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Abstract Acoustic structure study always is the research interest of the academic area. Diffusion absorbing structure

(Diffsorber) has good research value because it has both diffusion and sound absorption property. Quadratic residue

diffusers (QRD) structure which had good diffusion property was combined with perforated plate which had good sound

absorption property in this study. According to standard AES-4id-2001, the diffusion experiments were carried out to

study QRD structure and ones composited with perforated-plates which had 1 mm-thickness and perforated percentage

of 3%, 5%, 8% respectively. The polar coordinate diagrams and diffusion coefficients of different structures were derived

and analyzed. Results showed that the composite structure still had good diffusion performance in the frequency range

from 100 Hz to 800 Hz. The reflection sound energy of composite structure reduced obviously in the perforated plate

resonance frequency range where there was about 2 dB reduction averagely. The study result can provide the reference

for the design and development of diffsorber.
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 ñ�� ç ý ÇÔÈ�������	�
 Ü����������� 	 ãÜ ÅÛÆÛåÛæ [3] ����� ç������ Ü 	 
������ ç�� ���
úÔÇÔÈ Ü ÅÔÆ�� ì åÔæÔç 	�
 ��!�" ��� ��# ��$
�Ûç&%�'�( ��� QRD ÇÛÈ�)�*,+.-�/ ��0�1�2�3�45�6 
¾Ç¾È Ü Å¾Æ�7�8 [4] , Wu Ï Cox ��� QRD Ç
È�)�*:9<;¾Õ�=�0�>�?�@�A¾Ç¾È Ü � ì å¾æ [5] �
=�0�>ÔÇÔÈ�BÔË���C > ��D Ý�E ö Ü 0�F�?�GH �ÛÓÛÎ Ü >�IÛÇÛÈÛç ý ÇÛÈ�J�K ü Ý�E ö�L�M�N�OP�Q G H�RÔÜ�S�T�U Õ [6−7] � ûÔü =�0�> Ü � ì 1

�ÛçWV�X�Y�Z � � � � û 	 
 �W[�\�\ � 	�
 ñ,� ç
=�0�>�� ì 1���]�N�O P�Q G H�R J�KÔç^��G H����,�._�`âáäã ça� ì 1�� ßÛà 	�( Ü�b�c 1 [8] �edf�g ��h�=�0�>�� ì ÇÔÈ Ü�����i 1������ `�j çk�lÔÚ =�0�>�� ì ÇÔÈ�� ì Ünmpo�����q^��r 
�8
�Ôç^��=�0�>�� ì ÇÔÈ Ü Ø Ù�s�t ��u�v [9] � þÔÿ
����w�h�=�0�>�x�y�z�{�C}| Ü � ì 1������ 	�

?�$�~�� ì [10] �
v���� QRD Ç È m���� á ã Ü Å Æ�1�����=

0�>�G H�������Ôá ã Ü � ì 1�� ç^���ÔÌ�=�0�>
] QRD ÇÛÈ�;ÛÕÛç&?�� � ����� ßâáäã ÅÛÆ�1¾Ï��ì 1 Ü Ç¾È���� Naderzadeh ��h QRD Ç¾È Ü )�*m ë A � =�0�> Ü¾ì ��������� 	�
 [11], ��� 	�

+p��������hÔÇÔÈ�� ì 1�������v��ÔÇÔÈÔÅ Æ�1Ôç
��������Y��:+ ç � û Ü 	�
�� Ë����¾Ö�� [12] �.�
	�
��������������:  çTÌ�=�0�>�� ì Ç¾È¾Ï QRD

ÅÔÆÔÇÔÈ�;ÔÕÔç^v���;ÔÕ���yÔÇ È Ü Å Æ�1�� Ü ù
úÔç S ÇÔÕ�=�0�>ÔÇÔÈ Ü G H � ì�����`�j ; Õ�h
ÑÔÒ ì � Ü�¡�¢ ç^£���� Å Æ�� ì Ç È Ü Ø Ù�s�t
u�v �
1 ¤¦¥
1.1 §�¨�©�ª�«�¬��®�¯�°
±�²

1 ³�´¾ç�� N =7
Ü

QRD ;¾Õ�=�0�>¾Ç¾È
´�µ ² ç¶� m<² 1(a) ��;¾Õ¾Ç¾È�· ò�² ç ² 1(b) �
;¾Õ¾Ç¾È�¸�¹ ² �}º ² 1(a) · ò�²�» ?�¼ Ú ç ý ;
ÕÔÇÔÈ ºp½���¾ 8 Ü�¿ U�À ç ¿ 9p;ÔÕ�=�0�>���yÁ À�Â�Ã

[13−14] �Ä���Å O P�Q –
��Æ P�Ç�È�` ��É ç«Å Æ�Ê�ËÝ�ÌÛÜ ÅÛÆ ì�Í ËÛ×ÏÎoÅÛÆ�Ê ñÛò¾Ü “

Ã ì�Ð
”
Ü�È

` � h ü Ý M�L ��ÌÛì�Ð ç ÅÛÆ�Ê�Ë�Ñ Ý�Ò�Ó�Ì�ÔÛÜì�Í �¾½
p(r) = pi(r, r0)+

∫∫

S

(

p(rs)
∂G(r, rs)

∂n(rs)
− G(r, rs)

∂p(rs)

∂n(rs)

)

ds,
(1)

Õ m ç r = {x, y, z} ��Ñ Ý�ÌÛÜ�Â�Ö�×�Ø ç r0 � ì�Ð×�Ø ç rs �¾Å¾Æ�Ê � Ñ�µ Ì�×�Ø ç p(rs) Æ¾Ò�Ê � rsÔÛì�Í ç pi(r, r0) � r
Ô ×ÏÎ ì�ÐÛÜ�Ù�ÚÛì�Í ç n �

ÅÛÆ�Ê ñÛò�Û  .Ü�Ý ç p(r) � Â�Ö�×�Ø r
ÔÛÜÛì�Í �

(a) Þàßàáàâàãàä

(b) �àåàæ
æ 1 N = 7 ç QRD èàéàêàëàìàíàîàïàðàæ

G(r, rs) Ë�ñ�'�ò¾¼ � h�Î º<ó à ½
∫∫∫

V

(

G∇2p − p∇2G
)

=

∫∫

S

(

G
∂p

∂n
− G

∂G

∂n

)

, (2)

(

∇2 + k2
)

= 0, (3)Õ
(3)
m

∇2 Ë�ô�õ�ô�ö�÷�ø �ù ì�ú�û�Ù�ü Ò � ç^ý�h ì�Ð ñ ò Ü ì�Í�» ?þ K��¾½
p(rs) = [1 + R(rs)]pi(rs, r0), (4)Õ m ç R Ë ñÔòÔÜ ÑÔÒ E ¼ �^ÿ���� ìÔîÔï ç » Ä����Õ�� � ½

R(θ) =
Z cos θ − 1

Z cos θ + 1
, (5)

Õ m ç θ �ÔÑÔÒ�7�8�� Z Ë ìÔîÔï ç^� Ý�	 ��;Ô¼Ý ç Z = Ra + jXa, � m ¸ ë Ra Ë ì¾î ç�
 ë XaË ìÛï ç ìÛî� Ö ì � Ü� Æ � Ý	¾ì ÅÛÒ ��� v��ì¾î¾ï¾Ü 
 ë ç^� ì ��� v�� ì¾î¾ï¾Ü ¸ ë �
� QRD Ç È m ç^� ì î ï�» ?���? ����Õ Ù

÷ [15]:
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Zwell =
ρ0c0

j tan(2πdn/λ0)
, (6)

Õ m ç ρ0 ����� Ü�� 8¾ç c0 � ì�� ç dn � QRD Ç
È�� n M�* Ü ¸�	�* ¾ ç λ0 �¾Ø Ù¾ì�ú�ú�
 ç j

ñ
´�
¾¼ ��º Õ (6)

» � ç QRD Ç¾È Ü¾ì¾î¾ï ? ì¾ïÁ�Õ�� �¾ç ù ü Ò ì�ú�� ��� QRD Ç¾È ñ¾ò y¾ç �� � ÖÛÅÛÆÛÑÛÒÛç&�� QRD ÇÛÈ Â�ÃÛÜ ¾ 8��Û¼Ï�Ü $¾ù���� ¡�¢ Ç¾È Ü Å¾Æ¾å¾æ �ù � QRD Ç Èn* 9�; Õ � =n0n> � ç Za =

(Zplate + Zwell), � m ç Zplate ��=�0�> Ü ì î ï ç
Zwell � QRD Ç¾È Ü¾ì¾î¾ï �
=�0�> Ü¾ì¾î¾ï�» ?���? ����Õ Ù ÷ [16]:

R =
ρ0

πa2

√

2ωµ

[

t

a
+ 2

(

1 −
πa2

b2

)]

, (7)

M =
ρ0

πa2

[

t + 1.7a

(

1 −
2.5a

b

)]

, (8)

Õ m ç t ��=�0�>���8¾ç a ��0��¾ç b ��0 Ö�� ç<v
��� N M�0 Ü���� ç Ä���Õ (7) Ï Õ (8)

» ? � �
=�0�> Ü��¾ì¾î¾ï¾Ù ÷ ��Õ ½

Zplate =
1

N
(R + jωM). (9)

º Õ (9)
» � çW=�0�> ÜÛìÛîÛïÛÙ ÷���� ìÛî ÏìÛï�� M ë�` ç ìÛî ��� � Ö ì � � Æ¾ç ìÛï ��� �

Ö ì �¾Ñ¾Ò¾ç ³�? ù QRD Ç¾È�A � =�0�>�y¾ç =�0
>���� � �Ôç^;ÔÕÔÇÔÈ�h ü Ò ì ��� � ��	�� ���Ü ��� � � ��n� �n�n�n� E ö �nÕ » ? Ù ÷ � Ú Za Ï
p(rs), h Â�Ö Ñ�µ ×�Ø Å¾Æ¾Ñ¾Ò ì�Í� ��� Ù ÷ �
1.2 §�¨�©�ª�«�!�"�#�$�%�&��� =�0ÛÇÛÈ Ü G H����ÛÙ ÷ ��Õ [17] h ý ;ÛÕ
Ç¾È Ü ½���¾ 8 Â�Ã (

±�²
1(a)) ����� Ù ÷¾ç �¾Ú

;¾Õ¾Ç¾È ½���¾ 8 Â�Ã¾Ü G H�����±¾ñ 1 ³�´ �'
1 èàéàíàî)()*)+),)-).)/)0)1)2

( êàëàì)3 1 mm, 4)5�+ Hz)

êàë)2 -). (0.06 m) -). (0.24 m) -). (0.12 m)

3% 781 295 494

5% 934 324 567

8% 1072 345 625

; Õ Ç È º�½�� Â�Ã�U�À ç76989: Þ ; Õ Ç È
� àÔÝ M�; H�<�=�>@?�ACB�D 1 E�F�G�H�I�J�K A
1 mm-3% L�M�N�O�P�;�Q <�=�>@?�R 250∼800 Hz,

1 mm-5% L�M�N�O�P�;�Q <�=�>S?TR 315∼1000 Hz,

1 mm-8% L�M�N�O�P�;�Q <�=�>U?VR 315∼1000 Hz W

X G�Y�Z�;�Q <�=�>@?�A H�I�[�\ 3 ]�L�M�N�O�;^ ;�Q <�=�>S? (315∼800 Hz) _TL�M�N�O�;�Q�`�ab�c�d P�e�f�g�h�i�j�W
2 kmlmnmo

a b�p�q H�I�r�s b�t�d�q�u�v�w�x�y�z�p�A|{} a b�p�q P�~�����i�j ^�����A�������� a b7� FD�� a b�p�q P���� A a b�� F�� 0 � 1 � v�A7���� }
1
D�� a b�p�q�� � [18−19] W7a b�p�q P�~� H�������� AES-4id-2001[20] W���G���������� A

~ � N���H���K�� 1/3 � <�  P D�¡�b�t�d�¢�£ P¤�¥ ��¦���a b�� F A ¤9¥ �9¦ � }9§�¨ b9t�d9q
P�©�ª ��« A a b�� F � }�§�¨ a b�p�q [21−22] W¬ab�p�q��® ~ � x�¯�°�¡ ¦�±�¦ 2 ² � W

³
2 ´)µ)¶)·)¸)¹)º)» ³¼��® ~ � `�½ R N = 7 P QRD a b�¾�¿�ÀÁ�Â�Ã�Ä�Å�=�Ä�Å�Æ L�M ¾�A L�M�N�O�±�¦ 1 ² ��AÀ E QRD N�O ����Ç�È�É N�O (1 m×0.9 m×0.3 m),Ê�Ë�Ì�Í ����Î�Ï�Æ�AÑÐ�Ò ��Ó�Ô ��� 8 mm

È�Æ�A
Ê9Ë9Õ9Ö R

0.12 m,
Ê9Ë9×9Ö �9Ø R 0 m, 0.06 m,

0.24 m, 0.12 m, 0.12 m, 0.24 m, 0.06 m,
Ä�Å�Æ�R�Â

Ù�Ú�Û�Ü�AÞÝ Ö
1 mm,

Ä�Å�=�w�ß�R
3%, 5%, 8% W9® �9à9á d9â g9h A7d9ã � QRD N9O9ä9å9æ ¯

±�¦ 2 ² ��A ¦@E�à@ç Ò Y�P�è R�é�ê�ë P�ä�å�æ¯
( ì Ì 5◦

x�¯�í�î ~�è ),
d�ã�R�ï@ð�p�d�ã W ®�ñ�ò `�ó í QRD N�O�a b�p�q g�h�~ � Aõô�ö�÷

QRD N�O Á�Ã�í�Ý Ö Â�Ã�Ä�Å�= P Ä�Å�Æ L�M Aøwß g�h�~ � Aù� cooledit ú�û�ü�ý�þ�ÿ�������� A ��
ESI

d�� P output � input ��	�g�h�����
 t �����A � �
MATLAB `�² ��� ����g�h��� A X G��������� K í���� 1/3 � <�� ¤�¥ ��¦���a b��

F�W �® ~ � ��� ±�¦ 3 ² � W
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2016 �

³
3 ´)µ)¶���������� ³

3 kml
	
�
��
3.1 �����������������������������

` Ä�Å�Æ L�M QRD � ö P�N�O�g�h�~ � A � �í���� r t�d�q F�G A ` Â�Ã 1/3 � <���w�ß! K"�# r t�d�q ¤�¥ ��¦ ACB } ²�~ <�=�>S?%$!& 16î
1/3 � <���A(' � Ç Ô � K A() ��* <�+ E <�+ E,�<�w�ß [!-!. D�p�<!/ 125 Hz, 500 Hz, 2500 Hz,Ã!0�R!1!2!3�w!4!5 Q <�= P�e�f A X G D 1 ² �

P�N�O 5�^65 Q <�=�>U? (315∼800 Hz) 768 630 Hz<6/ g�h w64�A ²  ¤�¥ ��¦ w�ß ±�¦ 4 ² ��A ¦UE¤�9 ó�æ R dB WB ¦ 4(a) H�I�J�K A � 125 Hz
<�/�0�A L�M��ö r t�d�q P y�z Ö!:<; ^>=@? ©9ª A L�M ö N�O

P�a b�p�q!A�ôCB � A7Ã<0 L�M<� ö N9O�r t9d�qD�E ©�ª Â�D�A Ä�Å�Æ L�M�� 125 Hz * <�/�0 a bp�qFB ��G c�d� ���ÂF=%? WB ¦ 4(b) H�I�J�K A � 500 Hz
<�/�A Ä�Å�Æ L

M!� ö N�O�P�r t�d�q�w9x<H!I9Â<D9A L�M ö N�Oq6J�K6L L�M6� QRD N�O6M���P�a b�p�q�AõÄ�Å�Æ
L�M ö N�O!M�L�M!��r t�d9q9^C=@?<N!O9A7°9y!N

O�P Ö�Q �
2 dB, QRD L�M ö N�O�P d�c���R�S�TwU=V?�AÞÃ60�A

3 ]�L�M�N�O�P�r t�d�q�w�x�T�w "W�A7Â9Ã�Ä�Å�= P Ä�Å�Æ `9L�M9N�O9P9r t9d�q e
f Â�D WB ¦ 4(c) H9I9J9K A � 630 Hz

<</9A7Ä9Å9Æ
L�M ö N�O�P�r t�d�q9w�x<X!Y © �!Z 8 y�z9A L
M ö N9O q<K<L<X<Y<R<S L9M<� QRD N9O9P<M9�
a b�p�q�A L�M ö N�O�P9r t9d9q�^>[ M =@? P<\E�A °�y \ E6P Ö6]6^ �6_ 2 dB,

Ã60�A Â�Ã�Ä�Å�=
P Ä�Å�Æ L�M�N�O�� v P�r t�d�q�`�ß�ÂF=%? WB ¦ 4(d) H�I�J�K A � 2500 Hz P <6/�A L�M ö
r t�d�q6D6E ©�ª Â6D�A G y�z�pU=V? © H�A � 120◦

� 180◦
`�a�X�Y K�b 1�c�d�e ¦�f AVÃ�0 ] H�I�J

K Â�Ã�Ä�Å�= L�M�N�O�P�r t�d�q�`�ß�ÂF=%? Wg Y�²�Z A Ä�Å�Æ L�M QRD
ö N�O�� 500 Hz �

630 Hz
R . D P 5 Q <�=�>S? _Tr t�d�q�N�OC[ M=V?�A L�M�N�O�P 5 Q q6R6S N�O�P d�c���A Ã�0�A

L�M ö N�O q M�� K!L r t9d�q9w9x P y9z�p9Aih^FB ��P�a b�p W�� 125 Hz
R . D P�* <�/�A L�Mö N9O q<J M9� K<L L9M<� QRD N9O B �9a b9pq�A G6j d�q \ E�ÂF=V? WÞ� 2500 Hz

R . D PUE ,<6/�A Ä�Å�Æ L�M6� ö N�O�P�r t�d�q ©�ª Â6D�A ÄÅ�Æ L�M ö�Â�q6R6S N�O�P c�d�p�q�A Ã�0�A L�M ö
N�O�r t�d�q�w�x�y�z�p6N6O�A a b�p�q © H W � ÄÅ�= e�f�� ¡�A7Ä�Å�Æ P Ä�Å9= ©�ª9`�L9M9N�O9P
r t�d�q�D�E � w�x e�f ÂF=%? W

(a) (b)

(c) (d)³
4 k�l�m�n�o QRD p�q�r�s�t�u�v ³
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÷��® ²�~�P Ä�Å�Æ L�M!� ö N�O Â9Ã
	 Ö Pd�¢�£
��°�y�A7ô�ö�����
� K ÂCÃ N9O�L9M<� öd�¢�£6H��
( L�M6� – L�M ö ) P <�������A ±�¦ 5 ²� W B ¦ 5 H�I�J�K A ` } 3% L�M�N�O A 250∼800 Hz<6/�>U? P d�¢�£6H�� M D�A L�M ö N�O °�y�d�¢�£N�O Q �

2 dB, 5% � 8% L�M�N�O�� 315∼1000 Hz<!/�>@? H
� M D�A L�M ö N�O °�y9d9¢�£<H� ]��¼ ^ � 2 dB I�Y A�Ã�0�A � À���<�=�>S?TA L�M
� ö�°�y�d�¢�£!H
�C=@? M E9A���Á �<��² � � P5 Q <�=�>@? (

D
1)
" í
��A��
��A7Ä�Å�Æ P 5 Q �����,�1 L�M�N�O�P d�q�c�� W

³
5 p�q�����r�s�k�l� �o)º�!�"�#�$�%�&

3.2 '�(�����)�������������������*�+�,�-�.�/

dθ =

(

n
∑

i=1

10Li/10

)2

−
n
∑

i=1

(

10Li/10
)2

(n − 1)

n
∑

i=1

(

10Li/10
)2

. (10)

�
(10)

R a b�� F�P ��������A À E Li

R�y�z
w�x P�0 i

î�é�d�ë æ ¯  ( 1�¦ 2) P 1/3 � <� �d¢�£ W32 d�4�5�6�7�t�0 θ
R

0, 8�H ����� � 5�6
a b�� F�W ÷ �6��P�~ � F�G�g�h��� A X G � (10)����� K Â�Ã�Ä�Å�Æ L�M�N�O 1/3 �
9 � P 5
6 a
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