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Abstract : The hat shaped section members, spot welded strength resisting structures are the most energy absorbing
ones of automobile components during the front-end collision. Under the static axial collapse load in velocity of
10mm/min and quasi-static collapse load in velocity of 1000mm/min, the collapse characteristics of the hat shaped
section and double hat shaped section member have been analyzed by axial collapse tests with respect to the
variations of spot weld pitches on the flanges. In addition, the quasi-static collapse simulations have been
implemented in the same condition fo the experiment's using FEM package, LS-DYNA3D. The simulated results
have been verified in comparison with those from the quasi-static axial collapse tests. With the computational
approaches the optimal energy absorbing structures can be suggested. Simulations are so helpful that the optimized

data be supplied in designing vehicles in advance.

Key Words : hat shaped section member, spot welded, front-end collision), axial collapse test, collapse
characteristic, quasi-static collapse simulation, optimal energy absorbing structures
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(a) Hat-shaped member  (b) Double hat-shaped member
Fig. 1. Configuration of the specimens
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Fig. 2. Relationship between stress and strain from axial
tensile test

Table 1. Material constants of specimens

Specimen . . .
Tﬁickness Yield Strength | Tensile Strength Elonoga.non
(MPa] (MPa) [%]
{mm]
0.78 166.7 308.4 46.4
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Table 2. Definition of the specimen
HD) EF,G) SQ)

l

Type
H : Hat-shaped
D : Double hat-shaped

Spot weld pitch
E: 18.3mm
F:22mm

G :27.5mm

t—— Load
S : Static(10mm/min)
Q : Quasi-static(1000mm/min)
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(b) Double hat-shaped member

Photo 2. Area of collapsed specimens
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Table 3. Static and quasi-static collapse test results for hat-
shaped member with flange spot-weld pitch

Specimens Absorbed | Mean collapse | Maximum collapse
energy E,J] | load Prean{kN] load Ppax [KN]
HES 561.91 8.03 22.66
HEQ 697.90 9.97 3291
HFS 526.53 7.52 21.04
HFQ 673.03 9.66 32.47
HGS 515.62 7.37 19.21
HGQ 650.19 9.29 30.57
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Table 4. Static and quasi-static collapse test results for double
hat-shaped member with flange spot-weld pitch

Specime Absorbed | Mean collapse | Maximum collapse
PECIMENS | onergy Eo[J] | 10ad Prean[kN] | 1080 Prax [KN]
DES 85741 12.25 25.03
DEQ 1008.72 1441 33.84
DFS 828.32 11.83 2422
DFQ 978.98 13.99 33.76
DGS 802.71 11.47 23.79
DGQ 864.82 12.35 33.08
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(b) Maximum collapse load
Fig.7. Static and quasi-static collapse test results for hat-
shaped and double hat-shaped members with flange
spot-weld pitch
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Table 5. Quasi-static collapse test and simulation results for hat-shaped members and double hat-shaped members

Soccs Absorbed energy Ea[J] Mean collapse load Pmean[kN] Maximum collapse load Pmax.[kN]
pecimens

test (Ea)t | simulation (Eo)s | (Ea)s/(Ea)t | test (Prean)t | SIMUlAtion (Prean)s | (Prean)s! (Prean)t | teSt (Prax )t | SIMUlAtion (P )s | (Prax )8/ (Prax. )t
HFQ 676.03 702.94 1.04 9.66 1.04 3247 3472 1.07
DFQ 1 978.98 1012.95 1.03 13.99 1.03 33.76 35.58 1.05
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Fig. 8. Quasi-static collapse test and simulation results for
hat-shaped members and double hat-shaped members
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