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Abstract Recently, ammunition malfunctions of the 40mm grenade were reported during live fire training. When 72
40mm grenades were fired by the army, 11 duds were encountered. The dud ammunition rate was approximately 15%.
Because ammunition is used a long time after its manufacture, it is necessary to ensure its performance after long-term
storage. In this study, we attempted to decrease the dud ammunition rate of 40mm grenade (K200) fuzes through
quality improvement. First, it was determined by the detonator performance test that abnormal explosions occurred due
to the degradation of the detonator as a result of its aging characteristics. Second, we improved the fuze quality of
the 40mm grenade. Third, we tested its shelf life to estimate its life expectancy. The shelf life of the 40mm grenade
fuze obtained using the Arrhenius equation was 6.5 years for the existing grenade fuze and 45.5 years for the improved
grenade fuze. This showed that the shelf life of the improved grenade was increased approximately 7 times. Therefore,
the improved 40mm grenade fuze contributes to the quality improvement of the 40mm grenade by decreasing the dud
ammunition rate during long term storage.
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Table 1. KM55 Detonator Composition

Category Composition
= Lead Styphnate
(KDS 1376-0011)
» Lead Azide
(KDS 1376-0007)
= Ba(NOs),
(KDS 6810-0109)
= Sb203
(KDS 6810-0108)
= Tetracene
(MIL-T-46938)
= Lead Acetate
= Sodium Azide
= Sodium Carboxy Methyl
= Cellulose(Na-CMC)
* Sodium Hydroxide(96% up)
= Tween 20

Top Section
(NOL#130)

Middle Section
(RD1333)

Bottom Section

(RDX) = Hexamine
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Table 2. ASRP Test Result

Storage 18 | 2 | 23 | 24 | 25 | 26
term(year)
Failure rate(%) 0 3 2 3.75 4.4 6.25
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Fig. 5. ASRP Test Result
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Table 4. Increase of total amount of powder of detonator
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Table 6. Accelerating thermal aging condition of the Fuze

Before improvement After_ improvement with temperature rise of 80C during 124 days
NOL#130 00mg 00mg .Fuze before 'Fuze after
RD1333 00 00 Date Qf mprovement mprovement
] me degrada-tion | 4 # of test 4 # of
RDX 00mg 00mg (days) o8 mis cs mis
Total amount of 0om, 00m Qty. |ofsuccess| fires Qty. |ofsuccess fires
powder of deto. & & 25 3 3 0 3 3 0
30 3 2 1 3 3 0
= 1 33 5 3 2 5 5 0
71E3 spokg STt wel 7153 X498 AU e 36 5 4 1 5 5 0
Table 59} Zo] S7MAFTh 40 10 3 2 5 5 0
47 5 4 1 5 5 0
54 5 4 1 5 5 0
Table 5. Size Increase of detonator 64 5 4 1 5 5 0
4 - 72 5 5 0 5 5 0
Before improvement | After improvement 23 7 5 2 7 7 0
Deto. diameter 3.73mm 4.00mm 124 7 3 4 12 12 0
size | length 3.63mm 5.00mm Total 60 | 45 15 | 60 | 60 0
amount
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Table 7. Accelerating thermal aging condition of the Fuze
with temperature rise of 80C during 239 days

Fuze after
improvement

Fuze before

Date of improvement

degrada-tion
(days)

# of
mis
fires

# of
mis
fires

#
ofsuccess

#
ofsuccess|

test

Qty.

test

Qty.

101 27 3 30 30 0

113 10 10

129 10 10

141 9

148 10 10

175 5
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239 25 23

N (Do |lo|lo|o|o
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A, = acceleration factor

FE,, = activation energy

k = Boltzmann’s constant

T, = temperature in normal use

T, = temperature under stress

(Temperature in degrees Kelvin)
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L, = Life in normal use

Af = acceleration factor

L, = Life under stress

Table 8. shelf-life in thermal aging condition and normal

use
Life Fuze before Fuze after
(days) improvement improvement
under stress
at 80C, Ls 25 days 175 days
normal use, 2,372 days 16,606 days
at 21C, Lo = 6.5 years) (= 45.5 years)
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