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Before test

Star

Fig.1 Shooting test setup (left) and firework star (right).

Table 1 Samples used for the experiments with No.3 shell in a

mortar.

Shell diameter Lifting charge

No. Shell mass (g) Gap ratio
(mm) (2
1 308 88.2 35 4.0%
2 304 88.2 35 4.0%
3 305 87.6 35 5.3%
4 307 876 25 5.3%
5 304 88.8 25 2.6%
6 304 88.2 25 4.0%
7 305 876 25 5.3%
8 305 87.6 15 5.3%
- No.3shell Lifting charge

(Black powder)

e

Fig.2 Photos of No.3 shell and black powder used for lifting
charge.
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Fig.3 Sizes of mortars, positions of pressure sensors and the
photos.
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Fig.4 Photo of traveling projectile from a steel mortar.
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Fig.5 Pressure—time curve in a closed mortar.
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Fig.6 Pressure—time curve in an opened mortar.
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Fig.7 Pressure—time curve in a mortar for lifting a sphere
projectile.

BT, WL OHRAEL 50 KR, BERSRIRE <,
WRBEN 2 DWKDZ W tr, FESHAEBRIC T ORIKRDET
DAHRE S R Lo HOMEIZHEELZENE Y —T
WE L7z EINEERICHEIRIE LT s & Bz
5o RN H BT Y — 2B LW, Zotr
= THA L 72— 7 — 71232z e EA (13
FEH) PBND. DL OZHEZALOWRIZFEF R D
B S ENAETH Do 72720, MBERINS L, BREET
A DR % ) D ey, JEGHE L R E D221
ZIFEHIREL 20, SETICBT 2 EOHNRIRIT L
AETR G FERERDBRITIVEM S 5 EJIEFEEECOREN
LIZIEFLCTH 5,

HELRPEHRETH-TH, FRIKETH-TYH, B
BEA AN X0 A U7 DS I N D &I {5 b 5 A
[ CRZNS BT, BRBET A Dt K237 T S RINE T 5
MHEE Y, BBET ADRERH I, HETIDOHED
AL %o

3.2 BNEHEREALAERE

3 SRR EDF EEBRTIE, HEHEORKICKRE L
EFE =1 C XD HNENZMNE Lz, By Ehe
N 15g, 25gk BgiH L& EOEL—HEI»—7%
Fig. 8 IZ/R T,

BERPFLTH, BONLEHNEDZELDEXKE
Vo, THIEEKEDBRBEDIEL D& B LY = VEICEHE
7B ORENENENR L L7200 EZ N5, HED
BIEN AN L D ENDBRET S, 2o, FULEBEET
b, BRBEIOE & IRBERIENLE DS L, BHONLE—RER
H—TNE R B EETH B BN KR OMRBEOHE 1T,
il 4 Sdr o> FE MM 70 & INFRIS ) 7> ) RRIRBEH BE & BRBE XSS
RFEOZREZEL, &TOIEKNE TIEb B KEERFH
RS bbDThb, MOBEIICLIL, Ba/RiX
HEIZOoOWTIE, FREEEE 0.4ms™! (RAETT) IH
LT, KREMGIFEHEEIZ60ms ! EIEFICH Y, Lido
T, HKEDOBBEDILS D &R B/ AHEZ E = VEIC
O LAREE, B B\ IF SRR I O Z2BRUIRIE LK BRI
RKELEEEX5 2 5,

B E 25g% fv 7z 2 Mo EEREE (Fig. 8(b) o El

07 - Maszs of lifting charge
06 | @ M—354
' @—35¢
=05 - @—35¢
o
204
o
@ 03 -
wn
i
a 02 -
0.1
0
0.02 0.04 0.06 0.08
Time (s)
(a) 3b5glifting charge
07 Mass of lifting charge
I D—259
0.6 @ @ 25 g
=05 %—259
[a
=
= &

Pressure

0.04
Time (s)
(b) 15g and 25g lifting charge

Fig.8 Pressure—time curves in a mortar for lifting No.3 shells.
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(b) Another test with 25 g liting charge.

Fig.9 Pressure and pressure rise rate—time curves in a
mortar for lifting a No.3 shell.
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Characteristics of the pressure in a mortar and the
muzzle velocity of a firework shell

Dayu Ding*", Masamori Higaki*, Yuzo Ooki*, and Tadao Yoshida*

Pressure produced by burned lifting charge was measured in a closed or an opened small mortar without projectile
using four pressure sensors in the research. The change of pressure at the bottom of a motor, where the lifting charge is
set, will instantly cause the change of pressure everywhere in the mortar because pressure propagates with speed of
sound. Pressure gradient doesn’t occur if the burned gas doesn't flow out, but pressure gradient occurs in the mortar
otherwise. The pressure before and behind the projectile in the mortar is more complex when the burned gas flows out
through the gap between projectile and mortar. Further, with measured pressure—time curve at the bottom of mortar
for lifting No.3 firework shell, the pressure rise rate—time curves were calculated, and with these results the complex
flow of burned gas was discussed. Finally, with measured pressure—time curves by four pressure sensors, the muzzle
velocity can be calculated, and the calculation results are near the experiment results even if a lot of burned gas flows out.
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