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 The major purpose of this paper is to illustrate statistical design accuracy using trajectory simulation for 
launch vehicles design in conceptual design phase and also sensitivity analysis of velocity relative to 
effective external forces. Considering the advantages of statistical design in prevention of time and cost 
losses, system specification of sample launch vehicle is calculated based on statistical data of the 
studied population. Then, by solving the equations of motion, design parameters are calculated in such a 
way that difference of the final velocity of trajectory simulation and needed orbital speed is less than 1 
percent. Studied launch vehicles are two-stage liquid propellant vehicles, with Portability 2.5-3.5 tons 
mass to the low earth orbit. For validating, curves of speed, altitude and angle of path of launch vehicle 
are designed using statistical method, then compared with curves of Tsiklon launch vehicle, therefore 
correct operation of the mission and accuracy of the statistical design algorithm is proved. By 
comparing ideal speed and speed of simulation, speed changes of any effective force are obtained. 
Eventually, speed loss factor at each stage and sensitive percent of each stage speed relative to the force 
for both launch vehicles, statistical design and tsiklon, are analyzed. 
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Fig. 1 Block diagram of product life cycle 
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1 Launch Vehicle Conceptual Design (LVCD) 
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Fig. 2 Mass allocation of block and stage in two-stage launch vehicles 
[18] 
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Fig. 3 Required orbital velocity with consider Earth's rotation 
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Fig. 4 Reference coordinate system and the forces acting on vehicle[19] 
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Fig. 5 Statistical design algorithms of Launch Vehicles 
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Fig. 6 Trust profile of several grain configurations [21] 
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Table 1 Specification of Tsiklon-2M mission 
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) Ton( 3 

 )  
) km( 200 
) deg( 51 

 
) m( 100 

) deg( 45.6 

2  ] 22 [  
Table 2 Launch vehicles statistical population for defined mission [22] 

 )T(  
T( 

3A 173.97  3.5 
3B 169.94  3.3 
3B+ (23B) 170.44  3.35 

2M 183  2.7-3.2 

Input: Orbital 
height and 

inclination, Mpl 

Calculate: µpl, µfi, µ0i+1 
in each statistical groups and begins 

with one number from statistical 
analysis 

Calculate M0i , Formulas (4,5) 
Calculate Mfi , Formula (6) 

Calculate Mpropi , Formula (3) 
 
 

Statistical data regression on (Ti-Mpropi) and 
(Isp-Mpropi) charts and extraction relationship 

between parameters, then calculate thrust and 
specific impulse for each stage from 

propellant mass which obtained in the 
previous step 

NO 

YES 

Output: Ti, Ispi, tfi, Mpropi, M0i, select 
propellant type from exist engines  

1
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3    
Table 3 Specification of designed launch vehicle and Tsiklon-2M   

   

) Ton( 159.9 183 
) Ton( 44.7 55.576 
) ( ) kN( 2447.8 2502.2 

) ( ) kN( 2692.58 2752.4 
) ( ) kN( 616.4 941.4 
) sec( 106.5 127 
) sec( 195.5 170 

) sec( 10 10 
) Ts-1( 0.99 0.9464 
) Ts-1( 0.188 0.3022 

) ( ) sec( 250.9 269.51 
 ) ( )sec( 333.7 317.53 

  )%( 
0.241  

 ) %( 
2.2  

 

616  
941    
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Fig. 7 Variation curve of vehicle velocity along the path 

7  

  
Fig. 8 Variation curve of vehicle altitude along the path  

8  

  
Fig. 9 Variation curve of vehicle path angle 
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4   
Table 4 Final specification of stages during launch to mission orbit of 
Tsiklon-2M 

  
 I II 

 ) sec( 106.5 195.6  

) ms-1( 2366 7570  

) deg( -3.154 -4.78  

 )deg( 30.7 0  

) ms-1( 2675 5662.47  

) ms-1( 
1008.9 355.36 16.36 

) ms-1( 
83.293 0 0.999 

) ms-1( 
154.273 0 1.85 

) ms-1( 
0 78.21 0.938 

) ms-1( 1246.447 433.56 20 

5   
Table 5 Final specification of stages during flight of Tsiklon-2M 

   
I II 

) sec( 128.1466 162.3182  

) ms-1( 2480 8718  

)deg( 
-0.2882 -6.384  

)deg( 
28.05 0  

) ms-1( 2873.4 7014.5  

) ms-1( 
1008.5 296.5986 13.1987 

) ms-1( 
80.5631 0 0.8148 

) ms-1( 
142.0853 0 1.4370 

) ms-1( 
0 87.1780 0.8817 

) ms-1( 1231.1 383.7765 16.332 

) 40-37 (  14-10 
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Fig. 10 Variation curve of gravity loss 
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Fig. 11 Absolute gravity loss curve 

11   

  
Fig. 12 Variation curve of aerodynamic loss 
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Fig. 13 Variation curve of engine loss in the first stage 
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Fig. 14 Variation curve guidance and control system loss 

14  

  
Fig. 15 Compare the average effective forces, at velocity loss until the 
end of the first stage flight  

15  
 

  
Fig. 16 Compare the average effective forces, at loss velocity until the 
end of the second stage flight 

16 
 

  
Fig. 17 Compare percent average effective forces at steps velocity loss  
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