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Fig. 1. Initiation distance between deto-
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Table 1. Initiation of industrial explosives by fragments of a detonator.
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Note, E: Explosives, T: Type of dctonator, D: Distance

between detonator and explosives,

c:concave bottom shell, f: flat bottom shell. O: Explosive is detonated, x: Explosive is not

detonated.
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Table 2. Weight of the {fragments from the bottom of a detonator shell Cunit: mg]

Type of Cu Al (thick) Al (thin) PVC
detonator
shell concave l flat concave flat concave ' flat flat
)
1st, test 32,16,10 | 14,11,11 | 26, 4, 3 9, 8 7 |0.7,0.5,0.2/1.0,0.8,0.5 <0.5
2nd test 58,30,11 10, 5, 4 | 22,21, 2 16,14, 6 —_— —_— —

Note : Only the largest three fragments are weighed.
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Fig.2. Measurement of the detonation velo-
city of explosives initeated by the detonator,
the situation of which was varied.
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Table 3. Detonation velocity of industrial explosives initated by the
detonator, the stuation of which was varied, [unit: m/sec]
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PTERE L Fig. 2 (a) | 5770, 4720 (£=5245) 3170, 2940 (.f=3055)
METROP O Fig. 2 (b) | 5770, 5620 (£=5795) 3190, 3060 (F=3125)
7,2C0m/secdDgV> Fig. 2 (¢) 5940, €060 (E=6000) 3150, 3290 (£—=3220)
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Photo. 1. Fragments of detonator shell and
the hole of lead plate produced by the frag-
ments. The diamecter of hole is much larger
than the diameter cf fragments,

COZLRFEORBER L VR LBbIS, I
b DRI T 5 ME LB IR & SEEST R oz
p (BAKEONN) BREVTEOHIERLFHR
Thokl, WENITR) OBREFHOERT
W IFEOFRHNT MV UFEL PVC ik x v BB
ABRKE TR LR, XV (RRAME) 0%
EREEoRELREVLBEERAWHT L IFEK
2 PVC ko Sic B B KIS 5818
EhASNEL B LicE 2 TEDOND, Wiza

(69) 5



(BEROKEEWPICHELIEDTHS 2 Lit, A
S L HHRRBT S A - EHEOR R smm @
HAzix 30lkg. m) BLETH DS 0 iz 1Mk OFEHN
2~3mm DSz 138 L. C~1L 1I[kg. m] THDZ EH
HLE5Z LAMNS CEIHLI HBR),

EISEREMIC Yo RIBOMMH L LTIV Vo
HLUHpFBARVEBIT 2 AE-RED L, p, a, W,
Vb k: SEGAMICEL TV RERBOHTARY T
H5LBbhb,

XEFOMABHRIZBAL THFLPHCEL VB
FHESSHZERBINIICI2THIEETD 2 LA
3. HIO 3IBWEHEOBIOKES L. ZOBN
22 TRTELS Im BhRSBIZAL ILOKE S
ERREELALOTHSHN, i ) FERARE
CORZS X VRIOfFEREVILEBIIC LTS5 I N
b5, ZORRIBRFERANEATSEEL
VERRVAEL, BERETS EBAATIVIRAT
52 LhHiskeinv,

IZROFERL £ /- WRAREEMRT L IR iR AR
LR LERLTEY, BEEENRGEANbSZLE

o

asé
. initiation
2 zone
3] ‘\‘~\ &

-
--~--

02
Mo &

initiation
| Zone

° 2. 4 6 '3 0
— friction weight (kg)

Fig. 3. Initiation limit of nitrogrycerine
relating to friction weight and friction
velocity,

o

-»firiction velocity (m/sec)

BihisborEx 5. B Bowden RIGoHENT
1z, #fis00g CHMLTVASS%La s 2y
OEIDEERT, B ) BEERS A 3misec T, 1,000°C
IDECEIERB LIS L ERBLTMY, ¥ RIK
DRz ez b u V2 Y L OfFh 2L D8R
Feifodsk, SROBEFEICTH>TR>TIE
5%, RSN L BRI 28 2 I G o RIBIR ML
HHENTm, PLAELIAHICEDERIOWLAY,
EERATE AR 500y LA EThid Im'sec LA DESHGE
ECEiz=bu Y Y4 Y VREIBL TS, A
AN ETH S it Bowden KEDOYH
BTk ZOMEE X U HBHIEL 1210 TH

6 (70)

3. BEBAICISEBOMEG IR Z OR
BX DigdlckEvA, R EIHREFEE) ks
2 NEVDT, ZOHRTIHICHWBNIC X 5HHR
OREEHERET D T LIZHBERVH, BERICESTEHE
BiEiEnfons 2 b, MSERMICISRENED
THBZEERELTVS RIS,

U EomEEiic k27T, FHEXEERRIC LS8
HoOLBBELE LTI AR LU THH EBA S,
2 #
WIMTRATRT OUBEHEREF<OTH4
RIRTRETRNIC L SBELSERREIEL, =

DRBEIEEBEL,

(1) BEEHFFORF OBRFPI L), FALIYE
HoRBREEITOLL S, HETORANELE
WhnKEL, RTCTAIMHE, PVC EF 0l Th
Do XEMEFE LIE LK L Cakhic X 50805
AT, EHBIIPTREETROFHRH2TE
WACRIHEL DD, S h s OBRIITHLRA O
i, MR, BRE, FAESHDOERIZE2TER
I35 = AN

WA Bc Lo TR s emiofdi:, R
MAL TEBR L BEOMAH<THZLLHOR
Mot TOZLRBAICIHSBBARETHY, F
o k3 TRBROBIBL L L TR IZE ST
fTbhTw3Z L ERFLO0TH S,

(2) HEEEHzL5BBOEBLL Tik Roux K
Fripiat &M= 8 —~ 3R U Zippermayr K
OMIEMZERNR D >N, HHFREMNIOBERIZ XS
BEOEE EANBEEEM L AEBBORETHS L
FHTIERBARETHS LB D, Iz 3
Bt LA %74 Bowden KEOIBRIFITEEIUIEH
TR SBERBREOE R AEMICRAS

%,

X o3

1) W. Paymann, D, W, Woodhead & H. Tit:
Proc. Roy Soc. 148, €04 (1935).

2) #aG: BIERBEF M 231 4 (1929).

3) T Ll TABIBLIS (19514E10R).

4) KBIE » #iKkB— : Tk, 13, 101 (1952).

5) FiEsEH, WURL: @ 20K, 12, 169 (1951).

6) HE—K : Tkt 21, 164 (1960).

7) F. P. Bowden & A. D. Yoffe: “The Initia-
tion and Growth of Explosion in Liquid and
Solid™ p. 13 (1952).

8) F. P. Bcwden, M. A. Stone & G. K. Tuber:
Proc. Roy. Scc. A 188, 227 (1947).

ITRARBAK



Studies on the Initiation of Explosives by the Detonator.

Part IV The effect of fragments produced from a detonator shell (2).

Kazuo Ida

A few kinds of explosives were initiated
by the fragments from a detonator shell
which was apart from a explosive.

The results obtained were as follows:

1. The fragments of a Cu shell have the
most effective initiation force, Al shell
is less effective and PVC shell has the
weakest initiation force.

2. The initiation force of concave bottom
type detonator, however, is the same as
that of flat bottom type detonator.

3. These results can be explained reaso-
nablly by the properties of the frag-
ments such as the penetrating ability,
the velocity, the weight and the shape
of the fragments.

The detonation velocity of industrial ex-
plosives initiated by a detonator, which was
apart from the explosive, was the same as
that by a detonator, which was inserted into
the explosive.

As the initiation theory by the solid frag-
ments, several ones have been known.
(refer this paper partl[). The present
author, however, believes that the initiation
of explosives by the fragments from a
detonator shell is due to the temperature
rise of explosives by friction between the’
flying solids (fragments) and the explosives.

By applying the Bowden’s equation for
friction, this view can be explained reaso-

nablly.
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