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Abstract

Simulating a process control system during the design phase is a key step in ensuring
the system is designed correctly 1d meets the design specifications. There are several
methods t it are conmuonly used in industry to simulate process control systems, cach
selected based on the level of detail of the simulation and the cost. Many Enginecring
firms will  pose a simulation method based on cost rather than level of detail because
cost has a  igher priority.

This thesis will look at some of the ways industry currently simulates process
control sy ms and will compare them on Cost, Fidelity (level of detail of the sim-
ulation), I plementation and Conversion. As well, an alternate simmlation method

will he presented that will strike a balance bety 1 cost and fidelity.




Acknov 2dgements

I would like to thank my Supervisor, Dr. Siu O'Young for his guidance an
support thronghout this project. 1 would like to thank Mr. Tervy Carter and ABB
for their technical assistance on the DCS portion of this project. 1 would like to thank
Schneider 1 ctric for their technical support. on the PLC portion of this project.
Finally, I would like to thank SEA Systems Limited and the Natural Sciences and

Engincerin: - Research Council (NSERC) for their financial support of this project.



Contents

Abstract
Acknowledgement
Contents

List of Figures

1 Introc ction

1.1 Problem Statement . . . . . . . . Lo
1.2 Analysis of Typical Simulation Methods .. ... ... oo o000

2 Curre Industrial Practice

21 St ware to Software . . ... L
2.9 Hardware to Software . . . . . . . . .
2.3 Hardware to Hardware . . . . . . . . . Lo

3 A Framework for SPSS
3.1 Control System Definition .~ 0 00 000000000000

32 Si lation Options . . . . . . oL

4 PLC Simwulation

4.1 PI o Model . .00
4.2 Control Equipment . . . . . . . . .o

1l

il

iii

o
[ ]




4.3 Graphical Display . . . . .. . ... oo 28

4.4 System Timing . . . . . . .. ..o 30
5 DCS Simulation 37
5.1 Terra Nova Simulator . . . . . . . . . oo oo 37
5.2 I oHernia Simulator ... L0 oL
5.3 Sinmlator Flexibiity . . . . . . . .. ... oo 0oL 43
6 Real Life Example !
6.1 Process Description . . . . . . ... 55
6.2 Plant Model . . . . . . . . 57
7 Conclusions 62
7.1 Simulation Method Comparison . . . . . .. .. ... ... ... ... G2
7.2 Future Work . . . . . . . 66
List of R ‘erences 68

v




List of Figures

1-1  Graphic Representation of Simulation Methods .. . ... .. .. ..
2-1 DProcess Simulation Phases . . . . 0 . 000000000000
2-2  Life Cycle Simulation . . . ... 0000000
2-3 HYSYS Sereen Shot . . . o 0 o oo
2-1  Fit for Purpose Simulation . . . . .. .. ..o 000
3-1 Graphic Representation of System Transfer Function ... ... ...
3-2 Simudation Matrix . . . . . .o oo
3-3  Allen-Bradley PLC 5 Program Scan .. . . . . . .. .00
4-1 Diagraan of Three Tank Process . . . .. .. ... oo o000
4-2 Simulink Code . . . . . . ..
4-3  Graph of Water Level vs Time . . .. .o o0 o o0 000000
4-4  Coneept Simulation Logic . . . ... . ..o
4-5 F tlory Link Screen for Simulation .. .. ..o o000
1-6 Graph of Water Level vs Time For One PLC Simulation . ... . ..
4-7  Tvpical Control Network . . . ... ... ... o
4-8 PLC Simulation Equipment . . . . . . . ... oo
4-9  Graph of Water Level vs Time For Two PLC Simulation . . ... ..
4-10 Combined Results of All Three Simulations . ... . 0 oo o000

5-1  Simulator Layout Using ABB Universal Simulation Modules [1]

o




Terra Nova PCU Layout . . . .. .. ... ...
Terra Nova Simulation Logic . . . . . . . . . ..o o000
Block Diagram Layout for Simulator . .. ... .. ..o
Logic Required to Read PLC Memory Registers ... . .o 00 oo
Logic Used to Extract Bits From GPI Data . . . .. 00000
Logic That Uses GPl Data . . . . . . ... ... oo
Function Code Logic to Input Digital Valnes . . . . . . .. ... . ..
" Back Logic for Simulation . . . . ..o 0000000
v ical Infinet Layout .. ... 0o
Plant and Control Le e PCUs . . . 0 o0 0000000000000
[ 'SLogicfor Tank 1 . . .. ... ...
Simmulation Control Le v oo oo o oo
DCS Simulation Results . . . .« . .o 0o oo
Hotwell Tank P&ID .o 0 0 o0 0 00000 o oo
Hotwell Tank Level Trend . . . . . . . . oo o0 oo oo oo o
Simulated Hotwell Tank Level Trend .0 0 00 00000 0o o000

vi




Chapter 1

Introduction

Many industries, such as oil and gas and power generation, demand control systems
with a high degree of safety and reliability. To meet this demand, many companics use
simulation to thoroughly test and debug their process control equipment before plant
commissioning. There are many ways {o perform these simulations. Methods involv-
ing everytl 1g fromn simple tie-back logic to powerful third party software packages
have been implemented in industry. Each method has it’s benefits and disadvantages

for the user in terms of cost and simulation results.

1.1 F oblem Statement

The Instrumentation Control and Automation (INCA) rescarch group at Memorial
University is looking into the current methods of simulation and investigatin -~ alter-
natives to these methods. The simulator they are trying to ¢ elop will serve three
main functioo  The first and most important function is to enable control engineers
and othoer interested parties to thoronghly it and debug their control equipment.
i.c. software, programmable Ic "¢ controllers (PLCs) and commumnication networks,
without using any process equipment. This simulation will be performed prior to the

installation of the system. Secondly, the simulator will provi — a means by which




the system operators can be trained on how to use the syvstem and how to deal with
problems that can occur during the operation of the plant. T ¢ third function will
he to provide personnel with a means to “recreate”™ a fault that occurred within the

process to determine exactly what caused the fault.
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Figure 1-1: Graphic Representation of Simulation Methods

The proposed method assumes t1 . the theoretical analysis of the control sys-
tem has been completed and that the characteristics of the individual components
that make up the process are understood. In order to achieve the above mentioned
functions. all of the variables. such as communication loop delays and logic execution
time. need to be included in the simulation. This will bring t  simulation as close

to the real process as possible.




1.2 Analysis of . ypical Simulation Methods

There are typically three ways in which control systems can be simulated: Software
- Software, Hardware - Software, Hardware - Hardware. A ¢ Lrol systems developer
can choose any method and use it exclusively during the design process or they may
wish to progress to the different modes of simulation as the design process evolves.
Figure 1-1 is a graphical representation of these simmlation methods and how they
relate.

In Chapter 2 these simulation methods will be discussed with examples of how
they are used in industry toc 7. These methods will he evaluated on the following

criteria:
e Cost
e Fidelity
e lmplementation
e Conversion

The cost analysis will look at what equipment (computers, control equipment, soft-
warc). real estate and human resources are required to implement the simulation.
The analysis will not provide an exact value for the cost of cach method rather it will
rate cach method relative to the others. For example, simulation A may get a rate of
$1 because it only requires one computer where as simulation B may get a value of
$5 because it rec  es three computers, seven controllers and a large otlice.

The fidelity analysis will look at how realistic the simulation is. Tt will look at
how closely the simulation n .ches the real process and assign a percentage to it.
A simulation that can provide process trends that mateh the trends from the re
process will get a value of 100%. Simulations that just trigger the inputs individually

will get a - ue of 5%.




The implementation analysis will look at the level of difficulty in setting up the
simulation. Each simulation method will he given a rating of one to ten, one being
easy and ten being ditficult. For example, a simulation that takes one person a couple
of hours to set up will be  ven a score of one and a simulation that takes five people
three weeks to set up will be given a score of ten.

The conversion analysis will look at the level of difficulty 1 converting the control
logic from the simulation environment to the plant control sv m. An casy conver-
sion, c.g.  nsferring the logic directly from the simulation to the control equipment,
will get a value of once. A ditficult conversion, e.g. having to rewrite the logic from
scratch in the control equipment, will get a value of ten.

Chapt 54, 5and 6 will provide an alternate method of sinn  tion referred to
as Single-Platform Stimulated Simulation (SPSS). Finally, Chapter 7 will sununarize
the simulation analysis and provide some options for industry.

The main focus of this thesis is process control simulation methods currently being
used in industry. Therefore the background information came froni company web sites
and marketing materials and from myv experience from working in the antomation

industry for the past five yea



Chapter 2

Curr _nt Inuustrial Practice

2.1 Software to S _[ftware

The first  nulation method mentioned in Chapter 1 is Software to Software simu-
lation. With this method, both the control logic and the process are modelled in
PC based software packages. . .acre are mumerous software packages on the market
that do tI  type of simulation. Some packages like Hyprotech's Hysys and Kongs-
berg Simrad’s ASSETT are able to simulate both the process  nd the control logic.
These programs are specifically designed to simulate engineering processes. such as
petrochemical processes. As a result of this, very detailed mathematical equations are
used to model equipment and physical properties, such as cher  cal reactions, result-
ing in highly realistic simulations. Other packages like Allen Bradley’s Enulate and
Modicon’s Concept provide a  mulation of their PLC’s that logic can be loaded into.
Inputs can then be manually (riggered to simulate process ¢l ges. This provides a
very quick and casy way to check the logic for errors.

The Software to Software simulation method is strictly a PC based method. mean-
ing that the only capital requirements are a PC and the simulation software. This
makes this method very useful during all stages of development for a project because

the software can be resident on the desi. 1 ‘neer’s computer and be accessible at




-

all times. There are six main phases that make up the life of i engineering process:
1. Design
2. Construction
3. Comiissioning
4. Start-up
5. Operation
6. Maintenance/Upgrades

Within this life eycle there are several key points at which an engineering firm may

want to run a process simulation. These points are shown in Fip  re 2-1 [2]. Many sim-

Process Logic Systemn Train Plart Post Start-up
Design Design Refining Valdation Pnasre‘g Start-up Masntenance
Phase Phase Phase Phase Phase and Trainng

Figure 2-1: Process Simulation Phases
g

ulation software developers, such as Kongsberg Simrad, have designed their software
packages with the goal in mind that one simulation package can be used for every
stage of the projeet life cycle, thus reducing costs during plant start-up and commnuis-
stoning and during the plant’s operational life [2]. Figure 2-2 {3] is a marketing image
from Kongsberg showin  that ASSETT is a Life Cycle simulator.

Since  » Software to S rre method is PC based, it is able to take advantage
of the computational power of PCs. Even the most basic PC can solve complex
mathematical equations that are virtually impossible to solve any other way. This
means that process with complex mathematical models, such as three phase pipiug
and reactors, can be simulated on a PC making the overall simulation much more

realistic.










the previons method. As with the previous method, the software provides a highly
accurate mathematical model of the process. Input Output ¢ a is passed hetween
the PC a. the control equipment via a custom communication network.

The advantages of the Hardware to Software method are:

1. This method is more realistic because it w the same type of equipment that
will be used to control the actnal process. This allows the characteristies such
as communication loop delays and logic execution time to be incorporated into

the simulation.

2. All control logic created for the simulation is alrcady in the language that the

control equipment understands. Therefore no logic conversion is required.

3. Easy to set up. Since the same software used to model th - Hlant in the Software

L0 Software method is used in this method. the ease of set up would be the same.
The method also has some disadvantages:

1. Depending on the equipment being used, there may be some significant real

estate required to house the simulation.

2. Establishing communications be  en these two items can be a difhcult and
cost  process becar  typically control networks are closed, proprictary net-
works. They require special equipment or programming to allow devices, other

than those used 1o control the process, to access the network.

Inee ating the control equij into the simulation makes this method ideal
for operator training. It allows the simulator to be set up like the ac 1al plant control
room and  lows the operators to not only get familiar with the operator consoles, but
with all the control equipment and how it all interacts. This method is also useful for
post startup logic and HMI updates for systems, such as offshore oil and gas plat forms

where having someone on site for updates is a very costly process. This simulation




method o ws updates to be fully tested on shore and then seut to qualiied personnel
on site to load.

The Hardware to Software simulation method was the method used by the Terra
Nova Alliance to train operators for the Terra Nova Floating Production, Storage and

Offloading (FPSO) vessel.

2.3 Hardware to Hardware

The final simulation method mentioned above is the Hardware (o Hardware method.
With this method, botl the plant model and the control logic are executed in control

equipment. Two of the ways this type of simulation is being done in industry are:

e Slave controller contains a discrete set of data, such as sequence of events data
or ]l rdata from a similar process, that triggers the inputs in the control logic.

Resulting outputs detc  ine next set of inputs,

e lnputs replaced in the logic with switch blocks (for digital inputs) and constant
blocks (for analog inputs). The switch blocks are then o wally turned on and
off to simulate changing digital inputs and the values in the constant blocks are

changed to simulate cha & analog iputs.

This method is a low fidelity sinmlation method hecause the d - a set used to trigger
the inputs is discrete. This means that the accuracy of the simulation depends on the
unple rate of the data. For e mple, data ‘ led  rery ond would
provide a more accurate simulation than data sampled every secon  because there is
a greater  ance of detecting transicnts and spikes with the higher sample rate and
having tra ients and spikes in the simulation provides greater information on system
performance.
Engineers and technicians at Bailey SEA (Nfid.) Limited and SEA Systems Lim-

ited use both types of Hardware to Hardware simulation to simulate logic and HMI
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updates for the Hibernia oftshore oil platform and the Terra Nova FPSO. They use
the slave controller method to simmn de the Fire and Gas (FGS) Emergeney Shut
Down (ESD) control systems for Hibernia and they use the second type, typically
referred to as the “Tie Back™ method, for all other system updates.

The main use for the Hardware to Hardware simulation methods is during control
logic aud operator interface development and upgrading. Since all the input values
have to be changed manually in the tie back method, it is too time consuming and
icflicient to use this type of simulation for operator training.  Also, by manually
changing ¢ input values one at a time, vou only observe how a small section of the
control system reacts to input changes and you are unable to see how the system
acts as a whole to input changes. . or example, a steam fHow control valve for a
boiler is being simulated to determine PID tuning values. A constant block is nsed
to simulate the steam flow and is manually adjusted to simulate changes in flow rate
and allow ming values to be determined. This process assumes a constant steam
flow. However, in reality steam How is never coustant and — anges i steam fow
cause changes in pressure upstream of the valve. Since the steam boiler is a control
process as well, changes in outlet pressure and How will cause the controller to adjust
combustic  and water flow to bring the pressure and flow back to the setpomt. These
adjustiments cause Huctuations i steamm How which affect the flow control valve.
By tuning ¢ valve based on constant flow the valve may not respond property to
Huctuations caused by the boiler control system.

As can be seen in the above discussion and in the examples in Chapter 5, cach
simulation method is best suited for one particular type of simulation. For example
the Software to Software method is ideal for high level process design and optimization
simulations but is overkill for basic logic update testing. These types of simulations
are consid  d “Fit For Purpose™ simulations, meaning a simulation method is chosen
based on what the simulation is to achieve. Figure 2-4 illustrates this idea. If the

main purpose of the simulation is operator training, the design may want to chioose
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Figure 2-4: Fit for Purpose Simulation

Levels 1 or 2 where the process and control are assumed to be ideal and the output is
the reference, or setpoint, multiplied by a constant. If the simn tion was to be used
for logic update testing, then Level 3. where a non-ideal controller is controlling a
ideal process, would be more applicable. Finally, if the purpose of the simulation is
to analyze the process to determine arcas for optimization, then Level 4 simulation
could be used. Here, all process equipment, tanks, valves, pipes, are modelled in the
simulation H provide the most realistic simulation possible.

To add another option to the above list of simulation methods, this thesis proposes
to use the control equipment to simulate both the process and the control logice.
This method would be called Single-Platform Stimulated Simu tion and would fall
between t1 Hardware to Software and Hardware to Hardware methods It would
implement the mathematical model of the plant within the control equipment, similar
to the models used in the Software to Software methods. The id — of this method is to
provide a more realistic simulation like in the software to software method while saving

the user the cost of purchasing a third party software package and communications



link. As well, as with the hardware to hardware method. this method would save
significant enginecering time because all the logic for the simulation is created in the

same programming cnvironment that will be used for the actnal plant.
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Chapter 3

A Framework for SFSS

In the previous chapter the different methods used to simulate a control system were
discussed. This chapter will discuss how a plant model is deve ped and some of the

options a ilable to simulate the model.

3.1 Control Syst m Definition

Any device or group of devie  that manipulate one or more variables of a svstem
to achieve a desired result is called a control system [4. pd]. More specifically, if
these devi s monitor the actual result and manipulate the variables based on the
difference between the actual and desired resunlts. they form a Closed Loop Control
Systenn. Feedback is the proc of monitoring the actnal result and comparing it
to the desired result [4, p.10]. One example of a closed loop control system would
be driving in a car. The desired result, would be car positioned in the miiddle of the
road. The driver visually monit  the current position of the car between the lines
on the road and, based on 7 ¢ current position and where he/she wants the car to
he, adjusts the steering wheel to change the car’s position [4. .5].

The object or objects being controlled is generally referred to as the plant. The

desired v alt is called the setpoint. The means by which re. ts are monitored are
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called sensors. The devices that monitor and manipulate system variables are referred
to as con Hllers. The devices used to manipulate variables are called actuators [5.
p-2]. In the example of the driver above, the car is the plant, the driver is the
controller, the drivers eyes are the sensors, the position of the car in the middle of the
road 1s the setpoint and the drivers arins are the actuators. One control svstem, or
loop, in an industrial boiler maintains the level of water in the tank. The sensor is a
level transmitter which converts the level to an electrical signal (input). This signal
is then re. by the controller, which is typically a Distributed Control System (DC'S)
or a Programmable Logic Controller (PLC). The controller will subtract the setpoint
from the level and apply a control algorithm, such as proportional mtegral derivative
(PID), to the value to generate the actuator adjustment value (output). The actuator
is a valve on the water supply side. The output value will either increase or decrease
the valve opening to adjust the How of water to the tank and keep the level constant.

Figure 3-1 is a typical graphical representation of a closed loop control system.

Figure 3-1: Graphic Representation of System Transfer Function

A control system is des” 1ed on two levels: abstract and physical. The purpose
of the abstract level design is to obtain an appropriate control strategy and ensure
the system will perform as outlined i the specifications. The purpose of the physical
level design is to obtain the appropriate hardware and software required to inmplement

the control strategv [5, pp.4.5].
2 DI



In order to implement the stract level design, a model of the plant must be
developed. One way to develop this model would be through fundamental principles.
With this method, key components of the plant are ident cd and mathematical
equations  at describe these components are written, along with the equations that
link the components together [5, p.6]. For example, the level of a liquid in a tank
with an i et pipe and an outlet pipe connected to the bottom is described by the

following equations:

17
hi(t) == | guedt + 1y (0)

z

Ynet = {in — (12

gz = Cvvpghy — pghs

Where: h(t) = level in tank at time t
hi = level in tank 1
hy = level in tank 2
Gin = flow rate into tank
(owt = How rate out of the tank
q12 = How rate between tanks, in this case between tank 1 and tank 2
A = Cross sectional arca of tank
Cy = valve cocllicient
p = density of water

g = gravitational acceleration

Another way to develop the plant model is to look at the plant as a black box. With
this methe  the model starts out as a simple first order trane o function and. based
on observations of the inputs and outputs of a similar process, adjustments are made

to the transfer function to match the observations [5, p.6].
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The “text book™ analysis is usually done during the design phase of a project.
Engineers, using computer pre cams such as Matlab and S 1lin . would be able
to generate graphs of the system transfer function and deter  ine the performance
characteristics. Also, by varying parameters such as the loop gain or sensor noise, the
svsten response can be observed. This can lead to aset of performance characteristics
that can guide the design of the physical control system.

The system analysis for Boxes 2 and 4 in Figure 3-2 has one component analytical
and one ¢ 1ponent simulation. The equations for the analytice  compounent would he
similar to the analytical equations used in the “text book™ method. The simulation
component would be a collection of the mathematical equations that deseribe cach
piece of the component being simulated. For example, a plant containing a pipe that
feeds liquid to a tank through a control valve is the component being simulated. The
model would consist of the result of the mathematical equation that describes the
flow rate of the liquid through the pipe. wodified by the equation for the control
valve, being used in the equation deseribing the level in the tank.

Simulations that are done to study and optimize the process Wl into box 4. As dis-
cussed in Section 2.1, programs like Hysis, ASSETT and D-Spice are used to generate
detailed mathematical representations of the plant by connecting together graphical
representations of the equipment used in the process. The program then solves the
mathematical equations to generate process parameters such  flows,  ressures and
levels which are checked by system designers to ensure the process is functioni
within the spectfications. At this stage the control equipment characternistios are not
critical to the analysis so simple control equatio  are used.

Simul:  ons performed dv g the design phase of new control equipment or during
control logic design would fall into box 2. Here the controller is simulated and the
plant is analytical. Control equipment manufacturers such as Modicon and Rockwell
Automation provide a controller simulation program as part of  eir Hgic development

software packages. These simulation programs execute the control logic the same
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way and at the same rate as the real controllers do. They also allow the user to
change inputs, observe outputs and monitor program execution. These controller
simulation programs can also be modified by coutrol equipment manufacturers to
test new  ntroller architectures.

Simulations that would fall into box 5 are similar to those that fall into box
4. The m n difference is that the particular operating characteristics of the control
equipment are taken into account. Most coutrol equipment have a ict way in which
to excecute logic. First the controller CPU will execute the logic from start to finish
then it w o take care of data management, such as reading inputs, writing output
data and conununicating with other controllers on a communication network. This
process oceurs continnously while the controller is running. e time it takes for a
controller to complete one cycle through the logic and data management is called the
processor scan time. Figure 3-3 illustrates how an Allen-Bradley PLC 5 performs

this process [6]. This scan time is dependant on the amount of control logic and the
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Figure 3-3: Allen-Bradley PLC § Program Scan
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amount ol ata that the controller has to manage. If the sean time is known or can be
estimated, time delays can be added into the controller simulation to delay when data
gets transferred to the plant model or when certain sections of logic get executed.

Box 6 simulations have the real control equipment connected to a PC running the
same sinn ition software that is used in simulations covered by box 4 and box 5.
These simulations would come under the Hardware to Software simulation method
discussed  Section 2.2.

Single-platform stimulated simulation falls into box 3. Here analytical models of
the plant, similar to those used in the “text book™ analysis. are loaded into control
equipment similar to the equipment being used in the real plant. Depending on
the configuration of the control system, several controllers can be networked togeth
with some controllers sharing the plant model and other controllers sharing the control
logic. This allows for real controller scan times and communication loop delavs to
part of the simulation.

The [c wing three chapters will develop SPSS simulations. In Chapter 4 will
define a plant model to be snmulated and it will show how the model s used i an
SPSS simulation in a PLC. Chapter 5 will show how this saime simulation can be done
in a DCS. Finally, Chapter 6 will show the simulation of a t; ical pulp and paper

mill process.



Chapter 4

PLC Simulation

Over the past number of years, the computing power of the programmable logic
controller has made significant advancements. When the first PLC was developed
in the la 1960°s. carly 1970s it contained 1 kilobyte of memory [7]. Today 1
Allen Bradley PLC can can be purchased with 8 megabytes of memory and a math
coprocessor for performing Hoating-point calculations [8]. The PLC has gone fro
containing small ladder logic programs that turn motors on and oft and open and close
valves to large function block based programs that control complex, safety critical
systems such as oil and g proc ng [9].

In Chapter 2, 1t was disct  «d that the most effective simulation method was
to use a third party software package that contained a mat  matical model of the
plant. Since most PLC and DCS programming environments contain all the function
blocks required to bhuild mathematical models, the idea for this research project was
to develop a Single-Platform St7 ilated Simulator (SPSS) using standard industrial
control ¢ dipment. The hope for this project is that this method will make the
simulations casier to develop and more fHexible because there @ no need for the user
to learn  third programmii  language and it may be easier to modify the plant
model to provide a more realistic simulation. For example, this method may make

it casier to incorporate multiple controllers into the simulation to bring the timing
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characteristics of the simulation closer to the timing characteristics of the real system.

Tank 1 Taqk 2 Tank 3

’

I
I

|

Figure 4-1: Diagram of Threc Tank Process

4.1 Plant Model

The frst stage of the project was to determine a simple process to simulate and the
equations required to simulate it. To make the modelling part of the simulation cas-
jer, a process that consisted of three tanks containing water was created. The water
is able to How from t: "1 1, through tank 2. to tank 3 via piping that connects cach
of the tanks at the bottom. A controller monitors the level in tank 2. Once the Jevel
drops below a set point. the controller opens a control valve allowing water to How
into tank 1. Once the level in tank 2 goes above the set level, the controller closes the
control valve allowing the level in tank 2 to drop. A diagram of this systenn is shown
in Figure 4-1. This process can be described by the following equations:

T-nk 1:

(S










that was used as a comparison for the simulator that was created during this project.

If the resu i from the simulator created for this project matched the Simulink results,

then it will bhe assumed that the new siimulator is correct as well.

T T S P e

] 400 500 600 — - - 1000

Figure 4-3: Graph of Water Level vs Time

4.2 vontrol Equipment

Once a reference set of results was established., the plant model w.

recreated in the

PLC pro:  anming environment. The control equipment that was used for this part
! g 1

of the project was a Modicon Momentiun PLC. Coneept programming software and

Factory 1 1k operator interface software. All of this equipment was purchased from

Schneider Electrie. The reason this system was chosen was because ol it's compact size

and Coucept was based on the IEC 1131 standard for PLC programming. 1EC 1131

is an international standard that specifies five different languages for programming




PLCs. These languages are Ladder Diagram, Function Block Diagram, Structured
Text, Sequential Function Chart and Instruction List {10]. This simulation uses the
Function Block Diagram = @1 because to the user, this language is very similar to
Simulink aud D-SPICE, where mathematical equations are generated by connecting
the appropriate functions together., As well, many DCS svstems. such as ABB's In
90 system, use function block based langnages. Using a language that is commoun to
a number of vendors means the simulation is not limited to one ve  lor.

Figure -4 shows the simulation logic that was created in Concept. As this fig-
ure shows, the logic was split up into six sectious, with cach section representing a
compoueut of the system, such as a tank. The reason for creating the logic in this
fashion was to show that component function blocks can be created to represent a
particular picce of equipment. These blocks would mask the actual logic required to
model the picce of equipment, » tl the simulation logic resembles a process and
instrumentation drawing instead of a complex mathematical model. This also makes
the Concept simulation more like the commercially available simulation software.

An initial simulation v run using the 16-bit PLC simul v at was included
with Concept. This was a v useful first step because it showed how the variable
values changed during the simulatio  As well, it provided a means to ensure that
the code was written correctly and that it did not contain any error - When the tank
simulation was initially created. several function blocks were placed in the wrong
order. When this code was run in the simulator, an error message was displayed and
some of the variable values were shown as NAN (not a real nmmber). These two pieces
of information suggested that the error was due to attempting to take the square root
of a negative number in the caleulation of the low rate bhetween the tanks.

After this ervor was corrected, the simulation ran with ) errors. While the
simulation was running, it was observed that the variable values were changing as
expected.  pon initial startup the source control valve was open and the level values

were increasing. When the Level2 variable (water level in tauk 2) reached 0.55, the













This did not occur. Although the level trend did plot the changing water levels, the
scale was not 17 enough to provide an overall picture of how the system was per-
forming. As well there wasn't an easy way to print the trend results. Since Factory
Link automatically generates a file containing all the values used in a trend, it was
decided that this file would be imported into Nicrosoft Excel and the values wou |
be plotted there. This plot is shown in Figure 4-6.

A close comparison of the Simulink results and the Factory Link results shows
that the two simulations match very closely. Except for a ditference i scales, the
two simuli - ons are identical. This leads to the conclusion t1 . it is possible to use
Concept to create both the simulation and the control and have the code run witl

a PLC.

4.4 System Timing

One of the most important isst i any control system is timing. Most industrial
processes today have a centrally located controller communicating with nunierous
remote input /output racks located throughout the plant. Figure 4 . is an example of
such a Pl " network nsed at a Pulp and Paper mill [11]. In this particular setup. cach
major compoucnt of the paper makit - process has it’s own controller communicating
with several remote 1/0 racks as well as the DCS system. To start and stop motors,
commaiids come from the operator interface through the DCS to the PLCs. The start
commaiid is a pulse from zero to one and the stop is a pulse  om one to zero. The
PLCs interpret these puls — and turn the appropriate outputs, in the [/O racks, on a1
oft. The ¢ stion for logic designers is how long should these pulses be. If the pulse
is too short, the PLC would not sce it or would not have time to energize the output.
If it is too long it may interfc  with cmergency stop logic in the PLC. Being able
to simulate the entire system with commmumnication time delays will provide engineers

with the ability to determine the appropriate pulse lengths 1 or to commissioning.
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In the one PLC simulation the level reached 0.81129 meters whercas in the two PLC
simulation it only reached 0.79931 meters. The increased time span is a result of the
time delay introduced by the communication network, it took I iger for the operator
interface to read the same number of points from the plant model PLC. The difference
in tank leve is a result of the control logic exceuting faster than in the one PLC
simulation. Since the control logic PLC only had three function blocks to execute,
as opposed to cighteen in the one PLC simulation, it was able  » react to tank lev

changes faster. Figure 4-10 combines all three simulation results.
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Chapter 5

DCS Simulation

5.1 Terra Nova Simulator

As mentior 1 in Chapter 2. the Terra Nova Alliance nsed the Hardware-Software
method to simulate their Floating Pro  iction, Storage and Offloadit — (FPSO) vessel.
Developed by Fabeon Canada  etween September of 1998 and February of 2000, this

simulator has four main components:
e Operator Interface Stations (OIS) and Engincering Workstation (EWS)
e Process Control Units (PCU)
e The simulation computer

The OIS, EWS and PCUs are |t of the ABB INFI90 Distributed Control System
(DCS). . ac simulation computer is a standard Pentium based PC ronning specialized
simulation software, to be discussed later. The simulation computer communicates
with the PCUs via ethernet ¢ 1 Universal Simulation Modules  JSM). The USM is
specialized add-on to the INFI90 DCS that acts as a bridge between the Iithernet
based simuli  on network and the Controlway, as shown in Figure 5-1. During sim-
ulation, the USM redirects the input/output data from the I/O moc les in the DCS

to the siimulation software.
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Figure 5-1: Simulator Layout Using ABB Universal Simulation Modules [1]

Physically, these modules are located in the PCUs next to the process controllers.
Typically, there is one USM per procc — controller. Figure 5-2 shows  ow the modules
are laid out in cach of the PCUs used for this simulator. The simulation PC runs a
software package called Dynamic Simulator for Process Instrumentation and Control
Engineering (D-SPICE). D-SPICE was developed by Fantoft  rocess Technologies
AS, parent >mpany of Fabcon Canada, for the purpose of simulating process systems,
such as oil and gas production [12, p.2]. Models arc created in s software by
simply connecting together component { :tion blocks, shown in Figure 5-3. The
components themselves are modelled by mathematical equations written in C/C++.
This code is  idden from the user, however, D-SPICE does allow for the user to create

his or her own function blocks {12, p.4].
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There are certain systems, such as thermodynamic systems, whose mathematical
models arce complex and require large amounts of computational power. Simulating
these systems using their mathematical models would slow down the simulation to
the point of makn it unusable. In D-SPICE, simplified versior  of  ese systems are
modelled using look-up tables and regressions. The data required for these models is
usually generated by dedicated software, such as 1 1g-Robinson for thermodynamic

systems. al  is specific to the particular system being modelled [12, p.d].

5.2 Hibernia simulator

Chapter 2 also mentions a Hardware to Hardware simulation that B ey SEA (Nfld.)
Ltd. and SEA Systems Ltd. use to test Hibernia’s Fire and Gas (FGS) Emergency
Shut. Down (ESD) control system. The control system containing the logic to be
tested is an ABB INFI 90 DCS, similar to the one used for the Terra Nova simulator
mentioned above. The slave controller is a Triconix PLC. 1/O data is passed back
and forth b veen the systems via the INFI 90°s General Purpose Interface (GP1).
The GPI is a component of the ABB DCS that allows the DCS to communicate
with a variety of PLC brands. The software is designed such that the GPL can be
reconfigure  to commnunicate with a variety of different PLC brands. Figure 5-4 shows
the layout for this system.

The PLC has two serial ports. One port is connected to the GPIand the other is

connected to simulation computer. The simulation operates as follows:
o The computer feeds ™ Hut valv - to the F7 70

e Based on these values and the sequence of — -ents logie, the PLC writes appro-

priate data to il's memory registers

e These registers are then read by the DCS and dealt with accordingly, i.c. alarms

are triggered, cquipment is turned on or off, ete.
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them tog er and testit  to make sure the simulation works properly. When the
simulation was created in the DCS, the same function block types and layout could
be rensed which reduced the time required to develop the sim ation.

The sccond restriction is the system must have the ability to  ave several co
trollers communicating together over a common communication network. The reason
for this restriction is that in order for the simulation to be as realistic as possible. the
control equipment has to be operating at as close to the same rate as it would be in
the real p - »ss as possible. 5 mentioned in Section 3.2, the scan time of a controller
depends ¢ the amount of logic it has to execute and the amount of data it has to
manage. Therefore, in order to make the simulation as real as wsible, any controller
that would contain control logic in the real process should cor in only control logic
in the simulation. The plant. model would then be contained i other controllers and

communicate with the contr  logic controllers via a commmuuication network.
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Figure 5-12: DCS Logic for Tank 1
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Cha rter 6

Real Life Exampl

To illustrate how SPSS can be used to simulate a typical = lustrial process, this
chapter will take a typical industrial process, a hotwell tank, and develop a simulation

of it in the ABB DCS. Figure 6-1 is the P&ID for the hotwell tank used for this

simulation [14].

6.1 Process Description

The hotwell tank is an important part of the steam generation process at a pulp
and paper mill. Ideally, all steam generation processes are cle 1 loop systems. This
means thi  all the steam that is sent to the various parts of the mill is returned to the
boiler as water, called cond sate. In reality, however, small amounts of water and
steaun are lost due to leaks  the system. The hotwell tank acts as a buffer between
the boiler feed water system and the various mill processes.

The condensate Hows into the hotwell which is kept  a set level, say 50%. From
here the condensate is fed to the Condensate Storage tank, which is also kept al a
sct Ievel. Finally, the conde ¢ enters the Deacrator tank where it gets mixed with
steam to remove dissolved gasses, such as carbon dioxide and oxygen, before it is fed

to the boiler.
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Under eady state operating conditions, the amount of condensate returned is
sufficient enongh to keep all tank levels constant and require a small amount of
fresh, che ically treated water to make up for the losses. However, during paper
machine or TMP startups and shutdowns there are large swings in steam demand and
condensate retnrn and the three tanks (hotwell, condensate storage and deacrator)
serve to & ooth out these transitions so that the boiler always sces a steady flow of
feedwaler. For example, wh paper machine starts up, the s a large amount of
steam being generated but not a similarly large amount of condensate being returned.
At this point, the water level in the tanks will drop but there is sutlicient capacity
to provide the required condensate without the tanks going dry. The opposite is
true during a paper machine shut down. In this case there is a large amount of
condensate being returned but the amount of steam being generated is reduced. The
tanks will start to fill above their normal operating level but it to the point where
they overflow.

In this system the hotwell level is controlled by the outlet control valve (LCV280)
and the redundant pair of transfer pumps. As the level in the tank increases. the
control vi e opens and as the level decreases the valve closes. One pump is selected
to run by the operator and will run as long as the tank level remains above the low low
level cutoff point. If the runnin  punp fails. the second pump will start. Figure 6-2

is a trend of the actual hotwell level and valve position during steady state operation.

6.2 Plant M~de

As in the example used in chapters 4 and 5 the level in the taunk is modelled with

the follov g integral cquations:

£

1
h(l) = —1/(]”(;'(1[ -+ 11(0)







(net = Uin — Yout

Gout = C\’\" V P2 — 17

Where: h(t) = level in tank
¢in = How rate into tank
(ot = How rate out of thie tank
A = cross sectional  ca of tank
Cy = valve coeflicient
P, = pressure on the outlet side of the valve

P, = pressure on the inlet side of the valve

In order to simplify the simulation, several ideal assumptions were made. First, the
hotwell (: is cylindrical shaped, laying on it’s side, which means the cross sectional
area changes as the level changes. For this simulation, the cross sectional arca was
kept constant at 3.2516m? (cross sectional area for a tank level of 0.763m). This
assumption was considered to be acceptable because the water level did not chaunge
that muc  and at the minimum level the area was 3.1887m? and at the maximum
level the area was 3.1239m?2 These small changes in area would not have a huge
effect on the simulation results. Secondly, there was no inforimation available for the
control valve outlet pressure so it was assumed to be zero. Fiually, the control valve
was assumed Lo be a linear valve, meaning that if the cont 1 logic output to the
valve was 50%, the valve was open 50% and if the output was 75% then the valve was
open 75%. As showu in G-1, the control valve s a 7.62cm diameter which
corresponds to a Cy of 108. The pressure of the inlet side of the control valve was
kept constant at 41.57574psl.

Figure 6-3 is a trend of  » valve position, tank level and inlet flow for the simu-
lation. The bottom line is the inlet flow trend scaled down by 10%. Since the wlet
flow was very erratic, it was imposs  le to model with a mathematical formula. The

best. way to model the inlet flow would be to feed the data obtained from the actual
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hotwell tank trend into the mulation. However, due to ' lware limitations this
option was not possible. Instead, a Manual Set Constant (function code 2) block
provided the inlet flow value. This block provided a constant — ue for the input low
but could be changed at any time during the simulation, simulating step changes in
flow. The other two lines show how the valve position and level reacted to the step
changes. As can be seen in the trend, the valve position lags the tank level. This
is the expected result for a closed-loop feedback control system, as the lag is caused
by the controller sampling ¢ level, performing it's calculations and changing the
output valve position.

The ¢ ol for this tank s provided by a PID block (function code 18) but only
the proportional gain was u 1. The setpoint was set at 0.762m (30 on the trend).
As can be seen on the tren  the 1k level is always slightly above the setpoint.
This is becanse there is no integral gain in the PID block and with only proportior
gain, there  always a large error signal (setpoint minus measured value). Also, the
trend shows a high number of ‘oscillations in the valve osition a r a step change
in the inlet flow. This is a result of the comtroller “hunting™ to try and find the
new valve position for the new inlet How. This phenomenon is a result of low or no
derivative ain in the PID block. In this case there was no de ative gain. Running
this simulation longer and with proper PID tuning. the trend wor | look more like

Figure 6-2.
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language that the controllers understand. All that is required to convert the logic is

readdress the inputs and outputs to their appropriate 1/O modules.






control equipment manufacturers, again working with the r¢ el community, can
develop t - function blocks  1d offer them to their customers as an add-on package
to their softwarc.

For further research in the area of process control simula Hn please refer to the
thesis by Paul Handrigan titled " Distributed Systems, Hardware-in-the-Loop Simula-
tion, and Applications in Control Systems”. This thesis focuses on simulations using

the Hardware-Software method.
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