Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2021.22.12.509
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 22, No. 12 pp. 509-516, 2021

FHA +9CS 71 B AdF 1F
g5t
= x|o

Experimental Study of Shelf-Life Prediction Method for Thermal
Battery

Su Ha Hwang
Components Reliability Team, Defense Agency for Technology and Quality

2 9o B 79t UAL 109 ol A% F AHgo] /st EA MSAARA FA7|, T, A 5
A F71802 AYstel 7% U 54 WSS sjostel FAHY AL B3] S92 skt
L elo] 7bg ek ol ARt 109 o]4e] Algko] 28%7] wiol ojeiat HhEe #go] Brtsieh. Fuo] A<
A AL At B Ee] Uz Z2E A% dole g AT & g, AHNY F bl e
£5) QU £ oS5 U Agolth. B ATAL 7120 BHS Fustel NG LLEANA 15} A

5} 2% 242 5o Arrhenius 5419 BB B 7HEASE HE5A Sk olF 42
(89 BAHE A4Wotn AR AL 2NN Aot GHAGEN FA S
Yaloich o] 4 Bl HEHow AEH BAsIAY rAE Fska 7)o
o S SISt shelck SR A1Y A A4 89 AdlistE AAA 9 WA

52 A1 o] oF 20% AR, 75T, 95T, 11509 B ZAA o 30t ZMste AHAE WA

9] Wabh Qglth. ol BHAE NLAH AR w3} AHEEA geths A2 WESE Axtetn Y
% glth B ATOIAL olejt AuHES Fo GAA SHel el that DES UASAL, 25 obrlokd WL
A skt

Abstract Thermal battery is the principal component affecting the shelf-life of a guided missile. The
most accurate method to predict the shelf-life of a thermal battery involves periodically testing the
battery in storage to check the performance and performing statistical analysis on the test results.
However, it is difficult to present statistical data of several years in Korea, so the accelerated aging test
predicted the shelf-life in the present analysis. This study used samples that have been aged under
high-temperature conditions. Subsequently, the activation energy has been calculated by varying the
discharge performance. The calculated activation energy value was again used to conduct the
accelerated aging test to compare it with a test on naturally aged ones. Following these processes, we
confirmed the validity of the existing predicting method. However, the results are different from what
we expected. The discharge performance of naturally aged ones has been decreased by 20%, but there
was no change in performance of the samples put under accelerated aging at 75, 95, 115C. This
observation could mean that aging was not accelerated even when the thermal battery was stored at a
high-temperature condition. In essence, this study conducted appropriate tests and used the shelf-life
method to predict the shelf-life of thermal battery.
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Fig. 3. Example of the Arrhenius Plot

Table 1. Example of Calculation Based on Arrhenius
Equation

‘ Variable
Ea,
(Activation energy)
[cal/mol]
R,

(Gas constant)
[cal/mol]
T_stored,

(Stored temperature)
K]
t_stored,

(Stored time)

[day]
T_accel,
(Accelerated
temperature)
K]
t_accel,
(Accelerated time)
[day]
Acceleration
Reaction Factor

Example

10000

1.9872

297.3

2920

345.3(72C) 373.3(100C)

276.4385743 92.48561962

10.56292526 31.57247594
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Table 2. Activation Energy and AF Based on Discharge
Duration Results using Arrhenius Equation

Variabl Calculated Reference
ariable Values (NSWC)
Ea,
(Activation energy) 2766 14600
[cal/mol]
R,
(Gas constant) 1.9872 1.9872
[cal/mol]
T_stored,
(Stored temperature) (3273) (3273)
(K]
t_stored, 2920 2920
(Stored time) 89 @4)
[day]
T_accel,
(Accelerated 344.3 344.3
temperature) (71) (71)
K]
t_accel,
(Accelerated time) 1539.2029 99.43594492
(4 year) (3 month)
[day]
Acceleration
Reaction Factor 1.89 29.365
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Fig. 10. Variation of the Discharge Duration
Time According to Real Time
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