146 Y. Sashimura et al.

La—

MRITERE R SR D KT

fir%sh 5 il

P OBENIR Y WEELT Y T KR SHLIEE T

TeRDLHI 2T b T221-0005 HEMHES/IIXRRE1-27-14 k> K5E201

“ERTEAFAFETIFHRR T326-8558 EFIAARTHI268-1

fCorresponding address: yoshida@ashitech.ac.jp

2007F1RA18H =ff  200748F3H =3E

By

MR, g KAIEED L OCHAER A KABAROLREZ LR bHABR T o7, HEZHLT
WS ERIBEK LR ol BPEKL L L5 MAOLHEREEZEKRALER L ERL, BERMEOREL L1z, AKX
B B X O A - & KANBAT R OF KRG ERIIREDO TN L) RE D o720 BAKABER &R L 7213 3845#)-
A KFNEAT RO/ KRG EREHOMBIIRC, &5 5 bFKAEEEDOEKIEDFHEICHER X 9o & KAWE LD K
HRE—ETE L ZNPHE L TV L REDEKIEDORE L ZT 5o BARME OMIRBERE DK & VIR D& KPEITK

SV D - 720

1. 8
JEKRL, ERENOEEOBRRIC L > THRIBS 1,

F 723t EOITHENOFTHKEOBRBRICL > TITHH
Foh, ZHIZWHBVWLLREOKDIEZ VD, —HKIC
1T, BKRIEHEKREARE VDT, EIZE XA (prime) &
WHELTEKEHEICL TS, MAkOBEKEIZOWTIE
Kosanke RFENMEIL L TV 5 D, KR D KM RERE
& LT “shot test” 2SHISNTW AR, F#IIAHTH 5,
R CI, BRE, WA KFBEE B X AR -5 XHF
BAEZHEEZHOTHEI VI BEHT, AR AEK
TR L OB E RN

2. B
2.1 &t

HWZB3 7 V7A@ T B cidsn, fish
ZMEBOT VAR TH %o MBIEICHK ? GO b D12
MNETHRLEARS BEHRIMLIZSDTH S 35 KA
REODLDOTH D, HnizfaKEB L O KA OMEE %
Table 112589

2 (Bare star) O~ FIEEANIL mm, & SH10 mm
ThHb, HERAWED L DI, E&MiEE LD D (Primed
star) &, I3 & ORI HR LR # 2 A7 L BTIZHE K
Mz ® A L7zd o (PPR) &7z ThH DK Fig. 1
IZRT o FIHHIZNEEL2 mm, RS 217 mm OME & NE
15 mm, ¥ & 270 mm OWE = FAv7z,

22 ¥E

HHET SN EOWHEO P E I 1 Phantom 3o i3
BY T4+ h 2T (VRIVA2) # vz, BXOAETHE
L UEHES X TR L 57

2.3 EBRFE

AHEOKICHEKEZELY ML, M2EEICLT, FHH
POFEROITHAELH LA, 2O LICEY AN,
WA DOBITHARIEICTKL, BET BT S, FEHCE
MEY T AT 2 fB S8, ROz BN 5, /2
BEOEKDOFEZTR5,

3. BREER
3.1 EDFARHICRIFTIHEREDFHVIRE

FLE & PIR12 mm, % ¥ 217 mm OFTHE & JH TP
FEBRE AT o720 TOMR% Table 212587

BE, HERLS g TRETAF K, HER0S gK U110
gTIEBERERERDD 720 BHRFNEHHER L, B
05 g~40 g TETHE XKL

2 REDEREICRETHEEOTE

TR OFER, MBIV T XD L EDPHNITOH
RIZDEKAERDNT Y EPRREL LI EFDhro
72DT, WBREZRLRLRES LTERZT- 72, REB X
OH KA IOV T ORGSR % Table 3125t ¥ ALET
ZHEREH20~50 g, MATIZ06 gl I, HETIE50
g b, #ETIZ04~10 g, FE TS50 gk, BHXHA
EMBBALRIZ0 gL ETAEKTH o720



Sci. Tech. Energetic Materials, Vol.68, No.5, 2007 147

Table 1 Composition of stars and prime.

Material Red Green Blue Yellow Purple Prime
KClO4 53.2 45.7 53.2 55.3 53.2
KNO; 55.9
Phenol resin 10.5 10.5 10.5
Binsol resin 9.5 114
Chlorinated gum 4.8 4.8 4.8 5.7 4.8
Sulfur 4.7
Sb,S; 9.3
Silicone (fine) 4.7
Charcoal 5.7
Hemp charcoal 9.3
MgAl 10.5 6.7 10.5 10.5
MgAl (fine) 9.3
K2Cr207 0.3
S1CO; 16.2 8.1
Ba(NO3)2 28.2
CuO 16.2 8.1
N32C204 17.1
Rice granules 4.8 4.8 4.8 4.8 4.8 6.5
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Fig. 1 Samples.

Table 2 Preliminary test result of ignitability (gap ratio: 7 ~ 16 %).

Star

Diameter Height Lift charge

Ignition Muzzle velocity (m s)

(mm) (mm) €9

Red bare 10.9 11.3 0.5 x

Red bare 11.0 11.2 0.5 x

Red bare 11.0 11.3 0.5 O 48.5

Red bare 11.0 10.6 0.5 x

Red bare 10.9 11.2 1.0 ©)

Red bare 11.0 11.2 1.0 ©)

Red bare 11.0 10.8 1.0 x

Red bare 10.9 10.7 1.5 x

Red bare 11.0 11.3 1.5 x
Red primed 11.2 10.2 0.5 O 69.9
Red primed 11.1 9.28 1.0 O 77.4
Red primed 11.6 10.6 1.5 O 97.4
Red primed 11.3 10.6 2.0 O 110
Red primed 11.0 9.10 25 O 79.9
Red primed 11.5 9.57 3.0 O 87.4
Red primed 11.5 10.2 3.5 O 824
Red primed 11.1 9.80 4.0 O 107
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Table 3 Shot test results of bare stars using 15 mm ID mortar (gap ratio: 41 ~ 64 %).

Diameter Height

Lift charge

Star (mm) (mm) (@ Ignition = Muzzle velocity* (m s!)
Red bare 11.0 11.5 0.5 O 47.6
Red bare 11.0 11.0 1.0 O 62.9
Red bare 11.0 10.4 1.0 O 71.9
Red bare 11.0 11.3 2.0 X
Red bare 11.0 11.1 5.0 X

Green bare 11.0 9.58 0.5 O 41.5
Green bare 9.70 11.1 0.5 O 40.6
Green bare 11.0 9.42 0.6 X
Green bare 9.80 11.0 0.7 X
Green bare 9.90 11.3 1.0 X
Blue bare 10.0 11.0 0.5 O 59.6
Blue bare 10.1 11.0 0.5 O 72.9
Blue bare 9.80 11.0 2.0 O 84.6
Blue bare 11.0 9.60 4.0 O
Blue bare 10.9 9.10 5.0 X
Yellow bare 10.7 10.9 0.2 O 15.2
Yellow bare 11.3 11.0 0.3 O 30.3
Yellow bare 11.0 11.3 04 X
Yellow bare 10.7 11.0 0.5 X
Yellow bare 11.3 11.0 1.0 X
Purple bare 10.6 11.0 1.0 @)
Purple bare 10.9 10.0 2.0 @) 104
Purple bare 11.0 10.8 3.0 @)
Purple bare 11.0 10.7 4.0 @)
Purple bare 11.0 10.2 5.0 X
Red primed 11.5 10.2 5.0 O 158
Red primed 11.5 9.70 7.0 @)
Red primed 11.0 9.00 8.0 @)
Red primed 11.2 9.34 9.0 X
Red primed 10.9 9.70 10 X

*Muzzle velocity was the velocity when a star passed through the muzzle of a mortar.
The velocity was determined by a high speed camera.
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Table 4 Shot test results of partly primed and restricted (PPR) stars.

Star Diameter Height Prime Lift charge Ignition
(mm) (mm) (€9) (2
Red PPR 11.0 11.0 0.042 3.0 O
Red PPR 10.9 10.5 0.032 4.0 O
Red PPR 11.0 11.0 0.042 5.0 x
Red PPR 11.0 10.5 0.037 5.0 X
Red PPR 11.0 11.0 0.049 10 x
Green PPR 11.0 9.84 0.035 3.0 O
Green PPR 11.0 10.0 0.033 3.0 X
Green PPR 11.0 10.0 0.041 4.0 x
Green PPR 11.0 9.22 0.023 4.0 O
Green PPR 11.0 9.84 0.035 5.0 X
Blue PPR 11.0 9.22 0.019 4.0 O
Blue PPR 11.0 9.57 0.029 5.0 O
Blue PPR 11.0 9.79 0.061 5.0 O
Blue PPR 11.0 9.77 0.030 6.0 X
Blue PPR 11.0 9.11 0.044 6.0 x
Yellow PPR 11.0 11.3 0.025 3.0 O
Yellow PPR 11.0 11.2 0.028 3.0 x
Yellow PPR 11.0 10.7 0.040 4.0 x
Yellow PPR 10.9 9.79 0.027 4.0 O
Yellow PPR 11.0 10.8 0.020 5.0 X
Purple PPR 11.0 10.7 0.024 3.0 O
Purple PPR 11.0 10.7 0.028 3.0 O
Purple PPR 11.0 10.2 0.037 4.0 X
Purple PPR 11.0 10.3 0.014 4.0 x
Purple PPR 11.0 10.1 0.036 5.0 X
Table 5 Shot test results of primed stars using 15 mm ID mortar.
Star Dl(?;nn?;er I—(I:;lil};t Lift (C;arge Ignition Burning time*(s)
Red primed 13 10.5 5 O 1.27
Red primed 12.9 11.6 6 O 1.53
Red primed 13.2 114 7 O 1.47
Red primed 12.7 9.87 8 x —
Red primed 12.7 10.8 8 X —
Green primed 12 11 2 O 2.21
Green primed 12.1 11 2 O 2.21
Green primed 12.1 11.3 3 O 2.68
Green primed 12 11.2 3 O 2.46
Green primed 12.2 11.4 5 X —
Blue primed 12 11.8 5 O 1.33
Blue primed 12.8 11.9 6 O 1.34
Blue primed 12.2 11 7 X —
Blue primed 12.7 11.1 7 X —
Blue primed 12.4 11.6 7 X —
Yellow primed 11.5 10.5 0.2 O 4.09
Yellow primed 11.5 10.3 0.5 O 5.61
Yellow primed 11.7 10.5 0.5 X —
Yellow primed 11.5 9.84 2 x —
Yellow primed 11.8 10.2 5 X —
Purple primed 11.9 10.7 1 O 1.18
Purple primed 12.1 9.9 4 O —
Purple primed 11.7 9.64 5 O 1.11
Purple primed 11.2 10.1 5 X —
Purple primed 11.7 10.9 6 O —

*Burning time is the time between ignition and burnout of a star.
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Table 6 Ignition limit lift charge (g) of the shot test
for evaluating ignitability of stars.

Star Bare Primed PPR
Red 1.5 7.5 4.5
Green 0.55 4.0 2.5
Blue 4.5 6.5 5.5
Yellow 0.35 0.5 2.5
Purple 4.5 5.5 3.5

Table 7 Linear burning rate of powder in a
paper tube (PPT).

Red Green Blue Yellow Purple

Star

Rate (mms') 3.12 243 418 1.85 3.21
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Ignitability of cylindrical firework stars

Yasuhiro Sashimura*, Mamoru Horiuchi**, Hideo Watanabe**, Maiko Watanabe**,
Dayu Ding**, and Tadao Yoshida***

A series of test firings were carried out for the purpose of evaluating the ignitability of cylindrical firework stars.
The stars were bare (unprimed), primed and partially primed and restricted (PPR). The stars failed to ignite when the
lift charge was increased beyond some limiting amount. That limiting lift charge amount was then used to character-
ize the ignitability of the stars. The ignition-limit lift charges amounts for primed and PPR stars were larger than that
for bare star and correlated well with each other. This suggested that both might be used for evaluating the ignitabil-
ity of primed stars. The ignitability of primed stars was not constant but varied with the ignitability of the bare stars.

Keywords: Firework star, Ignitability, Shot test, Primed star, Ignition limit lift charge.
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