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Abstract

This paper concerns the crashworthiness of the widely used vehicle structure, the spot welded hat
and double hat shaped section members, which are excellent on the point of the energy absorbing
capacity and low production cost. The target of this paper is to analyze the energy absorption capacity
of the structure against the front-end collision, and to obtain useful information for designing stage.
Changing the spot weld pitches on the flanges, the hat and double hat shaped section members were
tested on the axial collapse loads in impact velocities of 4.72m/sec, 6.54mysec, 7.19m/sec and
7.27m/sec. To efficiently review the collapse characteristics of these sections, the simulation have been
carried out using explicit FEM package, LS-DYNA3D. The solutions are compared with results from
the impact collapse experiments.
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Table 1 Material constants of specimens

Specimen Yield Tensile Elongation
Thickness | Strength Strength
[mm] [MPa] [MPa] [%]
0.78 166.7 3084 46.4

Table 2 Definition of specimens

H(D) EF, G) I

Type

H : Hat-shaped

D : Double hat-shaped
Spot weld pitch

E : 18.3mm
F : 22mm
G : 27.5mm

| _Impact Velocities
n=0 : 4.72m/sec
n=1 : 6.54m/sec
n=2 : 7.19m/sec
n=3 : 7.27m/sec
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Table 3 Collapse test and simulation results

and impact velocities
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for hat-shaped section members with flange spot-weld pitches

Absorbed Total absorbed energy | Mean collapse load Maximum collapse Deformation
energy, E,J] E:[J] Prean[KN] load, Ppax[kN] S[mm]
Spec.| Test |Simulat] Test |Simulat] Sim. | Test |Simulat| Sim. | Test |Simulat| Sim. | Test |Simulat
-ion -ion / -ion / -ion / -ion
(E)t | (Es | (Bt | (Eo)s | Test | (Pmead | (Preads| Test | (Pt | (Pra)s| Test | (S} | (S)s
HEl, | 438.5 | 435.0 | 1315.5]1495.7| 1.137 | 11.0 125 | 1.136 | 593 64.6 | 1.089 40 34.9
HFI, | 434.5 | 432.6 |1212.411380.6] 1.139 | 10.1 | 11.5 | 1.139 | 602 | 654 | 1.087 | 43 37.6
HGIy | 424.1 | 4333 |1156.6[1296.7| 1.121 | 9.6 108 | 1.125 | 58.6 | 63.6 | 1.085 | 44 40.1
HEL, | 826.2 | 832.5 | 1458.0|1637.7| 1.123 | 12.2 13.7 | 1.123 | 61.0 | 69.7 | 1.143 68 61.0
HFI, | 826.5 | 8262 [1437.4/1594.0! 1.109 | 12.0 | 133 | 1.109 | 60.3 | 69.1 | 1.147 | 69 62.2
HGIy | 824.5 | 8322 11355.3(1536.4| 1.134 | 11.3 128 | 1.133 | 614 | 682 | 1.110 73 65.0
HEI { 1007.111005.0 | 1678.5|1864.0| 1.111 | 14.0 15.5 | 1.107 | 64.8 68.9 | 1.063 72 64.7
HFL, | 995.4 |1004.0 | 1571.7|1668.7] 1.062 | 13.1 139 | 1.062 | 61.9 71.4 | 1.154 76 72.2
HGL | 994.4 | 1007.0]1529.8|1650.8] 1.079 | 12.8 | 13.8 | 1.079 | 62.5 | 68.1 | 1.089 | 78 73.2
Table 4 Collapse test and simulation results for double hat-shaped section members with flange spot-weld

pitches and impact velocities

Absorbed Total absorbed energy | Mean collapse load Maximum collapse Deformation
energy, E,[J] EL[J] Prean KN} load, P [kN] S[mm]
Spec.| Test |Simulat| Test |Simulat| Sim. | Test |Simulat| Sim. | Test |Simulat| Sim. | Test |Simulat
-ion -ion / -ion / -ion / -ion
(E)t | (E)s | (Et | (Ep)s | Test | (Prean)t |(Prear)s| Test | (Prax)t | (Pra)s| Test | (S} S)s
DEI, | 831.0 | 828.1 {2374.2]2400.3| 1.011 | 19.8 | 20.0 | 1.010 | 62.3 71.6 | 1.149 42 41.4
DFI, | 833.2 | 829.0 12221.712318.9] 1.044 | 18.5 | 193 | 1.043 | 624 | 71.1 | 1.140 | 45 429
DGl | 822.0 | 823.4 |1934.1|2176.4| 1.125 | 16.1 181 | 1.125 | 63.2 | 70.5 | 1.116 51 454
DEL | 984.7 |1014.1| 2317. |2622.4| 1.132 | 193 | 219 | 1.132 | 66.1 75.6 | 1.144 51 46.4
DFI, | 1004.8 [ 1016.0(2232.8/2290.4] 1.030 | 18.6 | 19.1 | 1.030 | 68.1 | 743 | 1.090 | 54 53.2
DGL | 984.6 | 1005.2]1875.5{1954.6| 1.042 | 156 | 163 | 1.045| 628 | 713 | 1.136 | 63 61.7
DEI; | 1029.8 | 1027.312168.1 [2325.3 ] 1.073 | 18.1 19.4 | 1.072 | 62.0 | 793 | 1.279 57 53.0
DFL; | 1026.6 | 1033.0 | 2087.9 | 2144.6| 1.027 | 174 179 | 1.026 | 71.4 | 784 | 1.097 59 57.8
DGI; | 1020.6 | 1024.0|1774.9]1870.3 | 1.054 | 14.8 | 156 | 1.054 | 703 | 77.3 | 1.100 | 69 65.7
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