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Abstract — In this paper, the optimized design of a rectangular O-ring groove has been analyzed for

. a maximum Cauchy stress and maximum strain using the Taguchi method. This method may efficiently

optimize the design parameters for an O-ring groove of a LPG filling unit. The computed FEM results
indicate that the optimized design parameters can only be drawn by nine experimental numbers of iterations
when the Taguchi design technique has been employed with a finite element method. This means that the
Taguchi design method is very useful for the optimization design of O-ring rectangular groove geometry.
Based on the computed FEM results by the Taguchi design technique, the dimensions of a groove geometry
are given as h=2.5 mm, d = 2.74 mm, ¢ = 0.15 mm, and w = 3.0 mm. In this study, the initial compression
ratio of O-rings is recommended as 8.7% for a gas supply pressure of 18 kg/cm?.
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Fig. 1. Progressive sliding contact sealing mechanisms
under the stroke motion of a LNG filling nozzle
and the LPG supply pressure.
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Fig. 2. LPG filling unit and FEM elements of O-ring and
rectangular groove.

Table 1. Material properties of O-ring and filling unit.

Material property NBR Brass
Density, kg/m? 1,450 8,500
Elastic modulus, GPa 3 97
Poisson's ratio 0.49 0.311
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Table 4. Compression ratio of nine Taguchi models.

Table 2. Factors and levels for Taguchi method.

Factors
A:h B:d Ce Dw
[mm] [mm] [mm] [mm]
1 2.1 2.56 0.05 3.0
Level | 2 22 2.65 0.15 3.1
3 25 2.74 0.25 32
w |
é é
7/ d ? k
/ /
A 2 277,
___;_19 -

Fig. 3. Design parameters for O-ring groove optimization
using Taguchi method.

Table 3. Analysis layout of orthogonal array table of Lo(3%).

Factors
A B C D
Analysis No:

1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1

2 AFA AMEE 0-7 9] 71EX S 1SO 3601 G
seriesol Al 738 W7 18 mm, 57 2.65 mm, 2|1
SAE AS565914 7+ & W7 18.72 mm, 57 2.62 mm
2l O-89] 22PHY oJuliollA AZG3IATHA4]

Fig. 3904 #AAI8 471 2] AAMES 4, d, ¢, we Table
29} 7o) He] FE(leve) B 22 AAISIA T 47
o] HANUGFE 35pE 02 7z} o] 39254 A W)

Model No. 1 2 3 4 5 6 7 8 9
Compression ratio (%] 17.9 20.7 233 14.1 16.9 19.7 23 5.6 8.7
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Fig. 4. Cauchy stress distributions of O-rings at a gas supply
pressure of 18 kg/em?.
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Fig. 6. Strain distributions of O-rings at a gas supply
pressure of 18 kg/cm?.
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Table 4. SN ratios for Cauchy stress and strain of O-rings.

Exp. No. Cauchy stress [MPa] Strain [%o]
1 -6.401 11.024
2 —6.858 10.692
3 —7.811 10.386
4 -5.700 11.455
5 -6.296 11.266
6 —6.783 10.907
7 -5.630 11.440
8 -5.517 11.662
9 -5.454 11.718
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Table 5. Factors affecting the Cauchy contact stress and
strain of O-rings.
Affecting ratio %] | A2 | Bid | Cic | Diw | Sum
Cauchy stress [MPa]| 46.4 | 24.1 | 17.9 | 11.6 { 100
Strain [%)] 50.6 | 169 | 14.4 | 18.1 | 100
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