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Experimental and simulation studies on the anisotropic
behavior of E40 steel
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Abstract: The plastic deformation behavior of E40 steel in the tensile state was investigated by unidirectional
tensile experiments, and the results showed that it has significant anisotropic characteristics. Based on the
experimental results, three yield models, Hill48, Y1d2000-2d, and Y1d2004-18p, were parametrically
calibrated, and their strain hardening behaviors were described using a modified Hockett-Sherby model. A
VUMAT subroutine was developed and implemented using ABAQUS software and combined with a sheet
metal stamping experimental system to evaluate the engineering applicability of different yield models.
Comparison between numerical simulations and experimental results shows that under bending radii of r =
200 mm and r = 500 mm, the prediction error of the Y1d2004-18p model is less than 4%, with its prediction
accuracy approximately three times higher than that of the Hill48 model. The study shows that the Y1d2004-
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18p model can more accurately portray the anisotropic response of E40 steel, which provides an effective
constitutive modeling strategy for the simulation of precision forming of ship components.
Key words: yield model; anisotropy; E40 steel; stamping forming
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Fig.1 Uniaxial tensile tests and the geometry of samples
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Fig.2 Tensile test curves of E40 steel in different directions
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Tab.1 Mechanical properties and Lankford coefficient (R) of E40 steel at different orientations

Ll Ji AR5 JEE o /MPa PLbiiR e o, /MPa KR /% JR I FER TR
0 348.9 636.0 315 0.887
15 348.4 628.8 30.6 0.868
30 354.4 641.3 31.4 0.897
45 361.3 634.4 313 0.945
60 357.1 652.5 31.8 0.847
75 357.0 639.0 30.8 0.808
90 359.7 639.3 329 0.859
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Fig.3 Linear fit of Lankford coefficient in different directions Fig.4 Comparison between fitted and experimental values of
the hardening model
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Tab.2 Fitting parameters of hardening model

ZH Ty K 0 b a
Hockett-Sherby+Linear 983.835 131.570 7387 0.663 —150.245
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Tab.3 Anisotropic parameters of the Hill48 yield model
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Tab.4 Parameters of Yld2000-2d anisotropic yield model

al a2 a3 a4 as ab a’ a8
1.069 0.918 1.186 1.025 1.073 1.355 0.981 0.773




555 1 S5 —7R5E . BA0 B4 1) SEA T oA B S B8 AV FULAE - - - 809

E(al,--~,as>=2( ) a —1) ©

Ko o IR 4y IR F S i T ] DU AT 0 JE AR g AR 1) S AR B S B B, o RN RN R R
Y1d2000-2d i IRAEHIAE S i1~ 1) b A FE
2.3 Y1d2004-18p & AR1EHY
EEXF Y1d2000-2d Jeit AR R A 52 24 B A1 RAS R B9 RAERIBR, Barlat 251 3 F w3 B ok AR BB 42 1
THA 18 M4 5 S EY Y1d2004-18p Ji IRASIAY 20 738 3k 5 | AR A8 40 i £ 55 7 g i 7K o
HATER AR . % R AL G

3 3
o=, ), 1851 =47 (10)

T B40 B9, a=6. o MBI J1 (ZE500i 11), 8 S sk S . 8" i =0 E, BATTH R Sk
SR A E Lo R X

§=CS=CTo=Lc (11)
§'=C's=C'Toe=L"c (12)
A1), (12), CFC" N ) sk AR AR, 40T =X
0 —-c, —¢5 0 0 0]
-, 0 -c 0 0 0
| =d, ¢, 0 0 0 0
C=l'0 0 o ¢ 0 o0 (13)
0 0 0 0 ¢ O
0 0 0 0 0 c
0 -, =5 0 0 0]
¢ 0 -, 0 0 0
o _C;/l _C;/Z 0 0 0 0
C=lo o o0 <& 0 o (14)
0 0 0 0 ¢ 0
0 0 0 0 0 c,
THRZNE e, N AR
2 -1 -1 0 00
-1 2 -1 000
-1 -1 2 00 0
=310 0o 0 30 0 (15)
0 0 0 030
0 0 0 00 3

AT HAE Y1d2004-18p F45 ] Sk AL, FEF 3R 1 PO IRIIB ) Sz A 3145 04 0 2= M RE R,
SR VBB BE T a3 0 T RS B 2 b AT R b o, AR/ IME IR 22 R, e 243 B OB R 240N 36 5
IR

% 5 E40 $HHJ Y1d2004-18p I R
Tab.5 Coefficients of Y1d2004-18p for E40 steel
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Tab.6 Experimental and predicted values of normalized yield stress for E40 steel

Jr /e SEIE Hill48-S Hill48-R Y1d2000-2d Y1d2004-18p
0 1 0.9903 1.0156 1.0004 0.9990
15 0.9987 1.0030 1.0101 1.0068 0.9997
30 1.0158 1.0184 0.9990 1.0217 1.0170
45 1.0354 1.0316 0.9923 1.0351 1.0331
60 1.0236 1.0345 0.9949 1.0388 1.0248
75 1.0233 1.0301 1.0027 1.0345 1.0244
90 1.0309 1.0271 1.0070 1.0314 1.0298
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Tab.7 Comparison of experimental and predicted Lankford coefficient of E40 steel

Ji /e LA Hill48-S Hill48-R Y1d2000-2d Y1d2004-18p
0 0.887 0.825 0.887 0.888 0.887
15 0.868 0.814 0.903 0.902 0.862
30 0.897 0.795 0.934 0.931 0.893
45 0.945 0.799 0.945 0.948 0.957
60 0.847 0.842 0.920 0.923 0.852
75 0.808 0.898 0.879 0.880 0.814
90 0.859 0.925 0.859 0.861 0.858
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Fig.5 Prediction errors of yield stress and coefficient R for different yield models
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Tab.8 Summary of stamping forming finite element simulation parameters
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Tab.9 Comparison of calculation times for different yield models in simulating stamping forming tests
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Fig.9 Distribution of normal displacement error along the plate length direction (X-direction)
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