i&
)
4

Check for

updates
Trans. Korean Soc. Noise Vib. Eng., 28(5) : 617~624, 2018 EEﬁ:%’ﬂ%%i.@IE—EQ M28H M 53, pp. 617~624, 2018
https://doi.org/10.5050/KSNVE.2018.28.5.617 ISSN 1598-2785(Print), ISSN 2287-5476(Online)

G2H 445 w0 BE CFRP B2 A4 54
Interior Noise Characteristics Inside of Enclosure of CFRP Composite Plates
Made of Different Carbon Fiber Lamination Angles

IO N I ISR [ ISR PV

Sungil Bang®, Yeun Soo Kim’, Jiseon Back™ and Sang-Kwon Lee'

(Received August 21, 2018 ; Revised September 14, 2018 ; Accepted September 14, 2018)

Key Words : CFRP(§t22d -7 3} &2} 2~ €]), Lamination Angle(3% Z}%), Sound and Vibration(42%1-5),
Interior Noise(2 W Ax<), Cavity Mode(3-5 EI)

ABSTRACT

Recently, the researche on the weight lightening of the vehicle body for increasing the fuel effi-
ciency of automobile have been actively carried out. One way to reduce the weight is to change the
material applied to the car body. In recent years, CFRP laminated plates, which has lower density and
similar strength to conventional metals, has been increasingly applied to the car body. However, since
the CFRP laminated plate has different sound and vibration characteristics compared with conventional
metal plate, the research on the sound radiation characteristics is required for the successful application.
This paper studies the effect of sound and vibration characteristics of CFRP plates according to the fi-
ber lamination angle on interior noise of the enclosure made of CFRP laminated plate. The purpose of
this paper is numerically to predict the interior noise of the enclosure caused by the vibration of the

CFRP plates with different laminated angles of carbon fiber. The numerical method is validated by the-
oretical and experimental method.
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Table 1 Mechanical and physical properties of three
CFRP plates according to the lamination angles
of the carbon fiber

Mechanical Lamination angle
& physical
properties +15° +30° +75°
E, (GPa) 84.85 55.03 22.12
Ep (GPa) 20.33 21.80 83.21
G,/ GPa) 8.17 17.05 8.17
Vap 0.32 0.61 0.08
Vap 0.08 0.24 0.30
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Fig.3 Experimental modal analysis for the CFRP
laminated plate

Fig. 4 Experimental measurement of the interior noise
inside of the enclosure made of CFRP laminated
plate
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Table 2

Mode shapes and natural frequencies of CFRP
according to the fiber lamination angle

Mode The fiber lamination angle
No. [£15°] [£30°] [£75°]s
Frequency |47 6 (0.2 9%)(49.0 (2.0 %)[56.8 (2.3 %)
(Hz)
Mode :
1
w | | €|
F
re(q}‘l‘ze)ncy 475 (L,1) | 50.0 (1,1) | 55.5 (1,1)
Fre(q}‘llency 84.5 (0.6 %)|83.7 (4.3 %)|78.5 (1.9 %)
Mode z) - -
2
EXP ‘ ’ ‘
F
reﬁ;f;’)“cy 84.0 (2,1) | 87.5 (2,1) | 77.0 (2,1)
F re(q}‘fg“y 1103 (0.6 %)|1153 (2.7 %)|122.2 2.3 %)
Mode - - -
3
x| | | >
F
re(q}‘{‘ze)“cy 111.0 (1,2) | 1185 (1,2) | 119.5 (3,1)
Frequency 1135 6 (1.0 9)|141.4 (4.5 %)| 1463 (1.8 %)
(Hz)
Mode - - -
4
F
re(qf‘{lze;“’y 137.0 (2,2) | 148.0 (3,1). | 149.0 (1,2)
Frequency 11495 (0.5 9%)|144.4 (3.4 %)| 1603 (1.4 %)
(Hz)
Mode - " -
5
EXP ’ ’ ’
F
re(‘}‘{l;“;‘cy 148.5 (3,1) | 149.5 (3,1} | 1625 (2,2)
Frequency | g¢ 6 (1.5 9%)194.0 (4.7 %)|186.2 (1.2 %)
(Hz)
Mode - - -
6
EXP ’ ’ ’
F
reg‘{lze)my 191.5 (3,2) | 203.5 (3,2) | 184.0 (4,1)




Sungil Bang et al.; Interior Noise Characteristics Inside of Enclosure of CFRP Composite Plates Made of Different Carbon ...

b A&E A s, A4S ARt 25
= 2 2Asglth. TleR CFRP W¥e] AT
g zdstd 5% T% BE Fug 4] A
ofgt & k. ol @ ¥ T olw 54& &
8ot o TR o3 £ T HEolA
s 5% oy A3 AT 5 A

SPL (dB)

o 50 100 150 200
Frequency(Hz)

(a) FEM

o 50 100 150 200
Frequency(Hz)

(b) Experiment

40

o 50 100 150 200
Frequency(Hz)

(c) Analytic method

Fig.5 The interior sound pressure level (dB) of the
CFRP plates according to fiber lamination angle

x2 o
o
o,
.
o)
(e
il
flo
ol
ey
lo,
o ofy

Fig. 5(a)v= FEM ZA¥}e|H, Fig. 5(b)v= 284 2
gholr}. A4 AT Fig S(c)olA HolFEth o
Aitel oJshd o]2A 9 FAA ANES AFA
Azfe} thg F¥o] 87Hz FtollA Uehgi=d o]
AL CFRP #HA9] 3 2 =(symmetric mode)®]”7]
o]t} Fig. 5914 A S<to] Flele 2L

N
CFRP A9 vt % (non-symmetric) &7 FE91
(L) 2 @3,1) BEoA sl w3 35 &
Zre] FHEToA WAEGIt B FAN-E Tt
Hato] el FHorRYH FHow "oyl AH
oA &5t dES SAHEG7] wdel A=A
= 937k YEpA] gotol gtk kxRt A jlol A
= Ho 2AES s BEA7)7] oH7] wiw
of dIARES] oJal 87 HzollA W &dHe]
937b YERdth 50 Hz F-tellA veRd 31 wiA
e & g Aol A FEHAA Y
WA= Fth A 9390 3,1) BE A
© 939 Fup Aol7f A Yehtl 9o By

Mol A (3,1) 2= Fae] ISPl AE bl WA
Sl A, (30714 U] WA REGA, Ea
75l A E A WA Rl A ] dEol,
a9 AF 4Est 255 &9 Aol vl v

IEEIEEE BN
e 4% Zwsh

O e or

= of X mo u{ Hd

2ol 2 & ) (1

|
il
=2
:(,){jt
ofl
of
ol
rir
3l
[
=2
o)
i1t
=
dlo
2
tio
)
ofj
K
2

Table 3 Sound pressure level according to the fiber
lamination angle in inside cavity.

SPL(dB)
Mode Fre. The fiber lamination angle
type (Hz)
[£15°] [£30°] [£75°s
Cavity 150 138 130 120
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