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A Study on the estimation of shelf-life and assessment plan
of illuminating cartridges for mortar
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Abstract The cartridges used for illuminating a desired point or area are virtually limited in tests and
evaluations because of limitations, such as noise during launch, the possibility of fires caused by
illuminant charge, and the annual testable quantity. Therefore, to solve these problems, a ground fixed
test, which replaces the firing test, or an evaluation method to perform limited tests, can be applied
more efficiently. In this paper, the results of an 81mm illuminating cartridge, KM series performed in
2019 were analyzed comprehensively to identify the trends in reliability and quality characteristics and
to estimate the shelf life. The shelf life was estimated to be at least 10 years based on the time when
the lower confidence level reached 80% at a confidence level of 90%. Considering only major defects,
the shelf life can be estimated to be approximately 23 years. On the other hand, the shelf life was
estimated to be approximately 11 to 15 years and 25 to 28 years according to the effective illuminating
time. Finally, an assessment plan of illuminating cartridges for the mortars was also presented as an

improvement plan for an assessment method in the future.
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Fig. 1. The operating mechanism of illuminating
cartridge
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Where, R(t) = Reliability at time, #
r = number defective

n = sample size
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Where, F; = F distribution for the following

degrees of freedom and associated required CL
vi = 2n-r+1), vz = 2r
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Where, Fy = F distribution for the following

degrees of freedom and associated required CL
vi = 2(+1), vz = 2(n-1)
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Fig. 2. Procedure of Assessment
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Table 2. Items selected for each test year

Test Year
6 | 17

Item
4 | 15 '19

60mm K series

60mm KM series

81lmm KM series

4.2 Inch KM series
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Table 3. Specification and assesment requirements

Ac/R
Defect Characteristics c/Re
(see Note 1)
Critical | Premature burst or Parts separation 0 1
Cartridge fails to fire(Misfire) 1 2
Fuze non-function 2 3
Fuze functioning time (see Note 2)
Major Horizontal range less than 80% of 1 2
average range
[lluminant fails to ignite or
provide effective illumination 4 5
for 40 seconds or less
Projectile provides effective illumination
Minor for more than 40 seconds 7 3
but less than 60 seconds




Note 1 : The lot shall also be rejected if in a sample of 50 rounds
a total of seven or more major defects are encountered

Note 2 : The lot shall also be rejected if the percent defective for
fuze ballistic burning time as computed with the use of
MIL-STD-414, Section B, Table B3, AQL 4.0 percent,
exceeds the maximum allowable percent defective for
each setting.
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Fig. 3. Screen display of tracking radar
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Fig. 4. Trend in Reliability of fuze by age at test
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Fig. 5. Trend in Reliability of illuminant assembly by
age at test
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Table 4. The reliability by year of manufacture

Defects Excluding minor|Including minor
Year A%:Stat ldefect;O/ _ ldefect;O/
. Reli- % eli- %

Mid. (vears) | Major I\I/\I/E;+ ability | Lower | ability | Lower
RO CL %) CL
91 28 19 20 52.5 41.2 50.0 38.8
92 27 1 28 97.5 90.6 30.0 20.5
93 26 6 12 85.0 75.2 70.0 58.8
93 26 6 30 85.0 75.2 25.0 16.2
94 25 10 22 75.0 64.1 45.0 34.1
96 23 2 31 95.0 87.2 22,5 14.1
‘04 15 3 3 92.5 84.1 92.5 84.1
06 13 1 2 97.5 90.6 95.0 87.2
‘08 11 2 4 95.0 87.2 90.0 81.0
‘09 10 0 0 100 94.4 100 94.4

* Sample size : 40
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Fig. 6. Trend in Reliability change by age at test
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Table 5. The percent defective for fuze functioning time

Year Fuze functioning time (20 sec.)
Mfd. Qu QL pu pL p Ac/Re
‘96 2.94 2.57 0.036% | 0.236% | 0.272% Ac
‘04 4.49 1.09 0.000% | 13.74% | 13.74% Re
‘06 3.88 2.34 0.000% | 0.592% | 0.592% Ac
‘08 4.34 1.85 0.000% | 2.75% 2.75% Ac
‘09 1.74 2.63 3.65% | 0.181% | 3.831% Ac
Fuze functioning time (30 sec.)
96 3.59 0.37 0.00% | 35.75% | 35.75% Re
‘04 8.61 0.14 0.00% | 44.52% | 44.52% Re
‘06 3.85 0.90 0.00% 18.50% | 18.50% Re
‘08 5.16 0.73 0.00% | 23.44% | 23.44% Re
‘09 2.79 1.56 0.08% 5.56% 5.64% Ac

* Qu. Qu : Quality Index
P : Total Estimation Percent Defective in Lot
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Table 7. The improvement of assessment for
illuminating cartridge

2 8lmm R KM741°191 AT 4’\ 109 o]
| The example of no. of lot to assess
o o
Aoz Ay it 7EE od 75FE 23S tem 20 | 21 ] 2 23] 24 | 25
Lo o= 4 60mm K Series 2 2 2 2 2
60mm KM Series 2 2 2
81mm KM Series 4 3 6
Table 6. The results of estimation of shelf-life 81mm K Series 1 1 1
- 4.2" KM Series 3 2 2 2 2 3
Shelf-life(year) Note Toal 7 10 10 7 10 10
F Funti 25 ~ 27
uze Funtion Based on ~U'
N the time when
lumi 40 sec. or less »-28 the lower I No. of lot planed to assess
nant 1 . confidence level em 20 | 21 | 22| 23 | 24 | 25 |l
ess than 60 sec. 11 ~ 15 > | later
reaches 80% at 60mm K Series 5 5
Major defects the confidence G -
‘ o <23 level of 90% Omm KM Series 5 5
or Fuze and Illuminant 81mm KM Series 10 10
o ) Estimation of 81lmm K Series 10
Fuze Functioning time 10~ 13 lot percent Ncf. 4.2" KM Series 7 7
Total 7 10 10 7 10 10 10
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