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Effect of Crystallographic Texture on Presss F roming
of Extra-Low Carbon Rimmed Steel Sheet.

Synopsis:

Ys Itdo and Fumiaki KANZAKI

Effects of crystallographic texture on the plastic deformation of solid state decarburized rimmed steel
sheets have been studied. Three typical textures composed of a main preferred orientation, (111)[110],
(110)[0017 and (100) £10° to the rolling plane, [0111:425° to the rolling direction, were obtained

from the same mother hot coil.

Tensile tests, cupping tests and Erichsen tests were carried out in the

dead soft condition and effects of crystallographic texture on the press formability were investigated
with specimens of the same chemical composition, the same second phase particles and almost the same

grain size.

Moreover, effects of interaction between crystallographic texture and mechanical fiber on

the elongation and effects of interactions between texture, mechanical fiber, grain size and the dimen-
sinal effect of testing tool on the stretchability were examined. ‘

The results obtained are summarized as follows:

(3 b2

1) The plastic anisotropy ratio

r” can be related to crystallographlc texture and the deep-

drawability is predominatly influenced by the preferred orientation and the sharpness of texture.
2) Texture is a basic factor for the earing behaviour in deep-drawing test, but a more thorough-
going study is necessary to get a clearer picture on the interrelation between the plane anisotropy of

23

“r” and the earing.

3) Young’s modulus and poisson’s ratio are considerably influenced by texture, and the results of
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testing agree with the estimates made by theoretical calculations.
4) Plane anisotropies of vyield strength, tensile strength and strain hardening exponet are slightly

influenced by texture, whereas plane anisotropy of elongation is remarkably influenced.

be interpreted by considering the influence of “r

(13 3

the interaction between “r

The fact can

on the dimensional effect of local elongation and
and mechanical fiber on uniform elongation.

5) As a result of stretching cup test, it was ‘made clear that strain distribution is influenced by

plastic anisotropy.

6) Stretchability is also remarkably influenced by texture.

In this regard, interactions among the

dimensional effect of testing tool, grain size and mechanical fiber shold always be taken tnto cosidera-

tion as important factors.

(Received 18, May, 1966)
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Table 1. Main componet of preferred orientation, grai size and L.D.R. of the steels tested.
Main component of i . : Grain size in
Stecl preferred orientation Intensity Grain shape ASTM No. L.D.R.
I-A (111 [170] Strong Equi-axed 50 2-475
1-B (110) {001} Moderate Equi-axed 43 2-125
(100) +10° to R.P. . . )
I-c [0117.£25° to R.D. Strong Equi-axed 40 2-025
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b) Distribution of r ratio.
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Table 2. Mechanical properties of steels tested.

Angle from the rolling direction
Properties © Steel | 2 4 5 x 4 Tegt
0° 22.5° | 45° | 67.5° | 90° numbers
I-A | 107 10-8 11-2 11-2 11-1 11-0 05
L.Y.P. (kg/mm?) -B | 104 10+7 11-4 11-3 10-9 11-0 1-0 n =4
-C | 109 10-8 11 113 12-1 11-2 1-2
I-A 247 257 26°4 259 256 25-8 17
T.S. (kg/mm) -B | 243 246 261 25-8 245 95-2 1-8 n—4
-C | 247 24-9 25°3 256 262 95-3 15
I-A | 493 48-0 47-8 49-8 53-3 49-2 545
T.E. (%) _B | 44'5 41+5 33-0 435 52°5 41-6 19-5 n—4
-C | 440 44-5 38-3 443 48-0 43-3 97
I-A | 365 365 35-0 35-5 360 35-8 1'5
U.E. (%) -B | 37'8 380 26-0 335 38-0 33-8 12-0 n=2
-C | 390 39-5 32-5 365 36°5 366 70
I-A | 135 135 14-0 15°5 165 14:5 3-0
L.E. (%) -B 80 55 35 115 19-0 85 15-5 n =2
-G 85 20 50 95 12-5 80 7-5
1-A | 433 420 424 432 43-4 42-7 1-4
L.Y.P./T.S. (%) -B | 428 43°5 43-7 43-8 445 43-7 1-7 n—4
~C | 441 434 43-9 44-1 462 44-1 2-3
I-A | 0312 | 0299 | 0304 | 0299 | 0-313 | 0-304 | 0-014
n value ~B | 0316 | 0°319 | 0298 | 0309 | 0-292 | 0308 | 0:027 | n =2
-C | 0315 | 0303 | 0323 | 0-298 | 0-308 | 0-309 | 0-025
1-A | 1-86 1-72 1-88 2-18 2-70 2:02 0-98
r value -B | 1-00 062 0-61 1-82 3-18 | 1-29 257 n—=2
-C | 057 062 0-58 0-81 1-15 072 0-58
I-A | 57 57 57 57 54 566 3
Fracture f*(;lgle 4 B | 63 62 65 56 56 606 | 9 n —4
egree) -C | 62 63 62 59 58 61-0 5

8-b) wwxhiE, — UL r HEORICIZ D X 5 7 E
BIEURIITEAEET, < I-B, I-Cio 45° 5
D —RRIBOCDEF WA F2ERSh S, Fig. 8-¢) 1%
R L r HOBRER L2 D TH 55, TOWH
DOV SEEEOMBARERMS 5 LB BHLNLT 5.
Photo. 3 s Lot Table 2 iz LhuE, 7 {HOMEWHER R
EiE SRR /NS <, CINTARE 5 IR LTt
FTHD T ERTRINTVS. 7L REHMEo 2%
NYEE &L T, SEREBRE OTERIRSIE &, Wk
BRCHFDERFMOZTENRA»E 2505, Thbb
TMEORVERBR A, —RE0 2T ETh ks hAmic
BRa L3 <, 7 EOERCAENIARIZ ST necking %
L LTV EF 2T, BIE OBADIE S 5~ R
MR ORI R L 5 C LR BASHCHRT 5 L NTE
£5.
3.6 —iR{A-n fE-r {E-mechanical fiber-& K
cube-on-edge £4ME D I-B M, ¥ X% cube-on-
face HPOEGMHBEZHE T2 I-CHick 5 45° Fh]

DO—FRBODEE WP IT OV TiE, Fig. YR T Lo
Iz nfBrBHATS L3 TERV. ZOBREEF
BT 57eic, [E%R41E U THRENR S DL D
W< dHbivsd (110)[001] FE4HREEZ RO, S
OEREHES 75 d% [001] & & mechanical fiber §ifi% 48
RENT 15° FORER I MBI EL, TokDkD
IOV TIERE ), 45° 5w, 90° Mg [sReE K &
RIL, nff, 20, —HRECEzlELL. FRE
Fig. 10, 11, 12 R+, Fig. 11 @S X 51T,
10~209, THELZ n {2 SFE L c—FfBoe, B
BICRAREAOKA L LTAIE L — e o
fRICVY, EHMC I >TEBRDLNS. (20% % T
V75 » 72 B F OO ORARFANT e fHEFE L
7o) ZOBErERKMICERD L, RAWMESR,»D
DOFEDE THRORMEIETER DX 5T, JEELFAT]
IRAAER | & 90° B3 R A Db T s ik 2R
H LD TR O O AHRBTENSEL DD L DF
Zbh b, 45° jirmo;t/\*i‘yﬂerbij<%<, BE & 212,
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Fig. 8. Elongation v. s. r ratio.

B IBRAER T I F DN T LARE & — R DBatRZ, 1
7 L LELT R A S OERBEHC TS T EH5bh
%. Fig. 12 12 n @0 SFHHE LU c—# ROt s, EERAZE
L 72 —KR R D 2122 T, mechanical fiber #f X 5[5k
oM BEOEELY T L bOT H5H, b
(110)[001] £E4&4RD 45° FoREEMEE T,
fii & 5 |3E#l & mechanical fiber #l DFEX HEE DA B AR
DR FHEZEBBHLNTHS. Tib LT ERR
KEWT, rEPIEEICEVE-ET1E mechanical fiber @
REE i s DIETHEIERCAE VLT E, Ll
mechanical fiber #7235 [5EH & SEATTHIE, r EBMK

D E ;2

Photo. 3. Tension test piece of steels tested after
fracture.

CTHIFEAELDHER LT LRSS, BY
IEMETFIC OV T, N5 2 0AE T & D RITBRERS
X 0% mechanical fiber DIFAE & TRRIMATICHE X IERHY
TERTHAS. r{HBIEWELE A OB [EEER T
FVTIE, 45° H)iC mechanical fiber 23ED TV %
AR ) —FEENMET 528, L L Tixehig
EREVHOTRAR V. 7 HEAE L AR 5@
necking %223 90° KIS EHERET, 1 X —Fk
WO OMOBIRIC/ N T Y F 5307 <, 45° Hjic me-
chanical fiber 2FE L CHEHEETEZRL TWin.
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is 30 C IO—OC \X 45°
s o
225° | 1 1 1 1 I 1
< : 4%"50 307 %15 30 45 60 75 90
g gg"s Angle between axis of mechanical fiber and
axis of fension test
5 Fig. 10. Effect of angle between [001] axis of
: 23 30 35 40 preferred orientation, axis of mechanical
Uniform elongation (%) fiber and axis of tension test on total
i i . elongation
Fig. 9. Relation between n value and uniform &

elongation.

R DEERER & OB AT, RARMELL

Tel BT OEAIT, 90° FRICHET S & S TEERD
THrhLdbbbnTWwbHLH5THS.

DL bo S, Mo TS —5 o=ce?
THEMPTE, LahpoT nfE: —HRH 2. O
a=In(1+2,) 7HEGBBREIII>Z E&2{FEEL,
chanical fiber OFELEA, 7 fEirs HONUCE [BERER FfkWT

v

me- Z

D

BETORREEHZET LI XD TRFEERK T4

HEVS EZXHT B ETVWILOT H50, EE

45° Fmd 5 WITEEFROSEERB A TR VT, £
2

FEMART 2 U728 A0 6 =ce? 75 B3T{lE, Fig. 13
FTE5THEVREMLL T VWESTHS. LichH
T EROFMNCIT ERLEARSREI RSN TN S.

40 3.7 ESHm-riE-£8
HE#E
U A DOBIAE
. :, OB I TR bR S 7 T
-~ A e e Lo CAREICHSE S
3 o 1 7® oo 4 o I N
<30k * 9’2®g@%,g@®©®u® . A A
+ 2, { © © 9oa o TW5BHH, Fig. 14
= A A @A A O . ]
= a 4 pane wFET XS, i, ¥
: N ®
B | 7o b bR S T &
' A A ,
= % fgl between |07 | %05 Fibb 1-
‘ A >
< ol andoxts & 80 | AT HEICE S
£ 201 ¥ Angle between | é %‘; NI VIRWELEERH
is of mechani |
< s Ol ane® 5 330 | Lt aw, EIHL
of tension test éé é%‘; JITIC 35T A o 5T
€ 3 | cRus necking w2
Lk <L, FARrLD
- — ‘ BIEEDABZHAKE V. T
0 0 10 20 30 40 “
. : o ZTHEHEEINSDE, fh
Uniform elongation = (%) <
Fig. 11. Relation b 1 d unif L 110) F001 d DOHRLOFHERFITIEL T
. . t t : ion i ient _ -
1g St:ezll ion between n value -and uniform elongation in (110)[001] oriente L FBEE necking
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Interaction of crystallographic orientation
with mechanical fiber.

Angle between axis of mechanical fiber

and axis of tension test

1:0°, 2:15°, 3:30°, 4:45°, 5:60°,

6:75°, 7:90°
necking 8RR LB DOTWEZETHD. rfHOEKNT
-CHi3HEpRY 7 necking ZiRZ LodWad, JEBERIC
BB IIETEER/NS V. Goss texture @ I-BRIE,
necking 441z I-C §H & FHENCEIFRBRE TH D
22 FEWHREVHEANESE 4 r 2BL TV LD,
EHFOLEERE—RLRLITD oL REW.
3-8 EOHLM-BRUR-BRNE-EEHER

IR DR 0 B UMEIT D WTlE, b3, SEE,

BHVITRIERN T CFOBERBPAE HRE L2 S XETC
ER— RIS Tw 5. L LESHBIZ OV T
1, WEETRINODOMOERZZHZ L Z EHEE

ThHoted S Hhnd, FOFHBRERINT VR

V. AREBRICE VO, BESHBOBEED L5 5T,
RV UIMIORRSR LELENEOREE TEDTH
AL, FORKEFRIIFig. 15 WRTLE0TH5. =
NoDPELPE X 5T, BAMBEERERE LIGE

DHIUECRERTZEZSXEL, LrdBRSIRELD

MORZEERDRDONS. TibbiER I oENT
W% cube-on-corner fEG AL 1T, M-AfX, F—&
BB B WO FA oMK L 0 3 <h/sE O L
HERL TS, rEOEVTER A ORBIIEIE TR
Rz X 5 HREFM local necking ##Z L23 7
W, ROHUEIETES BRRICR OO TR VD>
LEZOND. fEENEOREL, NERSMNiiz
— 2 LU CHESBNESHME RoTh, Fl o

THIRY H UEIMET T 2HEMPFRD OIS . FEERRAS

M TH 5 LEWIMET T 5 2 &%, —HliSIDFIED
HERIT BT HHERCOVTH —RICRD LN 5B T
BB, TOBEPLTE, NMEES8~6EEDH
P Cis AR ORI biC O TIM MR T 5 L13E 2B
N, LB oCoheiitild % 20iid, Moogs
LRV L OBE T BIOBEE B2 Tl kbl
V. BT BR72 X 51, INZEEEmPEOZE itk
5 L OB R 0D B & L IER S T,
Egie =Y e UEBE BELTCVWT /B oL &
X, BROHL F— AHEDOIFRININIRIIZZ L v & FEREY
75 necking L X BAWHEIB IR 0T VWE WS 22 THh
5. FEERBANTHD XSGR, TV o2 R —
LD Y IR AT D BEN LIELIERLNS
23, ALFAVHME U 7238013 2 D X 5 IR BT BB kst i
LS. Lo TRGOMBILICER 9 5E D U
DL, ZoORNFRNE X 5EhER > THELS &
TEHEEP D OLDIEIPOLVWEEZLNDS. EHIT
local necking L9\ r fHOERWEES B O EHT &,
F SR ICRE T 55 0 LD SIS 132 L w
LVOREERDIEELFPTES. RUERDR -
FERERLENRD, Elc) &d) CETEMNIER S
DX, LOIMEZFHEDEL VWS L LDD, B EOVHEL
JENTREEZ DD TRIVMUIBR %52, DHVIZE
BRUBZ L OCTRR 2 EDLrDBEVEELE TS D
DEEZBND. TibbHEEDES IR, 5\
¥X local necking il TREL W HIER S & Wi X

R

ROHLUIEORIRSR LG EOMORZEER I
W, RN OWCEEEE VL Wi 53 LR H
LD € — 7 1Y T 5 REEMBANCBTL, R
CFBEPRCRDFE, EHLTHMIVRLOEERIEE
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{001]) end axis axis of
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t test fiber and . JUV.E.
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/ C 45° 0° 51360
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Fig. 13. Strain hardening properties of steels tested
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FELEBNMEDE X H — A Fln&ED
FHEE, ShBEOREL TY I &
BHCEELBSIET T EPHELPELD
TVWHMBD, REBRC IV TCEERS
SFEBRINT VBT — N4 RO
BIERTHENTEXS. LErLE
MB—HAERERY & FETH 57201
AL AL OB L TE
T, 3-6THRR7c XS, G
TETLE—RHRTEVTExdh, WE
5~ local necking 4% & mecha-
nical fiber DR HER»HHLE, 2
G TTFOR D U BV T b MER
WEHERE bbNSZ EBEZILNS.
Fir [EB4] W=y 7 e i8R
ERa{T7s o758 1%, Table 3 R$Z
L, =Y e U ED LRI BT X O
ORMEETEELITS. dHHALN
RTORER» DB ISHR RS &
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Fig. 14.

Strain distribution in steels tested.
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Table 3. Effect of angle between [001] axis of preferred orientation and axis of
" mechanical fiber on Erichsen value.

Mechanical fiber axis (001) axis
\ 30° 45° 60° 75° 90°
\ ) ‘ .

0° 10° 12° 0° 0° 0°
10 15 15 10 9 0
13 20 15 12 10 0
16 24 25 20 12 0
22 20 32 25 20 23 4
24 21 39 27 37 32 9
0 =10-8° 13-3° 23-3° 19-8° 16.5° 14-3° - 2:2°
Erichsen value ( mm)
X=10-35 10-35 10-18 10-12 10-12 10-02 10-02
Table 4. Effect of cold rolling direction on Erichsen
value.
~ TN\ — e
150 \; : n =8 | Cold rolling direction Erlchfen value (mm)
Rp=33mm * x g
e) \ Straight rolling 9-44 0-144
\ V-A
14°0 OT".‘\":;DI A\&’: \~\\A 3\ Y Cross rolling 9.46 0-187
: TNl T Straight rolling 9-28 0-271
=~ ~~_ "~ V-B -
130 - ° Cross rolling 9-07 0-176
X—=-—x |— A .
o--=-~0 |—-B Straight rolling 9-21 0-258
e—-—¢ |—¢C v-C
. Cross rolling 8-87 0-224
120 a a|1—=D
A\,‘—a’—x—h-A Lo —X )
O | AT T Bea s TR S, BRI, B
T T T T T T ¥ e = — -0 x > > =, >
T ERBIhTVWAZ BRI XS,
"o R 20mm - Table 4 |3BUERE B OWREIES straight rolling
- x;-‘:_—‘;-/}af:—f\::x#. »>5 cross rolling I 2784, =9 7k fEHIC %@
o ) [N X5 BEERD L b R EESERBIC OV THRERL
P S 2 TbDTHB. I L, mechanical fiber & e
X" _o=——1 --0’3 y e o
R e REROTAEFAE = ) & LRI B B ICHE
90 -/”/’ ¥ % X 5 C, cube-on-corner £ 45D V-A i3 EN
] oz Y v AR OB ST, FEFHAOKE DI
TS — . > s
| §\x\\ LA EZTIR . C?”WC%TL V-B ik X* V-C §H
80 Rp=17"4mm T 1%, =Y & & ffHME< mechanical fiber DFERE & DAZ
a) | Se——-—prT I T EERADRELDORDEXS5THS.
V- a e _‘/A
| OTAC{“/A : 4. 1@ i%
- 70 L
&0 7o 80 90 cube-on-corner : (111)[110], cube-on-edge : (110)
Grain size No. [0017 s X% (100)[011] £EAfHfkD [011] #h S EZE S
Fig. 15. Results of stretching cup test. M U TAA 25° R, (100) T ASIEERE I L TRy
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RRIERBMBD 7 v AT X3 THEAMBROLE _ 1201

10° {#\ 7= Cube-on-face SHPLOEAMMBAHT % 31
Mo, F—ofM X viEL, 3EERER, HKD
B S JOR DN LB R T, S LA S &
ETRAGEBORMSREHBIC L V2L, SOERE
BRI DWW TSR S X O mechanical fiber & 54L
i, 5loRE O ZHEAEHORE, ROH LT 2nT
VX, EEMHRE, RBIRE, ~TrEShE, mechanical fiber
LA DR EAER, ¥ X O mechanical fiber OFEE &
DOERHINFADOYELZRAEL 2. FORBRERIETS LK
DT ELTH5S. .

D) ¥pEEG r 3ESHEMICE > TEAS, Lt
DI THERIL OGO ER & L TEEAMBOE
HAL, SREIIIERICEETSHS.

2) FURINTREO FAERKIC O TRESHBBE D
HARWAER EE 25052, —ig RRBRICK TS 4r
L DXIGBUMRIT DWW TCIE & 51 FEfs MET2 LE T
%.

3) YUIE, X7V RESEBORELZ,
HERETEME ORI~ L S B SR R,

1) FRRA, ITEEELREL, PURIIR EDME, T
B{LRHEIC DV T D, SBAHBUC X > TIREAR S ELS
AT %28, fERMEFCIE L E ERE VDD TR .

5 ZhiTx L T, EHRMEOHRENEFHIEEL v
HOMED LD, T r [EBRFEEONICE JIET
FERZhER &, r{H & mechanical fiber O FVEHIC X %
— IR OBRERAD 2 OBFERTH 5 Z EBHL» &
rof. v

6) FRERIVHELIECKILEFATrHIZLOTHE
BrH505.

7y RVHLEBEERDS r{HEC X TREE S T,
OWE SHEGIRSH R & © REAER, FEERRE & O 32
HAER, mechanical fiber & ORI ORLAEM,
mechanical fiber OFEEE L DR TAER L ENEETHH

T EBHL &I DTz, :
BRI, BB, RO LHBICSWL T IEY
2 B DI R FEBANTIIZE T, 1L EZIEER, AT
TEERBECERECODHB LR T 5L LD, FERC
Bz VIR TIREZ W2/ZE, POREREZFAL TV
&R LIcSHEARMERTERE, SHTERKFMARITSE
CELEIfLEZHEL BT ET.
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