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ABSTRACT

In order to establish an effective engagement plan of the missile defense system, both spatial and temporal
performance analysis of the intercept system should be performed. However, research on existing missile defense
systems has been mainly focused on spatial performance. In this study, time performance factors are defined
through the composition and operational concept of missile defense system, and the target ballistic missile
interception process is presented as integrated timeline through ballistic missile model and radar model. We also
proposed an algorithm for deriving time performance. Simulation results confirm that the time performance factors

can be used in the engagement planning for multi-engagement through the example of engagement planning.
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Fig. 1. Missile defense network flow
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Table 1. Time performance factor
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Table 2. Input parameters for trajectory calculation

Description Symbol
Warhead Mass my,
Propellant Mass mp
Ballistic Dry Mass "o
Missile Thrust T
Specification Specific Impulse L,
Drag Coefficient Cy
Drag Area A
Latitude Lat,
Launch Longitude Lon,
Condition Horizontal Launch Angle 0y
Azimuth Launch Angle 0,
Latitude Lat
Target Point Longitude Lon
Altitude Alt
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Fig. 3. Intercept sequence
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Fig. 4. Intercept sequence timeline
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Input Ballistic missile input(Table 2), Intercept system
specification and location

Process Timeline analysis

Calculate target ballistic missile trajectory
Calculate detection time of intercept system radar
Calculate time at Max./Min. intercept altitude
Calculate time at Max./Min. intercept range

if thmon <tamgn

L mngh = tamigh
else

Litigh = CRigh
end if
if 15 10w > tazow

i Low = tA.Low
else

Urtow = R Low
end if

while (¢;5,, <t;.,,) do
Calculate interceptor flight time to Max. PIP
U tigh = timgn — Atﬁlﬁyh
i 27 pon <log
Uitigh = timgn +1
else
break
end if
end while
while (¢;;,, > t[fﬁgh) do

Calculate interceptor flight time to Min. PIP

b row = trzow ~ Dtasow
if 47 0w <tpr
Utow = Uizow —1
else
break
end if
end while
Al pecision = Crtow " toR

OUtplIt tl}ﬁgh’ tI.Low’ AtFHLyh’ Atl;fl,ow’ tL.}ﬁgh’

tL.Low’ At])ecision

Fig. 6. Pseudo—code of timeline analysis algorithm
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Table 4. Target input parameters

Description Symbol | Value
Warhead Mass (kg) my, 1,000
Propellant Mass (kg) mp 13,000

Dry Mass (kg) mp 2,000
Sea Level Ty, 260
Thrust (kN)
Vacuum vae 312
Specific Impulse | Sea Level SPsa 225
(sec.) Vacuum . 255
Drag Coefficient Cy 0.2
Drag Area (m?) A 0.25
RCS (m?) o, 0.02
Launch Site - Yongjer-ri
Target Site - Seoul

Table 5= Alvg] o4 7S AL o] A Al
A LFEE AN (Al Alys At reders
At pyuneh peiay) = BT AN/SPY-1D ©] 4| o]t
E gAg Agde o] € 9 2P AEE Ak
o7 zrIARHeIt e HAANTE 50%, A 2 F
ANZRE Mz TPse] Aty 94xR 7S
q_[lii]'

Aty
ENA A&

7HA 0] WESA 28RN AL )22 73

1A eloldol ] A EAAANA ] ]
ARH AL )3 AFEAAANA 277
.

o dlole AEAL, AR, S87 2

N, & ! U 5

Z7
o
a1



227 THgEte] Aty 2 F 1052 7}%30}214.
= WAAE FYARNE dlolE] AEANS ¥
eratm, z4zh s=PI= 74gste] Aty = 1022 F
spolvh. wEpA A EAAAZTE LAAANA] F

25 = HEYIAAZHAL)S 2022 7HF38 T

oZii-

Table 5. Missile defense system network parameters

Description Symbol Value

EWR Detection Time (sec.) Atpp 94

Command and Control

Aty 2
System Network Time (sec.) N 0

Intercept System Radar

i 1 At rack. Radar 10
Tracking Time (sec.) Track. Rad

Required Time to Launch

w

A t&nmdz Delay

(sec.)
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Table 6. Intercept systems input parameters

Description Symbol| SAM1 | SAM2 | SAM3
Warhead Mass (kg) my, 0 0 0
Propellant Mass (kg) mp 650 150 200

Dry Mass (kg) mp 650 140 200
Thrust (kN) T 130 45 25
Specific Impulse I, 270 270 270
(sec.)
Drag Coefficient Cp 0.2 0.2 0.2
Drag Area (m’) A 10.0625]0.0156 | 0.0189
Max. Detection Range
R
(km) max 188 67 47
FOV (deg.) P
4
(Azimuth) Fov |35 60 >
Intercept Altitude
- 40-70 | 20-40 | 10-15
(km)
Max. Intercept Range
- 150 35 50
(km)
Launch Site - Wonju | Seoul | Seoul

SAM2 | | SAM1 |

Fig. 7. Simulation scenario
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Table 8. Engagement plan example

SAM1 SAM2 | Total

Firing Policy SL S SLS
Launch Time (sec.) 265 337 -
Intercept Time (sec.) 326 361 -

Intercept Altitude (km) 69.6 24.3 -

Firing Policy SSL - SSL
Launch Time (sec.) 265, 268 - -
Intercept Time (sec.) 326, 327 - -

Intercept Altitude (km) | 69.6, 68.4 - -

Radar Identification, r :
- d Launch Time
Tracking Start s
I:I:I:I: Intercept Time

sav 1 | [T ]
SAM 2 | AT TSI ]

1st Shoot
(265 sec.)

1st Intercept
(326 sec.)

Decision Time

(a) SLS

SAM 1

(b) SSL  gppm»

1st Shoot

(265 sec.)

2nd Shoot

(268 sec.)
1st Intercept

(326 sec.)

(327 sec.)
Fig. 9. Timeline of intercept sequence with SLS, SSL
firing policy
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