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Optimization of a Gate Valve using Orthogonal Array and Kriging
Model

Jin Kang’, Jong Mun Lee’, Jung Ho Kang™, Young Chul Park’ and Hee Chun Park””

ABSTRACT

Kriging model is widely used as design DACE(analysis and computer experiments) model in the field of
engineering design to accomplish computationally feasible design optimization. In this paper, the optimization of
gate valve was performed using Kriging based approximation model. The DACE modeling, known as the one of
Kriging interpolation, is introduced to obtain the surrogate approximation model of the function. In addition, we
describe the definition, the prediction function and the algorithm of Kriging method and examine the accuracy of
Kriging by using validation method.

Key Wonds : Orthogonal Array(# 2 H]E &), Kriging Model(38]% 24), Design and Analysis of Computer
Experiments (DACE, A4 @A EH), Gate Valve(A|0]E WH)
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Welding Product]

lPerform Structure Analysigl

Forging Product

|Get The Boundary Condition|®=>{Perform Structure Analysis|
¥

-Select design factors and level
-Arrange them in orthogonal array

Optimization
using Kriging method,

-Analysis of the optimum results|
-Calculate the RMSE

!
rGet the optimum results I
¥

Validation of the results
by Kriging method

Fig. 1 Process of application design optimization
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Fig. 2 Gate valve using welding method



B R-oFET . ARE - U -

WA

#FAYFEIH A A23E AT

R

Fig. 3 Deformatlon of welding product

Table 1 Results of each remote force

Remote force | 000 1 1500 | 1000 | 1100 | 1050 | 1020
N)
Deformation
0.394 | 0.295 10.197 | 0.216 | 0.207 | 0.201
(mm})
Hex-dominate JALE o] &5t 6WA 8.4F A
314t} Remote forceE W A7)0 AL wiE 2
gt A3}, 02mm M F 9 AL wEFHse HY st

2 1000N°])giTh.
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Fig. 4 Gate valve shape using forging method
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Fig. 5 Deformation of forging product

Fig. 6 Frequency of welding product
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Fig. 7 Design variables for gate valve

Table 2 Design variables and level

D. V. A B C
Level (mm) (mm) (mm)
1 3 5 6
2 5 12.5 8
3 7 20 10

Table 3 Analysis results according to orthogonal

array
Exp| Design variables | gxperiment | Weight| Def. | Freq.
A B C e | condition | (Kg) | (mm) | (Hz)
L1111 1] ABoGCo (12.545) 0.099 12173
2110 2 2 24 ABIG |13.6391 0.082 | 2299
311 2 3 31 AB:Cy [ 14.764| 0.068 | 246.0
412 1 2 3| ABC |15.189] 0.061 [257.1
502 2 3 11 ABC |14.327] 0.067 {253.9
612 3 1 2| ABC [15456] 0.057 |265.6
713 1 3 2| ABC {16825 0.046 | 287.1
8§13 2 1 3| ABGC |17978) 0.040 | 298.6
913 3 2 1] ABCo |16.109] 0.049 |287.0
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Table 4 Comparison optimum to initial model

Ex Weight Deformation | Frequency
P Ke) (mm) (Hz)
Initial 17.14 0.044 2043
model
Optimum [ 4 439 0.08 2603
model

T8 7 AdHNAMe &5 DACE Edo #H§3}

of FAo AW g AUt DACE 229 F

Al Al4be A M(Excel) ZE21H-E o] &3t
DACE 239 y(z)e 42383 Rl dd &4

12, R, =Bxp|- Dot olf| o122, 6,
i=1

g Fajof $r}b o] 2t MLE(maximum likelihood
estimator) AR & B8] A HEG, fo4 AF
9 4 (10)2 & 3 (maximization)3te § & T3t
Aol Fahe WHL ol #rh.
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Zz2 89 ] 37|(Excel solver) 7152 o] 43l
HANE F3Ah

A3 A3 AgzAE HE3e
MEE A = 3.39mm, B = 16.39mm, C = 6mm ©] 9,
olme] FHL 13.439%kg, MY E 0.08mm, AE
4 260.3Hz ©]c}.
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Table 5 Experiment array for validation
Design Variables
Exp.
A (mm) B (mm) C (mm)
1 3 5 10
2 5 12.5 8
3 7 5 6
Fig. 8 Shape of optimized design 4 3 20 6
5 5 20 10
6 7 125 8
Table 6 Results of validation
. Deformation Frequency
Weight
Exp. & (I(Ag) (mm) _ (Hz) }
st . . Yi Y, Y; Y, Y; Y;
Fig. 9 Deformation of optimized design 1 |14.444113.581| 0.075 | 0.081 | 233.8 | 229.5
2 [15322]15.250| 0.059 } 0.061 | 261.6 | 260.7
3 (15911 1589 | 0.021 | 0.023 | 281.1 | 278.7
4 |14.613(13.523| 0071 | 0079 | 240.0 | 2364
5 116.465|16.158! 0.050 | 0.054 | 2753 | 270.2
6 [16.959)17.361| 0.045 | 0.042 | 291.3 | 2959
MAX
AE 1.090 0.0008 5.1
RMS
Fig. 10 Frequency of optimized design E 04938 0.0038 3.0766

Fig 8& #A & AA 2dd HE&
YErdATh
Fig 9¢} Fig 1o£ o] mdlo) 2zFAM Az 4

gAe

AAFH 1/AFFE 44 dehdch sH“@
3o 12 89Kg, z%%lr’* 0.083mm ©°] 9,

= 225Hz X A4 2o 935ty 7%14
At

0 2
W55
2 @5 Ao YABE ¢ 4

4.2 T4jof| o8t HB
38739 218 B9 g9A 2 RMSE(root

mean square error)9] 4} (12) =& MAXAE(maximum

absolute error)®] 4] (13)& HAE 5 Yop.PMY

RMSE= 1| = 33y — ) (12)
ti=1

MAXAE:ma.x[lyi—y:H (1= 17“"”3) (13)
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Fig. 11 Cross validation for weight
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Fig. 12 Cross validation for deformation
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Fig. 13 Cross validation for frequency
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