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Abstract

Recent ly, researches of energy efficiency improvement are actively proceeded
in the automobile industry and the demand for high strength steels with
excellent ductility 1s continually increasing. Passenger safety has also
emerged as a major concern due to the light weight and faster speed of
vehicle. Therefore, DP steel (Dual Phase Steel) which has composed of a soft
ferrite and a hard martensite phase reveals both high strength and high
ductility and has received an increased attention. In order to apply to
automobile, sufficient understanding is needed about dynamic behavior. The
testing of dynamic property of material is difficult and the testing results
have severe errors. But in order for structural analysis which is conducted
for the safety of vehicle, the highly credible result of an experiment 1s
required. Therefore, in this study, tensile test was performed at the strain
rate range from 10™*/s to 300/s for Sink Roll-Less (SRL) hot-dip metal coated

sheet. Collision properties were estimated through simulation by LS-DYNA



using stress-strain curve obtained from high speed tensile test. Simulation
result was compared with actual crash test result for credibility of
simulation. Also, tensile test and crash test of 2% prestrain and baking
specimen were evaluated identically because automotive steel 1s used after
forming and painting. The mechanical behaviors are improved with increasing
strain rate regardless of PB treatment. Therefore, the plastic deformation
with proper strain rate 1s expected to show better formability and crash
characteristics than the plastic deformation with static strain rate.
Ultimate tensile strength (UTS) and absorbed energy up to 10% strain are
improved even though total elongation i1s decreased after PB treatment, The
results of experimental crash test and computer simulation are slightly

different but generally, similar propensity 1s seen.
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Table 1 Testing techniques according to strain rates.

strain Common Dynamic
o ] ) ] Remarks
rate(s™) Testing Method Considerations
7 High Velocity Impact )
10 ) Shock-Wave Propagation
-Explosives
10° -Normal plate impact
-Exploding foil
-Plate impact . :
10° P Shear-Wave Propagation Inertial
(presi;;f—she?;? X forces
amic—Hi
10* ) g impor tant
-Taylor anvil tests . .
. Plastic-Wave Propagation
-Hopkinson Bar . .
10° . . Adiabatic
-Expanding ring
Dynamic-Low ) )
10? . . Mechanical resonance 1n
High-velocity, or | . .
. . specimen & machine is
Pneumatic machines: cam |.
10 impor tant
Plastomer
10° .
Quasic-Stati Test with constant cross
uasic-Static
107t ] ~ |head velocity
Hydraulic, servo-hydraulic
dri Ny Stress the same
-2 or screw—driven testin -
10 o & throughout length of Inertial
machines
107 specimen forces
107 neglected
N Creep & Stress relaxation
10 P ) ) Visco-Plastic response Isothermal
Conventional testing
107 of metals

machines, Creep testers
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3.1 AlEH A=

Fe - 0.063%C - 0.068%Si - 1.79%Mn -
Algde] dedie Axs 25 dd

A2kt GA(Galvannea — led) EA}F

2 AFA AMgE T2
0.015%A1 wt% FAL zt= &
A

o
stol o A AAEte] | HEAME
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Table 2 Chemical compositions of tested steel.
Chemical compositions (Wt%)
alloy
C Si Mn P Al
DP 0.063 0.068 1.79 0.01 0.015
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Fig. 8 (a) high speed tensile specimen (b) quasi-static tensile

specimen.
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Fig. 9 (a) 2% prestrain, (b) measurement of 2% strain with traveling

miCroscope.
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(b)
Fig. 10 (a) Hydraulic high speed tensile testing machine (Instron

VHS-8800) (b) Quasi-static tensile testing machine. (Instron 4469)
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(a)

(b)

Fig. 16 True stress—strain curve (a) before PB treatment
(b) after PB treatment.
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Fig. 17 Light optical micrographs of the fractured sample.

(F: Ferrite, M: Martensite)
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Fig. 18 Misorientation maps of tensile specimen.
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Fig. 22 Strain Rate Sensitivity of UTS.
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Fig. 23 Calculated absorbed energy up to failure strain.

Fig. 24 Calculated absorbed energy up to 10% engineering strain.
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Fig. 25 The shape of crashed sample tested at 2.5m/s and 4m/s.
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Fig. 26 Displacement versus time curve at 2.5m/s and 4m/s.

Fig. 27 Collision force versus time curve at 2.5m/s and 4m/s.
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Fig. 28 Collision force versus displacement curve
at 2.5m/s and 4m/s.

Fig. 29 Absorbed energy versus displacement curve
at 2.5m/s and 4m/s.

_38_



4-2-2 150 AIE o] &3 FE AlEd A AE

T

Bl o7l YERhveE §E @ S gho
Al Eoldel & Zho] b, LS-DYNA 3DE FAFE AlE#olAde A=
% 31elA YERAT. FES A APHE Qo] AAl FEHES v
- FAalsltE AL & £ vk, 29 32% PBAE f5ol wE w9k
Foepel] wel WeFgo] 55 dUele s ¢

a9 300 E uEJGAY A geRREH 9L IeE - IAWPEES Y
]

Aol U @, % 2
S oQed A4 FE AW Assk S a9 332 A6 1E 3Ee
eI S0k Begel mel B el SAE AS o 4 Ad
Welel me sEe 1y 340 VErhEd wee] Skl uel sEol

KR
AQe o+ Aok Y AN FHF-M9 Fae obe) WAL FEE 1
Y 359 WSl mE FRUAE T¥ & e $E SR G4
YA 2 ks 2S¢ 5 gl

_39_



©
al
=
7))
N
o
| -
e
)
(b}
S
| -
|_
0.00 0.02 0.04 0.06 008 0.10 0.12 0.14 0.16
True strain [mm/mm]
(a)

900
‘© 800 -
al
= 700-
7))
) 600-
o
n —0—107s
(b} ——3/s
> 400- ——10/s
I: —+—50/s

300 - —>—100/s

0.00 0.02 004 006 008 010 012 0.14 0.16
True strain [mm/mm]
(b)

Fig. 30 True stress-strain curve (a)before PB treatment for

simulation. (b) after PB treatment for simulation.
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Fig. 31 The shape of crashed sample tested from computer simulation

at 2.5m/s and 4m/s.




Fig. 32 Displacement versus time curve at 2.5m/s and 4m/s.

Fig. 33 Collision force versus time curve at 2.5m/s and 4m/s.
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Absorbed energy [Joule]

Fig. 34 Collision force versus displacement curve

at 2.5m/s and 4m/s.
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Fig. 35 Absorbed energy versus displacement curve

at 2.5m/s and 4m/s.
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Fig. 36 Comparison of absorbed energy between experiment and

simulation up to strain 10% at 2.5m/s and 4m/s.
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Fig. 37 Comparison of absorbed energy between PB and NPB up to strain

10% at 2.5m/s and 4m/s.
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