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ABSTRACT

In modern society, noise problems occur because of various noise sources. Road noise is a repre-
sentative noise source having a wide range of 500 Hz ~ 1600 Hz. Sound absorbing materials are gen-

erally used as noise reduction measures for broadband noise, but this has side effects, such as risk

to the human body and environmental problems (recycling). In this study, a side branch was applied
as a noise reduction measure to replace sound absorbing materials. The principle of side branch is
to reduce noise through destructive interference inducing a waveform of the opposite phase according
to the structural shape with original noise. A side branch has a reduction effect at the narrow band
only, but it is possible to reduce broadband noise by arranging multiple side branches. Multiple side
branches were designed to reduce road noise and the 12-stage side branch arrangement was optimized

through simulation and experiment. By applying this optimized design to the product (diffraction noise
reducer), the noise reduction effect was confirmed to be improved from 3.1 dB(A) to 4.1 dB(A). We

expect to apply multiple side branches to various noise reduction devices.
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Fig. 1 Noise characteristic by road finish
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Table 1 Initial design of multi-side branch

Stage Target band [Hz] Depth [mm]*
1 1250 70
2 1000 73
3 1000 77
4 1000 82
5 1000 90
6 800 95
7 800 100
8 630 130
9 630 147
10 500 155
11 1250 200
12 1250 210

* Depth of side branch = 1

Table 2 Specification of duct test system

Item Use Specification
Duct Path of noise acryl
Anechoic Room for Amb.noise:
room measurement 33 dB(A)

Speaker Generating noise over 89 dB(A)
Amplifier Signal amplification -
FFT analyzer | Noise measurement B&K Type2250

* FFT Range: 350 Hz ~ 1250 Hz
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Fig. 3 Design of duct test system
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Table 3 Side branch alignment for duct test

Module Design Remark

Depth[mm] p ™ 77 Egy 8 g 189, 185, 210

1 Standard
Depthimm]n ™ 77 #m B ¥ 7 ¥mg #°

2 Slope at bottom
Depth[mm] m ™ 7 2y 8y 5, =5, 20

3 Slope alignment
Depth[mm] s 77 s s iy g ™ #6190 15520

4 Separation by

group
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Fig. 6 Duct test result of module 1
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Fig. 9 Duct test result of module 4
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Table 4 Simulation case for optimization

Stage Case
Standard 1 2 3 4
1 70 73 73 73 70
2 73 77 77 82 77
3 77 82 82 93 90
4 82 90 90 100 100
5 90 93 93 147 147
6 95 95 95 200 200
7 100 100 100 77 73
8 130 147 120 90 82
9 147 155 147 95 95
10 155 170 155 120 130
11 200 200 200 155 155
12 200 210 210 210 210

* Values means the depth [mm] of side branch
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Fig. 10 Simulation result(5 cases)
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(a) Standard design (b) Optimal design

Fig. 11 Product applied multiple side branch

Table 5 Specification of test system

Road Standard design Optimal design
Asphalt 3.1dB(A) 4.1 dB(A)
Concrete 3.4dB(A) 4.2 dB(A)
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