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Prediction of Deformation Behavior of Steel Sheets Based on

Crystallographic Texture

Naoyuki KANETAKE and Yasuhisa Tozawa

Synopsis :

Stress-strain curves under various multiaxial stress states and yield loci of steel sheets were calculated
using measured texture data and a crystallographical theory. A textured polycrystalline sheet is simplified
to be an aggregate of many single crystals with various orientations. A Crystallite Orientation Distribu-
tion Function (CODF) which was calculated from measured texture data was used as a volume fraction of a
certain oriented crystal. Considering restricted glide on slip systems as a deformation mode of a single
crystal, a strain tensor in each crystal subjected to various multiaxial stress states was calculated. In
order to calculate a strain tensor for a textured polycrystalline sheet, the calculated strain for each single
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crystal was weighted by the CODF and averaged over all orientations.
compared with experimental ones for two low carbon steel sheets.

The calculated results are
The behavior of strain-hardening and a

planar anisotropy of the calculated stress-strain relation are in good agreement with the experiment. The
calculated yield locus can also represent a general shape of the measured one.
Key words : carbon steel sheet ; plastic deformation ; yield locus ; simulation ; crystal plasticity ; texture.

1. #& B8

IHhITEHLOBEMTEMIFEL LTHENFEL
v TR+ L, EREOFVRMmELEICH
BIHEVHIREZHE TS, LA LEE, BElLs
LTERET BMBNOBEZIHIE LT, ZZ2HE0R
EAZFOBBEMIL Ttk <, ML7atilBnT
AR T & R K L O TR oM EoE 21T
&Ik o7 FORERLHHMEESMOBFETH D,
JEME 7 0 b 2 2R %@ U O &R & R S HilE L
THE M LE®, &5aE Se L cCanitom
BHH 2 EETL2OCEB LTS, BFREGOME-
B E Pl A HEE LT, KOX ) ICZERETITS
DW=k TH5H. Thbb I THEOLFERE & T4
HErogT ANTMBEMSL &, ZLTEONEM
ML E IS L o TR E AHMEER A ETH
B, ZOFMICESCTMI 72 26§ %7012
3, EMR R TETIEE L RS 2 ERMICEEE TR
TEBIEHLETHD.

AR O 355 & TR & FREIC 2 O ZKINLHEATK &
REREME LTEFSNS., BRO_KEEMNT TR
FRICERARCERORFEAHBEE 2D, TA6ICE
BrRIFTHEBRTO—2 L LTHEAGHMIH S, Ko
THBEROBE TRV T FOESEME L 0B
FRIGIE LT, RIEHCER R ERET S L4
VEERD, ZOLOICEREFRIMLIICE LS
MOIREE® TEX AL EMICHIALENSH L. 3T
bbb EROEAFE L EEME L DBELMAZ LT
0, FHRO ZEREFHGIEC B L HEOBRRIHY
5. BEHBO=RITHENOFESRE SN TURE
BT ERIICIED S EATREE 2D, BlIRsRED Y
R r EVYY B 5 BERIRS *EAHE> > E RN
WKEHET A Z e Ao Nz L LESAE OB
TRICLEE AL T COERSEE 2R L L
YDBRYHV. EORTEES? IRER OB L
B HRFURB EREMBO T — 5 CES VTR
TFHIL, FEERER L HEBRET LT &2, £ L THRICERR
DRI T 2 HRROGHET WO g £

¥Rk 2 48 2 A 16 A5f+ (Received Feb. 16, 1990)

* B ASEITEE L1 (Faculty of Engineering, Nagoya University, Furo-cho Chikusa-ku Nagoya 464)
*2 KET¥EAZETSHE Ti# (Faculty of Engineering, Daido Institute of Technology)

—101—



2160

% & W % 76 4F (1990) $12 5

HREDPED L L, TOFEOHAEEHRALT
VB, S ICKEHIETKET OG-0 & RO TA
BAVEL, SEIEIRAE T OETMRE & A I EEE©
X BRIMBOFE T RKA 0. AFETEED
L 2, 3 OMBUSEA L, ERME & OB
o BRI OWTHET 5.

2. # & M W

2-1 BHESIN

SRR OB LT 2 B0 Kk 54, Sacus') PR —
BEIZHWSRTWABEETIVTIE, "L BEE SR
DESEK) ELTHEZTVA. HIEROERICD VT
Sachs DEGHEF MY & Tavror DE T & EF 1D
Do FEEINS, $% 12 Bisior & Heo!® 12k 5T
EHIRBEEON, BIBOWLOLDOFERTIEIZD
EFANBENTHLLEERTVES, L L rfBERE
BOHOFHEIZIE Sacus OETFT VLRV AHTH
HIEDVHERENT WS, £ THRBITIE Sacus it
DEFNEHEBEE LTERAL TV, BEOFARE L
TREFHATOTNNEROADIEZ LN, DTN
NEFCBLTCRMTELEZERT 5. BRFTICBT
LHEREL T LOHERDL I TH A,

(1)EH58TH 5 HMAIEZ O L % o Bk &
DEAKRET D, FHMEMOFLEY ZRITHH I
SHBEETET.

(2)4RERKCEBEOSMICFAR szt &, &
BESICO R —IERT 5.

(3) 2 BEROER I ZAEANANORE ST <D RTD
FTRODEFRICL > TORET D, bec BRBDBEHIN 2
TRYDRELTRD LB 4E 5.

1110} <111>, {112{<111>, {123}<111>

(4)BFT<DRTOYEAMILS) 1 LEABOT A 7
EDBRIE, WTFhOT DR THRNTES.

= ky*+ R RRLCLITPITERPITPPPITPPPITIPRIY) ( 1 )

k,n, 10 ldEFHTHA.

(5)2 BTN BETHEE, RN TAIETN
DHRTETHLOTAOEREGOE LTS,

(6 )EEHOEAMMOEIIEE X L.

2.2 BEEROES

Fig. 1 II/RT &L 912, SREMBUCREIE & h7- R &
LCHERES M (RD), WiE/A (TD), WEHE (ND)
¥FxAH. ThE NDOT b0 B 720G 0L 7 EE
¥FNE S, S, S T 5. OSRKERANIH S
TEoOBEEO T HFM% X, :[100], X,:[{010], Xs:
[001] &9 5. COHREFEOHALIZED LS 2 RD, TD,

ND|S3

RD
B
S1
TD
Fig. 1. Co-ordinate system for theoretical cal-
culation.
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Sheet A Sheet B
Fig. 3. Crystallite orientation distribution of used steel sheets A and B.
Table 1.  Mechanical property of used sheets. o
Yield Tensileh }Jniform | , T
Sheet tress strengt elongation n value r value
(kgf/mm?) | (cgf/mm?) | (%) (In)—> 02

A 16.5 28.4 27.9 0.25 2.05 . sga=1:1:
B 15.6 30.6 2815 0.27 1.46 ‘l' 01:02:03=1:1:0
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Fig. 4. Four stress states at which stress-strain
curve is calculated and compared with measured
one.
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(a) Stress state (I)

(b) Stress state (II)

(c) Stress state (III)
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Fig. 5. Planer anisotropy of equivalent stress-strain curves of sheet A at three types of stress

state.
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(a) Stress state (1) (b) Stress state (iI)
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Planer anisotropy of equivalent stress-strain curves of sheet B at stress state 1 and II.
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