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Spring-back Prediction of MS1470 Steel Sheets Based on a Non-linear
Kinematic Hardening Model
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Abstract
Spring-back of MS1470 steel sheets was numerically predicted using a non-linear kinematic hardening material behavior
based on the Yoshida-Uemori model. From uniaxial tension and uniaxial tension-compression-tension data as well as the
uniaxial tension-unloading-tension data, the parameters of the Yoshida-Uemori model were obtained. For the numerical
simulations, the Yoshida-Uemori model was implemented into the commercial finite element program, ABAQUS/Explicit
and ABAQUS/Standard using the user-defined material subroutines. The model performance was validated against the
measured spring-back from the benchmark problems of NUMISHEET 2008 and NUMISHEET 2011, the 2-D draw bending

test and the S-rail forming test, respectively.

Key Words : Spring-back, Non-linear Kinematic Hardening Model, Ultra High Strength Steel, Yoshida-Uemori Model
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Fig. 1 Measured uniaxial tensile curves

Table 1 Mechanical properties

. YS UTS %Elongation
Dir. - R-value
(MPa) | (MPa) | Uniform Total
RD | 1169 | 1470 4.82 8.07 0.900
DD 1153 1457 4.58 7.33 1112
TD 1152 1470 4.50 7.10 0.935
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Fig. 2 Measured uniaxial tension-unloading curves
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Table 2 Measured elastic coefficients
E, (GPa)
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Fig. 4 Anti-buckling dies and specimen for uniaxial
tension-compression-tension tests[2]
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Fig. 5 Measured tension-compression-tension curves
with 2% and 4% pre-strains
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Table 3 Hardening coefficients for the Yoshida-Uemori

model
Y (MPa) B (MPa) R (MPa) b (MPa)
608.7 1228.3 1134 211.5
m Cl CZ grr;f
79.60 1200 300 0.01
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Fig. 6 Measured and calculated tension-compression-
tension curves with 2% and 4% pre-strains
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base specimen and (b) tools

Table 4 Dimensions of the tools for the 2-D draw
bending test (unit: mm)
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Table 5 Coefficients for the Hill48 yield function
F G H N
0.5063 0.5266 0.4734 1.6651

Table 6 Hardening coefficients for the isotropic hardening

model
K A -
£, n B
(MPa) 0 (MPa)
1616.0 3.139x107 0.0602 212.8 191.9
50
40 | - B
N —-—-- Isotropic
é 30 4 —— Yoshida
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O 0
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X Coordinate (mm)
Fig. 8 Measured and simulated spring-back profiles of the
2-D draw bending test
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Fig. 9 Schematic view of the blank and tools for the S-rail
forming process
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