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Abstract Noise reduction by means of applying flexible coating on underwater structures is commonly used in the

marine field. In order to provide theoretical references for the selection of evaluation indicators of noise reduction

performance of flexible coating, a vibration and acoustics model of a simply supported underwater rectangular plate

covered by flexible coating, excited by a point force, is established, and the five potential evaluation indicators are

defined. Only one indicator, vibration transmission loss, is independent on the length, width of the plate and the location

of point excitation force, and vibration transmission loss can describe well the performance of flexible coating to isolate

the fluid from the vibration of the base plate. Another indicator, wet surface quadratic velocity insertion loss, compares

better with sound radiation power insertion loss than vibration transmission loss, especially at low frequency. Thus, as

evaluation indicators, vibration transmission loss and wet surface quadratic velocity insertion loss have respectively their

own advantages and disadvantages.
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w̃1 (Q, ω) =

∞∑

m=1

∞∑

n=1

ãmn (ω)Wmn (Q) , (2)
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σ̃(Q, ω)

#MD�E�F�G�H B � @�� ��$ p̃ (Q)
� ���� �

w̃1 (Q)
#tD�E�F�G�H B � @���� � w̃2 (Q)
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(

σ̃ (Q)

p̃ (Q)

)
=

ρc ω

sin (khc)

[
cos (khc) −1

1 cos (khc)

](
w̃1 (Q)

w̃2 (Q)

)
, (3)

|�K�M�
ρ, hc, c  �! 
 D�E�F�G�H ��" ��# $�������������
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 D�E�F�G�H���� ����� ��% k = ω/c �&fDfEfFfGfHf�f)k*l+f, 
 Ẽc = Ec(1 + iηc),' D�E�F�G�H�����������¥ ����
 �

c =

√
Ẽc/ρ. (4)

�( () ª �£�($ � � 	 
 ¥ � � 
 Helmholtz	�
 �
∇2 p̃ (M) + k2

0 p̃ (M) = 0, (k0 = ω/c0) (5)� �
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 � � �"� � M 
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∂p̃ (M)

∂z

∣∣∣∣
z=h+hc

= ρ0ω
2w̃2 (Q) , (6)

�K�M�
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 � ��" � �132 �3435 I *3+36 �3�37 � �l�£DfEfFfGfHB � @�� ��$�¥ =�8 d A  ����
 [10] :

p̃(Q) = −
∫∫

s

[
∂p̃(M)

∂nM

G(Q, M)

]
dsM , (7)

�����
s ��� D�E�F�G�H B � @ � � Q(x, y), M(x′, y′)
 D/E/F/G/H B � @ � � � � G(Q, M)

§:9:;:<:%/�
¥ ����
 �

G (Q, M) = G (x, y, x′, y′) =

e−jk0

√
(x−x′)2+(y−y′)2

2π

√
(x − x′)2 + (y − y′)2

.
(8)

�-D-E-F-G-H B � @-� � �-�-n>=-�-o�p +e��

w̃2 (Q, ω) =

∞∑

m=1

∞∑

n=1

b̃mn (ω)Wmn (Q) , (9)
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 (7)
¥�A��

−
∫∫

s

[
ρ0ω

2w̃2 (Q) G (Q, M)
]
dsM =

ρcω

sin (khc)
[w̃1 (Q) − cos (khc) w̃2 (Q)] .

(10)
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(10) B"C"D"E A  � d = +e ��F�G�H ��¥�A�I�J�K�L�%
ãmn

~
b̃mn

� B�M EN 	�
�O �QP n ��#�q�r�¥ ����
 �
|




[
ρsh

ab

4

(
ω2

mn − ω2
)

+
ρc

tan (khc)

ab

4
ω

] [
− ρc

sin (khc)

ab

4
ω

]

[
− ρc

sin (khc)

ab

4
ω

] [
jωZmnpq +

ρc

tan (khc)

ab

4
ω

]








ãmn

b̃mn



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



f̃mn

0



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|�����
Zmnpq
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(p, q) Y�Z �E�N � ����R�S ��0�1 ����T�� � ����R�[ <�= �]\1 ����T�� ��^�N�ª , <�= [12] �
Zmnpq = jρ0ω

∫∫

s

∫∫

s

Wpq (M) G (Q, M) Wmn (Q) dsMdsQ.

(12)

ωmn

§ � � o�p`_ba ��� �

ωmn =

√
D̃

ρsh

((mπ

a

)2

+
(nπ

b

)2
)

, (13)
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m
~
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 F�c % �
f̃mn


���d�e C���f�g�h ,��
f̃mn = F0 sin

(mπx0

a

)
sin
(nπy0
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)
, (14)
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(11), � � *���� % (m, n, p, q) 	�

 ¤ +���
 N � ���f� 	f
 (11) � 
f� M�� % 

2N2 × 2N2

� ��# 	�
 ��� � 	�
 (11),
¥�A�I�� �+�e���%�� D � � ����������� � ~ � � �

=���� 	�� ��¥ ����
 �
〈
v2
1

〉
=

ω2

2s

∫∫

s

w̃1 (Q)w̃∗

1 (Q) dsQ =

ω2

8

N∑

m=1

N∑

n=1

|ãmn|2.
(15)

�����f�£DfEfFfGfH B � @f� � 	f� �f¥ �f�

 �

〈
v2
2

〉
=

ω2

2s

∫∫

s

w̃2 (Q)w̃∗

2 (Q) dsQ =

ω2

8

N∑

m=1

N∑

n=1

∣∣∣̃bmn

∣∣∣
2

.

(16)

� � ������� ����g 
 �

W =
1

2
Re



∫∫

s

P̃ (Q) (−jω) w̃∗

2 (Q) dsQ


 =

ω2

2

N∑

m=1

N∑

n=1

b̃mnRe [Zmnpq ] b
∗

pq.

(17)
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) ]_^ ��`�a
(2)
	"
"�"� «�b 2 3 C8D ( � �8c � ~8d � )

~ d
e C�������e�� ��f a (3)

¦�g�h�i�D�E�F�G�H����
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(
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��c  �j�k�~ H � � 
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(1)
������� ��> @ 4_? a (2) n @ � 	��� > @ 4�? a (3) o @ � 	�� � > @ 4�? a (4)

���
� ��> @ 4�? a (5)

������! 4�? �
2.1 p�q�r�s�t�u�v�w�x ILw������� ��> @ 4�? ILw

��g 
 I : A�y d�e	 r8z z { | }"W �QJ 7 2fD EfF GfHf~ 7 2fD E

F�G�H�{�� � y�������� � ( j�| 10 
�} y���%�~| 10, ? � � dB(  �� ) �
ILw = 10 log10

(
Wp

Wc

)
, (18)

r����
Wp

 J 7 2�D�E�F�G�H�����W � y��������� a

Wc

 7 2�D�E�F�G�H�����W � y�������� � �> @ 4�?�
 F � � G�����������; � > @ 4�?�
 U �� GM��������� N �

2.2 ������������u�v�w�x ILv1

n @ � 	�� � > @ 4�? ILv1
= `�����D�E�F�GH�� =�� y�� � ��¦ �_n @ � 	�� � > @ 4�? ILv1�"g 
 I : A8y d"e 	 r8zfz {f|f}"Wf�QJ 7 2fDE F G H ~ 7 2 D E FfG H�{ � = � � p�� �8� �@

(
w8� n @ )

y � 	 � � ( j8| 10 
8} y �"%8~| 10, ? � � dB(  �� ) �
ILv1 = 10 log10

(
〈v2

1,b〉
〈v2

1,c〉

)
, (19)

r����
〈v2

1,b〉 
 J 7 2�D�E�F�G�H���� =�� n @ y �	�� ��a
〈v2

1,c〉 
 7 2�D�E�F�G�H�{�� =�� n @ y �	�� � �
2.3 ������������u�v�w�x ILv2

o @ � 	�� � > @ 4�? ILv2

��g 
 I : A�y d
e 	 r�z�z�{�|�}�W���J 7 2�D�E�F�G�H�� =�� �������y � @ (

w�� o @ )
y � 	�� ��~ 7 2�D�E�F�GH�{�F�G�H���������y � @ � 	�� ��y�( j�| 10 
} y���%�~ | 10, ? � � dB(  �� ) �

ILv2 = 10 log10

(
〈v2

1,b〉
〈v2

2,c〉

)
. (20)

r����
〈v2

1,b〉 
 J 7 2�D�E�F�G�H���� =�� o @ y �	�� ��a
〈v2

2,c〉 
 7 2�D�E�F�G�H�{�� F�G�H o @ y� 	�� � �
o @ � 	 � � > @ 48? y 6 � ¥ | = ` Z � 1, D E F G H"�8; �"Wf� �3� ��y3� ¦f�£sf� �f�

� � �8�8� � T �8; �3W �f�"�f��y"��2 � � �f���� o @ � 	�� � > @ 4�?���6 �]��;���W��������y���2 ��� �
2.4 p�q���t�u�v�w�x����� �

σ ����T�� –
�� �������¦�,

(
��� ¦

����¦
)
y : �  ���� s ����
 [14]:

σ =
W

ρ0c0ab 〈v2〉 , (21)

rK�M�
W 
 ������� � � 〈v2〉 
�� y � 	�� � �
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� �"� � ; � G�� ¤ = 1  � � ¦ , ]8f 
 �¦ � ����� ��� � G 6 1  ��� ¦ ]�f 
 ��¦ ������ ��> @ 4�? ILσ

��g 
 I : A�y d�e 	r8z z { | }"W �QJ 7 2fDfE FfG Hf~ 7 2fDfE F
G H8{ �£� �"� � y ( j8| 10 
8} y �"%8~ | 10,? � � dB(  �� ) �

ILσ = 10 log10

(
σb

σc

)
, (22)

r����
σb

 J 7 2�D�E�F�G�H���y������ � a σc


7 2�D�E�F�G�H���y������ � �
2.5 ��������w�x TL�-�>�>! 4 ?-= ` � �-D-E-F-G-H y�� � �¦ � � �"�"! 48? �"g 
 I = �f� 7 2fD EfFfG H{�� =�� n @ y � 	�� ����D�E�F�G�H B � @ (

���
�8�8y @

) � 	 � � ( j8| 10 
8} y �"%8~ | 10,? � � dB(  �� ) �
TL = 10 log10

(〈
v2
1,c

〉
〈
v2
2,c

〉
)

, (23)

r����
〈v2

1,c〉 
 7 2�D�E�F�G�H�{�� =�� y � 	�� ��a
〈v2

2,c〉 
 7 2�D�E�F�G�H�{�� D�E�F�G�H B � @ y �	�� � �� �"�"! 48? TL
y 6 � § D E F G H	� � �¦�y���, � ������! 4�?�
 F � ��� F�G�H � @ y �� � >�=�� y ��� a ������! 4�?�
 U � ��� F�G�H

� @ y ��� 6�>�=�� y ��� �

I � � l m �"� � �£� � �8� �8> @ 48? ILw� > o @ � 	�� � > @ 4�? ILv2

������� ��> @ 4? ILσ Y ~���
 ILw = ILv2 + ILσ; o @ � 	�� �> @ 4�? ILv2

� > n @ � 	�� � > @ 48? ILv1

�
������! 4�? TL Y ~���
 ILv2 = ILv1 + TL �

3 ��
������������������
� C w�x�y���q ��� z 
�pH� ��� � z����I " �

ρ0 = 1000 kg/m3
#£�3�

c0 = 1500 m/s
y

� � �£I � �") ª :	� y � q �f� @! 1 7 2fD EF G H � = � " � ρs = 7800 kg/m3, " ) *£+ ,
Ẽ = 2.1 × 1011(1 + j0.005) N/m2,

&�'K(
ν = 0.3 �D E F G H8y $ �

hc = 30 mm, " ) * + , Ẽc =

5× 106(1 + j0.1) N/m2,
" �

ρ = 1100 kg/m3 �$#�%
d"e 
 L N I � y c � ~8d � 
 �  "Y �	&"i3j 

1 N
y � C �V

2 ' V 5  �! (M� T B�( «8A�C�D =�� 7 2D E F G H8{ � � �8� �8> @ 4�? # o @ � 	 � �> @ 4�? #������ ��> @ 4�? # n @ � 	�� � > @ 4? b � � y �8f � � � Vk� j3k � 
 � � yf�"% k� � =f� yf$f� �f
 20 mm;
� c #_d�C�D  f! 


0.75 m×1 m
~

1.5 m×1 m ��) : 2 2 � + e � %
N = 15,

u�v+*+,�� 0 ��� V 2 ' V 5
y 2 2 � G��������� ��> @ 4�? # o @ � 	�� � > @ 4�? # ���� ��> @ 4�? # n @ � 	 � � > @ 4 ? b = � y C

Q
2 -/./0/1/2/3/4/5/6/7/8/2TZ/9/: Q

3 ;/</=/>/?/@/3/4/5/6/7/8/2TZ/9/:

Q
4 -/./A/2/3/4/5/6/7/8/2TZ/9/: Q

5 B/</=/>/?/@/3/4/5/6/7/8/2TZ/9/:
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� �� ��� � ��H ����� >�?`_�� � ª , –

R�[
– ��� ���y C���!�� �J� � ��>�����T D£E�F�G�H�y�$������
���! 4�?�� y � ��� P ��� GMI �V

7
(M� T A ( C�D (0.75 m×1 m)

# «�A�$��
(20 mm, 10 mm, 5 mm) =�� 7 2�D�E�F�G�H�{ ��
��! 4�? b�����y ��f �J� � 2 2��HG�� =�� $�����

"�"! 48? �
� � �f¤ � � y �f���_b
�f$f�8y� N���� � j ��� J ;���� 
 �V

8
( � T �"d"e C I
 M «8A � � y �

"�! 4�? � 2 2��HG�� d�e�� ��� � ��
���! 4�? y��

Q
6 ?/@"!"#/5/6/7/8/2TZ/9/:

Q
7 $Ta"%"&"'/?/@"!"#/5/6TZ"(")

Q
8 *"+",TZ"-"."'/?"/"!"#/5/6TZ"(")

������� �[ # i
0 Y � �
1 �

"�"! 48?"= T «�2 =
3c ��#Bd���~ d�e�4�5�6 y�������¡�b�� =�3 $���y
��f � ��f�798 [ ��
 y�:�� 6 � =�3 –

D�E�F�G�H
–
�� �����¥ 6 <�|�=�3�<�; ��
�< @ �tD�E�F�G�H�8� >
=
> � �
? �£�") ª ; �" ^ Nfª ,�y
@ M��
 ����A�I�����@ M ��� � ��D�E�F�G�H�y ��
��!�H ��� =�3 C�D *�B ADC�E U�F 9,

L�� ��
 y�G
 �H�H�I������ >�3�J�K�L � c y 1/6, M � 3�K�L��
 ��y�G� ^ / ��
�ª�N 
�¥ = W�r )�: �

mc ≈ ρ0λ
′

b

2π
=

ρ0

k′

b

, (24)

r � � λ′

b

�
k′

b O > A�G� :�P <�= y 3 y K�L � c~���%�A�I KQL ��
 3 A�G� �������� 3 y���% = Wr )�: �

k′

b =
4

√
ω2 (mp + mc)

D̃
= kb

4

√
1 + µ, (25)

r � � kb
;�o�p�3Q� y���%�� kb =

4

√
ρshω2/D̃; µ =

mc/mp

A
mp
;�3�?�5 @�A�ª�N A[�r

(24)
~�r

(25)
¥ | 6 ��� 3 y K�L � c �

� c I ~8d
I *
B �DR �3�" ^fN ª�N
� � 3 y cIf~�d�I *�B ADR ¬ �£¥f������1 ��
3�3!�S ? «b =�3 c I�~�d�I�y ��f � ��f A a ��� =�3 y KQL� c � � H�I�T�� : B A�� > A�@������ =�3�K�L �c b�H�I�y�� N ��� N ABA����]�� ^�N�ª�N���� b
� =
3 H
I8y8� N �8� N A£�
U
V D E F G H –

�
 �

 �8�8y � � � j �
�8b
� =
3 H
I8y8� N �

 ��A

¬ B �_[3%�� 0�W�X � 7 2 D EfF G H��Y�Q12 � �"�" � �"R"[ ~�Z e Y"Z yfE"N��D[3L � �
 y���H�H�I�������\ 3�J�K�L�] c y 1/6, ^ 1�2
khc � 1, _ \�`�a�Z�b��Dc�d (11) e ��f ;�g
{ (

Kmn − Msmnω2 + Kc

)
ãmn − Kcb̃mn = f̃mn,

−Kcãmn +
(
Kc − Mfmnω2

)
b̃mn = 0,

(26)h � � Kmn = [(ab)/4]ρshω2
mn
;�i�j�3 (m, n) k Zb�l�I��

Msmn = [(ab)/4]ρsh
;�i�j�3 (m, n) k Zb�m N A

Kc = [(ab)/4](Ec/hc)
;�n�o�p Z�b�l�I��

Mfmn = µMsmn = [(ab)/4]µρsh
; (m, n) k Z
b
qr�s�t�m N �

µ ; q�r�s�t�m N�u 3 m N�v�w A
_ h (26) x�y � ^ C�E�z 
�{�|�S�} TL ~��� � e�� g
TL = 10 log10



∣∣∣∣∣
Ẽc/hc − uρshω2

Ec/hc

∣∣∣∣∣

2

 . (27)
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h
(27) ����� ����n�o�p ~ z�� {�|�S�} ~��

����� u�� ~��� �!�"� �#�$�%�&�'�(�)�*�+-, u��
~�.� �/�* �02123 ~2425262728292:2�2��e2;2<2=2+�>2?@�A�B�C�D�E�F } !HG 3�I�c�z�J�D�E�F } !HK 3�Ic�z�J�D�E�F } !H? @�L�C�D�E�F } ! z�� {�| F }M�N ���PO +�Q z�� {�| F }�R�S�T�� 6�U�V�W ( �
 �#�"� ) X�Y�Z�[�+�\ R�S $�%�&�'�(�~�Z�[�]�Z
[�+H^�_ 
������ ~�`�a ��b x �Hc�d z�� {�| F }S .� �X�Y�Z�[�+H,�_ \ ����~�e�f�g�h r +Hi a�j
'�~�.� I�k `���~�+H>�� ��l�m�n�o�p d O +Hq�rs�t .� �~�� ��u e �zv� { | F } Qv^v_ 
v�v�v� ~v`va �vw Rx + wyb < � kyz � �y� �y�YnYoYpy	y
y�y� ( ?@2A2B2C2D2E2F }

) ~2{ r2|2} #2� �2��~ 9 # ~
10 9�� w�� ��. 20 mm # 10 mm ����n�o�p ~�?@�A�B�C�D�E�F }
u z�� {
| F }�S�� C ~2Z�[��� � 0 ~PO e�;�<���+ z�� {�| F } 0 { r�|�}�� �
����? @�A�B�C�D�E�F } ~ � C��2� ��� ,2? @�AB�C�D�E�F } { r�����\
z2� {
| F } +��2? @ 
A ~�� ����������� \�z�� �2� ~ � C ��� � e �
~�����> \ ���
n
o
p�� Z�� T�� ~ z�J 82��? @L�C �

~ 11 # ~ 12 \�9�� w�� ����� R�t V�W T����� ���
n
o
p�� G 3�I
c
z�J�D�E�F }
u ? @�AB�C�D�E�F } � T�� ~�.� I�� 20 mm; ����!�"�V
W�9�� � 0.75 m×1 m # 1 m×1 m � 0 ~ O e�;�<
�2+D_2¡ Ryt V2W�~2¢2£ � +�G 32I�c�z2J2D2E2F}�S�� C ~�Z�[�� � u ? @�A�B�C�D�E�F } w���¤¥ +�¦���>�� � �

>2q2r �2��n�o�p2	2
2�2�2
2�2�2�2§ +�¨2G3�I
c
z�J�D�E�F } ~2©�& k g G 32I�c
z2J2D�EF }�� z�� {
| F }�ª�¤ ¥ ? @�A�B�C�D�E2F } +
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n
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& k g z�� {�| F }�R�S�n�o ¢�£ � ~��� �!H"� �#
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U�V�W n�² ~ z�� {
| F } e ³�´ µ�`���62U�V�W
~ n�o 6�7 �H® & k g z�� {�| F }�� G 3�I�c�z�JD�E�F }�u ? @�A�B�C�D�E�F } ~�¸�¹ b � �º �2»2¼ + �2��n�o�p u � �2½ �2¾ z 	2
2¿À `�Á�+���Â�¨ L 7 u�Ã r ~�6�U m�h !-V�W�!-$�%

Ä � � 8���'�(���Å�Æ s * �HÇ ]�+È>�q�r 	�
����

2�2�2�2§ +�É2Ê c ²2Ë2Ì2Í �2�2Î2Ï ¡ Ã r ~26
U m�h !�V�W�!�$�% Ä ~ � m #�'�(�+-]�� � �����

Ð
9 ÑÓÒÓÔÓÕÓÖÓ×ÓØÓÙÓÚÓÛÓÜÓÝÓÞÓßÓÖÓ×�àâá

(a = 0.75m, b = 1 m, h = 20 mm)

Ð
10 ÑÓÒÓÔÓÕÓÖÓ×ÓØÓÙÓÚÓÛÓÜÓÝÓÞÓßÓÖÓ×�àâá

(a = 0.75 m, b = 1 m, h = 10 mm)

Ð
11 ãÓäÓåÓæÓÑÓçÓÞÓßÓÖÓ×ÓØÓÙÓÚÓÛÓÜÓÝÓÞÓßÓÖÓ×�àâá

(h = 20 mm, a = 0.75 m, b = 1 m)

Ð
12 ãÓäÓåÓæÓÑÓçÓÞÓßÓÖÓ×ÓØÓÙÓÚÓÛÓÜÓÝÓÞÓßÓÖÓ×�àâá

(h = 20 mm, a = 1 m, b = 1 m)
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