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Abstract An ultra-low frequency flextensional transducer with multiple elliptical flextensional shells mechanically

cascaded in the direction of the short axis is studied, and each flextensional shell is driven by giant magnetostrictive

materials. The equivalent circuit of multiple cascaded shells is deduced, and the frequency and impedance equations of

the transducer obtained by using the branch impedance method. Because of the structural complexity of the multiple

cascaded shells, the finite element method is used to calculate the vibrating displacements of multiple structural points

of the transducer. Through the translational displacement distribution, the structural parameters of the piston are

optimized. The resonant frequencies of the transducer in the air and water are compared with the results calculated

by the finite element method and the equivalent circuit method, and the calculated results are in good agreement.

A prototype of ultra-low frequency flextensional transducer with 6 cascaded shells has been developed. The external

dimension of the transducer is Φ230×630 mm and the weight is 39 kg. The test result shows that the resonance frequency

of the transducer in water is 130 Hz and the maximum transmitting current response is 161.1 dB. The maximum sound

source level is 180.4 dB. The results described above show that the transducer has a good capability of transmitting

ultra-low frequency underwater sound with small size.
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÷�ø�õ C
)
� Ê
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132 H�´�; �3��Ê X � o < ��	�Z P�Q 6�7 DE 0 1�2�3 Y G ( l 9 12(a)),
a B D�E Y G54 J� � ö

176 mm, I J � � ö 96 mm, Y G76 3
7 mm

�98 
�Z3:�a ; F�6�7 P�Q D�E 0^1�2�33;N ( l 9 12(b))
� 0�1�2�; N 3�r z ����ö Φ230×
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�

÷ P Q 6 7 ¸6�ß� D E 0p1 2 ² ³ßZ@? h@AB <r<�� È7á4ä�ý � ?4l 9 13,
0�1�2�34��t �4��R

130 Hz,
��� <�� È�á�ä�ý 161.1 dB

� ÷�0�1�2 à �
10.5Arms, _�A��4J 3���� <4w4��C�D ö 180.4 dB
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md = (1/4)m0 = 0.71 kg
ö���u ��������<i��h ö Ï

q � o � ÿ ?���� ÈcÊ�R�Ê x�|�K�A [19], mea

ö D
E t�u ��������< Ce

ö D�E t�u ��� D�K < ����§¨�H�´�; 3 K�A���J��
me =

1

4
mea = 0.073 kg, Ce = 1.45× 10−8 m/N,

mr

ö {�|�® � v w � ��< 0^1�25; N ö�� {�| v
w�< ÷���a B�{�|3S3T�<iW L�� O C ��´ �3U3V�3
{�|�v�w�< ý ?�W�X 20 Y�Ñ�Z�[�Í�������J��

mr = 3 kg.1�2 ��h � o < � Í (8) � X4Y ��\�]�^ Y4¿ À�7��t �4�4� fa =182 Hz, ® �7��t �4�4� fw =115 Hz
�

_ Q4�4� õ C X4Y ñ H4´4;�]���ü�_�` _ í�ar�\�]�^�b�c � o�d�� � 1
� a ¯�e�\�]�^ ¿ À � ü

® �7��t �4� ñf\�]�^4��t U4<�� È�á4ä�ý � � ���
� � arH4´4;�Y X4Y _ í�ü�_�A _ í�g�Q C ��b�ar�� õ�h X�Y Y ��t ��� � _�A _ í�W u G�H�[���Y@�i�aû®kj ��l �4��Y X4Y @�i�m 10% n�o�prq�s�m
µ�¹3t3u _3v3w3x \5]3^ ��� õ3h N3a ê�a3y w3x

(a) �%��z�{ (b) |�}�~�����
12 �������%�%����|�}�~���������z�{

�
13 ������������|�}�~����%�����������%÷%ø
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\3]�^�� _�v���� a9��� � _�v \3]�^ Y3���3���� ��������a9���������3�3��� l��3�3  _3v l�h¡�¢�£�¤ afm�t�u�¥�¦�§�¨�©�� l�ª�«�¬�­�®�¯�°f±² m ��³ v ¦3§�¨�´�© l3h�µ3¶3·�¸ ©�i3¹�º °9»¼�½ y���³ v ¦3§�¨�© l�h�¾�µ�¿�ÀÂÁÄÃ3Å�Æ3Ç�ÈÉ m�i�¹ °9Ê�È�Ë�ª�«�Ì�Í�Î�Ï É m ·�¸ ©�Ð�i�pÑ

1 |�}�~�Ò�Ó�Ô�Õ�Ö�×�Ø���Ù���Ú�ÛÝÜ
Ô�Õ Þ�ß�à á�à â�ã�äâ�ã�å�æ (Hz) â�ã�å�æ (Hz) ç�è�é�ê (dB)ë�ì�í�î

182 115ï�ð�ñ
178 131 162.7

��Ù���ò 168 130 161.1

ó3ô � ¶3õ3ö3÷3ø3ù3ú3û3ü3ý3³3þ3ÿ�� °����
������� ÿ ¦3§�¨�� l�� º�© Ì�Í�Î�Ï�	�
�����°û�
���� ����� ÷�ø ©�u��3º °9ÿ�����³ v ¦5§�¨
©�� l�� º�� � ��� ����������©�������� ����°
m ·�¸ Ð��� �!�"$#�% ��������& ¶ ��©�p
5 ')(

*�+�,�- © IV � w3x�. ± m�/�0�1�23© l3­3 ¬ ��4 °�5�6�y w�x�. ± m�/�0 ÷�798�:�;�< t
u °>=�Ì?� t�u ³ v?@ ¯�ª w�x ¦�§�¨ °BA ����C  ³�D�E

(1)
65y . ± ©5t5u ³ v Ë � . ± ©F/F0 ÷G7l�H�I�J�K�L���6�M 3 ¬�»�®�¯�� ¦3§�¨�©�N ±�OP °f¬�­�®�¯?� ¦�§�¨�©�� l�ª�« p ú�ü�³�þ?�$�N°

t�u ³ v�w�x ¦3§�¨ =�Ì3÷�Q3ú ² ��R�S�T�U @ ¯ª�V�W�� º�p
(2)
�?X?� t�u ³ v�w�x ¦�§�¨����ZY\[?�?� °]?^ � ¦�§�¨�© ª�«�÷?_�° *?+?` �?� A C?a �?�?bÎ�Ï ¦�§�¨�© ª�«?� º ° ¦�§�¨��?c ª�«�Ì�Í�³�þ?A

C�d ^ ¦�§�¨�© =�Ì�V�W�e
(3) f x�. ± ©�g�1�h +�i�j�k�l�m =�Ì�° » Cn�o�³�p . ± ´ 6�M 3 ¬ ����©�q ¬ c H�I�J�W ij?r H�°f¶ � b?s?t?��±?u?I?J?v � °f¶ *?w?x�y @¯�ª�z k�l §�� e
¥�{ V�W�|�ÿ ¦3§�¨�© ¯�O P�} - 8�:�~����� � =�Ì�°f» ó�ô?�?� t�¬?� 0 S�T�° ��/?0 n�o?ST���������°���s�¬ i�j�k�l�m u��3ú ² k�l�� «

©�� ¬�����e ¥�{ V�W���5���� ¦5§�¨�� ½ ·�� .

± ©?� H�­ P U � H?I?� ©?�?� V?W�° C?�������?�
© � «�� � ��e
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