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DESIGN OPTIMIZATION OF AN INDUSTRIAL 3/2 WAY PNEUMATIC VALVE
CONSIDERING FLOW-STRUCTURE CHARACTERISTICS

S.M. Yang,

S.H. Baek, T.W. Kim, LS. JUNG, and S. Kang

A Study on the flow-structure characteristics of a 3/2 way pneumatic valve is essential for optimizing the
performance of ship engines. It is important for the valve to have desirable safety factor and reduced weight from
the safety and economic point of view. In this study, we capture flow-structure characteristics of 3/2 way pneumatic
valve. This is optimized based on the proper design criteria. The air at a pressure of 30 bar is the working fluid,
which is made to fill in the tack in short time. This time is defined as the filling time. The flow and structure
analysis is performed for three cases under maximum stress and safety factor. In optimum design, considering the
flow-structure characteristics, we model twenty seven cases by using DOE(design of experiments) method. Here,
analysis for each cases is performed and then metamodels are created. We obtain optimized parameters and then
analysis is repeated to compare with the initial model. Finally, the feasibility of the optimum design is verified.
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Table 1 Filling time for three cases at 30 bar

Model Volume (mm3) Filling time at 30 bar (s)
Case 1 950100 0.00307
Case 2 1035600 0.00394
Case 3 1079700 0.00562
4.5x10°
—— Case 1 (reduced volume)
40P e Case 2 (initial volume)
- Case 3 (increased volume)
35x10° -
3.0x10° - o —
© "
Q 25x10° /
Qo
% 2.0x10° |- /
@ 1.5¢10° - //
1.0x10° |- g
5.0x10° |-
0'g.ooo 0.(')01 0.602 0.(')03 0.604 0.605 0.006
time (s)

Fig. 2 Filling time for high pressure air into the tank

Fig. 3 Stress distribution in the pneumatic valve

Table 2 Optimum design variables

Design X X2 X3 X4 Xs X6 X7 X3 Xo

variable | (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm

Initial 235 | 225 | 15 12 11 79 9.5 9.5 25

Optimum | 247 | 245 | 9 8.6 6 45 8.1 8.6 30
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Table 3 Reanalysis solution

Step Vglume3 Stress Filling3 time
(10> mm®) (MPa) 107 s)
Initial 10.366 19.114 3.940
Optimum 9.525 19.827 3.182
Reanalysis 9.615 19.637 3.265

Optimum model

Fig. 4 Comparison between initial and optimum models
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