(=2 sH=24713 85 %), M 15 3 A 8 &, 2006

Transactions of Materials Processing, Vol 15, No.8, 2006

7R dEgs 1
AlsxE ppdH

5t
s 54 "t

_gl
=)
In
u
H

)

g

g gt AEM (et = F4°

Crash Performance Evaluation of Hydro-formed Automotive
DP-Steel Tube Considering Welding Heat Effects
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Abstract
In order to numerically evaluate automotive hydro-formed DP-steel tubes on crash performance considering welding

heat effects, the finite element simulations of crash behavior were performed for hydro-formed tubes with and without

heat treatment effects. This work involves the mechanical characterization of the base material and the MAG-welded zone

as well as finite element simulations of the crash test of hydro-formed tubes with welded brackets and hydro-forming of

tubes. The welding heat effects on the crash performance are evaluated in efforts to improve the process optimization

procedure of the engine cradle in the design stage. In particular, FEM simulations on indentations have been performed

and experimentally verified for material properties of weld zone and heat affected zone.

Key Words : Dual Phase Steel, Engine Cradle, Anisotropic Yield Function, Strain Rate Sensitivity, MAG-weld, Hydro-

Forming, Crash Simulation
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Fig. 1 Engineering stress-strain curves for various
strain-rate levels of DP590 sheet
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Fig. 2 Tensile specimens cut out {rom tubes at various
positions

Table 2 Hardening parameters of DPS90 tube
K(MPa)

Material n &0

Weld seam 927.8 0.0034

Tube base 1003.8 0.0378
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Fig. 3 Diagram of MAG-welded DP590 sheet

Table 3 Hardening parameters of MAG-weld zone
(WZ) and heat affected zone(HAZ)

Material | PO 1 a | kMR | s
(mm)
Weld zone 0 0.18 1140 | 0.0013
4 0.16 840 0.012
Heat affected| 7 0.17 940 0.01
zone 10 0.16 980 0.013
(HAZ-A) 13 0.16 980 0.009
16 0.16 960 0.01
4 0.2 900 0.003
Heat affected 0.19 1000 0.011
zone 10 0.17 1000 0.013
(HAZ-B) 13 0.18 960 0.01
16 0.19 980 0.009
5 0.16 820 0.009
9 0.16 960 0.011
Heat affected 12 0.14 960 0.01
zone 15 0.15 960 0.013
(HAZ-C) 18 0.15 950 0.01
21 0.15 900 0.013
24 | 02 980 | 0.013

*Positions away from the middle line of MAG-welded
zone
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Fig. 4 Stress distributions for base material, MAG-
weld zone and heat affected zone of DP590
sheet
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Fig. 5 Results for uni-axial tension tests of longitudinal
& transverse welded specimen
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Fig. 6 Results for 3-point bending tests of Jongitudinal
& transverse welded specimen
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Fig. 7 Diagram of hydro-forming and crash simulation
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Fig. 8 Boundary conditions of crash simulations

Fig.9(a) Schematic view of the finite element simulation
for the crash test: Vertical case

Fig. 9(b) Schematic view of the finite element simulation
for the crash test: Horizontal case
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Fig.10(a) Minimum acceleration values for various

crash simulation cases: Vertical case
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Fig.10(b) Minimum acceleration values for various
crash simulation cases: Horizontal case
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