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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

extracted 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.2 Photograph of transmission loss test
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Table 1 Control factors and levels(2-level)

Control factor Level
0 1
A Resonator § % i £
B S/B length 228mm(375Hz) 184mm{466Hz)
C A/C Box volume 5.9 6.5
) Snorkel material PP4poOTOUS PP
F Ditfuser #5 (157 or 85mm} 2
G Diftuser position A/C Box uppet A/C Box lower
H | Resonator volume 2.5L{83Hz) 1.9L(83Hz}
I | Resonator position | A/C Box®t Snorkel Atol | A/C Box LH sideot]
J Snorkel length 390mm 450mm

Table 2 Control factors and levels(3-level)

Level
Control factor
0 1 2
G Woven hose length 150mm 270mm
A Woven hose porosity 100Hz 350Hz 600Hz
B Uppef diffuser lenpth 80mm +20mm 135mm
c Upper dilfuser diameter 25mm 30mm 40mm
D S/8 diameter 25mm 30mm 36mm
E [ nlet insert pipe diameter 3omm A0mm S0mm
2.3 ¥4 ¥(ANOVA)
dA AFT HAAERES VA1 ALEd
ANgE sgstcd, old AFY A4S Yehle
EAE AdeA9 overall valueg 71§22 &
Ak 2HE AgEA FES /AT 4 2L

FAR02 o= A= FYUAE Yohusl

Table 4 ANOVA of control factors(3-level)

S/NHlg &d & BAEYE 88U Table
33} Table 4= Ztzte] A 99 BARAMEE e
A},
Table 3 ANOVA of control factors(3-level)
Factor DOF S \ F-value
A 1 1.35 1.35 pooied
H 1 1.62 1.62 pooled
AXH 1 2.24 2.24 3.48
| 1 0.49 0.49 pooled
AXI 1 0.13 0.13 pooled
HXI 1 0.00 0.00 pooled
B 1 6.38 6.38 9@
D 1 107.61 107.61 167.25
F 1 0.23 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
ol BARNE FEA 47 24EF4dME B, D, G
9] AxE o] FoF HRoZ eI, AxH, JUA
£ Ho5E 5%AME 49 %o} F-values]
gtol 3ol delnz %zre fefAel givtn #dH
o 1 99 yuix] A, C, F, H, I, Ax], Hx], AxC
AAEL 2F felstx ¥ Aoz yshymz

2 318 3 (pooling)dte] Axtatgrh,

Factor DOF S \ F-value
el 1 13.66 13.66 134.79
A 1 1.30 1.30 12.79
B 1 0.75 0.75 7.3%6
c 1 0.13 0.13 1.3
D 1 0.67 0.67 6.63
E 1 1.58 1.8 15.63
e 1 0.02 0.02 0.21
e 1 0.18 0.18 1.78
{e) 2 0.20 0.10
Total 8 18.30
E& 35FAAE CAAE AYF Urix RE A
AEol ¥ RoZ Uetonz CAXEE 24
ol EYstel A4
24 F9A EX(main effect analysis)
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Fig.4 Main effects plot for S/N ratios(2-level)
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Fig.5 Main effects plot for S/N ratios(3-level)
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Pareto Chart for TL
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o 8
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Defect © © 8 3 ¥ v r 3 @b ¢ g
Cout 428 10 w04 62 &1 52 48 29 25 20 33

Percent 426 140 104 82 61 852 48 29 25 20 33
Cum% 428 588 670 T2 793 845 M3 W2 W7 947 1000

Fig.6 Pareto chart for experimental factors(2-level)

Pareto Chart for factor

Defect < E A 8 4 3

Count Q3 148 23 101 28 a8
Percent 43 148 133 101 28 88
Cum% a3 582 ns 86 a2 100.0
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ne

t=(10:0.025)x

n, ! FAVEF
(effective number of replication)
o] Heul, o714 FAUNESFE T
n,=1/(1/8+1/8+1/8+1/8+1/4—4x(1/16)) =2
adee, +=(2.228)«/(0.5/2)=1.18°| =1,
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Table 5 Comparison of overall and deduction
value at optimal condition

Test Condition Deduction | Overall Value
Value(dB) (dB)
2-Level Base - 67.68
2-Level Optimal 7493 75.67
3-Level Base - 70.28
3-Level Optimal 77.58 78.00

27 35EY HAYFE2PoREY F4HE A
FA% A AEEAE A=AHx F dws
o YEAE HAE7] Y3l optimal Aol A 9]
overall values} FFAH S vudrd Ztzte]
FAFE] S3E ALEN gEo d$ 2Hs
Aol HHzY AdAol FEI Loy A
FAgol £Age A dEsan gicty gddc

. 2&

) fegt eEziRyg doxle IHF-FxE
(FEFREDL 25F9 3% AcCoDoGoHoJi

oz olRoAed|, olnf 2xF A (snorkel
material, DRIAbo] {71419 HE:dR 7H3
A A vdent, 33REY A ARG
2 )RR Ed, o AHfde ©wIH 32
(porous hose)? Zol(GzH7} FA A A
&AM RS 4 AUt

2) Z1€4A dv] 922 HYE AL IHFE
Z% 9 optimal At4el AEEA 7ol base A
ko] ¥l8] overall value ZBo)A < 8IBAE
o 48 2AE 4§ F U 53] 300Hz
~B00HzSl F%4 g 20-30dBHEe] of¢-
g aRE & F AU
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