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Abstract Typical aging for the rubber using the current military adhesive combat boots was spread with a regular
aging caused by heat stress. In this study, the aging test of the rubber for combat boots was carried out and the
reaction rate constant, k was calculated at aging temperature 60°C, 80°C and 100C, using the Arrhenius equation. The
lifetime limit was assumed that the tensile strength of the product is reduced to 30%, the elongation is reduced to
50% and abrasion resistance ratio is 380%. In(P/Po) and the lifetime was predicted with the consideration of the
activation energy constant. According to the above, the lifetime of the rubber for combat boots with influenced by
aging temperature was predicted. As the result, the estimate lifetime at 20C was confirmed more than 10 years.

Keywords : Accelerated life test, Arrhenius relation, Estimate lifetime, Reliability assurance, Rubber for combat boots
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Table 1. The type of test for reliability

Purpose The type of test for reliability

Reliability - Reliability Growth Test

Improvement - HALT(Highly Accelerated Lift Test)
- Reliability Qualification Test

Reliability - DVI/MVT

Assurance - Production Reliability Acceptable Test

- Accelerated Life Test

Initial Failure

. - Burn-in/ESS/HASS
Prevention
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Fig. 1. The method for life estimate using accelerated
life-stress relation
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Table 2. The criteria for lifetime limit

Property Lifetime limit Reference
Tensil
ensile £ 30 %
strength
ASTM D 2000
Elongation 0
at break -0 %
Abrasion
Mili
resistance more than 380% .] 1tarly
: specifications
ratio
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Fig. 2. Logarithmic of properties at specific time and
initial of property values for tensile strength
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Fig. 3. Logarithmic of properties at specific time and
initial of property values for elongation at break
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Table 3. Reaction rate constant for tensile strength,
elongation at break and abrasion resistance
ratio at 60C, 80C and 100T

Property Temperature Reaction rate constant, k
60°C 0.00244
Tensile 80°C 0.00966
strength
100TC 0.03797
60C 0.00554
Elongation 80T 0.02558
at break
100C 0.09399
60°C 0.00142
Abrasion
resistance 80T 0.03006
ratio
100TC 0.12247
-30
-35
-40
E -45
-5D
-EE
-60

-0001525 -0,001500 -0,001475 -0,001450 -0.001425 -0.001400 -0.001575 —0,001350

Fig. 5. Arrhenius plot for tensile strength at the reduced
30%

-4.5

-5.0

551 T T T T T T T
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Fig. 6. Arrhenius plot for elongation at the reduced 50%
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Fig. 7. Arrhenius plot for abrasion resistance ratio of
380%

Table 4. Arrhenius equation from activation energy, E and
constant, In A for tensile strength, elongation at
break and abrasion resistance ratio

. . E
Property Arrhenius equation (keal/mol) In A
Tensile _ 16,921
strength lnk= BT +19.534 16,921 19.534
Elongation _ 17,481
at break Ink= BT +21.233 17,481 21.233
Abrasion
resistance Ink=— 27,647 ~——+35.449 27,647 35.449
. RT
ratio
Table 5. Estimate lifetime at 20C for tensile strength,
elongation at break and abrasion resistance ratio
Property Equation for lifetime Estimate I:{etlme a
20°C
Tensile _ 8,516 More than 10 years
strength In (t) = =7~ 20.565 (13.5)
Elongation 8,797.5 797 5 More than 10 years
at break I (¢,) = —21.6 (12.5)
Abrasion
M han 10
resistance In (t )= 13, 914 —35.411 ore than years
. (482.0)
ratio
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