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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:

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 3. Component value
2. 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.

33-041-I1C ]
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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
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MICROSOFT, Windows 8, Windows 7, Windows Vista, WINDOWS XP, WINDOWS 2000, WINDOWS ME,
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Manual overview

This manual serves as a set of installation instructions for the Coupled Tanks Setup.
Firstly, it explains which elements belong to the setup and how they are connected.
The software installation process is described, and finally the details of how the
Coupled Tanks System is controlled with the PC in the Matlab environment are
presented. Precautions are underlined.
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Required manuals and equipment

The following equipment and manuals are required for the use of the Coupled Tanks
System:

1 PC with Windows XP, Windows Vista or Windows 7
2 Matlab V7.6 (R2008a) 32 bit or later with Simulink (32 bit Windows
operating system), or Matlab V8.0 (R2012b) 64 bit or later with Simulink
(64 bit Windows operating system)
3 Matlab Toolboxes:
¢ Real Time Workshop with Real Time Windows Target
e System Identification Toolbox (necessary to perform
identification exercises)
e Control System Toolbox (necessary to perform controller
synthesis)

The Real-Time Windows Target must be activated by opening the
Matlab Command Window and typing:

>> rtwintgt —setup (note the “space” before the *-”)

Press the “enter” key to execute the above command.
Similarly, if various C Compilers have been installed, they must be
deselected by typing:

>> mex —setup (note the “space” before the “’)

Press the “enter” key to execute the above command.
At the next prompt select the “0”. This ensures that the system will only
attempt to compile models with the default compiler.

Advantech PCI1711 card

Coupled Tanks — Mechanical and Electronic Units
Software installation CDs

‘Installation & Commissioning’ manual

‘Control Experiments’ manual

‘Matlab Guide’ manual

© 00 NO O b
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The following equipment is supplied by Feedback Instruments as 33-041 (Coupled
Tanks System):

1 33-230 - Coupled Tanks rig with Software Pack

2 Advantech PCI card with cables and connector box

33-041-IC 3
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Packing List

Unpack the items and remove all packing and securing material. Apart from software
installation CD’s you should have the following items:

1) 33-230 — Coupled Tanks rig with Tanks and Pumps mounted
2) 1 SCSl cable

3) Connector box

4) LPT 25 way cable

33-041-IC 4
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Unit assembly

Connect the unit according to Figure 1 and the following instructions.

Figure 1 Assembled Coupled Tanks unit

» Assemble the bottom stand for the Coupled Tanks if necessary. Use the
supplied screws to attach the legs to the rig.

33-041-IC 5
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Advantech PCI1711 card installation guide

It is assumed that a PC is available with Matlab, Simulink, Real-Time Workshop and
Real-Time Windows Target correctly installed and functioning.

During the installation of the Advantech PCI-1711 card make sure you follow the
instructions given in this section. This will ensure that common installation problems
are avoided.

You must have administrator privileges on the PC before you can carry out this
software installation.

Install the software supplied with the PCI-1711 card first. The PCI-1711 card must
not be installed until the driver software has been installed correctly. A PCI-1711
device driver version 2.2 or higher is recommended.

Installing from a CD — new installation

Ensure that you have the latest drivers (Universal 32-bit DLL Drivers V2.2 and device
manager V2.4). If not, download the files from the Advantech website and refer to the
procedure above for installation.

1. Insert the CD supplied with the PCI-1711 card into the PC. The installation
programme will automatically start. The following window will open (Figure
2).

Your ePlatform Pariner "«r:

ADVNTECH

'_“I'{/\é':-‘(: [DeNice PIveEr GVe.?

|

Figure 2 Initial Installation Window

33-041-IC 6
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s

2. Press ‘CONTINUE’ to enter the installation menu (Figure 3).

FXTYil  DpA&cC Device Driv

?Montents
mm‘ebs ite
ntact Us

Quick Start

Figure 3 Installation Menu

3. To install the software select ‘Installation’. The following window will appear
(Figure 4)

| ADVANTECH

Please install "Advantech Device Manager"
before installing other items.

Device Manager

Individual Driver

" Example & Utility

Advance Options

Figure 4 Installation Element Selection Window

33-041-IC 7
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4. Select ‘Device Manager’. The following window will open (Figure 5).

Advantech Device Driver for Windows XP -- Device Manager V2.2

Welcome to the InstallShield Wizard for
Advantech Device Driver

The InstallShield® wizard will install Advantech Device
Diiver on pour computer. To continue, click Mest.

Canrcel ‘

Figure 5 Device Manager Installation Window

5. Press ‘Next’ to continue to the License Agreement window presented in
Figure 6.
Advantech Device Driver for Windows XP -- Device Manager V2.2
License Agreement
Flease read thiz License Agreement carefully!
| Advantech Driver W2 2 Releaze Maotes Y
Copyright [c] 2002 Advantech Automation Corp. =
TEL:[386)-2-2218-45E7 FAX:[B5E]-2-2218-1989
v advantech.com
Inztallation Mates:
Setup may take up some minutes to display its
first dialog bow. The installation proceszs should take
place fram the login where you normally work, and where |
Do pou accept all the termz of the preceding License Agreement’? [ pou chooze Mo, the
zetup will cloze. Toinstall Advantech Device Driver, you must accept this agreement,
< Back Yes Mo
Figure 6 License Agreement Window
33-041-IC
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6. Read the terms of the license agreement and press ‘Yes’ if you accept. The
User information window will appear (Figure 7).

Advantech Device Driver for Windows XP -- Device Manager V2.2

Company Information

Please tppe vour company infomation here:

Uzer Marme:

IUSB[

LCompary Mame:

Icompany

|mstallShield

< Back | Ment » I Cancel

Figure 7 User Information Window

7. Fill the fields with proper information and press ‘Next’. The Destination
Folder information window will appear (Figure 8).

Advantech Device Driver for Windows XP -- Device Manager V2.2

Destination Folder

We recaommend you uze the follows default folder as Destination Falder

C:\Program FileshaDWaNTECHWADSAR Browse... |

ItetallShield

" Destination Folder

Cancel |

Figure 8 Destination Folder Window

33-041-IC 9
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8. Choose the destination folder and press ‘Next’. The Setup Type information
window will appear (Figure 9).

Advantech Device Driver for Windows XP -- Device Manager V2.2
Setup Type
Select the Setup Type o install = ’ .

Click the type of Setup you prefer, then click Hest.

Program will be installed with the most common ophions. B ecommended for
mast users,

(" Compact  Program will be installed with minimurn required options.

" Custom You may chooze the options you want to install. Recommended for advanced
LIZErS.

¢ Back Mest » | Cancel

Figure 9 Setup Type Window

9. Select the Typical Setup and press ‘Next’. The Program Folder information
window will appear (Figure 10).

33-041-IC 10
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Advantech Device Driver for Windows XP -- Device Manager V2.2

Select Program Folder

Plzaze zelect a program folder. ¢

= !,

Setup will add program icons o the Program Folder listed below. *fou may type a new folder
narme, or zelect one from the edisting folders list. Click Nest to continue,

Program Folders:

{

|A|:I\-'antec:h AutomationDevice Manager

Ezizting Folders:

Akcesonia

Apache HTTP Server 2.0.55
Autostart

DeepBurner

Feedback Instruments

GIMP

G

GTE+ Runtime Ervironment
Intel Metwork Adapters [V]

>

¢ Back Mest » | Cancel ‘

Figure 10 Program Folder Selection Window

10. Select the Program Folder and click ‘Next’ to proceed. The setup information
window will appear. Click ‘Next’ to continue the setup. The necessary files
will be copied and the Device Manager installation will finish.

11. Return to the main installer menu (Figure 4). To install the card driver select

‘Individual Driver’. The menu appears as shown in Figure 11.

33-041-IC 11
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ADVANTECH PCI1711 CARD INSTAI : B
) Installation & Commissioning

ADVANTEC

4

ETINEE  vows

Figure 11 Main Menu

12. Select the ‘PCI Series’. The card choice window will open (Figure 12).

PCI-1240 PCI-1714 PCI-1734 ' PCI-1760
PCI-1710 PCI-1716 PCI=17 50 :
PCI-1710L PCI-1716L PCI=1751

PCI-1710HG PCI-1720 PCI-1752

PCI-1710HGL PCI-1721 PCI-1753

PCI-1711 PCI-1723 PCI-1753E
PCI-1711L PCI-1724 PCI-1754
PCI-1712 PCI-1730 PCI-1755
PCI-1712L PCI-1731 PCI-1756
PCI-1713 PCI-1733 PCI-1757UP

PCI-BUS
ISA-BUS
PC/104
‘Compact PCI
MIC - 2000

Figure 12 Card Choice Menu

33-041-IC 12
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13. Select the ‘PCI-1711". The driver installer will open in a new window (Figure
13).

Advantech Device Driver for Windows XP -- PCI-1711

Welcome to the Install5Shield Wizard for
Advantech Device Driver

The InztallShield® Wizard will install Advantech Device
Diriver an your cormputer. To continue, click Mext,

Cahcel

Figure 13 PCI-1711 Driver Installation Window

14. Click ‘Next’ to proceed. Select the Typical installation (Figure 14) and click
‘Next’ to continue to the setup information window.

33-041-I1C 13
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Advantech Device Driver for Windows XP -- PCI-1711

Setup Type
Select the Setup Type ta install.

Click the type of Setup vou prefer, then click Mest.

i+ Topicat Program will be installed with the most common options.  Fecommended far
""""""""" most users.

(" Compact  Program will be installed with minimumn required options.

™ Cuystom “Y'ou may chooze the options pou want to install. Recommended for advanced
UgErs.

< Back Mext » | Cancel

Figure 14 Setup Type Window

15. Click ‘Next’ to proceed with the installation. The necessary files will be
copied and the installer will finish.

16. Turn the PC off and use any free PCI slot to insert the PCI-1711 into.
Restart the PC. During the start up Windows will automatically install the
driver for the PCI-1711.

17. To check that the card has installed correctly, navigate from the Start — All
Programs menu to Advantech and run the Device Manager. The PCI-1711
card should show as active in the ‘Supported Devices’ window. Exit the
device manager.

33-041-IC 14
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Upgrading and installing downloaded files

This section refers only to the users upgrading the Advantech software. Refer to the
previous section for first installation instructions.

The latest version of software can be downloaded from the Advantech website if you
have an older version. You will need to download and install both the device driver
(Universal 32-bit DLL Drivers V2.2 or higher, PCI1711.exe) and device manager
(V2.4 or higher, DevMgr.exe).

Uninstall any previous version of the drivers:

Run Advantech Device Manager, select the PCI-1711 card from the list of supported
devices then select Remove. Close Advantech Device Manager.

Uninstall Advantech Device Manager either using uninstall from the Advantech
Program Menu entry or from Control Panel - Add/Remove programs.

Navigate to C:\Program Files and delete the Advantech subdirectory and all its
contents.

Navigate to C:\windows\system32\drivers and delete ADS1711.sys.

Do NOT reboot the PC.
Now run the device manager installation DevMgr.exe first, then run the device driver
installation PCI1711.exe.

Reboot the PC.

The new hardware will be detected. When asked if Windows can connect to
Windows Update to search for software select No, not this time.

33-041-I1C 15
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Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard
Windows will gearch for cument and updated software by

looking on your computer, on the hardware installation CO, or on
the "Windows Update wWeb site [with your permiszion).

Fiead our privacy policy

Canwindows connect ta Windows Update to search for
software?

) Yes, this time only
() Yes, now and gwem time | connect a device

@H

Click Mext to continue.

I Mest » ][ Cancel

Figure 15 New Hardware Wizard

At the next screen select install the software automatically.

Found Mew Hardware Wizard

This wizard helps pou install software for:

Advantech PCIT711 Device

\) If your hardware came with an installation CD
=2 or floppy disk. insert it now.

Wihat da pou want the wizard to da?

(@) Imztall the software automatically (Fecommended)
) Install fram a list or specific lozation [Advanced)

Click Mext to continue.

[ < Back "

J

Pl et = Cancel

Figure 16 Install New Driver

Windows should find the PCI1711 driver and install it.

33-041-I1C
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Found Mew Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished instaling the software for;

Advantech PCITY1T Device

Click Finigh to close the wizard,

Figure 17 Driver Installation Completed

Installation is now complete. To check that the card has installed correctly, navigate
from the Start — All Programs menu to Advantech and run the Advantech Device
Manager. The PCI-1711 card should show as active in the ‘Supported Devices’

window. Exit the device manager

33-041-I1C 17
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Coupled Tanks System software installation

After installing the Advantech software and PCI1711 card you are ready to install the
Coupled Tanks software.

1. Close Matlab. Run the setup programme from the CD. The following window
will open (Figure 18).

Feedback 33-041 Coupled Tanks Control System for Matlab 7.1 or higher. - InstaliShie...
License Agreement !Em ]
Flease read the following license agreement carefully. I i

Copyright [Z] 2013 Feedback Instruments Limited.
Al Rights Reserved

m| »

Licenze Agreement

o ghould carefully read the following terms and conditions

before using thiz software, Unlezs pou have a different license
agreement zigned by Feedback Instruments Limited. your use of thiz
zoftware indicates your acceptance of thiz license agreement and

warrarnty,

-

Diztribution

“ | accept the terms of the license agreement

@1 do not accept the terms of the license agreement

Figure 18 License Agreement window

2. If you accept the agreement select the appropriate option and click Next.

3. Click ‘Next’ to continue. The license agreement window will appear. If you
accept the terms select the appropriate tick box and click ‘Next’ to continue.

4. After launching the setup program, the program installation manager dialog
will appear on the screen. (Figure 19)

33-041-I1C 18
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r B
€ Feedback Installer — | L‘:' B ﬁ

Please selectthe items you would like to install
[#a1

----’Z_iSoftware
[¥]Feedback 33-041 Coupled Tanks Control System for Matlab. V1.2 (Ready to install)

Figure 19 Program Installation Manager

Tick the software to be installed. Click the ‘Install’ button.

5. The Matlab version choice window will appear (Figure 20).

Feedback 33-041 Coupled Tanks Control Systern for Matlab 7.1 or higher. - InstallShie...

Setup Type

Select the zetup type that best suitz vour needs.

Select Matlab version.

@710 C:AProgram Files\MATLABNRZ2010aY () 7.8 C:\Program Files\MATLABNR2009aY
0 711 C:AProgram Files\MATLABSR20106 () 7.9 C:AProgram Files\MAT LABNR 20090
1 712 CAProgram Files\MATLABNRZ2011a () 8.0 C:\Program Files\MATLABNR2012b
) 713 CAProgram Files\MATLABNRZ2011E ) 8.1 C:A\Program Files\MATLABAR2013a

() 714 C:AProgram Files\MATLABAR 20124

[ < Back l[ Hewdt = l[ Cancel

Figure 20 Matlab version choice window

6. Click ‘Install’ to proceed. The Coupled Tanks Calibration File window will
appear (Figure 21).

33-041-IC 19
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Feedback 33-041 Coupled Tanks Control System for Matlab 7.1 or higher. - InstallS... [s23]

I.-"'_"\-.I Please insert the USE Coupled Tanks calibration memory stick. Locate
W' the calibration stick device / directory when asked for it. Confirm
memory stick presence by clicking the 'OK' button,

Figure 21 Coupled Tanks Calibration File window

7. Click ‘OK’. Insert the USB memory stick supplied with the coupled tacks into a
spare USB socket. Follow the on screen instructions.

8. Next the Choose Folder window will open (Figure 22). Navigate to the USB
memory stick and click ‘OK’ to continue.

Choose Folder @
Select the folder fdevice containing the calibration data files.
Path:

=
Directories:
a ‘-,; Local Disk {C:) -

. SRecyde.Bin
> |, Advantech =
> |, Ball &Plate Matlab

, Config.Msi
» 1. Documents
= |, Documents and Settings

Feedback i
[ OK. ] ’ Cancel ]

Figure 22 Choose Folder window

9. When the files have been copied to the system a window will open. Click ‘OK’
to continue.

Feedback 33-041 Coupled Tanks Control System for Matlab 7.1 or higher. - InstallS... [s23|

Figure 23 Files successfully copied window

33-041-IC 20
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10. When install an ‘Installation Complete’ window will appear (Figure 24).

;
Feedback Installer [

@ Installation complete,

Figure 24 Installation Complete window

11. When software is installed the ‘Program Installation Manager’ will show the
software is installed (Figure 25). Click ‘Close’ the installation manager.

Please selectthe items you would like to install

(& Fecdback Instailer MR I P ==
[Elan

Ij Software

i..[[]Feedback 33-041 Coupled Tanks Control System for Matlab, ¥1.2 (This item is installed)

Installstion started... -
Feedback 33-041 Coupled Tanks Control System for Matlab. V1.2...install complete

Installation completed.

= = =

Figure 25 Program Installation Manager window

33-041-IC 21
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PC and Coupled Tanks connection

With all of the software installed you are ready to connect the PC to the hardware.
The following elements have to be connected to complete the setup:

1. PC containing the PCI-1711 card
2. Cable connector box

3. Coupled Tanks PSUPA (Power Supply Power Ampilifier)

Refer to the connection schematic presented in Figure 26 and follow the steps below.

PS UPA

PCI 1711
SES]|
Connector

CONNECTOR BOX

Figure 26 Connection diagram

33-041-IC 22
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1. Connect the PCI1711 SCSI Connector to the Feedback Cable Connector
Box.

2. Use the 25 way SUB-D connector to connect the Connector Box with the
proper SUB-D port of the PSUPA on the Coupled Tanks rig.

3. Connect the mains power cable into the PSUPA and plug it into your mains
supply.

Location of Simulink model files

The example Simulink models supplied are stored in two subdirectories. Their
location can be selected during installation. The default locations are:

C:\ProgramData\Feedback Instruments\33-041 Coupled Tanks\Examples\Real-time
models
C:\ProgramData\Feedback Instruments\33-041 Coupled Tanks\Examples\Simulation
models

These models can be edited, saved, built etc. as required. A protected copy of the
example models has been made so these copies can be used to reinstate the
models within the examples directories when required. The default locations of the
protected examples are:

C:\ProgramData\Feedback Instruments\33-041 Coupled Tanks\Example
backup\Real-time models
C:\ProgramData\Feedback Instruments\33-041 Coupled Tanks\Example
backup\Simulation models

To reinstate the original models, delete all files within the Examples\Real-time
models and Examples\Simulation models directories and copy in the contents of the
Example backup\Real-time models and Example backup\Simulation model
directories respectively.

Load Matlab and the menu system using the Windows Start menu (Figure 27).

33-041-I1C 23



Feedbaclx

PC AND COUPLED TANKS COl

COUPLED TANKS
Installation & Commissioning

. Feedback Instrurments
€L 33-026 Maglev LabView Models
[« 33-041 Coupled Tanks Simulink Models [ PSSR Prog
€L 33-927 Modular Serve Simulink Mot
€{ 33-936 Pendulum Simulink Models Help and Su
€0 33-942 Magnetic Levitation Simulink
€€ 33-949 Twin Rotor MIMO Simulink b

Devices and

Figure 27 Start menu

Matlab will run and the Simulink model menu will open (Figure 28).

File Edit View Display Diagram 5Simulation Analysis Code Tools Help

BB 0 BE@-EHAOP = ©- > -
IW@W | L Bl il ]
© |[PaCoupledTanksMadels » -
Ed
=t

Feelggack !nstruments Limited

Version 3.00

»
Ready 100% oded5s

Figure 28 Simulink model menu

To run a real-time model for example, double click on the ‘Coupled Tanks Real-Time
Models’ block in the main menu. A sub-menu containing all of the real-time models
will open (Figure 29).

33-041-IC
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E=RIER=)

B CoupledTanksMadels/Coupled Tanks Real-Time Models

e ———
D W& &8R4 |50 » 8100 [Nomal

Feedback Instruments Limited

Ready [100% | | |odeds Y

Figure 29 Real-time models menu

Double click the required model, for example CT_callibration. The Simulink model
window will open Figure 30.

Sensor calibration

Each sensor has to be calibrated before any experiments are run. The calibration
should be done periodically to ensure agreement between the real data and the
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measured signal. With time passing the water might change its density, which might
influence the level reading.

-

B CT calibration * =2
Eile Edit View Simulation Format Teols Help
D s EE _ ¥ o [Etemal = B b
e Merion 310
Tank_Mo
Tank number Tank selector > |:I
PCon > Voltage corresponding to
Pump cnicff the tank water level

Tank selector

Feedback Instruments Limited

Ready [100% T=0.00 odel

Figure 30 Coupled Tanks calibration window

Follow the instructions below to calibrate the sensors. The sequence has to be
repeated for each sensor and tank.

1. Shut the outflow valves of the tank, in which you are going to perform
calibration.

2. Open the proper pump output valve (valve MVB for tank T1 calibration, valve
MVA for tank T2 calibration, valve MVE for tank T3 calibration, valve MVD for
tank T4 calibration). Keep the other valves closed, so the water flows directly
to the tank, which is being calibrated.

3. Empty the calibrated tank. Place a blocking plastic cap on the outflow pipe so
the water cannot run out.

4. Run the CT_calib.m file. Follow the given instructions to perform calibration

on all of the tanks. The files containing the calibration constants will be saved
in the Real-Time models directory.
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THE CALIBRATION HAS TO BE PERFORMED BEFORE ANY EXERCISES
ARE RUN. CALIBRATION CONSTANTS WILL BE SAVED IN A FILE AND
AUTOMATICALLY LOADED WHEN MODELS ARE RUN.
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Coupled Tanks Mechanical Unit description

The Coupled Tanks Mechanical Unit consists of 4 tanks attached to the rig. At the
bottom of the rig 5" tank is placed for water storage. Inside that tank 2 submersible
pumps are placed. The water is pumped up to the top 2 tanks through the series of
pipes and configuration valves named ‘MV X’ (X = {A,B,C,D,E,F,G}). From the top
tanks the water flows freely to the 2 bottom tanks. The orifice size can be varied with
3 cap sizes available, which can be slid on the pipes coming from the bottom of the
tanks. With the configuration valves it is possible to introduce coupling between the
tanks. The water level can be read in each of the tanks using 4 pressure sensors.

Figure 31 Coupled Tanks Mechanical Unit
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Figure 32 Main tank drain hole

A drain plug is provided at the base of the main tank as shown in Figure 32 which
allows water to be fully drained from the system.

It is recommended that as much water as possible is first pumped out of the system
via the drain pipe, as follows. The supplied PVC hose should be fitted to the open
end of the drain pipe. The system is drained using the left-hand pump only. Valves
MV A, MV B and MV C must be closed, the end cap must be removed from the drain
pipe, and the drain shut-off valve must be open to allow drainage.

After pumping out as much water as possible, unscrew the nut on the underside of
the main tank to empty the residual water from the system into a suitable container.
Remember to replace the nut securely and close the drain shut-off valve before filling
the system with water again.

WARNING: NEVER ATTEMPT TO TILT THE UNIT WHEN IT CONTAINS WATER.

The unit can be heavy when it contains water. Do not empty the tanks by tilting it.
Attempting to do so could be hazardous.
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Control system

The Coupled Tanks System is organized according to the schematic presented in
Figure 33.

— | —

PC S?

control

&
<

CONNECTORBOX  \ heasurement PSUPA

Figure 33 Control system schematic

The PC with Advantech card and Matlab and Simulink environment serve as the
main control unit. The control signals, which are voltages between 0 V and 5 V, are
transferred to the Power Amplifier where they are transformed into 24V dc signals
driving the pumps.

The water level in the tanks is measured using pressure sensors. The water level
information is transferred to the PC via the PSUPA. From the Simulink point of view
the Coupled Tanks (single tank and pump) is seen as the following model presented
in Figure 34.

u (1) h (t)

Coupl.T.

Figure 34 Coupled Tanks model
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Computer control

Using MathWorks and Advantech software together simplifies the design of control
systems for the Coupled Tanks unit. To design a controller you do not have to build a
real-time application from the very beginning. It has been done for you. You can
design arbitrary controllers in the Simulink environment and through the Real Time
Kernel run them on an external process.

The digital control diagram presented in Figure 35 is used for that purpose.

1
I “‘ It rJ—L t
F A/D control algorithm = _L_, D/A process N
A A
T computer
clock y
PC

QAR

Sensor

Figure 35 Computer control system diagram

The system consists of four main elements:

1. PC with a clocked control algorithm

2. A/D and D/A converters — serving as an interface between the PC and
external environment

The controlled process

4. Sensors

w

The control algorithm and the converters operate according to the time pulses
distributed by the clock. The distance between consecutive time pulses is called the
sampling time. Usually the sampling time is constant however some special
applications use intermittent sampling. The clock delivers an interrupt and an
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interrupt service routine (ISR) is called. During the ISR routine an A/D converter
delivers a discrete representation of the measurement returned by the sensor. Based
on the measurement the control algorithm calculates the value of the control signal.
At the end of the ISR the control signal value is updated and set by the D/A converter
to be held for the next sampling interval.

The same control scheme is used for the Coupled Tanks system.
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Simulink Coupled Tanks control

After software installation two folders are created, which contain Simulink files. One
of them contains files for simulation; the second folder contains files for real-time
Coupled Tanks control.

The simulation only files can be used as normal Simulink experiments.
Real-time control

Real time control applications refer to an external source (external equipment). In
Figure 36 an example position control application is presented.

-
B CTTLPID. = | B o)
File Edit View Simulation Format Tools Help Connect to target
= i e ;
D=E&E | 2 FAE0  |etemal N EEBbE R B
Start Real Time code
Enable Enable
Ao T ;| Desired water level o
Dletedvalenicvel Initialization1 G
Dresired water level & trigger Glodk To Workspace1
Desired water level
k4
PCI1711
Poifee Filter [ + FID * Control signal pump 1 | Lab WO Ecsrd
Lab /0 Board Voltage / T1 & Water level T1 i with + i
7| canm. L2 Anti-windup Feedback DACH
Feedback ADC “

Feem Filter and Converter Blodk for T1 EID with Anti-windup I_ Feedback DAC Ch1
ADCC

control signal

PCIMT11 EoliT1d
Lab O Board | Voltsge / T2
= Degired water level @ L i Lab
L =
Feedh ) Wiater level T1 el Ground Feedback DAC
TE[I‘I‘III‘ISI:}[ Lt |
Feedbadk ADC ChZ desired value vs measured level1 = |
Feedback DAC Ch2
Desired water level =I | simout
= Water level T1 I
Feedback Instruments Limited » 1 To Worspace
Ready 100% odel

Figure 36 PID Tank1 water level control

The models can be run by navigating using either the Windows start menu:

Start menu — All Programs — Feedback Instruments — 33-041 Coupled Tanks
Simulink Models
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[ Pﬁ CoupledTanksModels EI@
File Edit View Display Diagram Simulation Analysis Code Tools Help
% - EO-BELOP T O Q- -
CoupledTanksModels
® |[alCoupledTanksModels » hd
S
3
Coupled Tanks Coupled Tanks
= Simulation Real-Time
Models Models

FeeEEack !nstruments Limited

g
Ready 100% oded5

Figure 37 Model category window

or by loading Matlab then using the following path:

C:\ProgramData\Feedback Instruments\Coupled Tanks\Examples\Real-time models\
If you have two Matlab installations available, make sure that the Coupled Tanks
software is installed for the Matlab that you want to use for Coupled Tanks. If it is the
first time you are running real-time experiments on that version of Matlab type the:
rtwintgt -setup

command and execute it in Matlab.

When ‘CT_T1_PID is selected the model presented in Figure 36 will open. The
simulation parameters are already set. If you want to make your own applications you
have to use the same simulation parameters like solver options for example. Thus it
is easier to use one of the existing applications and modifying it according to your

needs without changing the simulation parameters.

Refer to the following sections to see how the model can be compiled and run.
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Adding an I/O card to the Matlab installed boards list

If you have carried out a fresh install of the PCI-1711 card drivers, you will need to
add the board to the list of installed boards that Matlab uses. The easiest way to do
this is to carry out the following instructions.

In the Simulink CT_T1_PID window, identify the Feedback DAC block. Right click on
this block and select Look under mask. A new window will open showing the Simulink
blocks that comprise the DAC block. Identify the Analogue Output block and double
click on it. A dialog box will pop up asking whether you wish to add the board to the
list of installed boards (Figure 38). Select yes.

File Edit View Simulation Format Tools Help
D& $B2R|ES 4|22 r §pH0 [Etema FREREE REE S
- version 2.00
B Board not installed = e G
—
il CT_T1 _PID/Fe Thiz block references board "Advantech PCI-1711 [auta]” which iz not on — Glocks, 72 ‘Workspace1
I —— the installed boards list for this computer. Do you want to add it ta the -
File Edit Vieg fist? |
= — B ' -
b= |4 2 PCIT11
.| Blpump 1 _ | Lab WO Board
Lal -
b Feedbade DAC|
Fedq
o L
ol Feedbadk DAC Ch1
Feed A Analog I‘—
| @ > __/ > Output |
| In1 P
Saturaticn2 Analog Output pal
Advantech PCI1T11
La| PCIHT11 [auto] . | Lab 110 Board
= Feedbadk DAC]
F; _ —
Feedback DAC Ch2
¥ I = - - - - = .
|'Refy- o = 100% | | odel ) rieve (B ol ot
Feedback Instruments Limited Waterlevel Tt Ta Workspace
Ready [100% il il lodel

Figure 38 Adding an I/O Board to the Matlab Installed Boards List

The block parameter dialogue box for the PCI-1711 card will open. Cancel this
dialogue then close the CT_T1_PID/Feedback DAC window. The PCI-1711 card is
now correctly registered on the Matlab installed boards list.

Compiling a model

The real-time models provided with the Feedback 33-041 software must be built
before they can be executed in real-time. The Real-Time Workshop generates C
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code from the model which must be compiled and linked to form an application which
can be executed on the Real-Time Windows Target. Matlab uses the Open Watcom
compiler (part of the standard Matlab install) to compile models for the Real Time
Windows Target and no additional compiler is required. The Open Watcom compiler
compiles the C code to an executable that runs with the Real-Time Windows Target
kernel.

To compile the CT_T1_PID model, select the Tools menu then Real-Time Workshop
and Build Model (Figure 39).

File Edit View Simulation Format | Tools | Help
O=E=E&E & = L Simulink Debugger... - B m &
Meodel Advisor...
version .00
Model Dependencies 4
Enak
Diesired water lew Eoced Boint 2 Initialization1 e
Desired water level & Lockup Table Editor... Gl ‘Workspace1
Data Class Designer...
Bus Editor... FCITI1
PCHTI1 Filter PID + | Control signal pump 1 __ | Lab A0 Board
Lab UG Board | voitsg= /71| TR | | Profiler with + »
e ti-windup: Feedbadk DAC|
Feedback ADC < -
Inspect Logged Signals... » r
. T p
Filter and Converter BI 3 DTN oo
Feedback ADC Chi Signal & Scope Manager... -4— Feedbac DG LI
Real-Time Workshop 3 | Options...
La:(I:}(;ﬁ-E Voltage /T2 External Mode Control Panel... | Build Model Ctrl+B FCI1T11
Board /oitage / 12 |
| . Lab /O Board
. Build Subsystem... ™
Feedharkl Ak Control Design 3
Taminatar | Generate 5-Function... FeedbeE .
e e ATCTGhE Data Object Wizard [Eiue v measured levell | m—
e Feedback DAC Ch2
]
Desired water level el simout
it Water level T1
Feedback Instruments Limited EE T . Ton -
Generate RTW code. [100% i j odel 1
[S —— ==

Figure 39 Building a model

Go to the Matlab command window to observe the progress of the build. When the
build is complete, check that it was successful (i.e. no error messages were
displayed in the Matlab command window).

Running a real-time model

You are now ready to run the CT_T1_PID application to test that the hardware and
software has been installed correctly.
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NOTE: The reservoir tank should be full with the pumps fully submersed in
water. Make sure that the unit is calibrated and that static characteristic and
working point is identified (see Control Experiments manual).

Connect the application with the PCI1711 card by pressing the CONNECT TO
TARGET button. The application will not run yet. Now turn the Coupled Tanks power
on.

You can start the application by pressing the START REAL TIME CODE button.

More information on ‘CT_T1_PID.mdr is given in the ‘Control Experiments’ manual.

New controllers design

It is best to start your own controller design by using the already made application
and removing its content apart from two important blocks (Figure 40), which are the
‘Feedback ADC block’ and the ‘Feedback DAC block’ and Feedback logo block. This
way all of the simulation parameters that are needed for the Real Time application
will be set.

PCI1711 P
Lab A0 Board | Plant Output control signal Lab 110 Board
Feedbadk ADC Feedback DAC
| —— I
Feedbadck ADC Ch1 Feedbadk DAC Chi1

Figure 40 External equipment blocks

The ‘Feedback ADC block’ has one output, which is the voltage corresponding to the
water level in the tank. You do not need to modify these blocks. Modifications may
cause serious problems with control applications. The ‘Feedback DAC’ block has one
input, which is the control voltage.

It is best if you start with existing control applications parameters’ modifications or
design very simple algorithms to get familiar with the Coupled Tanks setup.
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PCI 1711 Lab I/O Block — Feedback DAC

» This is a universal Feedback block which sends the input value to PCI-1711
analog output.

= There is one input in this block and the block reads the value from this input
and sends it to the analogue output of the PCI-1711 card (Figure 41).

PCIT711

control signal Lab 140 Board

Feedbadk DAC Chi
Figure 41 Feedback DAC Block — one input

= There are two parameters available: sample time and output channel. We can
choose between 1 or 2 for output channels. This is because PCI-1711 analog
output contains two channels.

= By double clicking on this block we can change the above parameters (Figure
42).

W Sink Block Parameters: Feedback DAC Chl )

DAC Unit for Feedback Experiments (mask)

Digital to Analog Qutput for Feedback Experiments
using Advantech PCI1711 I/0 board

Parameters

Sample Time
0. 1

COutput Channel
1

oK l [ Cancel ] [ Help Apply

. - ol . -

Figure 42 Feedback DAC Block — parameters
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= The value, which is sent to the analogue output is the accepted range of 0V to
5V.

= Choose “Look under Mask’ to view all of the subsystems (Figure 43). Before
any experiments are run the PCI-1711 card has to be registered and set up.
Double click on the Analog Output block and register the PCI-1711 card in
Matlab environment (Figure 44).

=

W CT_T1_PID/Feedback DAC Chl =NEC X
File Edit View Simulation Format Tools Help
O @edS = 4|22 » F B0 |Exemal || B[R B
@, » S
Lt 1 output
In1 7
Saturation2 Analog Output
Advantzch
PCI-1T11 [auto]
Ready [100% odel
Figure 43 Feedback DAC Block —under mask
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Figure 44 Feedback DAC Block — board setup
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