145-135 yoyo 03 ol (18 0,93 1397 3133 ()0 il wIiye dlxo

g3 ele dalinle
O 3 Sl (witigo

mme.modares.ac.ir

“.JJ\

TG

50 S35 L1y 55 35993195 K (Saaliyd ulos

Y9y alislaans Pu B (S HLES Jgeuy & agdl (el

OIS S el it oK1 Sl owtine b)) ol S ggmatily -1
OIS Syl (simino oKl (Sl pwtizs b5kl =2

O S el (gimivo U (3 (oite )dbin] -3
fesharaki@aut.ac.ir 1591633311 S o)l 45 #

saSe Wlio ey

b ity Ao

1396 3115 b,y

1396 ez 05 @ 5 pdy
1396 wawl 04 iyl 5> &l

sl Limgh oyl ol e cwlors 3505 o (68 bulys jd Clk 4 a9 b e lsS (Sealud (ilu e (59 dlie cpl p
O S8 2 8 Salysal slagys olas 55,5 s by BV Lol by 5 edlisal L 55,055 oSl Lol (Senlis ¥olen
4 5579 lsS ol aallas .Cuwl oaiis a8 )5 Jlai)y xels job &) oBmd (Suolid OYolee ¢yminy Ylio )5 Adb o W)l o 3L

il & gl JmS e oty Jpan b oloslige s S 380 Jao o Jgan 4 5 WS o S8 o] J8) 5 Su3d s ol 15
pbol Clalllas 51 g5g,0leS Suoliyd 50 i3> (sl yglisS g bag s dsgasme (58,5 Jlaiyy s D9 oo D990 (38058 (slo o 3 ool 559318
Ll 5> D9 oo )] 5g39,0lsS JolS  Salins Jto dln )l (3483 Lalgy 9 lag s 51 oy o0l b 5l e g 95 g0 o0l pudiy 0 Swelid gile e
. . e . . .. . . 453951 ;

@ mgd S b oad isS Lalid 3 (6505 9 )i9plsS @ ()l e e 550 (9 (o Sglite (68 Ll 93 )3 s 3)Shes e : JL:'N
& Sglie 05l 93 )3 gl ) Laulys )3 95 o 5yl Juolbs (Suolod Jio lag] Sa8 4 g 23,5 o (siluodnd (30 O jg0 e as
Jrate (y90

09> 5L S0t 9iglsS 3 )Sles pgd () Laulpd 53 A8 dmld sy et )L ol I (Seeles SYdlee sl g ()
D945 o Loy MBI g0 york Awrgn O )90 |y i (Sualnd GVolre 3¢5 <8 > L oS ] 4 Juate

Dynamic Analysis of a Quadrotor in Variable Operating Conditions

Ramin Afhami?, Rasul Fesharakifard®*, Mohammad Azam Khosravi®

1- Department of Robotic Engineering, Amirkabir University of Technology, Tehran, Iran

2- Department of Mechanical Engineering, Amirkabir University of Technology, Tehran, Iran
3- Department of Electrical Engineering, Amirkabir University of Technology, Tehran, Iran
*P.0.B 1591633311, Tehran, fesharaki@aut.ac.ir

ARTICLE INFORMATION ABSTRACT

This paper focuses on the dynamic modeling of quadrotor with respect to changes in operating
conditions. The main objective of this investigation is to provide complete governing quadrotor
dynamic equations using the Euler-Lagrange method considering all aerodynamic forces which affect
its motion. In previous papers, dynamical equations are never considered comprehensively. The study of
quadrotor's dynamics permits to understand its physics and behavior and provides a precise model of the
system. Once such a model is obtained, the control of quadrotor turns much simpler than current
inaccurate models. In order to take into account, the set of forces and torques involved in quadrotor
dynamics, the previous studies are used and after describing each of the forces and their precise terms,
the complete dynamic quadrature model is presented. At the end, the system's performance is simulated
in two different operating conditions, one regardless of the external object coupled with quadrotor, and
the other in the coupled condition with a camera, and by this means, the achieved dynamic model is
validated. In the first operating conditions in two different tests, the dynamic equations of the present
work will be compared against the previous ones. In the second operating conditions, the quadrotor
performance under influence of a connected camera whose motion changes continuously the system
dynamic equations is studied.
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Fig.1 Free body diagram of a quadrotor [1]
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Fig. 4 Euler Angles
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Fig. 6 The Thrust Force of propeller
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Fig. 7 The Drag Moment of propeller [10]
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Fig. 5 The Thrust Force of propeller [10]
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Fig. 8 The hub Force of propeller [10]
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