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Fig. 1. Sketch of the A-MPPA: (a) The control source is
point source; (b) the control source is piston source.
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Table 2.  Position of the point source and the pis-
ton source.
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Fig. 3. Control results of the A-MPPA for different position of the point source (including the control results in the duct): (a) S1;

(b) S2; (c) S3; (d) S4.
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source: (a) Point source; (b) piston source.
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Fig. 5. Mode shape of the first four high order cavity modes along z-y plane (X and Y are the length and width of the A-MPPA).
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Fig. 13. Schematic diagram of experimental principle.
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Fig. 14. Experimental setup and system: (a) The sample of the A-MPPA; (b) the small sized A-MPPA; (c) the large sized A-

MPPA; (d) the P-P probe; (e) the measurement and control system.

1.2

(a) @R
1.0} Idn’i: 5 fbpﬁ Pob °
‘ me&g;)d I\ A e N
\
B °% o ° °
0.8 1 Q geQ
oY
g 06
=
o4r (i)
- - PEIAT(SE5)
02r -& . PRI
v -o - IMYEHE
0 1 1 1 1 1 1 1 1
50 100 150 200 250 300 350 400 450 500

15 /NRSF A-MPPA (S22

1.2
X
)
v (b) Po
1o & P v, o
1y po % 1
1ed R
0.8Fk1 ¥ Y
Eed : \Oo‘ \
. )
o6t o
= op
04f 1 P
— AT (i)
- o - Pl HT (SE5)
0.2 - - PRIH%
0 ,O\ / 1 1 1 1 1 e II IM,fK’:‘mg 1
50 100 150 200 250 300 350 400 450 500

(a) 1 ZEWAL T S4; (b) 1 ZEPAL T S1

Fig. 15. Experimental results of the small sized A-MPPA: (a) The piston source locates at S4; (b) the piston source locates at S1.
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Low frequency sound absorption performance of large sized
active micro-perforated panel absorber in free field”
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Abstract

The active micro-perforated panel absorber has excellent low frequency sound absorption performance,
which is expected to realize low-frequency noise reduction in large space of the cabin. Since its active sound
absorption performance depends on the incident sound field environment, on the basis of the existing research
conclusions in the duct, the active sound absorption performance of the large-sized active micro-perforated panel
absorber under the excitation of a normal incident plane wave in typical free field environment is in depth
investigated. First, the theoretical model of the active micro-perforated panel absorber is established by using
the modal analysis approach, in which a reflection coefficient varying with position is introduced to represent
the reflected sound wave on the surface of the active micro-perforated panel absorber in free field. Then, the
physical mechanism of active control is thoroughly analyzed and the error sensing strategy is established.
Finally, an experiment is carried out to validate the theoretical model and findings. Results obtained
demonstrate that the greater the amplitude of the (0, 0, 0) cavity mode excited by the incident plane wave, the
stronger the reflection effect on the incident sound wave is, and vice versa. The control source suppresses the (0,
0, 0) mode so that this mode will not reflect and absorb the incident plane wave substantially when its
amplitude is reduced to an optimal value. This is main mechanism of the sound absorption improvement in the
low frequency range. However, the excited high order cavity modes (except for (0, 0, 0) mode) greatly reflect
the incident sound energy in free field and exert a negative effect on sound absorption improvement. Thus, the
control performance of the active micro-perforated panel absorber weakens in free field in comparison with that
in the duct. The pressure-release and impedance-matching strategies are still applicable to free field as long as
such a situation holds, i.e. the (0, 0, 0) cavity mode can be substantially suppressed by the control source and

at the same time the high order cavity modes cannot be highly excited.

Keywords: micro-perforated panel absorber, low frequency active sound absorption, control mechanism in

free sound field, error sensing strategy
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