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Abstract According to the thickness and the configuration of sound-absorbing material, the cavity’s acoustical

impedance and the aperture’s radiation acoustical impedance is analyzed in detail. Thus, to predict and optimize

the sound absorption performance of the composite structure of sound-absorbing material and microperforated panel,

a theoretical model is established . And the acoustical properties of several commonly used composite structures are

comparatively analyzed both in theory and experiment. Good agreement between the theoretical calculations and ex-

perimental results shows the availability of the model. Taking into account the performance and economy, the composite

structure of sound-absorbing material in the middle of cavity is suggested.
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S0 � 5���a�A�u ' [1]































Ra =
0.147ρ0c0

d2

b

σS0
kr,

kr =

√

1 +
x2

32
+

√
2

8

xd

b
,

x = d
√

f/10.

(17)

A Bra
b
5�� e � a U � [ mm; d I�K h � a U � [

mm; σ
5�� J�K ��a U � [ %; ρ0

2�3 ^ � a U � [
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kg·m−3; c0

2�3 B � u�_�a U � [ m·s−1; f
u���Q��

U � [ Hz 9A�D = ��f�K u (�[










































Za(ma) = jωma,

ma =
ρ0l

σS0
,

Za(ma) = jωma =

jωρ0

σS0

{[

1+

(

9+
x2

2

)−1/2
]

b+l1+l2

}

,

(18)

A Bra
ma f�K�� u�v�w ¼ l1 N l2

��± `�f�K À |
Â�%�& u ( F ;�� @ @�� ��X�Ã�Ä � x�y�9

µ�¶�« ®�� ��C ��I 9 L�M���É u '�(�[
Za = Ra + Za(ma) + Za(D) = ρ0c0(xs + jys). (19)
� 0 ?�� I @ L�M���� u���� α N�� u�� � aD�E�� h�� &�r�s

αn =
4xs

(1 + xs)2 + y2
s

. (20)

� S a
	��� #�� ��� � u�.�/�D I�J�K ���
L�M u.��Ø�� 7�8�����$.A ] 9�� � a�A { H g ½ Å
� u�.�/ �����	C w ρe

¬
ce

¬�.�/ ��e � N����� ] È.g��.^���X.! a Z�� Å I�J�K�L�M�� � e ¬ K
� ¬ J�K � N � ��È.C � ^�� < !�9 g.S a ��� Y��� � � � h�� #�$�9ML \.a =�H�< !��.?�@.A ] ?.�
Y���W�X�L�M�����_���?�9
2  "!"#"$

` h�� ��% 2�� À F�Ð � u�.�/�D���� L�M��u	��Ø � g T�7�8 a W	X ����¹ 1 Ñ�Ò�L�M���� uØ���a
& 9 ?�@�©�'�N <�= ��©�( � ¶�9
"�?�@ )�)�*�*�+�+ ��� u�.�/ ��X�Ã�^ � ρe

N�X�Ã u._ ce,
F�G�\ � ©�( � � @�� ��, � ¶�9 L

\�D�E�-�.�Ø � u�.�/�a � ? � I � � u ��$�Y��/ @ [21] 9
`�
 � � u�.�/ ��� � ]�D I�J�K ��� L�M��u�Ø�� ��7�8 a ?.@ 7 »�L�M�� � h�� &�� u����.a0�F ; ©�ª K&� ª�1�9 7 »�L�M�� .�/ ��� � ]�2E��
1 9
§�¨ j H ��( w�3�4 ` B&K4206 5�6�7 u�4 '

(�( w ¥ a H � ( w L�M ��5 � u.����Ø 9 I�J�K �
`�8�9 .�v ��J�K �.a � e 2.2 mm, K�� 0.12 mm, J
K � 12%; � u�.�/ j H�:�;�< a>=�? ` 24 kg·m−3,2���� ��@ Ó ` 150 mm 9�� u�.�/ ��X�Ã	^ � N
X�Ã u�_�F ; ©�A�( w�B @ 9 ¹ 3

\ � 7 »�L�M��� h�� &�� u���� � Q 8�?�@DCFE�¼ ¹ 4 · ¹ 10
\

«�»�L�M � h�� &�� u���� � Q 8	?	@GCHE�N�©�(
CIE 9 � ¹

4 · ¹ 10
?�����9 a «�»�L�M�����$���N

©�ª	��J�K�Ç ��L 9&� ¹ 3
?	�	�	9 2�� À ]�U �u�.�/ � i Ç�L�M�� u Ã�j�u�M a
0 ��L�M�� ���Q���N�O�Q�O�P u���9�¾�� u�.�/	F " 2��ÁB ® �

º�»�L�M�Ã	j A�Q ¼�� u�.�/	F "�R ® N Î�® <�Sg�� 9 � 2
\ µ�¶ ¹ 3

� ¶�T�U�V�� u�����W � (
�

�
)
Q���¬ � u�����W � ¬ ��X�Y 50% u � � u��� ?.@�V�� u������ � ( Z�[ A�Bb2���Bb®�F�Ð�.�/

N ]�U�.�/ º�»�L�M�V�� u������ �  l�[�; '�(
¥�( w� l 1600 Hz, ��¿�½ & 9 � � q�l � ) 9

` ��\ 
 � � u�.�/ V�7�8 a ¨ B @ Ó � H � =? ��] V�� u�.�/.a < D = V�� u�²�´ L�M�V�� u�Ø� W�^�_�`�X @�� 8�a 9�X	!�� u�² ´�D J�K � V
7�8 acb X g�d ¨.1�e / 9�`;
 � g T ²�´ V�{ H a¹

11
& 9 J�K � ÀPÂ ��±�f�E�.�/�=�? 20 kg·m−3,

48 kg·m−3, e�g 2 mm
¬

5 mm V 4 » ²�´ L�M�V� h���h � u�����Q 8�?	@iCHE�9
��j	?�@ �Á�k=? � � V�� u�.�/�²�´ W�X�l L V u���Ø�� 9
m

1 7 npopqprpsptpupvpwpx
opqpypz {p|psptpupvpwpx

1 }p~p�p�p{p|pspt
2 }p~p�p�pup� 30 mm �p{p|pspt ( � 1(a))

3 }p~p�p�pup� 30 mm �p{p|psptp��sptp�p�p}p� D1 = 45 mm( � 1(b))

4 }p~p�p�pup� 30 mm �p{p|psptp��sptp�p�p}p� D1 = 75 mm( � 1(b))

5 }p~p�p�pup� 30 mm �p{p|pspt ( � 1(c))

6 �p�p�p�p�p�p� 3 mm �p{p|pspt ( � 1(d))

7 }p~p�p�p�p{p|pspt ( � 1(e))
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� 3 7 npopqprp{p|���������������� � 4 	p}p~popqp{p|����pr��������

� 5 sptp�p�p}p~popqp{p|����pr�������� � 6 �p�psptpopqp{p|����pr��������

� 7 �p�psptpopqp{p|����pr�������� � 8 �p� D1 = 75 mm opqp{p|����pr��������

� 9 �p� D1 = 45 mm opqp{p|����pr�������� � 10 3 mm 
��popqp{p|����pr��������



4 � � ��È�[�I�J�K ��� � u L�M B � u�.�/ V�{ H 391

m
2 7 npopqpr��������p{p|��������

7 npopq ������	 (Hz) {p|�������� {p|�����
��
� 	p}p~ 535 0.98 746

�� 30 mm �pspt 515 0.99 810

�p� 30 mm �pspt D1 = 45 mm 511 1.00 >(166∼1600)

D1 = 75 mm 530 0.99 >(168∼1600)

�p� 30 mm �pspt 492 0.99 856

�p�p�p� 3 mm �pspt 538 0.99 756

}p~p�p�pspt 391 0.93 >(122∼1600)

� 11 ���pspt������p���pr�
��popq��������p{p|����

3
���

§�¨ F ; ��� � u�.�/�D�2���u���� N�J�K��h ��� V�7�8 a&o���� ^ `�G H V�I�J�Kts � u	i
Ç�L�M�V���j.?.@��
5 a 0�F ; ©�ª�ª�1�����j�V ?��Ø.a�D �.?�� `.i Ç�L�M.W�X ?�+ V! �"�#!$�9�¨% V!& +���� L�j�R q [

(1) ' 2¢� À
� Ð � u¢.¢/ a ¾ h)( % 2¢�¢u��a & + È�Ã�` � ��V ( %�¼�T+* � E � u�.�/ V�!,���Ø�a×2�� ¾ g�P�� È�Ã�` “ m ”
u!��a }�¾!-. u���®¯� 9�� u�.�/�D I�J�K � §+/�V�7�8+& +

X�0�'�J�K�V	� 1 x�y � 5�a�D�E � u�.�/�D�E J
K � V�L�M a � 1 "�K V u+� ¾ h+( % a T+*�} "K Ó z u!� ¼ � .�/ e�g h < 0.5R(R `�È�Ã Ö�Ø £
¥���� ) * a } *�+�,�-�.�/�0�1�5 V�7�8�9³µ�¶��
j�N�©�ª ��� 1 �=a ' 2�� À � Ð � u�.�/.a ?�� '
T�1�V�L�M 2�° q � � (�2 I�J�K ��� L�M�V�� uØ�� 9

(2)
F ; D ¨ B 5

`	i Ç�L�M�V W � (
���

)
Q

��¬ � u�����W ��N�� u������ � È+3�4 w V D 
�����Á�a ' 2�� À ]�U � u�.�/ W�X	u�M�V�� u
Ã.j a L D = V� �"�5�§��.u � 9 D�E Ó � e�g�V��u�.�/	a ¾�� u�.�/	F�Ð�2��ÁB ® V�L�M�� u Ã	j
u L.a ¾ .�/.F ' Î�® N�R ® Ã.j <�S g�� 9 � E ¨B ©�'�@ Ó j H =�? � f�V :�;�< � u�.�/	a
f�E
� u�²¯´ L�M�V�� u�Ø�� ^�_�`�X @�� 8�a 9 µ�¶
¨ B V���j�N�©�ª ����a&o�p � * j H ¾ Ó � e�g
V�� u�.�/ � F ' 2��ÁB
® ¸ �	� Ð V�I�J�Kts �u�i Ç�L�M�9

(3) S *�6 H J�K � ÀbÂ f.E � u�²�´ V�L�M�7].aMo.p � *�,�-�=�? � � � V���² V�� u�.�/ 9�º
b #�° ? �	Q ' Ó � V D = ! ��a a�S 6 H .�/ V=�? � �.a W ²�´ e�g�8 ? f�,�9 '.R a F�G ' ���
L�M B � H V�� u k�9�: e�g Ó	e ` 0.2 mm,

5 ^
g 70∼90 g·m−2(

=�?
350∼450 kg·m−3) 9

(4) ¨ B Ñ & 9 V���j.?.@ � ¶ Å ©�ª � ¶�K�Ç��L.a���� ��j���5.A ] V ? ��Ø.a ? H [!;�(�I�J
Kts � u	i Ç�L�M�V u��	��Ø	a ` l � I�J�K � V
©�A =�H!<!= 8!> ����j!?!@�9
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