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Abstract — As rubber products such as O-rings, which are also known as packings or toric joints, come in reg-
ular, long term contact with liquid fuel, they can eventually swell, become mechanically weakened, and occa-
sionally crack; this diminishes both their usefulness and intrinsic lifetime and could cause leaks during the
steady-state flow condition of the fuel. In this study, we evaluate the lifetime of such products through com-
pression set tests of FKM, a family of fluorocarbon elastomer materials defined by the ASTM international stan-
dard D141; these materials have great compression, sunlight, and ozone resistance as well as a low gas absorption
rate. In this process, O-rings are immersed in the liquid fuel of airtight containers that can be expressed as a com-
pression set, and the liquid fuel leakage in a flow rig tester at variable temperatures over 12 months is inves-
tigated. Using the Power Law model, our study determined a theoretical O-ring lifetime of 2,647 years, i.e. a
semi-permanent lifespan, by confirming the absence of liquid fuel leakage around the O-ring assembled fittings.
These results indicate that the FKM O-rings are significantly compatible for fuel tests to evaluate long-term seal-
ing conditions.

(© Korean Tribology Society 2019. This is an open access article distributed under the
@ @ terms of the Creative Commons Attribution License(CC BY, https:/creativecommons.org/
licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction of the
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Fig. 1. Diagram of compression set.
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Table 1. Determination of compression set for rubber
O-ring immersed at ADF D-1 fuel

Compression set
Storage (%)

Time (M) e —————
FCBR-90-OR-916

2 5.9

4 5.9

6

8

Storage
temp.(°C)

7.5

12.4
10 11.3
12 12.5
11.1
8.6

9.5

16.2
10 16.3
12 16.5
122
14.5
15.0
19.3
10 19.6
12 22.5
16.0
229
20.9
233
10 28.0
12 338
Limit (max) 60

70

85

100

115
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Fig. 3. Chemical structure of FKM rubber.
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Fig. 4. Plot of compression set vs storage time.
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Table 2. Results of regression analysis for FKM O-ring

Predictor | Coef. (Stand error| T-statistic | p-value

Constant | 9.908 0.678 14.610 0.000
T —2884.216| 244.950 | -11.775 0.000
Int 0.372 0.051 7.300 0.000

Table 3. Values of acceleration factor AF for selected
temperatures

Celsius temp. (°C)|Absolute temp.(K) AF
25 298.16 1
30 303.16 1.53
40 313.16 347
50 323.16 7.46
70 343.16 30.18
100 373.16 185.31
120 393.16 532.78

Table 4. Predicted service life for FKM O-ring
Celsius temp. (°C)|Absolute temp.(K)|Service life (year)

25 298.16 2,647
30 303.16 1,724
40 313.16 762
50 323.16 354
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Fig. 5. Leak test results at 130°C.
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Fig. 8. Disassembled ﬁttmg parts and O-ring after 6
month at 130°C.

Table 5. Physical property variations of FKM O-ring in
fittings after flow rig test

Change, Flow test, °C Storage test, °C
% 70 | 100 | 130 | 70 | 100 | 130
Weight | 0.8 1.1 2.5 1.3 1.1 22
Volume | 1.0 1.7 3.0 5.8 3.1 44
Thickness | -1.0 | -1.1 | 0.1 0.5 0.3 0.9
Hardness | 4.8 | 6.8 | 7.6 | 124 | -1.0 | -82

Tensil 1301 9| 82| 195 | 22.1| 265

strength
Elongation | 6.7 | —7.9 04 | -17.3 | -13.2 | 34.7
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