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Components of moment about the CO. in bodw frame
Angular helicopter bady rmates, in body frame
Velocity companents relative to airexpressad in bady frame
Veloelty components relative to the Earth fixed frame
Compaonents of toree acting along the (X0 71 axes
Helicopter aerodynamiv coordinate frame
Helicopter body coordinate frame

Earth fixed coardinate frame

Euler angles

Two-dimensional constant LR curve slape

Coning angle

First harmonic coefficient of longitucinal blade flapping
with respect to shaft (pasitive for tilt back)
Uncoupled stability derivatives with respect ta
wneoupled body angular rates

Estimated system parameters

Rator disk area

First and second harmeanie coefficient of lateral
blade feathering

Lateral swashplate 11t relative ta HP

{(positive for tift right)

Blade aspect ratio

First hanmonic coefficients of lateral blade flapping
with respect to feathering plane

Number of blades

First and second harmonic coefficient of longitudinal
blade feathering

Longitudinal swashplate tilt relative to HP

(positive for tilt forward)

First harmonic coefticient of lateral blade flapping
with respect to shaft (positive for tilt right}
Uneoupled control derivatives with respect to inputs
resulting in wicoupled body angular rates

Mean blade chord length

Wean profile drag coefficient

Mean profile moment coefficient of control rotor
Horizontal hub distance from helicopter C'G

Flap hinge offset of main rotor blade
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floser
flesec
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1:ad
rad
rad
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rad

rad

rad

rad
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B Vector ol output errors
[£y Mean harmonie coetticient of blade Tag motion rad
By b First and second harmonic ves-coeflicients of racl
Blade lag motion
I Matnix of state derivatives
M. I, First and second harmanic sin-coefficients of rad
hlade fag motion
Tuidie Wake-tunction for lowhigh speed effects on Hj“ i,—li—
o N
(i Matrix of contral derivatives
Mo Vertieal hub distance from helicopter CG ft
I initial shaft tilt {positive haek) rad
Iy Moment of mertia of blade about flapping hinge slug ft°
Ly Product of helicapter inertia | x1 ¢ slug ft°
Lt Product of helicopter nertia | xz dim shug ft-
Lo Product of helicopter inertia f: i slug ft-
Ky Coefficient defining main rotor blade piteh dus to swashplate tilt
K Coefficient defining main wotor blade pitch due control rotor tilt
K| Cross-coupling coefficient due to della-three-angle
K- Cross-coupling coefficient due to hinge offset
K. Total cross-coupling coefficient
Iy Lenath of aerodynamic blade section of control rotor fi
lin Length of control rotar bar ft
M, Non-dimensional aeredynamic moment due to blade flapping velocity
;\’LC.‘,,“ Contral rotor moment due to wind velocity ft Ib
My Torque ft I
M, Non-dimensional aeroadynamic moment derivative with
respect to rotor advance ratio
R Blade radius fi
T Thiust b
Ty Time delay seq
. Total airspeed ftsec
v Velocity vector relative to the atmosphere ftisec
Wikade Average velocity of main rotor blade relative to air fRisec
W, Veloeity of rotor disk relative to air ftrsev
X State vector of helicopter rigid body motion
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AT Constant initial cantrol rator blade pitch rad
P Density of air sl
T Time constant
o Fragquenvy rad sev. He
Wy Flap rate coeflicient fur in-axis-mation
W Flap male coefficient fow off-axis-noton
L2 Rotor milational speed rad sec
£ Coetlicient defining change in natural main rotor frequency
due to hinge offset
z Limited extension parameter of control ratar
W, Rotor blade azimuth rad

Abbreviations

CG Center of gravily
codl Collecti ve pitch
DOF Degree of freedom
HP Hub plane

lat Lateral

oz Longitudinal

MR Main rator

NN Neural network
rpm Rotor rotational speed
R Tail rotor

PP Tip path plane
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Abstract

Remote control helicopter offer many applications. It is popular because of low cost
and high ability. In natural disaster help people by sending necessary data to adding
camps. It can be used in military field in which the big helicopter can't collect data.
The dynamic of Yamaha - R50 helicopter is discussed in this thesis. An auto pilot for
hover mode of this helicopter is designed and simulated.

This system can be model as a system with uncertainty. An efficient controller for
such systems can be achieved by using Quantitative Feedback Theory (QFT). In this
method the concepts of gain and phase margin in certain frequencies are used in order
to guarantee the stability of system in all time of operation. In QFT method the over
design is less than other controller design methods. In this method wide number of
uncertain parameters and phase information are considered simultaneously to design
robust controller. In order to design an autopilot for all flight modes, recorded flight

data for other flight mode are necessary.

Keywords:
Flight data, remote control helicopter, QFT, Uncertainty, robust controller
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