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Abstract. The fragment safety distance is an important requirement for test and evaluation of the
munition stores in the field trials. It determines the area to be cleared or evacuated before conduct of
any trial activity. In this paper, theoretical and experimental work is carried out for establishing the
explosive parameters and its interaction with the metallic casing. High explosives are used for
controlled fragmentation to generate specific–size-and-weight fragments with lower velocity.
Empirical relationship based on high strain rate and Gurney energy criteria were applied and
optimized. Two prototypes having two different type explosive filling were fabricated to generate
the fragment data. This enables to determine the safety distance useful for conducting trials in small
ranges with required safety. The experimental data reveals that 90% fragments of a definite shape
and size have been generated. The recorded fragment velocity was of the order of 250 to 400 m/s.
Based on these data, safety distance was calculated and found to be about 400 m. Experimentally,
fragments were recovered and found up to 130m from the point of burst.
1. Introduction
The objective of reducing fragment safety distance is to use the smaller ranges for trial and
performance evaluation of fragmenting munitions. Fragment safety distance is a function of
fragment mass, fragment velocity and fragments’ aerodynamic behavior. If we can lower the
fragment velocity and control fragment shape and size, then it is possible to reduce the fragment
safety distance significantly. To do this, attempts are made to replace high explosive by high
explosives for lower fragment velocity and controlled fragmentation technique [1-2] for definite
shape fragment with known ballistic behaviors.
2. Theoretical Work
2.1. Particle Velocity and Maximum Pressure of the Shock Wave
The reduced pressure of the explosive filling inside the steel cylindrical warhead is calculated using
Hugoniot values of various explosives, paraffin/High Energy Substitute (HES) and steel materials.
The values [3] are given in Figure 1. The following equations are used for particle velocity and
maximum pressure acting on the steel casing.
PCJ = ρ0u JC D

---(1)

P = ρ 0C0u + ρ 0 su 2

---(2)

(

)

2
P = (2.412PCJ ) − (1.7315 PCJ / uCJ )u + 0.3195 PCJ / uCJ
u2

---(3)

Where D=detonation velocity, Pcj= CJ Pressure, u = particle velocity, P=pressure
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The equations 1- 3 are solved for particle velocity u and maximum pressure P of the shockwave.
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Figure 1 Pressure Calculation
2.2. Modified Gurney Formula for Initial Fragment Velocity
The initial fragment velocity is calculated using the Gurney equation [4]. But the Modified Gurney
equation is also used to accommodate the ratio of warhead length to its internal diameter. The initial
velocity of fragments resulting from a high-order detonation of a cylindrical warhead expressed as
V0 = √2E�

C/M

---(4)

0.5C
0.5Di
�(1+ L )
M

�1+

Where
Vo = Initial velocity of fragments (m/s), √ (2E) = Gurney Constant (m/s)
C= Charge mass (g), M=casing mass (g), L=warhead length (mm), Di=internal diameter (mm)
2.3. Fragment Trajectory
The point mass trajectory model is used to compute the trajectory of a fragment with constant mass
[5-6]. The fragment in air experiences the aerodynamic drag force and gravity. The motion of the
fragment is described by the following differential equations:
𝜌𝐴𝑝 𝐶𝑑
𝑉𝑥̇ = −
𝑉𝑉𝑥
2𝑚
𝜌𝐴𝑝 𝐶𝑑
𝑉𝑦̇ = −
𝑉𝑉𝑦 − 𝑔
2𝑚
𝜌𝐴 𝐶
𝑉𝑧̇ = − 𝑝 𝑑 𝑉𝑉𝑧
2𝑚

---(5)

Where
m=fragment mass(g), V=magnitude of velocity vector(m/s),Vx,VyVz=components of velocity of
fragments,g=gravitational acceleration(m/s2), ρ=air density(g/cc), Cd=drag coefficient of
fragment,Ap=presented area of fragment(mm2).
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3. Experimental Work
Based on the theoratical calculations, two prototypes of 3 kg class controlled fragmentation
warhead having two different type explosive filling were fabricated to generate the fragment data.
Both prototypes were subject to static trial under similar conditions. Velocity measurement system
was used to record the fragment velocity and strawboards for fragment recovery. The survey
method was used to trace the fragments up to 250m distance from the point of burst. The trial setup
is shown in Figure 2.
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Figure 2 Trial Setup
4. Result & Analysis
Based on pressure and initial velocity of fragments, different ratios of diameters of high explosive
substitute to that of high explosive were calculated.
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Figure 3. Fragment Velocity vs Filling Pattern

In Figure 3.The Curves are plotted using reduced pressure for different combinations of ratios of
three explosive with HES paraffin. The curve of Fragment velocity vs different ratios of three
explosive to HES are used to compute the optimum ratios for lower the fragment velocity. As an
example, the composition(TNT:HES) gives the fragment velocity up to 600 m/s.
Based on these calculations, prototypes was fabricated and tested. Experimentally generated
fragments are shown in Figure 4.

Figure 4. 3-kg class Prototype Warhead and Fragments
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Using the fragment trajectory equations, fragments with highest velocity and diferent orientations
were used to compute the fragment safety distances. The computed safety distance is about 400 m.
The survey method was used to find the trace of fragments on the ground. Experimentally, it was
observed that the fragments travelled up to 130m.
Conclusions
Two prototypes having two different type explosive filling were fabricated to generate the fragment
data. This enables to determine the safety distance useful for conducting trials in small ranges with
required safety. The experimental data reveals that 90% fragments of a definite shape and size have
been generated. The fragment velocity is recorded in the order 250 to 400 m/s. Based on these data,
safety distance was computed. The calculation shows that maximum safety distance is about 400 m.
The experimetal observation shows that fragments travelled upto 130m.
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