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Identification of sound sources and estimation of their radiated sound
power of aircraft in typical operating status

SONG Yahui'

Aircraft Flight Test Technology Institute, Chinese Flight Test Establishment, Xi’ an 710089, China

Abstract: Identifying the main sound sources under typical aircraft operating status and
estimating their radiated sound power are of great significance for aircraft low-noise design and
noise pollution assessment. In this study, a beamforming algorithm is employed to develop a
method that utilizes a sound array to identify the external main airframe sound sources and
estimate their radiated sound power levels during both aircraft ground operation and low-altitude
flight. Additionally, a method for analyzing the contribution of these main sound sources is
proposed. A flight test technical plan is then presented, which centers around the measurement of
sound—aircraft-environment parameters. The proposed methods are validated through a series of
sound tests conducted on a fighter plane and a large transport aircraft, utilizing a well-designed non-
uniform linear acoustic array and a planar multi-arm spiral acoustic array. The results
demonstrate the efficacy of the proposed methods in accurately identifying the main sound
sources within the frequency range of 200-2000 Hz, as well as estimating the radiated sound
power levels of the aircraft engine and airframe sound sources, thereby enabling the determination
of their respective contributions to the overall sound power.

Keywords: aircraft sound; sound source identification; sound power estimation; sound

contribution; flight test
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Fig. 1 Model of sound source identification and its radiated sound
power estimation based on linear array
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Fig. 2 Model of sound source identification and its radiated sound
power estimation based on spiral array

5E SRR WK, 271 75 B 51 45 48 21 T A
FAE R R B  H, Hh kR R 23 0 9 B AR TT 1R
PN TT R B &, HK =k — koo 1£R £
7 T Fe b BT A B O -

B (k,w) = |p.| | WEK)[* QY
He,
1 M—1 1 M—1
IWK)|= — Y & mm = — 3" etk (15)
M n =20 Mm:O

X T35 S0 0k HOhE e 7 B A, FLRE B A T I AL A -
\W(K)| ~ |[W(K)| = 2J,(KD/2)/ (KD/2) (16)
Kt : DRNESFLE, KRNKTE 20y F 1 #5 1
WA . — B WU R E J,(KD/2) 5 1 AN F fE
T A2
& =KD/2=122n a7
A, K R R K18 .



82 LW W k¥

http://www.syltlx.com

W %1) 38 R B 4 7E 2Oy P THT B 4852 P AL -
B (k, ) ~ p.W (ksin ) (18

o WA S WK) P 391E .
B 2 Fros, RS A% kB 2o il RS RAN
T3 07 1 p R IR T A2 ) B R o A UROR
B H LR RIS, 080N, FMEEAR A 3R g
WA -
B(R,$) ~ p.W (kR/L), R< R, (19

T AR Ry Off R AU Y 26 1% A D [ 3R0E
EWEE

. LK 26, L AL
RlzLSIIl@l%Tl%Dilk%lQQf (20)

R FH 450 T80 28 K oox T 9 2 A2 P B4 98 A A L RE AT
BRr s I F S5 BB ) 4 BRGE 5 75 D 3%

Ry 2n
/ / ol B(R, $)[?RARA¢ = 2xL2[p.|* [(pc) (21>
0 0

H b W] 15 45 TR

Ry

a=1L?%/ {pc WQ(kR/L)RdR} (22)

0

%u = (kR/L)(D/2), M

R 2L\ [ [, Ji(u)
W (kR/L)RdR—(kD)/O [2 | udu
(23)

0

AR B o m] T LN
o~ 5.83(D/1)?%/ (pc) (24)

PRl i, T M8 e 7 B 0 B 7S T A R S
W 51 S AL = 3E 47 3 RO ik, AR 908 B 471 2 500 7 5 A
FRF P T S AR B R R e R A O SR O
S, JFAE T AR AL, AN A5 3 A YR LE BE 5
2 BR A G A T A
1.5 XHXBIHASFRREHES T

R % 8 o 7 5 A S D A TH A5 R, TR SRR
B8 07 75 g B M FL R, 3 2 LU ED Dy & 3B Ar s
PSR SFE RE R DT R . 8] 3Ca) JEaR T AT o ML
T 25 I B0 75 YR 5T R B 20 A SR, A R 20 XA 4 A
R X ek s UL S R e s DX ek O S R UTE
BT X3 0 T RATIRES N R L, WA 2 )
B IE, 3 EAT AL A5 P54 A A5 D R Al o 3 Mo A %
AL ARG DT R A . B 3(h) N R ALE fr 2K KL
LRy X 7 R

JEAML I it
Re s X I HES

HIE R
TETTIX IR

Rl
R
BT E

[iipas e

(b) KB EHL

B3 AREIWERRBESTHIRAR
Fig. 3 Typical partitioning methods of sound sources contribution
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Table 1 The radiated sound power estimation and their contribution
analysis of the fighter plane

WUE WA RN R BT

WMz e [X4%/dB X /dB
125~250 132.95 101.26 100.56
250~500 133.01 101.73 99.96
500~1000 133.37 100.95 100.01
1000~2000 133.24 100.83 99.87
AR /B 139.17 107.23 106.13
DU 99.886% 0.064% 0.050%

B AP0, SN B B B HE AT A 0 4G 1E R AR 12
TE S5 R AT P IR R AN 7S I A E B 222 M Ak
HE AR B 11 fis .

ER 2 1 ALRE T, KA R RS HL D) &k
1T o RBNHLIA B A i e 78 U 22 7= A B 3 i 4l
FL— Wl o A e ] AR A e R e, s TR A U el T
EENMABRGNER) ATHIEMESH/H. 2 6 K3
BLCRIFR 22 < ) B br D 2w B AR R, 4w 5t
IR Y. B, 8 R s HLR S R AT
WU FA 75 D A 1F, PSSR BT i 7 i i A stk .

z;/m
(a) 250~315Hz

i

z;/m
(b) 1250~1600Hz

E 8 FENEZIVIBERANEIETHHRBAERIRAER
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