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SUMMARY

In the interest of improved fuel economy, minimum weight design of the car
structure has become a main concern for automotive engineers. Achieving
significant weight reductions will normally require reducing the panel thickness or
using alternative materials such as aluminum alloy sheet. These changes will affect
formability of the panel.

In this study, the correlation between panel size, curvature, thickness, material
properties and dent resistance is investigated. A parametric approach is adopted,
utilizing a "design software” tool incorporating empirical equations to predict
denting and panel stiffness for simplified panels. The developed design program can
be used to minimize panel thickness or compare different materials, while
maintaining adequate panel performance.

Also, a sectional analysis of trunk-lid is carried out by using the equilibrium
approach based on the force balance together with geometric relations and
plasticity theory. In computing a force balance equation, it is required to define a
geometric curve approximating the shape of sheet metal at any step of
deformation from the interaction between the die and the deformed sheet.
Deformation of each section of trunk-lid panel is simulated and composed to get
the three-dimensional shape by using CAD technique. It was shown that the
three-dimensional shape composition of the two-dimensional analysis.

Finally, deep drawing tests for blank holding force and lubrication between sheet
material and tool were carried out to investigate the influence upon sheet
formability. Experimental results were discussed about the defects on the

deformation behaviors during the forming process.
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Stress (MPa)
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Fig. 2 Stress-strain curves adopted for the sheet materials.

Table 1 Yield strength data

iAlloy/’I‘cmper I)csignation} Pre-strain(%) Yicld Strength(MPa)‘

6111-T4 0 } 127
BI11-T8X | 2 299
T elirsx [ RS
' 24,
st B N S 2
6111-T8X | 10, ; 205,
6111 18\P | 2. ‘ %1.
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Table 2 Drop Height versus impact velocity(without drag)

Drop Height(mm) Impact Velocity (m/s)
204.0 2.0
1,219.0 49
2,867.0 75
5,097.0 10.0
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Fig. 5 Crown height as a function of curvature.
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Statlc deflection, 8111 T8x, e = 0.02, F =155 N
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Deflection (mm)
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Fig. 7 Maximum load point deflection under a 155 N load by
finite element (AA6111 T8x, 2% pre-strain.)

Stiffness, L=200, 6111 T8x, e=0.02
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Stiffness, L=600, 6111 T8x, e=0.02

LI

~T=08, dtiffness /

- T=0.9, stiffness

- T=1.0, dtiffness

g

g

§

8 8

Secant Stiffness (k, N/mm)
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(b)
Fig. 8 Predicted secant stiffness(k) as a function of curvature by
design analysis. A6111-T8x, 2% M#& . (a) L=200mm
(b) L=600mm.
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Stiffness, L=600,6111 T8x, e=0.02
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Fig. 9 Secant stiffness(k) as a function of curvature and
thickness by finite element analysis. A6111-T8X, 2%
pre-strain.

(@) L=200mm (b) L=600 mm.
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Static Denting Energy, L=200,6111 T8x, e=0.02
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Fig. 10 Predicted static denting energy as a function of curvature
by design analysis. A6111-T8X, 2% pre-strain.
(@) L=200mm (b) L=600mm.
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Fig. 11 Static dent depths predicted for the 6111 T8%, 2% pre-strain panels
by finite element analysis. Maximum load = 155 N.
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Fig. 12 Dynamic dent depths predicted for the 6111 T8x, 2% pre-strain panels
by finite element analysis. Impact velocity = 4.89 m/s.
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Critical Buckling Load, L=200, 6111 TBx, e=0.02
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Fig. 13 Predicted critical buckling load as a function of curvature
by design analysis. A6111_T8X, 2% pre-strain.
(@) L=200 mm (b) L=600 mm
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Fig. 16 Flow chart of forming analysis with the equilibrium approach
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Fig. 28 Cylindrical tool and Square tool
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