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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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credible conceptual level design conclusions for futuristic
aircraft with advanced technologies is a primary directive.
Many software tools for aircraft conceptual design rely
upon empirical correlations and other handbook
approximations. SUAVE proposes a way to design aircraft
featuring advanced technologies by augmenting relevant
correlations with physics-based methods. SUAVE is
constructed as a modular set of analysis tools written
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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Defined constraints
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Calculated stability by AVL

Pareto front
Figure 1 Flow chart of aircraft conceptual design

. Iu@aﬂs:mmmﬁmﬁn

. Iu@amaﬁmuﬂmiﬁamiﬁu

- Tugamsdszanm

. Iu@mmuﬁmaamﬁmﬂﬁau

- TugatszAnBniw 1u szuzlumseandiuazadiee,
LNWBNIWANIRINT LY



Vol 38. No 5, September-October 2019

Athena vortex lattice (AVL)

AVL Huldsunsy opensource ﬁlﬁ% vortex lattice
Tag Mark drela G91iwisfidanuuaudlndidoiums
maauﬁaaanLLuﬁLwﬁwaL%’Jﬁ'lﬂ'hl,ﬁml,l,a:quﬂz"nz
@‘il’m’j’l Stall angle (8)real-time data aids for evaluating
and communicating reports about volcanic hazards. For
this reason, the present research aims the aerodynamic
design of a low-cost unmanned aerial vehicle (UAV Tu
SIWVDIWITY AVL Qﬂﬁ’lmﬁ’lmmaﬁmmww’fmnmﬁia
T dwdawlusdulunszuinns optimization lasTuiaa
Allunmsdenzuaadiifiulu Figure 7

flywinseanuuuia3asinniigd
myfmuatlymlumssenuuuiedesdunmndizd
HuTuAouLINT8INN308NLULANLIIAR Hoanuuuae
ﬁaaﬁmu@gmmmmz@hmﬁmaaé”auﬂwaaﬂwvm et
TAumsUszanasihdudildlumstn I B3N oy
Tuilsanunluawisoilde wiasdumdiaduuy conven-
tional §14843131991n Boeing 737-800 Huiedasama
navsaNIUTINNElanas dunszuazgniseldliian
n 170 au lasnsfalunsfuanidunmsbusussdlon
Anndune bl fsdaranislasuaadlwiAuds Figure 2
sz uavasudazdInuasmM el WiRndsso il

Maneuver

Cruise

Climb 2 Descent 1

Climb 1
Descent 2

Initial climb

Take off Landing

Warm up, Taxi

Figure 2 Flight mission

1. “Warm up and Taxi’ landszanms 10 Wt
fisnnzsauimeta

2. “Take-off’ szazlun1s take-off lldaaugs
¥NN7 50 ft. 4 flaps nassf 20 deg. Uay
Cross wind 20 knots.

3. “Initial climb” leidwlifsnugs 2000 m.
Fu8a7 6 mis sy 125 mis

4. “climb 1" latulfisnugs 5000 m. dap
§a71 6 m/s finnwisy 190 mis

5. “climb 2” ldgulifsnnugs 7000 m. ¢

Aircraft Conceptual Design using Multi-Objective Evolutionary Optimization: 473

Comparative study

5051 1.5 mis finnuLsa 226 mis

6. “Cruise’ Tedulunsbuuazanuisilugae
cruise ududsaanuuy szozlumsbugn
fnvua 37 3000 NM.

7. “Maneuvers” léfnmuansialumsasiiie
HudewluTgulumseenuuy

8. “Descent 17 Jouadlufanugs 3000 m.
Fu8aT 5 mis AANWISY 170 mis

9. “Descent2’ Sauadly ﬁoﬂaﬂugﬁzé’uﬁwmm
Fu8aT 3 mis AANWISY 145 m/s

10. “Landing” n& flaps 84 30 deg. LazN13 slags
Nyu 25 deg. [Ravinmsasaan

NIEUINNIT Optimization

WanTwiirunguasmIsanuuy fe @h@iwﬁq@
PBINWINTIN LAE A UWNALIBITATIEIULTIINABLTITL,
augunsf 1 wafildidudwasudazlszans laod
FewluiTedy 9 penalty function anihanlglunis
ponuuUaSsi dsaumIi 2 AeswinvesdonluiTedy,
fenGududa 0.001, ez YU 10 uas 1000 MUY
dildtinanan® Uszmnsuasianldsdulumseanuuy
WEAIMALAUGI Table 2 uaz 3 ANEGU

1
Min: f(X) = {Wg,v} (1)
D

s.t. Hgi(x) <0 i=12..,n

An13kEaanasfy Meta-heuristic 6 18113 LiND

a ~ ' v &R
Lﬂssmmguﬂzymmsmmmmmwmmmqﬂi:mmm
sznaudas RPBILDE™, MOEA/D", Two-Arch2'®, PICEA-g",
KnEA/A-ENS'™ uaz KnEA® launisasdiwiniiaasisy

AuININNAS NI UV ILARZDANDINY

Han1Iaanttuu
m's‘mﬂ'wmmmfuﬁq@mmm’%‘mﬁuwwﬁmﬂu{h
ABUNNITIATIANLWIAAN 6 danaTfiulasudazTu
aefngranua 100 500 $wIndszrinifildde 50
529703 N1 @h"?imm:au“?‘iqmﬁwmu 50 Uszr1nIas
anifivliuazusasliiinedlugdueszauntiwisla &
Figure 3 talnansnasasdanusindade udasdanesii
2 0MINARDIT WA 10 959 WS Hypervolume 92



474 Pakin Champasak et al.

ildwdnais ﬁhmﬁmLuuumigmmaaﬂ']smaaafgﬂ
nniwih U Sasuduiiowndan a’%ﬁuﬁaﬁqﬂla 837 Fried
man test Li‘iamwuﬁa"qcﬂﬁmau*?'immmuﬁq@mﬂLmumh
WIlaua? ;jaammm]zﬁé"aLﬁaniunﬁsaanl,muﬁ%mﬂ
wneiieldlumsUszneumsdasule detnsesdszamns
fdanuanuaumiinnsle ldusasliidinlunedy
Optimal result 11 Table 1 lagaunssuzazuandliinn 1u
Figure 3-6 Wae Figure 7 3TUaadFARNINGI0E19209
Optimal result iaosDumndizdlunszuiumseanuuuau
wifialasls OpenvsP lunsansfine Degengeom Lan
14 MATLAB Tunswieafinuosiaiasdin

Pareto front
[(e s8]
181 smes m6 &
e o we °o®
o8
S17F ™ "
= o
° &
T 167 o ® MOEAD
S ® @ RPBILDE
o © PICEA-g
e | © KnEAN
= © KnEA
14+ e @ Two-Arch2
(s}
13
1.85 1.9 1.95 2 2.05 2.1
Take of weight (W) x10°

Figure 3 Pareto front of Lift to drag ratio and Take of weight

20000
£ 15000
L
-
2 10000
=4
5000
o
0 100 200 00 400
200000
190000
=
= 180000
£
L=
@
= 170000
160000
0 100 200 00 00
0.60 -
o~ 058
F
= 06 \
5 ' 4
T 054 'S
g os2
w
050
0431 o
0 100 200 300 400
Time (min)

Figure 4 Attitude weight and SFC versus time

J Sci Technol MSU

20000 '
& L
é 15000
g -~
£ 10000 -
£ +vo
-
5000 ‘
L 100 200 00 400
08
07
B e o ——
% s
é 04
03
. o
o 100 200 00 200
Time (min)
Figure 5 Trust and Throttle versus time
11
E L0
[
S‘:_’ 09
2 o8
Sos
—

e o
Y

18.50
18.25
18.00

Q1775
a
17.50
17.25
17.00
. 1 . + ol
0 100 200 300 400

16.75

AOA (deg)
m

(ﬁ

] 100 200 00 400
Time (min)

Figure 6 Lift coefficient, Lift to drag ratio and Angle of

attack versus time

vobor fo

Figure 7 AVL model



Vol 38. No 5, September-October 2019

Aircraft Conceptual Design using Multi-Objective Evolutionary Optimization: 475

Comparative study

—a— CD parasite

—a— CDinduced

—a— CD compressibility
€0 miscellaneous

—e— CD total

100 200
Tirme {min}

Figure 8 Drag coefficient versus time

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 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

syduazaidssna

ARDALNANI ;j%’@ﬁwvlﬁuamlﬁt,ﬁuﬁdmSLflJ"%s_mL“?mu
ﬂsz'ﬁ‘ﬂ%mwmaammmm:awﬁqﬂLmu%mmi’l'mmﬂ
FInaa 6 Sanasfufiuanensiu @a MOEAD, Two-Arch2,
RPBIL-DE, PICEA-g, KnEA/A-ENS uaz KnEA nuilgynn
mMseanuuLLsssdumBinsauumdaiiardanesfiy
fvnanzauiuilym Tasld Hypervolume (Hwasaaiialu
MyladszinTanwaesudazdanasin saununsld
waWduI3 SUAVE Tumsdssanmenyszannmnnadnn
omanamaa ez AVL AlFlumsdszanmaaiosniw
\39na WanNIBaNUUUNLIN RPBILDE l#ien Hypervolume
;jdﬁlqﬂﬁa Table 2 S4ln&lAg9fiU Two-Arch2 Eanangaa
d']ﬁ]zvl,ﬁ*’g@ﬁmawaaﬁmﬁmamm:é’@md’;mmmﬂ@iauﬁa
ﬁmﬁLiﬁlﬂﬁ@hﬁﬁﬁﬁgmimﬁmamum@ﬂﬁﬁuag'sl,ugﬂ
wupauntiwLslagsesdunadandmsuinesnuuy
el lunsesnuuududuuazduaziduadeld
AUTIOUNINUOIMNANAEAS LHWININIDUIz B 9
ITLEAI AAUHUN A NANTaaNLULY I TaNAWIS
SUAVE LLazE'ﬂiwuaaLﬂ‘éaaﬁuwwtﬁ"ﬁﬁmm‘ma‘i”wvlﬁﬁaUmi
APl 32%319 OpenVSP uay MATLAB kN1 Degengeom

LaN&15971989

1. nemTemivesfisaussfim. sdainvasiien.

2. Matana Wiboonyasake. dseinalng 4.0 | Thailand
4.0 (Insuaud) uaz Industry 4.0 Aaazls? - Aware.

3. Bae B, Kim S, Lee J, Nguyen N Van. Process of
establishing design requirements and selecting alter-
native configurations for conceptual design of a VLA.
Chinese J Aeronaut. 2017;30(2):738-51.

10.

11.

Sadraey MH. AIRCRAFT DESIGN A Systems Engi-
neering Approach [Internet]. Daniel Webster College,
New Hampshire, USA; 2013. 19-48 p. Available from:
http://doi.wiley.com/10.1002/9781118352700.
ch2%5Cnhttp://doi.wiley.com/10.1002/9781118
352700

Raymer D. Aircraft Design: A Conceptual Approach,
Sixth Edition. 2018.

Singh V, Sharma SK, Vaibhav S. Transport Aircraft
Conceptual Design Optimization Using Real Coded
Genetic Algorithm. 2016;2016.

Ozdemir S. MULTI OBJECTIVE CONCEPTUAL
DESIGN OPTIMIZATION OF AN AGRICULTURAL
AERIAL ROBOT (AAR). 2012.

Bravo-Mosquera PD, Botero-Bolivar L, Acevedo-Gi-
raldo D, Ceron-Mufioz HD. Aerodynamic design
analysis of a UAV for superficial research of vol-
canic environments. Aerosp Sci Technol [Internet].
2017;70:600-14. Available from: http://dx.doi.
org/10.1016/j.ast.2017.09.005

Pholdee N, Bureerat S. Hybrid real-code population-
based incremental learning and approximate gradi-
ents for multi-objective truss design. Eng Optim. 2014
Aug;46(8):1032-51.

MacDonald T, Clarke M, Botero EM, Vegh JM,
Alonso JJ. SUAVE: An Open-Source Environment
Enabling Multi-Fidelity Vehicle Optimization. 2017;1-14.
Botero E, Wendorff AD, Macdonald T, Variyar A,
Vegh JM, Lukaczyk T, et al. SUAVE : An Open-
Source Environment for Conceptual Vehicle Design

and Optimization. :1-16.



478

12.

13.

14.

15.

Pakin Champasak et al.

Botero EM, Alonso JJ. Conceptual Design and Op-
timization of Small Transitioning UAVs using SUAVE.
2017;1-15.

Wendorff A, Botero E, Alonso JJ. Comparing Differ-
ent Off-the-Shelf Optimizers’ Performance in Con-
ceptual Aircraft Design. 2016;1-14.

Drela M. AVL program for the aerodynamic and flight-
dynamic analysis of rigid aircraft of arbitrary configu-
ration.

Pholdee N, Bureerat S, Yildiz AR. Hybrid real-code
population-based incremental learning and differential
evolution for many-objective optimisation of an auto-

motive floor-frame. Int J Veh Des. 2017;73(1/2/3):20.

16.

17.

18.

19.

J Sci Technol MSU

Wang H, Jiao L, Yao X. Two_Arch2: An Improved
Two-Archive Algorithm for Many-Objective Optimiza-
tion. IEEE Trans Evol Comput. 2015;19(4):524—41.
Wang R, Purshouse RC, Fleming PJ. Preference-
Inspired Coevolutionary Algorithms for Many-Objec-
tive Optimization. IEEE Trans Evol Comput.
2013;17(4):474-94.

Zhang X, Tian Y, Jin Y. Approximate non-dominated
sorting for evolutionary many-objective optimization.
Vol. 369, Information Sciences. 2016.

Zhang X, Tian Y, Jin Y. A Knee Point Driven Evolu-
tionary Algorithm for Many-Objective Optimization.
Vol. 19, IEEE Transactions on Evolutionary Compu-

tation. 2014.


http://www.tcpdf.org

