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A Study on the Optimization of a Devided Ball Valve usirig
Characteristic Function

Jong Sub Choi*, Young Chul Park”

ABSTRACT

In modern industrial society, many kinds of valves have been used to control fluid flow. For the optimization
of a ball valve, a quarter of spherical ball was modeled and evaluated. However, there is a difficulty in the
application of the optimization technique because of the complexity of the fluid and the restriction of analysis.

Therefore, in this study, it is performed to evaluate the stability of an initial model using FEM(Finite Element
Method) and CFD. In addition, a shape optimization design of the valve is accomplished using an orthogonal
arrangement and characteristic functions. From the result, a new design method is represented that could overcome
the time and space restriction in structural design, such as the divided ball valve with less experiment.

Key Words : Characteristic function(5 &), Analysis of means(¥ @ £2), Optimization(Z A“d A)), Orthogonal
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Fig. 2 Section of quadriesected baﬂ

Fig. 3 Ball valve with section of quadriesected ball
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Fig. 4 Load and boundary condition for analysis

Table 1 Mechanical properties of ASTM A296 CF8M
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(b) Pressure distribution

. 7 The result of fluid analysis
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Fig. 8 The result of structure analysis
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Table 2 Design factor and level

DEV c|p|D| T ]|R
Level (¢) | (mm) | (mm) | (mwm) | (mm)
1 123 | -300 | -300 | 155 | 20
125 0 0 158 | 25
127 | 300 | 300 | 161 30
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Table 3 Analysis result according to orthogonal array

Lis(2'x3")
oo o] {1 | of o s |
1 [ 11 1) 1] 1] 1] 1] 1]77.488 |1.074988
2 1111 2)2)2]2]2] 2)129.282]0.97703
3 [ 1] 1} 3] 3] 3] 3] 3] 3]114.305]0.946354
4 1] 2] 1] 1] 2} 2] 3] 3]109,92 |0. 755266
5 [ 1] 2] 2] 2] 3] 3] 1] 1/146.3910. 950339
6 | 1] 2] 3 3] 1] 1| 2| 2|97.968 |0. 854807
7 1113/ 1]2]1] 3] 2] 3]/90.084 |0.840325
8 | 1] 3] 2] 3] 2] 1] 3]1]110.475(0.707209
9 [ 1] 3] 3] 1] 3] 2] 1] 2]150.189]0. 869074
10 | 20 1| 1] 3} 3] 2| 2] 1]154.272/0. 974207
111 2{ 1] 2] 1| 1] 3] 3] 2{88.997 |1.122404
12 1 2] 1] 3] 2] 2] 1} 1] 3/109.623]0.94586
131 20 2] 11 2] 3 1| 3| 21142,94810, 953229
1421 2] 2].3] 1| 2| 1] 3| 89.003 {0.903168
151 2] 2] 3{ 1] 2} 3] 2| 1]110.5190,953254
16 | 2] 3| 1] 3] 2{ 3| 1| 2|110.1690.795798
171 2] 3] 2] 1) 3) 1] 2} 31152.832]0.940833
18 | 2] 3] 3] 2| 1] 2 3| 1] 89.966 |0.812229
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Table 4 Characteristic function of the Results

Experiment Characteristic function

1 0.656

2 1.059

3 1.176

4 0.882

5 1.193

6 0.793

7 0.728

8 0.886

9 1.213

10 1.259

11 0.754

12 0.897

13 1.166

14 0.727

15 0.906

16 0.884

17 1.243

18 0.723
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Table 5 Factors affecting the characteristic

function
Factor Effect
1 2 3
C 0.967 0.945 0.946
Dy 0.929 0.977 0.951
D; 0.929 0.961 0.954
T 0.73 0.919 1.208
R 0.94 0.977 0.94
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Fig. 11 Illustration of factor effect for characteristic
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(b) Pressure distribution (b) Pressure distribution
Fig. 12 Optimal fluid analysis result of characteristic Fig. 14 Fluid analysis result of orthogonal array
function
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Fig. 13 Optimal structure analysis result of Fig. 15 Structure analysis result of orthogonal array
characteristic function
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Table 6 Result of analysis

Section of quadriesected ball
Orthogonal
Initial case [ ANOM result
array result
Maximum
Strees 124.683 110.627 110.475
(MPa)
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