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Abstract-The sealing performance of O-ring is effected in environments of the O-ring seal,

like that applied pressure, working temperature, pre-compressed ratio and materials. In this

paper, design of composite O-ring under pressurized, compressed was optimized based on

Taguchi experimental design method. and it analysed numerically using non-linear finite

element method. Ogden model in which is developed based on the experimental data is used

for simulating the contact stress and strain in NBR and PTFE materials.

Sensitivity

analysis was performed with FEM results, which are contact stress, strain and temperature

as variable.

Key Words: O-ring, NBR, PTFE, Composite O-ring, Contact Stress, FEM

1. §=

El AL&3hE @A A ZEe &
o HrisEe g8 EAd
A3 BErA Ao & 9%
oA AAE BE
dole o= g4 2Hol7t AT

e, HEEY drodAe A9 Y w
o) 12 APz FEA7 s o7 o
Zgr Ao g HolgE ALE
2dystn, 4AXNE e Aol Ywt
2 dFdME dFulolHE A&t
47 HolBE AHE3td N FeR
o] AFEE EHUch[12]
=RAME HALAAVIYLE 4
A EEHD YE dFHAEE A8

=z==
o T
E
=

=44

inJ
J?L Wy

AR
(o)
£

FAAYEG o] 83t O-89 d8d TS 9
g HAHALAE A o
2. 2=
21 A =Y
Fig. 1& Z2g2A O-39
PTFE9] &¥-¥1¥& 5434
Z 3437 Y5 3x13e] Ogden Rd 2
83 1@ozA NBR®} PTFES $-3-
EAFHE OF AEHAFd A8 5
&3 o9 Zo] Ay 23
Ogden ZdZ ZAstE 3t 14
& Qe uvhe} Zo] 24133t FEM 84
AHEEed 5A4FTAR A EAHAE
doy ZH4Fo g PolEd g YE LAt

)

[]

=2

oft

i3
2 02 = o rj of
X o o My

=

2

241



50

: ®  Experiment
. ® Curve fitting by Ogden"™ model

40 |

JOL

20

Stress, MPa

A

000 002 004 006 008 010 0.12 014 0.16 0.18 0.20
Strain, mm/mm

(a) PTFE

12 T —— T T T T

& Experiment
10} | ® Curve fitting by Ogden™ model

o8} . = ]

06} -

Stress, MPa

gatr

0.2

00 ‘ i 1 1 1 1 1 1 1 1 1
00 01 02 03 04 05 06 07 08 09 1.0 1.1
Strain, mm/mm

(b) NBR
Fig. 1 Stress-strain properties of NBR and PTFE
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Table 1. Factors and levels for Taguchi method

Factors
A B C
4D |a [degree]| 8 [mm] c
L |1 o8 20 0.2 10
e
v 2 0.7 30 0.35 15
€
1 | 3] os 45 05 20




Table 2. Analysis layout of orthogonal array
table of Le(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
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Fig. 5 Temperature history plot of o-ring as

function of sealing time
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Fig. 6 Strain distributions in o-ring after 10hours
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Fig. 7 Relation of von Mises stress on contact

surface to temperature for O-ring
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Table 3. S/N ratios for

temperature in composite material o-ring

stress, strain and

Analysis .

No. Stress Strain | Temperature
1 -37.8371 | 14.4846 -38.7724
2 -43.8185 | 11.7912 -39.8793
3 -43.7444 | 5.3602 -39.9991
4 -48.9991 | 21.1777 -39.7471
5 -49.2644 | 24.9100 -38.8659
6 -32.5276 | 22.2129 -40.0000
7 -57.8884 | 20.3537 -39.6192
8 -50.0197 | 18.8619 -39.9939
9 -39.5124 | 23.3613 -39.9991
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Fig. 8 Displacement vector distributions of

o-ring after 10hours
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Table 4. Factors

material o-ring

affecting stress in composite

B:a C:38 D:C Sum

A :dD
1 1-125.4001 | -136.1007 | -120.3844 | -126.6140 | -508.4991

Levels | 2 |-130.7911 | -143.1026 | -132.3300 | -134.2345 | -540.4583

3 |1-147.4205 | -115.7845 | -150.8973 | -142.7632 | -556.8655

Difference

22,0205 | 28.9401 | 305129 | 16.1492 | 97.6227
of level
Affecting
. 22,9378 | 28.4562 | 31.7840 | 16.8220 100
ratio [%]

Table 5. Factors affecting strain in composite

material o-ring

A:dD| B:a C:d D:C Sum
1 31.6359 | 60.5723 | 55.5593 | 62.7559 |210.5234
Levels | 2 | 683005 [ 555631 | 56.3303 | 54.3577 |234.5516
3 625769 | 50.9343 | 50.6238 | 45.3998 |209.5349
Difference
36.6646 | 5.0816 5.7064 17.3561 | 64.8087
of level
Affecting
49.2138 | 153298 7.8503 27.6061 100
ratia [%1
Table 6. Factors affecting temperature in

composite material o-ring

A :dD B:a C:3 D:C Sum

1 [1-118.6508 | -117.3854 | -118.7663 | -117.6375 | -472.4400

Levels 2 1.118.6130 | -118.7392 | -119.6255 | -119.4984 | -476.4761
3 [-119.6122 | -119.9983 | -118.4842 | -119.7401 | -477.8348
Difference
0.9614 26129 0.2821 21027 5.9590
of level
Affecting
. 16.1331 | 43.8474 4.7341 35.2854 100
ratio [%]
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