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Abstract

This paper demonstrates design of a commercial aircraft at the conceptual design stage by considering 2 objective
functions i.e. minimization of aircraft maximum takeoff weight and maximization of lift-to-drag ratio multi-objective
evolutionary algorithms (MOEAs). Dynamic stability is taken as a design constraint while design variables include
geometrical properties of the plane, consisting of the wing, empennage and fuselage. The aerodynamic coefficients
of flight were calculated by using SUAVE (Aerospace Conceptual Design Environment) whereas dynamic stability
analysis was achieved through using Athena vortex lattice (AVL) software. Pareto front obtained from various MOEAs
are compared by Hypervolume. MOEAs are contained as MOEA / D, Two-Arch2, RPBILDE, PICEA-g, KnEA/A-ENS

and KnEA. The obtained solutions for aircraft can be used for further design in the preliminary design stage.
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compactly and evalu- ated with minimal programming
effort. Additional capabilities can be incorporated using

extensible interfaces and prototyped with a top-level script.
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The flexibility of the environ- ment allows the creation
of arbitrary mission profiles, unconventional propulsion
networks, and right-fidelity at right-time discipline analyses.
This article will first explain how SUAVE’s analysis
capabilities are organized to en- able flexibility. Then, it
will summarize the analysis strategies for the various
disciplines required to evaluate a mission. Of particular
interest will be the construction of unconven- tional
energy networks necessary to evaluate configurations
such as hybrid-electric com- mercial transports and

solar-electric unmanned aerial vehicles (UAVs)
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Figure 1 Flow chart of aircraft conceptual design
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Table 1 Hypervolume values from various meta-heuristics
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Figure 9 The Optimal result model of conventional aircraft

Algorithms Mean Hypervolume Standard deviation Ranking
MOEA/D 93.1733 2.9978 3
RPBILDE 104.4809 0.0234 1
PICEA-g 78.3110 0.3290 6
MnKnEA 96.8586 3.6633 5
KnEA/A-ENS 92.9765 2.9562 4
Two-Arch2 103.5148 0.3732 2
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Table 2 Design variables
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Table of design variables.

No. design variables Lower bound Upper bound Optimal result
1. Wing quarter chord sweeps angle (deg.) 10.00 30.00 30.00
2. Wing taper ratio 0.30 0.70 0.47
3. Wing spans (m.) 20.00 35.00 35.00
4. Wing root chords (m.) 4.00 8.00 4.09
5. Wing incidence (deg.) 0.00 4.00 0.78
6. Flaps end of wing span (start at 0.1) 0.15 0.30 0.25
7. Ratio of flaps with mean chord 0.50 0.70 0.67
8. Ailerons end of wing span 0.80 0.95 0.86
9. Ratio of ailerons with mean chord 0.10 0.25 0.14
10. Horizontal tail quarter chord sweeps angle (deg.) 20.00 40.00 39.18
11. Horizontal tail taper ratio 0.35 0.65 0.36
12. Horizontal tail span (m.) 10.00 18.50 10.00
13. Horizontal tail root chords (m.) 3.50 6.20 3.50
14. Horizontal tail incidence (deg.) -8.00 -4.00 -4.98
15. Ratio of elevator with mean chord 0.15 0.30 0.30
16. Vertical tail quarter chord sweeps angle (deg.) 20.00 35.00 28.99
17. Vertical tail taper ratio 0.25 0.50 0.25
18. Vertical tail span (m.) 5.00 8.00 5.00
19. Vertical tail root chord (m.) 4.00 8.00 4.10

20. Ratio of rudder with mean chord 0.15 0.30 0.15

21. Thrust require (kN.) 20 30 25.28

22. Flight attitude at cruise (km.) 6.00 11.00 8.50

23. Wing translation of x axis (m.) -3.00 3.00 -1.40

24. Cruise speed (Mach number) 0.65 0.85 0.74

Table 3 Constraints
Table of limit constraint.
NO. Constraints Lower limit Upper limit Optimal result

Throttle 0 0.9 Figure 5
Time to 30 deg of bank angle 1 2.5 1.43
Coefficient of pitching moment versus angle of attack - -0.1 -6.24
Angle of attack - 10 Figure 6
Coefficient of yawing moment versus side slip angle 0 - 0.075
Deflection of elevator (deg) -10 10 -1.59
Deflection of rudder (deg) -10 10 -4.30
Deflection of aileron (deg) -10 10 10
Short period frequency 1 - 6.13
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Table 3 Constraints (Continue)
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Table of limit constraint.

NO. Constraints Lower limit Upper limit Optimal result
Short period damping ratio 0.5 1.1 0.51
Phugoid frequency 0.1 1 0.12
Phugoid damping ratio 0.04 0.4 0.06
Dutch roll frequency 1 - 243
Dutch roll damping ratio 0.08 0.6 0.42
Spiral time constant 1 - 2.59
Rolling time constant 0 1 0.32
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