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Development of Hot-Rolled Sheet Steel with Significantly Increased
Tensile Strength Induced by Strain Age Hardening
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A new type of bake-hardenable high strength hot-rolled sheet steel has been developed, which shows remarkable
increase in tensile strength as well as yield strength after strain age hardening. The new sheet steel possesses excellent
crashworthiness and high fatigue strength, and also shows good formability equal to that of conventional high strength
sheet steels. This unique combination of properties makes it possible to reduce the weight of the car body by using thin-

ner gauge material when the new sheet steel is applied as crash-resistant parts and underbody parts.
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| BH: Increase in yield strength after baking

| BHT: Increase in tensile strength after baking |
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Fig. 1 Stress-strain relationship of developed steel after strain
aging
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Fig. 2 Schematic diagram of hot-rolling cooling process

(a) 100 prestrain - 170°C X 20 min - 4.500 strain
(b) 14.50 strain

Photo 1 Dislocation networks of developed steel induced by ten-
sile strain with or without baking treatment
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Fig. 3 Effect of baking treatment on (222) peak half-width of
developed steel
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Table 1 Typical mechanical property of developed steel (¢ =

1.4 mm)
YS TS El BH* BHT**
(MPa) (MPa) Q) (MPa) (MPa)
370 478 34 95 57

*Increase in yeild strength after strain aging (20 prestrain - 170°C
X 20 min)
**Increase in tensile strength after strain aging (100 prestrain —
170°C X 20 min)
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Fig. 4 Effect of prestrain on BH and BHT of developed steel
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Fig. 5 Forming limit diagram of developed steel compared with
that of convetional steel (Thickness: 1.6 mm)
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Fig. 6 Influence of strain aging on fatigue strength of developed
steel

Table 2 Fatigue property of developed steel

As received After baking*
Fatigue limit 221 276 (MPa)
FL/TS 0.44 0.50

*100 Pre-strain — 170°C X 20 min
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Fig. 7 Absorbed energy at high strain rate tensile testing of
developed steel compared with conventional steel
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Fig. 8 Variation in mechanical properties during room tempera-
ture aging (¢ = 1.6 mm)
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Fig. 9 Configuration of hat square column
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Fig. 10 Model of crash testing

Table 3 Mechanical properties of materials used in FEM analysis

Steel YS (MPa) TS (MPa)
A 263 374 Conventional
B 332 465 Conventional
C 378 628 Conventional
D 387 500 Developed
E 287 400 Developed (Assumed)
F 487 600 Developed (Assumed)
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Fig. 11 Typical load-displacement curve of hat square column
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Fig. 12 Relationship between absorbed energy and tensile
strength
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