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Table 1 Samples used for the experiments.

Sample Star mass Star diameter
p (2) (mm) Lifting charge Mortar
(Star) Average  Sd Average  Sd ©
For No. 2.5 shell® 0.95 0.10 10.66 0.34 2 $ 20 mm
For No. 4 shell® 1.87 0.07 1336  0.27 2 steel tube
For No. 6 shell? 3.79 0.22 16.97 042 1~7
For No. 2.5 shell® 1.09 0.03 1096  0.18 1 ¢ 18 mm
For No. 6 shell® 3.72 0.29 16.87  0.39 1 transparent tube
Sd = Standard deviation
Table 2 Typical compositions of stars.
Star
Components
For No. 2.5 shell For No. 4 shell or No. 6 shell
Potassium perchlorate (KCIO,) 47 wt% 49 wt%
Strontium carbonate (SrCO;) 14 wt%
Phenol resin 20 wt%
Magnesium 14 wt%
Aluminum 44 wt%
Chlorinated gum 5 wt% 7 wt%

F

For No. 2.5 shell

For No. 4 shell For No. 6 shell

Fig. 1 Photograph of appearance and cross section of stars.
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Fig. 3 Typical pressure profiles in mortar.
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Fig.4 Traveling projectile in transparent mortar (6 = 13 %).
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Internal ballistics of fireworks shell and star

Dayu Ding, Masamori Higaki, Yuzo Ooki, and Tadao Yoshida®

There is a gap between shell and inner surface of a mortar used for lifting a fireworks shell because the inner diam-
eter of the mortar is larger than that of the fireworks shell. A combustion gas of lifting charge leaks through the gap

and the amount of gas leakages increases with the increase of the gap cross-sectional area. Meanwhile, the amount
of gas leakages passing through the gap also changes with a pressure from the combustion gas of lifting charge in the

mortar.

Two pressure profiles at bottom and upper location in a mortar respectively were measured and the effects of the
combustion gas leakages on the internal ballistics were discussed in this work.

It was found that the amount of gas leakages passing through the gap could be qualitatively explained by the rela-
tionship of two pressure profiles at bottom and upper in the mortar. The pressure is not uniform on both the combus-
tion side and the opposite side of a projectile, so that the pressure acting on the surface of the projectile does not
equal to that measured at the bottom of the mortar when the amount of the gas leakages is large. If the amount of
the gas leakages is small, the calculated internal ballistics by the pressure profile in the mortar agrees well with the

experiment results.

Keywords: Fireworks, Internal ballistics, Mortar, Projectile, Pressure profile
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