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A Study on the Cold Formability of Drawn Dual-Phase Steels

K. S. Park, S. W, Choi, D. L. Lee and C. S. Lee

Abstract
There is a growing interest to replace the commercial steels with non-heat treated steels, which does not involve the

spheroidization and quenching-tempering treatment. However, Non-heat treated steels should satisfy high strength and

good formability without performing heat treatment. Therefore, it is important to investigate optimum materials showing a

good combination of strength and formability after the drawing process. In this study, Dual-Phase Steels were studied as

candidate materials for non-heat treated steels, which have different martensite morphologies and volume fractions

obtained through heat-treatment of intercritical quenching (IcQ), intermediate quenching (ImQ) and step quenching (SQ).

The mechanical properties of DP steels were measured by tension and compression tests. Also, the cold formability of

three DP steels which have similar tensile strength value was investigated by estimating the deformation resistance and
the forming limit. The deformation resistance which is important factor in determining die life was estimated by

calculating the deformation energy. And the forming limit was estimated by measuring the critical strain revealing crack

initiation at the notch tip of the specimens.

Key Words : Non-heat Treated Steel, Dual-Phase Steel, Drawing, Intercritical Quenching, Intermediate Quenching, Step

Quenching, Cold Formability, Deformation Resistance, Forming Limit
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Table 1 Chemical compositions (wt. %)

C
0.07

Si
0.83

Mn
1.51

Alloys
DP steels

1000°C, th

ImQ
Fig. 1(a) The diagram for heat treatment of ImQ-DP
steel and IcQ-DP steel
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Fig. 1(b) The diagram for heat treatment of SQ-DP
steel
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Fig. 2 Optical Micrographs for DP steels(Nital etching)
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(ii) Compression test

Fig. 3 (a) Stress-strain curves of IcQ-DP steel
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Fig. 3(b) Stress-strain curves of ImQ-DP steel
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(ii) Compression test
Fig. 3(c) Stress-strain curves of SQ-DP steel
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Fig. 4 Compressive stress-strain curves of DP steels
after 10% drawing

Table 2 The comparison of the areas for the
deformation resistance after 10% drawing
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Table 3 The fracture limit for the drawn steels in

upset test
X : crack initiated

Drawing Upsetting Ratio

Reduction | a9% 0% 60% 70% 80% 90%
1 i 1

Materials
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sQ 10% Pl X (40%)
(750T) 20% el X (40%)
30% X (37.5%)
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Fig. 5 SEM micrographs at crack tip of DP steels
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