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Damping Aluminum Panel for Automobile Components

Sung-Youl Bae*, Ki-Man Bae**, Yun-Hae Kim***'

ABSTRACT: The objective of this research is to study the mechanical and vibration characteristics of vibration
damping aluminum panels for automotive parts. For this purpose, the test and simulation results of aluminum-resin
hybrid materials and aluminum sheet materials were compared. Tensile strength and elastic modulus of the hybrid
material were approximately 10% lower than aluminum sheet. Also, it was showed that the hybrid material have lower
natural frequency than aluminum sheet, and it was confirmed that loss factor increases as the thickness of resin
increases. Finally, it is confirmed that the test results and the analysis results are similar with each other and the
performance prediction of the materials are possible by FEA.

B 7o) B2 AFAg HEo] Ngl] i3k dulE W AR el i /AN 54 % AE
E%o}ﬂ L7t ZloH, o] 5 fIsiA &Fulg sto| e 2ot dFulw YA AR 9 Al ol
W Gek. ok ol AR A L el QA9 QA BT B4 ehol ool
Ao) AFE 9 ARG AR G20l QoA e oF 10% o2 Wg-g oI 5 ATk a4 ©
4 % AE S B st B = 27t P o] e DGAESS e shelatylw, solu g
A 7 BAL A
o] 7H5TE

[ =a=1

Hox

3 mlo
o
o o

L

pS|
25 FAshE A FAVE gordas EAASTL A5 ; sttt Eﬂ 717417%
ol & Fal AldATe} AlEeold At 2 dAskH, fEtaas|AS S A9 4

Ao | Ao (o dm b
>~
mlo
OlV _Ilm r_

o B

Key Words: & Zu]& A2l gfj'd (Vibration damping aluminum panel), 215 £-4J(Vibration characteristics), 32 4
3] 4] (Finite element analysis), &t T2} (Viscoelastic damping polymer)

= Fok 7l ol AlEs] 85 AL AATH(1-4].
A et e B oA ZA, FE S AL S

20209 7|02 20154 thH] 20% o) AotE= AsAk F Aol ot s 9 AE A Astel HiRt ¥ ¢
A W uiEEs Al whe AR SR AR Y oA vt e AReld. AsA T A
o] obd A2l Aggtoln], o] 5 9fsl L AFAIF §54] 4 NVH(Noise, Vibration, Harshness) /d-52 5419 1H53}7]

Received 5 March 2019, received in revised form 11 April 2019, accepted 17 April 2019

*Composites Convergence Team, Korea Textile Machinery Convergence Research Institute, Gyeongsan 38542, Korea

DOI http://dx.doi.org/10.7234/composres.2019.32.2.113

SpAE A5

**R&D Center, lljitech, Gyeongsan 38471, Korea
*+*"Department of Ocean Advanced Materials Convergence Engineering, Korea Maritime and Ocean University, Busan 49112, Korea,
Corresponding author (E-mail: yunheak@kmou.ac.kr)



114 Sung-Youl Bae, Ki-Man Bae, Yun-Hae Kim

918l 17490 AA| A, ApA] 5B AR AgRe] 44 8

2 A= A 9 EiR] 2 A sl gt A

i

o,

ot

o ot
Tu
2
)
o
pass
e
N
S
o
)
]
re
-
©
o

<= A7 ol TR AL Qi AFulE AR s ek
7} 2o of Lol A HiHtof oF 70~250 pme) T
FA7EAGE o], 7 Ao WA A atE FH = "
G- A AR o] Ae A A2 A8 A
A el W7k 30% ] dFulE A8l uE P
AL 7hsshal, 54 A vitel Hed A7 9
off &gt M-SR E Fodt= ATS s Hol sk
W] aate Zidi ok v =2 MSC, 54 ] Bl A2 =,
dEo] AL ZAE A 59 s ARl A7 Aol M= Al
a4 g 7] sk, @4 1 24 E Asakel 28
sb7] 9IRt 71 o] AR A3 Foll Arh(5-8]. EIZ, =
ollA= 1980 d o -8 A AAE T 22 Ax Aol
AE L AL, A= F2 7HAE A58 A8A, A
2lH o8& YAl 59 Ag/as AdE 22 H8=H2
Ak T2, ol A A Akg- A= 283517] Sl 7Ie
N Abels BA 7] W2l AsAks 5 2AE A
7|z Hlolg 2Rt daste, IH A/ A/ 52
7le7Ee] sa-Ent

2 AFolAe dRule A A HdE ASAE
2A 2 2G5 flote] A T 71AH 54 H
/45 9ol ax} shle). sfo| Bl e Al gl 4k
of fishA 242 dsrlde sAste] A& Bl aLst
A 2 AeHE A AR A= AR E Uk ESE F
AA DAlRNA A H ASe AR 24 G AlEdlel
1S skl om, A T At s 23t v
s 22 Algdold nd e gEstl £
3l LFuE-A] stolHE| = o] X7 A
I s 54 =Eche AS FEE S

d

A
¥ > N e

==

1y

L

=

f

rS 2 Roexoo K| ool o
il ol

", e Houx

2. A & AlE0]d B

2.1 R0jE-5X s0[22|E 24
H ATo] e G2l so|u = Ao s of

Al 5754 Sheet bnd 0.8mm
Viscoelastic polymer — | ——  § 0.1mm

Al 5754 Sheet i 0.8mm

Fig. 1. Schematic of vibration damping aluminum panel
applied on this study
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Fig. 3. Manufactured specimens of damped aluminum panel
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Fig. 4. Test methods for vibration-damping property in lami-
nated damping method

Table 1. Specimen informations of vibration damping tests

Dimensions Layer thickness

TYPE A | 25%x250 mm [Al 0.8 mm + Resin 0.11 mm + Al 0.8 mm

TYPE B | 25x250 mm |Al 0.8 mm + Resin 0.13 mm + Al 0.8 mm
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Fig. 5. Finite element modelling procedures of damped alumi-

num laminate for modal analysis
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Fig. 6. Analysis model of damped aluminum laminate for tensile
test simulation
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Fig. 7. Stress-strain curve of damped aluminum laminate speci-
mens
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Fig. 8. Stress-strain curve of aluminum panel specimens
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Table 2. Results of damping test for hybrid panels

Damping ratio of |Damping ratio of| Damping ratio
1* specimen 2" specimen of average
TYPE A 2.42% 2.50% 2.46%
TYPE B 2.70% 2.54% 2.62%
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Fig. 10. FRF curve of damping test specimen 2
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Fig. 12. Frequency comparison between aluminum sheet and
hybrid panel
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Fig. 13. Mode shape of aluminum sheet
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Fig. 14. Mode shape of hybrid panel
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Fig. 15. Results of harmonic excitation analysis
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Fig. 16. Analysis condition of tensile test simulation

Table 3. Comparison between test results and simulation results

Displacement (mm) Stress (MPa)

Test Results 0.2 117

Simulation Results 0.19 129
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Model info: 1
Result: C/WORK/ANALYSIS/WC300_ILIVFirst year/Tensile/Hyper/Linear Material i34
Subcase 1 (Load_20) : Static Analysis
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Fig. 17. Displacement result of tensile test simulation
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Fig. 18. Equivalent stress result of tensile test simulation

o
-
o,

of
S
R
K
%

271 Fig. 160 YEFH ATt Q1%
<98 Hlo|E & o] &3] &
H| 15} th Table 39] 4,186 N
AW AT} B4 ATHE 1] w5ty

>
2 oot o
o o

n

ot of

2 9
o WK

oy

©

1o my of

ol
ofN
W o s

- X

ok

= >

&l
ERCI

ol Xt
o 1

g,
-
|
o
X,
i)

3

e

ﬁu‘

_(.;»l

H

k>

=2

L

do

1o

>

e

oy

o

21d

M

98-S BH1T 4= GI9Ic). Fig. 17 3
u

9 571 82 Auks veholet.

e
[o°}

-
o2
=2
gy
I+

2 AT e 7
A1 2R Aol 21
BN
ol AE 9 Sho]x

R
offt
if o]
4
R e A= ox,
o
o
2

& 4
ue
=28

-0,

o -
o,
Sl

2

Q
M g o
B >~ ofy

=

ok X o

—

o o o ol
Ql',
X2
K

o%‘,l){_.

£ 45 W29,
g ol e 147
U2A) A7} T
7} °F 10% Eae
o] g8 2
S AR
£ g 5
o1He B wRolE YA % AL A
]
o

no, & d
e
=
e e
l (o]
5
o
r

ol
-/
o)

He xR

K

2
Mo

Of
-

N oo L2
DTS
w2

IS
4

kY=

N
—_

e o
)

2
z
ol
-0,
ot
iﬁ

32
i)
ol
0%
)
N
oL
ox

1

o o g H
2 oox 2 Mooy e &

o
N oN

‘5

H w0
0\‘?_
oft
o

ot 2
ox, M
AN o
1o
™
)
fivd
2ok X
off
10

o
Ll
R

o

ne
o,

=
]
T

S
R

=2
£ 3

3

;

ol
rca{o
1o
S
e
T

o] AL EFA 1, 2, 4, 6 =04 2R T
=7 R, A X =271 285 sho] B

o
i

b
ro 2l > Jo o
O ot i X S ofof 1o N oo (m &L it ofn

AP
I
B~

A9 2k gl Fuer ag S BRI 4 etk 9%
A AL A S Bof A Aol s AuE 4

b

7} e AEATe) &

AT Ha) Al ] sholHels Ao E4
37bh 2la 47 ¥r9le] H Ao} o] FojAct. o
% o] YolH g T3 AEAE LF AN o] WY

|olct. w3k, 24 W9lo] F4, Wake, 52 54 AlY
9 5ol S ABH ol it L8 5 87 Qxto] ot 27
=4 Wst So| #7414 0% A7E ool

B ATE 2 AT A AR WC300 TR E
717N EA AR (S2640096)0] ofsff =Y = 9l om, A] o]
disf 2HAF =gt

REFERENCES

1. Tisza, M., and Czinege, 1., “Comparative Study of the Applica-
tion of Steels and Aluminium in Lightweight Production of
Automotive Parts’, International Journal of Lightweight Materials
and Manufacture, Vol. 1, No. 4, 2018, pp. 229-238.

2. Fuchs, ER,, Field, ER., Roth, R, and Kirchain, R.E., “Strategic
Materials Selection in the Automobile Body: Economic Oppor-
tunities for Polymer Composite Design’, Composites Science
and Technology, Vol. 68, No. 9, 2008, pp. 1989-2002.

3. Park, H.S., Dang, X.P, Roderburg, A., and Nau, B., “Develop-
ment of Plastic Front Side Panels for Green Cars”, CIRP Journal
of Manufacturing Science and Technology, Vol. 6, No. 1, 2013,
pp. 44-52.

4. Kim, K.J,, Lim, J.H., Park, J.H., Choi, B.I,, Lee, JW,, and Kim,
Y.J., “Light-weight Design of Automotive AA6061 Rear Sub-
frame Based on CAE Simulation”, The Korean Society of Auto-
motive Engineers, 2012, pp. 77-82.

5. Liu, Y., Zogg, M., and Ermanni, P,, “An Experimental Compar-
ative Study on Non-conventional Surface and Interface Damp-
ing Techniques for Automotive Panel Structures’, Journal of
Vibration and Control, Vol. 18, No. 14, 2011, pp. 2210-2233.

6. Hiroshi, E., Mizuno, E., and Yoshimasa, Z., “The Development
of Vibration Damping Steel Sheet for Automotive Use;” Journal
of Material and Manufacturing, Vol. 98, No. 5, 1989, pp. 670-
677.

7. Deshmukh, A.B., Chaitanya, S.V., and Wagh, S., “Case Study on
Sandwich Steel Application in Automotive BIW for NVH
Improvements,” Proceeding of the 2nd National Conference on
Recent Developments in Mechanical Engineering, Pune, India,
Apr. 2013, pp. 1-6.

8. Jung, J.H., Min, B.D,, and Ha, Y.C., “Evaluation of Mechanical
Properties of Vibration Damping Steel Sheets and Their Appli-
cation to Automobile Engine Oil Pan,” The Korean Society for
Technology of Plasticity, 1994, pp. 99-118.

9. Kim, K.C,, Kwon, Y.S., Kim, C.M., and Kim, J.T,, “Study on the
Design Process to Minimize the Weight of the Damping Mate-
rial,” Transactions of the Korean Society for Noise and Vibration



Evaluation of Mechanical and Vibration Characteristics of Laminated Damping Aluminum Panel for Automobile Components 119

Engineering, Vol. 22, No. 2, 2012, pp. 99-118. 18, No. 11, 2008, pp. 1199-1205.
10. Kim, J.B,, Ryu, K.H., Park, SK., and Lee, S.J., “Application of 11. Xial, X., Hsiung, C.K., and Zhao, Z., “Analysis and Modeling of
Strain Energy for Determining the Location of Damping Mate- Flexural Deformation of Laminated Steel,” International Journal

rial,” Korean Society for Noise and Vibration Engineering, Vol. of Mechanical Sciences, Vol. 50, 2008, pp. 69-82.



