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Multidisciplinary Design Optimization of an Unmanned Air Vehicle and Final
Solution Selection Based on Fuzzy Satisfaction Degree Function
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Malek-ashtar University of Technology
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ABSTRACT

In this paper, a comprehensive structure is expressed for multidisciplinary design optimization of the unmanned air
vehicle and the design optimization of Predator MQ-1 has been studied for validation. The considered modules in the
multidisciplinary analysis are performance, aerodynamic, weight, center of gravity, stability and control derivatives,
trim and dynamic stability characteristics. The minimization of take-off weight and cruise drag are considered as
objective functions. Since two objective functions are considered, therefore multi-objective genetic algorithm (with the
non-dominated sorting concept) is used as optimizer which can generate set of optimal solutions as Pareto fronts. A
method based on fuzzy logic named satisfaction degree function is expressed for final solution selection. The strengths
of this paper are its comprehensiveness (the number of design modules, the number of design variables and constraints)
and the presentation of a simple and efficient method for final solution selection. The optimization results show the
effectiveness of the structured framework and suggested method.

Keywords: Multidisciplinary Design Optimization, Unmanned Air Vehicle, Satisfaction Degree Function, Fuzzy
Logic
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1- Multidisciplinary Design Optimization (MDO)
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4- Response Surface

5- NSGAII

6- Antenna Analysis

7- Sequential Quadratic Programming
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1- Multi-Fidelity Model
2- Low Fidelity
3- Sequential Quadratic Programming



\AA S8 aeiols) a0 Bl wlaly oles J> Sl g (il jun o Slomlsr O (egog00i (b (glwaig

03— 00)51 Po—w u,..._7v.> L) 03— u—'ﬁ“\" )L._'>L..u )l oolawl La

Slwdng @l b fan ooty 5 ooz LR 5o Sl
sl 00 ol i (5 a5 b

b Gilwaiate ly ool Slpaday LSl -Y
Cind yw 3 (SLLous o o€ gud g0y

25z b ilwdingy Cuz oad (g )Ll
aS Conloads LS Sols e 5l ety o slalenslse
aS Sl ;55 LLS 0gi e 00l musss o] 5l oS ja
a4 .‘09_)).9 uL«_mLZA) ol U)g‘h )L.>L.u dmeou);) ‘LAK
Loy Sloslons 5 S5 0o )58l o o920 90z 5IUT ooy
00 s 93dS Clio ali 50 (558 suieculo; ax o 4
L oeizmen g (o Lo g Com jo590 Lo (i o
sl ele Y s cwl Lo ], calises slagus S

a3 oo Ol Gaiod nl slp IS JS2

Y

NNV c':“}’f
G wgb-
Xi o b sla o
1 xi

gz >k gleatg an () JS&
b Gilwadange VY

Gyt i ezl Gileate Al o a5 bl
&b s (b sle il s (Slb e e

MbKSA GCB..o}m.\..D )..JLJ (V) > ooy bl uLC}»oB.A

=l gilwag ohlLS g ool a a9 L
b il $lm et slahs) 5l S
Sl 0oy uw)b | U"'“""JMLS' L_SLQLQ..."}Q ‘SCW}AJ..D
oot (b (Bly slasateils 5 s eles Loy b
05,le egogeaiz Ul ca Ll ol 5o sas Ll
5 e S yo i3j9 o Ssalndg pl 0y Slas dwais 35
5 e S 5 ol Sl (e il oles
Uy 4 azg L (Sels )l Slakine (pess
Bl jo aig alall (o, S g o S5 o )5Sl
VoL " . v . g ;
okl (3l o porde b S5 o8l Sl cadannis
agox oloml ollss a5 ol ool solail jluaigy olgca
Fr Mz Ol 3l 2l > QL Cuz o) ) ol
oo a3l T saieculs) a0 bl Glgie S b, w3
Ghie jloslawl b aS il b gaiecols ) ax o ol
o oald e Sln of (79,5 o5 93,5 0 bl 558
Sl Gaa wlg Jloas! polie 4 il b g5 blas 5l plas
ogdhe A 538 sl IS 4y cad adlie ol Ded bl
4 Ol o0 somlio Somal> b sload 5 lagaie;ls Lzl
0,5 o,lil oly Jo obl gl aiedign (g, S5 &l
Slos yizmed g Budzd pl 0 oulband § i 5 Slegdge
Ngb e St (gluaingy Allaw 058 5 (b lo i
a2l 5 Sldes 5 poel IS soel Cavsas gy b a5
== ilwaigy w0l paa LSl ol
3,90 Predator-MQ1L - is pus o slawlsn o500
B0 ilwaig dlas cwloul a8 )5 18 o)y
039 O0yS dieS ol a5 Cowl ddum o dllie SO oauhazd I

lse e 58 Ly 59505 5 Cenls

pgd itu 5o 4 ol JSih cpl 4 allie auibojle

Eogeriz b (giludigs sl oad sty LSl
Silwaaty J>le el sads Glo s o o slalenlse
Predator MQ-1 iy o Slomlsp £odgeiz b

1- Non-dominated Sorting Genetic Algorithm-NSGA
2- Satisfaction Degree Function-SDF
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1- Multidisciplinary Feasible (MDF)
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