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Structural Safety Analysis of Launching System Through
Monte-Carlo Simulation

Chul-Woo Park' - Onsoo Lee - Hyo-Sub Shin - Jin-Yong Park - Dong-Ju Lee

Launching system is designed to store the payload, withstand the rigors, and prevent it from rusting and

damaging. The behavior during initial deployment of the missile is determined by production, assembly and

insertion condition of a launching tube and a missile. The purpose of this research is to confirm the safety of

a launching tube by statistically analyzing behavior of the missile, during initial deployment stage. Error

parameters which effect initial behavior of the missile are selected and analyzed through Monte-Carlo Simulation.

Based on the result of simulation, tip-off and stress distribution between rail and shoe is predicted by using the

commercial analysis program called Recurdyn. Lastly, the safety factor is calculated based on yield strength of

the material and maximum stress of the rail during the process of launching. The safety of the launching system

is verified from the result of the safety factors.

Key words : Launching system, Monte-Carlo Simulation, Multi-body Dynamics, Tip-off, Safety Factor
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Table 1. Error parameters for Monte-Carlo simulation

Error Parameter Range
Center of Gravity point +0.1cal.
MOI +10%
Horizontal +0.6872 mrad
Misalignment
Vertical +0.1718 mrad
Thrust vectoring +2.400 mrad

Containment Missile
Equipment
Left
Rail
. Right
Rail

Back Shoe

Front Shoe

Fig. 2. Schematic of launching system and missile
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Table 2. Additional parameters for simulation

Analysis Condition Parameter
Laucnh Altitude 0m
Laucnh Angle 70 °
Propellent Weight 00 kg
Time of Thrust Action 1.0 sec
i L

-2 [ 2 4 8 8 10 12 14
Time(s)

Fig 3. Thrust profile of missile
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Fig. 5. Simulation result of missile’s trajectory
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Table 3. Values of error parameters at the result of Monte-Carlo simulation

Max X-axis | Min X-axis | Max Y-axis | Min Y-axis | Max Z-axis | Min Z-axis
(1st Case) (2nd Case) (3rd Case) (4th Case) (Sth case) (6th case)
X-axis -0.0334 -0.0524 -0.0149 -0.0527 0.0228 -0.0809
CG (cal)) Y-axis -0.0240 -0.0043 0.0502 0.0151 -0.0732 -0.0022
Z-axis 0.0756 0.0012 0.0131 -0.0199 -0.0584 -0.0990
MOI (%) -1.04 -1.90 -0.57 -6.27 -3.67 3.46
Thrust vectoring Vertical 2.20 2.40 -2.40 -1.30 1.70 -2.40
(mrad) Horizontal 0.082 0.879 -1.90 2.00 -0.196 220
Misalignment Vertical -0.093 -0.146 0.030 0.087 0.110 0.070
(mrad) Horizontal 0.028 -0.313 0.590 0.645 0.251 0.275
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Table 4. Ejection time and tip-off rate of six cases

Injection Time Tip-off

(sec) (deg/s)

1 Case 0.446 4.15
2% Case 0.446 10.9
34 Case 0.446 8.80
4™ Case 0.446 9.05
5" Case 0.446 14.65
6" Case 0.446 8.80
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Fig. 9. Stress distribution at maximum stress case
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