
�
44 � � 6 � � � � � Vol. 44, No. 6

2019 � 11 � ACTA ACUSTICA Nov., 2019

� 	 
 � �  � �
Helmholtz � � � � � � ∗

����� 1,2,3 � � 1,2,3† ����� 3

(1  "!"#"$"%"&"')("*"+","-"."/"0"12 "!"# 150001)

(2 3"4"5"6"7"8"9":";"$"5"<"-"."/"0"1 (  "!"#"$"%"&"' ) $"=">"5"6"?"<@ "!"# 150001)

(3  "!"#"$"%"&"')("*"$"%"'"A2 "!"# 150001)

2019 B 6 C 24 DFE"G
2019 B 7 C 16 DFH"IJLKNMLOLPLQLRLSLTLULVLWYX"ZL[L\^]L_^`LU^P
Helmholtz a TLbLcedLfLgLhLWYX"ZL[L\L]L_^WYX a T^iLj^kLlLi^mLV^noLpLc"qLrLOLsLt

Helmholtz a TLbLVLRLSLnLuLvLwLx^y^zL{^h^| Helmholtz a TLiLjL}LV “∞” ~L�L�L�L�Y�"� c"zL{Lh� i ����� n^�^w^���^�^h^\^]^_^z^{ “∞” ~^� � i ����� �^w^V^�^�^c��^�^h^b^�^�^�^���^�^Z^�^�^�^�^W�X�Z^[^�^��L�L�L�L�L�L L¡L¢L£^¤L¥
Helmholtz a TLiLjLVL¦L§Lc©¨LªLh^\^]L_^V^�L«�¬"^§^®L� ����� �^£^¤L�"¯^°L±^²^¡L³^´^µhLzL¶L·L�Lc�|L¸^n^¹^ºL»^¼^½^h�¬�n � ]^¾^¿^��¾^¿^¡^³^À^ÁLc �����^��Â �^Ã^b a T^i^j^Ä^±^²L¡^³^Å^Æ^S^ÇL�ÉÈ^Ê�ËWYX"ZL[L`LULVLP

Helmholtz a TLbL¹LnL\L]L_^Ì^zL{^¹^n^\^]L_^Í^Î^Ï^� � i ���"� �^w^Ð^ÑLh^Ò^Ê^Ó^ÔLÕ^m^�
PACS ÖØ× 43.38, 43.30, 43.40

Dual-Helmholtz resonator transducer driven by flexural disc

SANG Yongjie1,2,3 LAN Yu1,2,3 LIU Maoyi3

(1 Acoustic Science and Technology Laboratory, Harbin Engineering University Harbin 150001)

(2 Key Laboratory of Marine Information Acquisition and Security (Harbin Engineering University),

Ministry of Industry and Information Technology Harbin 150001)

(3 College of Underwater Acoustic Engineering, Harbin Engineering University Harbin 150001)

Received Jun. 24, 2019

Revised Jul. 16, 2019

Abstract An underwater acoustic transducer with dual-Helmholtz resonator is presented. The acoustic output of

flexural disc transducer below its resonant frequency can be amplified by Helmholtz resonators, the “∞” beam pattern

can be obtained due to in-phase radiation of two Helmholtz resonators. Thus, the transducer has the characteristic

of low frequency directional transmitting which is difficult for low frequency, small size transducers. The principle

of achieving directivity for the low frequency transducer is described. Finite element model is modeled by ANSYS

software for studying its acoustic performance. The influence of key structural parameters such as the length of cavity,

the thickness of metal disc in flexural disc transducer and the thickness of simply supported structure on Helmholtz

resonant frequency have been investigated. The transmitting voltage response and directivity are solved. The prototype

is fabricated based on simulation dimension result, transmitting voltage response and directivity are tested in anechoic

tank. Test results revealed that the transducer has “∞” vertical directivity at Helmholtz resonant frequency, the beam

pattern and Helmholtz resonant frequency are in good agreement with simulation results. The transducer presented in

this paper can provide technical support for low frequency directional transmitting with small size.
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ka<1, ?�@�� ������� ������A�B�C�D�E�F�GH  I!J"K$I7LCI1IMI+I,I3I4INIO /I0IPRQISIT�UIV

��W��X�Y�Z�+�,�A�[]\ P_^�` O�a�2 ������� �
����b�c�d�e�f�g�h�i�j Plk�m “∞” n�o�p�q�!�"
$�f�r�s�a�j�t�u�7

'v) P ��w��� “∞” n�o�p�q�!�"�$���+�,��
�I�IxIyIzJ	 U �I�I�I{|�I}I~J�K� Helmholtz �I�
�I�I7��J\ Helmholtz ���I�IfI�I�I�I�I�I{�cI� �
������C ��� {�� ��� +�,�3�4 /�0���������� �
N�O P���������������� ~�� ����� ����������7

Rossby[1] � ` O��#��	 U �����������}�~#�
� Helmholtz �I�I� P �I � C Helmholtz �I� �I�  � “∞” n�o�p�q�!�"�$�¡ Butler[2−3]

` O�1�b��
��	 U ���������¢�£�¤�¥���¦�2�q�j�{�§�¨�©�G
¢I�I�I}I~J� Helmholtz �I�I� P�kImI�I�I� {�ª �
¦I2 Helmholtz �I� P CI¦I2I�I� �I�   © kImI�I«¬

“∞” o�p�q�!#"%$ P Hiroshi[4] �® ��¯�° ���
����±#\%² Ö�³�@ ������´ h�µ�¶�Y�·���¸�� ��¹
�K�IºINI»I¼I�I¸I¡ Morozov[5−7]

-I.I� 1 °I½I¾I¿ÀIÁIÂIÃ
Helmholtz ,IÄ PÆÅI` OI�IÇIÈ � �IÉI�I

�������� � ¦�Ê =�>�Ë ¢�� Helmholtz ����� P
A�Ì�Í�Î ¾�Ï Helmholtz ������� =�> k�m G�¢��
Helmholtz ��� P p�q�!]";$�Ð��� ��« ¬ � “∞”

o�¡%����� [8] � ` O Janus ������� � È � Ç���
¦I2 =I>IË ¢I� Helmholtz �I�I� PÆÑIÒIÓI�IÔ � Ã
Janus-Helmholtz ����� P �� � C Helmholtz ������   « ¬ � “∞” o�p�q�!�"�$�7

FIÕI�I���I�IÖIxI�I¢I�I×I� ×ÙØI�I�I�IÚIxI¦
2IEIÍI1IÛIÜIÝI�I¢ Ë È � �IÈ � � P CIÞIßI1IÛIàá �IâI§ / EIÜJãK�IäIåIæ P ¦I2�È � �KÈ �Iç �I,
â�C�,�è�é�è  �ê h P j�" 0◦ ë�ì ¢ Ë ê h�,���í��P £#" 90◦ ë�ì�î ,���í�ï�¡�C����Ä�ð�ñ�F P
a�ò�O���Ç�È � ��É����������ó]	 U ������7�ô
:I�J�KõIöI�I�I� P CI÷ � fIæI� � Ê PR�I�Iø�ùI�
1�2�ú ��û���¹ ����º�N�æ ù�ü 12 dB[9], ý�þ�ô�:
�#�%������ÿ�� P é�Ý�÷ �   � ��¹ �;��º�N���B� 7 Helmholtz �I�I�I�I�IO��I&��I�J�K�IIÄ��I���� f�æ � Ê (Helmholtz ��� ������«�� Ê ) ��,� ç�	I� 7 Helmholtz �I�I�I�I�I� �I��
��I« �I
ÄI�I�I� �I�IP C �I� ÊI�I, 	I� �IO 
��� 7LÉI�

��������#	 U ����������������¨ Ë ô�� ��P �
������� ��� A�B�é�ª�:������� Helmholtz ���
�I�I�I� �I�IP ýIþIC Helmholtz �I� �I�   ��� �
�I, 	I��� NIx��I7Æ�J�K�I�IZ Helmholtz �I�I&I+
,I�I�I� /I0 BIOI�I¦ ° ï =I> { ��� ��I³�� P Ë
ô�:�É����³���Z#	 U j#";����³�� P �]�;����
� �I�I´��I« Helmholtz �I� �I�IPÆ` OI�J�K�II³
�I�I Helmholtz �I�I�I�I� P ½ C Helmholtz �I����   � ��´�� ��, 	���� N P_´�� :��� �ï =�>��� { ��������� 7

��� \ ��O���Ç�È � ���#��	%
����������¦
2�¢ =�> Helmholtz ����� P�` O��]�;��� ��� Z
Helmholtz ��� ������« ����! P#" ª Helmholtz �
����ô����Ä�C ��� Ê���, 	���� N P%$ C ��� Ê
� � “∞” n�o�p�q�!�"�$ P f�Þ�ß�+�,�3�4 /�0 ô
ï =�> { ��� !]";$�{ ��������� ��+�,��9�����^�& 7
1 ')(+*-,+.0/01 Helmholtz 2+3+45+6+7+8

�]��	;
����� Helmholtz ����������9�:�;Q ; 1(a) ��9�7�W�<�=�>�?�@�1�A���Ç�¢ Ë È � �
�]��	;
��9����{�¦�2]8;��<CB;c Helmholtz ���
� ( Ð Ñ�Ô � ) 7�¦�A�D ê�E ����������	�
�F�G��H C�I ��J F P �]��	;
 Ó D�K�L�M�����7 ø 2�Dê�E \%��¦ E �#�%õ�ö#	 E�N�O ¨�P#" Q�R�S�Q�R
PJ" Ë ¢ P � � F $�T�U�� 7L¦Ib�D ê�E ���J\��I�
�%õ�ö#	 E Q�R�P#" Ë�V P�½ ��¦�b�D ê�E �#��	

 k�m ¢ Ë ���#�%���7��]��	%
������ ì :#	XWY�Z�[ ��<#\%E ë�ì P �#��	;
������ � j�F�G�\
��< � j�F�G^]%x�_�` $�a�b Í���c�d P f�e�f��
��	%
��������� < ���%8 F�g�à á $ Í�Ý ç ¦�2
Helmholtz ������7��]\;���]�;õ�ö�c�d Ó PZT-4,Z�[ 	%
�c�d Ó�h I Z�[�i�j P I ��J�Ó�k I Z�[
G�l�m�n%o�<�p 45# m�qr�s�t�u�v�wyx�z n{oy| b�w�}�~�������������������

Helmholtz ����o�q �����y����� ��� �y�
��� z n���� Helmholtz ����o�������o�����n�� ����^� � ������������� n%��� �����^� ���� �¡¢�£�¤ ����¥�¦�§�¨�© ��������ª� �¡ n%«�¬ 1(b)�® q%� z n r�s�t ��¯°#±�²�³ p [10] :

D(θ) =
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∣
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∣

∣
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∣

∣

∣

∣

∣
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�x n k p�� ³ n l p ���  �¡ � � ¨�© q θ p�¬ 1bx �® n%� l <λ

z n � (1)
�® ��¯°#± ¬������	�
����� n ¯°#± p���� � “∞” � }�� q�� v����� � ����± �����

Helmholtz ����o�����n ������ �y� �� �¡�� � � o� �!�"�#�$ z n Helmholtz �
��%�&�����p�'

fr =
c

2l
, (2)

�^x
c p�����o^|�(*) �*+*, � �*- n/.�o* *0*1, p�2�3�4 , n/5�6���7 ��-�8�9 #�$ [11−13] q: �

(2)
¢�; n � Helmholtz ����%�& � ��� �

��! λ=2l, <�=�>�? � v����  �¡ � � ¨�© l, @�A�
(1)
x �® ��¯y°�± >�?������ 	�
����� nB=�C�� �¡��

Helmholtz ����o r�s�t � Helmholtz ���
%�& � ��D�E�¯°#± >�?�p���� � “∞” � }�� q

F
1 GIHIJIKILIMIN Helmholtz OIPIQIRISITIU FIVIWIXIYIZI[I\I]

2 ^`_`a`b`cedefhgeikjmlenhoephqrts`u`v
� � � � � � � C Helmholtz

rs txwxy }
� �{z p{|{} n%� w x�~{� z{� �{� 2{3{1 , �
Helmholtz ����o�����%�&�#�$ �#����� ��� ��� x�y�����  �¡ 2�3�����������%�& ����� � C  �¡ ��  �¡������ n�����(�� ������������8�9�����± s������������������ �� w�¡ q�����n�¢ v ANSYS£*¤*�*�*¥*¦ w*y*§ ³ � r�s�t �*¨*©ª� �*�*« �¯°#±������ q¬� x�� � ��¥�¦ w�y�� � «�¬ 2(a)

�® q/�
� � � p E*® 90 mm, ¯*" 3 mm

���ª��°*± ��²
0´³ ; |�µ ® r2 = 57.5 mm

� 4�¯ 8 mm
� m�¶�o

 �q ����#��r�s�t�· µ ® r1 =55.5 mm, = ������r�s�t�· ®�¸ o� y| ® ¨�¹ 2 mm qBº�» ��¥�¦ wy�� � p�'
(1) Helmholtz ����o ����� !�" l0 q/¼�½ §�¾���  �¡ � � ¨�© n ¥�¦���� Helmholtz ����o � �

��%�&�0 r�s�t ��D�E�¯°#±�¿
(2) À�Á ² ��Â�Ã�Ä�Å ¯�" d0 qÆ¼�½ §�¾ À�Á ²Ä�Å�Â�Ç�È�¤���É�Ê�Ë "�n ¥�¦���� À�Á ² � ¥ ��Ì

��Í�Î�Ï�³ � �y� ����%�& � Helmholtz ����o � 1, 2�3�n 8�Ð���� Helmholtz ����o � ����%�& ¿
(3) ÀÑÁ ²Cx �ÑÒÑÓ �X� ¯Ñ" t2 q/¼Ñ½ §Ñ¾ À

Á ² � �^� ���*%*& � Helmholtz ����o � 1 , 2
3�n 8�Ð���� Helmholtz ����o � ����%�&�q

� wÑy ºÑ»ÑÔ Ë x n/ÕÑÖÑºÑ» � wÑyÑ§ ³Ñ¨ �× »�nÙØ�¼ ¥�¦ w�y�§ ³�Ú�Û p §  nÙÜ w�y � § ³ «�Ý 1
�® q

¬ 2(b) p�� ANSYS
£�¤ x�Þ�ß � r�s�t�à  x � ¥*á*â*ã*ä q/å*æ � r s�tÑw*y�� �*ç �*è ±

0 ��� �*è ± n/é Þ*ß 1/2 ê*ë ç �*è ã*ä n%� �� �*è Â*Ç �*ì*í �*è Â*Ç*È*¤*�*î*ï*ð*  z�¨ ¿
� à  Â*Ç � �*�*ñ áÑò*óÑô*â n ãÑõ*à  x � �:�� q �y����� ��� � Helmholtz

r�s�t � à  x�~�%zÑö � �Ñ÷ ���Ñ' �C���X��r s�t � �C� ���Ñ0
Helmholtz ����o � ��o�����q �� ��������%�&�øù�ú v

Helmholtz ����%�&�q � �y� ����%�&�û���%ü n : v����  �¡ � � ¨�© l ø ù � v � �*�*! λ,r�s�t �*D*E�¯^° ± ¬ x � 	 Ö 
Ñ�*�Ñ n ¯^°X±
¬���ý�þ 	 “∞”

}�� n ��� �� ��������%�&�û��
% ü ���� �¡*ÿ�± ��� ¬*���� n�� ¬* Ü w*y*§³ � Helmholtz ���*%*& � 7����*%*& � ¯C° ±����� q
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F
2 ���IN���	IRIS�
�� V����� N����������

¬ 3
�® ��� � ��� Helmholtz ����o ¥ � !

" l0 � Helmholtz ����%�& ����� q�� ¾ o* ¥ �
!�"�� í n Helmholtz ����%�&���������q @ ����Î
Helmholtz ����%�& ¸ o� ¥ � !�" ����Ï�� ' ¦ ���±��� ���! ! ������}*� � Helmholtz ����o��
��%�& � ¢�% ¢ ����p�'

fr =
c0

4(l0 + 0.637r2)
, (3)

�x
c0 p �x (�) ��+�, � ��- n�.�o�4�0�1 , p2�3�4 , n/5�6�� c0

8�9 #�$�q

F
3 "�#IN�$  ��%�&�'�( Helmholtz )�*�+�,IN�-�.
¬ 4

�® ��� � ��� o* ¥ � !*" � n%�*� «�
Helmholtz ����%�& � ��D�E�¯y°�± ¬�q : ¬ 4

¢
� £ ��n0/� � � Helmholtz ����%�& ��D�E�¯y°�±
þ 	 ��Ö “∞”

}�� n ��Î�1 1 2 ��� v Helmholtz

����%�& � D�E�¯y°�±43 p “∞” � } �45464748 q
o� ¥ � !�"49�!�n 90◦ : °��4;4< 94=�n @4>4? ¾�^��� � ��� � C Helmholtz

r�s�t ��@��*% ü ¨¡ z�A�¥ @ íCBED � “∞”
} D�E�¯°#± n D ® ��Ö

@ ÷�r�s�t ����% ¯°#±�¨�¡ z � º�F�q

F
4 "�#�$  ��%�&�'�G�(�HIN Helmholtz

)�*�+�,�IIN�J�K YIZI[IF
¬ 5

�® ��� �*² �ª��°*± ��²�L�¨ �*Ò*Ó �
² � ¯Ñ"NM × z � Helmholtz ���Ñ%Ñ& �Ñ�Ñ� q ÒÓ � ² 9NO�n Helmholtz ���Ñ%Ñ&N9N��n/@ ¦ 	NPQNR �Ñ'%� �C���X� ��� � Helmholtz

r s�tCx n
Helmholtz � � o � � � % & � é � ¸ o  � � �
( o* ¥ � !*" � E*® )

¥ � n�S ¸ y�~ o* � 4 ,� 2�3 ÿ�± ¥ � q � (3)
xET�U �

Helmholtz ����%
& ¸ o� ¥ � !�" �4��Ï n � ��o�4�0�1 , p ��± 4��È�¤ � � � � q�� v : �y������r�s�t�� p�1 ,��
Helmholtz ����o�n Â�Ã�Ä�Å�� ����#��A�¥�z � �VNW ± n DNX ñ �NY � ��± 4 , q �C���X� �ÑÌNZ
2*3 ¢ Y p*û í 2*3�[�\ Helmholtz o � à  W ±x^] ������� «�¬ 6

�®
[14], ¬ x M ′

a
0 C ′

a _ p ������ ������� ¶4`�0 ����� W ] Ra, Ma, Ca

� _ p
Helmholtz ����o ��� 2 � � ¶�`�0 � W q ��± 4 ,� 2*3*1 , z Helmholtz ����o � ���*%*&�a � ¢� _�b p � (4) 0 � (5)

� }���] <�= Helmholtz �
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��o ��� W â ¤ [�\ �^��� � ���*��� W 0 � ¶�`� ] 2�3�1 , z � Helmholtz ����%�&���� ��± 4 ,z ¦ � ]����y����� ��Ò�Ó ��² 94O ] [4\ Helmholtz

����o ������� W 9 � ] ��� Helmholtz ����o � �
��%�&�9���q

ω0 =
1√

MaCa

, (4)

ω =

√

√

√

√

√

1

Ma

(

Ca +
C ′

a

1 − ω2M ′

a
C ′

a

) . (5)

¬ 7
�® ��� � ��� �^��� � Â*Ã*Ä*Å ¯*"*�

Helmholtz ����%�& ����� q : ¬ ¢
	 ] Â�Ã�Ä�Å 9
O ] Helmholtz ����%�&�9�� ] Ø
����0 Ò�Ó ��² ¯
"�� Helmholtz ����%�& ��������� ' Â�Ã�Ä�Å ¯�"
9
� ] ����#� ��Ì�Z W ± 9 � ]�
� � Helmholtz

����o x ������� W 9 � ] ��� Helmholtz ����%�&

F
5 "�#IN����IJIK���'�( Helmholtz )�*�+�,IN�-�.

F
6 ��������G Helmholtz )�*�$���%���� F

F
7 "�#IN�����������'�( Helmholtz )�*�+�,IN�-�.

� ��9���q
3  "!"#"$`p s&%('&)*�+�,4U�¥�á�â�-�.�w�¡4]0/
1 Ö ¦�2�� � ( «
Ý 1

�®
) 3 � Ö�4�5�A Ì ��6 � w�7yx 8�9 Ö ¨�©������« � ¯y°�±48�8 q�A Ì
9 ² «�¬ 8

�® q�p�3� :
: ] Helmholtz o� � ~�� ü ]���� � ! � o� 
� ¦ � �*�<;<=<><?A@ § � ¦ � ¿ �^���X��r�s�t· Ý , �*�<B<C<D<E* GF<HG4 	 wGI�] �Ñ¶N`<J ���� �*è +*, � ( = �^��� ��r�s�t � ��� î*, � )Û u

3
� °LK*Ú<M�� ;<N<O ] �*�<;<=<4 	 �^�����r�s�t ¸ o* � @ § ><? ] � î*, � Û u ;<= ¢P
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