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Anisofropic Behaviors of Prestrained Sheet Steels and Subsequent Formability

Kiyota YOSHIDA, Kunio MIYAUCHI and Susumu Mizunuma

Synopsis:

The development of planar anisotropy and the abrupt change in the mechanical properties of sheet

steels (four Al-stabilized and one rimmed) due fo the increase of prestrain are investigated in relation
to the variation of crystallographic texture for different prestraining modes of uniaxial tension, biaxial
tension, tension-compression, and bending-unbending.

The mechanical properties of those variously prestrained sheet steels may be explained more reason-
ably by employing the latent workhardening theory in a macroscopic deformation model having the
active and latent slip systems resolved into width and thickness components in addition to the infor-
mation from the variation of pole figure.

A concept of “re-formability”’, the formability of prestrained sheet metal having a certain deforma-
tion texture developed in it, is proposed for more systematic understanding of press formability, where
it is distinguished from the ordinary or primary formability of sheet metal in terms of the variation
of deformation path from the first forming to the subsequent one. A

The variation of mechanical properties including the r value during the first forming of monotonic
deformation path is generally increased by increasing the difference in the mode of deformation between
the first forming and the subsequent one, and also by increasing the difference between the strain rat-
io (r value) of the virgin material and that forcedly given in the first forming, that is, the differ-
ence between the preferred orientation of sheet metal and the stable end orientation in the forming.
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Table 1. Sheet material used.

. Sheet
Material thickness ( mm)
Al-stabilized steel (A) 0
” (B 0-86
4 qe)) 0-8
7 (D) 0-9
Rimmed steel (E) 0-8
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direction
o(L)

o°(L)

f\ﬁj\
45°(N)

90°(C)

12% prestretch
(Thickness strain)

L 45°(N)
320 [/ oo

=
0 | O°(L)
240 8%

90°(C) pco(y)

240 W
o°(L) ,

160

Conventional siress , ¢, (%G /mm?)

240

160

] L L Il

(0] 4 8 12 16
Elongation (%)

Fig. 8(b). Load-elongation curve -of equibiaxially

prestretched steel sheet.

BKEII D 90° BEOHEKSERE < 7B BEIE, Baus-

chinger ZhR TR SN 555, —imF3BEDEFSIEES
)T 90° BRI E 5k DA ORIREIC DT, Baus-
chinger ZHRZHET LS LB ROEENSIIE O I DT
BEThHAHS. FIEELEM D 90° S5 138 » O E - &
G4 RS 0° HIA X D&V 2 LT DWW Til,
chinger ZHhE» LA TE 7o .

PLERARI=Z &L, BEEROETICE R 2T, &
ZEARTITTE U 7e AR R 5 O ik R E R 7 M T2
EBCOWCRD SN, ThLDRR, L ARE
CETHEMEOREBEOFMITH DT TO LS
BIDWTOEESRLETHD T b D

(1) MUEERHERT, OFTRLERITEAEEDLD
RWEREROFHETD, ARPOrERALTT 2
LEZ L LRITELR V. ZDRD, ERHOMED 7
%% 0% EFREHOUFEICHAVS T EBFHFEL L LV
BELHETS 5. .

(2) %k, PVvRARERAOEBRORERGET, F
RO BT 2 EORAECKIE L T r [EOWRE R G LM

Baus-

Bl BWTHDeH, TEEMO T v AR E

WTIE,  r{EIED D TR & 8L A SO FEE TR
MR LHENE U D720, FHEDREH~OEGRENE

30

C45°(N)  0°(C) 90°(L)
€(C)= 43%
“E (L)=-58% .

as°()

20 |
m/

20

\ ,
90°(N) O°(N) 45°(L2)
Ex(No)= 73%

ey (Ngg) ='743°/0

30 .
45° (N) O (L) 90°(C)

Ex(l)= 63%

€ (C)=-65%

20

30

Conventional stress , &% (kG /mm?)

20 Virgin
Material D
10 5
0O L L L . L
10 20 30 40

Elongation by increase in the distance belween cross
heads (%)

Fig. 8.(¢) Load-elongation curve of prestrained
steel sheet due to prestretch under
compression.

[

BEZRIEE BB,

(3) —¥F3EEHFICAE L T 45° 7 50N 90° A
Ficid, HFTETEIR 0%, SRR RTINS L& KT
iﬂif@wwﬁ%aﬁﬁm(i%m-%ofai)a
H#@ L Ca#cETT 5. é%k,ﬁﬁniﬁu”
WEB T TTB~7 a<,L%@Hﬂk@yLTﬁ
HTHD, 0, B TOMOBEL L REWHELD
%if,%%%ﬁ(miﬁmbfwétwﬁaﬁf,ﬁ

CRROEEM b &0 T) MR REOWEEE L S

fwwL%wﬁﬁm&mxﬁmbﬁﬁﬁ%t6ﬁﬂk%
xé&vbﬁﬁ@kpéﬁﬁﬁ@w+m®t &DE
HTHHS. '
CEROBEIC LY, %w%ﬁwm%ﬁ%,ﬁwf%&
%%EW&L%;hff®mfﬁaE%Lf,:m&m
EEVOFLWHHEZRT 5L BSREMCRBESh

- BIHDTHDTYH, &%ﬁ@ﬂ%m@ﬁabfzga%

5.
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B 55 &£ (1969) # 15

3. ETEHAALEHESHS

WHEKOETII XY, EiEZzhLc LT, 538D,
FEffT: EOERHRICE U EIES MBORENRD
BNBCLEEL AL EABNTEY, ERIL LV
CHERIIC S < OME AL SR TWBO. Ui L, ¥
LR TH DL HE SO N EER IR D <
X5 S, LORESEEMTIRIZELAER VLS T
H5. ‘

RiE, LI X DT ICE T HEAHEMORED)
PE/IEE ORI A T U CTHUE I S 7ok 219,
[B7z %2 LI BT T B 1T AR K EESRIC—5T
HIMIHRIEE T BRI, MO BRI OB & L T
TN TR LA

(c¢) 8% uniaxially prestretched in R.D.

EWVS FERAEBRIE ST & L DIERA S, S 51T,
HLUVHEYOTAOERER 5 OIERRRFEM B OB
ERIHT D r {EOTLEBIT OV THR DR T &
SLAMH I BNl L, ZREAEE~DEDEN
BREBPYDOOEDE LCHHLALV.
3-1 Pole figure DIEEL

SREXE OO A5, chemical etching 247750
JRIRE i 59 0'1lmm LATF @ pole figure {EH
O 4 & v L. pole igure 75, £ HFLD%E
B EERNCMS Z L%, RERTIE, DVHATEM
EL7eDT, EMPITLICT v & L5EE ihE T %R/
BT, D, pole figure 1T NTEERE TR
L7z

(d) 129 uniaxially prestretched in R.D.
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WO ZE R RF 0B B L R BHE : 35

(e) 8% uniaxially prestretched in 45° direction to R.D.

(f) 8% uniaxially prestretched in 90° direction-to R.D.

Fig. 9. (200) pole figures of uniaxially prestretched steel sheet (material A).
R.D. : Rolling direction, T.D. : Transverse direction,

P.D. : Prestretched direction.

3-2 —@5IRER

Fig. L It/R Lo T3 PRER 2 EEA M, Lh
2 45° BX 90° HEildhl-zbhic7 v =v st
v FEREMA D pole figure & virgin #f & O i & Fig. 9
WA, virgin # (AN Wi SEESRIE (LD
[112]13 X011 [1101Ta 523, (111)[112] B b
P ESCH B, (111) EHES D EVHHTS
%7 23, Fig. 10 535 Th%. Fig. 10 11
M OWEIC T EFEREOX B EEETR LD
DTH 5. ‘ _

Fig. 9(a)-(d) V3, FIEHMD—EhG RETMOET

W& H7d pole igure OZE{L%&R5. Fig. 10 75:5%“

20, ETAHEREOETAEREICE LRSS X
S ThHB, (1) EHLTHE, 4%BEDNIED

5
1
T

s o)

Refiection intensity , 1/

—o {11)
o/

F 2GR 54 [1121//R.D. (=P.D.) 5334 L [0111//P.
D. LGS 5 OB S, 8 %EE TIZE (1)
[1101//P.D. BEHROLEESHEMMBTER SN E. 912
%E THOB L, (IID[1101//P.D. DREERILIE
L5, (12[1101//P.D. OERDTMCERD
Shs.

Fig. 9 (e) and (f) %, FEIEHMEIT 45° 35 LU 90°
HIEIC ) 8 % —ih3 3R ¥ #1778 272355 @ pole figure
GBS, virgin Hds kO B % FERETE — G 364 &
T 5 &, +_TFREREAME (P.D.) i [110] A5—F
T5X57% (1) BoKESRDLLNG. —H5IRER
KT 5 INHEAMBOZELIE, ThETcmbhT
Whhor HEHEwic—HLTWwa. F3ELMA (P.D.)

(1)

//////»mn
o o]

¢ . ‘ , oz

(113) | Om————— 0 (332) O———"_"—°(332) © o(00l)

. 0,(001) . {001) gﬁo (89',) e
— g | S/ 8w | ¢ ot ?Ifffzgébu
Virgin~ -+ 12% Virgin 12% Virgin 12% Virgin 2%

Unioxigl prestretch

in R.D. in 45° to R.D.

Unioxial prestretch

. Unioxial prestretch

Equibioxiol prestretch
in 90° o R.D. ’

Fig. 10. X-ray reflection intensity of crystallographic planes in prestrained steel sheet (méterial A). ‘
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36 g & #8554 (1969) ®1%

L A (R.D.) 23 F—J51 T, (111)[110]//R.D.
BEET, TRIVEFECHFET 5 EEbh 3 (111
[1121//R.D. HREE TRS DR ERL, Fh 30°
R 5 (111)[1101//P.D. i (111)[112]//D.R. % & ¥kl
HEH HIRT B LA N5 DI LT, P.D. 4 C
HIE(90°) CH, virgin #1 BB HHL & BB (111D
[1121//R.D. #33 3EZic 313 Bese 4 (111) [1101//
P.D. —%L, (1117)[1T0]//R.D. z;:»(lll)[lli]//P.
D. © (111)[1T0]//P\5. ~NEEET B, FNHEES
°) B3R b TV, (1111013 X [112]//R.D. & Hi

(a) virgin

(b) 229 (thickness strain)-equibiaxially prestretched

(111)[1701//P.D. :ofomEE 15° THEENES

Vo Zoize, (11D[1101//P.D. 0FE: C HFRITS

DELEHTHD, NEFASLIITRE, ELEHEIH D
DEDBEVIIILEDLNS. L5 8 %l D HEx
T, (111)[1101//P.D. @ ideal point ~@ peakDf
B, oEt, EREXCHmESEGDE LR, FEHEAD
DELBL. TTIHRARAT &L, BRESHEBOTE
EBEC BT DRAMEESCE virgin fFDEHHRL

LO-BECKREND T LR, TR D bR

5.

T BOLIC T b XERIREDZ( L% Fig. 10
R L 72h #912% 0324, P.D. 8Nk X UC
FT (111) T 5EEE 2 L, EEHW TR0
Ligwvs. oz &, (1D)[1T10]//P.Dacii v isss i
T DA OBEHE S LR BT 5ZFrTT D
D & UTHERZEVDE, pole figure ¢ (111)[110]1//P.D.
@ ideal point ~DEBOFEE L HELTVS.

33 FETHWSIRER

Fig. 11 13825 5SRZEFC X % pole figure DZE{ L%
Y. Fig. 9O AM & E LT, CHE (11D [1101//R.
DoOFEEAUIDII2] X b kE Wi E Bbiu 5. Fig.
10T 517 5 E 205 BREFIC X % X R EHEE 02 s
(1D 2wt d2E B L. pole figure 2>51%,22
Y%RFEOT AT (111) HES X SICHIASIN DA, HE
BHRMECE U CREEE S5 L DIERABERD BB IT D
b LY, virgin M ORI 48% WE O TR THIY
TV, RE 0T 522% 5 548% ~ DR (111)
M S RIS LS h, o, KET 22, Fh

RO.

" (c) 48% (thickness strain) equibiaxially prestretched

© Fig.r 11. (200) pole figures of equibiaxially prestretched steel sheet (material C).
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L EIREIZ (001) SO ESED LD XSS, &
N Fig. 10 TR LR 0T 459 129 OF 5 5k
nic X b (001) MR 4 3EEE 2T M AR T I & &
—Z L, pole figure TSR TD, F4l5REIC
I b (111) & (001) D&ete2dDEFRHATEET H. ZDHE
LB OZE(LVE, Saces BAMERH L 72 X 5 ®, EHEIT
B HESEBOFHMT XL TED, SHERBERK
&, virgin 3 OE S & EEERIREIC X D13 —38
N EESBPRED EEZLONDS.
3-4 BIBEELIERIROSIRER

— Ry, REZMSERICH T CELLERO—HET

(c¢) prestrained by ¢ x=7'8%, ¢y=0%

HHBIGER &b RbR WEROT AL TOFRER
k5 pole figure ®Z % Fig. 12 \T/R3. T T
Dk, AMfofEaECE <, biric (112)
[110}//R.D. BAM I VBV XS TH 5. BIRFEMASE
OFETH, (11D[L10] & Xt [1121//R.D. [ 3iRES%
HboFEmETRT. FETECT—RLELRTWVWAER

CEEHRE[112]//R.D. %% [1101 X hEEMHED 5, Tk

bbb, TILTOREBERILOLIC X SH5RER & EET X
LIS E TGRS SR 5100 i b T AT
RS C R TIESEDIZOX D L. 3

BROT B ey OFMAHBLEE L CHEOFHEZILE T

NIatérial D, prestrained by ¢y=7"8%, ¢y=0%

~ Fig. 12. (200) pole. figures of steel sheet prestretched without width change (material D).
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% 95 4 (1969) 15

i, i ey HEX.D.=P.D.)IC[110] X v [112]
AIEINT. HEEMBFRD S s . (100) [0111IC DWW T,
L DEREIR D R AT X % pole figure DZE{bA 5 % D1
MPBRRD BN, BT EEETLDERELOT
DR BIAD T ENTENE, FEC X DL E D
P X DPRBICT A D X5 A3 THAS 0, BE
DELHFEEDEEGE ELL B2 5id B o
AN )
NBERBSBROT 2 5mOEE, 8%REQVOTHRT
D EM AT by, ey HHOHEOEE &
FEFES N3 LTI 8% — %R L T 5. KD

(b) Prestrained by €y=-7-3%, ¢y=7"3%

BT E DI ED XS LR Z I E D25 T
LK D, EEE OB LN DFHADEFEET DA
SHLWEHRILDETHAS.

3-5 SIEEHER

SPEREMEEO—FIE LT, BIETHEERALL, &
EAERESZELLISWIEED  pole figure DZE L%
Fig. 13 2R

CDXSNEHDETRIC BT DRREEHE, EF
(1ID[110)//X.D.(=P.D.) TH 5 2HHLHTH O,
ZEOETTIC & 72T DL O ERE T FERE O
OFTHTHIEL T li5 R0 DBE X Dals hREW.
W, (112)[1101//X.D. O E»ARd b s . virgin
T, (112) 43 (112)(1101//R.D. ©IKEEDEHI T
Dfc7cd, B IERAGR L ERE A —F LAz & &, (112)
[110]//X.D. OFERLDELE VLS THB. (112)
I—5 R ) DA I b4 active KR LERDNT
ZT5.

X.D. LM & CHmD I 513, virgin #i%
W, (11D)[1101//R.D. X i (L1D)[112]//R.D. ®OiE
S BMEFHNCIEE L TWioZ 359 bbb,

3.6 THERERCHET3ERESHER

RO IC B\ C, £OFULREARD 57>
DEOCTHOHMBELEIT L OTED LB L5DORER
RER T, Sc20F0THEEEMICE D, ERLS
CITFHLETAE, 7 L 2B OEROR# ¥ ORI
w9 5. ZOERRER EIZ, ZRER LS RESHE
BOFRO>ED—PlERL7-DH Fig. 14 TH5.

(c¢) prestrained by ¢ y=43%, ¢p==5-8%

Fig. 13. (200) pole figures of steel sheet prestretched under transverse compression (material D).
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(111)  Equibioxial stretch
& (100) :

/

@ (1)

” (100) Biaxial sfretch

(1) Dl?]‘ %\one strain
00y [ol1i2) fitol # X.D.

(i), € =0
(110l #RD
& [112]

an g (2,
Q] # X.D.

Uniaxial stretch

(i) a2y,
[Qa #XD.
Siretch under
compression

14. Deformation textures in various deforma-
tion modes for mild steel sheet of (111),
[112] and [110]//R.D.

Fig.

AEBIC V203, (111)[110] 3 Zr[1121//R.D.
AMELE LT H DEREHIE Td Bz, (111) HEE
T B XS5 HERER TOLX OEIBETH L LB b
NBHIED, EEBOUTHBMELNIL, 2D T, ok
zhE, RELOTHTHEDC pole figure LITHIRLT
CBXS R RETERVATREESH 5. LavL,
TRERRIC 35T, & TICTR L7 T & EHRMAE LR
ORBEEELFMEELTEEHFTTHSS .

ey = 0 DEMET, FECTEAIN[112]//X.D. 3645k
FRD T EDEEZ LN TV 5D, FRERTIIE DX
7ot BIEEEME, SFE SRR 0 £ TOERRRO
FEVITIE U 7B A RO ZE L ASERAI CTH D L F 2L
[110]//X.D. pMEH4HITH 5 RAEHER LC—H#513E D
ERERFEDIETF S 5 25 BRER O PRI DOZE IR

3.7 TRESHEEBE rfEEXURBRA

—EB BEEHOEFIC XD (111)[110]//P.D. O%:E
Vi, rfEas P.D. T 45° TETF L, 90°-CHEINT % {tHra)
LRIET B8, THIEEERANTE & DK, BERENICIX
R A . £7, BZEE|RER TRV Th,
(100) &3hpd 548, (111) HEEEIFL {HENT LK
LarbbT, rEEDOBEMARD SN T LITEE
Wi BEBE LI VHEOOEDTHS. T2, Tk
FEHaTO r {HE 723 2 O R HiDZE{L D pole figure
EDOHENDEILVWHITHS S -

X5, gl Ei S E Lo pole figure |3 virgin
MEIEEAELEDLLE WA LI, rEHEDL
NHHT - dinFd &L o pole figure 4> 5 EEHRR
TEILV.

MRSz onTh, GID[IT2] & (110)[112] D4
LhEBEFMTHELERET IV =9 Lt (JETEI6
%) = TavLor DFEABHIOREM S KL L 7o/ T
A0 O A B L, Svensson DEEGERE AR X
—FHT 5 EHEREBRICHOREE S LI OVTIK
DTV DA, bee & Tavior DHEZEAL T,
CHiN 2ETHE L 7 &5 RO B RE M & —iif5 3k

% 7138 BEIEHRIC BV T AT A (111D [1121//P.D,
fahpd 5 (11D [110] 3 kot (112)[1101//P.D. v
THREOHEEHFEEHEL THERBRLO IV —
AN Thabb, INLDOHRITKTEMD
fEZ L% Fig. 15 TRT2, LitZHoEE &5 A
AT 43° HRFHE TS 128 RKITidg D 278
WIS THD. Fi, SERFMNCH L TEMEEZY D H
L, ARRSOEZ XRESEELL, GHEE L, ki
M% M % &3 & A EBRADOIREFR FERE T
TEEFERE VBRI L.

4. —REETOEREMILELO ZXRER

T D, ey =0 DL [1701//X.D. itfb>T [112] [T 2%

//X.D. p33a< 7 BD TR L, [1101//X.D.

MEE 0SS LOBRIIHBIITELVIOIT 32 am (2] am [iT0] //_
LELNS. L -

HCBELTIE, ep=0%BRELT, ¢py>0 53287_\\ =

TA00), ey <O T 55 DR CHHE 4o S i P

FEHRLEVD T EMTELS. ZDFc virgin §§24_ e T

W 3515 5 (100) 75 HORC (112) OFAEREET ) . . T | 1 . | |
ARESMBIREESTNDRELLINDLO i)|d 20°  30° m%sw 60° 70° m%?g+

BE AKX Mot iEad pole figure OZAL
1%, Fig. 9 5 Fig. 13 @iy T D &
FELL B bzLrfilEsns.

Fig. 15. Distribution of M for various directions of tensile

test in steel sheets of ideal (111)[112], (111)[110]
and (112)[110] textures, respectively.
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5 55 &£ (1969) 1=

EH5MEB»SORREALE SO r HOHEECE LT
BREDBSURBRLEON22H D, FLTHETE
DFEPFEL STV WIREE T, BB R L
BREE RO 5, TRESHBD 2S48
Wb 725 L5 B HMOR+ Sk A B  BETH 5
ETHDEPIERICBRALZETHAHS. Lirl, WHEZ
BT X VAT IMIELOBRERS, E4MBOT L
LWIGEIE EIMTHE L 24 vic & o#iRlps i ST v
DaRE, BAMME L TERITR SV
BOLDTHLZZLRELPSEEHINTCELEETH
5.

EBEFES TSR IT OV, Bsuor®, Garo-
FALO jas;:zﬁ Low?D, Kocks 3 X {F BrRown?®, Naxa-
DA I XU Ken?®, $@EID7 2T X 0 Lk o ZE8hHs
WHEWABGERS LR EINTERE, ThOLDEHD
UG ED2E LT, BEMLTELOBRRS—REY L ZRKE
WOEGRSACRSIAPEELAMEL L CEZ LRAIEES

7.
BEMTEL OB, BYRERER2EE LD T
W5 active 703D BRSO T D FRIT U T REEEM:

ERC X BDMIFEBRELRNE VI EILFEET D &

WS HIITHWONE L5 ’Co“b D, active I T NDF% &

FIREOMT# x4 Us L3 % (ENEHER~D
BRAOLLTE 253 d0:b— T H o i v
5. Tt LT, T CREI LTV S EBENLE
fL&id, —WZEFICE\WT inactive ThBTVDR
(lztent slip system) 3 active 23RO TB X 0 HINTHE
EBREL L BN L EEHERIMBRFLET HHE
BRI E LTS, BESIE OV TOES» S, BE
MTHECRFEZTROFEOE LD LT EOEN
CXESNLT VIS ThHDA, dLES Thd, &
fa BB DT N0 BRI EARRE T~ D R AR
T b DB+ ERTEL LEZ NS,

Fig. 16 13, :BEEMRINCE 2 LT S5 8 AN

Previous deformation modes

Unioxial stretch

- ———— e

Prestretch
- direction

s S
component § L

Thickness
component

Active during
prestretch

Possible
variotion
of r value

Increase

Equibiaxial stretch

!
I
!
{
t
I

Pty
T

tensile test

Exomple of subsequen

Decreose

Stretch under compression -
( plane strain )

Easy to slip
active during
prestretch )

Increase

Fig. 16. Schematic representation of latent workhardening effect on the subssquent deforming

behavior (r value) in tensile test.
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IR ORI S REEOHEE & R 41

SHEERERS B X OERSCHBEL T, EROT R

DR LR BIERE L L CRWEE OWE
PITEE(L & 7 {6 & OO0 & OBBARI TH 510, #HEN
THLAESHEE I D X 5 ICHEMRRICTEIN DS
DTHY, P2, WEPERHERTHBD, DL
Hzs B, Tivbh, EEEIRRES»E VAR LR
bivs.

HWERS R ICERS E L TREN TV HTRDEEZ
ERC KT HEBROTNOEERRTIEZEXD LK
X0, EEIIE AR T, —RE315R 0 £ 90° K
DEBERER T 7 I virgin X D bRENL, HFoE3)
ERDBEI—RITET L, SEREMHBGRE—E) T r {HiX¥E
moEmEZRTC EAMEING. SEREHEE T35k
BRI, Ei, FRICEMASRICEBERRET R DB
EDTEL, FHLTABPELNILVEE DD DD, B
N R AR D L 5 B T E LV RO
P DB THD T LD,

JEf, —ENB15E D F oI5 BRAEMERR, T3 RS MIC45°
HE DB BERERIC 5\ T active 72T R D EATLERIC
ISEEMTHEEE THD I 15, ZOFRIZETS
IEREDEH S L LKPBETES. ,

EHi, ZOESOREE, ZERBOZTLL X Y&
WENBRERICE T DLETREE S L AT O#E
WEDGFELLDIBLETHD. Tibhb, —KE
BBV CEER L LT XDROWE & RERILE
W active BT ARDFOFEEL I CENEXERT 5%
OB HEREDEAELEICID, ZRERCE TS
IR L s &S I IR ZE A S KBS h D L E 2 5
n5. :

WAWAIBEZ RS £ 23R T, Ehsirdt
HETRDFREBELTVANERMS LI,
BETELRROER, 510, TOREEOHELEE
MEHTHD. TNEMBEMICARSFEROVEDEL
T, FERITE VT active THOHT D FROIER A
OT A CREZES LDB LT XD active 7D
REOWTOEERE Bl Bt E {5 HEErs
5. —ih5RZEWR Y, 50°C, 15hr OWHhEdHicx, F
SEEFMIICKL T 22:°3° BEDLHEME O 5EERBM 2T
ol fEREWE - OB otil ¢ Fig. 17 wri{.
OF BT X B REROBEN 0° 5 Xt 22°5°%
M) TERDENEDITH LT, 45°~90° T4 Uiy,
Dz, FHERPIEFKICE B X HIVT W IClERI A
ED XS BIEF THMEN 5 22T, FIESEICIE
RABOAIE 2 % £ T—HB R 0 21T 2718, &HMANIT
DI LB O E - hotihf A Fig. 17(b) iR

BT active

(a)
g
- 50°C —15hrs strain
g 200 (L) aged ofter 8%
8 elongation in rolling
- of 225 4s° 675 90°  direction
1 ! .
Angle of subsequent tensile
direction to prestretch direction

100

200+ {b)
e Elongated in rolling direction
~ until yield elorgetion is
. finished
<] L
o
~ (0°)

100 Angle of subsequent fensile

d|7cnon t7 prestretch direction
Elcngation
Difference in slip system among tensile test

Fig, 17.
. in various directions according to variation
of yield behavior.

3. FEIERBMIC 90° HA) T ERME OCHBHE 2T
DI LT, 49° FRTRIFRBUBRELNS. Zhp
5, 90° DIF5H 45° XD HO0° LT HMEEAEL
TwdHeEwnz ks,

ENLOFEREE LD &, FEHHO) D—ih3 ik
LI E VT active RERFIE ST D FRIZEHL T
IBOMEES <HETHEC, 3RERBRASMEZRT &

(0°) >22-5°>90°>675°>45°
DEIDTEBDTHAHS. T, —KERD ZIREED
— B REE T A D active 7T D OEAIE
BELT, Fig. 16 WRLAT & & HESERMICHE
DEMTHHZEETRLTWS.

LT CEREBERLORSE, &BHHoEmE
WX DR VOBERESFHTLRLS?, BREL
TV, EBMEZETGIC & 785 NERIG I o 8Emn, wAMERA
MoORKCRT2MELD D, X VMENISE» S, i
FLOMIBL LB E) OB, 7o& AW, cross slip @
HHDOZ L ERPLOTMLIAFEND 25, R
BIREHZONTVWEVIS TH5. LirL, Hi&H
HEEMBE AR SRR L 2 KD SII I LIk
Bl SO AR R 2 INTE{COZERNCH B L I1TH
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Fig. 19. Variation of fracture pattern of stretch-
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Photo. !. Fracture patterns in stretch flanging of some sheet metals after equibiaxial prestretch.
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