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Effect of Strain Rates on Strength of Sheet Steels

Shusaku Taxact, Kazuya Mivra, Osamu Furuvkin, Takashi Osara, Toshiyuki Kato and Shingi T anmura

Synopsis : Stain rate sensitivity of deformation behavior in various sheet steels were investigated in order to find out the suitable

steel for automotive anti-crash parts.

Dual phase steels consisted of ferrite and martensite phases absorbed higher

energy at strain rate of 2X103/s with lower yield strength at strain rate of 2X10-%/s, compared with other steels.
Higher energy absorption of dual phase steels was due to high strain rate sensitivity of yield strength and n-value.
Increase of volume fraction or large surface area of martensite phase in dual phase steel led higher strain rate sensitivity

in work hardenability as well as yield strength.
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Table 1. Chemical composition and microstructure
of sheet steels tested.

Thickness :0.7mm
Chemical composition / mass %

Steel Structure C Si  Mn P S Cr
uLs Ferrite 0.003 0.04 0.18 0.01 0.008 —
LS Ferrite 0.061 0.03 0.28 0.01 0.012 —
SSH 440 Ferrite 0.003 0.55 1.50 0.10 0.006 —
SSH 590 Ferrite 0.003 1.44 202 0.11 0.004 —
DP 390 Ferrite+Martensite 0.041 0.05 1.19 0.02 0.006 0.5
DP 590 Ferrite+Martensite 0.076 0.86 1.75 0.09 0.004 —
DP 780 Ferrite+Martensite 0.16 0.09 1.75 0.03 0.006 —
WH340  Ferrite 0.061 0.03 0.28 0.01 0.012 —
TRIP640 Ferrite+Bainite 0.10 0.98 148 0.01 0.001 —

+Austenite
PH480 Ferrite 0.04 0.73 0.30 0.01 0.040 —
(hardened by TiC)
ULS : Ultra low carbon mild steel Ls : Low carbon mild steel
SSH : Solid solution hardening PH  :Precipitates hardening
DP  :Dual Phase (Ferrite+Martensite) WH  : Work hardening

TRIP : Transformation-induced plasiticity
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Fig. 1. Stress-strain curves for mild steel (ULS),
solid solution hardened steel (SSH440) and
Dual Phase steel (DP590) at strain rates of
(a) 2X1072/s and (b) 2X10%/s.

Table 2. Chemical composition and microstructure
of sheet steel tested.

Chemical composition / mass %
Structure C S Mn P S Or

DP590 Ferrite+ Martensite 0.05 0.96 1.35 0.01 0.004 0.99
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Table 3. Properties of various dual phase sheet steels tested.

Strain rate : 2XX102/s Strain rate : 2X103/s

. Grain size of  Grain size of

X Surface area of
Volume fraction of

Number ] martensite
YS/MPa TS/MPa  YS/MPa TS/Mpa  [omte/um maremsie/um - martemsite /% ;12,10 m)3
1 353 647 595 783 48 24 57 16.2
2 332 620 574 727 5.1 29 58 16.7
3 346 587 579 708 88 88 6.5 18.4
4 333 650 593 775 54 26 7.9 223
5 335 589 574 735 55 3.0 66 18.8
6 326 590 578 720 88 11.1 8.1 23.1
7 332 576 566 696 6.2 14 4.1 11.8
8 305 560 546 670 6.3 241 45 12.5
9 312 542 564 679 8.0 56 5.4 15.4
10 351 605 566 722 53 16 48 13.6
11 321 555 543 676 54 20 15 78
12 317 546 557 675 8.7 2.0 3.3 9.3
13 323 574 550 730 15.0 35 5.0 57
14 349 630 540 754 53 15 38 10.4
15 349 614 548 741 7.0 26 98 14.7
16 329 525 692 7.9 27 7.7 11.9
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Fig. 2. Relationship between collision absorbed
energy at strain rate of 2X103/s and yield
strength at strain rate of 2x10-2/s (Thick-
ness: 0.7mm).

900 900
a (b)
aoo—( ) 800} DPS530
© 700} a 700
e =
E 600 ~ 600 SSH440
= =
B 500 © 500
[0}
2 400 £ 400}
% 4 ULs
T 300 = 3
@ 7]
> 200 2 2
100 100
0 1 1 1 1 1 Ol 1 1 1 1 1
102 100 102 {04 102 100 102 104
Strain rate / ! Strain rate / s™!
Fig. 3. Effects of strain rate for mild steel (ULS),
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Fig. 4.

solid solution hardened steel (SSH440) and
Dual Phase steel (DP590) on (a) vyield
strength and (b) tensile strength.
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Fig. 5. Effects of yield strength at strain rate of 2X10~2/s on n-value for various steels at 10% strain (a) Strain

rate=2X%10"%/s ; (b) Strain rate=2X10%/s.
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Fig. 9. Effect of strain rates on average yield strength for (a) mild steel (ULS), (b) solid solution hardened steel
(SSH440), (c) solid solution hardened steel (SSH590)and (d) Dual Phase steel (DP590).
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Fig. 10. Effects of strain rates on relationship between n-value and strain for (a) Dual Phase steel (DP590) and

(b) solid solution hardened steel (SSH440).
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