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LIST OF SYMBOLS

Ae:  Exit area
At:  Throat area
Aw:  Wall area (surface area)
c:  Effective exhaust velocity
CF
D:  Rocket diameter

F:  Thrust
f
finert

Isp

L
L/D
mcs: Motor case mass
Me

mi

minert

minsul

mpay: Payload mass
mprop

mpv: Pressure vessel mass
msk: Skirt mass
m
NDF D /Dmotor)
Pa
Pc

Pe:  Exit Pressure
tb

T/W
v:  Velocity
Vcs:  Motor case volume

cn
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Abstract: In this paper, we have used the differential evolution to optimize the design of a Micro Air Launch Vehicle and 
its launch trajectory. Since trajectory design of a launch vehicle requires prior knowledge of the masses and propulsion 
performance parameters of the Micro Air Launch Vehicle, whereas the vehicle design requires prior knowledge of the 
required velocity V  to insert the required payload into the target orbit, a two step optimization cycle was adopted. A Micro 
Air Launch Vehicle was designed to launch a 20 kg payload into a 00 km circular polar orbit. The preliminary design of 
the Micro Air Launch Vehicle was conducted given the required V, which was obtained from trajectory optimization, and 
then applied in mission analysis to obtain the initial masses. These initial masses were used in the vehicle design to get the 
performance and geometry parameters. The objective function of the Micro Air Launch Vehicle design optimization is to 
minimize the initial mass under speci ed constraints on the insertion orbit. The objective of trajectory optimization is to 
maximize the payload mass under constraints on orbit speci cations and design variables. For the 20 kg payload mass, the 
optimal initial mass is 1267.8 kg and optimal payload is 20.6 kg, which slightly exceeds the mission requirements.
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INTRODUCTION

et al., 2003, Matsuda et al., 2008).

et al et al., 2004), 

et al
et al

or the decrease of vehicle mass ratio (payload mass to total 
mass ratio) as the payload mass is decreased.

et al

et al. 

et al., 1995). Boltz (2002) has 

et al

DIFFERENTIAL EVOLUTION ALGORITHM

 

et al

 xij=xj lower limit+r(xj upper limit xj lower limit) (1)

et al.
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DESIGN PROCESS

Mission requirement:

V total =
( Vorbit + Vloss)

Payload mass

Initial mission
analysis output:

Initial mass
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design decision
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Material selection.

Mission analysis 
and design process 
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Design requirements

Mission requirements

Orbit and altitude

Payload mass

Launch conditions

 
Decisions
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Design of micro air launch vehicle subcomponents
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Thus, the motor case mass is:

mcs=1.1(msk+mpv) (11)
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Trajectory analysis

V

V loss of the MALV.

Aerodynamic model

et al., 2003):

( )cos sinm
dt
dV

F mg Dd a c= + - -  (22)

( )sin cos cosmv
dt
dv

L F mg
r

mV2

d a c c= + + - +  (23)

 The total V

Vtotal = Vorbit  Vaircraft+ Vloss (24)

loss

Vloss= Vdrag+ Vgravity+ Vsteering+ Vperformance (25)

Vgravity

Vdrag is the loss 

Vsteering

Vperformance is the veloc

STEP 1: MICRO AIR LAUNCH VEHICLE DESIGN 
OPTIMIZATION

T/W, L/D, Dnozzle/Dmotor f. The total 

Optimization constraints

Stage 1

3     T W   3.5
    L D   9

0.8    NDF  1
0.3    f1    0.5

et al.
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Stage 2

T W  
L D
NDF
f2   

Stage 3

T W  
L D  
NDF 
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Micro air launch vehicle design optimization results

Optimal design variables
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Step 2: Trajectory Optimization

of attack (

et al.
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of the payload mass.

Generation No.
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values of 

 The Vloss

Vloss

Vloss

Vloss

Vperformance
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SUMMARY AND CONCLUSIONS

et al.
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