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Estimation of Safety Area for Intercept Debris by Using Modeling
and Simulation

Sungkyun Lee' - Jinyong Go - Yongsu Han - Changhwan Kim

The ballistic missile threat continues to increase with the proliferation of missile technology. In response to
this threat, many kinds of interceptors have been emphasized over the years. For development of interceptor,
systematic flight tests are essential. Flight tests provide valuable data that can be used to verify performance and
confirm the technological progress of ballistic missile defense system including interceptor. However, during
flight tests, civilians near the test region could be risk due to a lot of intercept debris. For this reason, reliable
estimate of safety area for the flight tests should be preceded. In this study, prediction of safety area is performed
through modeling and simulation. Firstly, behaviors of ballistic missile and interceptor are simulated for those
entire phase including interception to obtain the relative intercept velocity and the relative impact angle. By using
obtained data of kinetic energy, the fragment ejection velocity is calculated and fragment trajectories are simulated
by considering drag, gravity and wind effects. Based on the debris field formation and hazard evaluation of
debris, final safety area is calculated.
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Fig. 1. Flow diagram of simulation
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Table 2. Velocity and relative impact angle at interception

Max. range | Length | Diameter Mass Mass Absolute velocity i i
: Relative impact angle
k] | m] | [ml | [ke | ratio Ballistic Missile | Interceptor e
180 4 0.6 1500 5 [kmy/s] (Mach) | [km/s] (Mach)
1.89 (M5.56) | 2.04 (M6.00) 178.0

[
A
o

Sound speed [m/s]
w
S

300
280
0 5 10 15 20
Altitude [km]
a) Sound speed
15
—
£
D
=
=
B
o
[
o

(0] 5 10 15 20
Altitude [km]

b) atmospheric density

Fig. 2. Variation of Sound speed and atmospheric density
with respect to altitude
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Table 3. Energy levels associated with personnel injury from
fragments

Injury Level Energy (Nm)
Threshold 14.91
90% Injury (10% Fatal) 54.23
50% Injury (50% Fatal) 78.64
10% Injury (90% Fatal) 115.24

Table 4. Injury characteristics for some common objects

. Kinetic | Probability
Mass | Velocity | Area By || o S

Object
(gm) | (m/s) | (cmd) (Nm) | Penetration

Golf Ball | 46 3231 | 1491 | 2440 0.011

Bullet 3 100.28 | 54.23 14.91 1.000

Penny 3 94.18 78.64 13.29 1.000

Nut & 14 2835 | 11524 5.56 0.018
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Table 5. Safety area for fragment (1-Run)
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Table 6. Range of Variable for Monte-Carlo simulation
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Table 7. Safety area for the intercept fragments

Strewn Debris A
Field Area (Constant for calc. of ejecta velocity)

(k) 0.1 0.175 0.25
0.5 265 322 392

mass
10 gm Cp | 1.0 141 169 204
1.5 92 110 132
0.5 209 248 312

mass
20 gm Co | 10 116 138 162
1.5 79 93 109
0.5 162 190 226

mass
40 gm Co | 10 94 110 130
1.5 66 77 90

3
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Fig. 10. Footprint of fragment (MonteCalro-Run)
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