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Analysis of Failure Factors and Impact on Storage Life According to
Guided Missile Thermal Battery Hermeticity

Gyeong Hwan Park
PGM Life Analysis Team, Defense Agency for Technology and Quality
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Abstract A guided missile thermal battery is an item that determines the lifespan of a guided missile,
such as the propulsion engine, warhead, and fuze. Testing the performance of a thermal battery is an
essential task from the perspective of guided missile life evaluation. Thermal batteries are long-lasting
items that supply power to guided missiles and are mounted on most. Despite this, it is difficult to
predict their lifespan because thermal batteries are disposable parts that cannot be reused. Even in
developed countries, there is no technique to evaluate the lifespan of thermal batteries. Previously, a
high-temperature accelerated aging test method was used to evaluate the lifespan of a thermal battery,
but there was no change in thermal battery performance even during high-temperature accelerated
aging, which limited the ability to identify aging trends. This study attempted to analyze the changes
caused by oxygen and moisture infiltration, which are presumed to be the main causes of the aging of
thermal batteries. This study attempted to predict the lifespan of thermal batteries deployed in the field
by utilizing the long-term storage monitoring program operation method, which is used overseas to
predict the lifespan of thermal batteries in place of accelerated aging tests. In addition, an attempt was
made to verify the effectiveness of a technique for evaluating the lifespan of a thermal battery by
calculating the level of oxidation of the cathode according to the air leakage rate inside the thermal
battery. The lifespans of thermal batteries deployed in the field were predicted using the long-term
storage monitoring program operation method, which is used overseas to predict the lifespan of thermal
batteries in the place of accelerated aging tests.
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Fig. 1. Principle of the Thermal Battery

Table 1. Element of thermal battery components

Element
LiSi
FeS2
LiCI+LiBr+LiF+MgO
Fe+KCLO4
STS304L

‘ components
Cathode
Anode

Electrolyte

Heat Source

1

.

Tt FFe A4 AL WYL Fa
o, AP 1ol §§=lo] HAe] ol5L

o EY2 2ol dsjde 88417171 9

. @AY 7Y sttty ZPYRithd, s
Al BARE 4 JARE 183 G-M
Sealing7|"2 Ao =E EA kx| gkt FHA]
HA] RO 27 Abaot A Al FHA] YR fY=
= AkAhet R0 7 Qls) AR WRY 59 AEt

T
5 3& goloa B 2 9JrH4,6].

239

i

2. A4
£ AoAls 84X 719850l AA A71ARE
A & A= 9 Aol nAs GRS B4
17t shlow, E5] 19| AETL 7hsdA] o 7e} 4t
4 f9 JFE ZlstaAt ek 7129 dAXY
718452 1.0x107 He'atmrce/sec AEE 71D Ao]

Eob 271Xt Ao F5l &lo] A= o] 100080

545

g3t T WA AolF o] &ste] w2 7S &
B3t} ojd AEE sl SUS304tH4l Elolebe(Ti)S
838l G-M Sealing®l "AISE 7S Fo 71& &
AR e 10008101 &0 w2 IHAE A&s}
o, /U5 ok 1.0x10™ Heratm cc/sec &
2 JH¥A Y 4 WEFRE Fig. 29 2k

Intentional Microcrack In G-M

b)

Fig. 2. Thermal Battery
(a) Picture (b) Structure of Thermal battery
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Qoxygen = Average oxygen leak rate (STP cc/sec)

m = Allowable mass of oxygen leakage (g)
t = time (sec)
R = Volumetric gas constant (22414 cc/mole)

MWO2 = Molecular weight of O2 = 32 g/mole
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Table 2. Storage Condition

Battery Storage Condition Period
Long-term Storage Room temperture 10 years
(10 years) p yea
Battery(Dry) 75C/ 10%(humidity) 60 day
Battery(Wet) 75C/ 90%(humidity) 60 day
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Fig. 5. Thermal battery
(a) Thermal battery(3) (b) TDI(tear down inspection)
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