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ABSTRACT

This paper presents a chamber pressure model development of K2 rifle by applying Gaussian mixture model. In
order to materialize a real recoil force of a virtual reality shooting rifle in military combat training, the chamber
pressure which is one of major components of the recoil force needs to be investigated and modeled. Over
200,000 data of the chamber pressure were collected by implementing live fire experiments with both K100 and
M193 of 5.56 mm bullets. Gaussian mixture method was also applied to create a mathematical model that satisfies
nonlinear, asymmetry, and deviations of the chamber pressure which is caused by irregular characteristics of
propellant combustion. In addition, Polynomial and Fourier Regression were used for comparison of results, and the
sum of squared errors, the coefficient of determination and root-mean-square errors were analyzed for performance

measurement.
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Fig. 1. An example of gaussian mixture model
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Fig. 2. (Ieft) Interior ballistic pressure test-bed with
four piezoelectric pressure sensors and (right)
interior ballistic experimental environment
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Table 1. Specifications of K100 and M193 bullets

Specifications K100 M193

Caliber(mm) 5.56 5.56

Cartridge length(mm) 45 45

Bullet length(mm)

Bullet weight(g)
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Fig. 3. The interior pressure results of K100 bullet
and proposed result colored in red
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Fig. 4. The interior pressure results of M193 bullet
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Table 2. The number of gaussian analyzed by BIC

The number of Gaussian, N
Bullet

1 2 3 4 ) 6

K100 |-393,245 | -487,865 | -504,667 | -509,548 | -512,236 | -509,914

M193 | -304,705 | -380,566 | -391,826 | -397,060 | -398,483 | -395,258
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Fig. 5. The standard pressure results(proposed) of
K100 bullet and five Gaussian mixtures
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Table 3. The parameters of gaussian mixtures

k™ | Parameters K100 M193
P, 1.671 1.712
1 iy 0.0004315 0.0004734
o 0.0001756 0.0001676
o, 1.15 0.6418
2 iy 0.0006199 0.0003249
oy 0.00026 9.057E-5
P, 0.6643 1.102
3 s 0.0002751 0.0006527
o3 8.684E-5 0.0002496
P, 0.4952 0.4475
4 iy 0.0008973 0.0009235
o, 0.0004718 0.0004528
@, 0.2682 0.2724
5 s 0.00118 0.0009762
o5 0.00161 0.001741
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Table 4. The proposed model results of statistical
criterions

Polynomial Fourier GMM

Specifications
K100 | M193 | K100 | M193 | K100 | M193

SSE 2085 | 2643 | 339.8 | 3864 | 72.55 | 108.3

R Squares | 0.8864 | 0.8674 | 0.9871 | 0.9806 | 0.9972 | 0.9946

RMSE 0.2596 | 0.2778 | 0.0876 | 0.1062 | 0.0405 | 0.0560
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Fig. 7. Model comparison between K100 and M193
created by Gaussian mixture model.
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