Journal of the KIMST, Vol. 24, No. 4, pp. 401-407, 2021 ISSN 1598-9127(Print) - 2636-0640(Online)
DOI https://doi.org/10.9766/KIMST.2021.24.4.401

Research Paper [RNEE=RIEEES |

IEEF THo| ZTEE HERE SY

Bl
J

AR - axn—*2>

D Funtstel T Hs7|E
St S

Analysis of Probability Distribution of Muzzle Velocity
for Chrome Plated Barrel

Jaekab Kim" - Jachoon Kim"?

V' The 5th Research and Development Institute, Agency for Defense Development, Korea
2 Department of Mechanical Engineering, Chungnam National University, Korea

(Received 22 February 2021 / Revised 30 April 2021 / Accepted 4 June 2021)

Abstract

To confirm the change of muzzle velocity and the most suitable probability distribution model of the 155 mm
K9 howitzer barrel with chrome plating and changed rifling. Using a statistical program, the muzzle velocity were
plotted on a normal distribution, a 2-parameter and 3-parameter Weibull distribution on a probability paper. Also,
statistical parameters were estimated and muzzle velocity fitness test and probability of K676 charge were plotted.
In both the chrome-plated with standard rifling and changed rifling for K9 barrel, the 2-parameter and 3-parameter
Weibull distribution were skewed to the left compared to the normal distribution. It was confirmed that the muzzle
velocity of the K9 barrel with chromium-plated is suitable for the normal distribution and 3-parameter Weibull

distribution model.

Key Words : Chrome Plating(Z&%7), Goodness-of-Fitness(%] 3 %), Normal Distribution(7d7&3E), Weibull Distribution
(gFo] E-E-3), K9 Barrel(K9 A1)
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Fig. 1. Circulation of chromium liquid
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Table 1. Results of goodness—of-fit test
(Standard Rifling)
Statistical | Analysis | Modified LK
distribution| method | K-S(%) .
RRX 21.73 % | -109.6956 | 0.9768
Normal RRY 26.04 % | -109.8578 | 0.9768
MLE 21.64 % | -109.6945 -
RRX 3541 % | -109.1918 | 0.9889
2p-Weibull RRY 41.90 % | -109.0124 | 0.9889
MLE - - -
MLE 35.74 % | -108.4781 -
3p-Weibull
NLRR | 38.72 % | -108.4843 | 0.9890
Table 2. Results of goodness—of-fit test
(Changed Rifling)
Statistical | Analysis | Modified LK
distribution| method | K-S(%) .
RRX 6.38 % | -106.9723 | 0.9893
Normal RRY 9.06 % | -107.0466 | 0.9893
MLE 4.89 % | -106.9481 -
RRX 36.54 % | -119.1063 | 0.9544
2p-Weibull RRY 60.28 % | -114.7524 | 0.9544
MLE - - -
MLE 41.73 % | -109.2685 -
3p-Weibull
NLRR | 30.05 % | -110.0517 | 0.9740
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Fig. 3. Probability plot for normal distribution
(standard rifling)
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Fig. 4. Probability plots for 2p—Weibull distribution
(standard rifling)
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Fig. 5. Probability plots for 3p—Weibull distribution
(standard rifling)
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Fig. 6. Probability plot for Normal distribution
(changed rifling)
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Fig. 7. Probability plots for 2p—Weibull distribution
(changed rifling)
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Fig. 8. Probability plots for 3p—Weibull distribution
(changed rifling)
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Table 3. Results of parameter estimation(standard rifling)

Statistical |Analysis

distribution | method Location

Shape Scale

Normal - - - 925.7925

RRX | 592.8225 | 926.6693 -

2p-Weibull | RRY | 579.7609 | 926.6891 -

MLE | 25.6591 | 43.1325 | 883.5281
3p-Weibull

NLRR | 259525 | 43.1449 | 883.5281

Table 4. Results of parameter estimation(changed rifling)

Statistical |Analysis

distribution | method Location

Shape Scale

Normal - - - 925.1267

RRX | 621.9924 | 925.9615 -

2p-Weibull | RRY | 566.5689 | 926.0434 -

MLE - - -

MLE 7.2365 13.8873 | 912.0673
3p-Weibull

NLRR 8.0718 13.8539 | 912.0673
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Fig. 9. Probability density function for normal, 2p and
3p—Weibull distribution(standard rifling)
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Fig. 10. Probability density function for normal, 2p
and 3p—Weibull distribution(changed rifling)
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