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 The purpose of this article is implementation of upper stage design according to multistep sequential 
optimization design process for specific maneuvers with less mass in reality. In this method there are 
two optimization and design loops which are connected to each other in mass analysis. So all the output 
parameters in inner loop are used as input parameters of outer loop. In the inner loop, optimization 
control algorithm is used to optimize the target function, as for two control factors including thrust 
vector angle and thrust magnitude for putting upper stage into final orbit. In outer loop, subdivision is 
designed separately according to design matrix using input parameters from the inner loop. Design 
convergence is checked in mass analysis. Innovation of this article is the implementation of a fully 
systematic upper stages design. Also, a system-based method is provided by cooperation of human and 
machine (multistep collaborative design) which, in addition to system design, discussed subsystem 
design such as orbital optimization and subdivision algorithms. Results of this design are verified 
according to the result of statistical analysis. 
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Fig. 1 Statistical processing fuel mass to total mass 

  1   

 

 .
)  

 .
  

 .
 

– 
  

– 
   

 
  

300 
 .10000 

 .
   

 . 
 .

 
   

 

 . 
 . 

 .

 .

  
  

3 -  )  

[10] .
  

1 )MSO  ([11] 
  .2 

  

1 Multistep Sequential Optimization (MSO) 

(ton)

(t
on

)



    

              

1395165  103  

   .
)  

 ( .

  .

 ( ) 
- 

  .

 
   

  
 ) 2.(  
 

) 5.( 
 

.( )  
 ) 6.( 
 ) 7  11.( 
 -

 
  

  

 .2 5 
6 

4  -

  
  

–  
–  
–  
–  
–  
– 

 
–  
–  

  
  

–   
 

 
–  

  
–   
– 

 
–  
– 

 

4 -   
-1-4 

 
)  (

 .

 .

 .
[13,12] 

[16-14]  

0.9   
  

Fig.2 Multistep Sequential Optimization process 
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(1) = 2.499 + 11.57 
(2) = 0.026 + 0.799 + 2.546 
(3) = 0.066 + 3.439 + 3.004 
(4) = 0.91 .  
(5) = 3.267 – 0.559 + 0.273 
(6) = 2880 .  
(7) = 3.668 20.21 + 107.7 
(8) = 0.525 0.937 + 14.45 

(9) = 4422 ( = ) 0.497 

(10) = 109.5 .  
(11) = 0.323 7.997 + 116.6 
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Fig.3 Spacecraft under gravity [17] 
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Fig. 4 The optimal orbital transfer 
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Fig.5 Optimization algorithm for transmission (inner ring) 
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Fig.7Algorithm of Propulsion design process  
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Fig.8 Algorithm of feeding system design process  
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Fig.9 Algorithm of tanks design process  
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Fig. 10 Algorithm of Structural Crust design process  
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Fig. 11 Structural reinforcement design process algorithm  

 11  

1Steepest Descent 

(25) = + + + +  
(26) = + 2 × ( + + ) 



    

              

  

108  1395165  

 ( )  
300 

 .X   ( )
Y   12

13   
-17.196 

 27.2  .
56 

1.51   15.34  
  .

X   ( )Y 
14  15 

 
172.8 

188.31  .  
  

  
Fig. 12 Flight path in the first phase of transition 
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Fig. 13 Energy changes in the first phase of transition 
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Fig. 14 Flight path in the second phase of transition 
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Fig. 15 Changes in velocity in the second phase of transition 
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 1   
Table 1 Problem Inputs 

  
  

 

T(kN) Mpay(ton) D(m) Isp( ) - 

45 4.94 3 300 1 

50 5.85 3 300 2 

60 7.68 3 300 3 

 2 )   
Table 2 Problem Outputs (Statistical Design) 

 
 

  
 

 
 

 
 

 
 

Mp(ton) M0(ton) µf µp  n( ) - 

19.65 26.78 0.266 0.18 0.10 1.68 1 

22.36 30.47 0.266 0.19 0.09 1.64 2 

28.17 38.39 0.266 0.20 0.08 1.56 3 

 3 )   
Table 3 Problem Outputs (Design Optimization) 

 
  

 
 

 
 

 
 

 
 

 
 

19.99 28 0.266 0.176 0.109 1.61 1 

22.87 32 0.265 0.183 0.102 1.56 2 

28.44 40 0.266 0.192 0.092 1.5 3 

 4 )   
Table 4 Problem Outputs (Classic design) 

 
 

  
 

 
 

 
 

 
 

 
 

22.22 30.28 0.266 0.163 0.123 1.49 1 

26.073 35.52 0.266 0.164 0.121 1.41 2 

33.85 46.137 0.265 0.166 0.119 1.30 3 

 5     
Table 5 Design optimization error vs data processing 

   
 

 

1.70% 4.55% 4.55% 1 
2.26% 4.93% 5.01% 2 
0.96% 4.15% 4.20% 3 
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Table 6 Design classic error vs data processing 

   
 
 

13.05% 13.08% 13.06% 1 

16.59% 16.59% 16.56% 2 

20.16% 20.11% 20.19% 3 
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