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Abstract The acoustic flyover tests are performed for an ARJ21 aircraft with the objective to measure the landing gear

noise. The algorithms of improved frequency domain Conventional Beamforming (CBF) and Deconvolution Approach

for the Mapping of Acoustic Sources (DAMAS) are used. It is demonstrated that DAMAS has better capability of noise

source identification. In order to improve the utilization of the microphones, a multi-arms spiral array is designed and

applied to the measurement. The doppler effect is removed by using linear interpolation. According to the distribution

of the main landing gear and nose landing gear, the identification area is divided into two parts and is analyzed from

140 Hz to 800 Hz on 1/3 octave band. It is shown that the main landing gear is the main noise source above 250 Hz.

Especially, it is the only strong noise source in 1/3 octave band of 500 Hz centre frequency, whereas the nose landing

gear is the main noise source in 1/3 octave band of 630 Hz centre frequency. By this test, the noise characteristics of

the main landing gear and nose landing gear are investigated in different frequency range which is significant to landing

gear noise control engineering.
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G ên

M2
, (6)

­
(6) È á � n � �«� Õ Í�I�J ��� 
���� à (CBF)Í�Å�Æ�¦�É�­ËÒÊ­

(6)
�

G Ë �ÍÌ £ çÅèËÒ ����Î�ÏÍËÞËß�]ÍÌ ' � g�jËÒ²êËÛÍÌ £ çÅèËÞËß(Ð�ÑËÒ 
�Ò
������3�4�' ��Ó�Ô Ò!Õ�'�L Î�Ï ÍÅÞ Ò '�g(jËÒ!¡£ çÅè�q ��Ö�× Þ Ò Ò²êËÛËÒ!ØËä�¿ÍÌÙÇ�  £�Ú(Û Ò
Ü � ù(Ý(Þ Ä Ú Ì £ 
(�(� à � ù ð©ÛÅÜÅÒ

G =




0 G12 · · · G1M

... 0
...

...
. . .

...

GM1 GM2 · · · 0




. (7)

¿(ßÅÍ
G
Í(¦(É(­ �(à ­

(6) 3(K H �ÅÍ(I(J
���� à � ù Í�Å�ÆåÒ ��`�á/��âåè�ã� åÒ�Øåä 
­
(6)
Å�Æ � ��ä < Ò È á Ä <�å = � ù (DAMAS)[12] ,Ø(u"�"�(`(áÅÍ(æ(¯Åð

1.2 ç(è(é(�(�ê
m � /�Ò 0�b�cËÍ�ëÍÌ ê n � Ò �ËÍ Ò�ì q� ¦(§Åá Ä

Pmn = Qne−1
mn

, (8)



5 � � � E Ä ARJ21
� ÌÅÎÅÏÅÐÅÑÅÓÅÏÅÔÅÞ Ò"�" ÅõÅö

617

­ � Ò
Qn

á ê
n � Ò ���(ÆÅÍ Ò(ì Ò�� Ä

E(P ∗

mnPm′n) = E
((

Qne−1
mn

)
∗
(
Qne−1

m′n

))
=

(e−1
mn)∗e−1

m′n
Xn,

(9)

# � Ò
Xn = E(Q∗

n
Qn)
ð

ê
n � Ò �ÅÍ(�(�(Ç(  £(¤ 1Åá Ä
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M2
, (16)

*��(­
(6),
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Â
á���� ¤ 1ÅÜÅÒ

X = Â−1Y ,
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* O��}c�A >�B a�� � t ] x(te)

� 2�l���c ��a
� 2	�	�	� 4	� >�B v'* O9c'A >'B 5 >�B � �	��	 	! � X �_Y	"&�&� ]	#%$ a�&&j%' �	�%� 4	�
>�B v ](C 7
�~,�( {�t 35 dB[14]

5
Piet k(l ���� 4 `�)(M�t�u X�Y I [15]:

∆SPLmax = 20 lg(cos(πf/fs)) dB, (26)

nKn�a
∆SPLmax

I X!Y )}M�t�u 
 f
I Y�"!�!� 


fs

I >�B �&� 5 �	* 3_4 n >�B �&� I 48 kHz,
�

.%+ 7 b ? n � 800 Hz
E �'aNV ` X Y )9M't'u

∆SPLmax ≈ −0.018 dB,
U�V�� P�C�D(` ] � 4 t�u� E�,�-�5

� 2 �%.9Y%"9` a�/%0 I
0.1 s,

Y � �%1 � I
0.875,

Y � l I 15,
^

8
I(d � l�� ] ��. ^ a J ^� E�K l a 1 . 7�b�2 X ? n � 800 Hz

E�� ] ���& (�� a43�5�t�G�H ] �(I�6�o�a � 140∼800 Hz
�

� ] & (�� a ~(1 .�]�T(5(6 7�b�c � 2���� 5

�
8 	8789����8: �1 . 7&b&c&�&�	;&�)FHG�IVY _&^

9 `&\ 5F�
A
; � FNG I Y I

20 × 8,
FNG l I

160, [ n f

.�< | h ] Y�%�� I 0.5 m, f(.�+ | h ] Y�%�� I
0.5 m,

�
B
;�� F~G�I(Y I

10×0,
F~G�l I

100, [n f(.�< | h ] Y�%�� I 0.3 m, f(.�+ | h ] Y�%� I
0.4 m

5

�
9 9������8=��8>�8

4 !#"@?@A@B=E=F
^

10
I a�{ � } ] 160 Hz f 200 Hz ] 1/3 $� � &)(�� ]&T_5_6 7 b&� � � � ^ a @ L l�� ]��� n ] J ^ c&I	1 - 1/3 $ � � � H_I p�q�v �t�a�m&4 � ^�� , X&Y b%C	D%E d + ���'v ] b%CD}Y�F a [ n�a (a)

I!�!� ] �!�!�!�!� O!� } ] bc���� ^ a
(b)
I�������� } ] b�c���� ^ 5� E'K t'a �9+9, � � ] � � � � � O � } ~nH_ �&� I

160 Hz f 200 Hz ] 1/3 $ � � &)(��
] A

;�� ] b�c���� ^ n~a h�i�b j�k X L ]�G Yc ? n v V G Y aIH G Y�J�K�v�L�M <�N 2 T}5(6 a
B
;!� ] : T}5}6 � ] 7!b X � X L G Y���O 7 dB,� +(, ������� } � E�K l a � n~_ ��� I 160 Hz

] 1/3 $ � � & (�� a A
;���h�i�b j�k X L ] �v�L�M < a 2 T(5(6N] 7�b���P l � X ��O 2 dB, B;&� ] : T_5_6�] 7&b X ! �	Q	2 T_5_6�] 7 b a� n�_ �!� I

200 Hz ] 1/3 $ � � & (�� a A
;!�

h�i�b j�k X L ] � 2 T(5(6 a B
;�� ] : T(5(67�b���P l � X ��O

3 dB R
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160 Hz � 1/3 �����

200 Hz � 1/3 �����
(a) ��
���������������� (b) ����������

10 ������� �
250 Hz, 315 Hz, 400 Hz, 500 Hz, 630 Hz ] 1/3

$ � � � ��] b&c&�&� � � ^ ���9W a � n _ �&�
I

250 Hz ] 1/3 $ � � & (�� ap��� ] ���������O&� } j Y�% l 2 X 7&b&c&�	2 T_5_6&f v%L	M <��� a�� ��	�
�� }9Y'%%2 X 7 b c a�� A'� � ��&� } ] 7&b&c&�&� ^ � E'K t�a 2 X 7&b c I vL	M < a �	2 T_5_6 :&| q9e�� l / T m �'� ] 7b�c a
B
;�� ] : T(5(6 7�b 	

 X ��Q�2 T(5(67�b R � n~_ ��� I 315 Hz ] 1/3 $ � � & (�� a��� ] ��������� O�� } |�j ��� l A

;�� ] 2 X7&b&c I a L 2 T_5_6 a�� � J Q	2��'O_M � Y aU�V�a v�L�M <�] 7!b�� � j!u��
����a �!�!��� }� E Y�%�2 T}5}6!f v�L�M < a � E�K!t�a v�L�M <
] 7�b�������2 T(5(6 l q R � nH_ �&� I 400 Hz

] 1/3 $ � � & (�� a a!{ � } c � E �!� l 2 X 7b!c I a L 2 T}5}6 a�� v�L�M <�]
��� ( f}.�� |h
) l /}L}7!b!c a�� :!g ] 2���O}M X Y Q�v�g R� n~_ ��� I

500 Hz ] 1/3 $ � � & (�� a a�{ �} 	�
 c � E �&� l 2 X 7&b&c I a L 2 T95_6 a� 2
��O(M l q R � n~_ ��� I 630 Hz ] 1/3 $ �� &)(�� a��&� ] �&�&� � � O � } ] 7&b � � ^n l /_L&b&c ]	G q �_8	2 T95_6�� a �%2 T95_6
] : G f v	L	M < c l /_8_L b&c a�� : T_596 qe�� l /_L&b&c a��&�&� � � } ] 7 b �&� ^ n ]L!b!c I 2 T}5}6!f : T}5}6 a A�� ~K� a � E
���:&g&�&� ^ n �	2 T_5_6�] : G f v	L	M <_l / ]

L!b!c�� � j ��� � a U�V�a � V ����& (�� ] L!bc I 2 T(5(6�f : T(5(6�R
5 ?��

(1)
�!�!�!� }K� �!� ] �!�!�!�!� O!� }� ��!�" ] b!c!�!� j!��a �}Y�" ]�#!L �!� � c � E�$/!~ T}5}6 7!b ] �!� a �!�!� ] �!�!�!�!� O!� }�!�!�}` a � } $ /!~ T}5}6 7!b ] �!� a ��% �!�

] ,�- a b!c!�!� j!��& � a q!� n�_ �!� I 315 Hz

] 1/3 $ � � P � ` a � E�$ /&~ T_5_6 7&b&c ]��� R
(2)
� n~_ ��� I

160 Hz ] 1/3 $ � � & (��2 T_5_6 7&b X �	Q�v%L	M < 7 b a � n _ �&� I
250 Hz ] 1/3 $ � � & (���2 X 7�b�c l /���v�L
M <!f 2 T}5}6 :!| ]�G q�a � [�'�] �!��& (�� a2 T}5}6 7!b c!I 2 X 7!b!c a : T}5}6 � n�_ �!�I

630 Hz ] 1/3 $ � � & (�� ] 7�b���2 T(5(6 7
b l q a�� � � [�' �&�'&)('� c�X �	Q%2 T_5967!b a J Q!a!g� �� l T ] ��d a U�V�a x�y H {
() ] r�U � j ��* � ��� a * ��+ � a h!i ] 7�b!�� + � R

(3)
n~_ ��� I

500 Hz ] 1/3 $ � � & (�� aa&{ � } c �&�	2 T_596 I�,_d L b&c a���- ( ]l ~&b	C	D X ! �	Q	2 T_5_6	G Y_7&b ] l ~&b	CD a U�V�a � V �!��& (���~ .�+ 7!b��(7 a 2 X
.
L�� $ /�~�2 T(5(6�] �(7 R
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