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Experimental Research for Air-borne Noise Reduction of a Multi-layered
Insulation
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ABSTRACT

This paper discusses an experimental method for measuring the insertion loss (IL) performance of multi-layered
insulations that are used in vehicles. Instead of two adjacent reverberation chambers which are generally used to
measure the transmission loss (TL) of the large sound isolation materials, air-borne sound insulation tester was
utilized to determine the IL and articulation index (AI) of standardized insulation materials. In comparison to
reverberation chamber method, air-borne sound insulation tester method is more space-saving, more time-saving
and more simple to the automotive acoustics. From the empirical results, it is found that the performances of
insulation materials are closely connected with density of polyurethane foam, thickness of heavy layer, thickness

of polyurethane foam, and application ratio to panel area.
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Fig. 2 Diagram of an air-borne sound insulation tester.
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Fig. 3 Diagram of test setup in anechoic chamber.
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Table 1. Mechanical properties and dimensions of 15 test

samples.
Foam Foax_n _HL anm
No. Type Density Thickness | Thickness

(kg/m”3) (mm) (mm)
#1 | PU foam 250 - 20
#2 t 200 - 0
#3 1 150 - t
#4 1 100 - 1
#5 t t 1 1)
#6 T ) 2 t
#7 1 t 3 )
#8 1 0 4 1
#9 1 t 2 15
#10 0 0 t 10
#11 D/foam 100 t 20
#12 | PU foam 200 t 1
#130 0 100 0 1
#14@ 0 1 + t
#15% T 1 1 1)

) Application ratio : (1) 75 %, (2) 50 %, (3) 25 %

31PU &9 2o g X3Sds

Fig. 4 o) Yeh} = A= Zo] 0.8 mm 779
Ao K-ztslol Zesde F9 2UEE
100 kg/m*oll A 250 kg/m7HR) WA RS wWo] A
&43 Al g g SAsg0 13 SER W=

0) =
M

I

ofy

:P;

F357} 400 Hz ofdlel JHdME 957} &
TF AFEHT FA deEReH, 4 FH5
7} 630 Hz °]49 @At 4utd 237 ve
ot AFs 499 uFg G FEAS
o] A2 Ayl wat APl Al g
SO A FFE A FE Aoz YR 2
Ay e TS ASAZ A4 B9 A

g0 nlste] o 5% ol49 Al e A

ANE F dEE B 5 ok by 2AgAs
57} 200 kg/m?Q! Z -9
Ao gad 5 Ao

o

o)
=
£ 540l by Fe

insertion Loss (dB)

10 10’
1/3 octave band center frsquency (Hz)

(a) Insertion loss

80
: PU foam :20 mm ; z::g gg
- AT N + density : 150
L+ density : 100 |
75h \ bare panel t:0.8 mm . -
£10
<
" o
.
651
® « bare panel
60 i i i i i i Y i
0 2 4 6 8 10 12 14 16 18 20
Area Density (kg/m?)
(b) Articulation index

Fig. 4 Comparison of insulation performances related to

PU form density.
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Fig. 5 Comparison of insulation performances related to

heavy layer thickness.

33PU &2 FHol oE ASHs
Fig. 6 & TS o FA we
< Yehlz doh 173 SEE = 34
7} 400 Hz ofefjo] AHQoME EFo FH7}
5 Ad&Ede] IA YeErda oy, 1
A7 ¥& #Holt 2y T4 FI7E 400 Hz
ool FHoMe F FAN FALTEF Y
&4do] AA Yevdn flon, Ed 1 zpolst A
233 AA Jeldz ko ags A" Al @
< EYedg o FANG FALFE & ge
A

F) & 371 go] AEHSL AHHoE ¥

o

e}
e

N de
R
e Ay 4y ofr

3
S

- thickness : 15t ||
| =+ thickness ; 10t \\

‘ / heavylayenZ ;r:

Insertion Loss (%)

i i
! i
.0l _ [ U S
10° 10
1/3 actawe band center frequency (Hz)
(a) Insertion loss
80— e — A e
i - thickness : 20t '
| thickness : 15t |
{_+ thickness : 10t
‘ + thickness : 101 ,
75}
.
£
< i heavy layer t:2
| / PU foam d:100
o5} AR AR, “
1 L3 bare panel t0.8 |
| |
i = «— bare panel |
B0 e N S -
o 2 4 6 8 10 12 14 16 18 20
Area Density (kg/m?)

(b) Articulation index
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thickness of PU foam.

-1189-



34 ASM o] HEH|of & X}

Fig. 7 & 257t Hdo H4HE

v} w o
of wel Al gkol % 5 % =

dol &

20~

&<

AsHA Waks

Yehha g
HA Foe

AL B F

245

ERE R

Atk A=At HEHE

AN AgEAol
B 2 or} agl: Al 3
o, 2] Hgnlgo] 25% =75
A58 B A5
Aok, ek F

Ede @7 AdMe Aesand s A

AT Agse ol e EHHY

beavy layer t:2

PU foam d:100 t:20

Insertion Loss (dB)

10°

1/3 octawe band center frequency (Hz)

(a) Insertion loss

s

Al (%)

* ratio:
1 75%
+ ratio :

+ ratio:

25%

heavy layer t:2

-/..

X bare panel t:0.8

PU foam d:100 t:20

& «— bare panel

\ L

I i i

2 4 1 8

10 12 14 16

Area Density (kg/m?)

(b) Articulation index

Fig. 7 Comparison of insulation performances related to

application ratio of insulation to panel area.
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