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1. Introduction

Two Rotor Aero-dynamicalSystem (TRAS) is a laboratory set-up designed for
control experiments. In certain aspects its behaviesembles that of a helicopter. From
the control point of view it exemplifies a high erdnonlinear MIMO system with
significant cross-couplings. The system is cofgtbfrom a PC. Therefore it is delivered
with hardware and software which can be easily nediand installed in a laboratory. You
obtain the mechanical unit with power supply antkriiace to a PC and the dedicated
RT-DAC/PCI 1/O board configured in the Xilifixtechnology. The software operates in
real-time under MS Windows 2000/XP using MATLAB 6.5, 7 (R14SP2,SP3),
R2006a/b, R2007a or R2008a with RTW and RTWT taatiso

Control experiments are programmed and executedreal-time in the
MATLAB/Simulink environment. Thus it is stronglycemmended to a user to be familiar
with the RTW and RTWT toolboxes. One has to know o use the attached models and
how to create his own models.

The approach to control problems correspondinghto TRAS proposed in this
manual involves some theoretical knowledge of lafisphysics and some heuristic
dependencies difficult to be expressed in analytaran.

DC-motor
tachogenerator

tail rotor
—
beam

counterbalance

DC-motor
tachogenerator
main rotor

1 1 articulation with
- | | measurement
RT-DAC4/PCI X ,| power interface 4—;; 4%3 encoders

board

Fig. 1.1 The laboratory set-up: helicopter-liketeys

A schematic diagram of the laboratory set-up iswshan Fig. 1.1. The TRAS
consists of a beam pivoted on its base in suchyathat it can rotate freely both in the
horizontal and vertical planes. At both ends ofltkam there are rotors (the main and tail
rotors) driven by DC motors. A counterbalance arith\& weight at its end is fixed to the
beam at the pivot. The state of the beam is desttily four process variables: horizontal
and vertical angles measured by position sensttexd &t the pivot, and two corresponding
angular velocities. Two additional state varialdes the angular velocities of the rotors,
measured by tacho-generators coupled with thendyidC motors.
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In a casual helicopter the aerodynamic force igroled by changing the angle of attack of
the rotors. The laboratory set-up from Fig. 1.5asconstructed that the angle of attack is
fixed. The aerodynamic force is controlled by vagyihe speed of rotors. Therefore, the
control inputs are the supply voltages of the DCtar® A change in the voltage value
results in a change of the rotation speed of tlopgiter which results in a change of the
corresponding position of the beam. Significamssrcouplings are observed between the
actions of the rotors: each rotor influences batkifpn angles. Designing of stabilising
controllers for such a system is based on decagplfor a decoupled system an
independent control input can be applied for eadrdinate of the system.

An IBM-PC compatible computer can be used for teaé control of TRAS. The
computer must be supplied with an interface boRT-DAC/PCI). Fig. 1.2 shows details
of the hardware configuration of the control sgstéor TRAS.

LD,A RT-DAC4/PCI

board
1AA AL
Gh av
Wy \
Oh
|\ Uh
o —
power interface physical model

Fig. 1.2 Hardware configuration of TRAS

The control software for TRAS is included in th&AS toolboxThis toolbox uses the
RTWT and RTW toolboxes from MATLAB.

TRAS Toolboxs a collection of M-functions, MDL-models andoBGde MEX-files that
extends the MATLAB environment in order to solve ARmodelling, design and control
problems. The integrated software supports all gha$ a control system development:

e on-line process identification,

» control system modelling, design and simulation,

* real-time implementation of control algorithms.

TRAS Toolboss intended to provide a user with a variety dfware tools enabling:
* on-line information flow between the process @hd MATLAB environment,
» real-time control experiments using demo algorithms
« development, simulation and application of useirsf control algorithms
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1.2 Hardware and software requirements.

TRAS Toolboxs distributed on a CD-ROM. It contains the sofev@andTRAS User’'s
Manual Thelnstallation Manualis distributed in a printed form.

Hardware
Hardware installation is described in tihstallationmanual. It consists of:
* TRAS Mechanical Unit,
» Power interface and wiring allowing electrical centions to the TRAS set-up,
 RT-DAC/PCI 1/O board. The board contains FPGA pged with dedicated logic
design,
* Pentium or AMD based personal computer.

Software
For development of the project and automatic bogdof the real-time program the
following software has to be properly installedtba PC:

* Microsoft Windows 2000/XP,

* MATLAB version 6.5 or 7 (R14 SP2/SP3) or R2006RB007a, R2008a/b or
R2009a with appropriate versions of Simulink RTV &TWT toolboxes (not
included),

* If MATLAB 6.5 is used the MS Visual C++ compilerigeded,

» Signal Processing Toolbox and Control Toolbox fristathWorks Inc. to develop
the project,

* The TRAS toolbox which includes specialised driiersthe TRAS System. These
drivers are responsible for communication betweerATMAB and the
RT-DAC/PCI measuring and control board.

The TRAS toolbox supports Matlab 6.5 with the MS Vsual C++ compiler.

|:> If Matlab 7 (R14 SP2, SP3) or higher version is sl the built-in Open
Watcom compiler is applied.

Manuals:
* Installation Manual
¢ User's Manual

The experiments and corresponding to them measuremts have beer
conducted by the use of the standard INTECO systentEvery new system
|:> manufactured and developed by INTECO can be slighyl different to those
standard devices. It explains why a user can obtainesults maybe slightly
different to these given in the manual.

1.3 FEATURES of TRAS

* A highly nonlinear MIMO system ideal for illustrati complex control algorithms.
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« The set-up is fully integrated with MATLABSimulink” and operates in real-time
in MS Windows' 2000/XP.

* Real-time control algorithms can be rapidly propag. No C code programming is
required.

* The software includes complete dynamic models.
* TheUser's Manual, library of basic controllers andwamber of pre-programmed
experiments familiarise the user with the systema fast way.

Application note
The documentation assumes that the user has aexg&idence with MATLAB, Simulink,
RTW and RTWT toolboxes frolathWorks Inc.

1.4 Software installation
Insert the installation CD and proceed step by &ibpwing displayed commands.
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2. TRAS Control Window

2.1 Starting and testing procedures

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

The user has a rapid access to all basic funcbdrise TRAS System from th€RAS
Control Window It includes: identification, drivers, simulatiomodel and application
examples.

In the Matlab command window type

tras

and then th& RAS Control Windowpens (see Fig. 2.1)

=1 TRas * =13

File Edit Yew Simulation Format Tools Help

TRAS
Device Driver

Fig. 2.1 TRAS Control Window

TRAS Control Windowontains: testing tools, drivers, models and depplications. The
user has a rapid access to all basic functionh®fTRAS control system froMiRAS
Control Window

TRAS Control Windowhown in Fig. 2.1 contains four groups of the migeins:
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* Tools - Basic Test, Manual Setup, Reset EncaalaisStop Experiment,
» Drivers - RTWT Device Driver,

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

» Identification - Steady State Characteristics,

* Demo Controllers — PID azimuth, PID pitch and srosupled PID controller.

2.2 Basic test

This section explains how to perform the tests. Care check if mechanical assembling
and wiring has been done correctly. The tests havbe performed obligatorily after
assembling the system. They are also necessary iiic@rrect operation of the system
happens. Due to the tests sources of the systésnctn be tracked. The tests have been
designed to validate the existence and sequenteasurements and controls. They do not
relate to accuracy of the signals.

At the beginning one has to be sure that all sgyaa¢ transmitted and transferred in a
proper way. The following steps are applied:

*  Double click theBasic Testbutton. TheBasic Testvindow appears (Fig . 2.2)

[Tl TRAS_BasicTest O] x|

File Edit “iew Simulation Format  Toaols

Help

Fig . 2.2 TheBasic Testsvindow

The experiment may be stopped in any time. Douldt& on theStopblock in theTRAS
Control Windowor somewhere else. If you wish to stop the visa#ibs process click once
on theStopbar in theSimulationmenu. As well the emergency switch can be used/ayny

The first step in the TRAS testing is to checkhié tRT-DAC/PCI measuring and control
board is installed properly.
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* Double click theDetect RT-DAC/PCI boartutton. One of the messages shown in
Fig. 2.3 opens. If the board has been correctltaliesl, the base address, and the
number of logic version of the board are displayed.

) BasicTestFunction - Sk =101 =] <} BasicTestFunction - Step ;IQI il

Detected RT-DAC4/PCI board
e s s BEET TAET (] Can not detect any RT-DACA/PCI board Il
Wersion:  40F [Hex)

- | ak.

Fig. 2.3 Result of the step 1

If the board is not detected then check whethebtad has been mounted correctly into a
slot of the computer. The boards are checked vesgigely before sending to a customer.
In principle, a wrong assembling is the only reasbrailure in detecting the board.

The next step consists in resetting the encoderseéns that the initial position of the
beam is stored in the interface board.
* Double click theReset Anglebutton. When Fig. 2.4 opens, move TfeASsystem
to the origin position and then click thesoption. The encoders reset and zero
positions of the beam are going to be remembered.

) BasicTestFunction - Step 2 x|
Move the TRAS system to the arigin pozition
Do pou want to zet the onigin angles of the load?;
Yes | Mo | Cancel

Fig. 2.4 TheReset Anglewindow

* Double click theCheck Angledutton. When the window opens clidles,then,
move by hand the beam of TRAS in all directions abslerve measurements on the

screen (see Fig. 2.5).
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=) Figure No. 1 o =] 3

File Edit WYiew Insert Tools Window Help
lcega|(vars|@oo

Close this figure to terminate the test
1 T T T T

) SN S S ———
S S A N — —
0.4
0.2

]

Pitch Angle

0.2

0.4

-0.6

-0.8

y i i | i ;

Azimuth Angle

Fig. 2.5 Measurements of the beam motion

In the next step one checks if the main and tationsovork properly.

* Double click theOpen loop controbutton. When Fig. 2.6 opens one can to set the
control inputs to the main and tail motor. The iaftaxis corresponds to the main
motor and the horizontal axis corresponds to tilartator. When you locate the
mouse pointer at [0 0.5] and click, then the cdrgégual to 0.5 is set for the main
motor. And if you click at [0.5 0] the control Oi$ set for the tail motor. Using the
mouse, click and slowly drug a rectangle. The nototate with respect to the
mouse pointer location (the intersection of theegrand red lines in Fig. 2.6). The
red ends of the blue lines show the rotational cigs of the propellers. If the
rectangle movement of the mouse is finished a mcsimilar to that given in Fig.
2.6 should be visible.
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} Use mouse to open-loop control =10l x|
Color options

Click and drag to set new contral values

Fitch

Azimuth

Fig. 2.6 Motors control and checking of tacho-gatws

Troubleshooting

Message or faulty action Solution
Board not detected Check mounting of the boardciethe
driver is installed
Angles measurements failed Check the Enc sockeivaim
Propellers do not rotate Check the M socket, Mams$ ON switch
Velocities are not measured Check the T socketarialg

2.3 TRAS Manual Setup

The TRAS Manual Setuprogram gives access to the basic parameterseofbioratory
Two Rotor Aerodynamical System setup. The most mamb data transferred from the

RT-DAC/PCI board and the measurements of the TRAS be shown. Moreover, the
control signals may be set.

The application contains four frames (see Fig.:2.7)
* RT-DAC/PCI board,

* Encoders,
 Control and
e Tacho.
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e TRAS Manual Setup =1 x]

— RT-DAC4/PCI board———————————— = Cantml

Mo of detected boards: I 1 Azimuth Pitch

[ om om
Board: IBoard 1 vI r i
Buz numnber: I 1}

Base address: 54272 / w0400

Logic version:

Application:

Agzimuth Fitch
Fw/bd prescaler: |7 I 20 |7| 20

Mos

140 driver status: Thermal flag / status:

— Encoders — Tacho
“Walue  Angle [rad] Reset “Woltage [¥] Welocity [RPM]

Azirmuth: | n| 0.00 Azimuth: | ooo | i
Fitch: | 8 | om

i

Fitch: | oo | i

Help | Cloze |

Fig. 2.7 View of theTRAS Manual Setugindow

All the data accessible from tHeRAS Manual Setuprogram are updated 10 times per
second.

RT-DAC/PCI boardframe
TheRT-DAC/PCI boardrame presents the main parameters of the PCtlboar

No of detected boards

Reads the number of detected RT-DAC/PCI boardkelhumber is equal to zero it means
that the software has not detected none of the RT/BCI board. When more then one
board is detected thgoard list must be used to select the board that comeates with
the program.

2.3.1.1 Board

Contains the list applied to the selected boardeodlly used by the program. The list
contains a single entry for each RT-DAC/PCI boarstalled in the computer. A new
selection at the list automatically changes vabfdéke remaining parameters.

Bus number
Displays the number of the PCI bus where the ctRGRDAC/PCI board is plugged-in. If
more then one board is used this parameter magdfaluo distinguish the boards.

Slot number
The number of the PCI slot in which the current BAC/PCI board is plugged-in. If more
then one board is used this parameter may be usefiigtinguish the boards.

Base address

The base address of the current RT-DAC/PCI bodnd. RT-DAC/PCI board occupies 256

bytes of the I/O address space of the microproce3de base address is equal to the
beginning of the occupied /O range. The /O sp&ceassigned to the board by the

computer operating system and may be differentdoious computers.
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The base address is given in the decimal and hexadkeforms.

Logic version
The number of the configuration logic of the ondab&PGA chip. A logic version
corresponds to the configuration of the RT-DAC/BGards defined by this logic.

Application
The name of the application the board is dedicatedrhe name contains four characters.

I/O driver status

The status of the driver that allows the accessth® I/O address space of the
microprocessor. The status has toQie€ string. In the other case the driver HAS TO BE
INSTALLED.

Encodersframe
The state of the encoder channels is given irEthmoderframe. The encoders are applied
to measure the azimuth and pitch angles.

Azimuth, Pitch
The values of the encoder counters, the anglesessgd in radians and the encoder reset
flags are listed in thAzimuthandPitch rows.

Value

The values of the encoder counters are given inrélpective columns. The values are
16-bit integer numbers. When an encoder remaitiseimeset state the corresponding value
is equal to zero.

Angle [rad]
The angular positions of the encoders expresse@dians are given in the respective
columns. If the encoder remains in the reset sih@teorresponding angle is equal to zero.

Reset
When the checkbox is selected the correspondingdemaemains in the reset state. The
checkbox has to be unchecked to allow the encodewunt the position.

Control frame
The Control frame allows to change the control signals. D@etriare controlled by PWM
signals.

Azimuth and Pitch edit fields and sliders
The control edit boxes and the sliders are appitedet a new control values of the
corresponding DC drives. The control value may ¥eogn —1.0 to 1.0.

STOP
The pushbutton is applied to switch off the consiginals. If it is pressed then both the
azimuth and pitch control values are set to zero.

Azimuth and Pitch PWM prescaler
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The divider of the PWM reference signal is givemeTirequency of the corresponding
PWM control is equal to:
Fpwm = 40000/1023/(1+PWMPrescaler) [kHz]

Azimuth and Pitch Thermal flag / status

The thermal flags and the thermal statuses of tweep amplifiers. If the thermal status
box is checked the corresponding power interfacevesheated. If the power interface is
overheated and the corresponding thermal flagtisheeRT-DAC/PCI board switches off
the PWM control signal corresponded to the ovedtepbwer amplifier.

Tachoframe
The Tachoframe displays two measured analog signals gestetat the tachogenerators.
The voltages and the corresponding velocities ®fpttopellers are displayed.

Azimuth and Pitch Voltage [V]
Displays the voltage at the outputs of the tachwegaors.

Azimuth and Pitch Velocity [RPM]
Displays the velocity of the propellers. The velies are calculated based on the
corresponding voltages and are given in RPM.

2.4 RTWT Device Driver

The driver is a software go-between for the reaktiMATLAB environment and the
RT-DAC/PCI I/0O board. The control and measurememts transferred. Click thERAS
Device Driverbutton and the driver window opens (Fig. 2.8).

=TS

File Edit Wiew Simulation Format Tools Help

Aziruth Angle o
Ll

Pitch Position o
Ll

u ’ A . Angles
AzZiruth Propeler el
Fitsh Gl | B .
FReset =
1 —H i
—b—dfﬂ_’ / J Piteh Propeler Walocity "
D - -
<
N al Feszet
mm Encoders TRAS RFM=
Ready [100%: | | |odes v

Fig. 2.8 RTWT Device Driver

When one wants to build his own application oneaapy this driver to a new model.

TRAS User's Manual -16-



Do not do any changes inside the original driver. ey can be introduced only
|:> inside its copy!!! Make a copy of the installationCD.

The device driver has two inputs: controft) [J [—1+1] and signalReset If the Reset

signal changes to one the encoders are reset amolt adoork. If theResetsignal is equal to
zero encoders work in the standard way. It mearsnvdwitching occurs, encoders reset
and start measure when the switch returns to ttee(rermal) position. It is important that
theReseswitch works only when the real-time code is exedut

Block Parameters: TRAS ﬂ

The mask of this block (shown —subsystem [mask]
Fig. 2.9) contains base address of
the RT-DAC/PCI board — Parameters
(automatically detected with the | BaseAddess

help RTDACPCIBaseAddress | |RTDACAPCIBasedddress
function) and the sampling period | Sampling Period:
which default value is set to 0.002 | [n.00d

sec. If one wants to change the

default sampling time he must do 0k | Cancel | Heb | gesy |
it in this mask also.

Fig. 2.9 Mask of the device driver

The details of the device driver are depicted on Bi10. The driver uses functions which
communicates directly with a logic stored at the RAC/PCI board.

Parameters

Measurements

m@ 0
ResetEncoder ResetEncoderGain _—>

Bitstream Version

Reset Encoder

PWMPrescalerSource

PWMPrescaler PWMPrescalerGain

e I

ThermFlagSource

Azimuth Therm Status

Therm Status

ThermFlag ThermFlagGain

Pitch Therm Status

1
CO ntr0| Azimuth Angle
Encoder Convert to rad
°—> Encoder 1099 PPR (2
Saturation PWM PWMGain

Azimult 0 PWM

Azimuth RPM

Analog Input Convert to RPM

Pitch RPM

Fig. 2.10 Interior of the RTWT device driver
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2.5 Simulation Models

There are three simulation models available far TiRASsystem. The first one is a
1-DOF (degree of freedom) azimuth model. This mai@lulate behaviour of the system
in the horizontal plane only. Click tHeDOF Azimuth Simulation Modélutton to open
the model shown in Fig. 2.11. Next, click the sigbsm block to see details of the model.

TRAS
azimuth
model

|

RPM_A

CTR A

ctrl_a FORCE_A

DCP-azimuth

Abs

Fig. 2.11 TheAzimuth Simulation modahd its interior

A 1-DOF pitch is the second model. It describesabetur of the system in the vertical
plane. Click thel-DOF Pitch Simulation Moddbutton and click the subsystem block to
see the 1-DOF pitch model and its interior (see Eigj2)
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TRAS

pitch
model
J >0 rpm_pr—-=——P
rpm vel
—J—.—-} ctrl_p
_pm ———P
0 i pitch pos
>
Scope

7]

r
RPM_P »( 1 = x6 1
— N
CTR_P pm_p
m7
ctrl_p FORCE_P P{—K— P [+
a >
T = K- 2
DCP_pith [ |8 >
— pos_pm

Fig. 2.12 ThePitch Simulatiormodel and its interior

The third one is the complete simulation modetidscribes movements in both planes
with an interaction between the pitch and azimutksa Click the2-DOF Simulation
Modelbutton and the subsystem block to see the modekanderior (see Fig. 2.13)

TRAS
2_dof
model
«I N\ azimuth rpm >
o o >
azimuth pos
J } Q pitch rpm }
AZIMUTH
0 } pitch pos
>
PITCH
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DCP-azimuth

Co—r>
ctr_a
o
pos_a
RPM_P
(2) PCTR_P
ctr_p FORCE_P .—>
pos_p
DCP_pith

Fig. 2.13 The 2-DOF simulation model and its irderi
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3. Model and parameters

Modern methods of design and adaptation of read-tocantrollers require high quality
mathematical models of the system. For high ordenlinear cross-coupled systems
classical modelling methods (based on Lagrangetemsa) are often very complicated.
That is why a simpler approach is often used, whighbased on block diagram
representation of the system which is very suitdébtehe SIMULINK environment. The
relations between the block diagram and mathenatiodel of the TRAS are explained in
sections 4.2 — 4.5.

Fig. 3.1. shows an aero-dynamical system consideréais manual. At both ends
of a beam, joined to its base with an articulatithrere are two propellers driven by DC-
motors. The articulated joint allows the beam t@ate®in such a way that its ends move on
spherical surfaces. There is a counter-weight ficethe beam and it determines a stable
equilibrium position. The system is balanced inhsacway, that when the motors are
switched off, the main rotor end of beam is lower€de controls of the system are the
motor supply voltages.

The measured signals are: position of the beathanspace that is two position
angles and angular velocities of the rotors. Angukocities of the beam are software
reconstructed by differentiating and filtering reeged position angles of the beam.

/_ tail rotor main rotor

tail shield —’ i .«— Mmain shield
o |
DC-motor + AN
tacho DC-motor +
tacho
free-free beam
articulation
Counter balance
c———

Fig. 3.1. Aero-dynamical model of TRAS

The block diagram of the TRAS model is shown in.Big. The control voltaged, and
U, are inputs to the DC-motors which drive the ro{&¥/M mode).

A rotation of the propeller generates an angulamer@um which, according to the law of
conservation of angular momentum, must be compedsdty the remaining body of the
TRAS beam. This results in the interaction betwiem transfer functions, represented by
the moment of inertia of the motors with propelldss andkw (see Fig. 3.2). This
interaction directly influences the velocities bétbeam in both planes. The fordgs and

F, multiplied by the arm lengthlg (o, andl, are equato the torques acting on the arm.
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L: Gh(wn, Q1)
Fh Mh Kh Qh
—»{ Hn(Un,t) 9] Fr(an) F{in(on) H-Q—»1/s | 1/34(a) »|1/sl—p
Uh Gh T A (o
DC-motor with
tail rotor fh ‘
P Ky |—
Pk |——
DC-M_otor with fV ‘
main rotor w a,
U——> Hy(Uy,t) = Fu(w) {1, [ »|1/s P 173, »|1/s |-
v M Kv Qv
Fv T v
|_> Gv(w v, Qv) - Rh(av: Qh) :

Fig. 3.2 Block diagram of the TRAS model

The following notation is used in Fig. 3.2:

a,, is horizontal position (azimuth position) of AR beam [rad],

Q, is angular velocity (azimuth velocity) of TRA®am [rad/s],

U, is horizontal DC-motor PWM control input,

w, is rotational speed of tail rotor [rad/s] - nom=lar function
w,=H (U,,t) [rad/s],

F, is aerodynamic force from tail rotor - nonlinéanction Fn=Fn(wn) [N],

l,, is effective arm of aerodynamic force from taiiaio [n=In(av) [m],

J, is nonlinear function of moment of inertia withspect to vertical axis,
Jn = dn(av) [kg ],

M, is horizontal turning torque [ Nm],

K, is horizontal angular momentum [Nms],

f,, is oment of friction force in vertical axis [Nm],

a, Is vertical position (pitch position) of TRA®é&mM [ rad],

Q, is angular velocity (pitch velocity) of TRAS&mM [rad/s],

U, is vertical DC-motor PWM voltage control input,

w, is rotational speed of main rotononlinear functionw =H (U ,,t) [rad/s],

F, is aerodynamic force from main rotononlinear functionFv = Fy(w, ) [N],

|, is arm of aerodynamic force from main rotor [m],

J, iIs moment of inertia with respect to horizongadis [kg ],
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M, is vertical turning moment [ Nm],
K, is vertical angular momentum [Nms],

\

f, is moment of friction force in horizontal axis [Nm

R, isvertical returning momentR, = f + f, =R (,,2,) [Nm],
J,, is vertical angular momentum from tail rotor [Nn

J,;, is horizontal angular momentum from main rotdms],

H, is differential equation w, = H,(U,,t),

H, is differential equation s, = H, (U, 1),

G, is aerodynamical damping torque from main rot@y(w,,Q, ),
G, is aerodynamical damping torque from tail rotots, (as,,Q,).

Controlling the system consists in stabilising fhRAS beam in an arbitrary (within
practical limits) desired position (pith and azimutor making it to track a desired
trajectory. Both goals may be achieved by meareppfopriately chosen controllers. The
user can select between two types of PID contool®d a state feedback controller (see
section 6).

3.2 Nonlinear model

The mathematical model is developed with some iyiqy assumptions. First, it
is assumed that the dynamics of the propeller siésycan be described by the first order
differential equations. Further, it is assumed thaction in the system is of the viscous
type. It is assumed also that the propeller-aisgstem could be described in accord with
postulates of the flow theory.

The above assumptions allow us to define the probdlearly. First, consider the
rotation of the beam in the vertical plane i.e.usa thehorizontal axis. Having in mind
that the driving torques are produced by the ptepelthe rotation can be described in
principle as the motion of a pendulum. From theosdcdynamics law of Newton we
obtain:

d’a,
Y odt?
where:M, - total moment of forces in the vertical plane,
J, - the sum of moments of inertia relative to tleeizontal axis,

a - the pitch angle of the beam.

M,=J

\

(1)

\

Then:

Mvzszi’ Jvzszi

8
i=1 i=1

To determine the moments of forces applied todbam and making it rotate
around the horizontal axis consider the situatioows in Fig. 3.3 .
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horizontal axis
.................................................................. of rotation

Mmg

Fig. 3.3 Gravity forces in TRAS correspondinghe t

return torque which determines the equilibrium
position of the system.

le = g{{(%-*_ mr + msjlt _[%-*_ rnmr + rnmsjlm}cosav _[%Ib + rnCdle}SinaV}

M., = g[(A-B) cosa, —C sina,]

where:
A=( Do em, )1
2
B= %+mmr+mms] |
C= %|b+rncdlcb:|

where:M , is the return torque corresponding to the foafegravity,
m,, is the mass of the main DC-motor with main rotor,
m,, is the mass of the main part of the beam,
m, is the mass of the tail motor with tail rotor,
m is the mass of the tail part of the beam,
m,, is the mass of the counter-weight,
m, is the mass of the counter-weight beam,
m...is the mass of the main shield,
m, is the mass of the tail shield,
|, is the length of the main part of the beam,
[, is the length of the tail part of the beam,
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[, is the length of the counter-weight beam,
|, is the distance between the counter-weight angbthe
g is the gravitational acceleration,

vertical axis of rotation

/

horizontal axis of rotation .
thrust of main

/ ; e

F (cn)

\ Main rotor

Fig. 3.4 Propulsive force moment and friction momarrRAS

M,, is the moment of the propulsive force producethigymain rotor,
@, is angular velocity of the main rotor,
Fv(a)v) denotes the dependence of the propulsive foragh@mngular velocity of

the rotor. It should be measured experimentaég @ection 4.5).

2 2
or in the compact form:

Mv3 = _Q€|:(rnm +rnmr +rnmsj Im +(m +rntr +rntsj lt +rncb|cb +%Ib:| Sinav COSOcv

M, =-Q? (A+B+C) sina, cosu,

M ;- is the moment of centrifugal forces correspondmghe motion of the beam around
the vertical axis,

and: Q, =—- (2)

Q, - is the angular velocity of the beam around tegival axis,a, - is the azimuth angle
of the beam.

M,, = -Q,f

Vv
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M,, is the moment of friction depending on the angukdocity of the beam around the
horizontal axis.
da

where: Q, =— 3
i (3)

Q, is the angular velocity around the horizontal axis
f, is a constant,
M, is the cross moment frodd,, M . =U,k,,,
k., is constant,
M ¢ is the damping torque from rotating propelMr, = —a,Q abse, ),
a, is constant.

According to Fig. 3.4 we can determine componeftshe moment of inertia
relative to the horizontal axis. Notice that thisment is independent of the position of
the beam.

I
‘Jvlzrnmrlri’ ‘Jv2:rnm€’ ‘Jv3:mcb|c2b
12 , 12
‘]v4:rn0§’ ‘]v5:rntr|t' ‘]vﬁzmé
Jy7 = m; fos T Mislms g = Myre +ml?

I IS the radius of the main shield,
rs IS the radius of the tail shield.

Similarly we can describe the motion of the beaouad thevertical axis. Having
in mind that the driving torques are produced kg ribtors and that the moment of inertia
depends on the pitch angle of the beam the hoatanbtion of the beam (around the
vertical axis) can be described in principle aatieé motion of a solid:

2
d“a,

=g

(4)

where: M, is the sum of moments of forces acting in thezwnal plane,
J,, is the sum of moments of inertia relative to teetical axis.

Then: Mh=z4:Mhi c =Dy

8
i=1 i=1

To determine the moments of forces applied toldbam and making it rotate
around the vertical axis consider the situationmshim Fig. 3.5.
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thrist of tail rotor

( )

ol

hi

Fig. 3.5 Moments of forces in horizontal planegasn from above)

M, =l F(w,) cosa,

«, is angular velocity of tail rotor,F, (e, )- denotes the dependence of the
propulsive force on the angular velocity of thé tator (should be determine
experimentally, see section 4.5)

My, ==2,f,

M,, is the moment of friction depending on the anguwlalocity of the beam

around the vertical axis,
f, is constant,

M,; is the cross moment frod,, M, =U Kk,

K, IS constant,

M,, is the damping torque from rotating propellév,, = -a,2,abse, , )
a, is constant.

According to Fig. 3.5. we can determine componaitshe moment of inertia

relative to vertical axis (it depends on pitch piosi of the beam).

I =% (I, cosa, ), J., =%(It cosa, ),
Jha :% (Ib sin av)zl Jia=m, (|t cos av)z,
'Jh5 = rnmr(lm COS{XV)Z, ‘JhG = mcb(lcb Sinav)z

'Jh7 :%rts2 +rnts (It COSOCV)Z ’ 'Jh8 = rnmsrris-l_rnms (Im COSOCV)Z

or in the compact form:

J,=D coga, +E sin“a, +F
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where:D,E,F are constants:

D =ﬂ|§ +mcb|c2b’
3
E=(%+mmr +mms] li{%ﬂn{r +msj 17,

M, = g{(A-B) cosx, -C sina,}

Using (1)-(4) we can write the equations describthg motion of the system as follows:

d2, _1.F(»,) -2,k +9((A-B) cosy, -C sing,)

o 3,
—igﬁ(m B+C)sin2a,U k., +U k,, —a,2,abse,) )
. 3.
da
vV — , 6
dt " ©)
dK, _ M,  _ I F(w,) cosa, —Qk, +U Kk, —a,Q,abs, ) 7)
dt J, D sina,+E coSa, +F
da,, K
— =0 , Q = h 8
a - T ®

and two equations describing the motion of rotors:

1, =0, = HiXo,) and 1,52 =0, - H (o)

l,, is moment of inertia of the tail rotor,
I, is moment of inertia of the main rotor.

The above model of the motor-propeller dynamiasbigined by substituting the nonlinear
system by a serial connection of a linear dynaystem and static nonlinearity.
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3.3 State equations

Finally, the mathematical model of TRAS (comparg. B.2) becomes the set of
four nonlinear differential equations with two lare differential equations and four
nonlinear functions.

Kh Qh
ah ah
u : : . .
U:{ h} is the input,X = “ | s the state, an¥ = @ 1is the output vector.
UV Kv Qv
aV aV
wV a)V

In order to apply the model for control of TRAS tharameters and nonlinear functions
should be determined first. They can be divided thtee groups:

* physical parameters,
« nonlinear static characteristics,
« time constants of the linear part of the model.

They are described in details in the next section.

3.4 Physical parameters

To obtain the values of model coefficients it is necessaryptform some
measurements. First, geometrical dimensions andingomasses of TRAS should be
measured. There are the following results of mmemsents for a given laboratory TRAS
set-up.

. m, =0154 [kg]
|, =0216 [m] m,, =0199[kg]
|, =0202 LM m,, = 0.024 [kg]
l,=015 M m =0031 [kq]
l,=015 m,, = 0029 [kg]
r ,=0145 [m] m, =0011 [kg]
r, =010  [m] m, =0061 [kg]

m,, =0083 [Kkg]

Using the above measurements the moment of inabtaut the horizontal axis can be
calculated as:

8
J,=>.J, = 002421[kg m?].

The terms of the sum are calculated from elenmgpiaysics laws:
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J,=ml> =000718[kg m’]
J,=m,l5 =000054kg m?]
Js=m_12  =000811[kg m?]

J,, =mlZ/3 =000049[kg m?]

Js=ml2/3 =000040 [kgm?]
J,e=mlZ/3 = 0.00008 [kg m?]
J,,=m (r2/2+12) =000426 [kgm?]
Je=m(rZ/2+12) = 000315 [kgm?]

The calculated moment of inertia about the vertiaals is:

9
‘Jh = z 'Jhi ’
where the terms of the sum are:

w=m(, cosa, /3 =0000482co€ a,
we =My (I, cosa, )?/3  =0000394co a,
w=m(l,sina,]’/3  =0000082sin’q,
.= mmr(jlm coss, )’  =0008119cos a,

=0.007185co0< a,

o =my(l,sina, )  =000054 sin’a,

0
N
(I

o
o
o
()]
w

hg = mjr 2/2+12co€ ,), =000031+ 000284 co a,

J
J

J

J

Jus =m, (I, cos, )
: .

J

J S

3o =M%/ 2+12 co g, )= 000087+ 000387 cos g,

giving finally (Fig. 3.6):

[kg m’]
[kg m°]
[kg m?]
[kg m°]
[kg m’]
[kg m’]
[kg m?]

[kg m°]
[kg m?]

9
Jy =Y J, =Dcos’ a, + Esin® a,+ F = 0022893cos’ a, +00006225sin” a,+ 0001267
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mornent of inertia Jh [kgm2]
0.03 ! ! ! ! ! ! !

0.025

ooz

0.015

0.01

0.005

-2 -1.5 -1 0.5 a na 1 14 2
vertical position [rad]

Fig. 3.6 Moment of inertid,

The returning torque from gravity forces is expegsby

Ivlr :ZMri !

and its components are given by:

M,, = -981m,],cosn, /2 =-00287 cosa, [N m]
M,, = -981m,l cose, =-03943 cosn, [Nm]
M,;=-981m, ., ,cose, =-016 cosa, [N m]
M,,= +981ml,cose, /2 = 00328 cosa, [N m]
M, = + 981m,l, cosa, = 03263 cosn, [N m]
M,s = + 981 mdl, cosa, = 012925 cosa, [N m]
M,; = -981ml,sina,/2 = 001618 sina, [N m]
Mg = -981m,|.,Sina, = 003531 sina, [N m]

giving finally (Fig. 3.7)

8
M, => M, = (-00947 cosa, +005149sina,) [N m].
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returning moment of gravity forces [Nm)

01 ' ! : ! : ! !
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| s S .. SO SR S SO 4
P NSRS SRRSO SO SO SO SN SOUUOON
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vertical position [rad]

Fig. 3.7 Returning moment of the gravity foréés

The moment of the centrifugal forces is:

6
M :ZMcfi )

where

M, =(m+m)I? Q7 cosa,sina, =001003 Q/cosa, sina, [N m]

M, =mlZ? Q7 cosu, sina,/4 = 000144 Q7 cosa, sina, [N m]
M ,=ml2 Q} cosa,sina,/4 =000025 Q7 cosa, sina, [N m]
M, =m,li QF cosn,sina, =0.00054 Q/ cosa, sina, [N m]
M . =m |2 Q? cosa,sina,/4 =000118 Q/cosz, sina, [N m]

M =(m +m_)I2 Q2 cosa, sina, =001150 Q/cosx, sina, [N m]

giving finally (Fig. 3.8)

6
My = ZMcﬁ = 0024946 Q7 cosa, sina, [N m].
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Centrifugal returning torque [Mrm)

azimuth velocity [rad/s] pitch position [rad]

Fig. 3.8 Centrifugal returning torque

3.5 Static characteristics

It is necessary to identify the following functions
» Two nonlinear input characteristics determiningetegence of the DC-motor rotational
speed versus the input voltage (RPM characterjstigs=H (U, ) andw, =H,(U,)

To measure the characteristics double click $tatic characteristicdutton in TRAS
Control Window.The window given in Fig. 3. opens. In this wind@me defines the
minimal and maximal control values and a numbemeasured points. The control order
can be set agscending, Descendirgy ReverseAlso one can choose the pitch or azimuth
static characteristic. Note, that the control sighaormalised and changes in the range
[-1, +1] what corresponds to the input voltage eapg4V, +24V].
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J Measure Yelocity ¥s. PY¥M = 01| x|

Miriirnal contral walue: I .0
b aximal contral value: I 10

Contral order:

Mo of meazured points: I 11
Az I.ﬁ.zimuth il I

Help | CLOSE |

Fig. 3.How to collect the points of the static @weristic

Block the beam before the experiment is starteoS®Azimuthaxis (tail rotor) and click
the Run button. The constant value of the control activatess DC motor so long as a
steady state of the shaft angular velocity is agdeThen, the velocity is measured and the
control value is changed to the next constant vaheeDC motor is activated again. These
steps are repeated to the end of the control raéBigeultaneously, the measurements are
displayed in the screen. This action should be atggefor pitch axis (main rotor) to
obtained the both characteristics. Examples ofntieasured static characteristic for the
main and tail rotors are shown in Fig. 3.9.

RPM vs. PWM
8000

6000

4000

2000

-2000

Rotor velocity [RPM]
o

-4000F

-6000

PWM control value

Fig. 3.9 Main and tail rotor static characteristics
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If the characteristic is measuredReversanode (the control has been changed from —1 to
+1 and reverse), there are two slightly differdotg

* Two nonlinear characteristics determining dependenf the propeller thrust on DC
motor rotational speed (thrust characteristicsf;,=F,(w,) , F-F/(®,) .

The thrust static characteristics of the propel#rsuld be measured in the case when the
propellers were changed by a user. In this cas®@ep electronic balance (not delivered
with the system) is necessary to measure the foeaged by rotational movements of the
propellers. The characteristics includedTiRAS Toolboxand shown in this section has
been obtained by the manufacturer of TRAS.

3.5.1 Main rotor thrust characteristics

- i/ string

balance /vo
weight electronic
/ balance

Fig. 3.10 Measuring of the main rotor thrust chasastics

To perform measurements correctly block the beanthat it could not rotate
around the vertical axis, place the electroni@abe¢ under the beam in such a way that it
is pulled by the propeller straight up. To bakaribe beam in the horizontal position
attach a weight to the beam (as in Fig. 3.10) .

thrust of main rotor Fv [M] main rator velocity[rpm)
1.2 ' T ' ' 4000 e

3000

2000

1000

0

-1000

-2000

-3000

05 i ‘ ‘ i ‘ ‘ 7 N T T SN AN A AR N
-f000  -3000 -2000  -1000 ] 1000 2000 3000 4000 - 4 - R . .
rnain rotor velocity [rpm) control v

Fig. 3.11 Measured static thrust characteristichkemain rotor
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For further applications the measured charactesisghould be replaced by their
polynomial approximations. For this purposes ona c@e the MATLAB polyfit.m
function. An example is given in Fig.3.6. The ob& polynomials have the form:

F, = -1.8010"% o -7.800% o +4.100" o +2.7010° a? +3.5010° w, -0.014
@,=-5200°U/ -1.1010° U +1.110" U +1.310° U -9.2[10° U -31U 7 +6.1110°U,, -4.5

thrust of main rotorN] main ratar velocity[rpm]
4000 T T T T

12 T T T
""""" frorrrespreeeeef T Sthdegree |- 000 feeeebocomedeeeeede L Tthdegree S

2000

R e e e e e
R St o
"""""""""""""""""""" -1000

2000 pereesnbennenn e

-3000

. i i i
-4000  -3000 -2000 -1000 o 1000 2000 3000 4000
main rotor velocity[rpm] contral [%)

-4000

Fig. 3.12 Polynomial approximation of the main ratbaracteristics

3.5.2 Talil rotor thrust characteristics

Fig. 3.13 shows laboratory set-up for measuitimgst of the tail rotor.

‘1‘3 ~
rope

balance /'O
weight electronic
/ balance

Fig. 3.13 Laboratory set-up for the tail rotor tstraharacteristics

To measure the static thrust characteristics onalgho rearrange the laboratory set-up as
shown in Fig. 3.13 and the electronic balance shbalused.

The measured by the manufacturer of TRAS thrusicstharacteristics of the tail motor
are given in Fig. 3.14.
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thrust of tail rotor Fh [N] tail rotor velocity[rpm]
08 T T T T T 8000 T T T T T
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tail rotor velocity[rpm] control Uh
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-1 -08 06 -04 02 0 02 0.4 06 [k:} 1

Fig. 3.14 Thrust characteristics measured fotadheotor.

For further applications the characteristics canréplaced by their polynomial
approximations. For this purposes one can use tAGWAB polyfit.m function. The
obtained polynomials are as follows:

F, =-2600%w + 4100 0! + 3200%0} - 7300°»? + 2100°», + 00091

~

&, = 2200°U° -1700°U¢ -4500°U¢ + 300°U7 + 98M0°U, -92

thrust of tail rotar[M] tail rator velocity[rpm)

1 T T T T 8000 T T T T T T T T T
SV e E ]
= e | 000 e | e |

e e
' T ' ' ' ' 4000

O b bt S T B i s i e s
0 ]
08 2000
-4000
-1 3
6000 j
e N R S R R R RN S S T T N N R N
B00 B000 4000 2000 0 2000 4000 GODO GO0 4 08 06 04 02 0 D02 04 06 08 1

tail rotor velocity[rpm) contral [%]

Fig. 3.15 Polynomial approximation of tail rotorachcteristics
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4. RTWT model

In this section the process of building your owmtcol system is described. Theeal-
time Windows TargéRTWT) toolbox is used. An example how to use tRAE software
is shown later in section 5.3. In this section gie indications how to proceed in the
RTWT environment.

Before start, test your MATLAB configuration by building and running an

example of a real-time application. Real-time Windws Target Toolbox includes

the rtvdp.mdl model. Running this model will test te installation by running

Real-Time Workshop, Real-Time Windows Target, the Ral-Time Windows
|:> Target kernel and your third-party C-compiler in th e case if MATLAB 6.5 is

used.

In the MATLAB window, type

rtvdp
Next, build and run the real-time model.

To build the system that operates in the real-timogle the user has to:
» create a Simulink model of the control system whednsists of TRAS Device
Driver and other blocks chosen from the Simulink library,
* build the executable file under RTWT,
» start the real-time code from tB&mulation/Start real-time codmull-down menu. In
this way the system runs in real-time.

4.2 Creating a model

The simplest way to create a Simulink model of ¢batrol system is to use one of the
models included in th&ras Control Windovas a template. For example, click on B
Azimuth button and save it aBlySystem.mdhame. TheMySystemSimulink model is
shown in Fig. 4.1.
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Fig. 4.1 ThaMySystensimulink model

Now, you can modify the model. You have absoluteedlom to develop your own
controller. Remember to leave tA&RASdevice driver block in the window. This is
necessary to work in RTWT environment.

Though it is not obligatory, we recommend you tavie the scope. You need a scope to
watch how the system runs. The saturation blockdailt in theTrasdriver block. They
limit the currents to the DC motors for safety mes However they are not visible for the
user who may amaze at the saturation of contralserblocks remaining in the window
are not necessary for our new project.

Creating your own model on the basis of an old extaransures that all internal options of
the model are set properly. These options are medjunp proceed with compiling and
linking in a proper way. To put théras Device Driverinto the real-time code a special
make-file is required. This file is included to thRAS software.

You can apply most of the blocks from the Simuliitkary. However, some of them
cannot be used (see RTW or RTWT references manual).

The scope block properties are important for anm@gpgate data acquisition and watching
how the system runs.

The Scopeblock properties are defined in the Scope propemgow (see Fig. 4.2). This
window opens after the selection of theope/Propertietab. You can gather measurement
data to theMatlab Workspacenarking theSave data to workspaaheckbox. The data is
placed undeiariable name The variable format can be setsisucture or matrix. The
default Sampling Decimatioparameter values set to 1. This means that each measured
point is plotted and saved. Often we selectDeeimationparameter value equal to 5 or
10. This is a good choice to get enough pointsesrdbe the signal behaviour and to save
the computer memory.
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J} "Angle & Control' parameters - II:IILI J "Angle & Control' parameters — II:I Iil

Data histu:ur_l,ll Tip: try right clicking on axes Generall Data hiztary | Tip: bty right clicking on ases

General

Aues

Mumber of axes: I 3 [~ floating scope
Time range: I a0 v Save datato workspace
Tick labels: II:u:ultu:um awiz oy VI " ariable name: I AngleChrl

Forrnat: IStructure with time j

[~ iLirnit data points ba last I 12000

Sampling
Decimation j |1

Ok | Eancell Help | Apply (] | Eancell Help | Apply

Fig. 4.2 Setting the parameters of 8mopeblock

When the Simulink model is ready, click tleols/External Mode Control Panebtion
and next click theSignal Triggeringbutton. The window presented in Fig. 4.3 opens.
SelectSelect Allcheck button, seSourceas manual, sdduration equal to the number of
samples you intend to collect, and close the window

J Mysystem: External Signal & Triggering _|EI|1|
Signal zelection
Block Path
¥  Angle & Control MySy=ten idngle & Control v Select al
XT Di=play HySy=ten -TRAS-Di=play Clean all |
X ERPH MySw=tenREFH
* on
= off
Trigger signal |
;I Goto block |
Trigger
S Imanual j tode: Inormal j Trriggen sigrial: Fork: |1 Element:l any
MySpstem s TRAS /Dizpla -
Druration: |1ZDDD Delay: ID | o o j
¥ Am when connect ta target Direstior: [risna 7] Levek [0# Hold:off: [0
Hevertl Help | Apply | Close |

Fig. 4.3 TheExternal Signal & Triggeringvindow

4.3 Code generation and the build process

Once a model of the system has been designed tihe foo real-time mode can be
generated, compiled, linked and downloaded intqtleessor.

The code is generated by the use of Target LamgGagnpiler (TLC)(see description of
Simulink Target Language).
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At the beginning you have to specify the simulag@mameters of your Simulink model in
the Simulation parameterdialog box The RTWpage appears when you select RIBNV
tab (Fig. 4.4 or Fig. 4.5 depend on Matlab versidime RTWpage is used to set the real-
time build options and then to start the buildimggess of th&TW.DLLexecutable file.

-} simulation Parameters: MySystem - IEI IEI

Sl:ulverl Wurkspacela’l:ll Diagnusticsl .ﬁ.dvancedl Real-Time \Workshop

Categary: I T arget configuration j Build |

Configuration

Swyzten target file: I rhwir Hi Eruwse...l
Template makefils: I tras win wotmf

Mak.e command: I make b

[~ Generate code only Stateflow options...

] 4 | Ear‘u:ell Help | Apply

Fig. 4.4 The RTW page (Matlab 6.5 version) of 8wmulation parameterdialog box

The system target file name is rtwtlo. It manages the code generation process. The
tras_win_vc.tmtemplate make-file is devoted to C code generatising the Microsoft
Visual C++ 6.0 compiler. Thé&ras_win_watc.tmftemplate file has to be applied if the
Open Watcom 1.3 compiler is used.

If MATLAB 6.5 version is used the template make-fié must correspond to the
|:> compiler in use.

In a case if MATLAB 7 (or higher) version is used e template filertwin.tmf
E> (seeFig. 4.9 and built-in OpenWatcom 1.3 compiler are applied.
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E! Configuration Parameters: MySystem,/Configuration

Select:

- Solver
- D ata Import/E xport
- O ptimization
= Diaghiostics
Sample Time
D ata Integrity
Conversion
Connectivity
Compatibility
“ Model R eferencing
- Hardware Implementation
- Model R eferencing

Symbols
Cuztom Code

— Target zelection

Suztem target file; Irtwin.tlc

Browsze... |

Language: | [

Description: Real-Time % indows Target

|

—Documentation

[~ Generate HTML report

[~ Launch repart after code generation completes

—Build process

TLLC options: I

tdake command: Imake_ltw

Template makefile: Irtwin.tmf

[~ Generate code only

ak. Cancel

puld |
]

| Help | Apply |

Fig. 4.5 The RTW page (Matlab 7 version) of 8imulation parameterdialog box

The Solverpage appears when you select $udvertab (Fig. 4.6 and Fig. 4.7). Ti8olver

page is used to set the simulation parameters.r&eaameters and options are available

in the window. TheFixed-step sizeditable text box is set to 0.002 (this is the glam

period given in seconds).

The Fixed-stepsolver is obligatory for real-time applications.If you use an
|:> arbitrary block from the discrete Simulink library or a block from the driver
library remember that different sampling periods must have a common

divider.

The Start timehas to be set to 0. The solver has to be selelcteair example the fifth-

order integration method odebis chosen.
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-} Simulation Parameters: MySystem - IEI Iil

Salver Wnrkxpacela’ﬂl Diagnn&ticsl a'l'«dvancedl HeaI-TimeWDrkSthl

Sirnulation time

Start tirme: I 0.0 Stop time: I 50

Salver options
Type: IFiHed-step j I odef [Dormand-FPrince) j

Fized step size: I 0.01 tode:; ISingIeTasking Vl

Cutput ophions

Fiefine output j Fefire fastarn I 1

Ok | Eancell Help | Spply

Fig. 4.6 Simulation parameters (Matlab 6.5 version)

E: Configuration Parameters: MySystem,/Configuration il
— Simulation Hme =
3 Start time: IEI.EI Stop time: |3IJ
- D ata Import/E spart
D!Jhmlzat.mn —Solver options
= Diagnostic:
E""Sample Time: Type:l Fixed-step LI Su:ulver:l ode5 [Domand-Prince) ;I
i~ Data Inkegrity - _ _ -
é----l:nnversion Periodic zample time constraint; I Unconstrained ;I
i Connectivity Fixed-step size [fundamental sample time]: ID.D1
E""Enmpa“blhw . Tazking mode for periodic sample times: I SingleT azking ;I
- todel Referencing ; - - i —
- Hardware Implementation [~ Higher priority svalue indicates higher task priarity
- Model Referencing [~ Automatically handle data transfers between tasks
= Real-Time Workshop
i Comments
o Spmbols |
Custom Code
iDebug
----- Real-Time Window. ..
hd
(1] Cancel | Help | Apply |

Fig. 4.7 Simulation parameters (Matlab 7 version)

If all parameters are set properly you can staetdkecutable building process. For this
purpose press tHauild push button on the RTW page (Fig. 4.4) or Fig. 4.5
Successful compilation and linking processes géadhna following message:

### Created Real-Time Windows Target module MyRystel.
### Successful completion of Real-Time Workshdd procedure for model: MySystem

Otherwise, an error massage is displayed in MATLodBimand window.
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5. Controllers and real-time experiments

In the following section we propose three PID colérs. It is possible to tune the
parameters of the controllers without analyticakige. Such approach to the control
problem seems to be reasonable if a well identiffextiel of TRAS is not available. The
effectiveness of the PID controllers discussed feeilustrated by control experiments.

PID controllers

One degree of freedom (1-DOF) control problem esftillowing. Design a controller that
will stabilise the system, or make it follow a desl trajectory in one plane (one degree of
freedom) while motion in the other plane is blockedchanically or being controlled by
another controller.

If TRAS is free to move in both axes we refertie tontrol as two degree of freedom (2-
DOF). The four PID controllers for TRA®ID,,, PIDy, PIDy, andPIDy, (h-horizontal
(azimuth), v-vertical (pitch)) are considered. Thebscripts indicates the source-sink
relation for the controller. Each control signal, (andUy;) is the sum of two controller
outputs. For example, vertical control denotedrlatt), is the sum of two output signals:
PID,y and PIDy,. The internal structure of each PID controllesiown in Fig. 5.15b.
There are three parameters to be set for everyattemt Kp, K; andKy. The TRAS control

in the vertical and horizontal planes requires irsgttaltogether 12 ¢84) controller
parameters. Saturation blocks introduce four aoluliil s, parameterstyysas lvhsas Ihhsatand
Ihvsas Which are the limits of absolute values of theegnals of errors, and twélymaxand
Uvmax parameters, which are the limits of absolute valfieontrols. These 18 (12+4+2)
parameters have their default values.

5.2 1-DOF controllers

The task of the one-degree-of-freedom (1-DOF) abletrs is to move TRAS to an
arbitrary position in the selected plane and tbissz it there.

5.2.1 Vertical 1-DOF control

At the beginning we restrict our control objectieestabilising the system in the vertical
plane only. We reduce the original system to tHedF system by mechanically fixing
(using the included clamp) its freedom to moveha horizontal plane. A corresponding
block diagram of the PID control system is showkim 5.1.

Avd & UV

| 1-DOF
—Q—| PiD.. —>| SsYSTEM

av

\ 4

Ova - desired pitch

Fig. 5.1 1-DOF pitch control system
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The block diagram below shows the system in a rdetailed form (Fig. 5.2). Notice, that
only the vertical part of the control system is sidered.

) Gh(wn, Q)
Fh Mn Kh Qn
— ¥ Hn(Un,t) 9| Fr(wn) —{ln(a) FQ—1/s —»{ 1/3(a.) > l/st—p
Uy Wh A ah
DC-motor with
tail rotor fh >
’ khv
’ kvh
DC-Motor with ﬂ_
main rotor

ay

[ H—>
K Q,

Rn(ay, Qn) n

—» H,(U,t) »F.(w)

Fig. 5.2 The block diagram 1-DOF system (vertpdahe)

5.2.2 Real-time 1-DOF pitch control experiment

Fix TRAS in the horizontal plane using the spegpiaistic clamps delivered with TRAS.
Set it in the neutral vertical position and waitiuthe all oscillations are damped. Tmas
Control Windowdouble click theReseEncoderslock.

Click the PID Pitch controllerbutton and the model shown in Fig. 5.3 opens. B&lB
controller coefficients a j = 0.6784 K; =0.4415andK, =1. 3119@\lso set saturation

of the integral part of the controller to 1.43. Buithe model and click on the
SimulatioiConnect to targebption andStartreal-time codeoption.
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TRAS 1-DOF PID Pitch

num(z)

I—V den@z) | Fitered
Control Fliter Control _»
L »

A\ 4

»l
g | >
» [ Angle & Reference -
g |
Angle & Control
T Azimutn Angle El
Zero Azimuth
Control
Pitch Angle
o0o0oo y
O faat—0) N
Reference Angle PID Controller o T Azimuth rRP E'
Generator @ 52
Pitch Offset g S
e A SN
Reset 4 Pitch RPM
-~
1] > TRAS RPM
0+
Normal Reset

Encoders

Fig. 5.3 Real-time model for the pitch control

The results of the experiment are shown in Fig. Batice, that control changes with high
frequency. This phenomena appears due to the ga#ion effects of the signal caused by
the differential part of the controller. For thisason the control signal is filtered to
obtaining an average value of the control signas. shown in the upper part of Fig. 5.4.

-} Angle & Control =100 x|
|lem Ll ABEB|EE &

Filtered

|
|
(R I SN | LT,

I ﬁ*—*—-ﬂk%—a—rr'l f

Cantral

Time offset; 1

Fig. 5.4 Results of the PID pitch control
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PID controller for pitch position - Filtered control

The details of the above experiment are showngn3:5, Fig. 5.6 and Fig. 5.7.

|
Il

i

I’

Fig. 5.6 The non filtered control

time [s]
Fig. 5.5 The filtered control
PID controller for pitch position - control

time [s]
-47-
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0.3

0.2

0.1

-0.1

-0.2

-0.3

-0.4

-0.5
0

Pitch position and reference signal

Fig. 5.7 Pitch position and the reference signal

5.2.3 Horizontal 1-DOF control

In the next experiment we apply stabilising PlDhtroller in the horizontal plane.
We block the system in one axis so that it cannovamin the vertical plane (using the
included fixing rectangle).. A corresponding blatikgram of the control system is shown
in Fig. 5.8, and in a more detailed form in Fi@.5.

and
—_—

&nh

PID,

Uh
—_—

1-DOF
SYSTEM

an

Ohd -desired azimuth

Fig. 5.8 1-DOF control closed-loop system (azimatbilisation)

Notice that only the ‘*horizontal’ part of the caritsystem is considered.
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Fh M h K h Qh
Hn(Un,t) Pl Frn(own) s || 1/3(ay) 1/s
Un Wh x Oh
DC-motor with
tail rotor fh <
P Kny [——
Pk f———t
DC-Motor with fV o —
main rotor a,
Wy
U__’ HV(UV1t) _> I:V(('\]V) 1/3 —’ 1/Jv > 1/5 >
v KV QV
F
<
|_’ Gv(w v, QV) Rh(aw Qh) 4

Fig. 5.9 The block diagram of 1-DOF system (hamizabplane)

5.2.4 Real-time 1-DOF azimuth control experiment

Fix TRAS in the vertical plane using the specigirfg rectangle delivered with TRAS. Set
it in the zero position and click on tReseEncodersblock in Tras Control Window

Click PID Azimuth controllerand the model shown in Fig. 5.10 opens. Set all PID
controller coefficients ax ;| = 49395 K; = 0.0022 andK, =5. 1898Also set saturation

of the integral part of the controller to 1.0. Ruithe model and click on the
SimulatiofConnect to targeandStartreal-time codeoptions.

oooo

Reference Angle
Generator

TRAS 1-DOF PID Azimuth

num(z)

den(z)

z
Control Fllter

Filtered

»
»

»

Normal

>

l

> >
©_> PID okl ™

PID Controller

Zero Pitch Control

Reset

1P

BTN

Reset

Azimuth Angle

Azimuth RPM

Encoders

Fig. 5.10 Real-time model for the PID azimuth coht

Control o
L

I Angle & Reference

Pitch Angle El

D

RPM

TFrenrem P E

»
>

Angle & Control

TRAS User’s Manual

-49-



The results of the experiment are shown in Figl 9Nbtice a high frequency of the control
similar to that in the case of the pitch controhisl phenomena appears due to the
quantization effects of the signal caused by thiermintial part of the controller. For this
reason the control signal is filtered. It is shawithe upper part of Fig. 5.11.

-} Angle & Control =101 %]

|leElrlsr ABB DL

Filtered

Time offzet; 0

Fig. 5.11 Results of the PID azimuth control
The details of the above experiment are showngn3-L.2, Fig. 5.13and Fig. 5.14.

PID controller for azimuth position - Filtered control
0.6 T T

Fig. 5.12 The filtered control
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Fig. 5.13 The non filtered control

Azimuth position and reference signal
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Fig. 5.14 The azimuth position and reference signal
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5.3 2-DOF PID controller
The structure of the cross-coupled multivariable Bontroller is shown in Fig. 5.15.

a)
»| PIDhh
€n Un
»| PIDhv
™1 PIDvh I
Ev l U,
» PIDw »{ +
b)
»| Kp
£ U
>| sKd = |—

saturation block
K|/ S —> _/i/_ unax

saturation block s

Fig. 5.15 Structure of the cross-coupled PID cdlgro
a) general b) single PID block

The controller is described by the equations givelfow.
‘gv = avd - av’

&, =0ng —ay,

where: ¢, ,¢&, are errors of the vertical (pitch) and horizorsagle (azimuth)a ,,a,, are
the reference values of the vertical and horizoatadles, a,,a, are the vertical and
horizontal angles.

The integrators are described by the following ¢équa:

wlt) = Kivvv(!-g\ﬂt' for =l sar ST ws 1 wsar
if (1, > s )therl,, =1, if (1, <=l )therl,, = -1,
L (t) = Kivh.[g\ﬂt' for = lipsae< 1 unS 1 vhsat
if (1 > Lpsa Jtherly, =1, if (1 <=l )therl, ==,
I () = Kihv:\; £,dt, for = lhysar < 1 S| husat
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if (I, >l )therl,, =1, if (1, < ytherl,, = -1, .

hvsa - I hvsa

I (t) = Kihhjghdt’ for = lpnsat< 1 hnS 1 pnsat
0

if (1, > e dther =1 o, if (1, <=l ) therl =—1, .,

where: K, ,K.,K,,,K;, are gains of the | parts,

ivv 1 1

I I I I are saturation’s of the integrators.

vvsa ! "vhsa? "hvsa’ " hhsa

Finally, vertical and horizontal controls are:

de, de
Uv = vava"' I V\Kt) +K dvv dt + vah£h+ l vh(t) +K dvhd_th’ fOf _Uvmaxs Uv = Uvmax

if (U,>U,, ., )theru, =uU, ., if (U, <-U,,)therU, =-U,_.,

de, de
Up =Kot Ipft) +K dth-l- Kohn€n+ I n(t) +K dhhd_th’ for -UpmaxSUp <Upma

If (Uh >Uhma>)theruh :Uhma)’ If (Uh <_Uhma>)theruh = _Uhma)'

whereK K m K o K iin K 6K s K ure parameters of the controllers,

U U are the saturation limits of the vertical andibamtal controls.

vmax >~ hmax

5.3.1 Simple PID controller

The simple PID controller controls the verticaldamorizontal movements
separately. In this control system influence of ootor on the motion in the other plane is
not compensated by the controller structure. Thstesy is not de-coupled. The control
system of this kind is shown in Fig. 5.16. The colter structure is shown in Fig. 5.17

ap
Ohd= €n U, _
po || 2-DoF
— Q) > >
Ovd T a,

Fig. 5.16 The block diagram of 2-DOF control sysisitih a simple PID-controller
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Ev Uy
— PIth »
€n U,

Fig. 5.17 The block diagram of the simple PID-cohér

5.3.2 Real-time 2-DOF control with the simple PIDcontroller

The control task in this case is the same as ipi@ous sections but TRAS is not
mechanically blocked, and therefore it is freentwve in both planes.

Click the 2-DOF controller button and the model shown in Fig. 5.18 opens. Set all
coefficients of the crossed PID controllers to zémnathis way the simple PID controller is
obtained. Set coefficients of the azimuth controéle follows: K, =3.1352 K;, = 00

and K, = 2. 2094 The integral saturation set to 1.0. Set thefuments of the pitch PID
controllers as: K, =1.2627 K, =1.4014 andK,, =1.2074. Set saturation of the

integral part of the controller to 1.43. Set thierence azimuth signal as square wave with
0.2 [rad] amplitude and 1/40 [Hz] frequency. Set teference signal for pitch as sinusoidal
wave with the amplitude and frequency as 1/30 [Hz].

Build the model and click on thgimulatiodConnect to targebption andStartreal-time
codeoption.

The results of the experiment are shown in Fig9 @dd Fig. 5.20. The azimuth position
does not reach the desired position and the piws$itipn is weakly damped when
disturbances from the rapid motions of the azinaxils occur.
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TRAS 2-DOF PID Crosscoupled

num(z)
den(z) | Filtered
Azimuth Control Fliter -
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Sat Azimuth Angle & Reference
Foi B [+ Pitch Angle
—
3
M b
Satl 2 Azimuth RPM >
=]
Reset L o —
1 —po o/ Pitch RPM RPM o
- »
0 1 TRAS
Normal Reset Angle & Reference
Encoders
num(z) ‘ -
den(z) Filtded
Pitch Control Fliter
>
>
»l
e | >
—>I Pitch Angle & Reference g

Pitch
Angle & Control

Fig. 5.18 Real-time model of the 2-DOF control task

Azimuth position and reference signal
0.25

0.2

0.15

0.1

0.05

Fig. 5.19 Results of the 2-DOF control with the gienPI1D controller (azimuth position)
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Pitch position and reference signal
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Fig. 5.20 Results of the 2-DOF control with the gienPID controller (pitch position)

5.3.3 Cross-coupled PID controller

The cross-coupled PID controller steers the ayste the pitch and azimuth
planes. In this control system the influence of ooter on the motion in the other plane
can be compensated by the cross-coupled struatdihe controller. The control system is
shown in Fig. 5.21The cross-coupled PID controller structure is smawrig. 5.22

O hd ‘é €h
> PID

- Ev
Ovd

ay
U, >
cross 2-DOF
Couded UV SYSTEM
>
a,

Fig. 5.21 The block diagram of the 2-DOF contgatem with the cross-coupled PID-

controller
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& Un
PIDuy

>+ >
*| PID,, |
> PID.,
Uy
PIDw »(+ >
£, o/

Fig. 5.22 The block diagram of the cross-coupid® controller

5.3.4 Real-time 2-DOF control with the cross-couptePID controller

Click the 2-DOF controller button and the model shown in Fig. 5.18 opens. Set the
coefficients of the crossed PID controllers asofob:

PID,, (the azimuth controller)
K o = 3.2465 K, = 0.0367 andK ,,,, = 2.152. Set the integral saturation to 1.0.

PID,, (the cross azimuth-pitch controller)
Ko =—09334K,, =00 andK,, =-0. 7845

PID,,, (the cross pitch-azimuth controller)
Kon =—00363K,,, =00 andK,, =-0.0223

PID,, (the pitch controller)

Kow =04978K,, =04392 and K, = 0. 4464 Set the saturation of the integral part of
the controller to 1.43.

Also set the reference signals as in the previgpsrment: the reference azimuth signal as
square wave with 0.2 [rad] amplitude and 1/40 [Hefjuency and the reference signal for
azimuth as sinusoidal wave with the amplitude aaduency as before.

Build the model and click on thgimulatiodConnect to targebption andStartreal-time
codeoption.

The results of the experiment are shown in Figd au2d Fig. 5.24.
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Fig. 5.23 Results of the 2-DOF control with thess-@oupled PID controller (azimuth

position)

Pitch position and reference signal

time [s]

Fig. 5.24 Results of the 2-DOF control with thesss@oupled PID controller (pitch

position)
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Results of experiments for the simple and crosglealicontrollers are compared in Fig.
5.25 and Fig. 5.26. It can be seen that compemgaintion of the coupling controller

5.3.5 Comparison the simple and cross-coupled Pl»gtroller
improves the control quality especially for thechiangle.
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Fig. 5.25 Comparison the simple to the cross-calugiD control (azimuth)
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Fig. 5.26 Comparison the simple to the cross-caugiD control (pitch)

TRAS User’s Manual



6. PID controller parameters tuning

There are several methods to design closed-loopai@ystems. In order to obtain
optimal (or sub-optimal) settings of parameterstfa PID controllers the so-called tuning
methods may be used. The following tuning meth@assbe distinguished:

* Tuning based on the time or frequency responsesxperiment is performed with
the process and with the model of the process.nfuniles are based on time or
frequency responses of the system. This methodtiased foTRAS.

* More general method is the minimisation of a obyecfunction. The idea of this
method forTRASwith a PID controller is presented in Fig. 6.1.

new Kp,Ki,Kd
Ymd €m Un simulation Yin
—_— | PID(Kp,Ki,Kd) model of >
+ CONTROLLER TRAS
117
l v
CRITERION PROCEDURE
] Q(‘g’m’um) ’ mInvaKi Kp Q(Em’um)

Fig. 6.1.Schematic diagram of the PID parametersg

In the case offRASthe following criterion is used to tune the PlDrgraeters for all
experiments described in the previous section

Tk
Q=] (45,3 +e2+(u, + 0.1)2)dt

where: T, = 80[s] is the simulation time &, is the azimuth position errorg, is the pitch
position error,u, is the pitch control. The 0.1 coefficient is thelue of the pitch control
which keeps the beam in the horizontal position.

The TRAS Toolboxncludes the m-files to perform optimisation progess of the
PID controller parameters. These m-files are devid:
e pid_azimuth.m
e pid_pitch.m
e pid_cross.m
e pid_simple.m
These files use their own simulation models and dhierions m-file in optimisation
process. See the body of these files to learn hevoptimisation procedure is performed.
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7. Description of the CTRAS class properties

The CTRASIs a MATLAB class, which gives the access to h# features of the RT-
DAC/PCI board equipped with the logic for TRAS. TR&-DAC/PCI board is an interface
between the control software executed by a PC ctenpand the power-interface
electronic of TRAS. The logic on the board contdhresfollowing blocks:

e incremental encoder registers — two 16-bit registermeasure the positions of the
incremental encoders. There are two identical esrcatputs, that are applied to
measure the azimuth and pitch angles,

* incremental encoder resets logic. The incrememzbd@ers generate different output
waves when the encoder rotates clockwise and coealaekwise. The encoders are
not able to detect the reference (“zero”) positida.determine the “zero” position
the incremental encoder registers have to be srtoby a computer program,

* PWM generation blocks — generates the Pulse-Widtddwation output signals
applied to control the azimuth and pitch DC drivBgnultaneously the direction
signals and the brake signals are generated tootdhe power interface module.
The PWM prescalers determines the frequencieseoP¥WM wave,

* power interface thermal flags —the thermal flags lsa used to disable the operation
of the overheated DC motors,

* interface to the on-board analog-to-digital coneerThe A/D converter is applied to
measure the output voltages from the tachogenerator

All the parameters and measured variables fronRIAC/PCI board are accessible by
appropriate properties of tli&rRASclass.
In the MATLAB environment the object of ti&TRASclass is created by the command:

object_name = CTRAS;
Thegetmethod is called to read a value of the propertyefobject:
property value = get( object_name, ‘property _name’
Thesetmethod is called to set a new value of the giveperty:
set( object_name, ‘property _name’, new_propertyuea|
The display method is applied to display the property valueenvitheobject names
entered in the MATLAB command window.

This section describes all the properties of@i&RASclass. The description consists of the
following fields:

Purpose Provides short description of the property

Synopsis Shows the format of the method calls

Description Describes what the property does aedéhtrictions subjecte
to the property

Arguments Describes arguments of the set method

See Refers to other related properties

Examples Provides examples how the property carsee
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7.2 BaseAddress
Purpose Read the base address of the RT-DAC/PCI board.

Synopsis:  BaseAddress = get( tr, ‘BaseAddress’ );

Description: The base address of RT-DAC/PCI board is deterhime the computer.
Each CTRAS object has to know the base addreskeobbdard. When a
CTRAS object is created the base address is ddtectmatically. The
detection procedure detects the base address 6f<hBRT-DAC/PCI board
plugged into the PCI slots.

Example: Create the CTRAS object:
tr = CTRAS;
Display their properties by typing the command:
tr

Type: CTRAS nj ect
BaseAddr ess: 54272 | D400 Hex
Bi t stream ver. : X40F

Encoder: [ 2 65517 ][bit]

Reset Encoder:
| nput vol t age:

0 0]
-0.01 -0.02 ][V]

[
[
PV [ O O]
PWM Prescal er: [ 1 1]
PWM Thermal Status: [ 0O 0 ]
PWM Ther mal Fl ag: [ 1 1]
Angl e: [ 0.003068 -0.029146 ][rad]
RPM [ -19 -9 ][RPM
7

Ti me: 53.7 [sec]

Read the base address:
BA = get( tr, ‘BaseAddress’)

7.3 BitstreamVersion
Purpose Read the version of the logic stored in the RTEXACI board.
Synopsis Version = get( tr, ‘BitstreamVersion’);

Description: The property determines the version of the doggesign for the RT-
DAC/PCI board. TRAS may vary and the detectionh® logic design
version makes it possible to check if the logicigiess compatible with
the physical model.
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7.4 Encoder

Purpose Read the incremental encoder registers.
Synopsis enc = get( tr, ‘Encoder’);

Description: The property returns two digits. They are edqoathe number of impulses
generated by the corresponding encoders. The encodaters are 16-bit
numbers so the values of this property is from 6820 32767. When an
encoder counter is reset the value is set to Zeve.first encoder register
corresponds to the azimuth position and the secegidter corresponds to
the pitch position.

The incremental encoders generate 4096 pulsesotfsion. The values of
theEncoderproperty should be converted into physical units.

See ResetEncoder, Angle, AngleScaleCoeff
7.5 Angle
Purpose Read the angle of the encoders.

Synopsis angle_rad = get( tr, ‘Angle’);

Description: The property returns two angles of the corredpun encoders. The first
value corresponds to the azimuth and the secorhetgitch position. To
calculate the angle the encoder counters are rhettipy the values defined
as theAngleScaleCoeffroperty. The angles are expressed in radians.

See Encoder, AngleScaleCoeff

7.6 AngleScaleCoeff

Purpose Read the coefficients applied to convert the decocounter values into
physical units.

Synopsis scale_coeff = get( tr, ‘AngleScaleCoeff’ );
Description: The property returns two digits. They are eqaahe coefficients applied to
convert encoder impulses into radians. The incréah@mcoders generate

4096 pulses per rotation so the coefficients ataktp 2*pi/4096.

See Encoder, Angle
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7.7 PWM

Purpose Set the direction and duty cycle of the PWM conivaves.

Synopsis PWM = get( tr, ‘PWM’);
set( tr, ‘PWM’, [ NewAzimuthPWM NewPitchPWM ] );

Description: The property determines the duty cycle and tiwacof the PWM control
waves for the azimuth and pitch DC drives. The PWilslves and the
direction signals are used to control the DC drisesn fact this property is
responsible for the DC motor control signals. ThewAzimuthPWNand
NewPitchPWMvariables are scalars in the range from —1 to & Vidlue of
-1, 0.0 and +1 mean respectively: the maximum obirira given direction,
zero control and the maximum control in the opmoglirection to that
defined by —1.

The PWM wave is not generated if the correspondinthermal flag is set
and the power amplifier is overheated.

See PWMPrescaler, Therm, ThermFlag

Example: set(tr, ' PWM’, [-0.30.0]);

7.8 PWMPrescaler

Purpose Determine the frequency of the PWM waves.

Synopsis Prescaler = get( tr, ‘PWMPrescaler’);
set( tr, ‘PWMPrescaler’, [ NewAzimuthPrescaler NetwRPrescaler | );

Description: The prescaler values can vary from 0 to 63. Thealue generates the
maximal PWM frequency. The value 63 generates thmernmal frequency.
The first prescaler value is responsible for thenath PWM frequency and
the second for the pitch PWM frequency. The fregyeof the generated

PWM wave is given by the formula:
PWMfrequency= 40MHz / 1023 / (Prescaler+1)

See PWM

7.9 Stop

Purpose Sets the control signal to zero.

Synopsis set( tr, ‘Stop’);
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Description: This property can be called only by the set roétlit sets the zero control
of the DC motors and is equivalent to get(tr, ‘PWM’, [0 0] )call.

See PWM

7.10 ResetEncoder

Purpose Reset the encoder counters.

Synopsis set( tr, ‘ResetEncoder’, ResetFlags );

Description: The property is used to reset the encodertargisTheResetFlagss a 1x2
vector. Each element of this vector is respondiini@ne encoder register (the
first value controls the reset signal of the azimahcoder and the second
controls the reset of the pitch encoder). If theeteflag is equal to 1 the
appropriate register is set to zero. If the flageqpial to O the appropriate
register counts encoder impulses.

See Encoder

Example: To reset only the first encoder register executectimmand:
set( tr, ‘ResetEncoder’, [101]);

7.11 Voltage

Purpose Read two voltage values.
Synopsis Volt = get( tr, ‘Voltage’ );

Description: Returns the voltage of two analog inputs. Thal@m inputs are applied to
measure the output of the tachogenerators.

See RPM

7.12 RPM

Purpose Read velocity of the propelers.

Synopsis RPM = get(tr, ' RPM");
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Description: Returns the velocities of the propellers. Theperty contains two values.
The first one is equal to the azimuth propelleroegl. The second one is
equal to the pitch propeller velocity.

See Voltage, RPMScaleCoeff

7.13 RPMScaleCoeff

Purpose Read the coefficients applied to convert the gaderator voltage values into
physical units.

Synopsis scale_coeff = get( tr, ‘'RPMScaleCoeff);

Description: The property returns two digits. They are edqaahe coefficients applied to
convert tachogenerator voltages into RPMs.

See Voltage, RPM
7.14 Therm
Purpose Read thermal status flags of the power amplifiers

Synopsis Therm = get(tr, ‘Therm’);

Description: Returns the thermal flag of the power amplifdfhen the temperature of a
power amplifier is too high the corresponding fiagset to 1. The property
contains two flags. The first one corresponds ® tiermal status of the
power interface for the azimuth DC drive. The setone corresponds to the
thermal status of the pitch power amplifier.

See ThermFlag

7.15 ThermFlag

Purpose Control an automatic power down of the power aineps.

Synopsis ThermFlag = get( tr, ‘ThermFlag’);
set( tr, ‘ThermFlag’, [ NewAzimuthThermFlag NewRithermFlag ] );

Description: If the NewAzimuthThermFlagr/andNewPitchThermFlagre equal to 1 the
azimuth or/and DC motors are not excited by the PWbkles when the
corresponding power interfaces is overheated.
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See Therm

7.16 Time

Purpose Return time information.

Synopsis T = get(tr, ‘Time’);

Description:  The CTRASobject contains the time counter. WherCaRASobject is
created the time counter is set to zero. Eacheawfer to thelime property

updates its value. The value is equal to the nunobenilliseconds which
elapsed since the object was created.

7.17 Quick reference table

Property name | Operation | Description
BaseAddress R Read the base address of the RT-DAC/PCI board
BitstreamVersion R giacl:cjptgleb;/z:zlon of the logic design for the RT
Encoder R Read the incremental encoder registers
Angle R Read the angles of the encoders
AngleScaleCoeff R Eoe;filo ;Zeintgo;fggﬁgts applied to convert encqder
PWM R+S Read/set the parameters of the PWM waves
PWMPrescaler R+S Read/set the frequency of the PWM waves
Stop S Set the control signal to zero
ResetEncoder R+S Reset the encoder counters or read the ragst fl
Voltage R Read the input voltages
RPM R Read velocities of the propelers
e I P e L T
Therm R Read the thermal flags of the power amplifiers
ThermFlag R4S :ri?)ﬂ;iseerts the automatic power down flags of the powe
Time R Read time information
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R — read-only property, S — allowed only set operatR+S —property may be read and
set

7.18 CTRAS Example

To familiarise a reader with the CTRAS class thlagstion presents an M-file example
that uses the properties of the CTRAS class to uneabe static characteristics of the
DC motor. The static characteristics is a diagrdmowsng the relation between DC
motor control signal and the velocity of the prdgeld. The M-file changes the control
signal and waits until the system reaches a stetdg- The velocity of the propeller is
proportional to the voltage generated by the taeherator.

The M-file is written in the M-function form. Theame of the M-function is
TRAS_PWM2RPMrhe body of this function is given below. The coents within the
function describe the main measurement stages.

The function requires five parameters:

* SelectRotor — selects the propeller used during the measursmAnailable values
are: 'A' for azimuth propeller, 'P' for pitch prdpeand 'AP’ for both propellers,
* CtrIDirection - a string that selects how to change the contible. The 'A’ string

causes the control is changed in ascending mafmeen (inimal to maximal control
value), the 'D’ string causes the control is chdrigedescending order (from maximal
to minimal value) and the 'R’ string causes revdmgble changes (from minimal to
maximal and after that from maximal to minimal cohvalues),

MinControl, MaxControl - minimal and maximal control values. The contralues
must be set within the —1.0 to +1.0 range,

NoOfPoints - number of characteristic points within the rangleere changes the
control signal. The exact number of points of therecteristics declared by this
parameter is enlarged to two points namely at tius ®f the control range.

function ChStat = ...

TRAS_PWM2RPM( SelectRotor, CtrIDirection,
MinControl, MaxControl, NoOfPoints )

SelectRotor = lower( SelectRotor );
CtrIDirection = lower( CtrIDirection );
NoOfPoints = max( 1, NoOfPoints+1 );

% Calculate control signal step
Step = (MaxControl-MinControl) / NoOfPoints;

switch CtrIDirection
case 'a’'

Ctrl = MinControl:Step:MaxControl;
case 'd'
Ctrl = MaxControl:-Step:MinControl;
case'r'
Ctrl = [ MinControl:Step:MaxControl MaxControl:
otherwise % This should not happen
error('The CtrIDirection must be "A","D" or
end

-Step:MinControl];

"R".")
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% Select the rotor(s) used during the experiment
switch SelectRotor
case 'a’
ACtrl = Ctrl; PCtrl = 0*Cirl;
case'p'
ACtrl = 0*Ctrl; PCtrl = Citrl;
case {'ap', 'pa'}
ACtrl = Ctrl; PCtrl = Citrl;
otherwise % This should not happen

error('The SelectRotor must be "A", "P" or "AP".")
end
% Create figure that presents the current measureme nts

FigNum = figure( 'Visible', ‘on’, ...
‘NumberTitle', 'off', ...
‘Name', 'Rotor velocity vs. PWM ch aracteristic', ...
'‘Menubar’, 'none');
tr = ctras;
ret =1];
for i=1:length(Ctrl)
% Set control signal(s)
set( tr, 'PWM', [ACtrl(i) PCtrl(i)] );
% Wait for steady-state
pause( 10)
ret(i,1) = Ctrl(i);
% Read a number of tacho voltages to calculate
% the average tacho output
AuxVolt = [0 O];
for j=1:10000
AuxVolt = AuxVolt + get( tr, 'RPM");
end
ret(i,2:3) = AuxVolt/20000;
% Plot results
plot( ret(:,1), ret(:,2:3), 'x');

hold on; plot( ret(:,1), ret(:,2:3) ); hold off; grid

title( 'RPM vs. PWM");

xlabel('PWM control value'); ylabel( ‘Rotor veloc ity [RPM]");
end

% Set return variable
ChsStat.Control = ret(:,1);
ChStat.RPM  =ret(:,2:3);
ChStat.Force = ret(:,4);

% Switch off the control signals
set( tr, 'PWM', [0 0] );

The diagram generated by the call:

tras_pwm2rpm( ‘ap’, 'r', -0.5, 0.5, 11)
is shown below. Two curves represent static chariatics of the azimuth and pitch
propellers.
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RPM vs. PWM
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