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Abstract — This paper presents the optimized design of O-rings with a rectangular groove and dovetails,
which are strongly related on the sealing performance of LPG filling unit. The computed results on the
optimal design are analyzed by non-linear MARC finite element program with Taguchi method. O-rings
with 4 different groove models are analyzed for 3 different elastomeric materials. The design parameters
are given to polymer materials, groove depth, groove width, and diameter of O-rings. The FEM computed
results showed that the affection ratios of O-ring diameter and material property are the most influential
parameter among the groove width, groove depth, and compression ratio. Thus, this paper recommends
model 1T for a rectangular groove and model IV for a dovetail groove with a given gas supply pressure
of 1.764 MPa.
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Fig. 1. Rectangular groove and O-rings of LPG filling unit.
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Fig. 2. Rectangular and dovetail grooves.
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Fig. 3. Optimization parameters of LPG filling unit for
Taguchi analysis.

Table 1. Factors and levels for Taguchi’s design method.

Variation Factor

Factors and Levels A B < D
a-Zol [ d-A"A | &
m-27 (mm) | (mm) | (mm)

1 NBR | 1.75 2.4 0

A-type|Level| 2 | Viton 1.8 2.7 0.1
3 |EPDM| 1.85 3 0.2

m-2) a(_:i;)] e- 9} (ifm?

1 NBR | L.75 - 2.4

B-type [Level] 2 viton 1.8 2.62
3 |EPDM| 1.85 - 2.7

Table 2. Analysis layout of orthogonal array table of
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Table 3. Compression ratio of nine Taguchi models.
Model No. 1 2 3 4 5 6 7 8 9
Compression | A-type | 625 14.8 21.6 16.6 233 2.08 25.0 417 12.9
ratio(%) B-type | 6.25 12.2 12,9 16.6 4.17 10.3 14.1 14.8 2.08
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Fig. 5. Progressive applications of boundary condition.
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Table 4. SN ratios of O-rings in terms of Cauchy stress, strain, and contact normal stress.

Cauchy stress Strain Contact normal stress
Model No.

A-type B-type A-type B-type A-type B-type

1 -8.553 —-11.8790 10.1113 6.6137 8.6850 7.2346

2 —-8.707 -13.7023 10.0338 8.0242 10.8789 9.7144

3 -8.422 —-14.3800 11.0693 7.3205 12.3064 9.9469

4 -8.812 —14.1429 11.4114 7.3569 11.6979 11.8124

5 —15.402 —-13.5156 4.6036 6.6044 15.7846 6.3904

6 -7.826 —-11.7968 10.8879 7.5061 7.1396 9.4843

7 -9.571 -10.1409 8.7019 9.1062 11.6231 11.0290

8 ~7.197 -11.6185 12.3417 8.7399 6.6528 11.0752

9 -7.712 -10.3966 12.8833 9.6297 11.2577 —0.4455

Table 5. Affecting ratio on O-ring grooves.
A-type B-type

Affecting ratio, % m-27] | a-Zdo} | d-F A c-Z sum | m-2A)] | a-Z 9] e d-3A sum
Cauchy stress 7.67 18.9 62.6 10.6 100 50.4 2.65 17.7 29.1 100
Strain 12.6 214 417 24.1 100 66.5 16.6 2.06 14.7 100
Contact normal stress | 8.66 483 63.9 22.5 100 154 328 1.26 50.4 100
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