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A Study of Panel Denting

Jung Dong-Won”
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Abstract

In the interest of improved automotive fuel economy, one solution is reducing vehicle weight.
Achieving significant weight reductions will normally require reducing the panel thickness or using
alternative materials such as aluminum alloy sheet. These changes will affect the dent resistance of the
panel. In this study, the correlation between panel size, curvature, thickness, material properties and
dent resistance {s 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.

.M E 7b ol Fag aAdwd SAdoln Aol dF
Ago Fg g 2evn 4 7 9E
ZRg AT B3 9y AP 3Ex 2 o WeEd ddsiA FostA nelgEh oW &
A A A glo] Fad gTFAEe|Y ol 2 mEe] Fozl stEAAA aF-Hd S
F A HAdE AFHA A o8 2A g7 B dAAFE Fojd sF-UEs
gzyo gAY d2uEHG g2 AM2E AEE Aol ARA AMe 72N E A4 Aol
o] AAET HAAE FAMN &u we A = AL g guzt den FAE  secant
7} a7de wat BA 7E A7) g xg stiffness2t 2 20 Ay F4 £e F4 8%
728 olalrt AAE "Wag stm Yl ojAL of ot wde] FypHgozr HodHo I A
T Als AFel FA Ho] 23 YA FA A dge EA7 Bd(fenden) $EE 7+
o) BAA wRo] A ols)= ofdE AL = F=(hood)oll T UL Wl AF Al wdo
FEa Yo o)g Yatd B AFdAE o A8 stelAE 3 wde] gk WY § A
Aol M EZRaRS ALsle FEI Alwd A ol EHW oy 2% EGY TE
of Hgste A4, A oluzx ez YA W && FAFTA sl A
Z29sEe 41 waAd Falo TSI 2P0z g He& FF Wy Folx &
T go] Jax &} Ao iAo} #Ho] = wd, HAH WS dA
ARe 7ola HEstlA wae Agse g 0 AR Woht Ags) Bie) gld. A A
AAGAE Fo WES AosAY H_Y F
A dEgAdse A ¥ XL opA glg. #
B A b AR PR U o x 7A@, 38 n 2 YN (cil canning)
o] ATE Y8 dArdeA TEadg NLsto

-610-



R

ue

TN ¥ 2 ood oo
0,

pas)

o
B
o3
fl

(

-

ol

0 oA
muft

Q 2
NIOE

ﬁ‘ﬁtﬂi—{mﬁ;{h&ﬁjlmmino\;

¢
)

o)

2

O

L2 L

ol X it

flo
o B

_ﬁ_,:
g do Jr % ol K B o

2

2
X

-

o o2 o 2 oot

L
rj\_o‘
T e

2
. o
4 s i =

¥ 1 L -Xl
o rlr

o P
o o g
o

HE olgstyq wxd
(spherical shell theory)&
o AYHYE W= 4
T erm el
2a9g sgstel wdel

=8

O 2

;é]

A
|

. o
3.0 ZED M2 s

Fig. 1& ¥ doiad &
S HogEd #_dE 2
600 % 600mm>e] A}z

go] 7stgAl 3
2 47F 200X 200mm? <}
new, o F7
o A ubghe] Ajx|x]
23 oxojr}
"k o] 100,
A B4

(3 [}

i

N

]
150, 200, 400, 700,
Eol nH A

o §2

3 3

o

o

zsld FE
1000, 4000mm¢!

% 7
=2
=

gud
el
bl

-611-

153

—

-

R1

Fig. 1 Schematic panel geometry.
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Fig. 2 Stress-strain curves adopted for the
sheet materials,

Table 1 Yield strength data

r_Awlloy/ Temper | Pre-strain | Yield Strength
Designation (%) (MPa)
6111-T4 0 127.
6111-T8X 2. 222.
6111-T8X 5. 252.
6111-T8X 10. 295.
L6111AT8XP 2. 261.
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Fig. 6 Predicted critical buckling load as a
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A6111_T8X, 2% pre-strain.

-614-

>~

Q

_—}A_‘L
>
ox o

ox i — o
ot

o3
oo mt 3k ot

ol ol

°1>L ol
ot
R
o BB s oot

"
2 o

AN

I

ol
A%

O
—

=Y

5ol A e
e EA
S22t
orsieh. A%
Age @ vops
Avt B4 o
AR AAYE

T B

2 Ay o %

E
{

ol
-

rloogh m e o yo ot @

7

-z

o
==

oot

13

(

f

4

A

S =
oW Wy el
AAA A A, ¥

FA iz zZA 7]

A7 BEe et 2

=
i

il

A&
B

M

i

~
i

o
) ot 2 ofe

O‘W‘ o
ot X ot

fz
i

ol
o n2 o 2 i

2,

A e

pach

£

o O3 >
B3R
e 2 o
et o i

2

e



4
)
©
40

A

2

2 Al

=i

Lk

g x]e] Azt

+ 1
R o

;lr
=

o
‘
ol

3
. 0o oxog o
N

B2
e
2,

[T A=A v . A 17
N
o
o X [o i
o ku ro
4
ﬂn

b
a
fz
-0

¢

Secant Stiffness,
| M2Ysts B K8
Atk AEE 9HAA L.

)

2 20014 % A
?71 (FdA0
Aol A ATHAS

5)

ok

o

>~
=]
)

) Johnson Jr. T.E. and Schaffnit W.0O., 1973,
“Dent Resistance of Cold-Rolled Low-Carbon
Steel Sheet”, SAE Paper No. 730528.

(2) DiCello J.A. and George R.A., 1974, "Design
Criteria for the Dent Resistance of Auto

Body Panels”, SAE Technical Paper No.
740081.
(3) Burley C.E. and Niemeler B.A., 1977,

"Denting Properties of Aluminum Autobody

Components”, SAE Technical Paper No.
770199,
(4) Neimeier B.A. and Burley CE., 1978,

"Hailstone Response of Body Panels - Real
and Simulated”, SAE Paper No. 780398.

(5) Swenson Jr. W.E. and Traficante R.J., "The
Influence of Aluminum Properties on the
Design, Manufacturability and Economics of
an Automotive Body Panel’, SAE Paper No.
82038%5.

(6) Vadhavkar AV. Fecek M.G., V.C. Shah
and W.E. Swenson, 1981, "Panel Optimization
Program (POP)”, SAE Paper No. 810230.

(7) Mahmood H.F., 1981,
Surface Panel and Slam Area”,
Technical Paper No. 810099.

“Dent Resistance of
SAE

-615-

(8) Sakai H. Saito K. and H. Tsukada, 1983,
“Stiffness and Dent Characteristics of Body
Outer Surface Panel-Finite Element Analysis
and Experiment”, Int. J. of Vehicle Design,
Vol. 4, pp.13~22, No. 1.

(9) Chen KXK. and Salamie P.A, 1984, “A
Mathematical Model for Calculating the Dent
Initiation Loads at the Door Centers”, SAE
Paper No. 841201.

(10) Shi M.F., Brindza J.A, Michel PF,
Bucklin P., Belanger P.J. and Prencipe Jr.
IM., 1997, “Static and Dynamic Dent

Resistance Performance of Automotive Steel
Body Panels”, SAE Paper No. 970158.

(11) Thorburn H.J., 1994, “Comparative Tests
of  Stiffness Dent Resistance
Aluminum and Steel Fenders”,
IBEC 94, International Body Engineering
Conference, September 26-29, Detroit, Michigan,
pp. 106~112.

(12) Chavali
Forming

and on

Proceedings

R, Song W,
Denting

1996,
Simulations

"Coupling

and for
Automotive Closure Panels”.

(13) Vreede P.T., Tamis P.J., Roelofsen, M.E,,
1995, “The Influence of Material Properties
and Geometry on Dynamic Dent Resistance :
Experiments and Simulations”, IBEC.

(14) Thomas D., Hodgins R.B., Worswick M.J,,

Oddy AS. Gong K., Finn M., 1999, "FEM
Technique for Static & Dynamic Dent
Modelling of Aluminum”, Proceedings of

Numisheet’ 99, Volume 1, J.C. Gelin and P.
Picart, Eds., pp.367~372.

(15) Ekstrand G., Asnafi N., 1998, “On Testing
of the Stiffness and the Dent Resistance of
Autobody Panels”, Materials and Design 19.

(16) Lohwasser A.K. and Mahmood H.F., April
1979, Oil
Theoretical Development”, Technical
Memorandum, No. 9-611, Chrysler Corp..

"Surface Panel Canning Anlysis



