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Domestic 105mm HE (High Explosive) shell is composed of three parts that are Fuze, Projectile and Propellants. Among three
parts, propelling charge of propellants part consists of single base propellants. It has been known that the lifespan of single
base propellants is affected by a storage period. These are because Nitrocellulose (NC) which is the main component of propelling
gunpowder can be naturally decomposed to unstable substances similar with other nitric acid ester. Even though it cannot be
prevented fundamentally from being disassembled, a decomposition product (NO,, NO;, and HNOs) and tranquillizer DPA
(Diphenylamine) having high reactivity are added into a propellant to restrain induction of automatic catalysis by a decomposition
product. The decay rate of the tranquillizer is also affected by a production rate of the decomposition product of NC. Therefore,
an accurate prediction of the Self-Life is required to ensure against risks such as explosion. Hereupon, this paper presents a
new methodology to estimate the shelf-life of single base propellants using data of ASRP (Ammunition Stockpile Reliability
Program) to domestic 105mm HE (propelling charge of propellants part). We selected four attributes that are inferred to have
influence on distribution of the DPA amount in a propellant from the ASRP dataset through data mining processes. Then the
selected attributes were used as independent variables in a regression analysis in order to estimate the shelf-life of single base
propellants.
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<Figure 1> M5 Pruned Decision Tree Model
ole} o] bgA FEEE dHolEHE F = Al <Table 1> Evaluation of Attributes
ato] FAHlolH & EFstet A3, A7 Ak
o ofs) P2k} @ Bo] o] FolAith. ol kA o Wrapper
- = w1 Best | Random Genetic Random
wIE7E DN ER(ATIRE R AR dE A First | Search Search Search
o] )
of gital shetdth Merit of best 0.856 0.837 Subset Merit 0.267
ojHg IAATF EEHI FoABAol A= & |subset found | T ‘ 0.856 '
AL z3 £A71e] AAE Jodr] YajA £A4719 Selected | ¢ oL i | A Year Subset A. Year
A E Frlsat) 47k ¥ o CFS(Correlation- Attribute S. Period |(M. Year, A. Year)| S. Period
based Feature Selection)9} <3 (Wrapper) S A3}
O~

Stk olm) A ™ A=(Search Method)E= HIAE HAE

Myoungjin Choi - Hyungju Park - Jaekyung Yang - Janghyun Baek

28 (Selected Attribute)©] = 31

.5, AAEAE(M. Year)

(Best First), @5 71 4)(Random Search), A2} A (Ge- 9 A7]ZKS. Period)o] #HEA0] = FAoz HA Y
netic Search : Population size = 20, Number of generations ~ ITF o714 EAAE(A. Year)T® AG717HS AFEdH]
= 20, Probability of crossover = 0.6, Probability of mutation 9|3+ 7|=AE2 £4 A7 A3= ou|7t gloh
=0.033) WS ARG SkITh £47F B7F A= <Table U2 A ol 73k B £47 W7 43E vl
>3} 2. A7) g8 AR £4% Y5 BAE AAS
S0 BAE B Ay PgA I 2 S A9k WUk SREEM daes 28)E Sl #
o oA FAdolEle] ERAG Avsk FAS £4 sFSRlon, 1 A3 <Table 2-9 2ok
<Table 2> Results of EM Algorithm
Cluster 0 Cluster1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
(0.26) (0.13) (0.11) (0.15) (0.13) (0.21)
M. Mean 1985.924 1978.062 2003.079 1987.198 1979.145 1978.461
Year Std. dev. 2.3279 1.0152 1.7753 2.0202 1.5043 1.2091
DPA Mean 0.5195 0.4253 1.007 0.8245 0.3029 0.3468
Std. dev. 0.1978 0.1111 0.0623 0.1377 0.0497 0.0857
A. Mean 2007.163 2004.064 2006.382 2003.144 2011.461 2007.066
Year Std. dev. 2.4371 0.6725 2.1519 0.3512 0.641 1.1687
S. Mean 21.239 25.0023 3.3026 15.9463 32.3164 28.6039
Period Std. dev. 2.9511 0.9723 2.3898 2.0029 1.5764 1.5025
Instances 175 87 76 103 89 138
Log likelihood -6.31741
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<Table 3> Results of Apriori Algorithm

Rank Rule
1 manufacture = ‘(1983.9-1987.2]" period = ‘(14.6-18]" 77 — analysis_year = ‘(-inf-2004]" 75 conf: (0.97)
2 analysis_year = ‘(-inf-2004]” period = ‘(14.6-18]" 83 — manufacture = ‘(1983.9-1987.2]" 75 conf: (0.9)
3 manufacture = ‘(1983.9-1987.2]" analysis_year = ‘(-inf-2004]” 88 — period = ‘(14.6-18]” 75 conf: (0.85)
4 period = ‘(14.6-18]" 100 — analysis_year = ‘(-inf-2004]” 83 conf: (0.83)
5 period = ‘(24.8-28.2]" 166 — manufacture = ‘(1977.3-1980.6]° 130 conf: (0.78)
6 period = “(28.2-31.6]" 86 — manufacture = <(1977.3-1980.6]" 67 conf: (0.78)
7 period = ‘(14.6-18]" 100 — manufacture = ‘(1983.9-1987.2]> 77 conf: (0.77)
8 period = ‘(14.6-18]” 100 — manufacture = <(1983.9-1987.2]” analysis_year ='(-inf-2004]' 75 conf: (0.75)
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<Table 4> Regression Analysis

) ) Pearson P- R-
Regression Equation Correlation | Value squared
Y = 1.123-0.02647X -0.856 0.000 73.3%
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<Figure 3> Probability for DPA Contents(%)

<Figure 3> zro] b A FhF 3ol tisiA Sol &
(Weibull), th5=7d+2(Lognormal), A5~ (Exponential),
2% 32 (Loglogistic)oll o &l ZH2t A#Al 2 g
S wAE B A g5+ E(Correlation Coefficient =
0.958)7} 7H¢ A ek Al ox F4H U ow| <Figure 4>
3} 720 location(yn) = -0.726277°] 1L, scale(8) = 0.457986°]T}.
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<Figure 4> Distribution for DPA Contents(%)
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<Table 5> Regression Analysis

41

. . Pearson _ _ storage time
Regression Equation Correlation P-Value R-squared (DPA 0.3%)
Total Y = 1.1230-0.026470X -0.856 0.000 73.3% 31.09
Storage Period(Year) < 'l Y = 1.087-0.02160X -0.658 0.000 43.3% 36.44
Storage Period(Year) > 21 Y = 0.8417-0.01694X -0.509 0.000 25.9% 31.98
Production Year < 985 Y = 1.079-0.02508X -0.661 0.000 43.7% 31.06
Production Year > 1985 Y = 1.106-0.02425X -0.754 0.000 56.9% 33.24
21 years Over | Production Year < 985 Y = 0.8152-0.01601X -0.507 0.000 25.7% 32.18
(Storage Period)| production Year > 1985 Y = 1.772-0.05616X -0.517 0.003 26.8% 26.21
Production Year < 978 Y = 1.409-0.03646X -0.472 0.000 22.3% 30.42
21 < Storage 1978 < Production ¥
<
Year < 10 <r° 3;2"“ Gy = 0.8238-0.01700X -0.405 0.000 16.4% 30.81
<Table 6> Reliability Analysis
F(t) f(t) R(t) %
Total ¢( Int_(_0.7263)) 1 _ Tt (—omesy - ¢( Int—(—0.7263)) 85.15
(Lognormal) 0.4580 0.4580¢ o 204080 0.4580 '
Storage Period(Year) < 'l P VI e e N (ot P
(Weibull) 1—e (0.8826) 4.2668 08556 Xe (0.8826) e (0.8826) 98.30
Storage Period(Year) > 21 (]nt*(*1.0235)) 1 _ Iu=(-10235) (]nt— 10230))
(Lognormal) ¢ 0.2709 0.2709t Vo« 2102 —¢ 0.2709 7474
Production Year < 985 ,([’rLt*(*O.E)?O?)) 1 _ fnt— (09707 ¢( Int —( 19707)) 7625
(Lognormal) ¢ 0.3265 0.3265¢ /21 ¢ 2>0.3265 0.3265 '
Production Year > 1985 B t 3.4193 3.4193—1 t 3.4193 B ¢ 3.4193
(Weibull) 1—e (0.8628) 3.9630(m Xe(o.sszs) e (0.8628) 97.34
Production Year < 985 d)( Int—( 10356)) 1 - Tt —(—1.0356)? 1 o Tt = (= 1.0356) Int — (—1.0356) ) 7414
2 0.2600% - .
21 years Over (Lognormal) 0.2600 0.2600t v/2 0.2600
(Storage Period) Production Year > 1985 ¢( Int—(=0. 8739)) 1 _ Im‘*(*.().87119)z - (/)( It — (—0.8739) ) oLss
(Lognormal) 0.3674 0.3674¢ o © 206 0.3674 :
Production Year < 978 ¢( [nt— —0. 9737) ) eiw 1— g 209737 Int—(—0. 9737 779
L 1 2 7 2<0.2993 2 .
21 < Storage (Lognormal) 0.2993 0.2993t /27 O 993
Year < 0 | 1978 < P<r°d‘9‘§t51°n Year ¢( Int— (—0.9621) ) 1 (096217 g It = (=09621) ) .54
< e 2% 0.2012% .
(Lognormal) 0.2012 0.2012¢ /27 0.2012
4. 42 U k= oipupst o] grta gt
A, A AT £ TENTR T AR
Aol e @71F2A S Adwstd wE F71A A 9 ARV £ SYHTE B85t 77} 3
geteke] gk A SR S, 4r|FAA geke] 4% AR 9 AE B A s A kst dr)
7 d5S A8 @rIFAAZ FAAE 10598 e A gk thek I ok A sk A7) 7k 3
(KMD)e] Agerer N4 B7h A2E FA @157 ARHAN} 4 R srka AEstdon, of 37
A AFTHE dFste] gy 2 AES Ak AE Soke] T HAA 03% AlFA e ©@r]FZA
AA, A5 A FqFF T ARV e 209 o ATHE IdoR oSt
2 A4 A4S A A A4S AAEte], & o= tAA &SR gk HAukE 2RS4
oA £ Axdr © AV 4o I Asta ARTES dSFoEA no dAA AnE




42 Myoungjin Choi - Hyungju Park - Jaekyung Yang - Janghyun Baek

Aol Ao ol A%
= At Bt

2,
N
by
ro,
N
)
)
ot
o

Acknowledgement

This study has been partially supported by a Research
Fund of Howon University, Korea.

This work was supported by Basic Science Research
Program through the National Research Foundation of Korea
(NRF) funded by the Ministry of Education, Science and
Technology(2011-0008995).

References

[1] Cho, K.H. and Chang, .H., A Study on the Effect of
Storing Temperature upon the Self Life of Propelling
Charge K676 and K677. Journal of the Korea Institute
of Military Science and Technology, 2005, Vol. 8, No.
1, p 14-24.

[2] Cho, K.H. and Kim, E.Y., Life Expectancy Estimation
of the Propellants KM 10 using high Temperature Acce-
leration Aging Tests and Stockpile Analysis Test. Korean
Chem. Eng. Res., 2010, Vol. 48, No. 6, p 695-699.

[3] Choi, M.J., Park, H.J., and Yang, JK, A Study on Cost
Analysis for a the Period of A-TLC(Ammunition-Total
Life Cycle), Republic of Korea Army, 2013.

[4] Cohen, J., Statistical Power Analysis for the Behavioral
Sciences (2nd Ed.), Lawrence Erlbaum Associates, Inc.,
1988.

[5] Go, S.-I. and Go, H.-S., A Study on the Self-Life Esti-
mation of Combustible Cartridge Cased Propelling Charge
K675 for 81mm Mortar. Defense Quality Assurance
Agency, 1996, p 3-12.

[6] Instructions from the Department of Defense for ASRP
(Ammunition Stockpile Reliability Program), 2012.
[7] Lee, J.C., Yoon, K.S., Kim, Y.H., and Cho, K.H., A

Study on the Shelf-life Prediction of the Single Base
Propellants Using Accelerated Aging Test. Journal of
the Korean Society for Quality Management, 2007, Vol.

35, No. 2, p 45-52.

[8] Levy, J.B., Thermal Decomposition of Nitrate Esters.
[. The Effect of Additives on The Hermal Decomposi-
tion of Ethyl Nitrate. The journal of American Chemical
Society, 1954, Vol. 76, No. 14, p 3790-3793.

[9] Lindner, V., Explosives-propellants Theory and Prac-
tice, VOL, U.S. Army Armament Research and Deve-
lopment Command, 1978, p 228-301.

[10] MIL-STD-652D, “Solid Propellants for Cannons Requi-
rement and Packing,” US. Army, 1983, p 17-18.





