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Design Optimization of a Compressor Loop Pipe using Response Surface Method
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ABSTRACT

A compressor loop pipe is the most important part in a refrigerator from the view of structural vibration and noise. Vibration energy
generated from a compressor’s inner body is transmitted to the shell and outside through the loop pipe. For this reason it is very
important to design a compressor loop pipe. But, for geometrical complexity and dynamic nonlinearity of the loop pipe, analysis and
design of the loop pipe is very difficult. So the statistical and experimental methods have to be used for design of this system. The
response surface method (RSM) becomes a popular meta-modeling technique for the complex system as this loop pipe. As starting point
of loop pile’s optimization, FEA model and simple experimental model are used instead of the real loop pipe model. After RS model
was constructed, using sensitivity-based optimizer performed optimization for the loop pipe. And the moving least square method

(MLSM) was applied to reduce the approximation error.
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Response Description
Y1 Acceleration Mag. in Y coordinate
Y2 Square mean of XYZ Acceleration
Y3 Three Harmonics Acc. Mag. in Y
Y4 Three Harmonics Acc. Mag

oAl Zzte) W 3749 HAANSE AL
AYAYY Z 4 D-Optimal B ol &3
ol RS Model& T48t%ith. A8 47 A 52%

-406-



F2E 7 WS, 3 U3V YR A5 Has
dgas) ddl AEE 271% AERTL, 252
AezE RE spolxrt ¢57] Aol 24 gt
A% 71EoE Atk o FEEAL YL A
A A

:

O
Bul
=2
>
1o
5
o
il
i
o
o
Hu
i
rlo
po
|o
b
ot
X o

Minimize:

Magnitude of acceleration
(Y1,Y2,Y3, Y4

Side constraints:

0<A<Am,0<B<Bm,0<C<Cm
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A B C
Initial 0.00 0.55Bm 0.41Cm
Y1 Am 0.815Bm Cm
Y2 Am Bm 0.152Cm
Y3 0.685Am 0.926Bm Cm
Y4 Am Bm Cm
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® 4. 2% "z (Y2)

Y2 (Initial 21.65) LSM MLSM
RSM Result 13.29 13.55
Reanalysis 13.58 13.55
Error (%) 2.14 0.0

Improvement (%) 37.27 37.41

® 5. @3 8l& (Y3)

Y3 (Initial 19.04) LSM MLSM
RSM Result 14.06 13.97
Reanalysis 16.52 15.67
Error (%) 14.89 10.85

Improvement (%) 13.24 17.70

X 6. A4 "z (Y4)

Y4 (Initial 22.01) LSM MLSM
RSM Result 16.55 16.14
Reanalysis 16.47 16.00

Error (%) -0.49 -0.88

Improvement (%) 25.17 27.31

Y1 (Initial 18.74) LSM MLSM
RSM Result 11.47 11.73
Reanalysis 13.04 12.94
Error (%) 12.04 9.35

Improvement (%) 30.42 30.95
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Optimum Result MLSM
X1(A) 75.04
X2(B) 114.97

RSM Result 32.57
Reanalysis 30.78
Error (%) -5.5
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