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Introducing ProcessMotion

Thank you for purchasing ProcessMotion!

ProcessMotionis a process control simulatorforleveland flow, temperature, and pressure control
systems.

This manual covers all features, menus, and commands of ProcessMotion Version 3.0.
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1. Starting ProcessMotion

The following sections describe the stepsinvolved in getting started with ProcessMotion.

1.1. SYSTEM REQUIREMENTS

For best performance, the following systemis recommended:
e Intel Corei5 2400 GHz 2400 GHz or higher
e Atleast1GB RAM
e A hard drive with atleast 200 MB of free disk space
e Oneof the following operating systems:
= Windows 7 Home Premium or higher (32 or 64 bit) withSP1

= Windows 8.1 Proor higher (64 bitonly)
= Windows 10 Pro or higher (64 bit only)

@ Note: Youroperating system might have additional hardware requirements.

1.2. SOFTWARE LICENSING

ProcessMotion is protected by alicensingagreement. Full details on the Intelitek software licensing are
providedinthe Intelitek Software Licensing Guide.

1.3. INSTALLING THE SOFTWARE

Close any applications thatare open before proceeding with the installation procedures. If you are
aboutto reinstall the software orinstall anewerversion to an existing ProcessMotion directory, itis
recommended thatyou back up any existing user-created files beforeyou begin the installation. Itis also
recommended thatyou remove the previous ProcessMotion version for Windows installation using the
software's Uninstall utility (For more information on uninstalling ProcessMotion, see 1.5 Uninstalling
ProcessMotion on page 6).

ProcessMotion User Manual © 2019 Intelitek Inc.
Chapter1Starting ProcessMotion 3 All rights reserved
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To install ProcessMotion:

1. Double-click the ProcessControl.exefileto startthe installation procedure.

2. Wait until the InstallShield windowis displayed.

ProcessControl - InstallShield Wizard

‘Welcome to the InstallShield Wizard for ProcessControl

3. Click Next. The License Agreement window is displayed.

ProcessControl - InstallShield Wizard

License Agreement
ad

ProcessMotion User Ma nual

Chapter1Starting ProcessMotion

LICEMSE AGREEMENT

IMPORTANT - THE SOFTWARE 1S LICENSED OMLY ON THE CONDITION THAT THE
LICEMSEE (REFERRED TO IN THIS AGREEMENT AS "vOU") AGREES WITH THE
LICENSOR, INTELITEK, INC.]. [REFERRED T0O IM THIS AGREEMENT 45 "INTELITEK"]
T0O THE TERMS AND CONDITIONS SET FORTH IN THE FOLLOWING LEGAL
AGREEMENT. THIS AGREEMENT IS AN ELECTRONIC AGREEMENT AND IS A&
LEGALLY EINDING CONTRACT.

E'v CLICKING OM THE | ACCEPT BUTTOM BELO, YOU CONSENT TO ENTER INTO
THIS AGREEMENT AND ACCEPT AMD AGREE TO BE BOUND By ALL THE TERMS OF
THIS AGREEMEMNT.

IM SUCH EVEWT. YOU %/ILL BE PERMITTED TO ACCESS THE SOFTWARE. |F Y0U DO
NOT ACCEPT AND AGREE T0O BE BOUND BY THE TERMS OF THIS AGREEMENT,YOU
MUST IMMEDIATELY CEASE IMSTALLATION OF THE SOFTWARE AND YOU WILL NOT
EE PERMITTED TO ACCESS THE SOFT'WARE.

1. Grant of License

Subject ta the terms and conditions set out in this License Agresment, Intelitek grants You a

w

© 2019 Intelitek Inc.
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4. Reviewthe Intelitek software license agreement. You must accept the terms of this agreementin
orderto proceed with the installation. To accept, select Yes. The Destination Location Window is

displayed.

5. Click Next. The InstallShield Wizard is ready to Install the program.

ProcessControl - InstallShield Wizard X

6. Click Next. The softwareisinstalled.

ProcessControl - InstallShield Wizard

InstallShield Wizard Complete

7. Click Finishto complete the installation.

ProcessMotion User Ma nual © 2019 Intelitek Inc.
Chapter1Starting ProcessMotion 5 All rights reserved
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1.4. PROCESSMOTION UTILITIES

ProcessMotion contains three different utilities:
e LlevelandFlow
e Pressure
e Temperature
You can access each of these utilities from your computer’s start menu.

. Proces=Control
Mew
Level and Flow Control
Mew
Pressure Control
M

Temperature Control
MNew

1.5. UNINSTALLING PROCESSMOTION

To uninstall ProcessMotion:

1. Fromthe ProcessMotion programgroup, select Uninstall.
2. Followtheinstructionsthatare displayed onthe screen.

The Intelitek Software Licensing Guide provides full details on the procedures for protecting your
license, transferring the license from one PCto another, and returning the licenseto Intelitek for
retrieval ata latertime.

1.6. QUITTING THE SOFTWARE

To close any one of the three ProcessMotion utilities, perform any of the following:
e SelectFile | Exit.
e Clickthe Xin the ProcessMotion title bar.

ProcessMotion User Manual © 2019 Intelitek Inc.
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2. The ProcessMotion Interface

2.1. OVERVIEW

ProcessMotion has three different utilities, butthe interface foreachisthe same with the exception of
several utility-specificelements.

The main elements of the ProcessMotion window are shown here.

E ProcessMotion for Pressure Control — a x
File View Modes Help Menu Bar

I=> =l Q465 G- D) Toolbar

Control algorithm

Graphics Display Window

‘ Set
Point

043 @ Block Diagram Control Panel

Sensor
{ 1
Il:onllol parameter: Kc = 700.00 Ti=50.0000 Td=1.00 Mo =55.00
o g
= -
3 Graph
«©
o
™~
(-]
13 :
R = o
a g/ &
«”
o
o~
o
- Status Bar
Y FEYTIVTITINTIITET PRIV VITHTTETTITINT PITRITEIIN o
2 h ¥
NG -
S N P RO T IO G AT - -
ST T e et 02 e e NG e e e ?

Ready Expetiment runtime 54 sec. [ 29" Run Process ) ir 97 Simulation = Y

Initially, beforeaprocessisstarted, the Block Diagram and Graph areas are hidden.

This table summarizesthe main parts of the screen:

ProcessMotion Interface

Screen Element Description

Menu Bar Provides the menu commands for working with ProcessMotion.

Provides access to commonly used commands, such as startingand

Toolbar stopping simulationsand changingthe view of the panel.

Graphics Displa
P piay DisplaystheProcessMotion panel and the system equipment.

Window
Graph Displaystheresponses of the system.
ProcessMotion User Manual © 2019 Intelitek Inc.
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ProcessMotion Interface

Screen Element

Description

Block Diagram

The Block Diagramreflects the parameters of the system and the system
response.

Status Bar

Provides system information such as experiment runtime.

2.2. THE MENU BAR

The menu bar providesthe menu commands forworking with ProcessMotion.

2 ProcessMotion for Pressure Control

File View Modes Help

I=> =l | O 6 S D)

The table below summarizes the optionsinthe menu bar.

Menu Bar Options

Option Description

File Enables you to open, set and save parameters, printyour results,and exit the
software. You canalso printcharts and images of the Graphics Display Window.

View Allows you to view or hide the toolbar and the status bar. Italsolets you redirect
the camera for different views of the screen.

Modes Allows you to change system modes and parameters.

Help Provides information about your ProcessMotion software.

ProcessMotion User Manual

Chapter2The ProcessMotion Interface 8

© 2019 Intelitek Inc.

All rights reserved



Intelitek»»
2.3. CONTROLLING THE VIEW

The Graphics Display Window displays the control panel and equipment for whichever of the three
utilities you are using. You can modify the view inthe window and even open additional windows to
view the equipment from multiple angles. This section describes how to do so.

2.3.1. Basic View Controls

Optionsinthe View menuand Toolbar, in addition to operations you perform with your cursor, allow
you change the view inthe Graphics Display Window. This table summarizes the viewing options.

ProcessMotion View Options

+ drag

Icon/Operation | Option Summary
Redirect . . . . .
Centers the view to where you clicked onthe Graphics Display Window.
Camera
Cutaway Displaystheinternal workings of the equipment. Clickthisiconagainto
View return to the regular view.
Center . . .
Centers the view to the original view (the center of the control panel).
Camera
Right-click+ Rotate Right-click anywhere on the Graphics Display Window and dragthe cursor
left/right leftwards or rightwards to rotate the view.
Right-click + Zoom Right-clickanywhere on the Graphics Display Window and dragthe cursor
up/down upwards or downwards to zoom in or out on the view center, respectively.
Ctrl + Right-click ) Hold down the Ctrl key, right-click,and dragthe cursor to alter the
Brightness

brightness of the Graphics Display Window.

ProcessMotion User Manual

© 2019 Intelitek Inc.
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2.3.2. Splitting the Graphic Display

When you firstopen ProcessMotion, only the main graphicdisplay window is visible. The graphicdisplay
can be splitintothree different windows, allowing you to concurrently display three different views of
the control panelsand equipmentand to manipulate each of these displays.

To openthe two secondary display windows:

1. Movethe cursorto the far right edge of the graphics display window until the cursor changes
intoa double arrow.

2. Clickand dragthe cursor, dragging the right frame towards the center of the screen. Asecond
display appearstothe right of the original display.

Coentrol
Lamps

Anncy FEIE hirs

*
Famz

Gl rpel | oar

L ]
Pued " rps

i Mg Lo

L ]
J2 T

ProcessMotion User Manual © 2019 Intelitek Inc.
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3. Move the cursorto the top of the new graphicdisplay window. When the cursor becomes a
double arrow, clickand dragthe frame downward to reveal the third graphicdisplay window.

~ ¥ ¥ A
g -

v

Py

You can manipulate all three windows in the same manner. This allows you toview different areas of
the panelindependently.

ProcessMotion User Ma nual © 2019 Intelitek Inc.
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2.4. THE BLOCK DIAGRAM AND CONTROL PARAMETERS

The Block Diagram area reflects the parameters of the system and the system response.

Control algorithm

m EP pin Tank pgy

45 045 043
T ]
[BAR] [BAR]

]

Sensor
1

| S|

Control parameter: ke = 70000 Ti=500000 Td=1.00 Mo =55.00

Example Block Diagram

This table summarizesthe parametersforall three of the ProcessMotion utilities. For more information,
see the Appendix: Understanding Process Control on page 25.

Block Diagram Parameters
Parameter Relevant for Summary
The desired level of the tank temperature (Tin) pressure (Pout) Or
Set Point All utilities P (Tin) p (Pour)

level (H).

E All utilities The error: The difference between the set pointand Tin/ Pout/ H.
The PID controller output, which is the percentage of power sent

m All utilities to the heating element (Temperature Control), E/P device
(Pressure Control) or pump (Level and Flow Control).

Kec All utilities Represents the proportional control setting of the PID algorithm.

Ti All utilities Represents the integral algorithmsetting of the PID algorithm.

Td All utilities Represents the derivativealgorithmsetting of the PID algorithm.
Represents a constantbias for the PIDalgorithm. When the

Mo All utilities proportional,integral,and derivativealgorithm output equals
zero, m equals Mo.

Pin Pressure Control The pressureat the system input.

Pout Pressure Control Tank pressure (System Output)

Tin Temperature Control Tank temperature (System Output)

Jin Level and Flow Control Flow input

H Level and Flow Control | Tank Level (System Output)

ProcessMotion User Manual

Chapter2The ProcessMotion Interface

© 2019 Intelitek Inc.
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2.5. THE GRAPH

2.5.1. Elementsofthe Graph
The graph displaysthe responses of the system.

e Thegreenlinerepresentsthe setpoint(orsetpoints) of the system.

e Thered linerepresentsthe percentage of powersenttothe heatingelement (Temperature

Control), E/P device (Pressure Control) or pump (Level and Flow Control).
e Thebluelinerepresentsthe system output.

All of the responses are displayed as a function of time (X-axis).

Pressure bar
00 01 02 03 04 05 06 0OF 08 09 10

T T
: N AN AR : NN AR ; AR AR ; NANPY
R@lﬁgﬂ-- «‘\g'mﬁg'ﬁﬁﬁa _ «W&Eﬁ?ﬁ «‘\g'rj _ «ﬂﬁﬁﬁa Lﬂ:‘\?" h‘_«‘\g' b:ﬁg' hﬁf‘@' h_*\'\g' hﬁﬁﬁf@& _mﬂﬁﬁﬁ@?ﬁ@& _«‘\2'&@

2.5.2. Graph Legend
The purpose of the graph legendisto clarify the elements of the graph.
To display the legend:

1. Right-clickanywhere onthe graph.

2. Inthe pop-updialog, select Show Graph Legend.

Show Graph Legend
+~*  Show Block Diagram

Default foom Level

Back One Zoom Level

The legendisdisplayed.

——  Preszure Pout
——  E/P Canverter
——— Setpaint

ProcessMotion User Manual

Chapter2The ProcessMotion Interface 13
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2.5.3. Graph Point Values

You can observe datavalues of the processforspecific pointsintime. Once a processisstopped, a
vertical yellowline is displayed on the graph. The values that are intersected by thisyellowlineare

displayedinthe Block Diagram.

} +

-
T oes Sensor
|

| |

Control parameter: Kc = 10.00 Ti= 420000 Td=0.20 Mo =0.00

—— Water Level
——  Power of the pump
Setpoint

o #
E] g
=
&
£
E
: g
3 5
g o
=
g
B
=
B S S S YU ST S - NPT QP SR P ST SPL P L S S-S U S S SR S .
B Bt e e e 00 I e T e T e e T e PO Y e T e e J\‘-!g‘t e ,\5_0" ,\b{a" \‘:{a" '\‘39“ J\‘Jgt ,\59" ,\5{5‘ \‘3@1 '\‘39“ J\‘-!g‘t

Graph of a stopped process with a vertical yellow line. Values of the responses intersected by the yellow
line represent the values at the indicated point of time. The values are displayed in the Block Diagram
above the graph.

To move the yellow line, move your cursor parallel tothe desired pointin time on the graph.

ProcessMotion User Manual © 2019 Intelitek Inc.
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2.5.4. Zooming in on Parts of the Graph

You can zoomin on parts of the graph to view graph data at a higherresolution.
@ Note: The process must be stopped to zoom in on the graph.

To zoom inon a part of the graph:

1. Clickand dragyour cursorleftwards orrightwards overthe section of the graph to that you want
to magnify. The sectionis highlighted black.

o

100 %

FlowLPr
Pump

0%

=
] B il N 7 B P il
\3?%’1 '\3?61 '\3?'61 \’ﬁtﬁ%ﬁ @?ﬂf @?%@ '\Eﬁﬁﬁ 'Cﬁ?'%:‘ «'3?'%22 \’ﬁﬂ-ﬁg m’ﬁcﬁﬁﬁ '\3?'%? \’ﬁﬁ%ﬁ @362& @?%29 '\3?%@

@ Note: Alternatively, you can click the graph to zoom in on a specific moment in time, instead of
dragging yourcursorto highlight a selection.

2. Release the mouse button. The highlighted areais magnified.

5
100 %

FloweLPh
Pump

0%

B
: o 2 :
\aaﬁﬁ .\'33%29 dﬁ'g .\'33%3 \'33%?

3. Repeatthe previoustwostepstozoominfurther.

To zoom out:

e Right-clickthe graph and select DefaultZoom Level or Back One Zoom Level.
~*  Show Graph Legend

~  Show Block Diagram

Default foom Level

Back One Zoom Level

ProcessMotion User Manual © 2019 Intelitek Inc.
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3. Runninga Process

3.1. PROCESS OVERVIEW

The main objective of ProcessMotion is to simulate the operation of atemperature control, pressure
control, waterlevel, or water flow control system. This chapter explains how to run each type of process
inthe three utilities of ProcessMotion.

Runninga control systeminvolves the following steps:

1. Inputtingdesired system parameters.
2. |Initiatingthe process.
3. Observingthe processand collecting data.

4. Stoppingthe processand performingafinal dataanalysis.

3.2. STARTING A PROCESS

To run a processin any of the three ProcessMotion utilities:

1. IntheToolbar, clickthe Start Process button. The Level and Flow utility offers two Start Process

options: Level Process and Flow Process.
allcd

L\' r
‘ s ->|| Q
Start Process

Temperature Control Process

caled]

= | =l |

Pressure Control Process

u\?\u@ﬂm Q8-S B

|Flow Proc essi

Level Process

Level and Flow Control Processes

ProcessMotion User Manual © 2019 Intelitek Inc.
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The Control dialogisdisplayed. The dialogis specificto the utility and tothe selected process.

Temperature Control | | Pressure Control *,
— Parameters r— Parameter
= Dpen Loop Control Setpaint IB5 = Dpen Loop Control Setpaint ID_4
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The process control dialogs. Clockwise from top right: Temperature Control dialog, Pressure Control
dialog, Flow Control dialog, and Level Control dialog.

2. Setthedesiredsettingsforthe process:

= Parameters: Setthe type of control and the parameters of the process. See 2.4 The Block

Diagram and Control Parameters on page 12 for more information about parameters.

= Time: Set whethercontrol should be activated continuously orfora setamount of time.

= History: Checkthe Record History box if you wantto record and export graph data. If

checked, you are promptedto selectafile path forthe saved .hisfile.
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3. ClickRun.

The processis initiated. You can observe the processinthe Graph, the Block Diagram, and the
GraphicDisplay Window. Information about the processis also displayed in the Status Bar. The
parameters thatyouselected forthe process are displayed in the Block Diagram.

Control algorithm W ; —DT
Set 0.00 power
Point E m EP pin Tank poy¢ % m
040 0 045 041
O [ ] e
I pL
0.0o —"
Sensor ] |
| e A
L Digital Elggg In|
Il:untlol parameter: Kc = 700.00 Ti=50.0000 Td=1.00 Mo =55.00 _‘_I-I_E_I_IE———'—'—_ []
L
- T E
- : o e |[®
@ - Kesar  [Eacmerey | jRav0C
o
- 5
:
.
S
=
T
2
in o
o
[ g L/f E
g %
o
= »
s N
[ A A I A A S A SR A A A A B R A S A A AR #
= Z
R T S N N R Tt/ L - O, S SO -
.\h.ﬁn .\h.@ .\h.@ .\5.90 ,\5.9" ,\5.9" ,\5.9" ,\5.9’\,\&9’\,\&9’\,\&9’\ ,\5.9“,\5.9“,\5.9,‘,\5.9« ,\5.9«,\5.9« " N
"]
p v
Ready |Experiment runtime 31 sec. % Run Process [ Simulation 2

3.3. STOPPING A PROCESS

You can stop a process at any time.

To stop a process:

e Inthe Toolbar, clickthe Stop Process button.

5 12 =

Stop Process

Once a processisstopped, you can analyze the data on the graph. See section 2.5 The Graph for more

information.

If you chose to record history the .hisfile, the file isavailablein the location that you selected.
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4. ProcessMotion Simulated Equipment

4.1. OVERVIEW

The three utilities of ProcessMotion simulate different types of process control systems and equipment.
This chapter provides an explanation of the virtual equipmentin all three of the utilities.

e Fortemperature control equipment, continue to section 4.2 below.

e For pressure control equipment,see section 4.3 Pressure Control EQuipment on page 21.

e Forlevelandflow equipment, seesection 4.4 Level and Flow Control Equipment on page 23.

4.2. TEMPERATURE CONTROL EQUIPMENT

4.2.1. Description of Equipment

The Temperature Control panel simulates aninstructional panelforexperimenting with temperature
control. The simulated meters and gauges reflect the readings that would be shown by the meters and
gaugeson an actual panel.

The main elements of the temperature control panel (shownin cutaway view below) are described in

table onthe next page.

Temperature Process Control

Water Tank Load
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Sp 8 vale PUME Power
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e O mmunication
Overflow = Cooling Unit =555 s
Pipe = FLC Serial Port
= Analog Input |Analog Cutput
= @ ®
= Proporticnal | Temperature
Water = Valve
Digital Input | Errer Flags
@
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Temperature Control Panel

Part Name Description

Tank Contains the water inthe system.

. Prevents the tank from overflowing. Water above the designated level
Overflow Pipe Lo o
returns to the reservoir via this pipe.

Wat The temperature of the water must be maintained at a user-defined level.
ater
A water sensor (not shown) measures the temperature of the water.

Cooling Unit Cools the water asitis circulated.

Heating Element Transmits heat energy to the water.

Drains water from the tank to decrease the amount of water inthe tank

Outlet Valve )
when required.
Pump Pumps water into the tank when required.
Reservoir Contains excess water to be pumped into the tank when required.

4.2.2. Mode of Operation

The objective of the control system is to maintain the temperature of waterinthe tank at a user-defined
temperature. It does this by adjusting the powersentto a heatingelement within the tank. The heating
elementtransfers energy to the water, causing the temperature of the watertorise.

The water continually loses heat through the walls of the tank. The controller must ensure that enough
energyistransferred tothe waterby the heatingelementto maintain the desired watertemperature.

A circulation system can be activated to pump water from the tank, through a cooling system, and back
intothe tank. The cold water flowinginto the tank (ata user-defined rate) is aload on the control
system. The control system must compensate for this load by adjustingthe powersenttothe heating
element.

The temperature of the wateris measured using atemperature sensor. An electrical signal is sent from
the temperature sensorto the controller, indicating the temperature of the water.

The controlleruses a control algorithm to calculate the amount of powerthat must be sentto the
heatingelementto maintainthe required watertemperature.

e Toincreasethe temperature of the waterin the tank, the control system mustincrease the
powertransferred tothe water by the heatingelement.

e Todecreasethetemperature of the waterinthe tank, the control system mustdecrease the
powertransferredtothe water by the heatingelement.

Throughoutthe process, the water loses energy through the walls of the tank, becoming cooler.

e Whenthe powersentto the heatingelementenablesittosupply more energy tothe water
than islostthroughthe tank walls, the temperature of the waterrises.

e Whenthe powersentto the heatingelementenablesittosupplylessenergytothe waterthan
islost through the tank walls, the temperature of the water falls.
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4.3. PRESSURE CONTROL EQUIPMENT

4.3.1. Description of Equipment

The Pressure Control panel simulates aninstructional panelforexperimenting with pressure control.
The simulated meters and gauges reflect the readings that would be shown by the metersand gauges

on an actual panel.

The main elements of the leveland flow control panel are displayed in the image and describedinthe

table below.
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grmPressure Gauge (In
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B
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Pressure Control Panel

Part Name

Description

E/P Converter

Converts the electrical controller signalintoa pressuresignal.

Service Unit Regulator

Divides the air from the compressor between the green and blue pipes.

Pressure Control Valve

Regulates the pressureof air entering the tank.

Regulator 1

Limits the air flow through the lower pipe.

Flow Meter

Measures air flowrate.

Pressure(In) Gauge

Measures the pressureof air entering the tank.

Pressure Gauge

Measures the pressureof airinthe tank.
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Pressure Control Panel

Part Name

Description

PressureValve

Limits the flow of air entering the tank and prevents air from flowing back
from the tank.

Tank (not shown)

Containerinwhich the pressureis controlled.

Compressor (not shown)

Supplies air to the system.

4.3.2. Mode of Operation

The components of the panel form a control system. The objective of the control systemis to maintain
the pressure in the tank at a user-defined level, by increasing or decreasing the pressure of airentering

the tank.

Airentersthe panel froma compressor. The control system onthe panel changes the pressure of the air
before itenters the tank. By controlling the pressure of the airentering the tank, the control system can
control the pressure in the tank.

e Toincreasethe pressureinthe tank, the control system mustincrease the pressure of the air

enteringthe tank.

e Todecreasethe pressureinthe tank, the control system must decrease the pressure of the air

enteringthe tank.
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4.4. LEVEL AND FLOW CONTROL EQUIPMENT

4.4.1. Description of Equipment

The Level and Flow Process Control panel simulates an instructional panel for experimenting with level
control and flow control. The simulated meters and gauges of the virtual flow and level control panel
reflectthe readings that would be shown by the meters and gauges on an actual panel. The level of
watershowninthe tankreflects the level of waterthat would be presentin the tank of an actual panel.

The main elements of the leveland flow control panel are displayed in the image and describedinthe

table below. The panelisshownin cutaway view.
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Level and Flow Control Panel
Part Name Description
Tank The control system controls the rate of flow into the tank.
Float A buoyant ball thatfloats on the surface of the water and aids in determining the height
of the water.
Outlet Controls the rate at which water can flow out from the bottom of the tank.
. Stores water to be pumped into the tank. Collects water that flows out of the tank and
Reservoir
out of the load valve.
Supply Pipe | Water is pumped through this pipe into the tank.
Flow Meter Measures the rate at which water is pumped into the tank.
Load Valve Allows water to flow out of the supply pipeand backinto the reservoir.
Load Pipe Pumps water into the tank to simulateaload onthe system.
Main Pump Pumps water from the reservoir up the supply pipeandinto the tank.

4.4.2. Mode of Operation

The components of the panel form a control system. The objectives of the control systems are:

e To maintainthelevel of waterinthe tank at a user-defined level (level control).

e To maintainthe rate at which waterflowsintoatank at a user-defined rate (flow control).

Wateris pumpedintothe tank by the pump and flows out the tank through a valve at the bottom. The
wateris pumped intothe tank from the reservoiratthe bottom of the panel, through the inlet pipe near
the top-right corner of the tank.

The controlleruses a control algorithm to calculate the amount of powerthat must be sentto the pump

to maintainthe required flowrate into the tank or to maintainthe tank waterlevel. The required

amount of poweriscommunicated tothe pumpinthe form of an electrical signal. The higherthe signal,
the fasterthe pump operates.
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5. Appendix: Understanding Process
Control

5.1. WHAT IS PROCESS CONTROL?

ProcessMotionis a tool to simulate phenomena associated with process control. But what exactly is
process control?

In the modern world, we are surrounded by working systems that have some sort of control mechanism;
a mechanism that attempts to control the output of the system by regulating the amount of input
introducedintothe system. A control mechanism could be athermostat, an automobile cruise control
system, orthe cooling system of a nuclearreactor. In industrial applications that require system control,
some actionis usually taking place within the system. Thus, the entire systemis usually involved in some
sort of process. Process control, as itsname implies, is the control of a physical variable (orvariables)
within a particularsystem. By controlling a particular physical variable (orvariables), the entire process
can be controlled.

5.2. THE CONTROLLER

The task of controllingthe physicalvariableis givento a controller, which automatically regulates the
system so that the controlled physical variable stays at the desired value. This eliminates the need for
constant human supervision, which is both tedious for the supervisorand not always accurate,
especiallyif the process requires rigid control.

5.3. THE NEED FOR CONTROL SYSTEMS

The needto control systemsis a basic, integral requirement for mostindustrial processes today. Process
control allows manufacturers to obtain a higherlevel of quality control and to conform to stricter safety
requirements, creating better products and protecting the safety of workers and consumers.
Manufacturers need to control the manufacturing environmentin orderto produce uniform products.
Many chemical reactions are dependent on very specificreaction conditions. Forsafety reasons,
manufacturers often need to control physical variables of processes. Theseare all reasons why control
systems have become so widespreadinthe modernindustrial world.

5.4. COMMONLY MONITORED VARIABLES

There are several variables thatare commonly monitored and regulated in the industrial world.
ProcessMotion focuses on four of these variables: Pressure, temperature, water level, and water flow.

5.4.1. Pressure

Many processes depend upon ahighly regulated pressurized environment, and all pneumatic systems
demand some type of air pressure control. The Pressure Control utility of ProcessMotion simulates a
hands-on experience with air pressure control, while demonstrating both the principles and some of the
performance concernsinvolvedin designing and operatinga pressure control system.
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5.4.2. Temperature

Temperature control isneeded when the temperature of adefined space orobject should be
maintained constant despite system changes, such as changesinthe ambienttemperature oranew
temperature requirement. The Temperature Control utility simulates atemperature control laboratory.

5.4.3. Level and Flow

Water level and water flow are two variables that are commonly monitored and regulatedin the
modernindustrial environment. Many industrial processes utilize tanks filled with various liquids whose
guantity (orlevel) and flow should be regulated and monitored. Examples of these include milk tanksin
dairies and coolant water tanks in nuclear reactors. The Level and Flow Control utility of ProcessMotion
simulates a hands-on experience with waterlevel control and water flow control while demonstrating
the principles and performance concerns that come hand-in-hand with designing and operating a
control system.

5.5. CONTROL ALGORITHMS

5.5.1. PID Control

There are several different types of control algorithms. One of the common types of control usedin
process control technologyis called PID. PIDis a control algorithm used in many automated systems. Itis
a combination of three individual algorithms, known as Proportional, Integral and Derivative algorithms,
respectively.

Although PIDis a very common control mode inindustrial processes, thereare also other control
algorithms used forvarious process control systems.

5.5.2. Open Loop Control

An open loop control algorithm is able to control the system output without the use of feedback. In
openloop control, tests are used to determine the typical system responseto a specificinput. Once the
ratio between outputand inputis determined, the controller knows how muchinputis neededto
produce the desired system output.

5.5.3. On-Off Control

An on-off control algorithm does react to feedback, i.e. it can measure the system output. It then
comparesthe actual system outputto the desired output (the setpoint) and reacts accordingly. If the
system outputislowerthanthe setpoint, the on-off control algorithm reacts by turning on the system
inputto 100%. Whenthe system outputrises above the setpoint, the controllerresponds by turning the
input off completely until the output falls below the setpoint.

5.5.4. Proportional Control

A proportional control algorithm controls a device by reacting to proportional changes. Forexample, if
you set the cruise control of a car to 60 mph (97 kph) while the caristravellingat 50 mph (80 kph), the
cruise control increases the gas flow tothe engine toincrease the speed. The amount of additional
gasoline senttothe engineis proportionalto the difference between the programmed speed and the
actual speed. Whenthe caris travellingat 50 mph and the erroris 10 mph, the controllersends half the
amount of gas as whenthe caris travelling at 40 mph and the erroris 20 mph. As the car accelerates
and approaches 60 mph, the cruise controller proportionally decreases the gas flow to the engine.
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5.5.5. Integral Control

An integral control algorithm takes into consideration the length of time the difference is present. For
example, if yourspeed has changed from the 60 mph setting for more than 10 minutes, the integral
control algorithm corrects the situation, sending the car’s speed back to the pre-set 60 mph. The more
sensitivethe integral control, the shorterthe reaction period.

The integral control works in conjunction with the proportional control and can detect small errors over
time that a proportional control algorithm would neglect.

5.5.6. Derivative Control

A derivative control algorithm takes into consideration the rate of change. Forexample, suppose your
room has a thermostatattached to an air conditioner, which keeps the room ata comfortable
temperature. Whenthe doortoyour roomis abruptly opened, hotair rushesin. This quick, sudden
temperature change causesthe derivative control algorithm to take imme diate action. The feedback
signal itsendsto the thermostat causesthe airconditionertoincrease its output. Ina sense, the
derivative control “anticipates” that a gust of warm air can cause your room temperature torise very
quickly, anditreacts quickly to neutralize this disturbance.

5.5.7. Summary

Each of the last three control algorithms has aspecificfunction, and they are often found together, ina
PID control algorithm, workingin concert to control various systems.
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