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Abstract

This research presents the optimization of the concept design of an electrically
powered X-wing kamikaze drone using metaheuristics. The objective function consists of
finding the minimum of aircraft weight and maximum of endurance taking into account of
the flight mission and flight stability requirement. Vortex lattice method (VLM) is used to
calculate the aerodynamics and flight stability, and the blade element momentum theory
(BEMT) method is used for the analysis the propeller. Multi-objective metaheuristic with
new concept of parameter adaptation (MMIPDE) is used as an optimizer. Three optimal
design results were selected from the pareto front. Battery capacity directly affects both
objective functions. Another design variable of the aircraft will change up to weight. The

optimum values from the aircraft design will be taken into consideration in the next phase.

Keywords : Aircraft conceptual design, Metaheuristic, Kamikaze drone, Propeller
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Estimation) UﬂﬁLLa”amsﬂsxmmm&mﬁ’ﬂ
TudunounseonuuumLLLIRnTEIEINFETY
ansavilalaglitoyansaifiveseniaeiuy
fRetudlunsvne las Rt lstuemeeu
Freatrsfunndufuiounds Wy wiesdy
g uiglianinsavhueennimedugisuy
Tyl 9 Wusiueh dathy itelimsusvanassniiomin
flusgaviamunniy  S1uauvestunetlngn
‘1‘7iQﬂiﬁi’ﬂumiﬁugﬂﬁwaqmmﬂmuﬁlﬁﬁmum
Wiy 3 $u uaslassadrwestndsynausae
TAseas19mue9 (Rib) waglaseasnemiuen
(Span) gniwuualiviiu 5 way 2 Ju dmdy
wiasUnawddu  tmtinvesduneslndnse
‘ﬁyuﬁﬁammaamléfmﬂmwﬂaaﬁugﬁa@
nevlwArvasineSusuaeuil Tnadn1saeen
$wau 3 U wdhnstugUiuusude’s
Resin Infusion nuin Srhmieinseituiiuszan
1,000 AlanSUADAISINUAS Fat Thmtinues
g N AguITansasInlElaens AN
ﬂaﬁgwm@jmﬁumwwmL.Lu'wuaﬁa@m%wu
Trlwesfaruszuruaitineniwiudives
Tassadnald  ThwiinveauunresantsafuIn
Tndoyathminvesuuminedviogluiewman
ToetnuuRRERUSELM Li-Po 1una 5500 mAh

uflthwen 800 nfusle 1 Aou wdeaunTn
funauduiladdudunss 1 mAh devhuiin
0.1454 nu

4. mynaTzluiie (Propeller Analysis)
asidentuialimunzauiuniseanwuuidy
Tansfivimedmsutnesnuuu Tneunfiuda
msidenlunmiililalaglduszaunisallunig
genuuU Wisannssinaulaluniseenuuu Tuia
gnihundududstunisesnuuy faifu Tuns
Anwnseiiasldinas BEMT [14] w4 lunns
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TaduveanisianisSusanslfidiugasiuysd
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8§~ S ,
danasiiy MMIPDE gnunsnldiieud
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(Reproduction) way n1sAnaLdan (Selection)

Panosnu LaENIZUIUNITUS UL

A15199 1 ALUTEDNWUU

Iamvuanudanesiinauatu Inelunssuiunis
A mngauigaldivundiuiuuszeing
Windu 50 udalisuauiuseusawiiiy 200
MsUTINILUSEINTHRTRUWINAY 50 wagli
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No. Design variables Lower limit Upper limit
1 mmqwmmaé (Battery capacity, mhA) 5500 16500
2 Lé’uﬂhuﬂuuéﬂmﬂ (Blade diameter, m) 0.20 0.30
3 mnuenvesnesaiilauluia (Blade root chord, m) 0.02 0.03
4 Savdnvesruennesafivarsluin

(Blade taper ratio) 0.40 0.60
5 yuUgneBusluin

(Blade incidence angle at tip, deg.) 4.00 8.00
6 uudalutin (Blade twist, deg.) -45.00 -30.00
7 ﬁ;m@uémﬂaamwu (Designed centre of gravity in x-axis, m) 0.30 0.50
8 AMUETIATIUN (Wing half span, m) 0.40 0.60
9 yuenUn (Wing dihedral, deg.) 30.00 45.00
10 avwevesreiaitaudn (Wing root chord) (m) 0.14 0.18
11 guﬂwsﬁmﬁuﬂﬂ (Wing incidence, deg.) 3.00 6.00
12 esUnlunuaunudnd

(Wing translational position on x axis, m) 0.30 0.40
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A15199 2 WeoulvUeruluniseanuwuu

No. Constraints Lower limit Upper limit
1 1781n150U (Endurance, hr.) - >0.5
2 seeen19n1s0u (Range, km) - >50
3 mm%’mgﬂu (Cruise speed, m/s) <30 -
4 AuSUY (Rate of climb, m/s) - >5
5 duussAvdluwudueiieuiuguusve (Coefficient <0 -

of the pitching moment versus angle of attack)
6  duussAvsluuiiBeadiuiuyulsne Coefficient - >0

of the yawing moment versus side slip angle
7 duussAvlumusiviyuiiuiugasne Coefficient <0 -

of the rolling moment versus side slip angle
8 LuUgvzgegnuaaLnuleAy (Maximum deflection -5 5

of the control surface, deg.)
9 Static margin (%) 5 15
4. NanN139DNLUU Pareto front
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U Total weight (kg)
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FU7 6 Pareto front ¥89n159IAUNNIZAUTIGR

Fawadnsves Solution 9 1 wWisuieuiu
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M15199 3 Hendudrunevesradnsigndan

Y

No. Objective functions Solution 1 Solution 2 Solution 3

1 Total weight (kg) 7.7299 8.0823 10.0248

2 Endurance (hr) 0.5433 0.6830 1.3820

M15719% 4 AL USlUNNTERNWUUYBIHAGNS N NLEaN

U

No. Design variables Solution 1 Solution 2 Solution 3
1 Battery capacity (mhA) 7,385 9,737 16,500

2 Blade diameter (m) 0.2987 0.2986 0.2000

3 Blade root chord (m) 0.0300 0.0300 0.0200

4 Blade taper ratio 0.4000 0.4038 0.4000

5 Blade incidence angle at tip (deg.) 7.9911 8.0000 8.0000

6 Blade twist (deg.) -44.9971 -44.9924 -45.0000
7 Designed centre of gravity in x-axis (m) 0.5000 0.5000 0.5000

8 Wing half span (m) 0.4000 0.4000 0.6000

9 Wing dihedral (deg.) 30.0000 30.0000 30.0000
10 Wing root chord (m) 0.1401 0.1400 0.1400
11 Wing incidence (deg.) 6.0000 6.0000 3.0000
12 Wing translational position on x axis (m) 0.3595 0.3583 0.3369

A15199 5 WeaulveRurasnaansigniaen

Y

No. Constraints Solution 1 Solution 2 Solution 3
1 Endurance (hr.) 0.5433 0.6831 1.3820
2 Range (km) 55.4086 71.6676 146.7115
3 Cruise speed (m/s) 29.2805 29.8990 29.9930
a Rate of climb (m/s) 12.6496 12.9180 11.0142
5 Coefficient of the pitching moment

versus angle of attack -0.5426 -0.5336 -0.8692
6 Coefficient of the yawing moment

versus side slip angle 0.2979 0.2948 0.4808
7 Coefficient of the rolling moment

versus side slip angle -0.1412 -0.1430 -0.150236
8 Maximum deflection of the

control deflection (deg.) 1.4450 1.3801 4.1749
9 Static margin 8.34 8.21 7.46
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