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THE HEALTH AND SAFETY AT WORK ACT 1974

We are required under the Health and Safety at Work Act 1974, to make available to users of this equipment certain information
regarding its safe use.

The equipment, when used in normal or prescribed applications within the parameters set for its mechanical and electrical performance,
should not cause any danger or hazard to health or safety if normal engineering practices are observed and they are used in
accordance with the instructions supplied.

If, in specific cases, circumstances exist in which a potential hazard may be brought about by careless or improper use, these will be
pointed out and the necessary precautions emphasised.

While we provide the fullest possible user information relating to the proper use of this equipment, if there is any doubt whatsoever
about any aspect, the user should contact the Product Safety Officer at Feedback Instruments Limited, Crowborough.

This equipment should not be used by inexperienced users unless they are under supervision.
We are required by European Directives to indicate on our equipment panels certain areas and warnings that require attention by the

user. These have been indicated in the specified way by yellow labels with black printing, the meaning of any labels that may be fixed to
the instrument are shown below:

A s

CAUTION - CAUTION - CAUTION -
RISK OF RISK OF ELECTROSTATIC
DANGER ELECTRIC SHOCK SENSITIVE DEVICE

Refer to accompanying documents

PRODUCT IMPROVEMENTS

We maintain a policy of continuous product improvement by incorporating the latest developments and components into our equipment,
even up to the time of dispatch.

All major changes are incorporated into up-dated editions of our manuals and this manual was believed to be correct at the time of
printing. However, some product changes which do not affect the instructional capability of the equipment, may not be included until it is
necessary to incorporate other significant changes.

COMPONENT REPLACEMENT

Where components are of a ‘Safety Critical’ nature, i.e. all components involved with the supply or carrying of voltages at supply
potential or higher, these must be replaced with components of equal international safety approval in order to maintain full equipment
safety.

In order to maintain compliance with international directives, all replacement components should be identical to those originally
supplied.

Any component may be ordered direct from Feedback or its agents by quoting the following information:

1. Equipment type 2. Component value
3. Component reference 4. Equipment serial number

Components can often be replaced by alternatives available locally, however we cannot therefore guarantee continued performance
either to published specification or compliance with international standards.

33-008-1C [



S8

Precision Modular Servo
Control Experiments Preface

c € DECLARATION CONCERNING ELECTROMAGNETIC COMPATIBILITY

Should this equipment be used outside the classroom, laboratory study area or similar such place for which it is designed and sold then
Feedback Instruments Ltd hereby states that conformity with the protection requirements of the European Community Electromagnetic
Compatibility Directive (89/336/EEC) may be invalidated and could lead to prosecution.

This equipment, when operated in accordance with the supplied documentation, does not cause electromagnetic disturbance outside its
immediate electromagnetic environment.

COPYRIGHT NOTICE

© Feedback Instruments Limited

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any
means, electronic, mechanical, photocopying, recording or otherwise, without the prior permission of Feedback Instruments Limited.

ACKNOWLEDGEMENTS
Feedback Instruments Ltd acknowledge all trademarks.
IBM, IBM - PC are registered trademarks of International Business Machines.
MICROSOFT, WINDOWS are registered trademarks of Microsoft Corporation.

MATLAB, SIMULINK, REAL TIME WORKSHOP, REAL TIME WINDOWS TARGET are registered trademarkS of Mathworks Inc.
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Note

In this manual "Input"” refers to input from the plant to the I/O Board in
the computer, and "output"” refers to output to the plant from the 1/0O
Board.
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Introduction and Description

1 Introduction

The 33-008C Precision Modular Servo is a system designed to
explore the techniques of servo motor control, with a set of
hardware sufficiently precise to allow fine control of motor
position and speed.

Various inputs are available to measure the state of the
system. These include:

Digital Input ( 2 channels available )

Digital Input from the 33-300 Digital Encoder to measure the
angle of rotation (and hence position) of the motor. The
mechanical set provides for one unit of rotation of the encoder
to one of the motor, so no scaling is involved at this point.
Calculation of the rate of change of this position gives the
motor speed.

Analogue Input ( 6 channels available )

Analogue Input from the GT150X, which gives a varying
voltage proportional to motor speed.

Analogue input from the IP150H Input Potentiometer giving a
varying voltage proportional to angular displacement.

Analogue input from the OP150K Output Potentiometer giving
a varying voltage proportional to angular displacement.

Note that only the last two inputs are not used in the control
experiments described in this manual.

Analogue Output ( 2 channels available)

Control Output is exercised by two analogue output channels to
the 33-301

33-008-1C
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The 33-301 Interface Unit has 8 channels for input/output to /
from the 1/0O Board. These are related to the channel numbers
in the Advantech PCL812 (EISA) and PCI1711 (PCI) Boards as
shown in Table 1.

33-301 Channel No. PCL812/PCIl 1711 Input or Output
Channel No. (to / from 1/O board)
AD1 10 Analogue Input Channel
AD2 11 Analogue Input Channel
AD3 12 Analogue Input Channel
AD4 13 Analogue Input Channel
AD5 14 Analogue Input Channel
AD6 15 Analogue Input Channel
DAl 0 Analogue Output Channel
DA2 1 Analogue Output Channel

Table 1: 33-301 - PCL812 / PCI1711 Channel Numbers Relationships

1-2 33-008-1C
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2 Safety Instructions

Read these instructions carefully

> B> B P

Ensure you are acquainted with the safety Instructions in the
Preface to this Manual

In the event of an unexpected or erratic operation, the control
effort should immediately be discontinued by switching off the
power supply to the equipment

All users of this equipment should be familiar with and trained in
good Laboratory Practice where electrical machinery is used.

When running any control experiment ensure that the Real Time
control program is running before switching on the power supply
unit

33-008-1C
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3 Building the model and controlling execution

Building the Model

Build Options

Before initiating the subsequent automatic build process (that is
using Real Time Workshop to generate, compile and link the
actual C code to run the control model), it is necessary to
ensure that the build options are set correctly.

Start MATLAB
Enter into the MATLAB Command Window
ModularCalib

You can also open it from the MATLAB File menu, or double
click its icon before starting MATLAB.

To this end, select Tools from the Simulink model menu bar
and then selecting Real-Time Workshop followed by Options
from the pull-down menu. The Simulation Parameters window
appears as shown in Figure 3-1.

From this window , click on the Real-Time Workshop tab

If you have followed the installation sequence described in the
Installation manual 33-000C, the Simulation Parameters
window should look exactly as in Figure 3-1.

33-008-1C
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=3 Simulation Parameters: modularcalib Ew

Snlveri Wurkspacelfﬂl Diagnnstics] .ﬁ.dvancedl Feal-Time Workshop

Cateqon: ; Target configuration :_j Build ;
Configuratian

Swyztern target file: ; rhwingrts. to Bmwse_,_;

Template makefile: ; wingrtstrf

bdake command: ; make b

[T Generate code only Stateflow options...

] 4 1 Eanceli Help 1 Ay

Figure 3-1: Simulation Parameter Options
Non standard

Installations If the text in the
Systemtarget file
Tenpl at e makefile
Make command

edit boxes is not the same as shown in Figure 3-1, then follow
the following sequence

Click on the Browse button.

From the resulting System Target File Browser window,
select

rtwingrts.tlc Real-Time Wndows Target with
QRTS Ext ensi ons

as shown in Figure 3-2.

3-2 33-008-1C
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<3 System Target File Browser: calibration

; Sy¥sten target file I Description

asapa.tlc ASAM-A54P2 Data Definition Target Mﬂ
drt.tlc D05 (4GIT) Real-Time Target

grt.tlc Generic Real-Time Target

grt.tlc Fisual C/C++ Project Makefile only for the "grt” target
grt_malloc.tlc Generic Real-Time Target with dynanic memory allocation

grt malloc.tle ¥isual C/CH Project Makefile only for the "grt_malloc” target
osek_leo.tlc (Beta) LE/O (Lynx-Embedded 05SEE] Real-Time Target

rsim. tlc Rapid 3imulation Target

rtyin. tlc Peal-Tine Windows Target

Real-Time Windows Target with ORTS Extensdions
rtwsfon. tlc a-function Target
tornado. tlc Tornado (VxWorks) Real-Time Target

=l
Helection: |C:\MATLABRLZ\ tonlbowl rtm targets) rewin rtwing rtwingres. tle
(u:4 Cancel

Figure 3-2: System Target File Browser

When the Simulation Parameters window is correctly set up,
click the Bui | d tab.

Real Time Workshop will now generate, compile and link the
code necessary to run the model.

After selecting Real-Time Workshop / Build for
c: \ Mat | abR12\ Feedback\ Modul ar\, the following files will

be automatically generated and saved in the directory
c: \ MATLABR12\ Feedback\ Modul ar\ .

nodul arcal i b. bat, nodul arcali b. c,

nmodul arcal i b. dt, nodul arcalib. h,

nodul arcal i b. nk,

nodul ar cal i b. obj, nodul arcal i b. prm

nodul arcal i b.reg, nodul arcalib.rwd,
wadapt . bat, wadapt.c, wadapt. dt,
wadapt . h, wadapt . nk, wadapt. obj, wadapt.prm
wadapt . reg, wadapt.rwd, wpos.bat wpos.c,
wpos. dt, wpos. h, wpos. nk, wpos.obj, wpos.prm
wpos. reg, and wpos.rwd

Execution of the model

To connect to the target and execute the control program,
follow the following sequence, using the wpos model as an
example

Select Tool s from the Simulink model menu bar.
Select Ext er nal Mode Control Panel from the pull-down

33-008-1C
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menu. The window shown in Figure 3-3 appears.
Click on the Connect button.

=} modularcalib: External Mode Control Panel !El

Connect | Starbrealtime cade S g er, |
Farameter tuning
[T Batch download
avmload |
Configuration i
T arget interface .. | Signal & triggering ... | Data archiving ... |
Clogze |

Figure 3-3: External Mode Control Panel

The Connect Button changes to Di sconnect and the St art
real -ti me code button is made available.

<3 WP05: External Mode Control Panel M= B i

Dizconnect i Start real-time code Cancel tigger i

Parameter tuning

[ Batch download

e A=
LA Cere 1

Configuration f

llarget nterface .. 1 Signal & tnggenng ... i Data archiving ... i

Cloze ’ |

Figure 3-4: External Mode Control Panel

3-4 33-008-1C
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Control

Program

Execution

Starting I

Stopping I

=3 WP05: External Mode Control Panel i

Dizconnect i Stop real-time code Cancel tigger i

FParameter tuning

[ Batch download

Configuration

Tlaraetintertace. ... i Signal & tnggering ... I [rata archiving ... i

Close ; ‘

Figure 3-5: External Mode Control Panel

To begin execution of the real time Control Program, click the

Start real -ti me code button

The control software is now active (the Advantech hardware

adapter has been started)

Switch on the power switch on the Modular Servo Power
Supply Unit

To stop execution of the real-time target click either the

Stop real -ti me code button or the
Di sconnect button shown in Figure 3-5.

Switch off the power switch on the Modular Servo Power
Supply Unit

In the Ext ernal Mbde Control Panel , the check box
bat ch downl oad

under the

Par amet er tuning

group title, controls the behaviour of the parameter tuning.

33-008-1C
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If the

bat ch downl oad

check box is enabled, then the new parameters will not be
downloaded automatically to the real-time target until you click
the

Downl oad
button .

This feature is useful in a situation where you need to change
multiple parameters and desire that all of these changes take
effect instantaneously. Note, however, that there are some
limitations to this capability.

To change parameters follow the following sequence

Changing
Real Time

Switch off the power switch on the Modular Servo Power

Parameters Supply Unit

In the External Mode Control Panel (Figure 3-5) click:

Stop real time code

Double Click the Simulink Block containing the parameters,
make the changes, and then in the External Mode Control
Panel click:

Start real tine code

Switch on the power switch on the Modular Servo Power
Supply Unit

Note

Some of the parameters can be changed during program
execution, others dealing with changes to the model will
necessitate a new system build and new C code generation.

Real Time Workshop will inform you if a new build is necessary.

3-6 33-008-1C
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4 Calibration

Before starting any of the control experiments it is necessary to
first calibrate the analogue input and output, using the 33-301
Analogue Control Interface unit. You will need a digital
voltmeter for this.

To start the modularcalib program follow the procedure outlined
below:

Start MATLAB

Type the following commands into the MATLAB command
window

Mbdul arcali b

You can also open it from the MATLAB File menu, or double
click its icon before starting MATLAB.

The RTWT block diagram appears and is shown in Figure 4-1.

E! modularcalib [_ o] =]

File Edit “iew Simulation Format Took Help

D|@u§‘%E|ﬂ§:‘n§®|}?ﬁtemal ‘l

Calibration Routine for Calibration Routine for
the D/A Channel A/D Channels

4,.

Calibration Scope

D,
Calibration Scope

|Feedback Modular Experiment with ISA Driver |

[« 3

Ready [100% I [ |ode5 s

Figure 4-1: RTW Block diagram for calibration

33-008-1C
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The installation procedure described in the accompanying
manual 33-008-0C shows the following channels on the 33-301
being used. Table 1 gives the equivalent PCL812 / PCI1711

channel
Input AD1, AD2
Output DAl

PCL812/ PCI1711

Channels 10

PCL812 / PCI 1711 Channel O

Double click the green blocks in Figure 4-1 to check that the
base address (If ISA) and the channel assignments of your
board are correct., as shown in Figure 4-2, and Figure 4-3.

Block Parameters: Feedback DAC Block Parameters: Feedback DAC %]
— DAL Unit for Feedback Experiments [maszk] (link] DAC for Feebback Expewrniments [mask)
Ciigital to Analog Output for Feedback Experiments |_ |
using Advantech PCI1711 140 board .,
Base /0 Address
0220
—Par
Dutput Channel Output Channel
fil I
Range Selector (0 for -/+2.54, 1 for -/+5V range] Dac Reference Waoltage
[0 k5
zample Time [zec) sample Time sec):
{0001 Jo.0o1
¥ Access Hardware W Access Hardware
OK I Cancel | Help I Apply | QK | Cancel | Help
PCI ISA

Figure 4-2: Channel DA1

Block Parameters: Analog Input 10

— &nalog Input Unit [mask) [link]

Analog ta Digital Input black far the
Advantech PCI1711 140 board

— Parameter
Input Channel

AIDEBHEnge Gain [0 for -+5% 1 for -/+2.5% 2 for -/+1.25 3 far

o

zampling Time [zec]

Jo.om

¥ Hardware Access

Ok I Cancel I Help | Sl

Block Parameters: Analog Input

|'Analog Input Module [mask]

— Parameter.
Base /0 Address

=

Input Channel ;

10
ADC Gain[1, 2, 4.8, 16)

f1

ADC Range [either 5 or 10]

5

zample Time [sec):

f0.001

W Access Hardware

L=

Cancel |

Help Apply

PCI

ISA

Figure 4-3: Channel AD1

33-008-1C
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Note

Always check, in the following assignments, that the channel
numbers which are actually wired, correspond with the correct
channels in the RTW model.

D/A Channel calibration

Start the Modularcalib program, as follows:
From the Simulink Title bar select
Tool s

Real Time Wor kshop
Bui | d Model

After successfully Building the model select:

Tool s
Ext ernal Mbde Control Panel

and then Connect and St art the real time program
Double click the DA calibration scope.

Set the light blue Selector block to 1 by double clicking the
block and entering 1 in the edit box.

Connect a voltmeter to DA1 of the 33-301 Interface Module.

Adjust the "OFFSET" (lower) potentiometer located below DAl
until the voltmeter reads - 2.5 volts. The motor should rotate.

Set the light blue Selector block to 3 by double clicking the
block and entering 3 in the edit box. The motor should rotate.

Adjust the "GAIN/ATTN" (upper) potentiometer located below
DAL until the voltmeter reads + 2.5 volts.

Set the light blue Selector block to 2 by double clicking the
block and entering 2 in the edit box. The motor should be
stationary. If it is not ,set it to be stationary by adjusting the set
zero potentiometer on the 150C Pre-ampilfier.

33-008-1C
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Note that if the D/A channels are not calibrated precisely, the
motor may turn slightly when no voltage is written to the D/A
channel. This effect may be offset by making small adjustments
to the "Set Zero" dial on the PA150C preamplifier.

A/D Channels calibration

Remove any wires connected to AD1 on the 33-301.. Connect
DAl to AD1.

1 Set the light blue Selector block to 1 by double clicking the
block and entering 1 in the edit box.

2 Adjust the "OFFSET" (lower) potentiometer located below AD1
until the AD1 calibration scope shows -2.5V.

3 Set the light blue Selector block to 3 by double clicking the
block and entering 1 in the edit box.

4 Adjust the "GAIN/ATTN" (upper) potentiometer located below
AD1 until the AD1 calibration scope shows +2.5V volts.

Repeats steps 1 to 4 if necessary until no further adjustments
are required. Disconnect DA1 and AD1.

Re-connect any wires originally connected to AD1.

4-4 33-008-1C
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5 Experiment 1 - Position Control

Introduction In this experiment the rotor position of a DC servo motor is
forced to track a time varying reference trajectory, utilising a
standard proportional derivative (PD) controller of the form

d
u=K,(q, —q)+K, E(qd -Qq)

where ((t) represents the actual angular position of the rotor.
For this experiment the reference trajectory for the rotor is a
sine wave of the form

gy =sin(t)

The amplitude and frequency can be changed during by
entering new values into the edit boxes in the Desired Rotor
Angular Displacement window shown in Figure 5-6.

The Position Feedback Gain (Kp) and the Velocity Feedback
Gain (K,) can be modified by double clicking on the light blue

Control Design block in Figure 5-1and entering values into the
edit boxes shown in Figure 5-4.

33-008-1C 5-1
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Experiment

Start the experiment by entering into the MATLAB command
window

wWpos

You can also open it from the MATLAB File menu, or double
click its icon before starting MATLAB.

The Real Time Workshop / Simulink model appears as shown
in Figure 5-1.

POS (o]
Edt Yien Smubtion Fomat Took Help

IEEEEE D T

Block Diagram for Position Control Experiment

2 v
ngu e
] _ 6% slocity Trackirg Ertor
- 54+505+625
2nd Order Low

Encodk

Cﬂtﬂuﬂné’ Pass Fiter Outpu: Voltage

0 Rarfane

Actut Retor

Canversion

AAAAAA asition Trackirg Ertor
‘‘‘‘‘‘‘‘‘‘‘‘
Centrol Design
E —E

Desred Position P3silion elocity output
e Zror Emor

Tarlim i Izt e s

Outp.t Valtage
0 the Motor

Actual Position

=S

@ ffawz [cdes

Figure 5-1

The green block on the left is the input block from the 33-300
Feedback Digital encoder. Signals from this are sent via the
wide ribbon cable to the I/O board.

Double click this to show its parameters shown in Figure 5-2
(PCl and ISA)

Block Parameters: Actual Rotor Angular Displacement
Block Parameters: Actual Rotor Angular Displacement - Encader Module for FeedBack Experiments [mask] (ink) ———————
. Special block to uge with the Feedback experiments to read encoder
- Feedback Encoder Block [mask] [link] channels uzing the digital |0 ines

Special block to uze with the Feedback experiments to read encoder
channels using the digital 10 lines — Parameter.
Base /0 Address :

— Parameter ;m

Channel [Dor 1)
Channel [either 0 or 1]

/1

zampling Time [sec] :

Eteoder Offset
fo

jo.om
sample Time [sec] Encader Offset
0,001 o
v Acocess Hardware vV Access Hardware
Ok I Cancel | Help Ay | Ok i Cancel i Help i
PCI ISA

Figure 5-2

5-2
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Enter the correct base address if the default value is incorrect
(ISA only), and check that the channel number is set to one.

The green block on the right is the output block to the 33-300
Feedback Digital encoder. Signals are sent via the narrow
ribbon cable to the 33-301 channel DAZ2.

Double click this to show its parameters shown in Figure 5-3.

Figure 5-3 shows the channel assignments for the analogue
output channel, PCI and ISA.

Block Parameters: Feedback DAC

— DAL Unit for Feedback Espenments [mask] [link]

Digital ta Analog Output for Feedback Experiments
uzing Advantech PCITF11 140 board

Block Parameters: Feedback DAC

|' DAL for Feebback Expewriments [mask]

r— Parameter

Baze |/0 Address

0220

— Parameters

Output Channel

Output Chanrel

i

Range Selector [0 for -/+2.5, 1 for -~+5Y range]

|1

[ac Reference Yaoltage

Jo

sample Time [zec)

5

zample Time [gec):

Jo.om

¥ Access Hardware

fo.001

v Access Hardware

o]

Cancel | Help | Apply I ak. |

Cancel | Help

33-008-1C

PCI ISA
Figure 5-3

Enter the correct base address if the default value is incorrect,
and check that the channel number is set to zero.

Double click on the light blue block to show its parameters,
shown in Figure 5-4.

Block Parameters: Control Design |

|'Su|:|s_l,lstem [mazk) |

Farameters
Pasition Feedback G ain

&

Yelocity Feedback G ain
{o.o
(] I Cancel Help Spply
Figure 5-4

5-3
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Right click the mouse and select Look under mask to reveal
the structure of the control block shown in light blue. The
window shown Figure 5-5 in appears.

=] WPOS /Control Design [_ O[]
Fie Edit Yiew Simulation Format Took Help

MEEEE T e

Ready [1002 [ [odes i

Figure 5-5

Double click the sine block to show the parameters of the sine
wave reference trajectory, shown in Figure 5-6.

Block Parameters: Desired Rotor Angular Displacement Eq

—Sine Wave

Output & sine wave.

— Parameters
Amplitude:

Frequency [radssec):
[1
Phaze [rad):
E

Sarple time:
E

¥ Interpret vectar parameters as 1-D

Q. I Cancel | Help | S |

Figure 5-6

Start the real time program and open the four Simulink scopes
shown in Figure 5-1.

5-4 33-008-1C
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Typical results

Figure 5-7, Figure 5-8, Figure 5-9, and Figure 5-10 show typical
results for a sine wave varying set point.

<3 Desired Position vz Actual Position M=l E3

eRrR AEE =

Figure 5-7

<3 Posgition Ermror

eRR AEEH S

| HW W ‘IJ'L"U"IU‘J J“ I u”u"”WM"u“

e

Figure 5-8

33-008-1C 5-5
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6 Experiment 2 - Velocity Control

Introduction In this experiment the rotor velocity is regulated to a constant
reference velocity feedback controller as shown below

u=K,(v, —v)+load

where v(t) represents the actual rotor velocity, vy represents

the constant desired rotor velocity in rotations per minute (rpm),
and Load represents the known torque load.

For this experiment the reference rotor velocity can be set by
double clicking on the orange Desired RPM box in the block
diagram shown in Figure 6-1, and entering values into the edit
box in the window which appears.

The Velocity Feedback Gain (K,) and the Load Torque

(Load) can be modified by double clicking on the light blue
Control design block in Figure 6-1 and changing the values in
the edit boxes shown in Figure 6-4.

33-008-1C 6-1
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Experiment

Start the experiment by entering into the MATLAB command

window
wel

You can also open it from the MATLAB File menu, or double
click its icon before starting MATLAB.

The Real Time Workshop / Simulink model appears as shown

in Figure 6-1.

IS WVEL [
Fle Edi View Simulafion Fomal Tooks Help
D& @ o S REL © ) F [t =
Block Diagram for Velocity Control Experiment
‘elocity Tracking Error  Output Yoltage
Desired RPM
Output Voltage
tao the Motar
Control Desigh
413
52+505+625 =
\olts 2nd Order Low Velocity Velocity output
Actual Rotor to RPM Pass Filter Error
Angular Conversion
“elocity
Ready [100% [ [ [ode
Figure 6-1

The green block on the left is the speed input block from the
GT150X tachogenerator.. Signals from this are sent via the
narrow ribbon cable to the 1/O board.

Double click this to show its parameters shown in Figure 6-2.

Analog Output Module [mazk]
Block Parameters: Actual Rotor Angular ¥elocity IV |
—Analog Input Unit [mask] [link) P b
Analog to Digital Input block for the Brepe i Aeticss:
Advantech PCIT711 140 board [:220)
eSS Input Channel :
Input Channel I11
ADC Gair [1, 2, 4,8, 15)
1
ADC Range Gain [0 for -/+5% 1 for -/+2. 5 2 far -/+1.25 3 far I
;D e ADC Range [either Sor 10)
|5
zampling Time [sec) )
zample Time [zec]:
jo.oo1 Jo.om
¥ Hardware sccess ¥ Access Hardware
ok | cancel | Hep | s ok | cancel | Hep || sl
PCI ISA
Figure 6-2
6-2 33-008-1C
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Enter the correct base address if the default value is incorrect,

and check that the channel number is set to eleven..

The green block on the right is the output block to the 33-300
Feedback Digital encoder. Signals are sent via the narrow
ribbon cable to the 33-301 channel DA2.

Double click this to show its parameters shown in Figure 6-3.

Block Parameters: Output Yoltage to the Motor

Block Parameters: Output Yoltage to the Motor
= DAL Uit for Feedback Experiments [mask) (link]——————————— Ty ———T
Digital to Analog Output for Feedback Experiments |7 |
uzing Advantech PCI1711 140 board
r— Parameter
Base |/0 &ddiess :
— Parameter Im
Output Channel Output Channel
|1
Range Selectar (0 far -/+2.5, 1 for -/+58Y rangs] ['ac Reference Voltage
o [5
zample Time [zec) sample Time [gec):
fo.001 |00t
v Access Hardware ¥ Access Hardware
ok 1 Cancel ! Help ! 1 QK I Cancel | Help | Lpply
Figure 6-3

Enter the correct base address if the default value is incorrect,
and check that the channel number is set to one.

Double click on the light blue block to show its parameters,
shown in Figure 6-4.

Block Parameters: Control Design

— Subsystem [mazk]

— Parameters
Load Torgue

Yelocity Feedback Gain

|n.n|335

k. I Cancel Help

e

Figure 6-4
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Right click the mouse and select Look under mask to reveal
the structure of the control block shown in light blue. The
window shown in Figure 6-5 appears.

[S]WVEL/Control Design = [— O[]
Eile  Edit “iew Simulation Format Took Help

D& a2 2 BmEY & | F [fenm -

Ready [100% I ode5 %

Figure 6-5

Start the real time program and open the three Simulink scopes
shown in Figure 6-1.
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Typical results

Figure 6-6, Figure 6-7 and Figure 6-8 show typical results for a
set point of 1000 rev/min.

err ABH =

o 10

Time otfzet; 1

Figure 6-6

<} ¥elocity

IR =
1500
1000

-A00 L
b

Time offzel: 0

Figure 6-7
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+3 YWelocity Error M=l E3

Figure 6-8
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7 Experiment 3 - Adaptive Control

Introduction In this experiment a reference model adaptive controller is used
having the form

2

d d d d
u= Kp(qd —-q)+ Kva(qd _q)+J'r1[W Qq +a(qd _Q)][Kp(Qd —q)+ Ky E(Qd —q)]

d d d
*fTal g %+ (@~ K (0 )+ K, (@ — )]+ [Tl (0 —a) + K, (0 ~ 9
This controller is used to force the rotor position of the DC
servomotor to follow a time varying reference trajectory despite
the fact that the rotor inertia, damping and load torque are
unknown.

Adaptive update laws are utilised to compensate for the
unknown constant parameters (see[1] for further details with
regard to the structure of the controller).

The reference trajectory selected is a sine wave of the form
dg=sin(t)

The Amplitude and Frequency of the reference trajectory can
be modified by double clicking on the orange Desired Rotor
Angular Displacement block shown in Figure 7-1 and entering
the new values into the edit boxes.

The feedforward adaptive estimate gains (i.e. Load Adaptive
Gain, Damping Adaptive Gain, Inertia Adaptive Gain, and
the feedback gains (i.e. Position Feedback Gain (Kp),
Velocity Feedback Gain (K), can be modified by double

clicking on the light blue Control design block and entering new
values into the edit boxes as shown in Figure 7-4.
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Experiment

Start the experiment by entering into the MATLAB command
window

wadapt
You can also open it from the MATLAB File menu, or double
click its icon before starting MATLAB.

The Real Time Workshop / Simulink model appears as shown
in Figure 7-1.

5] wADAPT
Fie Edt View Simuation Fomat Tooks Help

D& dRE|[2C RES &) F [Femd =l

Block Diagram for Adaptive Control Experiment

‘V\ uot wfut}»
Desired Rator
Angular Displacement
5 Tracking Error
7+505+625
e 2rd Order Low
e Counts Pass Filter Tracking Error

0 Radians
Conversion

Output Voltage

nnnnnnnnnnnn

Desired Velacity

Position Velocity Output Vart

Position Error 10 the Ma
Errar wiDesired Acceleration
Control Design
output
Ready 100% e

The green block on the left is the speed input block from the
GT150X tachogenerator.. Signals from this are sent via the
narrow ribbon cable to the 1/0 board. Double click this to show
its parameters shown in Figure 7-2.

Block Parameters: Actual Rotor Angular Dizplacement ]

— Encoder Module for FeedBack Experiments [mask] [link]

Special black to uze with the Feedback experiments to read encader
channels uzing the digital 10 lines

Block Parameters: Actual Botor Angular Displacement E
—Feedback Encoder Block [mask] (link]

Special block to uge with the Feedback experiments to read encoder
channels using the digital 10 lines

— Parameter
Bage |/0 Address :

— Parameters Im
Channel [0 or 1] Channel [either 0 ar 1]

j

Encoder Offzet sampling Time [zec] :
|o fo.001

sample Time [zec) Encoder Offzet
|01 o

W éccess Hardware

]

W Access Hardware

o]

Cancel | Help | Sl | Cancel I Help Al

PCI ISA

Figure 7-2
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Block Parameters: Output Voltage to the Motor Block Parameters: Dutput Voltage to the Motor <]

— DAL Unit for Feedback Experiments [mazk] [link]

Digital to Analog Output for Feedback Experiments
uzing Adwvantech PCI1711 1/0 board

Enter the correct base address if the default value is incorrect,
and check that the channel number is set to eleven.

The green block on the right is the output block to the
Feedback. Signals are sent via the narrow ribbon cable to the
33-301 channel DA2.

Double click this to show its parameters shown in Figure 7-3.

|' DAL for Feebback Expewriments [mask) |

— Parameters
Baze /0 Address
— Parameter Im
Output Channel Output Channel
j
Fange Selector (0 for -/+2.5%, 1 far -/+5% range] Dac Reference Woltage
[0 E
sample Time [zec) zample Time [sec):
[o.oon foom
V¥ Access Hardware v Access Hardware
oK I Cancel | Help | ey | QK. I Cancel | Help Al
PCI ISA
Figure 7-3

Enter the correct base address if the default value is incorrect,
and check that the channel number is set to one.

Double click on the light blue block to show its parameters,
shown in Figure 7-4.

Block Parameters: Control Design [ )

’— Subsystem [mazk) ‘

— Parameters
Load Adaptive Gain

07
[amping Adaptive Gain
J40

Inertia Adaptive Gain

|

Position Feedback Gain

oz
Velocity Feedback Gain
o001
0K I Cancel | Help | Aol

Figure 7-4
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Right click the mouse and select Look under mask to reveal
the structure of the control block shown in light blue. The
window shown in Figure 7-5 appears.

=] WADAPT /Control Design

Fle Edt ¥ew Simuafion Fomai Tooks Help
0 SR& 2202 wEY €| p F [fend =
Velocity
Tracking Error
> Output
Position Product1 SAMIEON e
Tracking Error
] Desire! d Acceleration
Desired
Acceleration
[elocity Eror
P Error Out1
(&P’ Desired Velncity
Desired
Velocity
——Feedhack Term
Adaptive Feedforward Term
Ready [100% |ode5. v

Figure 7-5

Double click on the light blue block to reveal its structure,
shown in Figure 7-6.

[FIWADAPT /Control Design/Adaptive Feedforward Term
Fie Edl View Simustion Fomat Took Heip

DERE e RE e e Ve e 5l

T Ll T
s x
e et What
ye N
Ascataration
— - 4’@

outputt

output

Gammaz

stant| [ (1 @ 5

outnut2

[l [ 1220
|| BYsermscrsen. | f\MaTLAE | BFosiion | B Postion Enor | ] elooity Evor | EBoviput | ®iwanaPt | [@wenapTic. [[@iwaparT... OB

Figure 7-6

Start the real time program and open the three Simulink scopes
shown in Figure 6-1.
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Typical results

Figure 7-7, Figure 7-8, Figure 7-9, and Figure 7-10 show typical
results for a sine wave reference trajectory. Note that Figure
7-8 shows both the actual and the desired position.

<} Welocity Error =] E3

e AEE =

Figure 7-7

=3 Position

Time offset: 0

Figure 7-8
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=] E3

Figure 7-10
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8 Customised Control

Reference

RTWT combines the powerful functionality of MATLAB,
Simulink and Real-Time Workshop and allows users to
implement any kind of control algorithm.

If you wish to implement a different kind of controller you may
copy one of the supplied block diagrams, and simply replace
the existing control blocks with customized control blocks (or
subsystems).

However, before you start designing and implementing
customized control algorithms, it is strongly recommended that
you refer to the RTWT User’s Manual and the Simulink User’s
Guide.

[1] D. Dawson, J. Hu, and T. Burg.
Nonlinear Control of Electric Machinery
Marcel Dekker, New York: 1998
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9 Some Common Problems

Calibration 1 If there appears to be no effect on the Simulink calibration
scopes when you are adjusting the 33-301 potentiometers., the
most likely cause is that you have the wrong channel number in
one or more of the 1/0O blocks. Check that these are correct.

All experiments 2 If there appears to be no output on Simulink scopes, the most
likely cause is that you have the wrong channel number in one
or more of the 1/0 blocks. Check that these are correct.
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