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Fig 1. Structure of sample decton-
ator.

minimum charge test of fulminate
KCIO; to initiate tetryl completely

Q@ : fulminate/KC10O, (8/2),
®:disk, @) : tetryl.
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Table { minimum charge test of detonator

which has a disk between priming
charge and base charge.

\Vei?ht Kind of disk
o ' : Card | Sheet |
priming Iron | Coppe ri board ' of PVC no-

charge (th=0.28‘(th=0.13’(th=0.49I(th=0.08: thing'
mm) mm! mmy mm)

0.6g| 420 | 30| s520| 420 1720
017 | 1120 | 1320 | 820 | 120 | 1/20
0.18 | 16/20 | 19/20 | 11/20 | 16/20 | 13/20
0.19 | 17/20 | 20/20 | 17,20 | 20/20 | 17/20

Note : Denominator means the number of test.
Numerator mecans the number of detona~
tion,
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Fig 2 Struture of
sample.
(minimum charge test of
fluminate;KClO, to initi-
ate tetryl completely)
Q@ : copper shell,

V :
@® : fluminate/KCIO, Z&
(8/2), 7

@ : tetryl @ th)
E2(a)0X 5icBRBRE (FEETE NEL
L) &7 bY—nORizBALRSEY, (D)DL5
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BEOZBRERS TS LR 20 Th 5,
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Table 2 Initiation test of tetryl which is used
as cartidge and as base charge of
detonator (refer Fig 2)

Weight of 16.2010.2510.20 0.40 0.5
riming charge[g) 0.15|0.20;0.25 0.2C 0.40 0...0'0_.6_0
(a) tetryl used | -, = e |
st QS'Za‘ﬂ4 55|
(b) tetryl used
as base
charge |

0/5|0.513/514/5

i

Noile/ Inner capsule of detonator is not used.
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Fig 3 Measurement of scattering direction
of fragments from the detonator shell.
D : detonator, d : distance (variable),

P : paper.,

H5E 3 omL fEn b—EOERI EFTTET
EBExE, THRAIZ I SROBEAOAHER
LI X o THRAORBS AR URREE LMD =
x5,

6 SEE (BRRT Y —10.45g, BRBHO.L0
g, WD) REALTRELARENOBA O R
BHAEEETRTE4 o TH2T, Thizxd
L EFEORARE LT RO S A TER Hiz TR
Roassish S EHENEY bh, XEHEORA EER

(v IR

3
&

-
23

£ 2

Fig 4 Scattering direction of fragments from
a detonator shell.
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Fig 5 Measurement of the penetration ability
of fragments from a detonator shell.
D : detonator, d : distance (variable),

S : several hundred sheets of papers. .
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Table 3 Structure of sanple detonator

detonator shell

inner cap | priming base
thickness (mm et reakage| thick- charge charge
material - (mm) | length | weight pressure materiall  ness' length | fulmi 1
side bottom (mm) | (g) l(kg/em?) {mm) | (mm) (fulminate) | (tetryl)

Cu 0.20 0.2% 40.1 4 153 | 22671 Cu 0.26 7 0.40g 0.45g
Al (thick) | 0.37 0.87 37.5 C.88 276.7 CAl 0.44 7 i 0.40 0.45
Al (thin) | 0.17 0.49 42,6 0.81 117.5 Al 0.44 7 0.40 0.45
PVC 1.47 1.45 37,3 1.93 1733 | Cu {7026 7 0.40 0.45

Note : Concave type and flat type were both used in Cu and Al shell, but in case of PVC shell

only flat type shell was used.
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Fig 6 Penctration ability of the fragments
from the bottom and the side of a
copper shell,
@ : by the fragments from the concave
bottom of detonator,
@ : by the fragments from the flat bottom
.of detonator
@ : by the fragments from the side of deto-
nator,
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Fig 7 Penctration ability of the fragments
from the bottom of several kinds of
detonator shell,
@ : copper shell of concave bottom.
(1Y : copper shell of flat bottom,
@ : aluminium shell (thick) of concave bo-
ttom,
@/ : aluminum shell (thick) of flat bottom.
® : aluminum shell (thin) of concave bo-
ttom,
@ : aluminum shell (thin) of flat bottom.
@ : PVC shell of flat bottom,
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INECDOTEGTEASIE L XPELIRITLY,
XEIC e SR ETFHS 5 L EEOWES LV L
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AR TRFOBEAZHBIL, ThlVETOED
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Table. 4 Momentum of Pendulum according

to impact of fragments of a detona-
tor shell (base direstion)

. ) !
T())' e [swingof pendul“mﬁ;corrected momentum
*10 %15 *20 - | swing a My,
shell cm cm em (mean)J

b sel

!
13°% 11°i (12°)
ll°il4°|(13°)

| [g. cm/sec]
13.5° 23x10%

14.5° 2.5x10¢

concave| 11°
flat 159,

Nate: Mark* indicates the distance between
pendulum and detonator,
KISTERR 0&MEA mix, ERIZXhizF01g
ThAMD (HEIER) ZHOUE (DRIRAT
AL A 10~20cm (2R SRR vidikoml
So
I EFRoA

v=Muv,/m=23,000[g. cm/sec]/0.1[g]
=2,300[m/sec]

FETRORE -

v=»Muv,/m=25,000[g. cm/sec]/0.1{g]
=2,500{m/sec]
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Fig.8 Measuring method of [
velocity of the fragments d
from a shell

D : detonator,
'd : distance (variable)
@ : 1st mark, @ : 2nd mark.
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-svelocity of fragments [m/sec).

—distance from a detonaton shell [cm).
Fig. 9 Velocity of the fragments from a
"+ . bottom of the detonator shell.
@ : copper detonator of concave bottom.,
@ : copper detonator of flat bottom.
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ZRBOTHEN, BELBEOFTRAS LSS
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it

in air
Fragments of copper detonator which
exploded in water and in air.

51 BAOEMRF®

i water

Photo 1

R

BvERESRORCETF BB LS LB DY?f
EZXOTHEARERT+ 252, BERORE OBRE
ZFOEXEWMF B0, ke A8 o tHT

Table 5 Weight of the framents from a detonator shell (Unit: milligram)

base direction . .. - -
from concave type shell |  from flat type shell side direction (concave type shell)
total of total of large Targe total of
lf}:geSt other sma-| total li{x%'zset other total fragments fragments| other total
fra ;-f:nts 11 fragme- fracments| . small from rom small ota
g nts ,irag fragments “A part”* | *B part”*| fragments
1st 32,16 -~ 14,11 35,27 18,11 .
test 10 87 81 n 4 82 27.15 7.7 285 338
2nd 58,30 10,5 25,18 14,13
test 1 14 105 ’ 59 | s : 240 344
3rd 40,14 7,3
test l?’ 21 92 3’ 64 77 —_— — — —_—

Note : **Apart” indicates the shell which doesn’t contact with inner charge, and “B par{" indicates
the shell which contacts with inner charge.
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TR LIcENFB T KD,

5.2 mEOmE

EY L CRL M EhTRA S SRS S OB
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HDREEL+3 Z L BHESDT, BN OBTR
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TANF=LHET D,

ELftkofs:

BRI vee2,100[m/sec] (F9 X D)
EREE mes0[mg] (RS X D)

B Frnx— -%mv’#l 10,5[kg. m¥'sec?]
=11.15[kg. m]
FEEFHEORE:
AR v=2,1C0m/sec) (EI9 X D)
BAME m=14[mg] (R5XY)

= X— %mv’=31.0{kg. m?/sec?];
=3,16kg. m]

MSBAHERRC CORA OMBRRS OCELE
HOFHPETHRL V=2 ¥ —pRE. (ALEAR
DERNRS O TR T 5L HHEOBBIEENMIED
7z

Z iz Roux ROBHNTRE W ABELNSIC
T AENEB RV F —~ 30~40lkg.m] (RHHOK
ft8g) X v/h&{, Fripiat KNIz X 3B NER = X
wE~Lilkg.m] EHHOER0.08~0.1g) XYk
Vs, ZhbAFEREE LRRHARS O TR—IC
B sz baliskiv, ALBEBRMNG ORI
VEBER 2 X - NSRS iR B0
T, BEORAREA OMEN005gTHE L EER
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5k, BAOBESOENEB= R ¥—i 1 (kg. m]
UTFERbh, LRFERKE OBG=kN¥— 1115
[kg.m] R 3.16(kg.m] iHBRELRBEE S DIz
KEARBOL ML BLBD.
WHEERA DT ChBRENEET BT LR,
A OER IS VIZ LI TEH = AV F —ARKRE
WD kizxoTLEEND,

5.4 BHOTR
BAOERIZEGROTI s > TLEmS T &
DN, BEEHMOMK IOV TEETRETF
R R B Lo L VRRICHBgTA S L b T
60

0 1
| SR N

2 3 4 mm
1 .

(b) Fragments from a flat bottom

Photo 2 Shape of fragments from the
bottom of a detonator shell.
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Studies on the Initiation of Explosives by the Detonator

Part]ll The effect of fragments produced from a detonator shell (1)

Kazuo Ida

In the initiation effect of a detonator, the
important effects are the impulsive effect of
shock wave, the friction or impact effect of
the fragments from a shell and the heat
effect produced by the explosion of a deto-

10 (10)

nator. This paper relates to the effect of
fragments.

By the minimum initiation charge test of
fluminate, it was found that the fragments
from a detonator shell had the superior effect
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to initiate a explosive.

To investigate the fundamental property
of the detonator shell, the scattering direc-
tion, penetrating ability, the velocity, the
weight, the kinetic energy and the shape of
the fragments were measured. These proper-
ties were compared as to Cu, Al, PVC shell,
and the properties of fragments from the
concave bottom was compared with that from
the flat bottom of a detonator.

The results obtained were as follows :

1. The fragments from a Cu shell have the
strongest penetrating ability, the next is
Al shell and the weakest is the PVC
shell.

2. The velocity of the fragment from the

bottom of a detonator is about 2,000m/sec
and the decreasing rate of the velocity
is much less than that of shock produced
from a detonator.

3. The weight of the largest fragment from
a concave bottom is about 30~60mg,
but in case of a flat bottom the weight
is about 10~15mg. The shape of frag-
ments from a concave bottom is less
rugged than that from a flat bottom of
a detonator. Therefore the penetrating
ability of a fragments from a concave
bottom is much superior to that from
a flat bottom. The velocity of the both
fragments is the almost same in the
neibourhood of a detonator.
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Fig. 1 Schematic diagram of apparatus
for Section 2
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