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A Study on the Compression Characteristics of Bi-polymer O-rings

Chung Kyun Kim' and Dohyun Kim
Tribology Research Center, Hongik University

Abstract — O-ring seal is an essential component in various mechanical apparatuses for a sealing of oil container
and pressure vessels. This paper presents the sealing pressure and compressive contact behaviors of bi-polymer
O-rings, which is made by an outer shell of FFKM material and an inner solid ring of FKM one. The contact
normal pressure and its ratios are measured by experimental method with an automatic control system of the
working temperature and analyzed numerically by using the non-linear Marc FEM program. The results show
reasonably good agreements between the computed FEM results and measured ones when the operating tem-
perature is from normal temperature of 18°C and a high temperature of 300°C But the compared values between
the computed and tested results show a little difference because of the increased temperature, which is related
to the non-linear parameter of the O-ring material. Bi-polymer O-ring shows a good contact normal stress and
compression behavior for a given operation temperature and compression ratio.

Key words — O-ring, bi-polymer, temperature, contact force, compression rate, FEM.
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Fig. 1. Cross section of bi-polymer O-rings.
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Fig. 2. Initial interference of O-ring seals.
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Fig. 4. FEM contact model of bi-polymer O-rings.
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Fig. 5. Contact normal stress distributions of bi-
polymer O-rings for a given operation temperature.

stresspE FH-A 02 WY BlwE PIETE =&
FFKMe®]] 93t H8AFo] WHax]Ql FKM2| HEA
Boll Gge mAA| g2 Zo= sMEIlet 2y o]
£ 0-39 FEULL Aze] el o R 2t o
SE HESHO BA BXE AL HAET 1
v 257} FoldSE JEHLS A YolAHA,
ZF9olx A4 JeEhle NBR# 2He L&A &)
AFAR] AT 5L BAEr) o2 AFEY
& 0-F) 7R 227t Aedl wel S A&
Ao} HEE ouA7F F7sl] HEes 988
ozmgle dow Ageitt wepa 032 B4
FFLA e A2 AghE ] olujellx] AMg-EhE
o] tgs] Fag A Algkxe|t)

w2 g |

Journal of the KSTLE

W A=E

=]
(contact normal stress) A @ iAol oa] AL A
FE A AAEE Aok A SEAE 250 e
HEAE 540 A EeA7] die] B3 O-
Fo] SHHE 542 veplZ] s 18°CoME < 20
AlRF A7t ZAaEofor Sl 100°C o el oF 34
2+ A= ARsA 0-39] MPAFOI FEEHo| &
Hrlo] gE 985N AAE FHE F Ut o
A& 0-39 YeEAEE IHHOE Fnsp] siA
0-H& 78E AXT o|FE == Ad v
o 0-8& AME3h= 7o) 7] AL Added &
A oftt,

AR A Jhd, 18°CoM 2HE HEAUL 20
A7 A=t Ak oF 325 kPaol A A3 3-Ezg)k)
T2k, 1200CME oF 157 kPa, 170°ColME o
111 kPa, 220°ColAl& oF 64 kPa, 270°CelA = ¢F
39 kPaZ z}zb -3t o]F HEWY) g 3
At frEaast AAEE M vk 5kPa~
44 kPa®) AolE UEPITE o)A AXz AL A
T 27t At wet S8 HIEEY ol
g o g Hox|x|gh, B e Ae-gt S8
d8 54 IHe BF ey 549 doEE 4
£31907] wEol AAE Aol 2% HAEAS &
HE47e Aol7h BAskA dri4]. 3 8-y
& S BARKE WA o] ARE e 24}
A AANE 2P0z AFIIEE AAEAA T 4
AZe vhEol o] 92 Zoiyon 0-Fo| Ed
& glthe AM, 283 #9e) dif gdgE FAE
A 5L YA A=) s Axe Ajolrh wAE
T vk A& Awakal U

Fig. 7& Foid &7 2E2400A o=z
% Fig 69 HErA8E 2458 A5esst 3
1283 W82 ATAS dolgold oM
SNz Ag dlojele] &84 =T} #7] wiEol
AL 71FEA] 10002 A, the 2xxed v
dlod A<l HE22E 38 vE e AAEA
o} O-Fel] o] AG=UAN &7} 5314, 0-79
HEFASHS TEA o Zhadshe 548 B
a5, 270°CY] B2 AR-RE ZAMME HESE
o] A FR=ELE Yot d2e] HESHo| vl
15% AEZ es] ¥eg HoFErh 4= 03 A
gEs go] Bod B3AA 0-3e] ArAsE 2




TF AN o] Ol=1H& EX 2135
Bk O-#e] YEFHY Sl dgt A+ 175
500 —— . v yom— . T 500 T T T T T T T 500 . . . - - : T
» 450 L — - Experimental Data 1 o 450 — e~ Experimental Data 7 450 4 ~—#-— Experimental Data 1
£ 400 — 5~ Numerical Analysts Data | | &: wol - - Numerical Analysis Data | 5 ol -0 - Numerical Analysis Dtz | |
; ..l.'... E] 350 ] '
gaso o s 1 380 g ss04
14 o o o g
& 300 ] @ 300} 1 & 00
= 5 z
Faso} g0 T Y
= -
52001 ] 2wol, ., ] S 20
- T z
S50 ] 150 [ 1 Bsd 1
S0 1 Bl { Fwp ]
© soF 50 4 50 P ]
° . , , . . . . o ) L L L . : A 0 . . . . L ; .
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600 © 200 400 600 800 1000 1200 1400 1600

Time, minute Time, minute Time, minute
(a) 18 (b) 120°C (9170T

500 T T T T T T 500 T T T T T T
[ iady e~ Experimental Data 1 o 40T o Experimental Data
= 400 o - Numerical Analysis Data | | % a0l -2 — Numerical Anatysis Data § |

&

§ 350 - 4 § 350 | B
@ 300 4 Aavop
g =
E2s0p g 250 g
S £
Z 200 g 2 200 i
§1s0} 1 S} p
= g
8 1ok S o

50 50

° L . . . . . L ° . . . .

0 200 400 600  BOD 1000 1200 1400 1600

Time, minute
(d) 220

. L .
0 200 400 600 80D 1000 1200 1400 1600
Time, minute

(e) 270

Fig. 6. Comparisons of contact normal stresses between experimental and numerical results for a given operation
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Fig. 7. Comparisons of contact normal stress ratios
between experimental and numerical results for a given
operation temperature.

Bgo] doix)7] wiEdl] O-3 AN A 7+
A A8gE S fRshe dAlxde] Hasith
Fig. 7914 O-#2) A&2=7) 120003 2A%E o
50%5 71kEA] Holx|thr), 270°CAE oF 15%2
thh g AdEE 4588 Zaddes BdE
th =, 0-39 HEUGL W AT e HE
A oAt} 120°CE 71 o2 tha gvtelA] Hol
= el ASEALE BHAFT 270°CY =2 2

o1 o&E

EOM HESHY A7)e Bol WolHA T BgkAA)
& oA T 39kPad] HEHS -‘r’r 13l Aoz E

0} ‘ET%—!JH 0-F9) AFgRe 9% Aoz gk

o} o]RE 71Ee] AAE O-F(solid O-ring)e] HZF
AP FALEE dlolBlE wrkaAle) A7 WEAE &
de] FAA 59 FHoIAM LA 0-H2 YA
o2 8 435 AL St

5.4

=
A= FKM3} FFKM] Zam A2 A)
EaA O-Eo]-?] A=y 7{&44 al ;Si'r

o HlY - 1%}6}"51@
S2EA 01 tﬂ%‘l
9 -E— 7}

4, 3

598 °*}6}7ﬂ ‘4"5}"“‘:}*‘ 74014 o) AL A

300°c Hro o2 £ 259} 28% FE9

%8 el digkd kdsia HEFHIHo}

Hy A& HaPdmst WRAAE 28-S FKMel

AEEA HrE JFL PXA Fdre AHE Y
ehdit).

Vol. 21, No. 4, 2005



176

Journal of the KSTLE

- A=A

& 29

. Bernhard Richter, “Perfluoroelastomer O-rings Reduce

Risk of Failure,” World Pumps, pp.34-36, July 1995.

. AAT, ZF5E, 2% F 288 FFKM 0-39 2

BEo A A7 F2EE, A204, As5E,
pp.278-283, 2004.

. Yunus A. ¢ngel, “Heat Transfer,” Vol. 1, McGraw

Hill, pp.376-383, pp.707-709, 2001.

L ARE, ARAE, AR, LB, 227N NBR

0-¥eo Lo A% AFF A g2 5
#3958 FAE=HiE], pp.209-212, 2004.



