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1-to stady Twin Rotor System in two cases:
{ -One degree of freedom (1-DOF) with azimuth and pitch model.
-Two degree of freedom (2-DOF) cross coupled model. |
2-To study the effect of applying dlfferent type of controllers on TRAS system, |




A schematic diagram of the laboratory set-up is shown in Fig (1). The TRAS consists
of a beam pivoted on its base in such a way that it can rotate freely both in the
horizontal and vertical planes. At both ends of the beam there are rotors (the main and
tail rotors) driven by DC motors. A counterbalance arm with a weight at its end is
fixed to the beam at the pivot. The state of the beam is described by four process
variables: horizontal and vertical angles measured by position sensors fitted at the
pivot, and two corresponding angular velocities. Two additional state variables are the
angular velocities of the rotors, measured by tacho-generators coupled with the
driving DC motors. v
In a casual helicopter the aerodynamic force is controlled by changing the angle of
attack of the rotors. The laboratory set-up from Fig (1) is so constructed that the angle
of attack is fixed. The. ce is controlled by varying the speed of rotors.
re. the control inputs are t ply voltages ¢ theDCmotom A change in




The control software for TRAS is included in the TRAS toolbox. This toolbox uses the
RTWT and RTW toolboxes from MATLAB.

TRAS Toolbox is a collection of M-functions, MDL-models and C-code MEX-files
that extends the MATLAB environment in order to solve TRAS modelling, design

and control problems. The integrated software supports all phases of a control system
development:

¢ on-line process identification,
e control system modelling, design and simulation,
o real-time implementation of control algorithms,

TRAS Toolbox is intended to provide a user with a variety of software tools enabling:
* on-line information flow between the process and the MATLAB environment,

¢ real-time control experiments using demo algorithms,

e development, simulation and application of user-defined control algorithms,

TRAS Control Window

Starting and testing procedures

The TRAS system is an “open” type. It means that a user can design and solve any
TRAS problem on the basis of the attached hardware and software. The software
includes device drivers compatible with RTWT toolbox. It is assumed that a user is
familiarized with MATLAB tools especially with RTWT toolbox. Therefore we do
not include the detailed description of this tool v

The user has a rapid : all functic
Control Window. It in
examples. .
In the Matlab command window
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and thm the TRAS Control Window per see
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TRAS Control Window contains: testing tools, drivers, models and demo applications.

The user has a rapid access to all basic functions of the TRAS control system from ’
TRAS Control Window.

TRAS Control Window shown in Fig(3) contains four groups of the menu items:
« Tools - Basic Test, Manual Setup, Reset Encoders and Stop Experiment,

o Drivers - RTWT Device Driver,

» Simulation Models: Pitch , Azimuth and 2-DOF model,

o Identification - Steady State Characteristics,
‘& Demo Oontrollets- PID azimulh, PID pitch and cmss-coupled PID controller.
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Parti: Vertical 1-DOF control e

At the beginning we restrict our control objective to stabilising the system in the
vertical plane only. We reduce the original system to the 1-DOF system by
mechanically fixing (using the included clamp) its freedom to move in the horizontal

plane. A corresponding block diagram of the PID

control system is shown in Fig(4)

— :.'Ea I

>
]
T



Real-time 1-DOF pitch control experiment

Fix TRAS in the horizontal plane using the special plastic clamps delivered with
TRAS. Set it in the neutral vertical position and wait until the all oscillations are

;:s;et it in the zero position and click on the Reser Encoders block in Tras Control
ﬂdOW. V . . » N Gt 5 e .
2-Click the PID Pitch controller button and the model shown in Fig(6) opers.

3- Set all PID controller coefficients as follows:

Tablel _
number (K, | K¢ K4 :
0.6784%1.2 | 0.4415%0.8 | @ = _ 8
0.6784*1.2 0 .123'1’1-‘96'50.4'-9‘

0.6784*2 0 1.31196%0.4
T | 0.6784%1.2 | 04415 | 1.31196%04 |
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Part2: Horizontal 1-DOF control -

In the next experiment we apply stabilising PID controller in the horizontal plane. -
We block the system in one axis so that it cannot move in the wrﬁchm(WWﬁ d
included fixing rectangle).. A corresponding block diagram of the control system i
shown in Fig(7) and in a more detailed form in Fig(8).
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Fig(7): 1-DOF control closed-loop system (azimuth stabilisation)
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Part 3: 2-DOF PID controller | e
The structure of the cross-coupled multivariable PID controller is shown in Fig( 10).
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