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Fig.1. Deformation condition where ductile or brit-
tle fracture takes place in bending test of
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Fig.2. Flow stress and deformability maps for TiAl
alloys. Solid lines represent the flow stress
indicated by the numerical value(MPa) at
the end of each line. The numerical values
attached to the symbols denote the true
strains given for the specimens. The speci-
mens shown by O,@ were sound at the given
strain and those by [],A had cracks. Below
the dotted line, the specimens can be
deformed more than 1.0 of true strain.®
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Fig.3. Ti-Al binary phase diagram?®.

L0, Ti—47atBAI#EE L T, B7 v 3=V 2T e, +
yDABETH s 2ET7T v I =V LTIy WAL 22 b, Fig.
6 IR T HEMERBR TR 125 — BARX b BRI RS
NABE—2ZBHICKE LEIEDLNE0, 2D DH48at%
LED7nVI=U 2258 T 5D B¥WREMOMT
BEZELROVEE Lv, —0F, $BRcHEmI%ma Tl
ERIEHRME LI, 36U EZNL TRIEOERZ S
BiGA, MM b BmUuREREPE s, R EEML
BHD & S LA OB L E O AT N T
R LR L 2 525, I ORADRIBREE— T EDOE
I X T 5 BRI B L S U R RT L
DHEIG T %, Fig. 718, BRISH & EEEKRF TR Hm
T LET TN IV L EAROBELRTHERETY, &
Cmflids & FBERE 2155 729D121346at%B LI TV Lw 2
ERIRT . Thbb, MRORMEL LTI, ks
5T aRDIILBELEEERREL, 8RR L TLELS
RS L F 2 RINT 2% & U IS8R RE D ML HTE
BELRRETDH B,

BRI TZECERBINTIIADER

BB T, BiH DFig. 1 £Fig. 2 R LK ®RE —i8
ERRREZZH I, NI *»8EEEY 52 5 10+9%
HH—EMECHFFL TEOERETEE 2 ML 2 ML
HETH 5, HEMTHOEEMT Tk #iE s B g
BADI/NS Iz, IIH N IMF—ZRE IR
CRTHE @BEOSHACRER, REOHA IR r—)
SHIMIH LFHELCEE BRI N5,

TEIE I TIE DO RFNIEESEE T, 19708 RHIC Y =
vy MYV UBBCEHI NG = v VvEBASCTF XV
BEE=XAY b AP CEHET 2 HEE L TKETH
Fah, g2 OFEHALED 6T 512710, DT,



i &R B LA D IE N T

Ti-51at%Al

Fig.4. Microstructures of Ti-Al alloys!'?.
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Fig.5. The ratio of fine dual-phase structures as a
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Fig.7. Dependance of yield stress and maximum m
-value upon chemical composition in equax-
ial grained Ti-Al alloys'?.

B TR 217 5 @B IR R PMER M T E LTRIGHR
T3,
3.1 [ERBE

Jrxw N UV UVRAE—E T4 RZERRLE L=
rovIEBA S OERBERME T CCHBRBEIRTLT
w3, SREEMLEY e E O TIEMEIO BT b
LTHEELIEY A T 5,

[EEBERIT O o inid, BHEIMEL, »0, BRO
BT CTERELXHBRCHET S 27V ARKH, &
78 2 B T4 b IR} CUREE O BRFE T & 2 B i 7
FFREL 5, Fig. 8 HESE X B L L TRIES O
MLRMONE %, Fig. 913 2 ORXMOMEEX 2R3, £
REBEEBEPIC I 2EEY I r 2T AR S ) BELC



# & $8Vol.81 (1995)No.5

FRTE B, BMIMBLIUCSRONBEA 52
arbt—XTiITb, &Sl423K 3 TMBRIF TS 5 2 L AT
HUonsd, ERHMEREEY 77 AETIMT, X5 A
HBECRT DT F AFREAP TN, HEVITbN5,

@ : Chamber, @ : Dies, @ : Die heater,
@ : Inert gas supply system, ® : Vacuum

system, ® Manipulator, @ : Shut-off
valve, ® : Preheat furnace, ® : Press ram,
@ : Forging billet

Fig.9. Schematic drawing of superplastic forging
apparatus(see Fig.8)'¥,

. IN-100
- MAR M 200
CHST-12
. X-40
i TZM

500

ﬁ
400-\
\

m > 40 e

3%%\\
o
200} ‘\\l‘~

100

Vickers hardness/HV

\.

1 I8 1 i

0 ] | L
0 200 400 600 800 1000 1200 1400
Temperature T/°C

fEIR AR I — M 1273K VL EDIREET, v, &R Lk
By T 2709, FRoeRstk L, BEHOREYEHEERE
RHELE 25 Fig 10 E&RHMEL L LTHE L o s &M
Bl Ut o3y 72 2ADOEEBS 2R T2, &£BHRITIZ1273
KAZEE 2 Tl A L R C = v 7 vIEBA S IN100DmEE
DIE L, EE GRS R o» 6 v, L L, 1273K%
Wi s LINIODOREEAMIETT o042y 75
YAETZMOBEEIIGIER CE 2 HERE T 2 100 ¥R L, 2
DR T HIMETZMP EEIARL L U THBWREL 1 5,
I IV ZIEDOCTRIRTHVEELZRL T3, X
BH 5 CIIEHEL TR OASTNEET 51202 2 I0EEED
BTHERTRsBE £,

R HNCBE L T, HBSEYIEIE - BEEEON LT
HaIEtn»o, WHIMESEMEHOMERAY R S P
TR I OWEEFEAEHIET 5 L L b B 2T
HFEBERORENVBREL L 5. Figllil Y 7R T K
6 NIETH L NERDEOBR Y, Table 1 (2 2 DEFD
Mg &MERT?, LEFigllhomid 2 2T, BT A
WHREBERT., ZOHEPIZINE, F32ROBEAVE
NTabh, 70, BHELLTRKRPHERAT 2 L OPERE
FA+rIr0bDL Y ESECEEBREEEEL TV 5,

7, HEBEHZINLT A4 RAZHNBOESFRITIET 5
12OFEMMAT b 4T b T b, Lo ew OfER
MRER DFRET R, BMARHAEEHAET 4 A2 D@ BLEIED
B 4T b i T 522,

TIANZBI L T, BRODFig. 6 2R LicT b, HriK
T =v sl TRIMTOMRIIEC Y — 2 h RS
NTxF b, &REELL L TTZMZ T 2 R b A1EABRED
BEMEL COLUEBT 20 EELRE L 2 5, Fig1212
B DFig. 8 Ok % H v T, Ti-47at%Al-1lat% VEfEHf
POERBECLIRMELIRANET s A 27DB 2R

2000 -Egif\lON
.}} } } I i I * . SisNg
J IL

> i
%; 1500; T I "3 %. T
- {{ g L ' {ﬁ
= bl p t v,y Iy Y
el
§

500k

B i

0 1 1 1 1 1
0 200 400 600 800 1000 1200 1400
Temperature T/°C

Fig.10. Vickers hardness of several die materials at elevated temperature!?.

N236



i AR LA O EIR L

80
Do:D; Hv=6:3:2

60

4D hi'1%

40

20

—20

-—40

—60 L 1 1 ! L !
0 20 40 60 80

Reduction in height /%

Decrease in minimum internal dia.

Fig.11. Friction shear factors obtained by isother-
mal ring compression test. Lubricant marks
shown by numbers in figure corresponds to
those in Table 1'2.

Table 1. Lubricants used for isothermal forging'?.

Glass Graphite BN

1 Deltaglaze 19 (w) | 5 Deltaglaze 27 (ret+xy) | 8 Deltaforge 21 (w) {12 TK-12497(w)
2 Deltaglaze 69 (w) | 6 Deltaglaze 349 M (re+iso) | 9 Deltaforge 31 {(w
3 TK-12759 (w) | 7 Deltaglaze 29 (w) 10 Deltaforge. 144 (w)
4 Deltaglaze 347 M (iso) 11 Deltaforge 182 (w)

The symbols in paranthesis indicate carrier and binder ;
w : water, iso : isopropanol, xy : xylene, and re : resin.

Fig.12. TiAl disk with boss forged at 1423K isother-
maly and at initial strain rate of 5X
1074/s%,
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Fig.13. Isothermal rolling mill*®.

®work roll  @backup roll
@ heater
@ stem

@roll chock
® preheating unit ®cooling unit
® chamber ®vacuum valve

Fig.14. Schematic diagram of isothermal rolling
mill?®,

Table 2. Specification of the isothermal rolling mill
in Fig.13 or Fig.14%9.

Item Specification

Maximum incoming thickness (mm) 4.0

Sheet Minimum outgoing thickness (mm) <1.0

Maximum sheet width (mm) 150

Work roll diameter (mm) 60

Roll Work roll barrel length (mm) 300

) Backup roll diameter (mm) 150

Backup roll barrel length (mm) 300

Maximum temperature of roll (K) 1373

Heat Maximum temperature of 473
preheating unit K) 1

Atomosphere Ar
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Fig.15. Relationship of average rolling prerssure to
total reduction for Ti-46at9%Al alloy?®.
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Fig.16. Formability of Ti-46at%Al alloy in isother-
mal rolling process?®.
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