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A Numerical and Experimental Study of Surface
Deflections in Automobile Exterior Panels

Chun Dal Park’, Wan Jin Chung”" and Byung Min Kim"

ABSTRACT

Surface deflections have a great effect on the external appearance of automobiles. Usually, they are occurred on large
flat panels containing sudden shape changes and of very small size about £30~300um. Since the current numerical
method is not sufficient for predicting these defects, the correction of these defects still depends on trial and error, which
requires a great deal of time and expense. Consequently, developing the numerical method to predict and prevent these
defects is very important for improving cosmetic surface qualities. In this study, an evaluation system that can analyze
surface deflections using numerical simulation and a visualization system are reported. To calculate the surface
deflections numerically, robust algorithms and simulation methodologies are suggested and to visualize them
quantitatively, the curvature variation algorithm is proposed. To verify the developed systems, the experimental die of
the handle portion of exterior door is analyzed. The results showed that the experimental and simulational visualization
are in good agreement. Compensation methods to correct the surface deflections are also tested. The evaluation system
proposed in this paper could be used to predict and minimize the occurrence of surface deflections in die manufacturing.

Key Words : surface deflection( "] 4] &), handle portion of exterior door panel(2] ¥ £9] &3}ol), springback
simulation(2=Z & W ]A), visualization of surface deflection(9| M| B=F 7}A13}), curvature(F &),
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Fig. 1 An example of surface deflections around the

handle portion of the exterior door panel

Classification symbol Location
a wheel arch
flat arca :
under punch b tnm.k lid corner :
c truunk lid character line
saddle type d bottom of rear pillar
area in side panel
wall area € fender and roof
f handle area of door
emossing area g head lamp
h corner of window
bending area ; fuel cover mounting
area

Fig. 2 Classfications of surface deflections according to
the shapes of thé autobody panels
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Table 1 Comparision of the conditions for the simulation
of general forming and surface deflection of an
exterior door panel

No. of Element Forming
(Min. size) velocity(m/s)

Initial Last Holding | Forming
Forming 17,552 | 108,590 2 10
analysis (8mm) (2mm)
Surface 1 75 696 | 220,180
deflection 4mm) 1mm) 1 2
analysis ( (Imm
Table 1 2 ZHA| 2@ Tl H-$o] Qlof, b
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Fig. 3(a) Procedures of surface deflection analysis

Step 4. Springback analysis of

partial area
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Fig. 3(b) Example of surface deflection analysis for
automotive door panel

22 O(MH =2 Y&e Ad02E

gl AFsARol HAHEIFL FLEER
AHe7] Ee FEZ 2 Fol vlrsg. 3%

[e]

=

A3 Adsts AL SAAY £3} &0
2 2 ARiREL olgste] Edol 2aHAE

BYANAA 239 B K57 £ AEE Jrido,

A

Fig. 4 & A2 AHA ¥ =of AEY 13 §
FHo vAEEFS Huksy] 98 dAnixE

[o2

tio

137

olg35t 23YXE AHAID dojtt, YA
Uehd wpel go) mj$ #Ae daRe £54 @
Y EHOE S0 o] nMHEZE 299 ¢
e A stolo] os) JwrAbsl: AL, Aol
ZTRF £} VU §E 428 wHE
Aolth. ol s &3 A= AUty £AE
ol @ A3 ol e S EAFL <1 Uut.

Scratched areas
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Fig. 4 Example of surface deflection scratched by ilstone

for exterior door panel
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Measuring surface Probe for measuring

Fig. 5 A method for measuring of surface deflection
using dial gauge
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l Detine mesh area ]

l Extract equal-spaced sections ]

1

l Calculate curvature by least square ﬁtﬁfa

I

Define plecewise curve without surface
deflection using zero curvature points

]

Catculate height of surlace deflections

[ Visualization by contouring
Fig. 6 Flowchart of the visualization algorithm
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Fig. 7 Extraction and smoothing of section curves
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Fig. 8(b) Definition of quantifying of surface deflection
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Fig. 9(d) Comparision of results between measuring and
analysis method
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Fig. 10(c) Surface deflections after compensation
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