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A Comparative Study on the Crash Properties of TRIP
Steels between Computer Simulation and Crash Test Result

Seong Geu Kang

Department of Materials Engineering

Graduate School of

Korea Maritime University

Abstract

The light-weight and safe design of auto-body structures becomes an im—
portant challenging issue in the automotive industry in order to in—
crease the fuel efficiency satisfying the emission-gas regulation of
vehicles. The demand for high strength steels with excellent ductility
is continually increasing in the automotive industry. So, TRIP steel
which have both high strength and ductility have received increased
attention.

Recently, passenger safety has emerged as a major concern because of the
light weight and faster speed of the vehicle. Collision characteristics
must be accurately evaluated to ensure the safety of passengers in the
vehicle. If a car runs at sixty kilometers per hour, arithmetical strain
rate 1s a 67 per sec when considering a part of car with 250 millimeters.

If a car runs at a hundred kilometers per hour, strain rate is 111 per



sec. Therefore, tensile test carried out at 10 ~ 3 X 10° per sec strain
rate is needed for crash analysis. But, in the past, the experimental
results at quasi-static strain rate were applied to constitutive
equation for evaluating crash properties. Recently, a test at the high
strain rate can be carried out and test results can apply to constitutive
equation. Therefore, it is possible to evaluate the collision
characteristics accurately.

In this paper, the tensile testing of TRIP steel sheet for auto—body
have been carried out to obtain flow stress—strain curves at the strain
rate of 107%/s to 4 X 10°/s. Material constitutive equation is needed to
represent the stress at the wide strain rate. The most typical material
constitutive equation is Cowper-Symonds equation. And it's used for
crash analysis using a computer. The software LS-DYNA for non-linear
plasticity analysis was used for crash analysis. The simulation results,
which had considered a strain rate influence, and the actual crash test
results were compared, and the effectiveness of simulation considered a

high speed deformation were evaluated.
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I ] ) ] Remarks
rate(s™) Testing Method Considerations
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10 ) Shock-Wave Propagation
-Explosives
10° -Normal plate impact
-Exploding foil
-Plate impact ) -
10° ( chear) Shear-Wave Propagation Inertial
pressure-shear. forces
4 Dynamic-High )
10 . 1mpor tant
-Taylor anvil tests . .
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—-Hopkinson Bar . .
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-Expanding ring
amic-Low
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Q —Stat] Test with constant cross
uasic-Static
107! ] ~ |head velocity
Hydraulic, servo-hydraulic
dri testi Stress the same
-2 or screw—driven testing .
10 " throughout length of Inertial
machines
107 specimen forces
10° neglected
-6 Creep & Stress relaxation . )
10 ) ) Visco-Plastic response Isothermal
Conventional testing
107 ) of metals
machines, Creep testers
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e = 2.37% ~ end point

True stress (MPa)

_ A =-493.4085
300 B =1611.6978
1 C =10.0023
200 —_ n= 0.1513
100 -
0 T T T T T T T T T
0 5 10 15 20 25
True strain (%)
900
Original data b)
800 + ¢ =1.18% ~ end point
‘® 700
[~ J
> 600
N’ 4
2 500-
Q 4
s 400-
»n J
S 300- A=224.3723
S 1 B=1085.3519
= 2001 C=0.0043
100 - n=0.4194
0 T T T T T T j T )
0 5 10 15 20 25

True strain (%)
Fig.1 True strain - true stress curves applied Johnson—-Cook

equation ; a) fitted from 2.37% strain to end point strain b)

fitted from 1.18% strain to end point strain.
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Table 2 Chemical composition of tested steel

alloy C Si Mn Al Cu P Co Fe

TRIP 0.147 1 0.28 | 1.50 | 0.93 | 0.50 - 0.34 | Bal.
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Temperature ( °C)

SS(C°C) : 800
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GA("C) : 520

Line Speed : Tdmpm

Fig.2 GA simulation applied on the TRIP steel studied.

Time (S)

100
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Fig.3 Sample size for high strain rate tensile test.
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Fig.4 The high strain rate tensile test system
(Instron VHS-8300).
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Fig.5 Knock-out wedge system.
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Fig.6 Schematic diagram of sample attached strain gage.
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3.3.2 Cowper—-Symonds equation

Eia=
L
€ D
o, =0,+0,|— (3-3)
0 0 0( C)
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pE WHELELY wWE dFgagor AS AN AF dgolg. A
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3.4 Crash test
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Fig.9 Equipment for crash test.
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3.5 Computer simulation

Computer simulatione LS-DYNA solverE AF&3F3TF. Box®t plate:
MAT PIECEWISE_LINEAR PLASTICITY card®'= A g3l ow o|u A}&3
NAA EA e 7 39 veERdct.

Table 3 Mechanical properties for LS-DYNA card

Young's modulus 250 GPa
Density 7.8 g/em’

Poisson's ratio 0.3
6m/s 506 MPa

Yield stress 10m/s 519 MPa

Dynamic yield stress C= 151309 /s , p = 6
constants

TE A3 o] tm/s¢ 10m/s ooy, AHA FT= HAFEAN H£27}
6m/s<t 10m/sAth. ©]E F AL 50mmel -8k ¥ %%Ei AlkshH
10°/s8} 2 10°/s0 fFAFSlRR o] F HMgELH L] FH PSS 747 4
83}k, MAT_PIECEWISE_LINEAR_PLASTICITY card 142 1*% 129} 2
om, WIE,6 SH& 3 How = 8/ Hol Hasitl. o] 8719

b

A2 AA A ds el FEeA Had ol et

Al AFF= T& xIstE Aol Tk B AFelME 107/s, 2x

107/s o Bshs WAFE-UES 2ozl & 49 o] 8749 A&

Z3}9lom o] MAT_PIECEWISE_LINEAR_PLASTICITY cardell #]-&
3

__'i_‘_
AT, B4 A TS 6m/se A= 1omsec, 10m/s® A%+ 40msec =

(~

oF BX3ItE. 1 o]f-= AA =243 9] 6m/s, 10m/s 27t 15msece}
40msec ool Al Ago] HA5FRA 7] wFoltt., 2a HA FEAHI
PETEA R AR e &Sk W9, S dduA WSt To SAES
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NewID nerey‘pn|m[mnm}m|mm[mg
[]Use *PARAMETER (Subsys: 1) Setting
*MAT_PIECEWISE_LINEAR_PLASTICITY_(TITLE) (2)
-
TIILE
1 MID RO E PR SIGY ETAN FAl TDEL
3 7.8300-000 |2.300e+005 |0,3000000 |512.00000 [0.0 0.0 00
2c B LESS LCSR. e
1.383¢+005 |6.0000000 |0 «|0 ﬂn.n ~
3 EPS1 EPS2 EPS3 EPS4 EPS5 EPS6 EPS7 EPS8
0.0 |0.0030000 |0.0300000 |0.0800000 |0.1600000 |0.2100000 |0.2600000 |0.3300000
4 ES1 ES2 ES3 ES4 ESS ES6 ES7 ES8
0.0 512.00000 |581.00000 |667.00000 |716.00000 |714.00000 |693.00000 | 583.00000
COMMENT: =
Total Card: 2 Smallest ID: 3 Largest ID: 5 Total deleted card: 0
VARIABLE DESCRIPTION
MDD Material 1dennificaion. A unique number or label mot excesding §
characters must be specified
RO Mass density.
E Young's modulus
PR Potsson’s ratio.
SIGY Yield stress.
ETAN Tangent modulus, 1gnored 1f (LCSS.GT.0) is defined.
FAIL Failure flag.
TDEL Mininnom time step size for automatic element deletion.
c Stram zate parameter, C, see formula below.
P Strain rate parameter, P, see formula below.

ESI-ESS

Effective plastic stram values (optional; supersedes SIGY, ETAN). At

least 2 points should be defined  The first pomt must be zero
corresponding 1o the mitial yield swess. WARNING: If the first pomnt is
nonzero the yield sress 15 extiapolated to determine the nutial yield. If
this option 15 used SIGY and ETAN are ignored and may be mput as

zero.

Comesponding yield stess values to EPS] - EPSS.

Fig.12 MAT_PIECEWISE_LINEAR_PLASTICITY card.

Table 4 Data points for LS-DYNA card

100/s

strain

0.01

0.02

0.05

0.1

0.17

0.23

0.26

stress

506

503

620

759

845

865

748

200/s

strain

0.01

0.02

0.04

0.1

0.17

0.25

0.27

stress

O O O

519

521

622

774

854

878

794
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4.1.1 True stress—true strain curve
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Fig.13 Engineering strain-stress and smoothed engineering

smoothed all data.
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a) smoothed data by FFT filter and b) smoothed all data.
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Fig.15 Strain hardening rate of studied steel; a) 0.01/s, b) 1/s,
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elongation are increasing with increasing strain rate.
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Strain rate sensitivity

of UTS and YS
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Fig.18 Strain rate sensitivity of UTS and YS.
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4.1.4 Absorbed energy
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Fig.19 Calculated absorbed energy up to 10% engineering strain of

Strain rate (log

tested steel.
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4.2 Cowper-Symonds equation
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4.3 Crash test

4.3.1 Experimental crash test

2 a9 21, 29 22, 29 23, 27 240 Z+7t et

3

Esl g

qr

Z_]_._

, 10m/s o}, 5m/se] AS AA

o] Azke] Z7}

L=
AN

6m/sA k. 18 210 YEY

1:1_.
-

i
TH

ol
_TUU

=3
1=

3|

2 Aok, 1

7}

=
S

3w =

=
=

o | A]

st

Eal
2

5}

15} W]

1
Ao
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Fig.23 Absorbed energy versus time curve at 6m/s and 10m/s.
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Fig.24 Vertical velocity versus time curve at 6m/s and 10m/s.
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BOX TEST

Time=  0.01009, #nodes=6164, Zelem=6016 Fringe Levels
Contc_»urs of Z-stress 1.25Te+03
max ipt. value 3
min=2074.283, at elem# 4965 1.043e+03
max=1256.54, at elem# 4792
8.304e+02
6.173e+02 _
4.042e+02
-
1.911e+02
2.195e+01
20
200 kg 2.350e+02 |
6 m/s 4.481e+02
£.612e+02
B.743e+02
S a)
BOXTEST .
Time=  0.01009, £nodes=7927, #elem=7732 Fringe Levels
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¥ b)

Fig.25 Stress state of tested steel at Imsec from computer

simulation; a) 6m/s and b) 10m/s.
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Fig.28 Absorbed energy versus time curve at 6m/s and 10m/s.
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4.3.3 AA =237} computer simulation 23} H]xl
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Fig.30 Comparison of absorbed energy between experiment and
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