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Thermal Deformation Analysis for Automotive Panel Design
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A wide variety of materials are being used for automotive bodies to reduce their weight. Dissimilar materials
constituting an automotive body may thermally deform during the paint baking process due to differential
thermal expansion. A computer-aided engineering (CAE) technique has been developed to accurately
predict the thermal deformation of a typical structure for automotive components. The factors taken into
account include the temperature-dependent properties of aluminum alloys and thermosetting adhesives. The
thermal deformation of a hybrid panel consisting of aluminum and steel sheets joined by a hemming process
was well predicted by the CAE simulation. The simulation also clarified the design factors governing the

thermal deformation.
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Fig. 1 Temperature change in paint-baking
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Fig. 2 Stress-strain curve of 6000 series aluminum alloy
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Fig. 3 Schematic of hemming parts
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Fig. 4 Load characteristics of hemming
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Fig. 5 Modeling of hemming parts
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Table 1 Testing conditions

Panel size (mm) 350X250X10

Outer panel 6000 series aluminum alloy (¢ - 1.00mm)

Inner panel GA steel 0.60mmt
Adhesives thermosetting type
Heat treatment 170°C X 20min
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NERer ponel (Stocl)
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Fig. 7 Photographs of test structure
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Fig. 8 Comparison of thermal deformations
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Fig. 9 Schematic of thermal deformation in paint-baking process
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Fig.10 Load distribution of hemming at high temperature

E11 FCW (2 & % akBifk D SA LA R
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Fig.12 Comparison of thermal deformations
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Table 2 Panel specification

Properties Base condition
Panel size : aXb (mm) 1,500<X1,000
Panel radius : R,, R, (mm) 9,000 , 6,000
Roof shape Panel without bead
Panel thickness : ¢ (mm) 1.00
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Table 3 Mechanical properties

Material
Properties

Aluminum Steel

Young's modulus : E (MPa) 68,600 205,800
Poisson's ratio © v 0.30 0.30

Thermal expansion coefficient : « (K™") | 2.20X107° 1.10X107°

Yield stress . ¢, (MPa) 130 200
Tensile stress : ¢, (MPa) 250 300
Elongation : ¢ (%) 28 50

z Deformed geometry

Center pillar
Initial geometry

P13 SO E - & (ZRAGE © 10£5)
Fig.13 Deformation at high temperature (amplitudeX10)
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Fig.15 Distribution of equivalent plastic strain in roof panel
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Fig.16 Definition of thermal deformation
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Table 4 Simulation conditions
Properties Parameters
Panel thickness : ¢t (mm) 0.90, 1.00, 1.10
Yield stress : ¢, (MPa) 110, 130, 150

Roof shape without bead, with bead
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Fig.17 Bead shape at panel flange
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Fig.18 Relationship between thermal deformation and temperature
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