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FE Simulation of Non-uniform Plastic Deformation of Steel Sheet and Elimination of Yield Point in Temper Rolling

Fusahito YOSHIDA, Takeshi UEMORI, Yuya KANEDA, Shigeo YAMAMOTO, Yoshitaka GOTO and Gakuto SAKAI

Synopsis :

Finite element simulations of temper rolling of a steel sheet were performed using a model of elasto-viscoplasticity that describes the yield-

point phenomena such as a high upper yield point, the rate-dependent Liiders strain at the yield plateau and the subsequent workhardening.

From the simulations of uniaxial tension of temper-rolled sheets, the mechanism of elimination of the yield point by rolling has been clari-

fied. For the purpose of the elimination of the yield point, the roughness of the roll plays an important role. During the temper rolling with

rough surface rolls, a number of plastic zones are non-uniformly formed on the surfaces of the sheet, and from these numerous Liiders bands

will start to propagate simultancously. Consequently, macroscopic plastic deformation more likely to occur in the temper-rolled sheet under a

comparatively low load without showing the yield point.

Keywords : temper rolling; yield-point phenomena; FEM; constitutive equation.
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Fig. 1. Elimination of yield point by temper rolling.
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Fig. 3. Schematic illustration of Liiders-band front.
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Fig. 4. Stress—strain responses for modes LB and WH.
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Table 1. Material parameters used in the FE simulation.

(1) Dislocation multiplication

5=2.5x10" mm, p,=1.0x10'mm™>, C=3.0x10°mm™>, a=1.0,
£f,=10x10"°, f,=0.1, 1=10.0
(II) Elastic constants

Young's modulus =190 GPa, Poisson's ratio = 0.3

(1I1) Plasticity parameters
D, =210MPa, D,, =90MPa, n=20, M =276
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Fig. 5. FE simulation of nominal stress vs. nominal strain
in uniaxial tension.
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Fig. 6. Stress—strain responses in a material element.

4, AEEEZEDHKE> I 2L —2ar

%{l

4-1 MEFOBIE

FEFEDY I 2L —Y 3 VTR FEHROT ARE AR E
U, HEREMAT AR P o L TRREDH 38 DL LT
Bk - 7z, BTGB OFRERET L (D 12
TFN) & Fig 7TISRTA, THIIRESF % 12HRED
0.3 (mm), BFHIM3.6 mm)IZ DTN AT -7z, BR
BIUABEE T A4 V387 2 b ) v 2EREG, BRS
#ik 10 REHIA) x120 (BFFHA) =12008R (BRI
¥1331) & L7z, kB, BRHH15X180=2700 KD
F—2Z8FEL TARED, BRIZNROERDFALITL
AERLCTH>720T, GHHEBFEOERE S, 5 1200 LR
ETFLEGHATSA I E LT,

O— gL rARAEAR ODBDEEXAMEAATS S

® (ZNZNFig. 8(a), (b)ITRTHEAX%EZH) I2D01T,

Iho ENIRE UCEHEET 572, ZRMXDOHBETFL
T v — L EFmBUNEIONER A EE TS5 Z itk Z
NERBE L, Gk, u— LEBEME SIS FEHREM S
Ra=0.1, 3.5umiZxE L 72RD 47 — Z 1 (1) Ra=0.1 um
(ERELE /Yy F /5 & =2.0/0.381/5.58X10"*mm,
2.0/0.762/9.27X10 *mm) , Ra=3.5um (ZEHPBFE /v
F /8 & =2.0/0.381/6.30X10"2mm, 2.0/0.762/1.00X107>
mm) IZDWTEE LA, T—DOEAEIZI130mm, 7—L
DOR#EE 42m - min~ ' & Uiz, 72, EEHREEZ02& L,
PEHODEERRIZE Y, v —u VEE (TD) fHRE
&g & B L e R Ot HZ T30 7, Mt —)ui
REMICIKAAENS K512, DD 2 DOOEME TIZHE
CEBEBRETH 2 & W) BREHFES A 72, HBEOMHRIC
BT FRROBEIC & 0 B ICEHRBOBRN KM% 5 2
720 FETFEILME O IER & FRRICEEER DM O 2 5 Y
AE—ERHFICEDER L7230 AEEE LTHW, T
Gbb, WOBF ik & UE L HROELERDOKE O
AEkZThZFhe, B, FEOTHIRE BROEST
MO he,=0) ZRETS L, BEERB—ERFL,S g+

FEFEIZFB T 38RO —BEER LR R AR ERROFEMY I 2L -V g ¥

. 4

)

Fig. 8. Schematic illustrations of roll models: (a) smooth
surface; (b) rough surface.
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Fig. 13. FE simulation of uniaxial tension of a temper-
rolled steel sheet (smooth-surface roll). (a) Nomi-
nal stress—strain curves in uniaxial tension for sev-
eral cases of sheet thickness reductions; (b) equiv-
alent plastic strain distribution in a steel sheet at
each tensile step for the case of 1.85% reduction.
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Fig. 15. FE simulation of uniaxial tension of a temper-
rolled steel sheet (rough-surface roll of Ra=3.5
Um). (a) Nominal stress—strain curves in uniaxial
tension for several cases of sheet thickness reduc-
tions; (b) equivalent plastic strain distribution in a
steel sheet at each tensile step for the case of
1.87% reduction.
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