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ARTICLE INFORMATION ABSTRACT

The appearance quality of automotive bodies is among the features which are, in recent years,
significantly taken into consideration by designers throughout the world. Automotive bodies are, to a
great extent, constructed from flexible sheet metal components and would deform and distort easily by
even a slight assembly force. Therefore, errors due to manufacture and assembly processes of
automotive bodies lead to major deviation from the ideal product and ultimately affect the appearance
quality and cosmetic features of the vehicle. The effect of these errors, which commonly arise by
dimensional, geometric or assembly tolerance of the components, can be examined by tolerance
analysis. As one of the key quality characteristics in vehicle design, this paper evaluates the appearance
quality of automotive bodies as a function of assembly derived errors. In the proposed methodology, by
means of the nonlinear finite element analysis and by presenting the surface interrogation techniques, a
comprehensive approach of quality appearance evaluation of vehicles is developed. The approach is
validated by a vehicle example and the results show good agreement with practical data obtained from
the production line.
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Fig. 1 Some gaps studied in quality appearance evaluation of vehicles
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Fig. 2 Application of highlight bands in quality appearance evaluation
of a car body [23].
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Fig. 3 Assembly process of compliant sheet metal parts [2]
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Generating elements (explicit
elements) and creating fixtures

Step 2 v

Moving welding guns towards each
other to close the gap including
contact interactions (explicit solution)

Step 3 \ 4

Updating geometry from
solution results and converting
explicit elements to implicit

v

Defining spot-weld elements|
and welding points

Step 4 A 4
Assembly’s

Releasing (removing) guns EEEOTSA
and the assembly springs back i >
(implicit solution)

Fig. 4 Four-step modelling of the assembly process of compliant sheet
metal structures [2]
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{ Light Source
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Highlight Line

Surface Patch

Fig. 5 Representation of the highlight line on a surface [28]
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Fig. 6 Representation of highlight bands on a free-form surface
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Root

Main Body

Fig. 7 Main body components and roof before assembly [29]
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Fig. 8 The simplified model for simulating assembly process
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Fig. 10 Example assembly of car body in ANSYS environment
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Fig. 12 Original roof model consists of two Bézier patches (dimensions are in millimetres and the origin is the same as manufacturer’s CAD data).
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Fig. 13 Gaussian curvature distribution of ideal roof in parameter domain
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Fig. 14 Gaussian curvature distribution of deformed roof in parameter domain
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Fig. 16 Areas of deformed roof with higher fairness values

Golge 1S olie (ol ls a5 axdly JSo s b ) Sl ioles 16 UG

S s

9 o lass 16 095 1395 LaT  yu e SlSe uwire

383



el aSine ol 9 Olsesildy e Sauw

90995 438y Zokaw 6 BUB CaakaS 53y dgeilanil ke Slige 3isT 3 laliad il

Fig. 17 Highlight bands of nominal (top) and deformed (down) roof
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Fig. 19 Statistical distribution of roof's fairness factor: proposed
method vs. experimental data
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