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Nominal stress (MPa)
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Nominal strain (%)

M1 fExOEEIIRTS %!F}E?ﬁ\“%ﬁﬂbﬁ%l’oﬂfc'ﬁ%mﬁ—(}’f?f@ﬁ

#1 HoOBEICIBIIERERRNPO FERLI O nE

Temperature (°C) 20 100 150 200 220 240 260 280 300
F-value (MPa) 700 635 489 296 256 208 165 134 98
Work-hardening exponent, n 0.34 0.34 0.27 0.15 0.13 0.16 0.05 0.02 0.00

- 91 -



3. @iAEE

3.1 AEE®RE

EROE RIS ) R A BB L BRI A TRERI
% N CHATT 5. T TR K UBEEOWTRD
Al UCHR Y b b, RBHEATRESRIADH
HIZ HSOWCIEEER 22 2RV IEE 0. X, &=
HOEHOBEREREIC OV TOLRITHE L TR,
EEE L YR ABREF BRI ED LS ITREND.

1 9 (0T ar
- el i . =0
}”{RaR (R aze) * azz} Py TIT

T rT, ANEVEER, TINRE, olIhE, pl3EE, g
FEEE, R B ZIIHICEE Shi s, ¢1IRsRT
5. BMETAS L OEEENT X AR AT HNB G IRERE
PhBELND. BYREZEOERNEMHIT

bl 3
e N

2
or )

Afﬁh+§~b>+ﬂT—ﬂﬂro 2)

OR GYA
5z b, 2T, RBIU ZIIEREOH MR,
o HEVEER, TIERSHLIWVEITEOEETHS. T
BoOEE) T—EEL, ﬁﬁﬁ?\] U)Ymg/\?ﬁ@}}%%{“ﬁ@‘é.
AHREEOERNOEREIIRESE~<Z b (N ZH
W

T = {NH{T}
TESNB, DIC (T EESEESS bATHD. L
FRoT, HRERETE, RQ)OHFEFIREHERIT
SEDLHITREND.

{rm () *

o 2HT) g

3

o }{T}}
072

)

HT—F% EEEATSE
a%N}{T}) v

/ vy’ <R6R( G{N}{T}> M7
- /V{N} cp?)-{—-]\%%ﬁ av +/V{N}quv =0

MEBND. Hy AOFHERLEA L, RQOFR R
REETHE, ROETHSEDLITRD.

(Nt o{N}  B{N} BN}
//“( ok OrR oz oz )dV{T}

(5

+ /S a{N}YT{N}AS{T} + / cp{NY{N}dV —— {T}

= /v {NYTgav + /S o{N}'T,dS (6)

B At BIOEEE, TiaZAWVT, BEMNIZOEDLOZ
HEEEOES—KRFREANRELND.

{ [ (@{N}T o(N} , BN} a{N}) av

OR OR 0z 07

+ [amTvyas+ | cp{N}T{N}%V;} i1}

= / (N} gdv + / a{N}'TT,dS + / cp{N}TT,_A,gY
1 s v At
(7

3.2 HETHWLOIhDER

MO ITER 1 OFfEE AV, RERER T
BB T A LD E Uiz, BB 13 920Jkg KL, HE p
1% 2700kgm ™2, BYREE 11X 121Wm K1 & LY.
BLE TEE 0BVRESRE, OMSERNLER L
i 1400Wm™2K ™1 & V=, £7-, $PEHE 2R L OBVRE
1% 40 Wm 2K ™1 & L7z,

MR E TE L OBEEBMRENL0.05 & L.

4, HEBLUER

B TOEKL Y R BEAKY I LDR 1, W
NOFA ZERIZBNTE 21 UT Thof. B2IT—H4l
L LT, #A A KR T5mm, BV 24 TROENRBRA
B, £72, TOFEGTORRERVIaL—Ya U
BRI 3ITRT. By FERTOL ChoRERS LUER
OERRFESITEY, A TFREND.

Fhizs L, 250°C OIRMEEY RBRTIL, B4 0Flic
T LS, BV 268 THRVFEETHEE TS Z &2
EVENRTWA., ZOBEDYIalb—Ya VEREZH
510RT. PV MEOERBRL LbiZ, TTIR
EESFHOWBE R LTS, RoF LHELEESNEE
WZEHEN, B FEE TOEREHOBANE ZTOL
UhOREZIF L TWD

BRI Y COREEIE, M6k HiT, FUFEERLY
L EIRO Y A AFHTELS. 70V Iab—Y
aVERRZOZEELILSTFRHILTND

M2 TETOERYRRICRBT HMHET
(DR = 2.4, 4= 7.5mm)

- 92 -



T T T T T

3 2 O&ETST B Y RER S=52.7mm g0
DFFEFER - 1
L H100 E
- - 120 1
L A 140 _
160

M5 H40LECHETDEERR

M4 BEEAERYBORRA
(DR = 2.68, 7p= 7.5mm)

e RERERY RIS 2WET (DR=2.8, 7,="7.5mm)

- 03 -



M7 6 O&EECHETHHARGR

2.6y ; R??:;;?ure }Exberimental i

I — Calculated forming limit -

2.4 e ® ® e -

o - i

- 22— ® @ [ ® -

o0 o o o o A
2.5 5 7.5 10
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Die profile radius, r (mm)

9 HIBGEE 250°C ORI Y RBRICHIT D
AT

H8 B IV 9L, B RBITB BEHRKIE
FHA ATEERE  DEEY, ThENERB LT 250°C
DEBITOVTRLTWS, M, ARITEET5 I L%
SEY ENT-EA Y, BTN L bOERT. SBlko
Loz, BETIIA A AEERICIZ LA CBEERS, R

2.8 - , . [ ;

2.6r .

2.2y ]

2050 100 150 200 250
Heating temperature (°C)

10 {ERIEE Y REBRICR T 2MBUEE LIRFKY b
LDR & OBf% (7= 7.5mm).

2.2 T T T T T T

0
020

8 "50 100 150 200 250
Temperature (°C)
11 B—RELRFEOSEOERE L LDR OBME

(rp=7.5mm)

B T 2.1 TETHD. —F, 250°C ORMERY
RECIE, TR ISy A RFEEE L bITEmL, ¥
% 10mm CT28 ITELTWA, EROREN-ARERE
I X ATFRNER, EBREREEHMICLERIICL LS~
HELTW3.

- 94 -



K12 HRFHEERKS OEUED 4 fEOBERES Y RBOFEER

UEDKEREIY, MBHEERERER X OBY=EATRE
RIEOHE DRI L DAENTEE AV TR R OS5
PEER SN, OFIZ, FEATER BT L 0p0$E
EREITo1DT, ZOBEERMNTS.

B 10 1%, RF (iR 2R TELMEOMBERE
LR e offRE R, BEE L HIZ LDR XL
575, 150°CE TIRHEMZOMBEIT ISV, ZhiZE
LIREN 7L 912100720 L 150°C F TIREREH 0=
BHER/ NS NI & EERE L T3, BMRAR L L &%
LH7=®ITiE, 200°C U BTN 2 46BN’ H B 2 L adba)s
5.

K11 1%, RrFLEDETRBIUMBEE L mEL
A DIRE L LDR ORRETRT. ZhIIosEEo
EBRERVEL—HTRZ L THED, 2N —EED
GEII LAMBRED R L L b2 LDR B4 LT
W5, ZHIRRED LR L LT, TR nfEME
TT5ZELERTRLDEEXBND (F1).

UEDFERLY, BOERYMEER/I DI, REE
R Y AR ESHENICEET 5 Z L3R
FRTHDIERLMD, Lo T, RFFERICHEY
BESIIH BRI SR IIEN V. B 12 1%, K
5DEELRILEHT, RrFEEDH4{ED 10mm s71
LSS 0HERETHD. RUFREEEHET BT

FRTHHA SN BERR R NZD, K UThBETTEY,
TOZ PRSI D.

5. ®# &

AHFFETIL, T2 =7 AESROE BT SEfRT
Ehie. RO MBS D KRR B L ORvEEg
FREREOHEDLEIZL T, YIzb—hah7. E8
RBREOWEIZLY, HERRIIBEERALS IO OhE
EDOMBEHRIZTRL TS Z Eilbirolk, EOER
Y PEIARASER ST AR S F RS CHRAI SN B A DR RIRK
BToRBLENS - LRSI,

B O

ABFFEN BN 20T BARR BN K D 2R — IR %
BELURIATAI ) ENFEmcSELET5.
Eio, ARG ERREE TR U K BRI Tk
iR U I R 5

BEXM

D BT B B, 24(1948), 209.

2) Takuda, H., Mori, K., Fujimoto, H. & Hatta, N.:
Arch. Appl. Mech., 67(1997), 143.

3) BERWS : TAI=UAArET v 7, (1990),25.
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