BHR3 oW#HERO slip step & SCC #lho
A8 (CRSS @ 80% IS I EHF)

(@) slip step 25 DOEINOFNE, X144
(b) #A slip step DT DK E VWER

SHhOHKRLTWS, %575

7 a¥HEEROSCCITRITTHRMIET

DI
EIGS | BEETORE Slip Step
(B R IS 77 HE
T 2%)
59.65% 1S6 HESERI T | BEINY
70.0% HNSHBSENT | BRah
80.0% 2hSimin EENh | BEENB
80.0% 47h25min BEIO | BT h A
(5.5%TE)
95.0% 78homin EEIN | EIR T h B
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N
& 100
5‘; ;N
@ Ls
= 10 ) t
R, 2 0°C A ,70°C, 28
I
L L[]
e} 3 10 30 60 180 360
=< 2000 . T
= Nzl
~
% 1500
g |
.§ 1000 +
ﬁ ———<: Dy G. 8
& 500 =
& o
z 3 o] 30 s0 /ao] 360
O T T3 T T
1, 180 °C TORIEEHM (min)
B8 Al-43%Zn-17% Mg A& DEIEES

B LI TRAITHIOKRE S DFHE
HE, MEVICLS)

ROELEWHTO SCC 1L, HNBIRITEIC LS slip step
OISR L, FOMSEdEREREIL,
T RS YERESOMERLT, KRR ALF - TS
O, FHINAMERLTHEINCEIS S A bR

3.3 AlZn-Mg 2840 SCC OEBNME H 1
WTHRA X SIS, AlZn-Mg RE4&0 SCC i, e
KB A REHEBESIC L 5 Cr, Mn O ETINC &
L SCCHoir# & ESD (B4 Y2503 v) OFEH
ol Mo RN R TH B, Hik SCC o
DD, AREED SCC ERNFR TOARENLS
T HOT, FibEsE BE L CTE Ol frbi,
BAETE, BEZ0O&RPBHIATYwS (B I11H,
104 BH8). SEEOWEE CIRfI484E (19734F) BHIZFT
T TR RS 2l U TR M o8 % BRI
e L2 ROOBMELB~<%. K8 it Al-4.3%Zn-
1.7%Mg A& 0L T 180T T—E MR L
TR HY OAZRES S, 70T, 2 HOB
LR % 117 o 727, ATk T SCCHREELT 2o
LR TH B, SCC Hianld 180T DE-HERe & ki
CB Y, 180T OFFERE ) 12X Ao
¥4 XD OE{LE TEM TillE L#E, D=AtVis
B3L L, Speight 12X - CEERRAICEH S 7ok AT
POF ATV REEORII—E L. TA-648%
FWT, e OBIEIC X - T, HIFTHEE GP V-
v EHEHICZ s, A PFZOBEELT, Fhb
DA TIERL 24 OMEEORBHIR VT SCC R
BREAT e o 7o, WA HMEOT 4 X (D) Lfdr

= WF9E4E i & B A C (D)

] I P 15 kg/mm? I
! —o— 0°C X ,70°C 28
o BT~ ~=e-=180°C 3min, 70°C 28 _|
IR ~=Xw- 0°C 18 A ,90°C 1hr,
° N | 160°C 3 B |
[+} \\\ .
- % e \\\:\\‘ _..§.._.._.___.§
E o | Tmeee @mm e
S 10t ; ]
. |
®
2
B 10%
&
3 2 ‘
o .
= [+
® 10 \\o .
° o
\o
Q
|
0.
2% 40 7¢ 14¢ 21 32°

<joo>s o B n o @ & A

9 Al-561%Zn-1.78% Mg A& WEHRIEY
WROEES & 2BAH LIS EREN
FHer e oMo B, XK #H
50z 5B)

(L) Lofiz, log L=k,D+k, &, kiIEH) OHRK
5N, WHHEOMER PFZ OIROBERRA L
HHENY, RATBHOKE & ESHEED SCC ot
LTS REWEERART Z LMW s L, RICHR
HiBOsREFMA 0, MAEEE (100) W&L, &
NICEREL<I>EHOR Y ICEEOREELE T HIR
DR E FH OB BRI L, SCC HFav& HiEf
OBBREFAIEREYZR9IRT. KR LA 35
HOBMB 4T » 725, OFNISEALAIT, HPtT
HAHIE GP V' — T, Z0¥E, HEAOEENEDT
AT, KELAETHEGPELEWY, 7 UTo
INEHETIEHEGYRE (MUS, JHCRBEARAIC
BT, TEM B0 T, @RV < IoMIRITHN
FiHIZR 4 GP V—» U EETH B75, RFRTH
12 1000A BEICREL TV AZD, FHdEw.
DLEOZoORED S, W B S RS B LT,
SCCIZHE% RIZL TV A IR SR,

4. PHERABEEERKOERNSREERT

4.1 RIBEERNBUBHORRELZOBOEE BH
4%, C.E.Pearson %1934 4E1Z, Sn43%-Bi57% &
HEFBRTEIRRBREITR 5T, 1950% O&MU%E
BBERNREETH L. JOBRESFBICIIEIN
5551257203, MIT ® W. A. Backofen EiZ% 0
ERATEEH OO R (19644F) THb., WML
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FIRT, EYLTIERECTERZT) &, hREST
necking ZHE S 9I28 100% OH—MUBE LR, #o
LR o THITT AHRFA LA, ek
(Superplasticity) &S, 197041 > THEH &1
BEH ol BRI AIREOWHES L
L CEIRFETHROIBIEREE ) RUBRAE
ABE GREEE) & Al-6%Mg &&12 Zr, Cr, Mn %0
FHESHIRITE L BN L TE S N s S B &
SEOREWRLZITR o T, BHHI494E (19744) 3
AHREz, #EE® Tube Investment SHILBFSEHTO M. J.
Stowell {8125, AT CHEI W HAREORERES
BICHIES, BEPHMU AR, 84 LRER
F3ET, Supral 100 (A6 Cu-0.4Zr) JU* Supral 200
(A6 Cu-0.4Zr-0.2 Mg0.1Ge) #BIFEL, SR LIk
L7 L NTH A, AL L ostmidEE I I3md T
HEHETHo 7. BIFFS0E (19754 7 Hicid, 4

B4 1950% O U A R B
FHZEEMoORE (C E. Pearson)

ik 763

i

HEHEE O ICEE L2 8k, DEREZsIELTy
5. BRI A7, S um DT T,
BRI R EF LT 5810, 2 HHE Y
MG ERT- DA T B 2 EWET, BBHIR S A
WHICNBEEZ, HRCF TR WES D
AU, BILLEORE, My, BRBE, B
Hih EoMnpd @il S v, 5 3R
BRI ORI RTIZE 21T vy, 3505 (1976 4

THBE®,19774E5 BB, 1979411 2 %E
£F44 (The Institute of Metals) EEIZRELS. X
Stowell H-L-DHEE T, EHIRE SIZBRIOFES
DOEEZEARATRB N, BRER ORI L
WA 2 ~ 3B ORERBOBE S A, ZORR I
KEZEERRT 5 $ CHI0EMEBY, BIFEOEETH
BPHEHEEGE GRILKEHD 12513k 7E, g—1 v
FATOBSERAL T, 198849 A9 HICTR Y Fro
FleESOHERZHMLCE, £ 0ERLREHIE-
TERESTHELT, £B0RSS~OF5IRRE
BoTTFEo/ FAYERESS GIMESES) X%
FRICHEE RSN 2 L AT, HOERN LS REA
R ORBEEORERR O, BiRkE@uiz ek
HEOREDBEDTH 5.

4.2 RABUHSSLEERYPM (HSRS) 440
BRSO BEEEOERIEINE, o=K- " TRE
Na. miZEAREREERNT, 03 Lot L
EEND, R SICEMBENAEOSEE EHEERT.
EHEETIEEMUDE A BEBTTHHT, BBEHHE
b, Bl EIEEREATREN G, BIES S
HERTHRET L, AISETH 2 >0BIIZaEE R
B, EERUVBHESIIRT LHIZ1 213, Supral &4
D & TR G5 5 1 2 KRB ST, 420

®8 EMBENGEOSHEHEEE

BEERERE R RFERE | FEGS | B

EYY 52 % © | Ke/mm®| 1ss |ME| #E

RS BETIC &

DERNHER ﬁfgggggg;ov.mm) 450-530 | 0.1-03 | 1-5x10°| 055

o TMTREE |C

LDUBERNG

i A7475 (245,001 .6Mg2.3) . SRS ()

Al MeCr, B BT 515+15 | 01-03 | 2-6x10%| 073 | pya7e

FEERESER

ﬁmwwiﬁﬁgw 12040 . BH5 ()

HDRR AL ZS BT Supraf
aif pHBE | Ti-BALAV 830-820| 07-15 | 2.gx10°| ., |SP700
1ICFD | TIBR42(ABSI226Mo2) |800-930 | 07-15 | 2.gx10*| o) | AEE
(Ti &%) SP-700(Al44V3Fe2Mo2) | 750-800 | 07-15 | oxio® | 7 | oL
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g 50um

50um,
2HBEOBMOBEBLEED I 7 v
Supral #1 () & A7475 % (£5)

(@ FIMNI G) 50%HTL (©) 200%MT

FHS5

~450C, 5% 107%™ VT A BB R R IC L o
THAERRSISER ST b oL, ik, A7475
HEDIHTT O ITMT O & 5 BN THMEET, #
um BIEOERHSEERSETBL L0 LD 5.
TIHEETE, o f=11102 HHETEBEIRS.
WA (SPF) LGRS (DB) &MlAGEk
SPF/DB 7"l C& 5. #ESIRT L IIZ, Ti-6AM4V
a2 TI6242 6 EN—IIZHVSNAED, SP700 &4
BESTEEOREICL-T, 1 1 OMEREE 100T
PLEBETF &4, SPF/DB b 775~800C CulgEiz L7z
LDOTH 5.

BB (HSRS, £>1073S7Y) A&dyEH ST
WA, TOHRIZ, 1981 SISO BORMBMHIRE SRR Ni
EETRESN, 1984412 Nieh 527 Al & HEAME
THE LT A, BEREIES I, Si;N, Tk Al-
Mg-Si & HEEMHE T, DSC & TEM W78 SRR
MOEESE2EFELZ L LEROS {olfseT, 47
I o0y OB TREBL, ©7 LR
HPLETLR L, EROEFEOREER THHIFTE,
FRTAHINHERTH L LB LT s, Y73
70 RS, BWEEES MABSTEo7: PM YV
— MI X o THREERN, Al12%Si GE&R o s
HHETHIRIN TV 2.

4.3 BEMRTEOB®EY  BEE-KICF AT
—EAREVONS, BE6II—FIERYT. THOEE%
MEELZ AN, MET T CO,RERAD Y AL % B OR

— B FEAEE % BA T (1D

EH6 BUMEERBEO—6, THIZLEH®
HE, LhaBEEEEL-avy—
;% (AlNaib and Dunean {2 & %)

ETY)

BBENMTERLTL I LBROTE
T

Supral&E@N—b [ {EAXET
RS E
BIAXNE

o1 ek
SRRV E
BEHHTLX

B FEY 55 AGH
#HEWH

BifEED X b

1
I
]
: BIBaX R
]

HEHEN :
R BRiEERe KB
110 1 60 1 0100 10000 1 OOlOOO

&R

11 BEEEEOBFEETEZEME
(19734, Tube Investiments Group)

BiH L CHEL CiokERmA B &, Eoanvy—
FEPHEEETHEENTE, O Z EHhWESOR
RPEHEND, —~H HSRSEEIIH LT, BEDH
HEEHVLLELIE, Sy ETF I URADY ZAOHE
RAREITORIEZR L 2VESH LVWE R FPRLE
B85, EBBEHNE TR LEE TR
RS, SO ERTEE T 2RI UWE
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kY, BHELRTAFTIROLNS.

4.4 T~y hETDBENY  BYPEEESOTE
i, BET & AIEEHEITH A, TiAgidEkl
H, EiREBELUEAEECER TS RIS, BRI
M OB TRETRE T, SPF/DB A LELD
T, MEFEHTH TR L TH L, Siigns
'~%®ﬁ%iw&w 0109 Al BB O
BM%ERT. REFHPMTEHV%EZRLTWAS
LU Al Tl i[]ll“’)cﬁ, Supral DFTRT L H L, #
DEFEN— ML, SO b, ShERSEH RO
HAROMERIT R 50T, HEHEH50~10,000 H
OMPAT, IPIORLABOAEE Oy > 7L ) LB
EEIR FPMEHERICR S, HEIESETH LB
o EOWBEALT AL SR O H NS < 2 0, X HSRS
HGEOWMBE L RIBEOYEH L, RIEHEOET, &
BMLELEETAMBERO LRSS 5% 2 L5k
L, ZOGEIEEBEMENSS LTRE LTSRS S
ELEZLNBN, FOLHILZLEBOEOIhDON—F
Wb,

5. HHER(ESRESHE (MMC) OmEOYH
EHAREDORRK

5.1 ZHEED MMC EOFRY 5512, BHI464E
(197lif ) 3A20H 12, A. Kelly ti-13% “Strong Solids” *»
P, AR - B boMB L ST 2R, LB
75‘%5“7“/71. M2z, Kelly o341 »o0b s S

e 765

=y

DOFHL (1982411 H 4 HO HATHH 575,
=)

BIZHHREEZ OPEROMETH 5.
WTH B L H I, FIBEE S0
1L MMC OEEFHBIRERTVEI L THo .
LAL, 08AEREAL-HES 20X 5 M EIE
BERNTHLVWIE2BEIIEoTWA,
HERRB,

5.2 A AH -3k MMC OEE?
LI, BE1O1ERDY L ZAH -7,
ST, DR IIMEERIRE 2B L ToORED Y,
MHEZ B L TOEEEILVEBELT, 251280

TEASHEER T, Ao F I IR 2 A T B A B A
%mm

B4F) &, SHIWE P AR S gai

AU BFEIGH o LU RO « 13, 8k

L]

DOEEOME L LT, M4 L HIREN5S. @&%&

e ,{x

—EDWRES | 2 FH2EI0E, #io—Hrs0
RE1/2 00T, SHEPoIEINE, 2OBEIE o 0
il

2&oT, 0=Ct,x/r, oMb,
HWOBRRIKIGT), 1 BHEREETH B,
ISHHSRIS T 0 AE LK, o = o, TEGHEDSHERT
B COBOESIZLTHEOT, x=1/2 L4h,

IIT, o1,

STRONG SOLIDS

By
A, KEBLLY

Pellens of Churchill College

j:iﬂ? mzf*g 1A b

CLARENDON PRESS
OXFORD
1866

EUHr4 “Strong Solids” % "HAMM-—MSMLOMB L A" LIRLARE
B E OB O AN ORI O T
Lo e o U BRNBEEICEVCIE R BT B A OREF L
L, BEMLOERE s Ln-Op < &, BARIME L LTeAvibB e
BRI M e F TS D L OBRTHMT S 2 v S OonRBoRET
55 BHAOBRCEEL 0RO CERD L S nAEKELSEHL
WD E LTBARLDTSHS.
ézﬁi#a”%‘r@fz;i{« L UBERR O M LR o L CHBLE 3B IR T
- IR 0, PEROBREY b L LRMIFOMIEE E el et
BRI X 5, v D "4 AVER{LERD" (fibre reinforcement) HRE Lo
v ¥ AR R ERHLSUERENIR L R E <, BANRKL, BE
DHAE LD LEVS, LACOTHBNBEME L LCHEACE o 7.
U8 (whiskers) $ B ERARICE VERIG R BOL R T 05, AL
B X itk L LIRDOMMLZEALOHER L, SheEFImER
FUERCHR LT MO DR ELRETHA L, CAVCOME LA
RS, BIHFMONEILHLT GHREOHEYBI T B E L F
By EAVHELRET, CAVEEA I (fibre reinforced composite mate-
rial) & LTEBELESTVS. COBBTEEAT LR, SAVNSLER
DES L 2T XTBY, LnbTofad | & LREer, U, oRi105E
BHLE BT R AVETALRESTHHRER LV I L CHD. ThbY,
WM ¢ CREHE w BED 0TI C -+ BAECEDS & CHa

Caro

T ETHNAL.

bH. £I

T,

Bl

12 Kelly %4 D d 5EH

“Strong Solids”

DFM L HEH ORER

oI Al
L REBOMD DS ERYT. HEIE MMC 25
FENHRE LCHER SR ET, BEHEERMMC O
ERERHRT L LICEDTHHTH A L, XEZOW
RERFICH
&, A4 AD—k

REZEDE

SHI13ITRT
AR AR (2

L s, BB LA T 410, &
Ll EDBRBRE R OLEN DD, S HICHERIH

HHh OG5



766 ERF L ZOMRFHEOMES

&, PEr O MRS MY Y
7 AVHE S5 TWnAY

X13

Py

P2

[
t
| P
!

0 a —» X 0 a — X

{a) {by

H14 (@ Mt b) vy 7 20REICBITAE
AWTSH OBHED — D S OEREx 12
¥ 5%k
(b) MR OFIRIS o, S —%r
5ok x 12T AL

(=0A)

Hi5 RE1O#HMICE D ToRII0EL

BR7 AT P1/did, 1/d=o0/27, TRENE.
FOBHEOEE, BISIIRT X ) IS dEH O
WASWIMLTWE, o0RVIZFEHVLLED
HbH. MBEHNT, 7=[fjod]/I=(1/1) {EH Q)+
Wi () x2)=Q/DIU-1)xEe+{(Ee)/4}x2]=
H-0/2Yod/l T =0ll-(/2D) FRohb. L
7eBoTMMC Do dd, o.=0Vi+oy (1-V) TRE
N5, 6k Cu/WHEHAMEOBRE L EREE V. L0
FERT. o =co LM, o=53EEHORR]
W1 OSEOHET, BAMNMIEHHEOERET, o=
SEEDIL, dH s FECEAHITEHELTES
NAOMFRESE SN I LM S, 202 &t ALO,
DA AH—FHNTEEINTVS, HENEIRE

~WFFEATE % B T (1D

& A1 (10° psi)

EE0.005 4 »FOMHER X O HEE S
YITATUBTHIAL L BEAMBEORK
FIERIS IO, BFHEV,OBKELTO
ek, FEEB RIS E VT 72
BEMBIHTELODOAPRLTD
5. a= oLl EIC T T A ERMIZER
OB TH L, a=5dRDPIEEL
Lo TEBEILRDERTH 5.

16

R ALO, VA AN —DORMMIIHESOHEEZED,
Ag Bz vty P TREI—FRICEY S 4,
PM ETHE L7 MMC I, V,=40%, 7A~Z b
300 (BMEOBEEE 1~15um) OHE, SiROFIEME
540kglf/mm?, Ag ORUTESETD 350kel/mm? DE
HEERZ HNA T EMRERINTH A,

5.3 MMC OREOERIIFRS 2 | FENKSAER
PEMEAREICE %D, 2L 04 L REOMES
UMt R LD, ZOWT, I 2ulks Iy 2R
BOEMLBHOTERIS L OBRZHLPIITHE
W, BI7SRT LD % 1 AOEHEE ZR2B) $ ek
B (LT 2BEMER) 257k b REHEEAKOLET -
T BRI ONCERICH S i L RFsE R
Nb, IO L, BREZEMAMETH L RESHIT
AVBEBIENL R O THA O HENEZL LN TV AL,
ZOBRAMOMENRE FBEIEETHINLTH A,
ZOEFNVESETIIE 2 BARMICHET 5 &, Bk
ICHEY O REZEAL-EE CRIREEL, Zhdg
BROBELETEELI LI k5,. L LATEESD
§9<, RETHEINES L, WO REEMELINLZE
KR DVBEOETIHRES 2V, TALOERNERE
Theo722%, T TREHEOAZRNR, W,/Ni#H&Hh
THERE L /4B R 2R 5.

BlI7ITRT & 912, BEEAROEED, BiRE
Za E2BOEIREc (=b-a), E2RBOMHHE
z=0 &L, HERRUEEDY Y IRy FhEh, E,
E, S$HOBERE2 V. 2ThL, z=0IlBUBE 2B
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E17 HEie 7L 8ak

¢4 (Strong Bond)

¢f (Weak Bond)

i ef(Extrel ely Weak
Bond)

H18 M4 DORMEAE RS DHEIBT 28
DRI & 3 2 R S OO RINFoR

WHEEHOSMEDE 13, &=, E/EV, T5 25615,
Fh/ v FPMETARETO z=0 0BT 28 0E
513, &f=1/F@/bVG/Emc THALNE. EHICR
HCHEEDRHWEDTE 313, e§=2E1Y/aEE VB, B =
2G,E/EEV,ailn (b/a) THZ b, 1 LTS
BEREZIRT. v FOMAREBE S THET A, ]
ReRHDRIRET 57, FLECROESIIBT AHE
BORE g, BED L REI LR Z05E, HISHhHE
HEBIENPTES, FHEEFEOCEAOHEHAROM
BEE2BREE EOMBEFRINIRT. Thideddted
BEPef LV BEITREVEEICHYET S, ZOHT,
I 2 BRI NUT ORI THIE, B0z
THRI HVEMET, FEESE LT, ERLES

& i 767

Regionll Regionll

Region II

15 o
— *
1\ " T e
°c-'(ux§ Ve E(Ge
BV ! "Fam =C e toBe
4} G — C Cy

19 REHESHOHVWIEEOMEDORNE

E2RBE s &L OMRR
31 Wy /N1 X as-p
o 973k 25hr
\ o 973k" 2.5 hr Extract-d
\\
° * x
o St R e e
] ° o
o 0t °
5 ° N
= o Sl @
\\\o\ e o
1+ ° °g§\o“4-—o—.._.._._
° °
: 3 i
0 5 10 15 20 C/sm

H20 W,/Ni B#Ea40 NiBEEEES C
DYEE L TOBMDEIRES 0, DHE
W GRS I O E)

MEORBICEERMET, =, 2B ETHELSN
b, PEDEFNEIGET H0, SiREMIc L - T
it 877 X 25 #, W ICBER NI O &%
L, oD Z[BRBHEELRTOTE2REL, Bl
BHEOBCESOT T (xH) &, 973Kx25h sl
THREFEZH LSS (O 0o, b c EOMR
B FERI R D 72 % 201 R T, X ENERISY ()
DEEVCHEL, 0,1 3um TTRIZEF—ET, >3
um TEHET LTS, ZOBETREZR (Zo%s
I Ni Do &) 2R 35720, BEEhE/
v FPMET LI EAROEBRTEFTES. () c=
20um OREHEHTI OGRS E 2 BEERL TR
L, WYL B2 ERBE T2 L, Z0OMSIE
H20D@END & 5 11D J I hHEREA O S 1B
A, () BESZTE, BEMMET Lid o8
DFOHFEERETO @) OLHICE 28 LS
B3, il pull out 2R L7727, BB O
TAGEo I TIOM WAL, BETO ) R ©
D&, FEFEEETE 2 oI
=T, /v FIMBEL-ZEEFRLTWA,. ZRBE20H
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— e diE 2 BiAC (D

BE7 Wb/NiHOBEE, @ ©-&0%F, REEEHOHVEE

$ic, FREHEAETERILICES

, ) BLU (¢) 973K x25br #

BEH8 WA/Ni B OB, (@ WROWESY > 7 X5 ABOBWE, & v ¥ v, (b) Wd/Ni 38T

B X o THRMHAE I =
T U s,

DT OB TRO B ThH L. 2B
D () IZTHWOEE W H (W) OBEIED SEM %
T, 2y R ront, ENEoEEz Rl
TWD, ZOEM W I ¢ Ll LI S IR Ni -
EREAT, B FBCHSE D& LT AL EE L
BEGIEEMH S ¢ L, (b) L9 ICHMEEEZ R
P, Niwo EBEMELSMEEIRLE © D&
WKHU Ry & 2 FHIER L.

5.4 MMC OHEHEFEELICACER - MMC I3
FEBE EBOFUT BN T E DS, THEFHGERIL Al
(Discontinuously Reinforced Aluminium, DRA) % #1%,
FHAZEMRO Ti MMC, ZOMT, H#fe, BENE
WIS, EROERBAMI SN TE, LTITEH
DOEREBRD.

(1) DRA DISHDEIR™ | 52912 DRA O 44,
BLER L BB OERIGH 2R, BERIIE-T
ZRHENG, Tabh, BERREE WREREE
EERUHASRERRET, ZRFNICE-T, B0
S LSRR Y, A& T 5. ReakE

A RAH—, RFOWM RS, NE BEHLTEL
v FREETHLOT, RkbEHVLNE. BEHLL

MG R & Al REB LI RS 5 Z L5
e, Bk y MU R, HIP, ¥AEESTHRAS.
VASHEICEZ 61, 70% OFE\W V, TOEEARET,

WM LHE, Bethmlr, (© BHENERZRELLSE, BURy F >

91&:???;%11[1]:?5’&4 MO =K I e — AT AT BRI 22

LRSI AT T4 TR P/M MO, HES
;ﬁx BE (GREER I TH o 7o) RABOBHIE & L
TR, BIfERED Big Three 738 B ESLAFZEH
B, K EFEEELTY S, RSB HEE TR
Duralcan (%) 2364 C, Alcan #:C, Al RU%
DEEBEHPIR V0 SICRT2HEA L Tl 3L
T ORI FENI ST w5, RSB EREE,
30% DRV, 226 70% FTOEV,ETDOTY 74—
AEREL, TACEEFHEETHRBLYBREEES. b
5 HBEOY R b OEBOBLIITFHTH S.

(O) T B MMC OFFEESES @ #id
LT Y BMBHIET A BRI D WET, —BOEE
1t, BBOWKAIVET, S5 RELMEISkD SR
A%, Al ROV Ti ® MMC 285 b WEEEA . B
— WA A4 ATHAY—E 0T 0 150C %
BRI T Ly =0T T AL
LTEZLNTWADIE SICHT (<~12um) ko

FRBRICAMTHL. TV CHDTI

MMC & Ti 4% SiC Hfi gt (Y 140um)
THAL L7230 T, DRA &0 b, MEOHMKLE
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In Commemoration of Prof. Hanasaki's
Retirement

E. Contestabile
I first met Professor Hanasaki in 1976 when he came
to work at the Canadian Explosives Research
Laboratory (CERL) in Canada’s capital, Ottawa. How
do I remember this date ? Well, he decided to come to
Ottawa on my wedding day ! And next to my wedding
meeting Professor Hanasaki and his family was also a
happy occasion. Initially, it was a little difficult to com-
municate with him but after a while I noticed it was get-
ting worse not better. I soon realized that he was
doing research with our associate Dr. Feng who spoke
better Chinese than English. Professor Hanasaki was
learning to speak English with a Chinese accent! Sol
decided to intervene by speaking to Prof. Hanasaki
every morning so that he would balance his Japanes
and Chinese accent with my Italian. Then, when he
would return to Japan, he would have a real Canadian
Heh'!
During his tenure at CERL, he also learned the finer
He often

visited me at my construction site where 1 showed him

accent.

methods of how houses are built in Canada.

how to drive nails into wood and build your own house !
He was amazed and always in awe of the size of the
house. 1 could almost hear him thinking, “Who are
these crazy Canadians” Worse still, was when his

associate, Dr. Feng built a house twice as big as mine !



#23% 75 20044E128 KoM

Yes, Canadian houses tend to be a little larger than
those in Japan ! But we need space during the long
winter months when we don'dare go out in the cold !

On a more serious note, Prof. Hanasaki introduced
our laboratory to computer modeling and this influence
still remains strong at CERL. He was always available
to assist and help solve problems.

It was a pleasure to receive Prof. Hanasaki in Ottawa
on other several occasions and reminisce the past. In
addition, Prof. Hanasaki most recently attended the
International Symposium on Fireworks in Naples, Italy,
and Valencia, Spain. He was helpful with translation
for me with other Japanese attendees, especially when
I hope that he will

attend the Symposium in Japan next spring to take part

one required medical attention.

in the technical program and enjoy viewing some spe-
cial fireworks with us.

On his most recent visit, he relieved one of my
gravest concerns. The poster for the International
Symposium had been designed and it had Japanese
symbols on it. Our Symposium slogan is “Discover
the Fire” and is written in Greek in respect of the ori-
gin of the word “pyrotechnics” from the Greek “pyro”
meaning “fire" A Greek scholar recently revealed
that the Greek text did not really mean, “Discover the
Fire". So when I saw the Japanese symbols I started
wondering what it actually meant. Was it a correct
translation or some joke ? Well, Prof. Hanasaki assured
me that all was well. There were two Japanese sym-
bols, with the first being the same as that in Prof.
The Japanese symbols were for

What a

Hanasaki's name !
Hanabi | (Hanasaki === Hanabi) Fireworks !
relief !

Prof. Hanasaki, we have great memories of you and
your family in Canada and it is always a pleasure seeing
you. May you and your family enjoy your retirement
and may every day be filled with good memories and
joyous bursting Hanabis !

Koi !
(Canadian Explosives Res. Lab.,

Have a blast !

Natural Resources Canada)
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Kyoto: the Start for Research
~ In Commemoration of Prof. Hanasaki's
Retirement —

Zheng Liu (& 4E)

It has almost been ten years since I first met Prof.
Hanasaki at the campus of Beijing University of
Chemical Technology in Beijing. At that time, I was
still a master student. Together with some other
scholars from Japan, Prof. Hanasaki attended the con-
ference hosted by China Automation Society and gave a
lecture on the wire rope testing and evaluation tech-
niques. Iwas one of the audiences who were attracted
by the lecture. Furthermore, our graduate school
held a meeting where we were provided a chance to
talk to Prof. Hanasaki and asked him the questions of

our interest. Prof. Hanasaki introduced us Kyoto, an

#

ancient city in Japan and Kyoto University, a top lead-
ing university in the world. Fortunately, I was recom-
mended to the student exchange program supported by
Japanese Association of International Education.
When I got the news that I was accepted as a special
audit student by Kyoto University, I even could not find
a word to describe my excitement. My dream comes
to the truth.

The splendid Kansai airport reminded me a new
country was in front of me. It was my surprise to see
that Prof. Hanasaki himself came to the airport to pick
us up together with his wife, an elegant and cultivated
lady. He sent Ms. Zhao and I to Kyoto and left late in
As ]

knew, they went to the airport every time when a new

the night after everything was arranged well.

foreign student came. We were not the formal gradu-
ate students, but both Prof. Hanasaki and Dr. Tsukada
spent a lot of their time on supervising our study and
research work, from the discussion of the research top-
ics to the algorithm implementation, and even on how
to use the computer with Japanese operating system
installed. From then on, I began to learn what the
“research” is and wanted to do research for my life-
time. At the end of the one-year study, I expressed my
desire to continue the study for a Ph.D. degree. Prof.
Hanasaki emphasized that the research ability was
most important for a Ph.D. student. In the following
days, I learned how to do research. Sometimes, when
I talked to Prof. Hanasaki and Tsukada, I might not
always be able to obtain a straightforward answer to the
problems I met, but I learned the way of how to think
about it, i.e. the ability of critical thinking. Even now, I
often asked me a similar question to myself when I met
problems or to the others at a conference on their pre-
sentations. Research is to find a problem and then
find an optimal way to solve the problem. I think this is
the most important thing of what I have learned.
Japanese professors and students are always consci-
entious and meticulous to their (research) work. No
matter what the work is and how important the work is.
During the study period, I had chances to attend the
domestic conferences in Japan and international confer-
ences in Korea, US, and Canada with Prof. Hanasaki.
Such experience let me know the other researchers of
our field around the world and what they were doing.
Prof. Hanasaki checked each slides and gave his feed-

backs so that the presentation was well organized and
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as understandable as possible to all the audiences. He
also showed his great patience on revising our journal
publications and tolerance of the grammatical mistakes
I'made in the manuscripts. Looking at my first techni-
cal publication in English again, I realized the progress-
es I had made during the three years with the help of
Prof. Hanasaki and Tsukada, although I should contin-
ue to improve my writing skill.

Research is not the whole of the life. When a new
year was coming, Prof. Hanasaki and his families
always invited our students in the laboratory to his
home for a new year party. Hosts’ warm welcome dis-
pelled the chilliness of winter and the food was always
delicious and unforgettable. All of us did enjoy the
time with Prof. Hanasaki and his families.

Three years is not a long time. I began to prepare
for the graduation in the spring of 2000. Before the
day of my oral defence, I practiced the presentation in
Japanese with Prof. Hanasaki until one o'clock in the
morning. He went into details about my presentation
as usual and even corrected my Japanese pronuncia-

tion. However, there was no vehicle to Osaka at that

i
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night and he had to stay in Kyoto. After graduation
ceremony, I had to leave Kyoto and the professors of
The study

life at Kyoto University is really transitory like the cher-

our laboratory before the Sakura season.

ry blossom.

It is my great pleasure to have the chances to meet
Prof. Hanasaki at conferences in North America.
Ottawa is the second hometown of Prof. Hanasaki. He
spent two years to work for the Nature Resources
Now I
experience the four seasons in the small but beautiful

Canada, a governmental research department.

city. People in the eastern and western world are
totally different, but I prefer the philosophy of the east-
ern world. That is “do your best” and “work hard”.
The most popular saying in Japan is "o T &
W, as every time Prof. Hanasaki told me when I met
him. That is truth. The road of research is full of
challenges and difficulties. Such encouragement will
And I hope Prof. Hanasaki can
enjoy the retirement life with his families.

always accompany me.

(Institute for Aerospace Research,
National Research Council Canada)
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MASAHARU YAMAGUCHI

V. Vitek
Masaharu Yamaguchi has retired ? I just can not
imagine Masaharu as a pensioner going fishing, play-
ing golf and doing all these things the retired people
are supposed to do. I always see him as the most
active and prolific researcher who is thriving to move to
new scientific endeavors. I am sure that we shall still
hear from him in the future, as we always heard in the
past, new interesting ideas and discussions of new
research directions. Simply, it's impossible to con-
ceive that studies of intermetallics will be advancing
without Masaharu at the helm.

Anyway, I am saying all this since we were friends
and collaborators for more than thirty years and thus I
was privileged to follow Masaharu's professional
advancement at every step. We first met in 1970 when
he came as a British Council Scholar to work with
Professor Jack Christian to Oxford. I had been at this
time a member of Jack’s group for more than two years
and when this young Japanese fellow arrived, Jack
asked me to find for him an interesting research topic.
I proposed modeling of dislocations and while
Masaharu did not carry out any theoretical work prior
to coming to Oxford, he enthusiastically embarked on
this project and several seminal studies of dislocations
Oxford

time was not, of course, only work but many interesting

in bee metals resulted from this collaboration.

social endeavors often connected either with his col-
lege Linacre or with my College Wolfson. [ only
learned much later how hard time he had eating after
dinners in Wolfson the ‘smelly’ Camembert cheese
which all of us enjoyed. Well, this part of the foreign
experience was certainly also important and 1 am sure
that by now Masaharu enjoys these French and gener-
ally European specialties as much as we do.

After his return to Japan Masaharu became Associate
Professor at Osaka University and that's where his
rapid rise in the scientific world really took off. 1 visit-
ed him with my wife in 1976. This was when we met
first time his charming wife Hiroko and got to know
both of them really well. We were actually staying in
their beautiful house in Nara. The memory of this
visit remains one of our best experiences of visits to far
distant lands.

thing possible so that we would see and comprehend

Masaharu and Hiroko really did every-

#

the Japanese way of life. This included long train jour-
neys from Nara to Osaka, which at this time Masaharu
did every day. Remembering again some culinary
experiences, all the dishes, for us often unusual, served
by Hiroko and Masaharu were great. The only one
which I did not take to was Masaharu's favorite break-
fast, rice with the green tea.

Soon after I moved to the University of Pennsylvania,
we arranged that Masaharu would spend his sabbatical
leave in our Department of Materials Science. Indeed,
he joined us in 1980 and I believe that both Masaharu
and Hiroko enjoyed their American year very much, in
particular since their apartment was in our beautiful
Swarthmore. During this time we developed exten-
sive collaboration on atomistic studies of dislocations in
intermetallics. This work laid ground for many theo-
retical studies of plastic behavior, in particular anom-
alies, in L12 compounds, in particular Ni3Al. This was
also time when we were joined by Vaclav Paidar from
Prague who also developed extensive collaboration
with Masaharu that has lasted until now.

Nevertheless, during Masaharu's and Hiroko's stay in
America we did not only solve problems of dislocations.
We made several grand trips, usually connected with
conferences. The most memorable were the trips to
the west, including Grand Canyon, and to Florida. In
the latter case we went together to the Disney World
and enjoyed it at least as much as modeling of the dislo-
cation cores. One somewhat unusual event happened
not long after Masaharu joined us at the University of
Pennsylvania. He traveled from Swarthmore to
Philadelphia by the Septa trains every day. One day
both Masaharu and Hiroko were on the train to
Philadelphia when the train collided with another one.
There were quite a few injuries and we were worried if
they were not hurt as well. Fortunatély, nothing seri-
ous happened to them. Nevertheless, the Septa
Company compensated their distress by small sum
money, which Masaharu very generously spent by
inviting the whole research group for a marvelous din-
ner. One more memorable occasion was our celebra-
tion of the New Year in a restaurant in Media (a small
town near Philadelphia). It was a very happy event
and I guess the very first time Masaharu was dancing
1 do not know whether this was also
the last time but he certainly did well in this activity.

‘When Masaharu moved to Kyoto we all knew that

to rock music.
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many great scientific achievements would follow.
Indeed, our expectations were in fact much surpassed.
He became the leading figure in the studies of mechani-
cal behavior of intermetallic compounds, recognized
worldwide. His notion of polysynthetically twinned
crystals became the household term in titanium-alu-
minum alloys with the lamellar structure. During the
Kyoto years Masaharu published many seminal papers,
excellent reviews and became the teacher of the gener-
ation of new scientists. Just to mention two extremely
promising young scientists who matured in Masaharu's
group, Haruyuki Inui and Kazuhiro Ito, both of whom
are now attaining world wide recognition. Of course,
from the Osaka time one must not forget another
Masaharu's former student, Yukichi Umakoshi, who by
now is also one of the leaders in materials research.

I have, of course, visited Masaharu several times in
Kyoto and this was always time of excellent scientific
discussions as well as social occasions often connected
with Japanese specialties which I could never find, or
would not dare to order, if I were visiting just of my
own. Memorable are also several scientific meetings
Masaharu organized in Kyoto.  Again, they were most
stimulating for all of us involved in studies of inter-
metallics and at the same time connected with unfor-
gettable social gatherings.

In conclusion I have to repeat how I started. While
I am sure that Masaharu, with his wife Hiroko, will
enjoy some additional free time, in particular in Hawaii,
which they both love, I am sure that Masaharu will not
disappear from the scientific community and will soon
bring some new exciting ideas into the studies of mate-
rials. It's just inconceivable to imagine that Masaharu
would not participate in science any more and people
would stop asking, “What does Yamaguchi think of
this idea”.

(Department of Materials Science and Engineering,
University of Pennsylvania, Philadelphia,

PA 19104, U.S. A)
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