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Abstract — This paper presents the strength safety and the weight reduction analysis of nine gas valve
models for a LPG cylinder using a finite element analysis program, MARC and Taguchi's experimental
method. The maximum Von Mises stress of a gas valve body represents a safety of a brass valve structure
for the given gas pressure of 91 kg/cm?® which considered a safety factor of a LPG gas cylinder. The
weight reduction analysis is very important for reducing a gas flow friction loss and a manufacturing cost
as a design parameter. The calculated results present an design model 9 as an optimized design data with
10 mm radius of a lower part gas flow pipe A, 6 mm radius of an upper part gas flow pipe B and a
connecting length 2 mm of tapered pipe D between lower and upper pipes.
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Fig. 1. General view of a gas valve for a LPG cylinder.
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Fig. 2. Boundary conditions of a gas pressure for a LPG
cylinder.
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Table 1. Material properties of a brass.

Properties Brass
Modulus of elasticity, GPa 97
Density, kg/m? 8490
Poisson'’s ratio 0.31
Yield strength, MPa 124
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Fig. 3. Design parameters of a gas valve,

Table 2. Factors and levels for a Taguchi's experimental

method.
Variation Factors
Factors and
Levels A r B:r C: D:/
(mm) | (mm) | Eror (mm)

1 7 4 R 2
Level 2 9 5 - 3
3

10 6 | - 4
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able 3. Analysis layout of orthogonal array table of L(3%.

Mode! No. s A B c D
1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 i 2 3
5 2 2 3 1
6 2 3 1 2
7 3 i 3 2
8 3 2 1 3
9 3 3 2 i
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Fig. 4. Von Mises stress distribution of a LPG valve at P=91 kegfem?.
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Fig. 5. Maximum Von Mises stress of nine LPG valve
models at P=91 kgf/em?’.
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Fig. 6. Valve weight reduction for nine proposed valve
models for a LPG cylinder.
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Table 4. S/N ratios of Von Mises stress and weight of nine

LPG valves.

Model No. Von Mises Stress Weight
1 -222118 —51.9539
2 -21.9382 -51.8657
3 —22.3454 —51.7317
4 -23.1672 -51.4574
5 —23.0458 -51.4109
6 -23.4052 -51.2696
7 —24.7609 —51.1742
8 —24.4543 -51.0777
9 —24.7106 -50.9801
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Table 5. Affecting ratio of a LPG valve.

Affecting Ratio | A:r | B:r | C D:l Sum
% (mm) | (mm) | Error | (mm)

Von Mises Stress | 93.23 | 4.03 | 1.013 [ 1.723 | 100

Weight 77.78 | 20.25 | 0.523 | 1.431 | 100
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