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Flight Trajectory simulation of Low Altitude Glide Maneuvering
Missile using pitchturn rate and Impact Point estimation analytics
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Abstract Ballistic missiles have an elliptical ballistic trajectory and fall at high speed, so the defence
system was able to predict the point of impact. In the paper, the trajectory of a low-altitude glide
maneuver type ballistic missile was simulated by adjusting the flight path angle using the pitch turn rate
for each flight stage and entering the desired glide altitude during fall. As a result of the analysis, the
flight time was longer as the peak altitude was lower and shorter as the peak altitude was higher, which
was judged to be because the higher the altitude, the higher the average speed. In addition, the root
mean squre error for the impact point of the simulated trajectory and the prediction result of the impact
point was obtained. As a result of the prediction, the rmse is more than tens of km, and it was found
that it is difficult to predict the point of impact when the missile is in the glide section. The results of
this study are expected to be used for threat assessment of ballistic missiles of various trajectories, and

for judging and selecting the possibility of engagement of response systems in the future.
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Fig. 1. Ballistic Missile Flight trajectory

Fig. 12 ShEviAdle] EEA A2 Uehith Fig
1014 A1 Qeo] AL A3 THES ARA F
ol MR Bt HaolU] 2AL UEIHE A

SHIES Uehie, 224 AN 27 Feade

WA $HEAS BN BAE A Cut
Off AR AGIAEE HlWsH: 4R Shet
o] £¥ HPAEES Yehirhe], YetHos S
2 27] FAVYets ASDAGIA R0 WS

olft t7INTS HaskstrA Haol oAz Ush
£ SES 92 4 o] vRolth. SAuAE gEn
g MAMLSE sk ARAe SAToRA A

A SEARE AT & YES A,

2.2 HXAlEe 0|

=RolAe HAATEE sk o dut ®
TuAdT Aae 3758 gERAY A8 AlE
glo]d stiet, Yut SErAd-2 APAY 500km TE
o AFAQ] ZAofLA] H&(Minimum Energy Trajectory)
< AR stgoH, AIE EF7|EH BERAES
A3 1%E 30 /40 /50 km, AFAZ 600kmE HIHAIY
o & AlEgo]dst3rh

=]

2.2.1 Et=OARY

0z

2SYYA

SojAldo] AAS AlEFoldsty] Sl dubA o
2 ol8u: HEuAY] SR FUEHS 3
Fotgon], groAd 5 HAL. Eq. (1) ~ Eq
(73} 2ol AXFSIAT7,8].

ro =u,, r.y =, 7.'1 =, (1)

C Uy Uy

e \/vf.-l—vz-‘rvz_ \/vi-i-vy-ﬁ-v

716

T
*acil%—?wv +w'r, 2
\/U +U +v2
. Yy Yy
v, =y -
Y \/v§+v3+v \/Ui+v§+v
T
- Y
ag— et 2wy, t W (3)
Vo, T v, + v
v, v,
v,=ap
\/v§+vl/+v \/vi+vl/+v
v,
S 4
\/v,z, + 1)2 + vi
90[ m
ar m(f) (5)
S, (h)o? ©
0T Tam (1)
ag = % @)
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denotes distance component, velocity component,
angular velocity, thrust acceleration, drag acceleration,
gravity acceleration, gravity, specific impulse,
drag coefficient, missile cross-sectional area,

atmospheric density, and gravity parameters.
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Table 1. Glide Maneuvering Missile trajectory
calculation input parameter

Max' Altitude(km) 0 | 4 | s
Payload mass(kg) 950
Propellent mass(kg) 7000
Structural mass(kg) 1200
Trust 180000
L, 215
Burnout Time(sec) 70
Pitchturn Angle(degree) 33.2 ‘ 30.5 ‘ 28.5
Pitchturn Time(sec) 14
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Flight trajectory design concept
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Table 2. Lift-Drag ratio according to angle of attack

Missile Condition
(Body-Fin / Mach 2.3 / Ref area 11.045 in"2)

Angle of attack CL CD L/D

0.00 0.000 0.465 0.000

4.00 1.124 0.544 2.068
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Fig. 5. Transition to Glide Phase trajectory
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Table 3. Trajectory Simulation process of Low
altitude maneuvering Ballastic Missile

Input :

- Parameters : Payload mass, Propellent mass, Structural
mass, Trust, BurnTime, Isp, Pitchtur Angle, Diameter, Drag
Coefficient

- Class @ Pitchturn Angle to Time Change

- Parameters unity : Change Pitchturn Angle & Turn Rate to
Altitude & Time Sequence

Calculation by Stage :

- Entire Trajectory Calculation Using State Variable(Position,
Velocity, Accerelation) model

- Climb& Boost Phase
Calculate EI/Az Angle and change rate

- Free Fall & Re-entry Phase
Calculate Flight Path Angle and change rate

- Glide Phase
Maintain Altitude using PID cotrol

- Final Phase
Calculate Dive Angle to Target & change rate

Qutput :
F' o P, by Phase

- Trajectory using
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