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Study on the Optimal Design of an Intake System Using the Two
Microphones Method and the Taguchi Method
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ABSTRACT

In this paper, the experimental design of an intake system was studied using the two microphones

method and the taguchi method. The transmission loss was utilized to represent the performance of

noise reduction for the intake system which was estimated by measuring sound power at inlet and
outlet with two microphones, respectively. Two microphones method used in this paper was followed

by wave decomposition theory. The robust designing parameters of an intake system were exfracted
by adapting a cost function with the taguchi method, which optimized the process. Finally the
effectiveness of the propose method was validated with the experimental data.
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Fig. 1 Schematic diagram of transmission loss
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Table 1 Control factors and levels{2-level)

Control factor Level
0 1
A Resonator &%~ ki i+
B S/B length 228 mm(375 Hz) (184 mm (466 Hz)
C | A/C Box volume 55L 651
D Snorkel material PP +porous PP
F Diffuser #5- (157 or 85 mm) 5
G Diffuser position A/C Box upper | A/C Box lower
H | Resonator volume 2.5L(83 Hz) 1.9 L(83 Hz)
1 | Resonator position A/C Box st A/C_BOX LH
Snorkel A}ol sidel
J Snorkel length 390 mm 450 mm
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Table 2 Control factors and levels(3-level)

Level
Control factor g 1 p

G Porous hose length 150mm | 270 mm

A Porous hose porosity 100 Hz 350Hz | 600 Hz
B Upper diffuser length 80mm | 120mm | 135 mm
C | Upper diffuser diameter | 25mm 30mm | 40 mm
D S/B diameter 25 mm 30mm | 36 mm
E | Inlet insert pipe diameter | 30mm 40mm | 50 mm
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Fig. 5 Test for normality(2-level)
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Table 3 ANOVA of control factors(2-level)

Factor DOF S \Y% F-value

A 1 1.35 1.35 pooled
H 1 1.62 1.62 pooled
AXxH 1 2.24 2.24 348
1 1 0.49 0.49 pooled
AXx] 1 0.13 0.13 pooled
HxI1 1 0.00 0.00 pooled
B 1 6.38 6.38 992
D 1 107.61 107.61 167.25
F 1 023 0.23 pooled
G 1 11.65 11.65 18.11
J 1 2.29 2.29 3.56
e 1 0.51 0.51 pooled
e 1 0.78 0.78 pooled
AXC 1 0.36 0.36 pooled
C 1 0.18 0.18 pooled
(e) 2 1.29 0.64
Total 15 135.82

Table 4 ANOVA of control factors(3-level)

Factor DOF S A% F-value
G 1 13.66 13.66 134.79
A 1 1.30 1.30 12.79
B 1 0.75 0.75 7.36
C 1 0.13 0.13 1.31
D 1 0.67 0.67 6.63
F 1 1.58 1.58 15.63
e 1 0.02 0.02 0.21
e 1 0.18 0.18 1.79
(e) 2 0.20 0.10
Total 8 18.30
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Fig. 9 Pareto chart for experimental factors
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Table 5 Comparison of overall and prediction
value at optimal condition

Test condition Prediction Overall value
value(dB) (dB)
2-Level base - 67.68
2-Level optimal 74.93 75.67
3-Level base - 70.28
3-Level optimal 7758 78.00
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