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Optimization of Resonance Frequency of Smart Helmholtz Resonator

by Response Surface Method

Wakae KOZUKUE"" Hideyuki MIYAJI"

Abstract

In this paper we carried out the simulation for controlling the resonance frequency of a Helmholtz resonator,

which is used for the reduction of noise. The resonance frequency is designed to the desired value by PID

control of the acoustical boundary condition of the Helmholtz resonator. The resonator like this is called

Smart Helmholtz Resonator. At first the gains of PID controller is changed to several values and it is

confirmed that the resonance frequency is varied. In order to realize the desired resonance frequency

the gains of PID controller are determined by the response surface method. By using the response surface

method the determination of the optimal gains are possible for a lower frequency region quite accurately.
It is shown that this method is effective for designing the resonance frequency of Smart Helmholtz Resonator..
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Fig.1 Schematic Diagram of a Helmholtz Resonator
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Table 1 Parameters of Resonator

Volume v 0.00742m’
Length of Throat I 0.055m
Cross Section of Throat S 0.000113m’
Density of Medium Po 1.18kg/m’
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Table2 Gains Obtained by Optimization Analysis and Resonance Frequency

Desired Desired Gain Gain Gain Resonance Error
Frequency |Frequency Frequency
[rad/s] [Hz] KP KD Kl [Hz] [Hz]
100, 15.9236] 7.90E-05] 1.6000E-03 5.78E-08 13.72] -2.2036
150 23.8854] 5.74E-06] 8.0174E-05 -1.00E-21 26.04] 2.1546
200 31.8471 5.61E-05} 9.9931E-20 8.2616 35.60] 3.7529]
250 39.8089] 2.55E-04] 4.2470E-07 18.3611 4251 2.7011
300 47.7707) 5.87E-04] 1.0119E-19 29.2920] 48.93 1.1593
350 55.7325| 1.10E-03] 3.1095E-06 41,0748 54.82] -0.9125]
400 63.6943| 1.70E-03] 2.3624E-09 53.5614 60.78] -2.9143
450 71.6561 2.40E-03] 1.5275E-08 66.8602 66.38] -5.2761
500 79.6178] 3.40E-03] 4.6372E-05 81.1570) 68.62] -10.9978
550 87.5796‘ 4.10E-03] 1.3946E-07 95.4764 77.04] -10.5396
600 95.5414] 5.20E-03] 3.3733E-07 110.7146 82.15] -13.3914
650 103.5032] 7.00E-03] 1.6009E-04 126.9522 75.72] -27.7832
700 111.4650] 8.40E-03] 2.2066E-04 143.1038] 76.07] -35.3950
750 119.4268' 8.80E-03] 2.7296E-06 159.6442 96.52] -22.9068
800 127.3885] 1.18E-02] 4.4399E-04 175.9859 72.70] -54.6885
850 135.3503] 1.37E-02] 6.2561E-04 192.1956 69.18] -66.1703
900 143.3121 1.32E-02] 1.1446E-05 213.9361 111.56] —-31.7521
950 151.2739] 1.79E-02] 1.2000E-03 221.8760 59.92] -91.3539]
1000 159.2357] 2.02E-02] 1.7000E-03 233.2173 53.82]-105.4157
1050 167.1975] 2.27E-02] 2.6000E-03 237.6676 45.67]-121.5275|
1100 175.1592] 2.49E-02] 4.2000E-03 223.0704 35.941-139.2192
1150 183.1210]  2.40E-02] 8.5390E-04 312.6796 80.68]-102.4410
1200 191.0828] 2.78E-02] 4.8000E-03 248.0928 35.58]-155.5028
1250 199.0446] 2.92E-02] 2.7000E-03 315.3629 51.39]-147.6546
1300 207.0064] 3.13E-02] 3.5000E-03 3216135 46.35]-160.6564
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