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Relationship between Deep Drawability and

Textures in Low Carbon Steel Sheets
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Fig. 1. Distribution of rp values for original group

of twenty lots of known press performance.
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Fig. 3. Qualitative correlation between rp value and
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Fig. 6. The influence of the amount of cold reduc-
tion prior to annealing on the strain ra-
tios of an aluminum-killed steel and a rim-
med steel. (WHITELEY, WISE®Y)
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Fig. 7. The average strain ratio as a function of < Finishing temp. - 860°~882°C
prior cold reduction for a rimmed steel fin- o ’ | I [
ished at two different temperatures on the 900 1000 1100 1200 1300 1400

hot mill and coiled hot. The steel was
cold-rolled in the laboratory and given a
simulated box anneal. The composition of
the steel was: C-0-03, Mn-0-30, P-0-010,
S-0-027, A1-0-005. The coiling temper-
ature was between 630 and 693°C.
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was cold-rolled in the laboratory and given
a simulated box anneal. The composition -
of aluminum-killed steel (A) was: C-0-07,
Mn-0-35, P-0-009, S-0-020, Al-0-07.

And the coiling temperature was between
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Fig. 9. The influence of coiling temperature on the

average strain ratio of a rimmed steel and
two aluminum-killed steels. The rimmed
steel and aluminum-killed steel (A) are of
the same compositions as those shown in
Figs. 7 and 8, respectively. The compo-
sition of aluminum-killed steel (B) was: C-
0:06, Mn-0-33, P-0-009, S-0-027, Al-0-036.
The rimmed steel and .aluminum-killed steel
(B) were cold-reduced 60%, and aluminum-
killed steel (A) was cold-reduced 759 prior
to annealing. (WHITELEY, WISE®)
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Fig. 11. Effect of finishing temperature on the hot-
rolled texture and subsequent cold-rolled
(609%) and annealed texture of a rimmed
steel shown in Fig. 7 (WHITELEY, WISE®D),
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Fig. 13. Relationship between the variation in strain
ratio with test direction and occurence of
earing. If the strain ratio in the longitudi-
nal and transverse directions is greater than
the 45° direction, then 4r is considered pos-
itive as shown on the left. A material with
a positive 4r will form ears in the 0 and 90°
directions when drawn into a cup. A mate-
rial with a negative 4r as on the right will
form ears 45° to the rolling direction.
Absence of earing is indicated by a 4r of
zero. (WHITELE‘f, WISE®))
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Fig. 14. The variation in 47 as a function of prior
cold reduction for a rimmed steel finished
at the temperatures shown and coiled hot
off the mill, as indicated in Fig. 7.
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Fig. 15. The variation in Jr as a function of prior
cold reduction for aluminum-killed steel (A)
finished at the temperature shown and
coiled cold off the hot mill, as indicated in
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EZRLT, HaAMP 54 DDEF VI DOTHELL
& IR L T 5. BSOS AIRIE DIREZFIE
LT, HEREHEIOWTIE 0° XUt £3° @ 3 Hmics]
BEOIBAD r A RkDTHED. TNALORERIPLED
EFANRERPERDL T TR TH D, 4855 =
Frroix PG =FADEIBILESLEXD. £
it EE L MR LB X D bR ELBRRIREEE

o6
(001)

rg O (111)

Fig. 18. Average r value for the orientations noted
in stereographic triangle as calculated for
the "assumption of pencil glide slip and
large rotation (SS, LR).

(VIETH, WHITELEY1®)
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Table 3. Comparison of measured and predicted plastic strain ratios - for single-crystal
specimens of low-carbon sheet steel*.

Predicted 7 values for four assumptions about slip mechanism
. . T
Orientation i\dj:f&;:d dir?:scttion* 48 Slip systems Pencil glide
No rotation Large rotation No rotation Large rotation

-3 0-008 0-116 0°005 0-074

(©Oon[110] 0-000 0 0-000 0-000 0-000 0-000
+3 0008 0-116 0-005 0-074

0 170%% -3 0:012 0-070 0-031 0-177

(17132)[1115] 0-190 0 0-017 0-132 0-017 0-132
+3 0-016 0-190 0-007 0-087

_ -3 0-618 0-930 0203 0:451

(170) [7119] 0-333 0 0-086 0-218 0-155 0-394
+3 0-091 0-270 0-113 0-337

B -3 1-158 1-185 0-180 0-424

(160) [6124] 0-445 0 1-177 1-112 1:119 1-058
+3 1:177 1-036 1-291 1-136

_ -3 0486 0-635 0°586 0-765
(1212)[1411] 0-625 0 0-505 0-710 0-505 0-710
+3 0-512 0-783 0427 0-653

-3 0601 0-711 0714 0-845

(001) [150] 0-780 0 0-615 0-784 0:615 0-784
+3 0-617 0-855 0-521 0-721

_ -3 0-688 0-934 0542 0-736

(1111 [1431] 0-787 0 0-390 0-581 0-450 0:671
+3 0-385 0-638 0507 0-704

-3 2-335 1:631 2:048 1:431

(150) [001] 1:130 0 0-999 1-000 0-999 0-999
+3 2-335 1:631 2-048 1:431

. -3 3-252 1-371 5-626 2-371

(111) [112] e 0 3-000 1224 6-000 2-449
+3 3-252 1-371 5:626 2:371

-3 11546 2:946 15-360 3:919

(195)[1321] 2:950 0 11-572 2:792 17171 4143
+3 19-458 4465 18-983 4-357

- -3 14-946 2-682 31-058 5771

(1272) [8141] 5:681 0 14-850 2:822 27688 - 5262
+3 14-586 2°954 24-369 4:936

B -3 6°674 2209 9-123 3:020

(334) [916] 7°535 0 6:779 2104 10-378 3221
+3 6804 2-030 11-227 3350

* The above predictions represent: (a) The crystallographically defined test direction, 0°, and (b) two

additional directions, each 3° from this test direction.
** Two specimens cut from one crystal.

LAEF ADIESRELCES L EAALATHS. 12/
L3I5E W ZEH A 10~20% BEOHE GRS
IBERE TN EEILNS.

ELAIEEGEV r{BEx 525 7 4(d) X 2T,
WEICETE 14 ORI B HEFH MG 7 [ExE
BickoTkDBE Fig. 18 KWRT L O ZOX
T (011)-(123)-(112) ZFEXBFLET 7 Hoollin>T
VDA, ZHRRERS&SEO riET R ERTEE LIS
WwiT, EIr 1 O0F/MIZOWTD rHEheil/nd EI1F
* After VIETH and WHITELEY1®

POFED r{EO VDAL 7 kel itditd
DOTH5. r{EXIOL L TRDD I EERKTIX

S .
7L, BITEAD DEWO XS BEETIREL TH5F

BERDLELHINFECLIBLEPLETHS.

o FAC L oT, RELFAOI[110], (111)
[130], (O11)[100] % X of (112)[110] B8§ % r{ED
BREHEIC & BT{LEEHE TR 5% R% Fig. 19~221
Tl EMOESE LD € FEAERICE  Viein,
WHITELEY D E F () ITHELVWOT, EELORDK
riEo@mRNOZE{LS Z o Fig.19~22 @ PG, NR &£
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Cube-on-face orientation (OO1) [110]

0%
05+
04 |
o3|
o2 |

Rodial strain, &/

ol I

IokF
o6 I

03 |

r

ol10 |
006 |-

—— 48 SS. (NR)
~== 48 SS. (LR)
——— P.G. (NR)
—-— P.G. (LR)

Plastic strain rotio,

Q

(o]

w
T

00 ) ] ! ) ] 1 ]
0° 10° 20° 30° 40° 50° 60° 70° 80° 90°

R.D.  Angle a between rolling direction and T.0O.

[uol test direction ol

Fig. 19. Plastic strain ratio r and radial strain e/k
for the orientation (001)[110] calculated
for various directions in the plane of the
sheet assuming different slip mechanisms.
(VIETH, WHITELEY1D)

L—BHLIERPELNED. B INSLORFPIERE
iz e/k B D OECAT 2 3EF MEDE BEiET,
MR Y OB OB RAEXHIGT 2ETHS.
INBOHEERICETSHESZR> O, Res
oS ERERBO rMEXEERD B LI TE LD,
Sl b r{ERMEIEHDIED L S LB
B a2 BIRT R EPORELEREZE D LN TES.

4. SERERFHHROESHB

41 SEESHEL

FTFREESHEBICOVWTRRBZ L LT 5. EKRE
Mk X CEHRMS RS OBESSE/L, 1930£RF
TR XREFFERIC X2 TRDEEXKICHESV THE
WasTisbi, (1) (100)[011] H4r (Fig.25 il
AFRD 5 [011]1 o E b ) KEERL T (211)[011]
Fhi (D) WELFMEETELESRLDORS (A-B=C
-D), (@ (111) EHEEE T (111)[011] Hir
(E) »5 (111)[112] B (F) TE 3 FrebE
e HRDFEF) (E-F-E-F) O 2HRFIBHET 52 &
D SHIEINTWEDOD,  ESREXMT 175 5 b
— & —~ PRI X DABAR B X RS S X555 B il

Cube-on-corner orientation (111) [1T0]

o8 -
S O7T
o6
X
& 05
5 oaf
k7
s O3
©
¢ o2} —u4sgss. --- P.G.
ol ‘
or , 1 ! I I ; 1 :
— 48 SS.(NR) --- PG. (N.R.)
- 48 SS.(LR.) —-— P.G. (LR
« 100
g 60 |- ,"\\ -
° s \\ ’/
§ 30 ’ BN -~
’:—; Vs — ~ 7 o —
a 0| 7
A , | | [ Plolstic isotropy
1 1 ] 1
0° 10° 20° 30° 40° S0° 60° 70° 80° 90°
R.D.  Anglex between rolling direction and  T.D.
[17o] test direction [nZ]

Fig. 20. Plastic strain ratio r and radial strain &/k
for the orientation (111)[130] calculated
for various directions in the plane of the
sheet assuming different slip mechanisms,
(VIETH, WHITELEY!®)

ENB XS5 D, EBEFREG KOV T OB BT
TPONERT ERERLIFHLVERLHE S TS, 2
D121, (3)IRMEER» SEESFIC 30~35°FEv- 72
CLI0) WhA ihimd & -5 HEEFIRFIDOTH D, (4)
Eo 1o (001) W 23 EEM I SEfT 001D EH b
WWElER L e BRI & R o BT RRINDTH 5.

INBHLWRFIOH (3) OFFWET LR (1), (2)
DORFNIOEFIC X OTHHFFHPTE 2L DTH YD,
Z OFRINHBAET B LRMDE T NI, (4) DFRF)
BEEETREETEL» 20, X7 1752
bt = ZRCI D TEENRBHEINE XS5 T2k d
DEEZBND.
BIEEAEBD 14 & L TT0%EIE L 780K o {110},
{100}, {111} WMEXP% Fig-23 i, [ UMIRORMEE
#Am (ND), EZEEM (RD), Zih & KEALHW
(TD)ICEET 5 RIREANY 2 Fig. 24 Rl oh
LORMBEDEER(L), (2), (4)DEEFMFRNIIE
ETE, (3YOFFHTOWTEBENTH DT &0
»5. '
4.2 EESHEL

EEMRIZ SV T, Ay BEELLETA -7 F4 b
MR A U EIEMEI IS EnE R 7 = 5 4 RicZshied 5
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Cube-on-edge crientotion (O11) [100]

osF
o7}
o6 |
o5 |
o4
o3 |

Rodiol stroin, €/

o2

ol

S

06

InfmlT
2° o £2°Y

Infinity .
54° to S0

/

Plostic isotropy

03 |-

Plastic stroin ratio,

— 48 SS. (NR)

- 48.5S. (LR)

--= PG. (NR.)

—-— P.G. (LR)

0.03 ] 1 1 ) 1 1 1 It ] |
0° 10° 20° 30° 40° 50° 60° 70° 80° 90° .
RD.  Angle « between rolling direction and T.D.

[001] test direction [oIT]

Fig. 21. Plastic strain ratio r and radial strain ¢/4
for the orientation (011)[100] calculated
for various directions in the plane of the
sheet assuming different slip mechanisms.
(VIETH, WHITELEY!®

EIWI AL, —ENEEPT2TT7 =54 b4
U 23 S C A U 7o JE2E ﬁﬁ%%ﬂ?éﬁ¢mﬁ
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T,

(a) 760~800°C o Mgty FIE R MRV 5810,
(1) (110)[0011 M=EHFALTH Y, (@ (@EIDH[I] %
[111] T bic {321} [111] AArE ChRIERL 2256 %
SLRINBELMNTHD,

(b) FEBESEL LD E T v & LM EINT
5 ihm@¢®@movrm

006 -

v |_ il
1 ERE fﬂ&btfﬁ%ét
jﬁ{ﬁl;f&")f\/*%) T O HRVIE MERE MK
<, BVIEERELT 5. EgQSklbnyELLk
Y & FEE (B4R BVREE 830°C, BEURE 620°C) o
FEER LOPLOFOMERE, Fig 26 fF—EH
OREEMEEARD R L7z, Zh5DR»LEEE & il
BDESMOIMER—E Thhr b THS 5.

w
b
W

BED PE AR 245

Orientation  (112) [1T0]

o8t
o7t
&
~ oe}
£
< B
= 05
2 03t}
(=2
@
[OXN o
o2t
Infinity — 48 SS. (NR.)
A Y 48 sS. (LR)
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~ 100 | P
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g 30}
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RD. Angle « between rolling direction ond TD. '
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Fig. 22. Plastic strain ratio r and radial strain ¢/4
for the orientation (112)[130] calculated
for various directions in the plane of the
sheet assuming different slip mechanisms.
(VIETH, WHITELEY1D)

43 FHESESER
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b, BEXMF 1750 bx—2 - XHERBITICE
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N2>Vt HEYER, McCABE, ErLias?D FE#H7s
WEBBY, ETRE 2 TEERTVEMETTRD
b DODOERFLINIRD X 5 Wik Dz,
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EHFA AN [1T01(E), EIZHAL(110) [001](G)
(b) FuFRiE, 70% &IE, 738°C Bist,
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(¢) U & FiH, 80% BIiE, 688°C Hiff,
EFHALTL 1101 (E)
(d) U & F#E, 85% »iE, 688°C Kedd,
EHELAID[IZI(F)+ A11)[1101(E)
(e) VU nFgH, 9% BHE, 688°C Hef,
FEHAAID[112](F), RIERCL) 1101 (E)

— 5] —



1162

% 54 4 (1968) E11=

a (110)

(100

d (110)

e {100}

Fig. 23. (110), (100) and (111) pole figures of low carbon steel sheet cold-rolled 70%.

Key for the orientation A,B,

,F is shown in Fig. 25.
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28 07 04 0202 02

05 04 05 0408 51
Fig. 24.

(£) U arem 97'5% &iE, 688°C Bish,
FEHHL(100) [0121 (M), FEIEAL(111) [112]1(F)
Itk (a) owTiEHPLeE LT (110)[0011(G) D
HBELE T TV HHRIERERBH 02, /- (d) Wi
(411)[148] (Z pHArrd BID[I36]=(N) & hd T
WHRLTH B) HERD LTV 59D,
RRMERSE Al X v KD 70% $iEfE 700°C T 4hr
B L 72 b O OBE NI L O RiEEAR % Fig.27 B X
W Fig. 28 kxnrnawlic. IhboRiicrk (111
[110] 56i(E), (11)[1121(F) Fhr o (111)€321)
Hhr (K) ~OEESREFRICD 5L MLORT, (332)[110]
AAr (L) »5 (HD[II0](E) % & C (112)[1101(D)
CELHROFRF I ENED LN S, [ U210
%WIEL 800°C T 4hr JghL 70 d 0 OEARE X UK
EmEREY T £ Fig. 29 X0 Fig. 30 [T/RL 7z.
kid (e) oXx - BFHE (EBXUF) 0iEsic (100)
[011]1418°, F7cdhd (100)[012] Hfrks X o (411)
[1481~(311)[136] Hhr (N) 258 bhsd. () i
R THBEHIT 97'5% OBEETEMAS L E2E
FhL L EIARL ORI iR L T (100) [011]+£18° 5hr
M) »358a < 7 % Fig. 31 Rl .

5. ZEEMERZEMRO r (&
51 /RO rEETOBERENSEETHES S 5E

100

05 04 04 0305 24

510 310 210530 110

Inverse pole figures of the same specimen shown in Fig. 23,

FCIBRT X 5 i a RERKHOBMITO W TIE, £
O 7R ED XS RERTOVTHRER I > THET
HHEMSBEX N, Lioodo TR B~ 7o & AR
OESMBOEHRHER THRD ShiE, ZTOWD 7
B TR TE . XOICEATERNC 7 {EZRD
LEEMAHFE I N T 558, Erias, HEYER, SmiTH!Di
EBETRD (1) FEEREFIFR L TEE 7 %5k
X9 ERB. TNRIRO XS ILFIEC I 2T S.

(i) % B

aBRT B VTV EE T D FRIOMEEEE XD L,
3@ {110}i= v E, 3E{112}=vE, 6@ {123}
0 HiE XA LD S D BB H 50T, FH8D
=0 BMH 5. Ll SBEERC 5 #ED Bk I ¢
EXAEOBIRELEHmT 52010, E- VAR
LopEE+ S TEBIZ VES ENTHHPRFERE LT
CTXWEVS, kif VIETH LDz D E T
IO TEERT TS, S IRPEENE, FPERER
T X R RZ L, SIRMICEBRREEICT T 5
FEEC W HFMOHE L, BXHMOBMOLTABI LD
THRD LS. ThbbIERS X NEXIFHODE AWk X

4Tz
AW = sin # )
S,(g)
AT = cos

TEHLINDLEHFZ, rEFRRNTRLOIND LET
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F o 2]

Fig. 25. (110) pole figure of hot rolled low carbon steel sheet.

a (surface)
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830°C and coiling temperature was 620°C.
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c (surface)

(o) [001] 0

(12) (1] o

(123) 01111 ®

() [321] ®

(332)[110] ®

(1001 [012] &

(31 [i33] ®

Finishing temperature was
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Fig. 26. Inverse pole figures of the same specimen shown in Fig. 25.
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r =AW/ AT =tan @ * --orreieerieei e (4)

—%, AFLARERCHV COREERZREMOH
LT E D, HBIEEMZIKELEICE L LEOFR—FF R
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i H RN B B K BRSO o b b o
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REATRTCEEChD. Fndx, RO {111} A
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EVIEE, TORD rEBRKEL LB &5, 72
L rfHE3 0o THELT HDT, & riEfEEHAv
T4 (11D SHEBE O SH IS U r i Fr ke 5 2
EMTENLBLBERITNDGDS.

(i) Dffigzss

r{HIZES T D B oK E #bE ) B 7cw, EuassD jd
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e (100)

E.

Fig. 27. (110), (100) and (111) pole figures of low carbon steel sheet ~
cold-rolled 7094 and annealed at 700°C for 4 hr. A

D,
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Fig. 28. Inverse pole figures of the same specimen shown in Fig. 27.
Table 4. D and r values as observed from tension tests and predicted from X-ray pole figures.*
D Values r Ratios*
Sample | Orientation dirzscttlir;% Tension Pole figure method Tension Pole figure method
test - test -
method Maleum Summation method Maxu_num Summation
ntensity intensity
31K (111 [110] Odeg. 0-57 0-50 0-20 1-79 1:67 1-22
457 0-27 0-24 0-19 1-31 1-27 1-21
90 # 0-73 0-68 0-54 2-14 2-03 1-74
95-16 (411)[148] Odeg. —0-80 —1-15 —0-57 0-43 0-27 0-56
457 —0-48 —-0-20 —0-27 0-61 0-82 0-76
907 —0-42 —0-53 —0-55 0-65 0-58 0°57
99-16 (100) [012] Odeg. —1-25 —0-96 —0-90 0-23 0-35 0-38
: 457 —0-47 —0-37 —0-38 0-62 0-69 0-68
907 —1-13 —1-10 —1-00 0-28 0-29 0-33
99-20 (100) [0O11] Odeg. —0-21 —-0-02 —0°65 0-81 0-98 0-51
(111)[112) | 457 +0-09 —0-05 —0-10 1-09 0-95 0-90
90~ —-0'23 —0-34 —0-42 079 0-71 0-65
* D values converted to r
*  After ELias HEVER and SmrTa!D
42 BAEOBXEAMBEILSEETRYS HE
ERDDIENTES. £ MBS REAEKD r {E% KD D, Fid
(b) kfmk MR OHERMAL Th, WET IWOMROZE,D

BT IE - R AR OALE, Smax, 225 £10° O %%
%, IhE 5° Rl@OFFHETIOE ORI HE T 5.
FNFNOEBOEEDODEZRDTE X, WANTID
{5 (1) BmERCERTINLOESILE TN 5O
wmER kDS, Fig. 3¢ 3 TD H@EO DiEE KD 54
LAEFLILDT, Suax=10° @ D {EilEmKiEEog
ELRARCAN TN OMBEZZE L T 36X2 Ofgo
DO T & RO HEDTH 5. Table 4132 Y » 7
FELAZFVEEBS IO & FEO 7 [BE5513ERER Tk
», TNEEEM»OHELABEEZEHL TRLAED
DTH5. ZOfEIE (4) RiLEISWTW5H & AHITH
BEANEH B, MR- Tk, EAREEER
BLEMLsEHE I T rf@xkdbhnd, b T
2=~ RFEEEXLD.

DHMEROBSI YRS TRy, FBR, B, mEM
P EEE ST AR ER RE SR RKOEN OB 4 WE
HTx5X5i, (a) ZRWEEICHIOREV 200
NRICEISTERT S EFE L, (b) ramSran=rtas
LEEL T, LTD 8 =ELM OB O FiEdh» 5
0°, 45°, 90° FrAaInZER LU 7 xRk, FIHEZTT
oo 7= Rk (100) [011],  (112)[1101, (111)[l12],
(100) <[01112> 515K F 4 D >, (100) <[011]4>515°
¥ b >, (110)[001] Tk @ MEKRERROES
MBI BT 5EERIOERATHS.
FOBEASITE LI 4EDEFVIZOWT, BlsEA
[ % FHE T A 50°~180° DR D F [ 2 W T r EZ E
BB, DT T,

(a) SHBTHIS NER DB —FRIZX 2z O AR,

(RY.
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Fig. 29.

c ()

(110), (100) and (111) pole figures of low carbon steel sheet,
cold-rolled 909 and annealed at 800°C for 4 hr.
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Fig. 30. Inverse pole figures of the same specimen shown in Fig, 29,
RD

TD

Fig.33. (111) pole figure with D net in position for

Fig.31. (100) pole figure of rimmed steel sheet, longitudinal direction. (ELias et al.lD)
cold-rolled 97:59%, and annealed at 688°C. RD
(HEVER et al.?D)

TD

-0k

-2C Fig. 34. (111) pole figure with incremental overlap
Fig. 32. Iso-D net with arrow representing direction +10 deg. to the small circle representing
of straining. (Erias et al.lb) maximum shear stress. (ErLias et al.1D)
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(b) SHBUEEIGHERADRE, LTORIKKEVRLE
D2OD-HWRITIBER, (R

(c) SRMEEEHOAEZIDIECEDTS 20D
R X BER, (R
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RTCHEL TWT, M ¢=—cuw/e1 18587 2 —%
ERALTVS ‘ '
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(i) ZRCEATIHEFNOEE
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“>C, ELias S DRBLADEICL-E K5 2 —4
ZEHEL, ESHBEEEMNTTTADCRREGER
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W7 {HEEFE IO TRD XS Llasme, -

HECY LD TIRD X S RREET BV .
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Fig. 35. Plastic strain ratio r and ratio between width

and longitudinal strains ¢ for the several
orientations. (OxaMOTO et al.2)
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Fig.36. Angle between the coordinate determing
specimen shape and standard direction
SD on the crystallographic plane (44!).
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Fig.37. Angle between the coordinate“of specimen
shape and tensile direction TD.
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Fig. 38. Angle between the crystallographic plane
(hkl) and the three {100} axes taken as
a new coordinate.
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R\ N/l A & NABFE AL A THER TR 7. @, B, 0
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02 W V/ 797706 DEERTEROX S Lok,
o \IO\\“ \‘;, J_%Oc, \7,' /// _o8 a=0° 9°, 18°, -erern. , 45°
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Fig.40. Calculated Dy(a, 8:0) values in bec iron. 100 : mL 1o
N Fig. 41. Distribution of D (@, ) value shown in a

unit stereographic triangle.
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Table 5. Averaged plastic anisotroy parameter Dok for bec iron.

Rkl 100 110“' 111 210 211 221 310 321 332 411 521
Do —0'50 0716 ‘041 —-0-17 013 031 —0'3¢4 016 037 —0-27 —0-21

Table 6. Experimental results-F(a,,B) observed, calculated Pg-values and observed Py-values.

Rl 10| 100 211 s10] 111 ] s2t| 411] 210 332 s21 | 201
D Deal Dobs
. het | 0-16 |—0-50| 013 |—0-34| 0-41 | 0-16 |—0-27]—0-17| 0-37 |—0-21] 0-32
Specimen
31-1 ag 2 | 12 1| st 3 2 1| 16 3 5 | 0-284| 0-291
31-4 4 3 | 10 2 | 39 4 2 2 | 21 3 | 10 | 0259 | 0-263
31-3 6 6 | 11 5 | 22 6 8 5 | 14 7 | 10 | o116 | 0-101
33-1 2 2 | 11 1 | 53 3 2 1| 17 2 6 | 0297 | 0-302
33-4 3 4 |11 2 | 36 5 5 2 | 19 4 9 | 0-222| 0-218
33-3 5 8 | 12 6 | 20 6 8 6 | 12 8 8 | 0076 | 0052
34-1 3 2 9 1| 44 5 3 1| 22 3 7 | 0-279 | 0-290
34-4 3 2 | 10 1| 39 4 3 1| 23 4 | 10 | 0270 0-280
34-3 5 6 | 11 4 | 97 5 6 4 | 16 7 9 | 0148 | 0-133
47-1 2 2 | 11 1| a7 3 2 1| 22 2 7 | 0-294 | 0-301
37-4 3 3 | 11 1| 44 3 3 1| 22 2 7 | 0-276 | 0-277
47-3 4 5 | 12 3 | 30 5 7 3 | 17 5 9 | 0-175| 0-161
48-1 3 4 9 2 | 42 3 4 2 | 21 3 7 | 0-251| 0-255
48-5 4 4 | 10 3 | 38 3 4 3 | 20 3 8 | 0-227| 0210
48-3 4 5 | 10 3 | 32 4 5 3 | 22 3 9 | 0207 | 0210
49-1 4 3 | 11 2 | 40 3 2 2 | 22 3 8 | 0-259| 0-239
49-5 4 5 | 11 3 | 32 5 5 3 | 18 5 9 | 0-191 | 0-193
49-3 3 5 | 10 3 | 37 3 5 3 | 20 3 8 | 0-214 | 0-223
54-1 4 2 | 12 1| 52 3 1 1| 17 2 5 | 0297 | 0-301
54-2 4 2 | 10 2 | 43 4 3 2 | 19 3 8 | 0-264 | 0-286
54-3 5 5 | 10 3 | 32 5 5 3 | 19 4 9 | 0197 | 0-183
57-1 3 1 9 1| 53 3 1 1| 21 2 5 | 0°315| 0313
57-2 3 3 | 10 2 | 40 3 3 2 | 2 4 9 | 0°251| ©0°260
57-3 4 4| 12 3 | 37 3 5 3 | 20 3 6 | 0217 | 0203
Table 7. Calculated Dy value for the specimen shown in Fig. 42.
) Pran . P, _ & vol. fract. '
hkd o i > Ihsi p* % Deat (hhD)
110 3200 190 01 01 12 0 016
200 540 2100 3-9 3-9 6 3 —0°50
211 1010 1650 1°6 1'6 2 5 013
310 370 195 05 05 2 2 —0'34
222 85 110 1-3 1'3 8 1 0-41
321 340 40 01 01 48 05 016
411 , . 73 4 23 —0-34
330 143 . 705 49 oh o
420 73 13 02 02 24 05 —0°17
332 58 L0 02 02 34 0 034
510 : _ 1:0 4 3 —0'44
431 112 76 0-7 0 1* 48 05 015
521 54 60 11 11 48 7 —0-21
530 , 01 24 0 —0-06
433 40 30 07 ] 3% 24 4 0-35
442 . - o 01 2 0 0-32
600 Py 14 v O (3.9) 6
611 56 24 18 —0'45
532 51 132 2.6 1-1% 48 7 013
541 29 3 01 01 48 05 015
622 13 88 68 68 24 22 —0-20
521 25 7 03 S 48 7 —0-14

* p: multiplicity factor
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100 [e}

110

Fig.42. Change in texture during tensile deforma-
tion. Inverse pole figure of low carbon
rimmed steel sheet, cold rolled 979 and
annealed at 850°C for 4hr. (a) Before
elongation, (b) After 159 elongation along
rolling direction.

(3) (100) HX® TDOELDHFDLDT, 8§ D
A Th7c2T Dy BATHY, 0° 90°, 180° ik
E%, 45° X 135° it/ MEZFE>. (Fig.40(c))

(4) BE3 Vv~ PoRMOBLMEOD DT, Dy i
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E%$>. (Fig.40(d), (e))

ZDOEFRDENFNDOHRLOED 6 iT2WTD Dy
EOFEHE kv b & Fig. 41 TRT XD Chd. *i
NS LREEICE DT Dokt KD 5 & Table 5
TTEESE LN D.

ERE o HRIC oW THERAIE & B E R bR 72 {E
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Lo CTnwb. D Dy OFix Fig. 40 kiF5 6~
100 BRLD Do- 0 fhiEd 6=90° »5 180° £ THZL
oML TE b, 8=90° ¥z (001), 8=180° y3(110)
CHY%T 5%, 5o (b)~(e)Ddv—TD

(a)

(b}

(c)

Fig.43. Change in texture during tensile deforma-

tion. (100) pole figure of the same speci-
men shown in Fig. 42. (a) Before elonga-
tion, (b) After 209 elongation along ro-
lling direction, (¢) After 38% elongation.

BhfRo 6 =90~180° BFERECOXS KEMERT. T
OED Dy OHFRIEDLDD Do KD B & Table
6 ICRT XS5 KKREIV—FMBEDLNS.

— 64 —



EREMBROEEMBMEFELOEE - ‘ 1175

44 ERHUMLSHTETS rENRAFEEEHLITO
Be

(i) BIEEEHROEMEE

Bt ofERAMr D riERHEL XS5 & T55 L DR
BT E VT, ZERROFEGRERT E LD TNV,
BBV ew/er WRAERE(LEEXRVEVSIEE
CESNTEHERT T TER. B &L, —KD
WIS T Lo TE SN A IR ICE VT, T OEED
ESBA UHER & EREOMICIE» L D X W—F A58
oY ¥ W el

FEICEVTE, EHCELETTOTFEREEFD
$EEEEDS BT RETHEXRE > TH 5. MiEER
@ Dy E~DFESXESGHBOTHREBELEZLL L%
BUThREINSEEEZLNS. Lo T (15) Xdbd
v (18) & Pla,B:0-p), P(a,B) WEEIIIES
MoOZE Ex O e Ricdhuds by, thdp x bk
DFHEIR Ex=0 orx® P(a,p) ZHV, ZEEAH
@ Do EEHAIL TVWBETZ LIS, WEEEOFIRE
Ex ot x0 Dy(p) {EVX

dEy —dE
Dex(p) =¢1YT\»—Z

=f[foo(a,,s:a>PEx(a,5:0—p>dadﬁd0 -+ (20)

TERPEXND. ZIT dEy, dEz [353RAMODEI;Ex
5 Ex+dEx A2 5B0OE Xk X CIESMEOHES
ThHD.

L7 D THREE E% £ TOFEM Do 8, Diot(p)
5

Ey E’
e e (21D
s Mo SAEE Pola,f:0) 5%, Prx(a,
B:0) Ek HRIEATRRANCAE S Z ERIAWETD S
7, BERELEEOEERS T Pex(a,B) ZERINTRD S
ZEWRERETH D, QDRIT XD TFEHBIIL Dot 3K
BHHND.
(i) DPRREFhofEslolizo | Fl
RRFE ) & FIZEVEERCTHIEL, HiRE Tt
35 LR R R SRS R, (411) [148]~(311) [136]
HE SN G, Fig. 42(a) X 97% #iti 850°C T 4
he HepiL7md oo ND KEEARTHL. OB
LB X DRI rEHIIRD LB D THS.
r.=0"24, rp=0'61, r7=0"29; 7 =043
— N EAL 7 SHEE XS fE: Table 7 iR L7z
Depeny RO X SIS,
Deat=—0°22; 7 oq =064
COMFOEI RO Table 6 OFEREPLEZ 5 &
ELWTRKENDDT, rlHEAET 57005 RER

Dot (0) =

Flik

PEx EoBESEERCL LD EELLNDS. ZDF
ZEFEDD BB, FREER T OREHBOELE
X THhiz. Fig. 42 (b) REEER@A~ 15% 53R
70 ND REEBSRTHD. (a)icd 6T 41,
311 A3 L 100 FAEEML TV B DB X <b5b-
FERER o REEEANE RS L —BH LT,
Fig. 43 WFRT X5 d. ZOREHEICI DAL
5 40° DIAOES R ERKD D TH BH, FIHE
VI (100) #EAsh.Ls 55 20°, JKEHmH»HE 25° D
BICERL TV 5. RDAM~NOERISETIT LA
T2 OER AR KFHE AP, ol IC@E»D
TBET2Z b5, ZoBERKRICRTEHEER
CHIGT 5.

N D : (311)—(411)—(611)— (100)

R D : [1368]=[011] +25°—[148]1—[011]

HREERO 2 0 X 5 7% (100) HRi~OEE 7 {555
KiwHArastsmT 2B TH 505, bikor EHEDS
WIS DHEE L7 B X 0 SRV T S IXEHERICEHA
TED. BB IOXD AEREEELC Y ROSMENE
B oTASCHHATES.

(4 ED ”

LAk, FCIRXEEMEBIEERISIE D 5 7 v AR D
T b R ICEREL Dt &R A B & o BAfRIC v TR
7o, ESMRORIE BT 5 —Y, 5 VIIMEIE
HISLIG > b ORIV IE ICB S R G S o T D
BBIEDL T2 E .

Is¥, AFEOREIC YO THRCHET 5HEDL D
VR O & TR R IT D7 ERFAE X U DM
FOFRBIT L LEILEZRL LTS

3 (3

1) fIER: gk L5, 52 (1966) 5, p. 882

2) W. T. LankrorD, S. C. SNYDER and T. 4.
BausHer: Trans. AIME, 42 (1950), p. 1197

3) C. §. BARReTT: “‘Structure of Metals”, (1943),
p. 450. McGraw-Hill Book Co., Inc., New York

4) “Recording Torque Magnetometer”, Mechanical
Engineering, 71 (1949), p. 510

5) R. S. Burns and R. H. HEYER: Sheet Metal
Ind., 35 (1958), p. 261

6) R. L. WiiTELEY and D. E. Wise: Flat Rolled
Products I, 16 (1962), p. 47

7) ERER, MR gk 28R, 52 (1966) 8, p. 1188

8) £B, HE®, mMiF BAcBESIEE 27 (1963),
p. 481

9) H. Taxkecui, H. Karto and §. NAGASHIMA:
Trans. Met. Soc. AIME, 242 (1968), p. 56

10) R. W. VieTH and R. L. WarteLey: Colloquium
of IDDRG, Inst. Sheet Metal Engineering,
London, (1964)

11) J. A. Er1as, R. H. HeEver and J. M. SMITH:

— 65 —



1176 g& &t

# 54 £ (1968) ¥E1l=5

Trans. AIME, 224 (1962), p. 679
12) RR: %488, (1966), BE4BX224BEH

==
=

13) F. HAssNER u. H. WEIk: Arch. Eisenh., 27
(1956), p. 153

14) J. Bennewrrz: ibid., 33 (1962), p. 393

15) H. MGLLER u. H. StiBLEIN: ibid.,, 29 (1958),

. p. 377

" 16) W. C. Lesuie: Trans. AIME, 221 (1961), p. 752

17) M. GensameEr and P. A. Vukmanic: ibid., 125
(1937), p. 507 :

18) N. P. Goss: Trans. ASM, 29 (1941), p. 20

19) G. Kurpjumov u. G. Sacus: Z. Metallk., (1930),
p. 592

20) M. GeEnsaMER and B. LustMan: Trans. AIME,
125 (1937), p. 501

21) R. H. Hever, D. E. McCasg and J. 4. ELias:
Flat Rolled Products I, 16 (1962), p. 29

22) 7, WE, Ll BALB¥LEE 28(1964),

23)

24)
25)

26)
27)

28)

p. 542

W. F. Hosrorp: Trans. AIME, 227 (1963),
p. 272

M, B, #E: Ek4E, 14 (1962), p.21]
T. Oxkamoto, T. SHIRAIWA and M. FuxkuDA:
Colloquium of International Deep Drawing Re-
search Group, Institute of Sheet Metal Engine-
ering, London, 1964

BB, ®E, WE: BR&BFESHE, 29(1965),
p. 393

MERE, RE, ES: @i, 7(1966) 1,

p. 13

oz, B, B, BES BFE4&EELSR,
6 (1967) 10, p. 699

SREH, ST OMESIFES, 51 (1965) 3,

p. 504

@, EH, M Bx&ERLSHE, 1 (1962)

5, p. 3597 &

— 66 —

-



