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Developments and applications of high strength cold rolled
steel sheets for automobiles
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Abstract

Continuing pressure for the weight reduction of vehicles and improvement of collision safety is driving the
development of new high strength steel with excellent formability. The formable high strength steels which have
excellent drawability have been developed and applied to the complicated inner panels. Although BH steel have
mainly occupied the material market for outer panels, it is challenged by DP steel which have low yield strength
and good bake hardenability. The advanced high strength steel, TRIP steels and DP steels which have excellent
formability are new alternatives to conventional HSLA steel for structural parts such as members and pillars.
HSLA steels also have been used for automotive bumper reinforcements due to their high yield ratio. Higher
grade complex phase steel(CP) were developed for bumper reinforcements by addition of precipitation hardening
to transformation strengthened steel. The usage of the advanced high strength steel are increasing and will
become the main material in structural parts near future. This paper describes the features of newly developed
high strength cold rolled steels for automobiles.
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Fig. 1 The application trends of automotive steel sheets
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Fig.2 Development of formable cold rolled steel sheets
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Table 1 General mechanical properties of formable high strength steel and BH

steels
NAH 42
steel
YS(MPa) | TS(MPa) El(%) r LDR BHy/BHz(MPa)
340ES 205 345 43 2.36 2.45 -
390ES 230 392 40 2.10 2.40 -
340BH 227 358 41 1.60 - 25.0/37.6
490DP 301 521 33 - - 22.7/445
| -=-340BH -~ 490DP
200} 170X 20 min Baking Treatment 60 |
g 0.75mm ;_(G 0 ~
£ r \o\_%__
§' 150 0.70mm N % —e
g 20 +
Qe BHZ
100 (BH=40MPa) 0 ,
: ! L L -1 1 3 5 7 9 11
1 1.5 2.0 25 3.0 3.5
Major Pre-strain(%) Prestrain(%)
Fig.5 Comparison of dent depth Fig.6 Variation of BH with pre-strain of
between IF steel and BH steel 340BH steel and 490DP steel
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Fig.7 Application of high strength steel sheets
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Table 2 General mechanical properties of advanced high strength steel

Grade(MPa) YS(MPa) TS(MPa) E1(%) Ceq.
440 [F-HSS 308 445 35 -
490 DP 318 520 34 0.20
HSLA 503 636 23 0.20
590 DP 378 588 29 0.23
TRIP 394 599 35 0.28
690 DP 430 727 23 0.25
DP 481 843 18 0.28
780 TRIP(LSi) 526 790 24 0.30
TRIP(HSi) 470 785 30 0.34
980 CpP 637 1000 14 0.32
1180 CP 1067 1182 9 -
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Time
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Fig.8 Schematic diagram for manufacturing of
transformation strengthened steel.
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Table 3 Comparison of formability between 590TRIP and 590DP steel

Material YS TS U-El | T-El n ‘o Ar LDH FLDq LDR
ials
(MPa) | (MPa) | (%) | (%) |(10-20%) (mm) (%)
TRIP 0° 404 614 21.6 | 35.9 0.22
590 45° 423 624 19.9 | 33.1 0.20 1.19 0.49 30 37 2.25
90° 398 610 21.6 | 36.4 0.21
op 0 355 576 15.9 | 28.8 0.16
590 45° 359 580 15.3 | 28.3 0.15 0.96 0.18 25 - 2.20
90° 356 578 15.0 | 29.3 0.15
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Fig 9 Comparison of stress—strain curve and n-value between TRIP and DP steel
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Fig.10 Stress-strain curves of high strength steels for bumper
reinforcements
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