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Optimal Mission Design of the Supersonic Air-launching Rocket
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Abstract :

Design and optimization study has been performed to obtain a supersonic air-launching mission for

the nanosat launcher. Given mission is to launch 10kg payload to target orbit of 700km x 700km. Additional
design constraints are imposed by the mother plane. After the required velocity is obtained, the staging
optimization is carried out. Serial analyses for the propulsion system and aerodynamics are performed then, the
rocket trajectory optimization has been carried out. After several mission design and optimization iterations, the
optimized mission which satisfies the mission target is obtained. Total weight of the three-staged air-launching

rocket is 1231.4kg and the payload weight is 10 kg.
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Nomenclature
M : mass, kg
a : angle of attack, °

Subscipts

LG : gravity loss
LD : drag loss
LT : thrust loss
P : perigee
GE
Ini : initial

: earth revolution gain

Req : required
Pl : payload
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Fig. 4 Mission Profile Optimization
Process
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- H X700 % 700 km FHA =

- XA (Mother Plane) : F-4E Phantom II

- Launch Altitude : 12,000 m

- Launch Velocity : M=1.5

- Propulsion System

*1st Stage:Hybrid Rocket Engine(HTPB+LOX)

*2nd & 3rd Stage:Solid Rocket Moter(HTPB/
AP/AlD)
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Table 4. Staging Results
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Table 3. Input, Output Variables
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Table 8. Aerodynamics Analysis Results

Z9 A5 | A AT
1 0.119 0.132
2 0.117 0.135
3 0.158 0.138
4 0.214 0.145
g 0.276 0.165
6 0.288 0.117
7 0.266 0.103
8 0.253 0.082
9 0.236 0.070
10 0.223 0.062
11 0.212 0.059
12 0.206 0.056
13 0.200 0.054
14 0.196 0.053
15 0.193 0.050
16 0.190 0.049
17 0.188 0.049
18 0.186 0.048
19 0.184 0.048
20 0.183 0.048
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Objective function

- 94 S 2 A

Constraint

- A= A 2= =700km

- A= 2 2 = 7504.3m/sec
-AZ ) A 8 BEZ=0

Design variables
- Angle of attack : -20°< a <20°
- 0< Mp <20kg
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Fig.9 Optimal Mission Profile
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