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The Active Noise Control in Harmonic Enclosed Sound Fields (1)
Computer Simulation

Jae-Eung Oh, Tae Yeon Lee, Heung Seob Kim and Joon Shin

=2
(23 zZHIA|14x]), Complex Amplitude(E 4= %), Orthonormal Function (&

A Fsk4), State Space Model (48272 8), Mode Shape Function (®=.=.3 &

RTA
4}, Source Strength(-2-2147]), Nodal Line(# A1) Optimal Sensor Location (&
A N9 =), Modal Contribution (2 = 7]o3)

Abstract

A computer simulation is performed on the effectiveness of the active minimization of har-
monically excited enclosed sound fields for producing global reduction in the amplitude of the
pressure fluctuations. In this study for the appreciable reductions in total time averaged acoustic
potential energy, E,,, the transducer location strategies for three dimensional active noise control
is presented based on a state space modal which approximates the closed acoustic field.

In this study, the above theoretical basis is used to investigate the application of active control
to sound fields of low modal density. By the use of room-like 3-dimensional rectangular enclosure
it is demonstrated that the reductions in E,, can be achieved by using a single secondary source,
provided that the source is placed within the half a wavelength from the primary source and
placed away from nodal line of the sound field. Concerning the reductions in E,, by minimzing the
pressure in sound fields by the use of 3-dimensional rectangular enclosure, the effects of the
number of sensors and the locations of these sensors are investigated. When a few modes
dominate the response it is found that if only a limited number of sensors are located away from
nodal line and located at the pressure maxima of the sound field such as at each corner of a

rectangular enclosure.
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< Dimension of Enclosure >

Sz S L1 : 1640 mm

x3 Primary L2: 820 mm

L3: 570 mm

< Coordinate of Speakers >

Primary : (1640, 730, 490)

SPCI : (1640, 580, 490)

SPC2: (1010, 90, 570)

SPC3:( 0, 410, 490)

X2 SPC4:( 0, 730, 450)

Ls
L2

Fig. 1 Schematic diagram of enclosure modelled in
all computer simulations
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Tabel 1 Frequencies of peak in resonance

Mode number Natural Frequency Mode number Natural Frequency
(1,0, 0) 103.9 Hz 2,0,1) (0, 1,1 364.9 Hz
2,0, 0)0, 1, 0) 207.9 Hz 3,1L,0(1,1,1) ' 378.8 Hz
1,1,0 209.0 Hz 4, 0,000, 2,002, 1, 1) 415.9 Hz
2,1,00,0, 1 299.1 Hz (1,2,0) (3,0, 1) 4321 Hz
(3,0,011,0, 1) 316.7 Hz 2,2,0 41,0 464.9 Hz
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Table 2 The value of mode shape elements in B matrix in Eq.(15) according to speaker location

S

L.
E)

@

Table 32 Atu=lA 4] 4 (15)9 Cyade 842

Mode shape Point 1 Point 2 Point 3 Point 4
(1) —2.0000000 —0.7119638 1.9999963 1.9999963
w(2) 2.0000000 —1.4931076 1.9999853 1.9999853
¥(3) —1.2724839 1.9067929 0.0000006 —1.9067925
r(4) 2.5449679 —1.3575675 0.0000013 —3.8135781
¥(5) —2.5449679 —2.8470466 0.0000013 —3.8135571
¥(6) ~1.8087139 —2.0000000 —1.8087139 —1.8087139
w(7) —2.0000000 1.7750022 1.9999670 1.9999670
@) 3.6174278 1.4239277 —3.6174212 —3.6174212
w(9) —3.6174278 2.9862151 —3.6174014 —3.6174014
¥(10) 2.3015594 —3.8135858 —0.0000011 3.4488423

point 1: x1=1.64, x2=0.59, x3=0.49 [m]
point 2: x1=101, x2=0.09, x3=0.57 [m]
point 3: x1=0.01, ¥2=0.41, ¥3=0.49 [m]
point 4: x1=0.01, x2=0.73, x3=0.49 [m]

Table 3 The value of mode shape elements in C matrix in Eq.(15) according to microphone location

Mode shape Point 1 Point 2 Point 3 Point 4
(1) 0.0000006 0.0000006 —1.9999853 —1.9999853
(2) ~—2.0000000 —2.0000000 1.9999412 1.9999412
¥3) —1.6180335 —0.6180334 —1.9999412 1.9941316
r(4) —0.0000010 —0.0000004 3.9998531 —3.9882340
46)] 3.2360671 1.2360668 —3.9997652 3.9881461
(6) 1.9878614 1.9878614 1.9878614 1.9878614
(7 —0.0000019 —0.0000019 —1.9998678 —1.9998678
(8) 0.0000012 0.0000012 —3.9756935 —3.9756935
(o) ~3.9757228 —3.9757228 3.9756060 3.9756060

¥(10) —3.2164264 —1.2285647 —3.9756060 3.9640572

point 1: x1=0.820, x2=0.656, ¥3=0.02 [m]
point 2: x1=0.820, ¥2=0.492, x3=0.02 [m]
point 3: x1=1.638, x2=0.818, x3=0.02 [m]
point 4: x1=1.638, x2=0.020, x3=0.02 [m]
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Fig. 3 The value of E,, when minimized by using the

single secondary source S1
Epp due to the primary source
Epo, the minimum possible value of E,,
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Fig. 4 The value of E,, when minimized by using the
single secondary source S2

E»p» due to the primary source

E o the minimum possible value of E,,
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Fig. 5 The value of E,, when minimized by using
the single secondary source S3
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(a) Four equispaced sensors are located in the
center of the enclosure along the x,=0.820
plane
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(b) Each one of four sensors are located in the
four corners of the enclosure

Fig. 10 Schematic diagram of enclosure in the minim-
ization of acoustic power of sensor location
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