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Table 1 Tested compositions

Sample name and composition (wt.%) Manufactory

1. Cascade 1 JPABPI*
KCl103/AI(FC) /Al(FF) =55:36 : 9

2. Cascade 2 JPABPI
KCl103/A1(FC) /AI(FF) /S=55: 36 : 9 : 7(additional)

3. Report 1(Flash and sound) JPABPI
KC10s/AI(FF)/S=T71.4:21.4:7.2 '

4. Report 2 (Flash and sound) JPABPI
KCIO«/AI(FF)/S=T71.4:21.4:7.2

5. KCl0;-Al mixtures JPABPI
KC10;/AI(FF)=80 : 20, 70 : 30,60 : 40,50 : 50

6. KCl0:-Al mixtures JPABPI
KClO./AI(FF) =80 : 20,70 : 30,60 : 40,50 : 50

7. Whistle JPABPI
KCl10./CsHsCOONa(Sodium benzoate) =70 : 30

8. Black powder (Grain for fireworks) Nippon Kayaku
KNO,/Charcoal/S=74 : 16 : 10

9. Black powder (Powder) Sanshu kakou
KNO;/Charcoal/$=76.9:15.4 : 7.7

10. TNT (Trinitrotoluene) Chugoku kayaku

Crystal line powder

*Japan Pyrotechnics Association, Bureau of Pyrotechnics Inspection AI(FC):
Aluminium (flaky coarse), Al(FF):Aluminum (flaky fine)

HEM, CHATELHT L, RAOTHAORI{E
 EN0.97~1.24g /el TH - KD T, RIPFWEE DLW
#1.0g/cdd& Lich, EBLAh»TcDTCEREDE
VWRHLEET S, BB T -7 X7 »
1 A—%RY 3 EBORBEOHEEABICR->T
A LT, BIEIDORBIZHVTT =2 2 —piigV 58
i2iy, BIFEENELLAFRLGH -1 T, §ED
RERTL, TRTCA/—A—%Hf{LI, 7—25—
ELTS0gD==1 v 5 iR (B A G M) ¥
EBBIRDLIICRBLT, 7-R2 =t Y-
BOAFFr y 7ev—2ROfFH1, 27—
A& —%{EFRY T~ 7 CEAZBL (Fig. 18
B)o .

BEC, PATTEROX7 7 1 X - %BEIZ30m
MR CE Y ff7ct, M%7 — R 2 —iZ# 10miF
AL, DLEZETYBRELTEBRLL,

av2Y -+ LEEBETETHBIAOEBV-XRE
THLDEBERLETINTRE Y2279 - RETY
BIEL, 3v79 - tROBRRALBIAOKES
B LI,

Kayaku Gakkaishi, Vol. 67, No. 5, 1996

Digital
oscilloscope
Constant Pu’se
current supply generator
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Fig. 1 Block diagram of steel tube test
1. Electric detonator 2. Booster 3. Steel
tube (¢42. 7 x 200, t3.5) 4. Resistance wire
probe 5. Sealed tape 6. Optical fiber 7. Ion

gap probe

27— Fﬁiiké"é%OmX 1000am % t 50mm,
BREI0BHDT 2 b € — R ($1000m X 200m) O FELS
B 24. TMPa (252kgf/cd) CH 1 2 v 2 Y -

—221—




FMEETOM|ERRIL, BERBREThbhABILT
ot
2.3 GIEEERE .

ARBIC BT B EROBELY Fig. 1 iR L, Bt
B7e -7, BB T o —7HENR7 > 1 -2 L
D AR D 7 DI EER Lic b O CRIEEE O BIE il
ALavEard s,

X7 -4 A X B RIEEE Oz, KON-
TINITRO#HBD 7+ + v & 4+ “EXPLONET"* H
Ve, B (PEME30m) o & DEIBHEE Y AIE L,

—7%, BHR 7 e - 7R BAEcHrH, 7-
AR RO A A v F ey THHDESTLY
He—tehlt, B 7 e —70BEEEFC 204
v a A2 —7 (Nicolet &82) i 28 L1, Wik Ti1h§
HEERMROHE A BRI SET 2HELH - 1D
T, ARBRCIRAEZHIEL L BORELEIBIE L
L1,

ARBRTHCLKGR e — 74, GiREEALLD
TCHONBHEHOAF —nF o — 7HBhTRETSE
ftwkThhdsicnic, RIFEENEGBEICRT
N2 hFa—T R,

2.4 RABRRUTRIIAR

thr ADHPZE, BEORA BN EBIILOAEE
DML T~ BFLoXE IRRABHHRR S
(a) EEREFFEEZ (b) ERBFORmMMHOBEX
(h) Zen{fr TfTfcy, WL ERAgER LA LT,
WEE R kR CER (V) 2 HF L,

V=nabh/12

3. BRBRRUEBR

3.1 {RifEeE
3.1.1 MEFEOKRET

BIE2IHDVTE7 1 A —BLEBIRR e — T
YO Lo e Ry Fig. 2 iR L, EHg 7 e —
7HTE O hic KBRS, 1 XHRRLIh B,
BARCERTE S, RDIFELEGE, SFERYRD S
E1740m /s kie»tzy —F, ¥7 714 2 —-ETHIE
ShicEEMCOEBEEDL S, FREF + I an
¥riRx MY ERLTR—~D 75 7IER L,
No. | ~Ti2&F+ 2 rDBESTH5H, No. 1 4+
v X A OBHBEILRD RV D T, BHE T e~
7OMBLITE 51, K7 7 1 A -BTOEBEREL
1840m/s & e WIEHIR T v — 7HROER L B IF—HK
T%.
SEBORIH- O\ T 2 oDRITEX B LR
%, Fig. 3 1ciR¥, HMAGREr 58T 5 &, r=0.981
L1 b BVEBIBSER D B = L b ot X, B

—222—

{ {
£ V(optical) =1840m/s
E [ Vlresistance)=1740m/s
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£
8 --No.5
= ’ -—
§100 ! No.4
8 S No3.
- p”— No.2
e No.1 |
0 0.05 0.10 0.15
Time (ms)
Fig. 2 Examples of two types of velocity measure-
ment

* No. 1—-7 show optical fiber positions.

» V(optical)is the propagation velocity by the
optical fiber method and V(resitance)is
that by the resitance wire probe method.
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Fig. 3 Comparison between the two types of veloci-
ty measurements .
(r:correlation coefficient)
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Fig. 4 Propagation velocity of fireworks compositions
(by optical fiber method) .
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Table 2 Propagation velocity and crater volume

Sample name Density( g /cd) Propagation velocity(m/s) | Crater volume(cd/ g)
1. Cascadel 0.81 1035 18
2. Cascade2 0.83 1150 26
3. Reportl 1.01 1770 | 39
4. Report2 0.97 1753 39
5.KClO3/A1(80 : 20) 1.06 1890 22
6. KCl0s/A1(70 : 30) 1.01 1600 12
7.KCIO3/A1(60 : 40) 0.94 570 26
8. KC10s/AI(50 : 50) 0.91 510 15 _ -~
9. KC104/AI(80 : 20) 1.02 1850 22
10. KC104/A1(70 : 30) 0.96 1580 11
11. KCIO./AI(60 : 40) 0.94 570 19
12. KC10/AI1(50 : 50) 0.92 520 16
13. Whistle 0.77 2400 25
14.B/P(G) 1.03 460 16
15.B/P(P) 0.66 840 21
16. TNT 0.75 4220 88
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Fig. 5 Effect of Al content on velocity change
(figures indicate oxidizer: Al weight ratio)
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Fig. 6 Effect of Al content on velocity
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Fig. 7 Effect of sulfur and Al particle size
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Table 3 Evaluation of steel tube test

Sample name Fragment class Velocity class Evaluation
1. Cascadel 2) a) Deflagration
2. Cascade2 2) a) Deflagration
3. Reportl 1) a) Detonation
4. Report2 1) a) Detonation
5. KCl03/A1(80 : 20) 1) a) Detonation
6. KCl103/A1(70 : 30) 1) a) Detonation
7.KCl03/Al(60 : 40) 2) b) Combustion
8. KCl03/Al(50 : 50) 2),0r3) - b) Combustion
9. KCl0./A1(80 : 20) 1) a) Detonation

10. KCIO4/AI(70 : 30) ) a) Detonation

11. KC104/A1(60 : 40) 2),0r3) b) Combustion

12. KCI04/A1(50 : 50) 2) b) Combustion

13. Whistle 1 a) Detonation

14.B/P(G) 2),0r3) b) Combustion

15.B/P(P) 2),0r3) b) Combustion
16.TNT ) a) Detonation

Fragment class 1) complete split into fine pieces
2) complete split into large pieces

3) partially split about half
Velocity class a) steady velocity

b) tendency to decrease the velocity
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Steel tube test for fireworks compositions (1)
by Syuji HATANAKA*, Takashi HAYAKAWA**

We tried steel tube test for fireworks compositions to obtain the propagation velocity
by the optical fiber method. It was found that the optical fiber method was suited for
measuring the propagation ve!ocity of fireworks compositions. The velocity of report com-
position, whistle one and cascade one were 1700m/s, 2400m/s, and 1100m/s, respective-

| ly. Considering both propagation velocity changes and steel tube fragmentation, we judg-

ed that the report composition and the whistle one possessed detonation propagation, but
the cascade one propagated deflagration.

We concluded that steel tube test was good tool of evaluating the detonation propaga-
tion of fireworks compositions.

(*Bureau of Pyrotechnics Inspection, Japan Pyrotechnics Association, 18—17

Kichijyo, Ishimakinishigawa-cho, Toyohashi, Aichi 441—11, Japan
**NOF Corporation, Aichi works, Taketoyo plant, Kitakomatudani,
Taketoyo-cho, Chita, Aichi, 470—23, Japan)
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