wele ag s

Lasdlgd s 9Usd 9 yhuils

2

/“v_,vl./‘})"‘.tz',

38 o) p G ez o Gise polie p S Sl b

uigbigjLQoNo|)_o.Qd_g6.)|)| A )d Aw

50 542 0 300 43 53137 42 30 w8 58I Slo s 3T e 1 (a0 pgllo I S5 21 b

/NN iadly) S &)
AE=/Q/D g pa 3y &L

‘s lixo Juadllgal yao
s.abolfazl.mokhtari@aut.ac.ir «lms ahe plol olusils 3l9 x 0 35S )b Slinsl .\

oduS

o 3800 5o CumBge el jslaiedy Joe iy g polie 7S 0 S0, G allde ol o
JrsS zob Sl o sl sais (b wolslael § coakd sae glgil jga> 0 golil ax o
pac S (s Salins Bl o Gloy 53l JUSms o olnl b i ey 3G
oeli5 s b S 35 Berkss 918 555 5 51 Bt 355 gm 2 5 ABLSEN  Lnopeld
pac jga> 3 codn 8 )Slee 350§ (2l Ken Sy il jeliteds o s coslin 5 55095 (O]
5 o2 Sloj o3l e slalls il 53 39 polie jskiieds wizon ol 5Ll Copalad
ol o oslizal 5 a5 5o a5 an 808 S S ey o3 S 605 5%
sz S il yo el sads LT Beilbld (6,655 5 oolainl b 0 dis adl> e UUB' &b
Lol 0ol ools (lis Conlad pac g lilicel jpax o g5lwacd jleslainl b Jus 0,505,

I (5155 1 i gl filS ol it (o iy ) 42y s ST s y Ao j ST Gl e3ls

Time delay estimation based robust control of 3-DOF helicopter with
adaptive gains
Mir Abolfazl Mokhtari'
1. Asistant proffesor, School of engineering and flight, Imam Ali University, Tehran, s.abolfazl.mokhtari@aut.ac.ir

Abstract

In this paper, a free model robust control is designed to track the position
of three degrees of freedom (3-DOF) helicopter in the presence of a variety of
external uncertainties and disturbances. In this work, the adaptive time-delay
control eliminates non-linear dynamics of helicopter, uncertainties, and external
disturbances by generating a time-delay signal. The purpose of applying the
adaptive law in the time-delay control is to online, automated and appropriate
adjustment the gains in order to increase the speed of convergence and efficiency
in the tracking operation in the presence of fluctuation tolerance. On the other
hand, a sliding mode controller is used in the control structure to achieve robust
performance against the time-delay estimation (TDE) error due to use of the
time-delay signal. The uniformly ultimately bounded (UUB) stability of the
closed-loop system has also been proved using Lyapunov stability theory. Finally, the
effectiveness of the designed control approach is demonstrated using simulations

on a 3-DOF helicopter in the presence of perturbations and uncertainties.
Keywords:T ime-delay control, 3 degrees of freedom helicopter system, Adaptive gains, Non-linear robust control
scheme, Bounded estimation error, Lyapunov theory..
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