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A Method for Calculating 7-value from Crystallite Orientation
Distribution Function in Cold Rolled Steel Sheet

Synopsis:

Hajime KiTAGAWA and Michio KATAYAMA

To investigate the possibility of calculating the Lankford value, 7, for a low carbon steel sheet on the
basis of three-dimensional orientation distribution function, w (¢, 8, ¢,), comparison was made between the

calculated 7-value and experimental one.

¢, 0, and ¢ denote a set of Eulerian angles between the

coordinate system of crystallite and the reference system of specimen.

The r-values, r(¢, 8, ¢), that were specified by means of Eulerian angles in the same definition as used
in describing the orientation of a crystallite in a polycrystalline sheet were computed at 5° intervals for
0°<¢, # and $<<90°, by taking into account all fourty—eight slip systems in alpha iron and by assuming
that an amount of slip in each slip system was proportional to its Schmid factor.

For a polycrystal]ine sheet tke r—value was calculated by

_7’(—0))__- T/ pmj2 pm/2 ,((r/},g ¢) , ,
]+7(0—’) a2 f f f ]+r(¢ 8, ¢) (91’503 ¢) Sn0d6d¢ do

where ¢'=¢'+w, and » is an angle between rolling direction and stretching direction.

In practical computation of (¢, 8, ¢), the following cases were examined: (1) Al slip systems whose
Schmid factors were not less than a certain value, a, (0<<a<(0.5), were assumed to be activated and (2)
ship systems of a constant number, ss, were assumed to be activated in all the orientations.

Calculated 7—values, r(cal), were in good agreement with the observed ones, r(obs), if no crystal rotation
was assumed to take place during deformation. Above all, the values of r(cal) were in accord with those
of r(obs) within 4+0.15 in the case where either 2=0.10 or ss=32 was assumed.
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Fig. 1. Coordinate systems. XYZ : crystal coor-
dinates, x y z : specimen coordinates and

x' y' 2’ : coordinates of slip system.
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Fig. 2. rian-values of {111} {uow), {100} {uvw)d
and {110} {uvw). a: minimum Schmid fac-
tor of slip systems, assumed to be acti-
vated.
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Fig. -3. Contour-line map of (¢, @, 45°).
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Fig. 4. Number of activated slip systems of {111}
{uvw), {100} (uvww) and {110} (uvw).
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Fig. 5. rean-values of {111} uvwd, {100} Cuvw)
and {110} Cuow).
S$S : number of slip systems, assumed to
be activated.

U E D fED ARLD r {ESEVEE RT.

ZOFEFETIE, A XoTER VRS TARD
FORPZ LD ENTIRINDG. X T TEHDLII,
rEEHRICHFET 5T XD RORE K FHEL T LTk T
A7z, Fig. 41%, a =0.10 0if4, {110} uvw), {110}
Cwvw) 5 XU {111} uvw)y FROCDOWT DT ) RO
ZRRLADDTH 5.

O Bbrb X5, T FoRE, {110},
v, wy T, 20~44 {@#, {110} wvw) Tl¥, 22~44 {@,
{111} uow) TlE, 22~31 {H & HRriC X TR E L Z L
LTw5.

3.2 2HULCDODOWT—EDHDTNDRMNERC
HE535ELTCHEELI-r{E

EELOHEC XD, —REIFEL - g=1{¢, 0, g1 iT D
Tor{Ex kD B4, Schmid factor 53, HHELD
KEVTRORIT X O>TEEATbN S & L7zZRE, i
Ho Fig. 4 itiA 55 X5, HRKK XOTERITA
haTXhRo, KELZELT 5.

F 2T Z 2T, (4 AL 2T Schmid factor 2k
EVIE LD —FEORDOT RV RPEHVCERET S
EOEEDDET, 1 (P0,9) BEELRL (ZOBE
3 [&T B, @ Schmid factor 1=} 5 |
LIRET D). T0Z08 (SS) & LT, 16, 24, 28,
32, 36 L7z, TRFRDPFITOVT, 1 [HEKD

— 37 —



1344 & & 0

5 62 &£ (1976) 5510

7= S SofEH, 24, 28, 32, 36 THHES D100},
{110}, {111} o r{H%, Fig. 5 TR 7.
TROFOFE—E L LB 0o—FEmE LT,
SSoEEZARELT313E, AREFERADLIPTE
bt 5. zoEsd {100} unw), {110} uwww) 1 S S
EPZTHHEVEEL SIS, (11} uw) 12 S S
DEZRELTH L. MRARHERI/IEL LY, §§5=

55z32

$5=24

Fig. 6. Contour-line map of r(¢, 8,45°) for S§§=
24 and S§=32,

36 DIBEANX, Fig. 2 ®a=0.0 o (Fbb, SS
=48 X)) DL, FLAE—FT 5.

§§=24, §§=32 DFH/IZOWT, g=1{¢ 6,45°} F
B r (A BB % Fig. 6 2iRT.

S§=24 DB, Fig- 3 Txi35 a=0.25 OHE
LR g=1(0,45° 45°}~g={30°,45°,45°} FHRDEEE
g, HEME r iR b, S5=32 oL BB L,
EMHNTEHBKE .

8$§=32 (¥7ebb, £TX0FD55, 2/3 OFT XY
FBEB L& LIER) © r(¢,0,¢) oOffilx, a=
0.10 & LTHI Uiz 7 ffl & 1piE—5T 5.

4. RERRD r EDOETE

41 RSA—-2DEE

SIHCHMBLA LS L BLAOEEIC D ESVTEHE L
7o (g, 0,0) b, ThXTHhOBEED R(Y,0,¢)%,
(I9E»nbHkKdD, zhbDEE w(g',0,4) & X (20)
2, @HXEFAWCTHEERD 7 2 FH UEEIE 1t
7% L.

SPCC, SPCE xhzh 5 alic oWt aTiko
7o FHEEER O L %, Table 1R,

DEDX 5 HEGREZ DD I EDREDD EIT
BPE L7z r IS, SEAIE & R X W—32 R/ L, &0
b, (2 HOTRIFETCERTVWNTHELL B
&1 &, [0.10 Lk Schmid factor %3 >3 XY FH
X ORDIHE] o r i3, EREGIWERZTT.

Table 1. r(qa1y-values, calculated from various r(¢, 6, ¢).

Angle from rolling direction. On the hypothesis of no crystal rotation.
(deg.) T (obs)
@ ss=16 s5=24 s5=32 a=0.10 a=0.25

0 1.74 1.70 1.63 1.66 1.74 1.59

45 1.61 1.57 1.53 1.54 1.63 1.42

90 1.71 1.66 1.60 1.62 1.71 1.60

Table 2. Chemical compositions (wt %).

Specimens C Si Mn P S total N 0] sol. Al in‘iﬁl'

SPCC-1 0.068{ 0.001| 0.33 0.012 | 0.019 | 0.0020 ; 0.0269 | — —_

SPCC-2 0.034{ 0.001| 0.28 0.008 ! 0.010 | 0.0016 ; 0.0269 | — —_

SPCC-3 0.046: 0.001 | 0.38 0.011 | 0.019 | 0.0018 { 0.0263 | — —

SPCC-4 0.065 | 0.001} 0.35 0.023 | 0.025!0.0022} 0.0285 | — —
SPCE-1 0.004 | 0.007 | 0.11 0.013 | 0.010 , 0.0050 { 0.0022 { 0.032 | 0.003
SPCE-2 0.007 | 0.010 | 0.15 0.011 | 0.008 | 0.0043 ! 0.0027 | 0.033 | 0.002
SPCE-3 0.009 | 0.034 | 0.23 0.009 | 0.012}{0.0079 | 0.0024 | 0.052 | 0.001
SPCE-4 0.007 | 0.012] 0.13 0.007 | 0.006 | 0.0077 | 0.0021 | 0.043 | 0.002
SPCE-5 0.009{ 0.006 0.16 0.009 | 0.006 | 0.0055 1 0.0023 | 0.046! 0.002
SPCE-6 0.005| 0.010} 0.10 0.012 | 0.007 { 0.0043 | 0.0026 | 0.031 | 0.001
SPCE-7 0.004 | 0.017 ¢ 0.11 0.012 | 0.007 | 0.0077 | 0.0041 | 0.044 | 0.003

t
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Fig. 7. Relationship between calculated strain
ratio, 7(ca), and observed one, 7(opg);
(a) 7(ean for a=0.10 and (b) r(ap for
S§=32.
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Fig. 8. Planar anisotropies of strain ratio for SPCC
and SPCE specimens as shown by compa-
rison between calculated and observed va-
lues; (a) 7(cayy for a=0.10 and (b) r¢ean
for $§=32.
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(a)
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Fig. 9. & =45° section of the crystallite orientation
distribution functions for SPCE-4. (a) as
annealed, and (b) after tensile-deforma-
tion (e=15%).
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Fig. 10. @ =45° section of the crystallite orienta-
tion distribution functions for SPCC-4.
(a) as annealed, and (b) after tensile-
deformation ¢=159%).

BREE) BETH D {111JK0IT) Bk OMRE X5 &
P VETFTHD. LB OTEHORBIERES BEROTL
NEX DR LT HI. T I ZDMOSEI LIz
RIS ORI S X EFTHR T LTEETERNT
HAH5.

WHEOEMIT RO TIR L OEEAHEE LTHYDSHL
FRR S 2 S o0OREWTH Y, EED DIl L
D% (3£ T Hiigo £5HEEERLE ARSI 5 72
D, MRIVELHMEBED 20 EREOXFMNODL Y
XERIC LT X ORIGEFE R EDOBMmaED D LB o7k
ET A A bbB EELLNS.

X TEHELY, HFUSEHDEE L-BEr» SEAH
S 2 RS BT, e=15% OEESERELRO T4
# 5z 7o oW T E R TeEs 5 AL A B R R Skedb s
AT DESHME: & ik L. Fig. 9, Fig. 10 i53E%
TERTHE D =TT S L B D ¢=45° HTER % &
F.

Fig. 9 I%, SPCE-4, Fig. 10 ¥, SPCC-4 iz
TORMFERTHY, wIhoRicswTh(b)litw=
0, 37sbbEELFIT 15% BPRRERC THE5 X 72
BOoESHEETT. ChHE rER2RIELRJIS 552
REBF OFTH» LRR LXBRAE2AVCilE, &
H L7

MEHEeE D 08 LT ERBRRZERATE LT, {111}
<112) 4% (g={60°, 55°, 45°} BL X g={0°, 55°,

— 40 —



[

KREESHULHBEBEE AR ERED r BEOFE 1347

45°}) DIEEH I X LI L, {100}{01T) FHRL
(g={0°, 0°, 45°} L XU g=1{90° 0° 45°}) DIEE
PG 2 RN LT WS, ZDiEd,  {100}01TY 25
(I1}01TY (Ficbh, g={90° 0°45°} 75, g=
{90°, 55°, 45°}) wHFT®, RD|K1II0) fiber HHLD
RN L OT WS, ZDT &%, BEkhEELAT
FEE LTET TR, (111112 5, {111KI10) ~
@ NDJNLS fhEhh o 30° EiEEXEH LT, {111}
{110y A5 {001}<110) ~ RDJK110) %Y OEIER
CEOTEEET S, H5BHVvE, {11112 »s, {112}
10y ~ RD-60°//K110Y Gfi% b @ 20° o [Edx% %
LT, RDJKI10) #hE40 o 35° Eimc X ->T {001}
U0) WET B, Tt & OBV FTAED b g v

LA LA s, 20X S ISk E—HRoAkiciEl
F T EROFRIHETE BB LRI 2D 5 5254 ENY
KRIDEETHHH. ZOX 5N TERMEOSE
EHEE T 5 & {(111110) Fhik X0 Eh S0l
EEOFLLOARE BT, ERAHRTT ORHEOZEL Lk
WEHRIA KR ERBTFETHZ EMibrd. ZhLDERIT
IoCHBO r EREELALE FREELEVWED
HEi X oTHEE Lok, EEGEWEZZS D
WY THAHS.

DLy, ERF—ZTOVWTHEILTHS. FiE
HENC B RER 25 272 & & OFHE| r Ak SPCC-4 T
VX 7(ops)=0.98, SPCE-4 iz D\ T 7(opy=1.65 & 75D
Tkxbh, [¢=0.10] DREDD LIKHEHE Lz 7 fEIT,
SPCC-4 CIX, 7an=1.07, SPCE-4iz 5>\ T, 7(can
=1.75 Xz o7z, —7F, ERHBEDO=ZRICH AR5 il
HrAWTHEE L7z & 2% SPCC-4 Tl 7an=1-10,
SPCE-4 oW TlE 7@an=1.69 &7s27-. ZTDZ &
75, i &b, Fig. 9 (a), Fig. 10 (a) 5%
WY o Ml 2V TR ERARIC S VT,
Tean DEXITEAEZE(LA L VEVWZES.

FelE 513, EFEBERENBIC OV TSRS AR
1% & Hosford-Backofen & X % % f5dn A D& RIGEE
FHEEEEACTHE O ARG REE « M{r (a)} &K
B, FOED 0<r (a)/ {1+ r ()} <1 W HEAN
L, EELicr (a)EX ki Mir (a)} ExiT
LTV HFRELUTYMESHAREZ D LiIT LT
BLEEDL, ZREBEORSGHBIEZ D LT LTEIRELE
BED M7 (a)) MBRORNMEZIZEAEEDLT, £
LA 7 (a) BEX okdiz M{r (a)} &ZE—FL
RPROESAEOEE XTI LAY T OFRT BT
W5

EELHBDEX D rERkdDi & EICHVWN Dl

ErowtBaLTthas e, 7ok xiE (111}N D f@EE
¥, ZEATIC I VT SPCC-4 Tk 6.3, SPCE-4 1>
Wik 12.4 L BETH B8, LKL TR, SPCC-4T
tX 4.5, SPCE-4 iz oW TiX 9.6 :7xo7. MNESH
Mex T LA ETHES 5B EREOHTIER LT
W5 DT, ERRHTH Y EZ8DS.

I HTAHEC OV LR B O IRITH 68 F7RL T
B ¢ icowv TESL LGSR (BEHEERE) 0
6, ¢) %k, ThHDEL, 2RY ¢ TOWTFY
(ELL2WIEDEE L7-RIE RGO, ¢) X D7 (can {H
wkdIz. HRHO 20, ¢) ZAWKESE, SPCC-4
Tix, 1.00, SPCE-4 iz owld, 1.71 L 5EBEL
hiz. ZER#HED 020, ¢) ZRAVWVTRELTAS L,
SPCC-4 Tix, 1.07, SPCE-4 iz-owwix 1.76 L7%
St —F, FER LIE T obsy 1L, SPC-4 TiX 1.01
SPCE-4 iz oW Tik 1.76 ThHotz. FRENDOMEIC
DWT, Tah & 7 by D, BIXCERHD 000,
©) BRAWVTKRDI: 7 an EERED 000, ¢) =H
WTHEHE L7 can DEE, FRFENO0I0 T THB.

LB X 5 i ZRIniEsh Ao R v TSR
HEo r [EERERT 55513, ERFRAREL AR
HEDOBFL LEFICANDS Z LHBTE, X5, 5RD
HimEr 2B EO rBEd kDD ENTRETSHS.

BELOFERT, FEEMCRERD, BROLFERL=
WIRICHRE L, AT — 2 & LT RIS RS
MEEAZER LbDTHY, TTAREOKBLHEDS
LR THBHDT, FHELORE R HEAENRSHIET
BWERD B &, BODEERV. MECOWT
WHEZEHDER, aRXU SS OEEELITHXT
FOHEE DX —FHTHELEELAILRETD
4. abXiN SS wwovThE, EEIE & LTEkD
FERTHD, LROVPENBE®RIEIDVEVTHS. EXR
B ENRT WA X S I I EIEE Ofs i AL D&
WIER LTS ET 57451, ZhbHDERID 7 E ¢ Tean
Vi, @ DEA P 2T HIE EAELEITR WS, SIEER
HRLiT 2w T, T o0F KD Schmid factor 257
HOEWEETHH LTS HDMBEN2E3dHD, a
DEZPZD E Tean BV, PRDEBTS. LicHD
TeAfEERC AN TREO r B2 HEE T 2AFES
kWi, EMECEWERZS 25 a DELEET
5 UEHH DT

— 7, RERGACX D, {EBHT D ROES T ELD
ONGEREROERF LSINTWEH, LOEEET+HS
KIBRXNhTWwWD Z Eldv iy, £ iz, Hos-
FORD-BackoFEN D FEEZHA L THIETEEED, &

— 41 —



1348 & &

% 62 £ (1976) 5105

BT RYFZROFELFETOVWT—FE L LTHEEINT
W5, (GBE, SEOTROFJNRELNTVWEY) EHS
By BHMIEOVWT—EDREDT XY RAFERT S
E LB EIT DWW Th Mg T2/, $§5=32 LT
RDFZ rean 05, a=0.10 & LTHE LA fean X<
—FT 5z &k, Schmid-factor DXk X WEHIZ 32 @D
TROFREHFECANIEES, STV T, &
FRLOIEB T~V FD Schmid factor %3, 0.10 L) F o
B2 O L LHHELEFASETHS.

Tisdb, BCC £BOMHZ M EST45IC AR X
hfw&wﬁ%ﬁfﬂ%Aﬂ%#6§F%ﬁ®f@%,

FEHBEOXSHABMIFEVT I kDI S5 T3 L&,
a=0.10, HBH\ESS=32 DX S5 hERFLATTS
2B r0f.

6. & B

EWRERA NS L, BE— ARl r{Eir S
FHHLAT 2 —%2 : R(¢,0,¢) &X DHEEIRD 7
R LB it Emz LT o8~

() £%¢k%m@%ﬁibtw&ﬁibfﬁﬁb
758, B— B r{E 1 7(4, 0, ¢) DENE HAIL,
a DEIZSOWTIRNELTBEYE, SSEonwTiEks
LT3 E, ML RBENCHS.

(2) SEESNK (4 0,6) XD, R(P,0,¢) 5
HL, Thonss 2—2% wido,4) KELZSHL
ToRDTz 1l 2 1cary ZFEPE : 70vey & HEIE, FREFL
7. ZOFE, HREER LKV ERE L EEIRER|
fEEEBITE<—FKL, £0biF, a=0.10 51
§§=32 r L7+ &3t EfE, +0.15 DN CEHE &
—F L.

(3) SPREEANIZEOEEME R = RITHM AL T
Bt X LIz L 2 5, £AHUSLTLIIETCTHY
FHUOHRTEFER LTEMMB 2R D> K DI, 2K
DL LTVWDESHELZLRS. L LErb, HiL
SFHDFBZ VR TERT B O, TRTE RS
DL LI WARNRERD D5l efk s LTahig, &
FaEEOEEMNRD LN WO TESEE LW E WD
RESFFHAEC RN TRV I DEEI L FNREYT
Hbr5.

X [

1) W. T. LankrorD, S. C. SNYDER, and 7. 4.
Bausuer: Trans. AIME, 42 (1950), p. 1197

2) R. S. Burns and R. H. Hever: Sheet Metal
Ind., 353 (1958), p. 261

3) BE, WY, miE: BEREBERE, 27 (1963),
p. 481

4) R. W. Vietaand R. L. WaiTeLEY: Colloquium
of IDDRG, Inst. Sheet Metal Engineering,
London, (1964)

5) J. A. Eruias, R, H. HEvER, and J. M. SwmiTH:
Trans, AIME, 224 (1962), p. 679

6) M4, A%, @E: £XK4&E, 14 (1962), p.211

7) &R, R¥E, mE: BER&BE¥4HE, 29(1965),
p- 393

8) W. E. HostrorDp and W. A. Backoren: Funda-
mentals of deformation processing, (1964), p.
259 [Syracuse Univ. Press.]

9) =2 z21¥, M. GrumBacH and P. PARNIERE:
Colloquium of IDDRG, Inst. Sheet Metal
Engineering, Géteborg, (1974)

10) R. j. Roe: J. Appl. Phys., 36 (1965), p. 2024

1) dejil, @ gk & PN

12) #aig, B, /DME: gk 89, 61 (1975) 7, p. 991

13) deJ, ®a: k& §0, 60 (1974) 11, S$489

— 42 —



