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The kriging method with robust design for low noise intake
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ABSTRACT

We propose an optimal design to improve the muffler's capacity by reducing the
noise of the intake system by adapting kriging method with the robust design.
For the first stage of a design, the length and radius of each component of the

current muffler system are selected as control factors. Then, the L5 table of orthogonal

arrays is adapted to extract the effective main factors. As the second stage, the Ly
table of orthogonal arrays using kriging method is adapted to take the significant
factors into consideration.

As an optimal design, the L3 table of orthogonal arrays with main effects is
proposed and the kriging method is adapted for more efficient design. The kriging
method impfoves the performance of intake system.
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<Figure 2> Simplified model
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<Table 1> Control factors and levels

Control factor ]level(;mt : r;] )
A a/c diameter d> |10.22] 0242 X
B| outlet tube length L 1048 | 0.60 | 0.72
C| outlet tube diameter | d; [0.05210.065] 0.078
D a/c length I §10.126] 0.14 | 0.154
E inlet tube length Is | 0.60 ] 0.75 | 0.90
F| inlet tube diameter | d; 0.052]0.065| 0.078
G| offset length of inlet | 1, || 0.05 ] 0.06 | 0.07
Hi offset length of outlet | 15 || 0.05| 0.06 | 0.07
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<Table 2> Parameter design using Lis (2'x3") orthogonal array.
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<Table 3> Summary of correlation function
Name Correlation Function
Exponential H] exp(—8,| d,1)
. L7 2
Gaussian LI‘ exp(—8,| dpl *)
o wo [ 1760001 de | )2+ 600, 1di1)® 8l dil <172
Cubic spline ﬂl{ 2(1—6,|d,| )3 L 1/2<8,1d,] <
a 0 , Ol dil >1
Matern linear function Lf][ (1+ 8,1 dp| Yexp(— 8, | di| )]
Mater cubic function LE (16,1 dil + 631 di ) 2/3)exp(— 6,1 di1)]
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<Table 4> Anova table for SN data

Source DF Anova SS Mean Square | F-Value Pr>F
A i 10.32144050 10.62144050 88.47 0.0111
B 2 124.51581111 62.25790556 518.59 0.0019
C 2 9.82287211 4.91143606 4091 0.0239
D 2 6.05609011 3.02804506 25.22 0.0381
E 2 14.21538211 7.10769106 59.20 0.0166
F 2 9.77792011 4.88896006 40.72 0.0240
G 2 0.38767811 0.19383906 1.61 0.3825
H 2 1.76161478 ().88080739 7.34 0.1199
Model 15 177.15830894 11.81058726 98.38 0.0101
Error 2 0.240404533 0.02500339
Total 17 177.39891428
R-square [OAY Root MSE SN Mean
(.998647 0.954991 0.34648617 36.28161111
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<Table 5> Optimum specification of an
intake system

Outlet pipe | Air-Cleaner | Inlet pipe
Length 0.720 0.154 0.600
Diameter 0.052 0.242 0.052
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<Figure 5> Comparison between current
and L,z optimal designs{simulation)
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<Table 6> Comparing before and after

Condition Overall(dB) SN ratio
Current 93.5337 39.4193

Ls optimal 100.5827 40.0504
Kriging Method 107.7927 406518
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<Table 7> Optimum specification of an
intake system
Condition B A
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<Figure 10> Simulation results of trans-
mission loss from kriging method and
current exp.
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