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Optimal placement and experimental study on active noise control

system in the cabin
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Abstract: Helicopter cabin noise negatively impacts cabin environmental comfort and safety. In this paper, non-dominated sorting
genetic algorithm [I is used to solve the electro-acoustic device placement problem of the active control system applied in the cabin.
An appropriate spatial discretization of the sound field of the confined space is preformed, and then the electro-acoustic devices
placement optimization problem, quantity optimization problem, and secondary source sound intensity optimization problem are
further transformed into a combinatorial optimization problem. Taking the minimun value of the sum of the squares of the acoustic
pressures at the measurement points as the control objective, the multi-objective optimization algorithm combined with the active
control algorithm 1s adopted to solve the optimal placement of electroacoustic devices in the system. Considering the noise control
system’s complexity and feasibility and limited space inside the cabin, the control system’s secondary sound sources and error sen-
sors are selected as a 4-channel configuration. The optimization program is repeated several times independently, and the most fre-
quently occurring positions of electroacoustic devices are counted, based on which computer simulation and experiment are conduct-
ed, and the results show that the optimization results can make the noise reduction at the height of the head of the cabin personnel

in the sitting position reach up to 24.9 dB, and the global noise reduction reaches 19.4 dB.

Keywords: cabin noise; active noise control; multi-objective optimization; non-dominated sorting genetic algorithm 1[I ; electro-

acoustic devices; simulation and experiment
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Fig.5 Noise reduction of different secondary sound sources with different amplitude ratios at the rear left passenger

e M 5 50 LA A 4 S U 7 S AT T R O L
AR N

W A 2 9T M TP R, 2545 % B
W R L S 2k 5 AT AT (] I 52 48] T 4 P 70 s 1)

FT A BRI AR S 2 % P 3R, YR G DA T A 2
Bt 2 B B FE ANC RGIR KR IR iR EAL
WA X ARCE . phor EAE ZUGalT SRR i
LA R L B ELA) T SEBRAT A 6 e, Ak 1B

®1 BHESHAHEAZEMCE
Tab.1 Specific placement spatial locations of electro-acoustic devices

EENCEE A R A A B /m B R AR A B/ m B R A TR B/ m

@  (3.90,—0.27,0.90) ©®  (4.20,—0.375,1.20) @ (3.60,1.20,0.80)

©) (3.90,0.27,0.90) @ (4.20,0.375,1.20) ©  (7.30,—1.30,1.50)
W IR IR ZEE 2% LR

@  (5.70,—0.27,1.35) ®  (5.30,—0.40,1.20) @ (4.90,0,1.31)

® (5.70,0.27,1.35) (5.30,0.35,1.20)
3.2 HEMRE U5, 20 IR RS G g o A6 TR 50t B

R e D0 U P SR BT 44> U P A =5 (i
AL, 15 B0 UG PRRIR 22 4L 75 S8 A0 TS 6 Fir 7w o
6, A B AR A, B B AR R s

6 il 28 4 L R A R R 1A

Placement schematic diagram of control system

Fig. 6

electro-acoustic devices
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system
140 140 140 140
--- FEFhEEHIET ‘ --- EFEHIAT ; --- EFNEHIET : --- FENIEHIET
g 120 — EEHlE | g 1205, — EFEhlE | g 120 — EFIEHE 12014 — EFENE
i | ~ 100}
) é@ 80
£ 60

0

(

e b

P et AR
200 400 600 800 1000

200 400 600 800 1000

HE / Hz A% / Hz M / Hz ME / Hz
(2) REHO® b)) BEHO () REH® d) REHO
(a) Error point ® (b) Error point @ (c) Error point (d) Error point @
BI11 Ay 3 24 i s 00 W 75 41
Fig. 11 Noise spectra before and after active control at the placement locations
110 110 110 110
~ 100} | --- EF)IEHIAT < 100F, --- EFNEHI AT < 100t --- EFNEHIET < 100 --- EENIEHIET
L0t | —EsEHE | S 90 o, —FFhEEE | S 90p —FFPPEHE | T 0r 1 —FFEHE
880 |l g 80t il 8 8ot il B 80| ]x
8 3 3 - Bl
3 ol | & Sof § oS Sof |5 soff
400 a0r, 201 a0t
osf ®osf 0 Bogof Bosof
200200 400 600 800 1000 2% 200 400 600 800 1000 2% 200 400 600 800 1000 2% 200 400 600 800 1000
HE / Hz M / Hz A% / Hz Si% / Hz
(a) BEHRO® (b) RERO® (c) REHA® d) REHOQ
(a) Error point 6 (b) Error point @ (c) Error point (d) Error point @

P i ORI 14 Fros o ol P 13 (a) BRI, AR AR AR
T 500 Hz I, 4 A5 22 o B &b A [ W dak de & 3k 3

P12 A L = sl 4 1 A R P O - A AR )
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