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Influence of pre-strain on properties and microstructure for high strength low alloy steel

Kong Yuqiang, Li Wei, Duan Peng
(College of Mechanical Engineering, Zhengzhou University of Science and Technology, Zhengzhou 450064, China)

Abstract: For HC340LA high strength low alloy steel, its microstructure and mechanical properties were analyzed, and 0%, 5%, 10% and
15% pre-strains were applied to the uniaxial tensile samples in three directions, respectively. Then, after unloading, the samples were sub-
jected to secondary stretching until the fracture of samples, and the stress-strain curves were obtained. Furthermore, the key parameters such
as mechanical properties and work hardening were extracted to obtain the influence laws of pre-strain, and the microstructure of uniform de-
formation zone was observed to obtain the influence of pre-strain on the microstructure. The results show that there is a yield platform and ob-
vious Liiders band. The strength of material increases with the increasing of pre-strain. The elongation after fracture decreases at the pre-
strain of 5%, but it increases with the continued in creasing of pre-strain. The instantaneous work hardening value rapidly decreases with the
increasing of pre-strain, and there is a significant difference in variation amount. The size of ferrite grains changes with the increasing of pre-
strain amount. The size of pearlite does not show significant changes, but its arrangement direction changes with the deformation of ferrite.
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Table 1 Chemical compositions of material (%, mass fraction)

JLE C Si Mn p S Al Ti
& 0.0635 0.02  0.63  0.017 0.0085 0.0370 0.0035
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Fig. 2 Engineering stress-engineering strain curves of material
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Table 2 Mechanical performance parameters of material

Jit M ihr WrE TR

Ll o o EIR BRIBEY
dREE/ wE/ KR/ B

J7 ] 4 (GPa - %)
MPa MPa % n

0° 342.4  445.5 32.1 0.16 0.77 14.3

90° 353.7  440.8  31.1 0.15 0.80 13.7

45° 348.2 432.6  36.2 0.15 0.80 15.7
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Fig. 3 Engineering stress-engineering strain curves in different directions under different pre-strains
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Table 3 Mechanical properties of pre-strain tensile materials

FL1 7 i AR JEMREREE/MPa BURLSREE/MPa  WIRMKRR/%  INTRfERES . iR iﬁjfj’t_{/%)
0° 418.3 462. 6 34.1 0. 080 0. 904 15.8
90° 5% 420.0 460.0 30.8 0.079 0.913 14.2
45° 411.7 453.7 34.2 0. 080 0. 907 15.5
R — 416.7 458.8 33.0 0. 080 0.908 15.2
0° 466. 2 480.8 34.2 0. 050 0.970 16. 4
90° 10% 470.0 485.0 31.6 0.043 0. 969 15.3
45° 460.2 473.3 35.1 0. 050 0.972 16.6
FHE — 465.5 479.7 33.6 0.048 0.970 16. 1
0° 481.5 483.8 37.8 0. 020 0.995 18.3
90° 15% 489.2 491.5 31.9 0. 020 0.995 15.7
45° 482.9 484.7 35.8 0. 030 0. 996 17.4
S — 484.5 486.7 35.2 0.023 0. 996 17.1
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Fig. 4 Variation curves of mechanical property parameters under different pre-strains
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Fig. 5 Work hardening curves during tensile process
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(b) Elongation after fracture and product of strength and plasticity
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Fig. 6 Microstructure of samples after different pre-strains
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