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Design Optimization and Numerical Study of
O-ring using Taguchi Method

Chung Kyun Kim' and Seung Hyun Cho

Tribology Research Center, Hongik University

Abstract — The sealing performance of O-rings is affected by working conditions such as applied pressure, oper-
ation temperature, pre-compressed ratio and material properties. In this paper, a pressurized and compressed elas-
tomeric bi-polymer O-ring in which is inserted into a rectangular groove is analyzed by non-linear MARC finite
element program based on the Taguchi experimental method. O-rings with 9 different profile models are analyzed
for design parameters that are related to the diameter ratio between outer diameter and inner one of bi-polymer
O-ring, compressive ratio, groove angle and groove depth. The calculated FEM results showed that the affection
ratio of design parameter d/D, which may control sealing pressure of O-rings, is the most influential parameter
among the groove angle, groove depth and compression ratio.

Key words — taguchi method, design optimization, o-ring, FEM.
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Fig. 1. Stress-strain properties of NBR and PTFE.
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Fig. 2. Compression set of O-ring seals.
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Fig. 4. Analysis model by Taguchi's experimental method.
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Table 1. Mechanical properties of elastomer

Properties NBR PTFE
Elasticity modulus [MPa] 3 460
Density [kg/m’] 1,150 2,190
Thermal expansion coefficient 94.4 135
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Fig. 5. Design parameters for analyzing bi-polymer O-
ring using Taguchi method.
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Table 2. Factors and levels for Taguchi method

Factors
diD o [degree] & [mm] C
1 0.8 20 0.2 10
Level 2 0.7 30 0.35 15
0.6 45 0.5 20
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Table 4. Stress and strain of S/N ratios in composite
O-ring materials

Analysis No. Stress Strain
1 -37.8371 14.4846
2 -43.8185 11.7912
3 -43.7444 5.3602
4 -48.9991 21.1777
5 -49.2644 24.9100
6 -32.5276 22.2129
7 -57.8884 20.3537
8 -50.0197 18.8619
9 -39.5124 23.3613
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Table 5. Factors affecting stresses in composite O-ring materials
A :dD B:a C:96 D:C Sum
1 -125.4001 -136.1007 -120.3844 -126.6140 -508.4991
Level 2 -130.7911 -143.1026 -132.3300 -134.2345 -540.4583
3 -147.4205 -115.7845 -150.8973 -142.7632 -556.8655
Difference of level 22.0205 27.3182 30.5129 16.1492 96.0008
Affecting ratio [%)] 229378 28.4562 31.7840 16.8220 100
Table 6. Factors affecting strains in composite O-ring materials
A . dID B:a C:6 D:C Sum
1 31.6359 60.5723 55.5593 62.7559 210.5234
Level 2 68.3005 55.5631 56.3303 54.3577 234.5516
3 62.5769 50.9343 50.6238 45.3998 209.5349
Difference of level 36.6646 9.6379 5.7064 17.3561 64.8087
Affecting ratio [%] 52.8575 13.8945 8.2267 25.0213 100
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