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A Study on the Life-time Prediction for the Rubber O-ring applied to
decoy through the Accelerated Life Test

Hee-Jin Jo’, Minwoo Kim, Hyerim Gwak
The 1st Team of Deagu Center, Defense Agency for Technology and Quality
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Abstract A decoy is a weapon system that can protect vessels from an enemy's torpedo. Thus, the decoy should
be able to operate in the field without any failure. Because the decoy can be inoperable once its sealing is broken
and water permeates inside the system, the hermetic sealing capability considering the operational environment is
mandatory. To be hermetically sealed, a rubber-type O-ring is generally used in a decoy system. The sealed
performance of rubber-type products, however, tends to age and deteriorate with time. Therefore, the O-ring needs
to be maintained or changed periodically. This paper proposes a method to estimate the proper maintenance period
using the hardness and elongation percentage, which represents the performance of the O-ring product and test data
from Accelerated Life Test (ALT) of the product. The O-ring used in this paper is a NBR type, and the temperature
was chosen to be the main accelerating factor as referenced in many studies. The criteria for the failure of the O-ring
was set for the product to be 50% degraded compared to the initial performance. In addition, the Korean standard
KS M 6518 was adopted and referenced for the preparation of test samples and the calculation of estimates. The
O-ring's predicted life was simulated by analyzing the test results from a computer program, and the optimized

maintenance period for the product was determined.
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Table 1. Model for relationship between life-time and

stress
function type stress type model
. Arrhenius relationship
exponential temperature
L=Aexp[(E/kT)]
Inverse Power model
voltage .
L=AV
Coffin-Mason relationship
temperature change o
L=A(AT)
power
. Palmgren’s model
mechanical load -
L=(C/P)
. Taylor’s model
rotational speed m
L=A/V
Life Time

A

|
|
|
|
|
|
|
|
|
|
|
|
|
|

S, Sn Sy Stress

Fig. 1. The method for life estimate using accelerated

life-stress
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Table 2. Test condition(temperature) for ALT

material property test condition(temperature)

elongation 120C, 140C

hardness 80C, 100TC, 120T

(b)

Fig. 2. The test piece for the Accelerated Life Test(ALT)
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(b)
Fig. 3. The equipment to measure material property

(b)

Fig. 4. The test environment for ALT
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Fig. 5. T ili
. The Probability plot for the failure data
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