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ABSTRACT

This paper addresses Monte-Carlo simulation analyses for the stage separation of the
general launch vehicle. The stage separation event of the launch vehicle occurs during a
very short time and is related with many dynamic parameters. The stage separation is a
critical event in that the launch fails if there is a collision during the stage separation. The
stage separation analyses was conducted for the general launch vehicle to confirm the
separation without collision within the designed clearance in case of the random input
parameters. This paper presents the stochastic results of the stage separation of the launch
vehicle using the Monte-Carlo simulation.

Key Words Launch Vehicle(tAHA]), Stage Separation(™h +2]), Monte-Carlo
Simulation(ZE| 722 Al E# o] A), Clearance Analysis(+2 &4])
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Table 1. Mass, c.g., moment of inertia data

Parameter| Unit Nominal 30
M, kg 14860 +900
L g, st1 m 7.850 +0.2
Yegstl m < 0.05 +0.025
Zeg.stl m < 0.05 +0.025
L, |kg-m?| 27500 +10%
L,1 |kg-m?| 624130 +10%
L.g |kg-m?| 624130 +10%
M, kg 57440 +500
Ty st2 m 33.070 +0.2
Yeg.st2 m < 0.03 +0.03
Zeg.st2 m < 0.03 +0.03
L, |kg-m*| 42500 +10%
L, |kg - m?| 2031500 +10%
L.go |kg-m?| 2031500 +10%
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Fig. 2. Retro motor thrust angle

Table 2. Retro motor specification

Parameter Unit  |Nominal| 3o
Thrust(1 RM) kof 2500 |*£3.5%
Operation time rating S 1
Nozzle cant angle, 8, deg 15 0.5
Thrust impulse(8 RM) | kgf - s | 20000
Retro motor ignition S <01 | +002
delay

X
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Acc. Motor7.8
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Fig. 3. Ullage motor thrust angle

Table 3. Ullage motor specification

Parameter Unit  |Nominal| 3o
Thrust(1 UM) kaf 373 |+35%

Operation time rating S 45
Nozzle cant angle, 8, deg 15 0.5
Thrust impulse(8 UM), )

Fe At kof - s | 13428
Ullage motor ignition s <04 |=002
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Table 4. Stage separation sequence
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Fig. 4. Free body diagram of stage separation
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Fig. 5. Retro motor position of 1st stage

Table 5. Input parameters for Monte—-Carlo

simulation
at2folge | =2l |Nominal| 3o =%
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w, deg/s | 1.0 0.5 | Uniform
w, deg/s | -1.0 | *0.5 | Uniform
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0 deg 150 | 205
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Table 7. Monte—Carlo simulation results(1) Table 8. Monte—-Carlo simulation results(2)
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