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Abstract Defense contractors must resolve the issue of a specification inconsistency (e.g., military
product failure) that occurs within the warranty period in the delivered defense materials through
after-sales service. The post-service service is completed by removing the broken munitions and
repairing, restoring, or exchanging the stock with new stock to restore the defense materials to an
operational state. Among the munitions, items with long repair lead times must be stocked at an
appropriate inventory level for immediate follow-up service. In this study, taking the case of the authors'
company, additional failures and repairable quantities were considered through the survival curve
obtained using the Kaplan-Meier survival analysis technique, a non-parametric statistical technique,
because most of the deployed munitions are produced in small quantities. The authors' suggest a

direction for calculating the optimal stock quantity of munitions.
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Table 1. Munition A Market Quality Data

Munition & | P08 O | Railure | Remaining Warianty
#1 1158 Failure 0
#2 843 - 252
#3 769 Failure *815
#4 1037 - 58
#5 935 - 160
#6 828 - 267
#7 758 - 337
#8 673 - 422
#9 581 - 514

#10 483 - 612
#11 249 Failure 959
#12 183 Failure *1039
#13 115 - 980
#14 65 - 1030
#15 0 - 1095

* Reamaining warranty period considering the
period of use after repaired
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Mean  070.850
Median 843
IQR 803
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Fig. 1. Munition A survival curve

Table 2. Munition A survival analysis result

Survival rate by period of use

ii:((c)iiyz)f s;;r[xs(z/sl period of use(days) sriivei(:/zl
65 94.4 843 49.4
115 88.9 920(MTTF) 49.4
483 82.5 935 423
581 76.2 1037 35.3
1095
673 69.8 (warranty period 35.3
expired)
758 63.5 1166 26.5
828 56.4 1366 17.6
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Table 3. Failure rate over time by unit A of munitions

Failure rate over time by unit A of munitions

uﬁi‘;‘z‘;::e"; D+05 | D+l |D+1.5| D+2 |D+2.5y| D+3 | Sum
use) year | year | year | year ear | year | (%)
#2843) || 7.1% | 7%
#3(280) 0 12.7% | 12.7% | 21.2% | 7% 53.6
#4(1037) 0
#5(935) 7%
#6(828) || 14.1%
#7(758) 21.2%
#8(673) 20.4% 0
#9(581) || 12.7% | 21.2% | 7%
#10(483) 6.3% | 26.8% |14.1% 0
#11(136) 0 6.4% |12.7%| 20.4% | 14.1% | 0 |53.6
#1256) |[11.1% | 0 |12.7%| 12.7% | 21.2% | 7% |64.7
#13(115) 0 6.4% [12.7%| 20.4% | 7.1% 7% | 53.6
#14065) || 5.5% | O |12.7%|12.7% | 21.2% | 7% |59.1
#150) [[11.1% | 0 | 6.4% | 12.7% | 20.4% | 14.1% | 64.7
A% || 1165 108.6 | 91 | 100.1 | 91 | 35.1 [542.3
* Slash Space : Warranty period expired
| warranty period
N L .- expired |
71% | 7% || |
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Fig. 2. Munition A #2 failure rate by period
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Fig. 3. Quantity of additional failure forecast by
period for munitions A
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Fig. 4. Munition A predicted number of additional
maxmium failures
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th’-ﬂ[—i(t)+z_q / t=np (1)

Sfw.a—i(t) = Kaplan-meier survival analysis results

(Number of additional failures by period)
p = Setting period (n is a natural number at which the
most failures occur)
i = Munitions by unit
z = Safety stock

q = Quantity that can be repaired within the set period
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