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Analysis of the effects of the temperature distribution type
for the shelf life prediction of single-base propellants
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Defense Agency for Technology and Quality
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Abstract The propellant is a "one-shot system" stored for long periods in its life cycle. Nitrocellulose,
a major component of the single-base propellant, can be decomposed by environmental factors, such
as temperature and humidity during storage, making it difficult to maintain the initial level of quality.
Considering the characteristics of the propellant, it is necessary to ensure a reliable quality throughout
the life cycle of the propellant. Various studies have been conducted to predict the life of a propellant
accurately. This study investigated the effects of the temperature distribution type of storage
environments on the shelf life of single-base propellants. Various types of temperature distributions in
the ammunition storage facility were assumed, and the distribution type was approximated with a
probability density function to derive the expected shelf life. The average temperature was the same at
25 T, but the expected shelf life varied significantly from 114 years to 217 years, based on the
temperature distribution type. These results suggested that the storage life could be affected by various
types of temperature distributions depending on the environment in which the storage is located; the
higher the proportion of low temperatures, the longer the expected storage life. If the probability density
function for each temperature distribution type is expressed as a cumulative distribution function, the value
of the storage conversion temperature has a deviation within 11 % of the temperature that corresponds to
40 % of the cumulative distribution function. When predicting the shelf life accurately, it would be
appropriate to consider the temperature distribution type rather than the average temperature.
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Fig. 1. A Procedure about the study
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Table 1. Storage stability class of stabilizer content

Class Stabilizer residual content(wt%) Shelf Life

A More than 0.30 Maintain

N Consumption
c 0.20 ~ 029 within 0 year
D Under 0.20 Dis"g;a;xthin
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Fig. 4. Variation of predicted shelf-life with storage
temperature
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Fig. 5. Temperature distribution in storehouse

Table 2. Expected result of shelf life

Normal Bimodal Multimodal
Category distribution distribution distribution
I I I I I I
Bxpected |y | g | 165 | 217 | 174 | 167
result

Normal distribution Bimodal distribution Multi-Modal distribution
I o 1 o I o
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Fig. 6. Distribution of Shelf life

Table 3. Mode temperature value by distribution

Normal Bimodal Multimodal

Category distribution | distribution | distribution

1 )i 1 I I I

- Tde'm??at'ure 25 | 25 | 17 | 35 | 35| 15
tempera-| distribution
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Table 4. Shelf life temperature for life expectancy

Normal Bimodal Multimodal
Category distribution | distribution | distribution
I 1 I 1 I I
Storage conversion
temperature for life| 23.5 | 20.1 | 20.9 | 19.1 | 20.5 | 20.9
expectancy (C)
Cumulative
distribution function
40% temperature (C) 23.7 | 225 | 19.1 | 19.1 | 22.1 | 219
(Black dotted line)
Deviation(%) 0.84 |10.67 | 9.42 0 7.24 | 4.57
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