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Production and Quality in Hot Rolled 60kgf/mm® Class Dual Phase Steel
Seiichi SUGISAWA, Shigeki HamamaTsu, Kohei Kikuchi, and Kazutoshi KuUNISHIGE

Synopsis:

Manufacturing factors and properties of hot rolled 60 kgf/mm? class dual phase (DP) steels by two
producing methods, which were suitable for mass production, were discussed.

(1) As rolled extra low temperature coiling method developed using three step cooling ‘pattern,
called as ‘““Inline controlled quenching (ICQ ) method” was suitable for massproduction of DP steel
with low alloying component (1.5%Mn and low Si content less than 0.15%). It was important for
stabilization of mechanical properties to control the temperature and period of the second air cooling
stage between water cooling stages according to variation of chemical composition.

(2) The continuous annealing (CA) method as the heat-treated type process was fit for the case
that low yield ratio was especially required.

(3) As the result of investigation about formability, bake hardenability and weldability, it was
proved that the hole expansion ratio of DP steel was remarkably improved with inclusion shape control
by calcium-addition, bake hardenability of ICQ-DP steel was larger than the CA steel due to higher
solute nitrogen content, and that weldability was excellent except flash-butt welding for auto wheel rim.

(4) DP steels were successfully appliable to auto wheel disc and most parts made of hot rolled

mild steels and their applications have been useful for weight reduction.
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Fig. 1. Manufacturing process.
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Fig. 2. Cooling pattern of ICQ method.
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Fig. 3. Effect of intermediate temperature (IT)
on tensile properties of 60 kgf/mm?2 class DP steels.
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Table 1. Examples of chemical composition of
60 kgf/mm? class DP steel.

Chemical composition (2%)
Steel ——

C Si Mn P S sol. Al Ca N
A 0.09 0.12 1.50 0.019 0.002 0.020 — 0.0049
B 0.08 0.14 1.48 0.021 0.001 0.037 0.0031 0.0061
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Table 2. Mechanical properties of DP steel A shown in Table 1.

Manufacturing Thickness Direction YP TS El YR YPE n-value r-value  Bendability
method (mm) (kgf/mm?)  (kgf/mm?) (%) (%) (%) 5~15% 15% 0t
ICQ 2.9 L 42.0 62.8 32,0 66.9 Q 0.181 0.77 Good
' T 43.5 63.1 31.6 68.9 (4] 0.178 0.79 Good
CA 2.9 L 40.2 63.7 30.8 63.1 4] 0.183 0.72 Good
: T 41.3 64.2 30.1 64.3 0 0.179 0.73 Good
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Photo. 1. Microstructures of 60 kg/mm? class DP steels produced by a) ICQ, b) CA method.
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Fig. 5. Relation between tensile strength and yield
strength or elongation in 60 kgf/mm? class DP steels.
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Table 3. Tensile properties of various steels tested
for forming limit diagrams.

Tensile properties
Thickness - - .. —_ R
Direction

Type of steel Y P TS El
(mm) (kgf/mm?) (kgf/mm?) (%)

1ICQ 60DP 2.6 L 42.5 63.1 32.5

Conv HSLA 2.6 L 50,5 63.5 26.7

45 kgf/mm? 2.6 L 34.1 47.0 35.2
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Fig. 9. Effect of calcium treatment on hole
expansion ratio.
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parison with conventional HSLA steel.
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