THEORY OF DESIGN OF THE ELECTRIC DETONATOR
AND THE CONDENSER DISCHARGE EXPLODER

Shiré Kinoshita*

(1) Design of the Electric Detonator

The purpose of this study is to establish
the fundamental formulas necessary for the
design of electric detonator, condenser dis-
charge exploder and electric blasting.

(1.1) The relations between the number
of electric detonators and the firing current.

Elwyn Jones"® has found that the energy
(E) required to fire a low-tension electric
detonator is as follows:

where ¢ is the excitation time, A and B
being constants. And he has found also that
there is the following relation between the
excitation time (¢) and the standard deviation
thereof (o.).

Y . (2)
And he has found on the basis of the theory
of probability that the critical firing current
necessary for the excitation of a series of n
detonators increases as the number of the
detonators increases.

But he has not established the relation
between the critical energy equation E=A
+ Bt and the critical firing current of a series
of the detonators. Therefore when we want
to design electric detonators of better chara-
cters, that is, the one for single firing, series
firing or safe from stray current and so on,
we cannot determine which factors of the
electric detonator should be controlled. The
present paper_is an attempt to find these
relations.
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The relation between the reaction time (7)
and the excitation current (i) is t=f(7) and
the large the excitation current, the smaller
7, but ¢ may be considered constant when
the excitation current is below about 2
ampere.

The distribution of the excitation time is
normal. When we denote the range of exci-
tation times of n detonators by R. the critical
condition of the series firing can be expres-
sed as follows.

Fig. 1

As shown in Fig. 1 when the reaction
time t is shorter than the range of the
excitation time (B in the Fig. 1), the serial
firing without misfired detonators cannot be
expected.

From equation (1) and (2)

fir== B4 B-rrerrecirnniciiniaiinonnn. (4)
e
where
B=Aa
r, B, B are constant for a given lot of
detonators

from equation (4)

e JEY .1..
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where
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The relation between 10, the mean of the
range of a set of # samples divided by the
standard deviation (Rf¢), and »n has been
tabulated by E. S. Pearson®. In the present
paper the relation between w and » has been
expressed in a form of an approximate

equation as follows;

log w=0.49040.7log (log n)----:- (8)
or

w=3.001(Clog 7)%7 «ereeereceeres (9)
Table 1 shows the values obtained from
the statistical table® and from equation (9).

From equation (9) and (5)
#=3.091Clog #n)°7 & F 3 coreereenens (10)

From equation (10), (6),(7)

Table 1
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#=3.091Clog n)* Aa/rc+ B/r--«-- 1D

The equation (11) shows the relation
between the excitation current (/) and the
number of detonators (n) in a series which
can be fired simultaneously without misfired
detonators.

As the quantities A, a,7, 7, B can be obt-
ained by measurement the value of # can be
found from equation (11).

(1.2) The maximum firing number of the
detonators in a series

The relations among the potential of the
electric source (V), the firing current (¢),
the number of the detonators(n)in a series,
the bridge wire resist ance of one of the elect-
ric detonator(r)can be expressed as follows:
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Table 2
’ No. of I Mean |Mean Firing Current
Sample/detonatorsdetonator,
|in Series IYESIStanceObserved Calculated
2 1.2 0.45 0.46
4 - 0.56
5 0.60 0,60
No. 1 10 0.60 0.66
20 0.85 0.72
50 - 0.78
100 - 0.82
2 0.7 0.65 0.67
5 0.70 0.86
. 10 0.80 0.96
No. 2| o 1.10 1.04
50 - 1,12
100 - 1.17
2 1.4 0,54 |0.53| 0,52
5 0.67 0.70! 0.68
No. 3 10 0.81 0,77, 0,76
. 20 0,82 0.83! 0.81
80 0.88 0.90 0,90
100 0.93 0,951 0.95

* These values arc obtained from Jones’ equation,

Equation (11) and (12) give:—
A2 L 3091 + B}

-
3

Vi=r{n*(log n)*’

When the quantities V,r,4,7,B and «a
are obtained by experiments the value # can
be obtained from equation (13).

This is the fundamental equation for the
design of the electric detonator and the exp-
loder, and it enables us to design them the-
oretically.

As an example, if we intend to
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the firing number of the detonators in a
series for given voltage (V), we should
reduce the values of 4,a,B and r, and
increase that of .

The quantities A, B,a,t and r are descr-
ibed by the following relations®),

A=C(T-T,)

C=ladk
B=H+Jl
—tda J;,T° + U= T°)2d""’ !
0 22
2.3 log d,
r=p—

where
! :length of bridgewire
a : cross-sectional area of bridgewire
d . density of bridgewire
k : specific heat of bridgewire
2, : heat conductivity of bridgewire
T . ignition temp. of match head
T, : room temp.
I : a part of bridgewire where heat
loss occurs at the both ends
A, : heat conductivity of match head
d, : diameter of bridgewire
d, : diameter of match head
p : specific resistance of bridgewire
In terms of these variables the formula (13)
can be expressed as follows;

=p — n'(T—T) {(log nyer —— Iakda
x3.091 +44, -1, 2aldy } - (1)
23103d
H

This formula shows that to increase the
serial firing number (n), the values of 7,
a,l, 4, should be decreased and that of r
increased. In this equation the values p,aq,
d,k and 4 of the bridgewire and the diam-
eter of the match head are constant.

(1.3) Single shot firing of an electric deto-
nator,

When we design the electric detonator, the
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character of the serial firing and that of a
single shot should be considered discrimati-
ngly.

The ignition energy for a detonator may
be represented by E=A+Bt.

The energy which is supplied by the cur-
rent { to the bridgewire during time ¢ is
i*rt, where r is the resistance of the bridge-
wire.

(1) <*rt
E= A+ Bt
(11) <%t
- t
Plg. 3

As shown in Fig. 3, the ignition of an
electric detonator occurs when the cuave #*r¢
intersects the curve E=A+Bt. (curve 1)
When the curve ##r¢ and the curve E=A
+ Bt do not intersect (curve ]I ), the ignition
of an electric detonator does not occur. So
the following relation is needed for the ign-

ition to occur.

#r>B
where
L
B=H+J!
That is
H
> “ reesemcurienns (15)
f==J
a

To ignite an electric blasting cap by the
current /, the bridgewire should be longer

than the value

iz.ﬂ_J
a
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(2) Design of the condenser discharge
exploder

.In the design of a condenser type exploder,
the characteris-tics of the electric detonators
exploded by it should be taken into consid-
eration.

The capacity of a condenser type exploder
is determined by the microfarad of its con-
denser and the charged electric voltage. There
is a relation between these two characterist-
ics. For instance, if we fix the microfarad of
a condenser, the charged electric voltage is
determined. But from the point of view of
safety against the ignition of methane-air
mixture, the microfarad and the charged
electric voltage of a condenser have their
allowable limits.

(2.1) Fundamental formula for designing a
condenser type exploder.

The total discharge energy of a condenser
is

Cve’

4 2
[ 7 Rar= O A=) 16)
[]

where
C : capacity of condenser in microfarad
V., : charged electric voltage in volt
t :time in second
R : resistance of circuit in ohm
As has been shown in the equation (11)
the relation between the series firing number
of the electric blasting caps (#) and their
firing current (i) is

r=3.091Clog n)* ﬁ;‘l Y : R (11)

Therefore the total energy necessary to
ignite # pieces of electric detonators is

ni'rz={3.091 Clog n)* AT“ +B }nt

............................... vennrenennn(17)

The energy which is consumed in the
leading wires and in the leg wires is

30 (108)

Ccv,?
2

(1_6—;% ) Re ... (18)

Eyp= R

where
R : total resistance of the firing circuit
Ry :sum of resistance of the leading
wires and leg wires
Combining to equations (16), (17), with
(18) we can obtain the fundamental equation

for the condenser discharge exploder, thatis

2

Ax | plues CV
T J 2

Ccv,?
2

{3.091 (log n)°?

2t
(1—¢"Rc)

2%
1=k =

(2.2) An example of calculation
In the calculation we use the electric det-
onator which has the following characteristics.
A=0.0029 joule
a=0.075
7 =0.0016 second
B=0.09 joulefsec

In this example we want to design a 50
shots condenser discharge exploder. Taking
into consideration the safety factor 2 we
design in practice a 100 shots exploder in
this case. The firing current necessary to fire
100 detonators in a series is 0.82 ampere and
excitation time t is 0.0045 second. The sum
of the resistance of the leading wires and
leg wires (Rw) is 341 ohms and the total
resistance of the firing circuit (R) is 160
ohms. When the value of C is 200 microfa-
rad. the equation (19) gives V,=131 volts
(type 1) and when C is 20 microfarad V,=
216 volts (type 2).

These two types exploder may be used for
firing 100 shots, but from the standpoint of
ensuring the sofety against the methane air
ignition, the type 1 (200 microfarad with
134 volts) seems not to be adequate.

(2.3) Safety against methane-air ignition

Table 3 and Fig. 4 show the energy
discharged from the two types of exploders.
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Table 3 Exploder

2004F with 134V “ 20pF with 216V
time Da o Dn
A | B | _a_Bi, L B | @& ] =B—(E)n

ms i Joule | Joule Joule Joule Joule 1 Joule
2 0.236 0.050 0.186 0.353 0.075 0.278
0.44! 0.094 0.347 ! 0439 | 0.093 0.346
. 0777 1 0.165 0.612 0.465 0.099 0.366
20 Y 1,360 | 0.289 1.071 0.467 0099 | 0.368
9 16 | 0359 1,331 0.467 0.099 0,368

A : The total energy.discharged from the condenser with the capacity 2C0uF and
the potential 134 volts. (equation (16))
(Ew)a and (Ew)a: The energy which is consumed in the leading wires and in the leg wires (equa-

tion (18))

Ds=A—(Ew)a: The energy feeded to the 100 fuse-heads by the condenser with the capacity 200

#F and the potential 134 volts,

B : The total energy discharged from the condenser with the capacity 20pF and the

potential 216 vols.

Dp=B—(Ew)n: The energy feeded to the 100 fuse-heads by the condenser with the capacity 20uF

and the potential 216 volts,

2.0

t g
Pig. 4

In Fig. 4 the curve A shows the energy
discharged from a condenser with the capa-
city 200uF and the potential 134 volts, and
the curve B is for a condenser with the
capacity of 20¢F and the potential 216 volts.
The curve C shows the energy needed to fire
100 fuse-heads. The curve D, shows the
energy feeded to the 100 fuse-heads by the
condensers A, where the value of D, is the

difference between those of A and (Ew)..
(Ew)a is the value of the energy which is

consumed in the leading wires and in the
leg wires. The curve Dp shows the energy
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feeded to the 100 fuseheads by the condenser
B, where the value of Dg is the difference
between those of B and (Ew)s. (Ew)n is
the value of the energy which is consumed
in the leading wires and in the leg wires.
E,4 and Er show the energy which remain
in the condenser after 100" shots firing has
taken place.

The superiority of the condenser-discharge
exploder of this type is determined not only
by its firing capacity but also by the degree
of its safety against methane-air ignition,
that is, the greater the energy that remains
in the condenser after the firing has taken
place, the lower is the safety. In this example
the 20pF, 216 volts condenser is safer than
that of 200uF 134 volts. In general, it may
be said that the smaller the microfarad of
the condenser is, the safer is the exploder

against methane-air ignition.
( 3) Firing electrieally

Parallel series circuits fired by a condenser
discharge exploder.

_Example of calculation: —

The electric detonator which has the foll-
owing characteristics is used.

(109) 3t




Corr)

WY LT

I'abic 4

g,‘} exploder
method of connection —~ gg N
5 A S o Bl 200peF with 134V 20pF with 216V
= ~ bt~ 3
PEL 2" = §'§ * | 2 8
g2 5. B2 b : “ 2 &
g82% | Ta | 33 . 2. o5 8s Bog
3 d= g D= &, ] gk, g
N oeef | E5 | 8w 5% S5 523 S5 523
— T — L3 v —_— ] —
2885 BT 508 5 CiCh E o S8 2 EQ
E T 3 50 . 258 23S 255 eg=
pos 100 A ms Joule 441500 Joule Joule Joule Joule
. 0.82 4.5 0.330 = 154 0.456 150 120 0.442 150 120
r . . - . . 0,486 X —x d —_—
Ny=100 series 156X 154 X 150 0% e ¥ 150
=0,355 —0,344
1 37.5 37.5 ' Y
50 4] = 1,260 % m x -75—' 0.167 % %Z—gx 3:.,5
EOR.-SN —-— - » [+
N,z Na=250 sers 0.78 5 0.335 75 1,260 1.2x50 0.467 1.2X50
e =4-432.5 75 75 X2
paralle =41,5 =0,911 =0,337
I 6 [ 6
N 2(.1 4 5 l.790xwx~éb— 0.467)(-8"—0'
l"'N - series nn 10 3
N s 0.72 5.7 0.340 40 1.790 1.2% 20 0,167 1,220
w2 Np=20 =416 30 v
3 30
parallel =10 =:0,859 =0,224%
1 0,24 0,24
4 44 55" 1,800% ——x—— 0,467x%x%
N, e Nyesooe serics 25 424" 6 24" 6
25 0,56 10 0,380 6 1.800 LE- R B 0,467 l2x4
122 Npg ez g el «=4-+0,24 6 x2 ® 6 %25
parale =d4,24 =0,81* =0,023%
| 0.06 0,06 0,06 0,06
2 4o 1.800% —x—— 04678 ——x——
Ny= Nz oer series 50 406" 3 4067 3
, 0.46 17 0.440 3 1,800 1.2 x 2 0.467 1.2x 2
e Ngg=:2 S0 =4-1-0.06 x~—3—x50 X_wa
parallel =406 =0,040* =:0,010*

* indicates the case of the misfire due 10 smaller energy supply



E=0.0029-+0.90 t

resistance of a bridge wire: 1.2 ohms
resistance of leg wires: 0.3 ohms
resistance of leading wires to a power
source: 4 ohms

>0

0.5

firing current

10 20 m8
excitation time
Pilg. 6

Fig. 5 shows the relation between the firing
current and the excitation time.

Two kinds of condenser discharge exploder
are discussed. and one is a 200pF, 134V
condenser, and the other is a 20uF, 216V
condenser.

In the following calculation 100 electric
detonators are to be fired in several parallel
series circuits, where N, + N, 4N 4= +Ny

=100 and N,=N,=N,=:----- =Nnq.

The result of the calculation is shown in
Table 4.

Table 4 shows that when we explode 100
electric detonators by a 20pF 216V exploder,
there is no misfire only in the cases of the
100 series circuit and the 50 series of the
2 parallels circuit. But when we use the
200pF 134V exploder, the 50 series of the 2
parallels or the 20 series of the 5 parallels
are superior to the other circuits. The energy
supplied to the 100 fuse-heads by these circ-
uits are several times larger than the energy
needed to fire 100 detonators, so these series
parallels circuits minimize the possibility of
misfires due to the current leakage.
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