398-388 o 4o B8 o leuis (17 093 1396 LT ( yu )y Swilfo wdigeo dlxo

A3 ke dolinle =
= _
M . :;L
I Sl (Gwiigo s
mme.modares.ac.ir UTRes

PS8 b g (v Jlodwd Lusto 30 i g O399 & 5L 319 9 (S 3w S

3@439 Galecy 0 gane fieztt:\J‘:!Lu.‘ YN ‘lwm.ll.& (euddans

OISR (Sl i 8> gemeiils ~1
OIS ¢ Gy girino o8l (Sl wige ¢ luiily —2

O ¢ iy gixio oSl (Sl pwdige eliwl =3
salarieh@sharif.ir 11155-9567 iy ok 5 #

saSa Wlis oYl
09 0¥ hlug ol (59 2 Sghp Slalllae (J S 3]y (slayigSile (ol 5 (6515 95309y a3 g damie bl 4 d2g L S gy e
5 JSES 53 dg250 slategine (ean 5 o33 S 5 UL @iy (o b (Kol w4t b anl pll S )3 iy 190 )T
Siledte iz (lagig) oy oo Alie (nl ) sl 0550 @Yb Ceal I by ol SB35 J5S QU (s cola 1396 3, 27)';@::“:‘)]
5 (b il gl yialil Sl ) g Slgn 3 )Ses Jelod (gl (awin jludnd lase G (Ol g G yusSela (Seelid ol 4l
Gilizo slasyg5 3l oolitol byl jloy (Seolid (gilwans el s sl jlwans Lol (5y9ly g Cundl ol ot (g5loosly Sl o 4
6585 5 cilies lagildie ol cglis cul Slayy (Bly (sldend g ol 35kos ()2 ¢ IS s (P el 0308 (4l Feele siludse
Pl (S i 5 0allS 8 (b o o el Blioe o] Sils Snlins 5 555) asgeme siludie 3 4, B4 cld )b Oriipm g 25

Blg k) ey (S g lednd (g (awdin 4 g b cwl JS g S esS Jd bl 3 Sles sxinaplis adgl mls g 485 '

Pl 8 Slosdo dsyo clyy yirr J> oy Olie & Slond (ul 5 Olgicon 0 pbnil glacsiladio & Cond Gty 9 SysSele
e opyider 4 (2lswd sl wsllae agly g 3,5 ool (255 JUI 5 (639)5 (sloaly slooyy dwsin 3y 00 (8ly Sy slrcus

gl Cowdy 1y HLid Cans g 035L

Modeling of an Unmanned Rotorcraft in Multi-level Simulator Environment
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ARTICLE INFORMATION ABSTRACT

Original Research Paper According to numerous capabilities and increasingly military and commercial applications of radio
Received 21 May 2017 controlled helicopters, many investigations are being performed on these unmanned aircraft vehicles.
Accepted 04 July 2017 Due to nonlinear, complex, unstable and coupled dynamic system and also existing limitations on

Available Online 18 August 2017 manual control, the ability of automatic control of these vehicles has gained great importance. In this

paper, in addition to investigating different methods of unmanned helicopters dynamic modeling, a

Keywords:

Flight Simulator multi-level simulator environment has been designed and implemented for flight performance analysis

Dynamic Modeling and effects of different parameters have been investigated. The main importance and innovation of

Unmanned Rotorcraft present simulator is in the realm of possibility of dynamic flight simulation of helicopter using different

Flapping Dynamics theories for applications like control system design, performance analysis and real flight simulation. The
main difference of the utilized methods is in theories and assumptions applied in main rotor and its
flapping dynamics modeling. For each level, Kalman filter and control system design have been
performed and preliminary results show the acceptable performance of estimator and controller systems.
Considering the complexity of real unmanned helicopter behavior compared to previously performed
models, the proposed multi-level simulator can be used as an appropriate tool for the first step before
real flight tests.
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Fig. 1 Tip path plane and main rotor flapping angles definition
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Fig. 12 Reference rectangular trajectory (CCW from origin) tracking

for approximate (top) and analytical (bottom) model
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