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Abstract: This paper presents experimental results for the double ended initiation of cylindrical, explosive charges. Bare cylindrical charges of
PE4 (RDX/binder 88/12 %) were used with length to diameter ratios of ratios of 1/3.7 to 5.75/1 and masses of 0.25 to 0.45 kg. Pressure
measurements were taken at distances of 1 to 3.5 m in the radial direction. It was found that it was possible to predict the peak overpressure
in the radial direction using P = K> M(L/D)*3R. M is the mass of explosive, L the length of the explosive charge, D the diameter of the
explosive charge and R the distance from the charge. For PE4, K™ = 2251 kPa.m3kg for all length to diameter ratios. The double ended
initiation gives a peak overpressure 1.6 times that for single ended initiation. The impulse for double ended initiation was found to be the same

as for single ended initiated charges.
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1 Introduction

Most data available for predicting the shock waves
from an explosion are based on spherical charges
[1,2]. However, warheads generally have a cylindrical
shape.

Cylindrical, high explosive charges produce
more complex blast fields compares to spherical
charges, especially close into the charges [3,4]. This
can result in multiple shockwaves with the peak
overpressure of secondary shock waves sometimes
exceeding that of the primary shock waves [5].

The shape of the blast wave also depends on
the position and number of points of ignition [6].
Hence to be able to predict the effects of an explosive
charge it is essential to understand the effects of the
number of ignition points on the production of
shockwaves.

This paper looks at the effect of multiple
ignition points on the shock waves produced from
cylindrical charges. New experiments were carried out
detonating cylinders and discs of high explosive. The
charges were simultaneously detonated from two
points. One detonator was placed at the centre of
each flat surface at the ends of the cylinder, as shown
in Figure 1, known as double ended initiation. The
overpressure from the curved surface is measured and
the impulse and peak overpressure compared to
literature data for a single point ignition.

1.1 Single point end initiation

Past work on the blast waves from cylindrical
charges initiated at one end indicates that the blast
wave is not the same in all directions [3-5,7-10].
Instead multiple shock waves are seen in the direction
of least presented area [3,5].

Previous work [9,11] has shown that it is
possible to predict the peak overpressure of the blast
wave from the curved surface of a cylinder at its
middle plane, Line A in Figure 1. For cylinders with a

length, L, to diameter, D ratio of greater than 2, that is
L/D > 2, it was found that the best prediction for the
peak overpressure, P, was given by [9]

P:E+£+£

Eqgn. (1
> 2T an. (1)

Here Z=R/M? is the scaled distance with R
the distance from the explosion and M the mass of
explosive. a, b and c are explosive dependent
coefficients.

Also it was found that close in, the simpler
equation

M 1
can be used, where K is an explosive dependent
coefficient [9]. The transition point was found to be at
approximately Z = 3.4 m kg [9].

The impulse can be predicted using [11]
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1=K, MR

Eqn.(3)
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M 0.5

1=K, Eqgn.(4)

where K' and K, are explosive dependent
constants and with the data available it is not possible
to determine which equation gives the best fit to the
data. For PE4 K'| = 145 kPa ms m kg?3.

ine A:
perpendicular to

midpoint of curved
surface

Ignition point for
- single ended
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Figure 1. Cylindrical explosive charge indicating
ignition points for single and double ended iniitation. D
is the diameter and L the length.

Further work resulted in a model for cylindrical
charges for all length to diameter ratios [12]. The peak
overpressure in the radial direction can be predicted by
[12]

A B  C
+

P=2t = 4
z z° 7°

Eqn. (5)

where A, B and C are explosive dependent
constants and Z"~ = R/(M 13 (L/D)),

Again, at close range it was found that a
simpler equation could be used given by

M(L/D)1/3

P =K==

1
=K 73 Eqgn. (6)

where K" is an explosive dependent constant.

For PE4, K* = 1525 kPa.m3kg-2.

The impulse was found to not depend on the
length to diameter ratio and so Eqgn. (3) or (4) can be
used for all length to diameter ratios [12].

1.2 Multiple point initiation

Though the charge geometry plays a major role in the
blast field for high explosive detonations, the initiation
point also has an influence on how shock waves are
formed and interact with each other and the
environment [6].

Computer modeling has been used to predict
the blast field from cylindrical charges initiated with

several configurations. Schraml et al [6] studied the
initiation of a cylindrical charge from both ends
simultaneously. The cylinder had a length to diameter
ratio of 1.6/1 (L/D =1.6/1). The problem was modelled
using a finite element computer code. The results
showed that there would be a peak of overpressure
along the radial line, in the mid plane of the cylinder,
line A in Figure 1. The computer model results
showed that the single ended initiation resulted in a
lower overpressure in the radial direction than the
double ended initiation [6]. From the plots given, peak
overpressure for the double ended initiation appears to
be up to 9 times that of the single ended initiation [6,
Figure 4].

A study by [13] explored the effects of the
superposition of shockwaves in water caused by the
simultaneous detonation of both ends of cylindrical
charges made of 50% TNT and 50% RDX. The results
showed that the pressure where the shock waves met
(in the centre of the radial direction of the charge, Line
A, Figure 1) was double that of the pressures outside
the area of collision, at the same distances from the
charge.

Published work on cylindrical charges in air
has either had single point initiation [3,5, 9-12] or if
double ended initiated it has been at fixed L/D ratios
[6]. The present work investigates the blast field
generated by cylindrical charges initiated
simultaneously at both ends using a wide range of L/D
ratios. The aim is to verify if double ended initiation
has a major effect on the blast field and if so to
quantify the effects.

The work consists of carrying out new
experiments to measure the pressure in the radial
direction of cylindrical charges. The charges are
initiated from both ends simultaneously. The data is
then analyzed to determine the peak overpressure and
impulse. The results are then compared to those for
single end initiation.

2 Experimental work

To measure the peak overpressure from double ended
initiation, bare cylindrical charges of PE4 (RDX/binder
88 / 12 %) were detonated and the pressure
measured. The bare PE4 charges had length to
diameter ratios of L/D = 5.75, 3.55, 1.95, 0.99, 0.55
and 0.27. The masses ranged from 0.25 to 0.45 kg.
The charges were hand filled. There were
three replications for each size. The standard deviation
for the densities for all charges was 0.007 gcm3.
Simultaneous ignition was achieved using two
strips of sheet explosive SX2 of identical lengths,
attached to both ends of the charge. The detonator
used was a Davydet No.8 strength electric detonator,
consisting of 800 mg of PETN in an aluminum alloy
shell, and it was placed at the end of the two SX2
strips that were held together. Wires placed around
the charges provided attachment to the supports
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during firing. A charge ready for the detonator to be
placed in position is shown in Figure 2.

Position of /

detonator

Figure 2. Prepared cylidnrical charge of PE4.

The pressure transducers used were Kistler
221B series Piezotron overpressure sensors. They
were placed in the radial direction, along line A in
Figure 1, at distances of 1m, 2m, 2.5 m, 3m and 3.5 m
from the explosive charges. A single gauge was
placed 1m from the charge in the axial direction. More
details on the experimental technique can be found in

[9].

3 Results

The data from the pressure transducers was analysed
to obtain the peak overpressure and impulse for the
double ended initiated firings.

The values of peak overpressure were
examined to find a relationship between peak
overpressure and the mass of the charge, the length to
diameter ratio of the charge and the distance from the
charge.
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Figure 3. Radial peak overpressure plotted against
M/R3.

First the effect of the length to diameter ratio
was neglected in trying to predict the peak
overpressure. Eqn (2) was used to see if there was a
correlation between the peak overpressure, mass and
distance. The data was plotted and a least squares fit
method used to fit a line to the data. A limited
correlation was obtained as shown in Figure 3 with a
correlation coefficent, r?, of r2 = 0.73.

The length to diameter ratio can be taken into
account by using Eqn. (6). Using this relationship
between the peak overpressure, mass, distance and
length to diameter ratio gives a strong correlation, r? =
0.95, Figure 4. The value of the coefficient K™ is K* =
2251 kPa m3kg™.
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For single ended initiation it was found that
using Egn. (6) to predict the values of the peak
overpressure, the prediction was less accurate far from
the charge. Instead it was better to use Eqn. (5) that
applied to all distances from the charge. When Eqn.
(5) was applied to double ended initiated charges, it
was found that the correlation coefficient did not
increase, but remained as r2 = 0.95 as shown in Figure
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5 This implies that Egn.(6) applies for all scaled
distances measured, Z = 1.4 to 5.5 m kg3,
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Figure 6. Peak overpressure plotted against
M(L/D)*3R-3 for cylinders, L/ID 2 1
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Figure 7. Peak overpressure plotted against
M(L/D)*3R- for discs, L/D<1.
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Figure 8. Impulse plotted against M23R1 for L/D.

The results were also split into those for
cylinders, L/D = 1, as in Figure 6, and discs, L/D < 1, in
Figure 7. A better correlation is obtained for cylinders,
L/D = 1 with r? = 0.97, than for all L/D ratios, r?> = 0.95.
For discs, L/D < 1, the correlation decreases to r? = 0.9.

The impulse was plotted using Eqn. (3). The
equation gave a correlation coefficient of r2 = 0.85,
Figure 8, with the constant K’y = 171 kPa ms m kg23.

If an equation that included the length to
diameter ratio was plotted, that is an equation of the
form | = A M?3 (L/D)" /R where n and A are constants,
no improvement in the correlation coefficient was
observed.

3 Discussion

Experiments were carried out to study the double
ended initiation of cylindrical charges of explosive.
The results in the radial direction show that the peak
overpressure depends on mass, distance and the
length to diameter ratio. The relationship is given by
Eqn. (6) namely

13
P=K‘—M(L/3D )k =
R z

where Z° = R/(M 18 (L/D)¥9). K’ is a constant
and is equal to 2251 kPa m3 kg! for PE4.

When only cylinders are considered that is for
a length to diameter ratio of greater or equal to 1, L/D
= 1, the correlation coefficient is r2 = 0.97, Figure 6.
This compares to r2 = 0.95 for all length to diameter
ratios, Figure 3. The correlation coefficient drops to r2
= 0.9 for discs when L/D < 1, Figure 7. This may be
due to the small amount of data available close into
the charge.

The relationship found for double ended
initiation for the dependency of peak overpressure on
mass, distance and the length to diameter ratio is the
same as for single ended initiation [12]. This is the
relationship given by Eqn. (6). The difference is that
for single ended initiated charges the coefficient is K™ =
1525 kPa m? kg compares to K* = 2251 kPa m? kg!
for double ended initiation. This means that for double
ended initiation the peak overpressure is 2251/1525 =
1.6 times that for single ended initiation.

To try to determine the mechanism behind the
increase in peak overpressure for double ended
initiation the scenario was modelled as two cylindrical
charges end to end, Figure 9. In this instance each
cylinder is detonated from one end and is half the size
of the double ended initiated charge. Each half
cylinder would then produce a shock wave that would
collide along line B in Figure 9.

Taking the 0.443 kg charge from this work, the
L/D ratio is 3.54, length 0.168 m and diameter 0.047 m.
Dividing the charge into two, gives two cylinders of
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mass 0.222kg,
diameter 0.047 m.

L/D = 1.77, length 0.084 m, and

90° line for
double ended
initiated charge

135° line for single
ended initiated
charge with half th
mass

90° line for single
ended initiated charge
with half the mass

Igniton @~ =—-—=—=——--—-—

pointfor 1 1 Ignition point for single
double .: ended charge with half
ended l\f_ the mass and for
initiation Al > 7 double ended initiation

/ T vy T \ Shock wave
Shock wave '
‘\Line along which shockwaves collide
Length of full < g

double ended
initiated charge

Length of single ended
cylinder with half the
mass

Figure 9. Modelling double ended initiation as two
single ended initated cylinders. a is the angle at which
the shock waves collide.

There is no data in the literature or collected
by the authors that gives the peak overpressure along
line B in Figure 9 for a single ended initiated cylinder.
However published results show that for a single end
initaion of a cylinder, the maximum peak overpressure
from a cylinder (L/D > 1) occurs in the radial direction,
along line C in Figure 9 and decreases towards the
corner [7], line A in Figure 9.

For the double ended initiation data presented
in this paper the closest gauge to the charge was at
1m. This gives an angle of incidence for collision of
the shock waves of 88° and Mach reflection occurs.
Eqn. (6) for single ended initiation gives P = 410 kPa,
using K* = 1525 kPa.m3kg™. At this incident pressure
at 88° the ratio of reflected pressure to incident
pressure is less than 1.05 [2, figure 2-193]. This would
give a reflected pressure of 430 kPa. The actual peak
overpressure at 1m for a mass of 0.443 kg for a double
ended initiatied charge is 1520 KPa using Eqgn. (6) with
K* = 2251 kPa m® kg!. This means that what is
happening cannot be explained by the collision of the
two shock waves after the shockwaves in air have
been formed.

The impulse for single and double ended
initiated charges are very similar, Figure 10. If the
data from the literature for single ended initiation [11] is
limited to the data range available for the double
ended initiated charges (M%3/R < 0.7 kg3 m ), then
the results are indistinguishable, Figure 11. For single
ended initiated charges the constant in Eqn.(3) is K| =
167 kPa ms m kg?? and for double ended initiation K|
=171 kPa ms m kg23,
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Figure 10. Impulse for double and single end initiated
charges. For single ended initiation | = 144 M23 /R,
with a correlation coefficient of r2 = 0.87, for double
ended initiation | = 171 M?3/R, r2 = 0.87. Single ended
detonation data from [11].
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Figure 11. Impulse for double and end initiated
charges, for only the data range of the double ended
initiated charges. For single ended initiation | = 167
M23 /R, with a correlation coefficient of r2 = 0.85, for
double ended initiation | = 171 M?8 /R, r2 = 0.87.
Single ended detonation data from [11].

This implies that the total impulse is unaffected
by whether the charge is detonated from one end or
both ends. Given that the total impulse in the radial
direction is unaltered and the peak overpressure alters
then it is the shape of the shock wave that is being
altered.

This means that the shock wave produced by
double ended initiation is being altered in shape by the
collision of the detonation waves inside the charge.
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4 Conclusions

New data has been presented for the double ended
initiation of cylindrical charges of explosive. The
results in this paper showed that it is possible to
predict the peak overpressure in the radial direction
using the equation

1/3
p ML/D) ("RlsD ) =K‘Zl\3

where K* = 2251 kPa m®kg?. This is the same
equation as for single ended initiation but with a
different coefficient.

The data presented in this paper showed that
the impulse in the radial direction can be predicted
using

2/3
=Kk, M

This is the same equation as for single ended
initiation and the coefficients are very similar with K =
171 kPa ms m kg3 for double ended initiation and K’
= 167 kPa ms m kg?3 for single ended initiation (data
from [11] adapted within this paper). Hence the
impulse is not altered by the change of initiation
system.

Comparing the results to single ended initiation
then the peak overpressure has a coefficient K™ that is
1.6 times that for single ended initiation. Hence the
peak overpressure is 1.6 times that for single ended
initiation. The impulse was found to be the same for
double ended initiation as for single ended initiation.
This means that when double ended initiation occurs it
is the shape of the shock wave that is being altered.

Symbols and Abbreviations

L/D Length over diameter ratio of a cylinder

PE4 Flexible explosive containing 88% RDX
SX2 Sheet explosive containing 88% RDX
RDX Cyclotrimethylenetrinitramine

R Distance from charge

M Charge mass

K, K, K, Ki, a, b, c, A, B, C are explosive dependent
constants
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