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Simulation-Driven Design and Optimization of Multilayer Acoustic
Absorbers for EV Flat Floor Applications

Yedam Jeong, Seongjin Cho, Sejong Kim, and Insung Lee'

Korea Textile Machinery Convergence Research Institute, Gyeongsan 38542, Korea

Abstract: This study aims to develop high-performance acoustic interior materials for flat
floor structures in electric vehicles (EVs) by optimizing a multilayer sound-absorbing sys-
tem composed of TPS composite, PET felt, and PU foam. To enable simulation-based
acoustic prediction, fundamental material properties were first evaluated. The sound
absorption coefficient was measured using the impedance tube method, while bulk den-
sity and open porosity were obtained via Phi-X analysis. These values were applied in
FOAM-X to simulate single-layer absorption behavior and determine the optimal thickness
for each material. Based on these results, NOVA software was used to predict the acoustic
performance of multilayer structures. Among the design cases, the #2 configuration (TPS
2T / PET felt 10T/PU foam 20T) showed the most stable and efficient absorption in the mid-
to-high frequency range. A prototype based on this configuration was fabricated, and its
sound absorption was evaluated using an Alpha cabin test. The comparison showed that
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in the 400-4,000 Hz range, Alpha cabin measurements exhibited higher absorption coeffi-
cients than NOVA simulations, mainly due to micro-pore changes during forming and edge

effects of the setup, while results above 4,000 Hz remained stable and demonstrated
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meaningful accuracy. This confirms the reliability of simulation-based acoustic design and
demonstrates its applicability to eco-friendly EV interior components.
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Table 1. Composition ratio of TPS resin components
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Figure 1. Multilayer structure of the triple-layer flat floor material.

Component

Polypropylene(PP) + Styrene-Ethylene-Butylene-Styrene(SEBS)

Organic additives Inorganic filler

Composition 35%

32% 33%




262 | Aol - 244 - AAE - o]l

Textile Science and Engineering, 2025, 62, 260-270

Table 2. Physical properties of TPS resin

Test property Test result Test standard
Hardness (shore A) 85 ASTM D2240
Melt index (M) 50 g/10 min 190°C, 2.16 kg
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Table 3. Composition and processing conditions of the 3-layer PET

felt
. Basis weight
Layer Material type (g/m?
Top layer Heterogeneous Hollow PET Felt 800
Middle layer High-Stiffness PET Felt 400
Bottom layer  Heterogeneous Hollow PET Felt 800
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Figure 2. Schematic of acoustic performance optimization strategy.
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Table 4. Specifications of impedance tube system
Item Description
Equipmentname  Acousticimpedance tube (Impedance Duct)
Manufacturer Scien
Model 9031
Application Measurement of sound absorption coefficientand
transmission loss using an impedance tube
Frequency range - Low frequency: 125-1,600 Hz
- High frequency: 500-6,300 Hz
Test standard KSF 2814-2

Table 5. Layer configurations of materials for absorption test

Layer Layer composition

1 layer #1,#2,#3

2 layer #14+#2, #2443, #1+4#3
3 layer #1+#2+43

#1+#2+#3

1Layer — 3Cases

2Layer — 3Cases 3Layer — 1Cases

Figure 3. Schematic diagram of layer configuration for sound
absorption test.
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Figure 4. Linear absorption data measured via impedance tube for TPS composite under various layer configurations: (a) #1, (b) #2, (c) #3, (d)

#1+4#2, (e) #2+#3, and () #1+#2+#3.
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Figure 5. Linear absorption data measured via impedance tube for PET felt under corresponding layer configurations: (a) #1, (b) #2, (c) #3, (d)

#1+4#2, (e) #2+#3, and (f) #1+#2+#3.
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Figure 6. Linear absorption data measured via impedance tube for PU foam under corresponding layer configurations: (a) #1, (b) #2, (c) #3, (d)
#1+#2, (e) #2+#3, and () #1+#2+43.
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Table 6. Specifications of the PHI-X system

Iltem Description

Equipment name Acoustic property measurement System

Manufacturer Mecanum

Model PHI-X

Application Measurement of acoustic properties such as
bulk density, porosity of porous materials

Measured property Porosity and Density
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Table 7. Measured bulk density and open porosity of materials using
PHI-X

(b)
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Absorption coefficient
Absorption coefficient

0.2 02
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Frequency (Hz)
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Frequency (Hz)

Material Open porosity Bulk density (kg/m?)
TPS composite 0427 586.83
PET felt 0.951 81.73
PU foam 0.941 61.54
© 7
€ 08 ’ \\\\\‘
%’ 0.6
e 8
& — ‘é 04
2 0.2
0.0 T T T
4000 5000 6000 1000 2000 3000 4000 5000 6000

Frequency (Hz)

Figure 7. Sound absorption coefficient measured by impedance tube; (@) TPS composite, (b) PET felt, and (c) PU foam.



266 | Aol -

AE - ol

Textile Science and Engineering, 2025, 62, 260-270

o
©

o
o
T

Open porosity

o
IS
T

02

0.0

TPS Composite PET felt PU foam

Figure 8. Comparison of bulk density and open porosity using PHI-X.
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Table 8. Applied thickness for single-layer simulations by material
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Figure 9. Validation of simulated and measured absorption coefficients: (a) TPS composite, (b) PET felt, and (c) PU foam.
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Figure 10. Acoustic property results of materials measured using FOAM-X: (@) TPS composite, (b) PET felt, and (c) PU foam.



82 91T Aol A1 o P2 S84 44 H1st | 267

TPS composite®] 7%, 7] F74|Q 2TE $4 02 35T
9 45To] 2704 FOAM-X Al B8]0 & S-a5}5it. o]
o A I TIYE EAL blg ez Z2o] gde
T2 P B 7]l W FSER E &
As& AdA oz AgtAolth. olo wheh, 24 Ve
FABHHAE &5 45 7iAe] ZIdE= #9 WelA +
, B 7FEA 9 A} A
8 Foqe $UA02 el T 2AL 45519

ok AlEdlold A3, 2T S+ 4ds°l vEshla,
35T 9 45Tol A= A% 4ol vepgtot, 4579 45
A% 370 w13 % A A} ADA A2

= 3le}. ol
9} 3.5TE v} A I&Jﬂ A FA TEE A7kt
PET felt= =2 2282 MOE e o R kil
EXNS FA, & onﬂ HEEE I5SAZ AMEH
Z27] T A= 10T, 7 F7tol| e &5 45 Fd &
7 =& A el " 18ste] 10T, 15T, 20T =
74011/‘1 AlEg o]l askeleh. 1 Ay 57 S7tel w
a]— /\-1‘—0] H]—;H oz 'GI:AI—E]‘— 7:16‘1:01 i_']—g_]_g] 9\11—4—
3}11?} 20Tol| A= 24 S5 57171 2A EAsh= |
Tt e S 8= AE fste] 10T} 15T
£ 27 7 $HE AHsIc
PU foam2 W& 7|& 25 E3) 93t
9sels 5o E, B ﬁmﬂ A
2513t} PU foam2 T
1,]3]. /HSJA ZFJ: Jx ZSHA éoﬂ gﬁl—;@
o], EP‘*UP 7 27 Ely
ot} 2 ¢ltof| A

fr

ox
off
o

£
o
s
©
e
4

S|
~ oX
ofr
T
o
[o
o
il
~| mgﬁ
4
30,
rlr
ot
ol
o
N
[
rO

g
rr
ne,
4z
)
ox >

=2

ol
mlo
e ox M
olr

(2
kT
st
o
&
o
off
: o
o ;;

r
(e
Nl
8
o
4
xo T3
rlr
ox
O
N
)
rO
=
4 o ©
N -
. ox |o
o U
Lok
b=
T 19 Ho oX oox ok X N O o

ot
do r|r
X

Ir
::1

X,
i
ox.

ofr A =

o)

<
I
3L
o
&

o
B
AT
o
B
rH
koo
N
o
£ 0
120
=2
X
1o
ife]
oo
o fIf
o
¥
o
H

Table 9. Acoustic property data of materials obtained using FOAM-X

Material property  TPS composite  PET felt PU foam
(Open) Porosity 0427 0.951 0.941
Bulk density (kg/mz) 586.83 81.73 61.54
Sound speed (m/s) 34522 347.09 345.11
Resistivity (Nm™s) 521380.2 89634 36344
Tortuosity 4.857 1.012 2.388
Viscous c.d (um) 303 1283 428
Thermal c.d (um) 1354.2 1524 142
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Table 10. Selected material thicknesses for NOVA simulation
application

TPS composite PET felt PU foam
#1 2T 10T 15T
#2 2T 10T 20T
#3 2T 15T 15T
#4 3.5T 10T 15T
#5 3.5T 10T 20T

#6 35T 15T 15T
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Figure 11. Acoustic property results of multilayer material
configurations simulated using NOVA.
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Table 11. Specifications of the Alpha cabin

ltem Description
Equipmentname  Alpha Cabin(Small Reverberation Chamber)
Model Alpha Cabin
Application - Measurement of sound absorption coefficient

of sound-absorbing materials

- Characterization of acoustic properties of
various sound-absorbing materials
Measurement range: (400~10,000) Hz
Recommended specimen size: 1.0 mx1.2m

Specification

—— NOVA Simulation
—— Alpha Cabin

0.8 1

0.6 1

Absorption coefficient

0.4 A

0.2

T T T T T
1000 2000 3000 4000 5000 6000

Frequency (Hz)

Figure 12. Verification of product sound absorption performance
using Alpha cabin.
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Table 12. Comparison of sound absorption data from NOVA
simulation and Alpha cabin test

Hz NOVA simulation Alpha cabin
400 0.7134 0.3290
500 0.9081 0.7790
630 1.0219 0.9910
800 1.0887 1.0600
1000 1.1145 1.1800
1250 1.0873 1.3000
1600 1.0361 1.2300

2000 0.9668 1.1000
2500 09118 1.0300
3150 0.8822 0.9900
4000 0.9027 0.9080
5000 0.9528 0.9030
6300 0.9585 0.8970
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