57 1 2008 1

1000-3290/2008/57 01 /0313-09 ACTA PHYSICA SINICA

Vol.57 No.1 January 2008
(©2008 Chin. Phys. Soc.

2007 3 6 2007

PACC 4320 4363 4360

nearfield acoustic holography NAH

.NAH

* 10674096

200240

56

78

acoustic holography

CYNAH

cyclostationary nearfield



314 57

roo i J
CYNAH . 2
Q
Q=H P, = H'H 'H"P, 4
R ¢ Hermitian
SVD Truncated  Singular  Value
Decomposition " Tikhonov ?
2. Landweber :
Q
1 S )
3.
3
prow :jpqu o w g lr—rl wdV o
v
1
Helmholtz
1 0 w
vV q 1o w V
I r- o | w =
—exp jklr=rol Mxlr -1yl k= wle
q o w
1
prwt :jpqurowt
.
xg\r—r0|der0 5
1
4
M
Py= pi p Pu !
0= a1 ¢ qy !
M
P, = H Q 2 pr bt py it Pu 1t
H M x N H h;;

:hf Mx1 -
h,»j:jpwg\ri—rj\w 3



1 315
. “ rf = R f+al2 t - p 1 f—al2
S [ wxa t 9 7
SZ([ f Nxl1 -
R ¢ St f H, hy, 3
o S f-al2.
w S 8 10 S v
SZ, f Mx1 S[:h f Mx1 qu f Nx1
SZr f Nxl
SZ, f Nx1- Szr f Nxl1 SZr =H1+ = H{{H] 71H1H ‘;r 11
S [ wx S =H,*S;, = H,"H, “H"S,. 12
Sfr f S(; f SZr f Nx1 SZ] f Nx1
Se f r, 7 9 r
Sof =8 S Ss SIS, f
Sjr f Sis f *
5 R f-
al2 1 Sof =S8 f Ss SIS f 13
lrres i wlr-5 )
’ 13 St f
:'Zﬁ(f+i)J (r f+£t) «
e 21}, 1\" 2 Se f
* CYNAH
xR(f—%L) g(\r—r()\f+%)dl/r(,
6 1 CSD
w om ,, «
J=wl2n 2 CSD
6
6 3
S A T VS [
a
xg(|r—ro|f+§)dVr0. 7
78
N M ’
v S 4 13
S{;r f Nx1 CY‘I\IAH
Slllu Mx1 = Hl MxN SZ! Nx1 + 8 PR ” PR
H, h, 3 =c/ f+a =cl f
Feal -al2 .
+ .
“ 0.5
0.1"
S o=—ien(f- )| s n s A 3
xg*(lr_rlf_ﬁ)dvr 9 »
0 2 0 AT 173 .
Sl:h Mx1 = Hz ;Ix’V qu Nxl - 10 S(;r f Nx1 qu f Nx1



316

57
z
p(r,6) A
Tikhonov L-curve
15 \/
N \
Se f So f >
4 2
4
) §3
2 o 9
~
vt a 2}
1=
a t cos 2wf, it 0<0<90 L
vory 0t = 0 ﬁ
0 O,<O0<m 20t
14 s
a t . . . .
vt a«=2f,. 0 100 200 300 400
Wi /H
0.4m 0, = /3 i
f. =200 Hz. 3 et
a t v 1
3—5 4 -
- =200 H:
f. =200 Hz T os)
a t %
[a¥}
5 a =400 Hz o6t
Z
o
lg
3 0.4t
-
)
4—5 I o2t
0.3m 05 %% 100 200 300 400
6 . 7 # /Hz
0.5m VA
4 )
~0.5m 0.5m v
ANo=x/5 Z AZ=0.1m 10 x
11=110 50 Hz
400 Hz. 6 8
8 9 13



16

317

|
13
,=0.02°

angle -
€

1

2 ‘ angle Sssi/sai

i

0.03%

n

1

" n
€lTl

€2l

400

400 Hz

a =

200 300

Bi% /Hz

100

1.0
0.0

1-2H 8d o 01/ BN NE R FRCH (1) A

1 1 o
fe) <t o [ — (=4
s S s S S S
1-ZH ood / B B0 R 3 e Bt
0
0
o)
o
4

15

100%

a

3
ew =l Sc=5S. 7181

€l"l"l

<0<m/3



318

57

0. 15
0. 10
0.3b
0. 30

0. 25

.20
0. 15
0. 10
0. 05
9
19.6
dB 30 cm x 30 cm x
60 cm 24 cm.
10
8 cm 25 8 cm
25 . 2m
X2 m 25 x 25 =625
8 cm
4 cm
xy
-03m -0.4m O
80 cm 11

10

DSP-MX1000

Miiller-BBM 32

Y 4

0.3m
11
Vi = A a t cos 2nf,t 17
A=0.02V f,=300Hz a ¢
Vi 600 Hz.
600 Hz
4 5
Ja
300 Hz
CYNAH
f, = 12800 Hz
N, = 32768
N, = 8192
N, =3/4N,
13.
Af =f/N,=1.5625Hz Aa
= f./N,=0.3906 Hz.
0.08 m
10 20 182
0 0 -0.1m 12
600 Hz
f=83.2 Hz
13 11



319

AR S BRI / Pa’Hz !

3 Fa0.20
F40.15
1010
0. 0h
14 f=83.2Hz «a
=600 Hz
TN
jas]
= 2D
P
=
=
1=
& 0.10
g
2l
i 0. 00
®
=

2.0
o = 600 1.5
f=83.2Hz
Lo
0.5
16 f=83.2Hz
Tikhonov 0.08 m
6
15 15x 15
14
15 NAH 16 17

14 15 f=283.2 Hz. 16 17

13 z=



320

57

T SRR M AR AL / Pa " H

0. 010
—
0. 000
1
17 z=0 f:83'2HZ
1.

Maynard ] D Williams E G Lee Y 1985 J. Acoust. Soc. Am. 78
1395

Bai M 1992 J. Acoust. Soc. Am. 92 533

Koopmann G Song L. Fahnline J 1989 J. Acoust. Soc. Am. 86
2433

Bi CX Chen X Z et al. 2005 Sci .
48 338

Gardner W A 1991 [EEE S. P. Magazine 8 14

Yeung G K Gardner W A 1996 [EEE Trans . Signal Processing 44
1214

Qin K Chen J Jiang M et al 2001 J. Vib. Shock 20 34 in
2001 20 34

China Ser. E Technol . Sci.

Chinese

10

11
12
13
14

15

Mccormick A C Nandi A K 1998 Mech. Syst. Signal. Process .
12 225
Wan Q Jiang W K 2006 J. Sound Vib. 290 956
Wan Q Jiang W K 2005 Acta Acustica 30 379 in Chinese
2005 30 379
Williams E G 2000 J. Acoust. Soc. Am. 108 1451
Tikhonov A N 1963 Soviet Math Dokl . 4 1035
Landweber L 1951 Am. J. Math. 73 615
He Y A He Z Y 2002 Acta Acustica 27 507
2002 27 507
Hansen P C 1992 S. 1. A. M. Rev. 34 561

in Chinese



1 321
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Abstract

The seriously modulated radiation sound waves as a kind of special nonstationary signal in the engineering can be
considered as cyclostationary. The modulating feature can not be understood clearly via the reconstructed sound field by
conventional nearfield acoustic holography NAH . A cyclostationary NAH CYNAH technique based on wave superposition
algorithm WSA  is suggested for reconstructing the cyclostationary sound field which can be applied to the cyclostationary
acoustic sources with complicated profiles. The information of modulating wave can be understood by the reconstructed hologram
of cyclic spectrum density CSD  in which the distribution of modulating wave is visualized and the location of modulating wave
can be determined. The simulation and the experiment verified that the modulating characteristic can be understood by CYNAH
based on WSA. The main advantages of WSA including the high calculation accuracy and calculation efficiency due to the
exclusion of uniqueness and singularity problems inherent in the boundary element method are retained in the presented CYNAH

procedure .
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