=g = (- 75 1
- '/%exp (—Va‘,‘o-zt“')sin[wot+tan" g‘—ztan"w/fl ;t20 l 2>
=0;¢<0 ]
NEp— U (@ =gy eigay * U@)om
W=""3a (3) where U(w@)*ovs : spectrum of observed wave.
where — v time constant of exponential U(@)ovs : corrected spectrum of obse-

decay of shock wave,
a: radius of cavity,
V : propagation velocity of elastic
wave.
As the shock wave zone and the shock wave
in a blasting correspond to the cavity and
the pressure wave in Sharpe’s model, respec-
tively, the radius of the shock wave zone and
‘the shape of the shock wave in a blasting
are evaluated from the comparison of the
observed wave with Sharpe’s wave.

The obsereved wave had better analyze in
the expression of the frequency spectrum,
for distortions of the shape of the wave,
which are due to the interference of waves
from multiple blastng chambers and filtering
characteristics of measuring instruments, are
reduced more easily in the expression of the
frequency spectrum than in that of the time-
varying wave. The reduction is given by

rved wave.

Fi(@) : characteristics of interferen-
ce of waves from multiple
blasting chambers,

Fs(w) : filtering characteristics for
measuring instruments.

An observation of the elastic wave is carr-
ied out for a coyote blasting, the charge of
which amounts to 10, 000kg distributing am-
ong 10 chambers.

The frequency spectrum for observed wave
is calculated by Fourier analysis of the obser-
ved wave (Fig. 5) and that for Sharpe’s wave
is calculated by Fourier transformation of Eq.
(1) (Fig. 6). By the comparison between
both spectra, it is evaluated that the radius
of the shock wave zone is 3.0~4.5m and the
time constant of the exponential decay of the
shock wave is over 0.02 sec,

(Technical Laboratory, Asahi Chemical Ind-
ustry Co., Ltd.)
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TY T /L LI HH R B EHAR.

¢) @ W ToL R EDRERT V=T
ATHIE L 2B aoith.
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T Lo ThiEmi & Ukl Gasasdh.
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ThYV=tur Ay r&oa{d), &iz Zingaro” O
FEIZX ) opifpE L,

D 728 : o€ 7 F Cifmofsh Rk,
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8t KCIO, o%htE 2 ¥ / —nBFORET, A
s TRAL TE®RLEZ LD

A, ARERL Y = e Ay B0
Bridge wire

Ignition cherge

PVC tube
Press board
Bridge plug
Leading wires
Fig. 1
Table 1
.. Wt. of Loading
Ignition charge charge (mg)| density
Tetracene 10 0.725
DDNP 8 0.58
Mercury fulminate 20 1.45
LMNR* 10 0.725
LTNR* 20 1.45
Lead azide 20 1.45
Lead thiocya- 20 .45
nate/chlorate

*LMNR =Lead mononitroresorcinate
LTNR=Lead trinitroresorcinate
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Fig. 2 Relation between firing current and
excitation time,
1. Tetracene; 2. DDNP; 3. Mercury fulminate ;
4. LTNR; 5. Lead azide
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in=vVh @
Eh B,

(3) K& A KM oD TR & WEIEE CHaR
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Table 2

Minimum firing

. a p  [current (A)
Ignition charge (m“'s_é) W/ t:ll?:‘l;l obier.

eq. (D] V¢
Tetracene 2.58 0.118) 0.344} 0.337
DDNP . 3.21 0.156 | 0.385} 0.396
Mercury fulmi-| 3 76 | o.141| 0.375 | 0.359
LMNR 3.10 0.163 ] 0.404 | 0.399
LTNR 3.7 0.183 ] 0.428 | 0.422
Lead azide 5.07 0.247 | 0.497 | 0.457

Lead thiocyana.
te/chlorate 3.28 | 0.198 ] 0.445{ 0.431

HAL X b OEHFRIBIRKERORBIMIZFE D
T, (3P EFRIRET -7 hBOBENXL LT E
ALBsLoLBHLERS.

¥, Fig. 2 03T o 272tRO K
IRABHEOFEHETRL, ThFhiiR | ZUS5 0
BT L2 B,

7 Uit LTNR O & @R itiBRICEBT 3
bOIX, BXRFCEBEOML , KR g
Bobhi v 0T, BISUTINRME AN L350
foo €T, LTI LB L BRME X b &
KEORKICHBEBRA= AN —RFE 23T
DR, FSHARMEER(BE GRS RS, v
B excitation time & OMEEEBIETEH, =,
ZOEMIZovTR—OORE 2 v, Akl B
IZXBRBREHBL 2, ZOXRBRTR, BELRVT
REEORENFND X 5 I AkBEBO% 4 % A —
1L, ABRTRAEM0AOREOEYME LY, B
ETIRE A 100 ¢ U-DEE*» iz X v, g
FHAKBEREHEEL 2. £OR5UE Table 3 FD

Table 3

Firing Mean e:zcita)tion
Firing time (ms
Ignition charge | voltage curx".ent determined by
&'D) ( A") method| method
A B

Lead thiocyana- 4.11 0.8 7.16 7.15

te/chlorate 1.2 2.59 2.59
DDNP 4.10 0.8 6.79 6.77
LTNR 4.09 0.8 8.18 8.08

T, AT E B AT, RN O ML
*Lhif, BEiRXBitEfiL X {—%+3. LTNR
THBLNAL L OB EIRAP L EI TR
NI ERORHDS BT, RE L fz SRR OMXHE
ZIELTERLA307C, BARHS CRIEKIS
BE~OEBHMOED TEL VRISV Tk,
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Fig. 3 (2) oEECHi4 0 kA FIc>Vv TR L =
$ 3% Table 4 2R3,
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(b)
Eig. 3 Sketch of apparatus and circuitry for

measuring the reaction time of electric
detonator.

Table 4 Reaction time (z) in milliseconds
for priming charge of fulminate/
chlorate composition

.} o

M'O.GA’O.SALOAIJA 2.0A| 3.0A
charge | J

Tetracene 3.98 4.05 4.00; 3.94(3.04)/(2.52)
DDNP 1.82 1.88 1.90, 1.90 1.82 | 1.87
Mereury 0.98 0.95 0.96 0.94] 1.08 | 1.05
LMNR 3.48) 3.34 3.40, 3.37|(2.83)|(2.35)
Lead thiocya-
mate/chlocats | 1:95 2.15 2.10I 1.82) 2.04 | 2.03

BRI b SUENT - BROLADBDIR, A
BTN K ICRtT 5 T L BB 2 A,
HiEWEE L £ LT hit

2t + 7 ()
DEREVPERIND L ERRS,
SIBUINR b 48 L OYIBNIT SR U & AR
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3.4 FOHRDOSIBIEICHT SB35
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ERAKRAELEL, BREEAR E SR T55 AEK
WICHRLTEOEEEARAL, SKRLVOxX
WX —GROBBRUAIBEOMR L Flikibiz X
TREDSRIEMMEEZCTEFICESBL, BEE~0E
R L ST IRTRIC AR A 5 TRIC L D IS RE RIS ha &
WHEBRSNEG NS, fEo T AU I A KNS
DAL FARERIZ L 3R OELORZ0T, B
MARIEMIC IV CHEIBRIRICKEREF 20T E
Bkt 5, TROAUBEKICHT 5 AR EE
L.

E R EREGRg/A)
1. SRk 0.3 50
2. FoiLm 0.2 20
3. DDNP 0.2 100

2Ot Table 5 DiF Y T, AUBIEMOHGRIZ X
2T l~4ms BEORERMIZARERBADAL
v, 2 THAEOZDOAET INMBEDIBRICH T
if, AURSEAROMRT A B OBRIT ) TR L HE
WEhs,

Table 5 Reaction time (r) in milliseconds

for priming charges other than
fulminate/chlorate composition

Priming chargeMercury Lead
t1e11mma 1 azide DDNP
0.6 0.8 1.5
Ignition charge 0.8A | 0.8A Al Al A
Tetracene 4.10 | 4.18 4.363.873.50
DDNP 1.84 | 1.95 1.821.881.50
Mercury fulminate | 0.95 —  0.900.920.83
LMNR 3.57 — 3.54'3.603.52
Lead thiocyanate/ | g9 - 2.05‘1.90}1.98
3.5 B ®
RUKERMIAUKSERIZY D G) DIERIRRE>THL
LRAkFEB&E
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EEORUMizfER v, AKEOPIMRESITESh D 2
LoeiEEBRBAEh S, T, AXKETIHARB
DOBREXNLEICET T, TOEMOBENEEsHh
3ZebvBrbhD, LhL, BREOEDII T
1.SABF, %7 Jones SR TH 1 AT CRRA
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& HIRBVETH TR, BRORESETT 30T,
AURRIIRIRBWOFRBIEICEMRL LY, SRy
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TRIALEI D & AARRIZ X 28R e
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REBRET OB L L5A, HHMEIOF
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SRAGKETORAIT X (MFEIch 32, BETER
FUBEOBRIT L B L &L, RERoRBETOR
& LoTY, BEEEORIBEDIM LML T,

Table 6 Bursting time in milliseconds

7 o.60.8/1.0i.5k.0pB.0
Ignition charge ] Al Al Al Al Al A
Tetracene 14.8 9.0/ 6.8 5.2 4.1} 3.6
DDNP - 177 8.5 5.8 3.5 2.7 2.3
Mercury fulminate 19.2) 8.3, 5.3 2.7] 2.0 1.4
LMNR 20.9 9.9 7.0, 4.9 4.0 3.4
LTNR 4 22.0; 8.0, 4.4{ 1.6 0.9 0.4
Lead azide 45.0113.0, 6.8] 2.5/ 1.3} 0.5
Lead thiocyanate/
chlorate 25.5( 9.1 5.9, 3.5 2.9 2.4
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Fig. 4 (a) Closed cylinder, (b) Pick-up.
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2.Locking nut for sample 7.Pick up

1.Leading wires
3.Bridge plug 8.Locking nut for pick up
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Fig. 5 Sketch of oscillograph traces in

combustion pressure measurement.
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Table 7
Ignition charge i Iy ‘ (kg}n
A) | (ms) | (ms) |K8/ )
1.0 3.85| 4.00] 70.2
Tetracene
3.0 3.60 66.6
0.6 1.70 141.9
DDNP 1.0 1.82 | 1.85| 134.0
3.0 1.80 129.5
DDNP 0.6 2.50 80.5
Cbead type) 1.0 | 2.55| 2.70 | 80.2
3.0 2.53 87.8
Mercury fulminate | 1.0 0.97 | 0.95 | 145.1
LMNR 1.0 2,83 3.40 7.3
LTNR 1.0 0.00 228.0
Lead azide 1.0 0.00 129.2
Lead thiocyanate/
chlorate 1.0 2.97 | 2.10] 92.8
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Fig. 7 Sketch of oscillograph traces showing

L

the firing current applied and tempe-
rature increase in a closed shell.
(Ignition charge: LMNR)
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Table 8
Type
ore ta tm 0"! ‘f
Ignition charge sl?{l : (ms) | (ms) | () | (ms)
Tetracene (b) | 4.73 | 49.8 | 890 | 86.0
DDNP ” 2,081 19,1 1320 17.2
Mercury fulmin.| Lol — —| 7.0

ate

(a) | 3.4820.8 | 850 26.0
(b) | 3.30|52.1| 825]56.9

LMNR

Lead thiocyanate
/chlorate

4.3 & -4
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Fig. 8 Streak-camera traces showing the
initial burning stage or detonation
without burning in pressed mercury
fulminate charge.

Ignition charge: (a) DDNP,

(b) Lead azide
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Table ¢

Pre-detonation period
of pressed mercury fu-
Iminate charge (us)

Ignition charge

Tetracene 15
DDNP 20
Mercury fulminate 17
LTNR 9
Lead azide 0
%}fﬁgattl;moyanate/ 23

Lead thiocyanate/

chlorate (bead type) 26
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Priming Characteristics of Ignition Charges

Kazumasa Okazaki

For the purpose of analysing the priming
process in electric detonator more precisely,
work was carried out with ignition charges
containing ne binder. Ignition materials used
in the experiments were tetracene, diazodin-
itrophenol (DDNP), mercury fulminate, lead
mononitroresorcinate (LMNR) and lead thio-

- cyanate/potassium chlorate (50 :50) composit-
ion. Lead trinitroresorcinate and lead azide
were also used in order to confirm the
experimental results,

In tetracene and LMNR, the reaction time
is fairly long, owing to their comparatively
slow burning properties and low combustion
temperatures, DDNP and thiocyante/chlorate
composition give moderate reaction time,
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Therefore, in the above-mentioned ignition.
system, they should be suitable for use in.
series shotfiring.

As a whole, both the reaction time and the-
lag time become longer with decrease in the-
rates of combustion pressure rise and.tempe-
rature rise in a detonator shell.

From the comparison of each reaction time-
for various priming charges and the measur-
ement of pre-detonation periods of pressed
mercury fulminate charge, it is confirmed
that the transient process from burning to-
detonation in priming charge has little influ-
ence upon the reaction time of the order of
milliseconds.

(Faculty of Engg., Univ. of Tokyo)
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