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Abstract The acoustic radiation modes constitute a set of independent basis functions defined on the vibrating surface

and describe the radiation patterns of multi-pole. The field distribution modes constitute a set of independent basis

functions defined on the radiation field and describe the distribution patterns of multi-pole radiation. The radiation

from the vibrating surface can be uniquely expressed in terms of the acoustic radiation modes or the field distribution

modes. For econstruction of acoustic fields, the key is to determine the expansion coefficients. At N measurement points

in the acoustic field, measuring the acoustic information, the expansion coefficients can be determined and the total

acoustic field can be reconstructed. For the radiation of a plate and a sphere, the acoustic fields are reconstructed. and

the numeral calculation results agree with the theoretic results

ﬂ
(]

HAREMAERTHEHEROBRR. LHEL
B, 1-3(Near-field Acoustic Holography) 3 F £ 4 3%
RSB S, W BT E Pl EREEE R,
M FFT B#REAR, EMENAEAR2#ER. &
SRR, EEAT AR BT 00 A5 UR, BE SRR R
I LA AT 1 — 3. 22T Helmholtz 43 H#E, WA
BRTHA, REEATHTEGER Y X,
K H 21 B ok B 22 1k B Y ok 26 7 B 3 I HR S 1Y
Fikp. IRIFREE TS, AT EREAHLE Y X

* KA RFE G RBINTH (50075036)

T w7 T AU e L FER R A
U, SR 8 1 A e BOA B2 A2 40 R R 2 2% A R 1Y)
RETEIL, AR AR A2 B BB .

(ESCHK 9, $RH T R R TR A g 4 A 4
A, AT HIHR T YR 2 2 o SR A R RN 75 B B 4y T
B, AIE AR E, 3K 10 R T AR AT AR A AN
Pl MEANYRE N, SRIESNESSH
RS RBR T E LSRN IER, BT ERSER
W LRTTEAR S, 651 75 3% 1015 BT R A 4 0
WEAMFH SR ER, A TEFES
1§49,



3 8

£ B EEEE R

Il BiHEN 243

1 FEiE

EREROENER S UEHE w #]Rk3h, ML
R V@A, €0 V RREENSNE,
RN p, FEA ¢, WINFRM S B AR
B (X))@ =1,2,-) RiRshF@E S EH—HLE
SRs, MEEXERRTHRHER S NEZHTHE
010, Heh X 4 S ERER A, BT HEREIEE
Yi(Yw)(i=1,2,-) fiR TRHFHOLHF 50
;ﬁit[g,lﬂ]’

_k [l
s = 5 [[ e voseo,

i=12,---, YeV
K e—ikr(X.Y)
G(X,Y,w)= W, (2)

j=vV-Lk=w/e,r(X,Y)h S LR X 58 V
FRY ZIEKEEE,

FRSHES oi(X) MAEG R AES iV w) 2
AR T # 5h & B R A B AN 37 19 AR
WE R FERILATRAOE w0, #R AR
5, SRR T AR EL RO AR R E R T L
RFRSEE o X) BFEH TS (Y, w0) BIF
For O RFFFREME—H, HEKSH, HitH
i~ oo B, RAREETE, YEE LEEE
A pi(X) B AERE ¢:(Y,w) #iE T 2R
FHEs 10| BEAHIAM A i B, EITEASRX E
KISk, PR REERPERBES L. %
WBhEE S MERRES A UX,w), BHEHH
BIEEA P(Y,w), BULEMA UY,w), RAKSE
Wi, BURAECH MP, BIFER 514 O

MP
U(X,w) = sz(w)%(x)*

i=1
MP 3
}:m(w)%jfs (p,f(Z)a—:j;G(Z, X,w)ds(z), O
i=1
Xes

MP

% = ng(W)‘L’g(Y,w), YeV,orYeS, (4)

e

U(Y,w) = %Zui(w)vw,-(i’,w), Y eV, (5)
i=1

Hepv(w) REBFFRE, 0/onx R3S LR X

RSN TR E I R R B R i E R
ﬁ%ﬁt’i(“’)s 1=12,---,MP,

ELPRNHF, FRASETE T RRBEE
A (X)) B BER, BiRshEm S R M
ANNBTT Si,i=1,2,--- , M, BHEEFEFRERE
B R, %PE R BTEN:
k2S;)(kZS;) sin kory;

2m(kZS)

Rfiz( 1 E,z’:l,Z,---,M (6)

kot

(k3S)?
R‘ét' = #.kgg:)_’ (?)

Heb S fn S; 435045 | BOTAEE « BRITAEH;
S ARNFEHITEEY, ko = wo/c, wo RLE7E i 35
By rg REICS WPLASET S BPOAZIE
fBE RS, JEBF R BSEXTFRAERE, HAERE R BRIEEK,
THEREEME RS ERR 6;,i=1,2,--- M,
FRE [ & ¢; FX NAFFEE MK E/NHES). FefE m &
¢; MEFEIE o:(X) WBEHER D, RAE
MRS, R e B (X)), R (1) ATRIA
BEBY ER, REFEHHIARES w:i(Y,w).

FlseRshEm S, £F G VAR NANE A Y,
l=12,---,N(N>MP), EF—UEZY, Wi
FIE, idA P, FARK @4), F

MP

oY w@wiw), 1=1,2,N. ()
pc i=1
4
Yu=¢i(Y,w), 1=1,2,---,N, i=1,2,---,MP. (9)
M= (8) v]'5 HAR PR 5K,

P _ o, (10)

pc
Hrp Plpc AEEMBEMBEEK N gmiE, o &ZH
RFFRE v(w) R MP gmf, R NxMP
MriEpE, HouFEd (9) #hE.

RHAERE o Bthil, REBRFTRE v,
P
— ot
v=1epT —. (11)

# v AR (3), (4) 71 (5), AT EHGRA 17,
B3 (9) AT, REFE o B 0 SRS « Br g A
B vi(Y,w) EFEGH N AMRL Y, LR,
BRFEIH TR (Y, w) B IARSZA R, HIF
ANREPRUERE P o AR, 2 (11) B98P LUK
SR  NENTRERR. SR v BT F
A oi, i =1, , MP, §5ERE ¢ 2475 FEHT #,

Y = VAWH, (12)
Hep A b3y B{E M R A JE B,



244 B ¥ % W 2005 4
5] 0o ... 0 z
0 o9 .eeeee e 0 * Y(x,y)
A=10 0...... oMP | (13) L /
0 e 0 0 / y
*X(x,y)
[ 0 /
x

VH W hESER, FEVVE=TRWWHE =1,
“H” %7 Hermite 8. FRR (11) IER:

MFP
v=warviE _ > imv,.“—P. (14)
pe 39 pe

Hip W, M1V, R REERE WH VIS5, B
B (14) BB DL R S 5ERE o HB/NT R{E
R B¢ i PIRE | BIEBH L AES (Y w)
EEGH N AHELAY LR, SEHTRED
I A (Y w) N/ RE 0. &
A (14) &, WEHFLEBRDOETFRE 0i, 7T BEEXTNL
KA, MmRE TR (14) ®EEE. HarkA
Tikhonov IER#LJ7# 1 R4 (10), KBRIF R
Ho zr o; a P

v= ; 0‘2—_‘_)6“";": Ra (15)

Hep 8 M IENHLSH.

2 FERFHES KA

BRBIFEE S NIETTH PR, AK L=04m,
wshEm S LIESR w #k3h, BEELH KRR
B E (zOy Fii), W26 (2 > 0) |H A, LUES
PR L AR R, B ARR, WA 1w,

M1 A%

KRshE® S RIS M A/NETT, REK (6) 7
(7) ATARAERE R, &8 wo, {13 koL = 0.5, SRHAERE
R EMBIFAFRENES ¢,i=1,2,--- | M,
A 6 B AR S A 2 BoR. KBS ¢, A
X (1), IR FEBESOEG S HRE »:(Yv), B
RHEE o MAZH IR (Y, w) R T FIHE
AT,

IETTFR S WAt A AT R #E Rayleigh A%

BE,

Athw) (::C’“’) = ;—fr f /S U(X,w)G(X,Y,w)dS(X), (16)
HAP Y AFG P HER—R, 845K (2,9,2), 2 20,
U(X,w) AFRERLORESA, X HFREE
ERER—R, 85N (o) . EANALE], Bk
E A

U(X,w)=Upsin [:T (m+f/2)] si ﬁ(y+L/2)] )

—£ <z< £,
2~ — 2
(17)

Hrp Up AwRME. #:X (17) WAK (16), BHKIFE

A

M2 FEROEENRS



% B RS RS RS

1. FEIE 245

338
P(Y,w) Jka L/z rL/2 [ x+L/2)]
pc —L/2 sz (18)
sin [ﬂ@%ﬁa—)] G(X,Y,w)dedy.

PSS MP =8, 7R KA EABTRE R A
R, ¥4 r =06 m FREREFL IR, 7EHm
BHHN%EE N =9 MUER Y, . £ -UE
RY, =129, R\K (18) WHHE Fi/pc, 1F
ARG, HRAE Plpc . XMNMEQ Y BB
v B (9) giE. TEMAKX (11) BRETREK
MP =8 HREFRH v. B vAAKX ), EWTH
SFEE, 7 yOz Pl L (z 2 0), BREARE L
ARRER, FBA REEE. EX¥EE, XA
ERAFEE P/pcUo, 735746 B 44 75 {H B W E A AR

HI{ (rad)

-1.2

-1.34

0 1 2 3- +
PEAL R A 1 (rad)
(a) f=400Hz, R=04m

V& i
AL (rad)
150/ 4 R, \30 _
" 0.50;
180 810 i
2U0~—__—300 |
270 0 1 2 3 4

AT A FE (rad)
(b) f=400Hz, R=1m

ML (rad)

0.64L !
0 1 2 3 4

PR SE (rad)
(¢) f=400Hz, R=2m
B3 HE f=400 Hz, MIBEYFRER, BHERES R
WHAARMLE, ‘o ForRENME, “+" XEERITHA

fr SARER (18) R KIS E T AR,

HPR f =400 Hz B, HWEWHRME 3 Fras,
MPE f = 1500 Hz By, HEAESNE 4 fis, K
FH (a) RN R =04 m K HE EK 27,
(b) ZoREE¥AE R=1m K¥H EH5H, B (o) E
AME¥R R=2m KR ENSH, ERHAESS
BT HENEREEYS. BERE [ 0En, =
5t RA Y BET .

W& R ERFRARHHRER, Uz=06mK
FEEANMEE (P17 <Oy Vi), ZER R L xT
MRshEE S 89 EHESEE N =9 MRS, 2%
fTAHER, HHE f = 1500 Hz B, B 5 R T
EAR BB L EA A EES R R ER TR,
BRNE S0 EFRARAN R B,

HAL (rad)

0 1 2 3 4

BEAAAR A1 3£ (rad)
(a) f=1500Hz, R=04m
1A
d
004 ¢, HifL (rad)

£
f

1 2 3 4
A b5 A (rad)
(b) f=1500Hz, R=1m

PR

9002 HIf (rad)
: 60 _

0 1 2 3 4
AR ER A (rad)
(¢) f=1500Hz, R=2m
A4 #E f=1500 Hz, SIS YL RE N, AiGERESEIL
WHEMLE, “o" RAEMRM, 4+ RTEBIRITHHMAE



246 #

¥ ¥ #

2005

rad
4 A4 (rad)
2
I R B R R
A8 by £ BE (rad)
(a) f=1500Hz, 2=0.06 m, R=04m
Eg‘f]ﬁo.r; #{iz (rad)
12/—:\\0

02\

150/

1 2 3 a4
FMe by £ (rad)
(b) f=1500Hz,z=06m, R=1m
WEAH
. ML (rad)
0 1 2 3 4
KA 5 F 1 (rad)

(¢) f=1500Hz,2=06m, R=2m

M5 MK f=1500 Ha, MEE Y FEE, AHEAESER
i‘l’ﬁﬁﬂ‘itﬁﬁ, ‘o ﬁ/}—\‘iﬁﬁ‘ n+u Eﬁgi@i‘f;{g

3 EEFEREN K EY

BWERAIREE A o, MIMEPZEFAT RS,
BRI 7 R B P AR SR AT P 35 A A LA 7E SRR 10 AP
4.

LIBRAIRAT RO AR R, BY AR, B
FER— R Y BABRR (z,y, 2), BIATRE R KBEE
Fir Bl ka=05, LASREANPL, ¥RHhkr=1
RIBRWE/E B, ARNEE L, B N=14
MRS, SRS E. BURSHE MP =8, FIH
BRIE A VR I P AR AT LA R A 85 A A A 10, AT
HEN,

3.1 EBhIK
BB OTRAHEE P ol LLE R

P(r,0,w) = 1(::)? cos fe kT, (19)

Hep r AR — R AR R KEER, r2>a,
0K r 5y BIRRZ BRI RM, EXEH k=11
MERE L, REX Q9) HHE MR LT
BRNAEEE, EARRE. KRRTRY v, #1174
HEW,

# yOz FHE L, DIAFRERFATRL, #42 kR
B E, HEROSEESSRENX (19) HROER
GRATHE, WA 6 fr; HHE (a) BREF
& kR = 0.6 f9H L mtEDR, B (b) RAEF
2 kR =15 WE LS HEDR, B (c) RrE¥E
kR =3 H1B L8 5 ftE.

HAY (rad)

2 4 6 8
HeA by f 1 (rad)

HI{L (rad)

2 4 6 8
A5 Asbyi f HE (rad)
(b) kR=15

FHAL (rad)

0 2 4 6 8
FRAAES A i (rad)
(c) kR=3

M6 ESIRAIHEHT b AN LR
“o" ZARBMME, +" TN
3.2 MBEFH
AT HEREABRKFERIMER, BRATRAN
R YRR 5T B P 37 RS ER T PR UR B P AR A . DO AR
FREMNOLRAEE P A5l



3 1

£ . R RS

III. FEipEH 247

P(r,8,w) = [(1 + k?r? cos? § — 3cos? 0)+
e kT (20)

k3r3

Her AAEGPAERE— SBIRRRARIER, ©2>a,
6 4 r 5y AbREZ 6] A,

FEHARH kr = 1 MR ERE L, HAHEN = 14
AR A, BER (20) itHEE-IMESLH TR
MR, fEANEME, BUEAS MP =8, FIHIEK
EHERE AR RS A RS, HiTAGE
¥, # yOz F@E L, DAFRERAFL, ¥142 kR
WELE, HEHHSEESHSRER (20) HHHER
LR PITHE, WE 7 R, HPE T() BN
2 kR = 0.6 HFA EH s mtEo, B 7(b) XRfEF
2 kR=15MEEHAAER, B 7(c) BREF¥E
kR =3 {5 L 65 A i,

jkr(1 — 3cos? 9)]

e
20— 2&‘2‘9\.60

Hifir (rad)
0 R T

2
-3
4 .
0 2 - 6 8
AL b Fy 1 (rad)
(a) kR=10.6

Fifiz (rad)

250

B S R S S

Ba A b5 A fE (rad)
(b) kR=15
b Hiiz (rad)
0 |
150/ 02 \YO 2 Tn |
S B 0 |
-2 I
: |
-4l - :
0 2 4 6 8
BRI (rad)
(c) kR=3

BT POl A A S B e A A E
“of FomHMA, “+7 FREILHHM

e E RSP, RATREREH MP > 8, itH
SR GHAEH MP =8 M HE R, XRY
A (4) BARBRAKSUE, ESTAENN, Wi
PSR EERR THERE ¢ B9 X, XS5 ¢
KA REMR PN REMLERAR. NPEE
NEE, FprERAX A R TR T LB, S
¥ MP RRARE, &% THME ¢ NR/NTREH
FTF, ZFIENLTTERIE T A HERITREN. &
T ARSI 3 o ST A3 B, AT L
B NEBERSR, HERFPATTH, FRTHR
AN 35 S A RS AN DS BR T e 30 7 O B0 2 S
A KSR, RASVNYEREL, mhLe
T HEBEILEREE m, B, X TERBREHE
R, 2T HEEGEEN S S RS ETER EMR
MR BEAAH, ERERMA.

4 45k

PR BT RE AN P 37 3 A KRS A W 5 P A 1)
BT — T 7Tk, NRRTELE Z A H B, AT
ASEME ML, WHE T XMITERNA, #FR
A MBI FERRH Y, #TAGHERHET
W, S4RENETHEMESNAES SRS E
W EMTTERTZAXN, ERMT AR RS
Ao AESEEERPROE W, XA ER
TR A MENE,

2 £ X W

1  Williams E G et al. Broadband nearfield acoustic holog-
raphy for vibrating cylinders. J. Acoust. Soc. Am., 1989;
86(2): 674-680

2 Sarkissian A. Near-field acoustic holography for an axisym-
metric geometry: A new formulation. J. Acoust. Soc.
Am., 1990; 88(2): 961—966

3 fm#E, FAEW. ETFmA SN e SRR
Hik AR 2002; 27(6): 507512

4 Kim G T, Lee B H. 3-D sound source reconstruction and

field reprediction using the Helmohltz integral equation.

Journal of Sound and Vibration, 1990; 136(2): 245—261

Sarkissian A. Reconstruction of the surface acoustic field

on radiating structures. J. Acoust. Soc. Am., 1992; 92(2):

825—830
6  Bong-Ki Kim, Jeong-Guon Th. On the reconstruction of

Q782 2

(443

the vibro-acoustic field over the surface enclosing an inte-
rior space using the boundary element method. J. Acoust.
Sec. Am., 1996; 100(5): 3003—3016



248 A % 5 i 2005 4F
7 Wang Z. Wu S F. Helmholtz equation-least-squares method 29(4): 373378
for reconstructing the acoustic pressure field. J. Acoust. 10 % ¥ ISR E G AHA ST 1L SH. A, 2004;
Soc. Am., 1997; 102(4): 2020—2032 29(6): 507—515
8 WuSF On reconstruction of acoustic pressure fields using 11 Kim Y, Nelson P A, Spatial resolution limits for the recon-

9

the Helmholtz equation least squares method. J. Acoust.
Soc. Am., 2000; 107(5): 2511—2522

% 9. A RS BRE S, 1 BE A, 2004;

struction of acoustic source strength by inverse methods.

Journal of Sound and Vibration, 2003; 265: 583-—608



