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1 Introduction

This thesis has been carried out in cooperation with the Department of Automatic Control at
LTH and TAC in Malmo.

TAC is a multinational company within the field of building automation and has about 2000
employees around the world. The turnover for the company is about three billion SEK. The
company’s ambition is to develop, produce and market products and open system solutions and
services which improve the indoor environment and provide the building owner with added value
in the form of lower operating costs and more attractive properties.

TAC has experienced problems for some time with their PID controllers, which has prompted
this master thesis. The aim of the master thesis has been to investigate the use of PID control at
TAC and if necessary implement a new PID controller that regulates HVAC (Heating Ventilation
and Air Condition) systems. The solution to the problem should be of high industrial standard
and the implementation should be easy and functional to use for programming of larger systems.
The solution should also be usable for many years ahead.

The aim of HVAC control is to maintain predefined levels of temperature, CO, and so on.
These levels are specified in such a manner that they are within acceptable limits for a human
being. The levels should also take into consideration the work environment and the kind of work
that is carried out. Another consideration that is important for the industry is the energy
consumption. This must be kept down not only to make the customers satisfied, but also to satisfy
legal demands. The legal demands are for instance that heat is recovered from an airflow leaving
a building.

Within the field of HVAC the processes are generally not complicated enough to require an
advanced controller structure, it is generally enough to use a PID algorithm. This is also the case
within TAC. The company uses two different PID controllers for their applications today.
Considerations about the personnel working with the systems are also necessary, the application
programmers and commissioning personnel are simply not allowed to spend too much time on
the controller, for instance on tuning.

The master thesis work was initiated with a literature study to find information about the
specific problems that may be experienced within the field of HVAC. The problems at TAC were
also studied in detail during this phase. The work has then been focused on implementation and
testing of a PID controller.

To be able to use a controller in an industrial environment a lot of testing is needed, and has
been performed. The tests were performed both in a laboratory environment and in a commercial
system.

An investigation concerning possible concepts that may be incorporated in a new application
programming tool has been performed as a part of this master thesis. The concepts found to suit
TAC are incorporated in IEC 61131.

Chapter 2 of the thesis describes some of the background issues about the tools used at TAC
and goes into detail about the PID algorithms and the problems with them today. A more




extensive investigation about the features of the new algorithm is also given. Chapter 3 describes
the new algorithm both in function and in the mathematics behind it. Implementation issues that
have come up during the work are also described in Chapter 3. Chapter 4 contains simulation and
testing results. In Chapter 5 the description of possible concepts for a new application
programming tool is given. Conclusions are accounted for in Chapter 6.




2 Background

This chapter contains background material concerning both the tools used at TAC to program
applications and the PID algorithms used at TAC, see Section 2.1. The examination of the PID
algorithms also contains a problem description of the existing controllers, see Section 2.2. This
problem description leads up to a specification of the new algorithm that will be accounted for in

Chapter 3.

2.1 The Programming Tools

TAC uses agraphical programming tool called TAC Menta® to program control systems for
HVAC. In this graphical tool, blocks are used for defining different operations, such as PID
control and enthalpy calculations. In the programming tool, two different building blocks exist
that uses a PID algorithm. These blocks are used for all the company’s control applications. The
tool also contains all the other different programming expressions that are needed for controlling

such systems.
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Figure 2-1 View from TAC Menta® of a macro block.

The two programming blocksin TAC Menta® that contain the PID algorithm are named PIDI
and PIDA. Further details about the blocks and the differences between them are given in Section
2.2 below.

TAC’s development department has implemented several larger blocks, called macro blocks.
These macro blocks solve different control application problems, see Figure 2-1 for an example
of a macro block. Another macro block shows a very nice solution of how to perform sequential
control of a heating coil, a heat exchanger and a cooling coil, see Figure 2-10.

With these blocks, a problem solving philosophy is spread to the users of the programming
tool. These blocks are also intended as a timesaver during programming of applications, which is
increasingly important in the automation business today.




TAC has aso developed TAC Design+. Thistool is programmed using symbols that show for
instance a heat exchanger and a fan, see Figure 2-2. These blocks then correspond to specific
applications from TAC Menta®. These applications have been pre-programmed in TAC Menta®
and are added together to a complete Menta application. This application can be downloaded to
the hardware and perform the needed tasks. The tool also produces labels for the hardware,
several descriptions of for instance the functionality of the system and designs the valves.

The construction of al the applications produced by TAC Design+ is performed by using the
predefined Menta applications. These applications are often not the most efficient ones for the
specific task. Since the PID controllers are used in severa of the blocksit isimportant to
understand that the amount of time spent on a good control strategy islimited.
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Figure 2-2 TAC-Design+ showing a typical programming view.




2.2 PID Algorithms Today at TAC

TAC usesthe incremental form of the PID control algorithm. The PIDI block uses the basic
incremental algorithm and the PIDA block uses an atered incremental version that is capable of
giving a positional reference.
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Figure 2-3 View from TAC Menta® of a PIDA block that is used as an ordinary positional controller.

The agorithm that is used in the PIDA block has been afflicted with some built-in problems
that during the years have been experienced as troublesome. The problems have primarily been
handled by using controllers that are careful, i.e. low gainsand long integral times. The derivative
part has not been used at all, partly because of an implementation that simply is not usablein
practice. Since the problems were well known the employees could handle them. The PIDA
block uses an old, and compared with controllers of today, not very efficient algorithm. This has
also contributed to the problem with the controllers.

The effects of the problems are primarily discovered at building inspections and do not appear
during normal operating conditions. Thisis amajor reason why the control agorithms have not
been changed. The control agorithms are generally not something that are changed easily
because of the great impact it has on the behaviour of the company’s products.

The Incremental Algorithm

To fully understand the problem, a short description of the incremental PID algorithm is given
before details about the two algorithms are discussed.

Basic action of the incremental form, or velocity form, of the PID algorithm is to calculate the
change in control signal that is needed, the increment. The name velocity form comes from the
fact that the algorithm normally gives a velocity reference as output. This is efficient when the
actuator has some sort of integrating action already built in. Like for example a valve that
remains in position when the control signal is zero.




Another feature is that integrator windup is not a problem that has to be considered, since the
valve cannot move beyond 100% open and cannot move beneath 0%. This means that integration
stops automatically when the actuator reaches its end position, either max or min.

A bumpless transfer means that there are no changes in the output if the parameters are
changed when the error is zero. All incrementa a gorithms meet this statement.

Eq 2-1 shows the variant of the incrementa PID algorithm used at TAC, where MV (k) isthe
measured value and E(K) is the error between the setpoint and the measured value at time k.

du(k):G%(k)— e+ ()T, MV(")‘ZMV("h‘l)+ “"V(k‘z)% £q. 21

The PIDI and PIDA Blocks

The PIDI algorithm is based completely on the incremental algorithm and it is therefore only
capable of cdculating an increment. This makes it especialy well suited for decrease/increase
signalsto avalve or adamper.

These decrease/increase signals are active for a specific amount of the stroketime, dt, for the
valve or damper; see Eq. 2-2 below. Where du is the amount of increase, the increment, which
has been calculated by Eq. 2-1.

dt = du[%] [(BrokeTime Eq. 2-2
100[%)

What makes the PIDA block different is the input for feedback of signals, see Figure 2-4. The
reconnected feedback-signal is called the tracking signal, TSg. The PIDA agorithm is therefore
capable of calculating a position reference. The position reference is possible because of the
summation of increments, or velocities, that will be carried out automatically. The position
reference can then be used for instance in cascaded control. The agorithm in the PIDA block is
still basically the incremental algorithm. Figure 2-4 shows a block diagram of the PIDA
agorithm. Figure 2-5 also shows the algorithm, with afocus on the information carried in the
signals.
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Figure 2-4 Block-diagram showing theincremental algorithm, together with the reconnected tracking signal
TSg.

The output from the PIDA islimited both in rate of change and maximum and minimum i.e.
the user sets limit for minimum and maximum values for both actions.

The reconnected signal is often manipulated in some way, beforeit isfed back. The
manipulations aim to make sure that the controller does not reach some sort of forbidden state.
For example avalve s often not allowed to be completely closed or completely open, to ensure
some circulation of for example air.

The output from PIDA will be a position reference if the output is reconnected to the TSg
input, instead of avelocity that isthe normal signal from an incremental algorithm, asin the PIDI
block. The TSg input could also be used for example to connect an offset value. In conclusion,
the outputs from the two blocks are very different in their applications. The effects of these
differences are given more attention in Section 2.4, when discussing merging of the two blocks.
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The Problems with the Old Controllers

TAC has had problems with the controllers at saturation. These problems can be referred to
the fact that the algorithm does not contain any internal state variables that have accurate and
complete information about the amount of saturation or the history of the controller. The only
information of this kind isincorporated in the reconnected signal, the signa that iscalled TSG in
Figure 2-5. This variable is limited between a maximum and a minimum value and possibly
altered in calculations between the output from and the input to the controller. During these
limitations and calculations, information is lost.

This problem will be present as long as the TSG signal is areconnection of the output, and
consequently as long as the controller is producing positional references.

Figure 2-5 shows the structure of the PIDA algorithm as well as where the limitations and
calculations are performed on the reconnected signal. It aso shows what information the different
signals are supposed to contain.

PIDA
Output
& Increment. Inc(k). k (Pos.Ref.) >
:|> Calculation n:Z_w'nC(n)_’—/_
TSg q
k-1
3 Inc(n)

Calculations

Figure 2-5 The overall structure of the PIDA algorithm. The figure also shows the intended information in the
different signals.

What could and has happened is that a change in the setpoint, or the measured value, could
dramatically change the control signal output. This change is independent of earlier values of the
control signal.

Consider for example a setpoint of 20°C and a measured value at 15°C, this value is constant
for a longer period of time and the controller saturates. An increase in the measured value
however small will imply that the output from the controller is decreased. This behaviour is not
acceptable because it is unlikely that since the controller has been saturated for a longer period of
time that the energy need would decrease even if the measured value increases.

Figure 2-6 shows the effects mentioned above, the step in the measured value is in the plot 1°C
to make the effect visible. A plot of how a positional controller performs under these
circumstances is also added as a reference.
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PIDA & PIDP Out
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Figure 2-6 Plot showing the effects at saturation for an incremental and a positional controller.

TAC has had another problem with their controllers, the problem appears as a process output
with a stationary oscillating fault, and an oscillating control signal see Figure 2-7. The problems
appear when using a Pl controller in fast and nonlinear processes.

The problem is known as “P-part dominance” at TAC.

The behavior can be referred to three factors:

* Badly tuned controllers.
» Large differences in process gains in nonlinear processes.
* A builtin “error” in the PIDA algorithm.

The problems in Figure 2-7 are due to a nonlinear process and controller parameters that are

not perfectly tuned. The figure nonetheless shows the behavior of the problems in all three cases.
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Figure 2-7 Plot showing the process output, the setpoint and the control signal for a PIDA block controlling a
domestic hot water process.

That the controller is badly tuned is something that all controllers can be, this cannot be blamed
on the algorithm. The problem with large differences in process gains is the same problem as
with abadly tuned controller and therefore nothing that the algorithm can take care of.

However, this problem could easily be solved if TAC starts to use gain scheduling when
controlling nonlinear processes. This problem is in reality limited to one of TAC’s processes, the
domestic hot water-process and the employees at TAC have very limited knowledge of gain
scheduling. Because of this TAC does not use gain scheduling for this purpose.

The built in errors are something that a user cannot affect, but they can give just as powerful
effects as a bad tuning.

The saturation problem and its negative effects on the control signal will affect also this type of
problem. In short, vital information about the history of the control will be lost.

If the proportional part is broken out of the algorithm, the effects that are described below can
be seen. See also Figure 2-4 and Figure 2-5:

k k

U= ilnc ZAP Z E(n)-E(-1)=G $ (P(n)-Mv(n))-(sP(n-1)-Mv(n-1)

n=-oo n=-oo n=—o0

Eq. 2-3
Under the assumption that SP is constant, the proportional part is equal to:

iAP GZMVn -1)-MV(n GHZAP +(MV(k-1)-M V(k))H:—GEIMV(k)

n==co n==co U

Eq. 2-4
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Thiswill mean that the proportional part depends only of MV (k) aslong as al the history is
k-1
available, and no setpoint changes are made. Should on the other hand the history, Z P(n) be

lost because of limitations etc., the proportiona part will mainly depend on the difference
between two consecutive measured values. Thisis a derivative approximation. Because thisis not
intended and the controller is not tuned for this case, problems with stability might arise.

If the controller had internal variables that was not affected by limitations and cal culations and
that contained the total history of the controller this problem could have been solved. The
agorithm would in this case have been close to the, in this case, better-suited positional
agorithm. It would not be worth the effort to make the changes compared to implementing
something altogether new.

Together and by themselves the causes discussed above have contributed to and caused the
problem of “P-part dominance”. These problems will disappear in a positional algorithm to some
degree. The problems concerning bad tuning will remain, this problem does not depend of the
algorithm and cannot be removed by changes in the PID algorithm. Bad tuning is something the
user has to verify and control. The causes mentioned as built in will on the other hand disappear.

In the PIDA algorithm the setpoint is allowed to affect the controller output immediately. The
example below describes some of the effects of this.

The controller is run as a Pl-controller and the sampling period, h, is 1s.

Gain, G=5. Integral time T;=100. A setpoint at 22°C and a constant measured value at 14°C.
The proportional part will become zero since the error is considered constant at 8°C for at least
two samples. (The measured value can be considered constant if the process is slow.) Under the
condition that the controller is at a state of 80%, the output will be according to Eq. 2-3.

— — [8 ~ 0, -
U =(5(8 8))+§E§+80 80% Eq.25

The assumption of controller state is randomly chosen just as the other values, as seen in
Figure 2-8 it is however a relevant figure.

If a step change in the setpoint takes place for example to 19°C, the following will happen
with the control signal. The effect is shown in Figure 2-8 at t=200:

— — [5 ~ 0, -
U =(55 8))+é1%@+80 65% Eq.26
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Figure 2-8 Showing the effects of a setpoint change from the example.

The conclusions that can be drawn from this example is that although the error between the
measured value and the setpoint value has the same sign the control signal is decreased. The
algorithm is designed to allow the setpoint to affect the control signal immediately, this effect isa
feature in the algorithm. However, it will give undesirable effects. The design could mean that
the controller isforced to unwanted and forbidden states.

The example aboveis only asmall example to show the effects. When considering for
example a controller with an output of 10% this setpoint step will force the controller from a
heating mode to a cooling mode in one sample. This effect is not acceptable.

The derivative part isimplemented in such away that a high frequency disturbance or the high
frequency part of a step in the measured value, is allowed to affect the control value without any
filtering. Normally thisis conducted viaabuilt in low passfilter, since thisis missing the
derivative part is not practically usable.

The faultsin the PIDA algorithm can be summarized as.

* Derivative action uselessin practice.
» Poor performance for large setpoint steps and setpoint steps during high gains.
* The performance of the controller is difficult to analyse.
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2.3 Use of PID Control at TAC

When discussing the topic of control at TAC it isimportant not to forget where the regulators
actually are used. These basic units have alimited processor and memory space, because of
money saving issues. The majority of TAC’s regulators control dampers in a room, a temperature
valve or an airflow damper. The valves or dampers can be of different type and control different
physical units such as heat, carbon dioxide concentration and airflow. The physical position of
the valve can also differ greatly from a large fan room to a small office.

The performance of the single regulator is therefore in general not critical because it does not
control a critical process by itself.
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Figure 2-9 Picture of a TAC Xenta® 301, programmable regulator from TAC.

Two different situations for PID control were isolated in TAC’s systems.

Primary use for the PID block, either PIDA or PIDI, is as a controller that controls the position
of a valve or damper. The difference between the two blocks is, as mentioned before, primarily
the output.

The situations when a PIDI block is used for increase/decrease output signals to a valve are
interesting. The increase signal means that a valve opening action is activated for a specified
amount of time, and a decrease signal means the opposite. The amount of time is given by the
PIDI signal. This situation is as concluded before very well suited for the incremental PID
algorithm.

In the second situation a PIDA block generates a setpoint value for another PID block, of both
types, so called cascaded control.

Common for the different situations are that the control signal often is limited in some way
before it reaches the actuator, or in the cascade situation the second controller. This action means

that many logical expressions are used to take care of different situations that can come up, see
for instance Figure 2-7.
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Figure 2-10 View from TAC M enta® of a macro block. Notice the manipulations of the reconnected signal.

Another situation that is common to both types of control, when using the PIDA block, is that
the tracking signal is used in many places. For example:

* Itisusedto keep different controllers at the same state independently of which
controller or logical expression that has computed the present control signal.

» To change controller parameters when the same controller is used for different
processes, as in the case in the macro block in Figure 2-10. Where three different
processes are controlled and different sets of parameters are necessary for each
process.

2.4 Considerations when Changing the Algorithm

It isimportant to understand that the solving of a problem with the control agorithms are not
performed over night, even if the solution should be relatively easy from atheoretical point of
view.

The solution must be allowed to grow in the company, to make sure that the change is
accepted and above all used in the programming in the future. Even if afault could be proven to
exist in acontroller, the reasoning could very easily be that it has worked until now and why
should it not work in the future.

Therefore, many discussions took place during the work of this thesis with peoplein different
places in the corporation both geographically and administratively. During these discussions, an
extensive mapping of how TAC uses PID control was made and several ideas were presented
both to and from the staff at TAC.

The task given in the master thesis actually contains two different angles of the problem, the
guestion of which and what kind of blocks that should be available and which agorithm the
controller should usein the future. Primarily because of the limited memory availablein the
controllers, it has been a part of the master thesis to investigate whether the two blocks could be
merged.

Sinceit isonly in one of the blocks that TAC has experienced an actual fault, it would have
been sufficient to take care of only that problem. The two existing blocks are also very similar in
their actions and could possibly be merged into one.
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The problem about the different blocks isin many ways a problem of philosophy. The
problem concerns which operations that should be performed in the controller and how these
actions are to be performed. To use another form of the PID agorithm will mean that the well-
known responses, by TAC’s applications programmers, from the controller will be slightly
altered. The tracking signal will for instance be affected. This means that a somewhat new
thinking about the control will have to be used.

Which algorithm that should be used is more focused on engineering issues such as step
responses in measured and setpoint values and implementation issues.

In conclusion, the arguments for and against a new algorithm could be summarized as:

For a change:
* The problems and actual faults in the algorithm. See for instance the examples in
Section 2.2.
» Increased performance of the controller.
Against a change:
» The force of habit. The algorithm has proven successful for the company up to now.
* Asslightly more complicated algorithm.

The part of the problem about which programming blocks that was going to be used, was the
most complicated one to solve. When this problem was first brought to attention at TAC, a
discussion started with employees in the company about which programming blocks that should
be used. Since application programmers are individuals, it has been very difficult to find a
solution that everybody are happy with, because it is primarily a question of what kind of
philosophy the application programmers want to use.

The merging was natural since the two blocks were so similar in their implementation and
internal action. This idea was discarded primarily because it was deemed to be too confusing for
the users, in comparison to the relatively little gain in memory capacity that would be the primary
gain of the operation. The merging would mean that a mode variable in the block would have to
be used with a tremendous power, because of the effects of a faulty value. This mode variable
should be used to separate the two cases of action, incremental and positional, that the new block
would perform.

This whole reasoning about the variable may sound simple but the force of habit should not be
overlooked. Since merging meant that some kind of signal had to be used, it would not be as
obvious as desired.

Finally, the solution that was accepted was to make small improvements to the PIDI and PIDA
block that is used in the controllers today and to further develop a new block that uses a more
sophisticated algorithm. The new effective block should take care of the problems experienced
today. The improvements in the PIDI and PIDA block were intended to make more efficient use
of both memory and processor capacity. The new block should be able to take care of all the
operations that the PIDA block does today and if possible a substitution would be made.

The issue of backward compatibility is important when a change like this is performed. This
has however not been a specific consideration in the master thesis but TAC as a company has
taken this matter very seriously.
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3 The New Controller

The new controller should contain all the basic features of a modern PID controller. The
improvements in the already existing blocks should not alter the performance of the actual PID
control in any major way.

Other features of a PID controller of today such as gain scheduling should not be included in
the a gorithm. These actions are to be performed outside of the actual PID block.

3.1 The New Algorithm

The agorithm that was chosen is the positional parallel form. The basic idea behind this
choiceisthat it iswell known and easy to understand for everyone who has basic knowledge in
mathematics and control theory. The a gorithm was specified to contain bumpless transfer,
setpoint weighting, anti windup and a possibility to use a reconnected tracking signal. The
tracking signa should be used to perform limit actions for the integral part. The agorithm should
aso include arate of change limiting mechanism. Internal states should be present in the
agorithm, thereby solving severa of the problems from the PIDA a gorithm.

Below follows the mathematical formulas for the different parts of the algorithm and a block
diagram of the algorithm. The notation used in these formulas and the block diagram differs
somewhat from what is customary in the literature. The setpoint valueis called SP(k), the
measured value is called MV (k) and the error is called E(k). Other variables are more self-
explanatory and follow the standard notation.

The Proportional Part

The proportional part isimplemented with setpoint weighting. The setpoint weighting solves
the problem that the earlier algorithm has experienced where a change in the setpoint
dramatically affects the output. The original proportional part with setpoint weighting:

P(k) = G(b=P(k) - MV (k) Eq. 3-1

Default value of the setpoint weighting is b=0 during control using the integral part, i.e. PID
and PI control. This means that the proportional part is only influenced by the measured value,
see Eq. 3-2.

P(k)=-GmV/(k) Eq. 3-2

The proportional part is altered during P- and PD-control, during these types of control the
controller uses b=1 and an offset value is added to the control signal. The offset given by Eq. 3-4
Isused because it is assumed that the systems are balanced. A control signal between the
maximum and minimum value is in this case preferable when the control error is zero.

The proportional part during control without the integral part:

P(k) = G(SP(k) - MV (k)) + Offset Eq. 3-3
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The offset;
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Eq. 34

The Integral Part

Theintegral part uses the forward approximation. Anti windup strategy for the controller
incorporates atracking signal, TSg. The tracking signal is afeedback signal, the same signal as
the one used in the PIDA block. The signal makes it possible to force the controller to states
given by external logic or other controllers.

A general rule of thumb that is given in the literature for the tracking time of a PID controller
isthat it should be larger than T4 and smaller than T;, and that a good choice is the square root of
Ti times Ty. Thisrule gives rather short tracking times as the integral time grows, see Figure 3-1.
It isaso more rational to have an algorithm that uses alinear rule for the tracking time.

Since the Ziegler-Nichols method for tuning of PID controllers suggest that T4=Ti/4.The

choiceof T, =/T.T, =T,/2 was natural, when using a PID controller. For the Pl controller the

choice was made to use asmaller time, T=Ti/4. A smaller tracking time gives faster responsesto
steps in measured or setpoint values.

Tracking Time
5':' T T
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0
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2t
20 =it

15+

10+
y=s0rt(x)

Figure 3-1 Plot showing the different rules discussed for the tracking time.

In conclusion, the tracking time is given by the integral time constant divided by 4 for a
controller using only the I-part. For a controller using the D-part as well, it is equal to the more
conservative T; divided by 2. Naturally, the tracking timeis set to infinity if the integral part is
deactivated.

The tracking time constant isin its nature a delicate engineering problem. The motivation for
different choicesis that the derivative part alters the behaviour of the controller greatly. The
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derivative part could by reacting to disturbances cause saturation of the output. If atoo small
tracking time is used the integral part could be affected incorrectly and may be reset. It is
therefore necessary to choose different rules for the tracking time and to use alonger tracking
time when the derivative part is activated. Theintegral part, where Eq. 3-11 gives Ug, Cix and
Crrack @re agorithm constants that will be precal cul ated:

Gh(

I(k+1)=1(K)+ 2 sp(k)—Mv(k))+Tﬂ(T (k)-U, (k)=

Y Eq.35

110+ Con ()~ MV(I) + Cps 1 (0 -U, ()

B

The Derivative Part

For the derivative part a backward approximation is used, which is numerically stable. The
filtering constant N is chosen by default to eight, the user cannot alter this value. Thefilter in the
derivative part makes the derivative part practically usable in contrast to the earlier
implementation. The derivative part in continuous time:

TyS MV (s) Eq. 3-6

1+-%s
N

In discrete time with the backward approximation:

T GT T
D(k)=—< p(k-1)-—eg-— "4 Amv(k)-MV(k-1 3
(0= D=5 A AV - vk -1) .37
Which isrewritten as;
GT T
D(k)=- - %_Td jNh%AV(kF Due (k=) Eq. 3-8

Where Dgae iS given by:

— GTd
Sate() E]WED h % T +N E‘A
=_lo Eﬁm(k GTd%
T, +Nh h

%A E‘ h % T, +NhE\AV (k)= Eq.39
i +Nh% T, +Nh§/‘
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T, +Nh h
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The entire rewriting of these equations aims on a more efficient use of processor capacity and
the result is that D(k) can be calculated immediately when the MV (k) signal isavailable. This
means that a new control signal value is available with a minimum of calculation delay.

The equations Eq. 3-7 and Eq. 3-8 are rewritten with algorithm constants as:

0 D(k) = _CDerZMV(k)+ Dgae (k1) Eq. 3-10
gate (K) = Cper1Dgae (K1) + CDer3MV(k) .

Computational Aspects

The parameters used in the algorithm, the algorithm constants, are precalculated from G, T;,

Tq, and can be stored to achieve better performance and more efficient use of the processor. The
constants are given in Eq. 3-5 and Eq. 3-10 and they are: Cint, Crracks Cper1, Cperz @nd Cpes.

Block diagram

The figure below, Figure 3-2, shows the principal structure of the algorithm. The limitations
are performed on Uy(k) before it is made available as an output value.

SP(K) -

+

Ek)
_ G

MV (K) .

GT,N

T, +Nh - +
MV (k-1) - ’ D(K) +
D(k-1) ST +

T, +Nh

+ Ua(k)
I(K) +><'> + >

+
E(k),| Gh S OkD) +

Offset

TSy +,©;

Figure 3-2 Block diagram of the new algorithm in discrete time.
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Limitations and Bumpless Transfer
The unlimited control signal is given by:

U, (k)= P(k)+1(k)+ D(k) Eq. 3-11

Naturaly, the control signal has to be limited. The maximum and minimum limitation is
performed between two values that are given by the user, Uy and Uwin. These values are the
same ones that are used for the offset calculation in Eq. 3-4.

It is aso possible to limit the rate of change of the control signa. Thisis done by a user-
defined value of the stroketime for the valve or the object that is controlled. The limitation is then
performed so that the rate of change never exceeds the limit that is cal culated according to
Eg. 3-12

(U Max -uU Min )h

C =X & N
StrokeTime

MaxChange Eq. 3-12

To achieve bumpless transfer, a check is performed that the parameters G, T; and T4 have not
been changed. If they have been changed a new set of algorithm constants are cal cul ated.

By forcing the derivative part to zero and using the integral part as a memory for the present
control signal value, bumpless transfer is achieved. The Dge IS assigned as:

Daate(k):GTd %— T, %Av(k) Eq. 3-13

h § T,+Nh

Thisvaue will force D(k) to zero according to Eg. 3-8.
Theintegral part during bumpless transfer is given below, where U is the limited control
signal output:

1(k)=U(k-1)-P(k) Eq. 3-14

These values of Dgie(K) and 1(K) will ensure that the output is the same before and after the
changesin G, T; or T4, when they are put into Eq. 3-11.

The transfer problem between automatic and manual control is not considered in this structure
neither isit considered a TAC.

A deadzoneis aso incorporated that operates from the input, MV (k). The effect of the
deadzoneisthat it freezes the control signal to the latest value. When the input value, MV (k),
|eaves the deadzone a bumpless transfer is needed and performed. Bumpless transfer is needed
since the deadzone has introduced a non-linearity and the controller might have lost valuable
information of its states.

Controller parameters should be tuned in the manner that is preferred by the different
operators and no limitations have been imposed concerning thisissue.
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3.2 Implementation

The programming language that is used by TAC for embedded systemsis C and the a gorithm
was implemented using this language. |mplementation of the new block in TAC Menta® was
made with great assistance of programmers from TAC’s development department, Engineering
Tools, in Malmd. The implementation did not give rise to any problems above normal
programming errors.

A weighting between memory usage and usage of processor capacity has been made and since
the present controllers have a very limited amount of memory the emphasis has been placed on
reducing this. However, TAC will in the future use a controller with more memory capacity and
the algorithm has therefore been designed in a manner that easily can be altered to focus on
reduction of processor usage, on the expense of memory usage.
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4 Simulation and Testing

Simulation work has been focused on two issues:
» Differences between the new agorithm and the one used earlier in the PIDA block.
» Making sure that the new controller actually performs as well as expected.
This has meant that the controller has been run in agreat number of cases, of which only afew
key simulations are presented below.
Testing were performed to ensure that the controller did not encounter any problems when
used in an actual application and an environment outside lab and computer:

4.1 Simulation Models

The modelling language that has been used is Simulink™. Three models have been built up
from three different specific cases of control at TAC. Printouts from the simulation models are
added in Appendix A-C

The models are:

» A zonecontroller that primarily is used to control aroom. Zone Regulator-ZR.

» A controller that is used for control of acooling coil, a heat exchanger and a heating
coil, in sequence. Cooling, Heating, Heat Exchanger-CHHE.

» Control of adomestic hot water process. Domestic Hot Water-DHW.

To be able to use the models a set of process models had to be built. Printouts from the process

models are added in Appendix D-G. The process models that have been used are:
* Modéd of aheating coil.
* Modd of acooling cail.
* Mode of aheat exchanger.
* Modd of aroom.

The process models are first order transfer functions, with some expressions added to the
models. The process models are kept quite simple because it is only of interest to make sure that
the agorithm isworking asit is supposed to do, not to study complicated effects in detail.

4.2 Simulation Results

The models have been linked up in such a manner that the result should mimic the reality, and
have then been put through situations that can come up under normal operation. Situations such
as load disturbances, measurements noise and setpoint step responses have been studied.

The following results are taken from the model CHHE, since this model demands the most
from the controller. CHHE aso includes al of the process models. The controllers have been run
as Pl-controllers in the experiments presented below. The use of the derivative part when
comparing the two controllers gives completely irrelevant data because of the poor
implementation in the PIDA a gorithm.

The effects can be studied in Figure 4-1 and Figure 4-2, where the first contains the results
from the new algorithm and the second contains the results from the old algorithm.

At time equal 4000 a setpoint change is introduced in the system, the setpoint is given an
additional value of 5. The effects of this change are not dramatic and the controller handles the
change satisfactorily.
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A load disturbance isintroduced in the system at time equal 6000, the controller adapts to this
disturbance without any major problems.

At time equal 8000 a measurement disturbance is introduced in the system, it appears as avery
small step of about 0.05% in the controller output.

The tests that have been performed on the controller depend highly on the process and its
parameters. However, during simulations the controller has shown excellent handling of al the
different process models and awide variety of parameters.
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Figure 4-1 Plots showing load disturbance, setpoint handling and measur ement noise for model CHHE, using
the new algorithm.

Figure 4-2 shows the results for the same experiments as has been presented earlier. A
simulated model of the earlier algorithm at TAC has been used this time. The results from the
new and improved algorithm are in comparison with the old implementation dramatically
improved. The setpoint change givesrise to ajump in the control signal that is not acceptable, the
overshoot istoo big and too fast. The load disturbance at time equal 6000 is handled just about
the same as with new algorithm. The measurement noise affects the system terribly as can be
seen by the noise introduced at time 8000.
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Figure 4-2 Plots showing load disturbance, setpoint handling and measurement noise for model CHHE, using
theold algorithm.

4.3 Test Results

The controller has been run in the TAC building during a period of alittle more than aweek, it
has there been controlling the temperature in the ventilation system. (The system is about the
same as the model CHHE.) Since the outside temperature during this period has been
approximately between -10°C and 10°C the controller has been controlling a heat exchanger and
a heating coil. During the test period the controller has performed satisfactory.

To make any comparisons between the two algorithms based on this test is difficult. The
system where the test has been carried out is not considered troublesome at TAC. The system is
very well suited for a PI controller and during normal operating conditions, PIDA has had no
problems with this system in the past.

However, one conclusion that can be made is that the new algorithm is correctly implemented
since it has performed as expected.

To make accurate comparisons between the algorithms mean that they will have to be
subjected to more advanced tests. There is however no need for more evidence of the behavior of
the two controllers in this thesis.

An interesting test would have been to put the new controller in a system where TAC has
experienced problems in the past. This test has not been performed during this master thesis,
because of different circumstances.
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4.4 Conclusions from Tests and Simulations

The greatest concern about the difference between the new and old a gorithm has been when
the controller saturates and how much time it spends in saturation. Another concern was how the
new controller reacts to different logica and arithmetic operations to the reconnected tracking
signal.

Simulations showed that the controller does behave differently in comparison with the
previous agorithm, but the differences were very small, during normal operating conditions.
These differences depend primarily on the fact that the new a gorithm has a completely new
implementation of how the tracking signal isincorporated. The problems experienced earlier with
the PIDA block have been removed in the new algorithm.

Logica and arithmetic operations to the reconnected signal are part of the same question as
the saturation, because the tracking time affects both issues. Therefore, the issues were treated
simultaneously and a weighting has been made on how long the tracking time should be. The
starting point was to make it as short as possible, to be able to get as fast answers from the
controller as possible. The other consideration was if the controller could end up in forbidden
statesif the tracking time were too short, primarily because of the logical operations. Different
strategies were ssmulated and the ones presented in Section 3.1 were accepted.

To conclude, the simulations and tests have shown that the new algorithm is more than
adequate to use for the different cases of control that it can be used for at TAC.
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5 Future Application Programming Tool

5.1 Introduction

As apart of this master thesis, an investigation of afuture application grogrammi ng tool has
been carried out. Since the development of the existing tool, TAC Menta™ started out some years
ago, itisnow time for TAC to take alook into what has happened during the yearsin this area
and perhaps to develop their existing tools further.

The investigation has focused on the standard that is used in association with automation, IEC
61131, as well asthoughts and ideas within TAC about the future. The investigation includes
possible improvements to Menta that could be an alternative to a completely new tool. A short
comparative investigation between five commercia application programming toolsis aso
included.

The present tool, Menta, was from the beginning developed in Spain by a smaller company
that TAC acquired during the 90s. The tool has then been developed further in Malmé for several
years and has been used as a practical programming tool “in the field” since 1996.

Discussions with several employees at TAC have been carried out to obtain the information
and ideas from within the company. These employees are primarily people that have a
background in industrial automation or have worked for a longer period with Menta. The ideas
gathered during this part were very similar to the standard IEC 61131.

If a suitable tool exists already, which follows a standard, this should not be considered as a
disadvantage. However, TAC has no need for all the features in a general PLC application
programming tool used in the automation industry and specified in IEC 61131. The tool TAC is
looking for should cover their specific needs and fit in with the other tools in TAC’s product
family.

5.2 TAC Menta®

Introduction

TAC Menta® is a programming tool that uses a graphical programming language, so called
Function Block language, which makes it possible for the engineers to develop specific
applications. In the tool, severa predefined blocks are used to calculate many different things as
enthal py, time-schedules, PID control and so on. These blocks as well asthetool in genera are
implemented in C++.

TAC Menta® is a 32-bit program fully adapted to Microsoft® Windows. The tool also contains
tools for downloading of an application, tools for creating databases for network configuration,
functions to alter values on-line, a simulation tool for debugging of applications and so on. Since
this investigation focuses only on the programming of applications, using the graphical
programming language, the other tools incorporated in Menta are not further anal ysed.

TAC Menta® has been experienced by employees at TAC as a stable and easy to use tool. The
best feature of Mentaisthat it is easy to get started in Menta. The tool lacks many of the features
found in ageneral PLC programming tool and it is therefore easier in Menta. That Menta does
not contain some features is not something that immediately should be considered as a
disadvantage, it is merely a specialisation for a specific area of automation.

Since Mentais a graphical programming tool, it has many similarities with the graphical
programming language, FBD-Function Block Diagram, described in IEC 61131-3.
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5.3 The Future Tool

Below is ashort description of some concepts that could be interesting for TAC. The
Investigation of existing application programming toolsis also found below.

Sequential Function Chart

SFC, Sequentia Function Chart, is a graphical representation of the application program
control flow and state transitions. SFC was developed for structuring of complex structuresin
applications. In asmall application, it may not be necessary to use SFC. However, when the
complexity of the applicationsincrease, it is necessary to organize the applications in a manner
that is understandable and readabl e.

The basic components of SFC are initial step, states and transitions. The initial step isthefirst
step in the sequence where e.g. initialisations are performed. A transition is the condition or
conditions that change state of the application. A transition between statesis not allowed to occur
unless the state prior to the transition is active. A state is where the application performs some
kind of action, for instance calculates a new control signal or setsan alarm.

Three types of combinations exist in the control flow:

* Simple sequences.

* Branching - aternative sequences. One of several sequencesis performed.

»  Splitting - simultaneous sequences. Two or more sequences are performed
simultaneously.

it it Irit
—Trans0 —Trans2 —Trans1i —Trans0d
State2 State2 Stated State2 Stated
—1+Trans1 —Trans0 —1Transd —1Trans2 —Trans3
State3 State3 States Stated States
T
—1Trans2 —Trans3 —-Transs —Trans1
Init Init Init

Figure 5-1 Figure showing the three types of combinationsin SFC. From left to right: Simple, Branching and
Splitting. The sequences have been implemented with CoDeSys® 2.1 by Smart Softwar e Solutions.

A common situation in TAC’s applications is that a variable is set or reset, for instance an
alarm. Other examples could be during start-up or shutdown sequences when different valves and
control signals have to be set or calculated in a specific order. These examples could be both




31

event and time-driven, certain events or time specifications activate specific actions or sequences.
The events are transitions and the setting of alarms or calculations of control signals are states.
The quote below, from R. W. Lewis, serves as a summation of why SFC is needed in an
application programming tool at TAC.
SFC: “A graphical language for depicting sequential behaviour of a control system. It is used
for defining control sequences that are time- and event-driven.”
This is a very good description of how SFC could be used by TAC

SFC Examples

An interesting example is a start-up sequence, a similar example from TAC Menta® is not
available since the start-up sequences are distributed in too many parts of the applicationsto fit in
this report.

The example below describes asmall start-up sequence of a heating system with a heating
battery and a heat exchanger. First in this sequence, the temperature is increased in the heating
battery by opening the valve in the heating battery. The amount of hedt, i.e. the percentage the
valve is opened, depends on for instance the outside temperature.

When the heat in the battery has reached a specified temperature a transition occurs and the
supply fan is started. When the energy-boost has had a certain time to take effect, the next
transition to the heat exchanger is made. The system will start the heat exchanger at maximum in
the final state of this sequence.

(it

—Trans0

Boost_H

—Trans1

OR_TF

—Trans3

Start_HEX

rTrans4

e

Init

Figure 5-2 Figure showing an SFC of a start-up sequence for a heating system.

The advantage with SFC in this case, compared to TAC Menta®, is the compact manner it is
described in. In comparison with TAC Menta® it is always obvious in which state the systemiis,
thereby making debugging easy.
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The short sequence above could be part of a sequence for controlling the entire system. In this
case the sequence would return to its father sequence when it has performed the desired tasks. In
the example presented below in Figure 5-3, the example from above is inserted in the Start_Up
state.

Init

—Marning

Start_Up

—5Start_Up_Fin

Marmal_C

—Shutdown —Evening

>

Init

Shut_Down

—+Trans3

>

Figure 5-3 Figure showing an SFC for a state sequence of an entire heating system.

If the maximum heat recovered is not enough for the system, the heating battery will have to
be activated again. This action is however done in the state of Normal_C, where the system will
perform normal operations. Severa additions to the example will have to be done for this
seguence to be practically usable, like for instance alarm handling.
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Figure 5-4 shows a small example from TAC Menta®, it is not too hard to read and
understand. However, when smaller applications are connected the complexity grows and the
applications become very difficult to read and understand.

The exampleisan alarm handler for pressures, if the pressure is not within acceptable limits
the high- or low-alarm istriggered.

DiffPress-Alarm TRMghere.. _ AlacaHgh
.M\"' TF HYST ’—. XPB ALARM
_C&)_.C\_. [} Tl kg
Pau_s :-b ;I;E;h ¥ [r “Elag] —
Fan_Stopped m
TRoweEs..
SP_TF
HYST | . Alawmi_Low
— ol — —n] ffg — Enke ALARM
éj_ Faus —DD—D 3 [tl—_l TIIBI?Q
i [Falsulag] —*
Press_ CHY AlamiCelay [Frbn;t:l
PYVR PVRE
e e
High- respectively Low-Pressure Alarm is set when the difference
Press HY hetween the Measured Yalue and the SetPoint exceeds set
‘Press.AlarmDiff,
PYR The alarms are reset automatically with a hysterises of 5 Pa.
iy The alarm delay is setin minutes.
L—Iju The Alarms are blocked when the fan is stopped.

Figure 5-4 Figur e showing the example implemented in Menta. The block RT countsthetimeit has been
active, the Run Time. The other blocks are self-explanatory.

Figure 5-5 to Figure 5-9 show how this could be conducted with SFC. Since TAC has used
graphical programming for some time now it would be nice for the employeesto be ableto
continue using an environment that they are used to. All the programming of the transitions and
the steps should therefore, in a possible future, be programmed using a graphical programming
language. Figure 5-6 to Figure 5-9 below shows the transitions and steps programmed using
FBD.

(it

- Activate

Delayalarm

FAlarmDelay Level DK

Alarmon
Init

- Lewve| Ok

H>

Init

Figure 5-5 Figure showing the main SFC of the example Function block, implemented in CoDeSys® from
Smart Software Solutions.
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In the example the sequence will remain initsinitial condition until the transition Activateis
fulfilled, see Figure 5-6 below. The transition determines whether the measured value is within
acceptable limits or not, acheck is also performed that the fan is not stopped by the Fan_Stopped
signal.

s5UB ABS GT AMND |
Actualvalue— —

RefWalue— Fan_Stopped—
ADD
maxDiff—|

Hyst—

Figure 5-6 Figure showing the transition Activate.

In the state DelayAlarm, Figure 5-7, atimer delays the setting of the boolean variable
AlarmDelay , this variable is used in the next transition as a condition for its activation. The
effect will be that the transition is delayed for a specific amount of time the AlarmDelayTime.

AlarmDelayTOM
TOM

StartDelay— 1M e [
AlarmDelayTime—PT ET

Figure 5-7 Figure showing the step action DelayAlarm.

AlarmDelay

According to IEC 61131-3 transitions are not allowed to contain function blocks that have
internal state variables, like a counter that is present in the TON-function block. However, in
several tools deviations are made from this.

If the system recovers during the delay time, see Figure 5-8, the sequence will automatically
return to itsfirst state and await anew Activate signal.

SUB ABS | LT oR
Actualvalue—

Refvalua— Fan_Stopped
ADD
maxDif—

HystH

Figure 5-8 Figure showing the transition Level OK

If the system does not recover the alarm is set by the state AlarmOn, Figure 5-9.

SUB GT
Actualvalue— Alarmial

Fef/alue—
ADD
maxDiff—

Hy st

Figure 5-9 Figure showing the step action AlarmON.
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SFCin TAC Menta®

An approach to SFC could be to incorporate it in the present tool Menta by developing
existing features further. Possibly by taking an already existing block, the HFB (Hierarchal
Function Block) and develop an enable-disable signal to this blocks. The enable-disable signa
should prevent evaluation of the blocks within this block i.e. when the stateis not activeit is not
allowed to set any values, neither internally within the SFC block, nor externally like for instance
an aarm.

Within these new SFC blocks, the programming would be performed using the same set of
function blocks as today. The transitions would return an output of boolean type. The states
should perform actions like PID control and alarm handling.

SFC Block

SFC Block SFC Block

SFC Block

Figure 5-10 Figure showing a possible view of a new SFC-block in Menta.

The boolean variable that is returned from the transitions should be used to disable the
preceding block and to enable the following block of the current transition. The enable-disable
signalswill have to be sent between the blocks at the moment of transition. The signals are
necessary, to make certain which state that is active, i.e. it is significant that the block before the
transition is disabled and the block after is enabled. Furthermore, the transition after the activated
state will have to be activated i.e. allowed calculating its transition condition.

The signals that go between the blocks should be transmitted viathe same line, preferably the
line connecting the SFC-blocks, no matter of the type or the direction the signals are going in.
This transmission of the signasis not vital for the function of the SFC blocks. The signals could
for instance be sent via send and receive blocks inside the SFC blocks. It is however vital that the
signals are sent via the same line to increase readability, and if any advantages are to be made in
structure from this concept.

The enable-disable signal together with a structured signal transmission between the blocks
could be an aternative to the use of the standardized SFC environment.

These changes will mean that alot of development will have to be made in Menta because of
the limitations today of amongst other things the lack of enable disable signalsin the blocks.

Further features like jumps, branching and splitting should also be available when
implementing thisinto Menta. These features are a question of which SFC block that should be
activated.
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Sophisticated and Specialized Function Blocks
A new tool could contain the possibility that highly specialized function blocks written in C, or

another text based programming language, easily could be implemented and downloaded to a
target system. This is a desired feature from employees at TAC’s R&D department. In most
general tools for automation, it is possible to download C-code as a highly specialised function
block.

When a new block is added to Mentatoday, for example a new PID controller, extensive
programming efforts have to be made not only in Menta but also in the Xenta systems.

Structured Types
Menta only accepts simple types like REAL, INT and BOOL as signals between blocks unlike
IEC 61131-3, which accepts structured types.
This deficit affects the structure of the program by making it hard to read and get a grip on
because of the dispersion of signals in the applications.
Consider for instance a pump. The pump needs several signals, only a few presented below:
* Aninput value - for required speed.
» A status signal - determines whether the pump is operational or not.
* Anoutput value - for actual speed.
* Run time- amount of active time.

If all of these signals were put in a pump data structure, instead of being transmitted one by
one, the amount of transmission lines in the Menta applications would be decreased. This concept
will also help structure the entire application, since all information concerning the pump is
collected in one structure.

Processes

A process, or task, is an application or part of an application that normally is running on a
different sample time and with a different priority than other parts of the application. Different
priorities mean that the process is more or less important than other processes, the priority then
decides the amount of access the process has to the central processing unit. It is not necessary that
the processes run on different sample times and priorities.

In many cases it would be useful to give certain parts of an application smaller sample times,
for instance to make sure that every change in the inputs are observed. This should be done
without having to increase the amount of calculations and 1/O operations performed in other parts
of the application.

The concept of priorities could be very useful in many cases, especially in cooperation with
different sample times. The concepts could be used for instance when controlling processes
which have different dynamics.

Both of these concepts are described in IEC 61131-3 and are available in programming tools
used in industrial automation.
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Instantiation and Inheritance

The concepts of instantiation and inheritance are very interesting in a programming tool for
automation. An instance is a copy of another programming block that is till linked with the
original block. A changein the original block affects the copy, the instance, i.e. the instance
inherits the changes and the new functionality. Thisis very useful especialy when codeis reused
in several placesin the same application. The instance will in this case only be arepresented by
one single block that is linked to the original structure.

These concepts should be central in a new programming tool and are available in tools for
industrial automation. Today in TAC Menta® the use of macro blocksis the closest to this
concept, more information about macro blocksis available in Section 2-1. A large drawback with
the macro blocks is that the concept of instantiation and inheritance are lacking. When a macro
block is used today, it is copied into the application and the concept of hierarchy islost.

The concept of macro blocks and where the macro blocks are stored i.e. the macro block
library is more developed in a general automation programming tool than in Menta. In a general
tool, it iseasier to use what is stored and above all this makes surethat it is used. The macro
block library is applications or parts of applications that is saved and then loaded into the present
application, the macro blocks are loaded using Microsoft’s file system. This solution is crude and
compared to what is found in a general automation programming tool not user friendly.

el LT e e e A = N e i e N = N R RS

Init
B[] Global Variables
~[ 2 librany IECSFC.LIB 13.0.99 14:41:16
(2 library STANDARD.LIE 30.3.9917:3
B~ librany UTIL LIE 15.4,.99 16:34:14; glo ~-Activate
PLC Configuration
- @ Sampling Trace
- " Task Configuration
Q Watch- and Receipt Manager

DelayAlarm

—alarmDelay TL&\@IOK
Alarrnon

Init

~—LevalOkK

o

Init

PO.. | ™ Dat..| Gl Visu. | 5o Res.|
[ OHLINE [0 [READ

Figure5-11. Thefigure shows a screenshot from a general programming tool, where several librariesare
used. Thelibrariesarelocated in foldersin a separate window next to the programming area for
easy access. Screenshot from CoDeSys® v 2.1by smart Software Solutions.




38

Other Possible Additions

In |EC 61131-3, hierarchy isamajor concept and is built into the basis of the standard.
Therefore al tools based on it, will have a highly functiona hierarchy. The hierarchy supports
and encourages reuse of code, and is closely linked to other concepts like instantiation.

The concept of hierarchy is present in TAC Menta®, by the HFB, Hierarchal Function blocks.
However, these blocks arerarely used in practice since the implementation has not satisfied the
uSers.

In Menta, thereis very little support if two or more programmers need to work on the same
application. Thereis no natural manner to divide the applications for these purposes, concerning
both variables and functionality. Since atool based on IEC 61131 has a more devel oped
structure, it is possible to make a natural division of applications between several developers.

General IEC 61131 Programming Tools

To take a new approach to the problem may mean that a completely new programming tool
could be used. A new tool will mean that a completely new strategy and philosophy of
programming will have to be used at TAC. To make such a profound change could be
unfortunate if the advantages were not obvious, since programmers, as well as people in general,
tend to stick to what they are used to. It would also mean that many hours of education would
have to be invested in every employee.

A completely new tool could be acquired from another company that has already developed it
to near perfection, with some alterations to make it perfect for TAC. Thelist of suppliers could be
made long, since it exists severa suppliers of general IEC 61131 programming tools.

Thetools for this purpose, found in the industry today, share several common features and are
built up around the same ideas. To make a decision on a specific tool, severa tests would have to
be performed and several specifications concerning the tool would have to be conducted. Thisis
outside the scope of thisthesis, but a smaller investigation of five different tools has been
performed.

Thetools investigated are:
« 1SaGRAF® Pro and ISaGRAF® 3.3 by CJ International.
« soft CONTROL® 3.0 by Softing GmbH.
« CoDeSys® 2.1 by Smart Software Solutions GmbH.
« MULTIPROG® 2.1 by Kl6pper und Wiege Software GmbH.
«  OpenPCS® 4.0 by infoteam Software GmbH

The investigation was performed by implementing asmall example found in TAC Menta®, the
same example as found above in Figure 5-4, in the different tools. During this implementation,
the programming environment and the different features in the tools were reviewed, aswell asif
some features were missing in any tool. During this investigation the tool concluded to be the
most suitable for TAC was CoDeSys® by Smart Software Solutions.

This conclusion is subjective and a much more extensive investigation would as mentioned
before have to be conducted by TAC, before any decision concerning a specific tool can be made.
Since the basis of all of thetoolsis IEC 61131, the tools are built up around the same concepts.
The tools also have asimilar GUI and it is up to the specific user which tool that suits best.
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5.4 Conclusions and Recommendations

Severdl, if not al, of the concepts above should be very interesting in a new tool for
application programming at TAC.

All of the above-discussed concepts could of course be implemented in the existing tool TAC
Menta®, problems might however ariseif concepts from IEC 61131 are applied to the existing
tool since it does not follow the standard in other aspects.

The conclusion of the investigation is that a new tool, or afundamental revision of the existing
tool, is needed. The concepts mentioned above, for instance SFC, are widely used in the
automation industry of today. Even if TAC is not acompany that isinvolved in any industrial
automation systems, the advantages of concepts from thisfield of automation are clear and
obvious even for the inexperienced user.

An estimate of the amount of work that has to be put in to alter Mentato make it fit the new
concepts as well asto correct existing faults will have to be conducted at TAC. The amount of
work thisinvestigation finds that is needed to change Menta should be weighed against the cost
of purchasing, or other ways of developing, a new tool. Several other costs will be associated
with changing tool for instance the education cost for the new tool and adaptation of other tools
in TAC’s product family.

The conclusion of this master thesis is that the best course of action is to purchase a new tool.
Primarily since the problems and the new concepts in TAC Menta® will mean that alot of work
has to be performed if the old tool isto be used as abase. TAC has little to gain from producing a
new tool that includes several features from IEC 61131, when considering that several companies
specialises in producing these tools.

The recommendation based on the conclusions above is that TAC acquires an adapted tool
from asupplier of ageneral IEC 61131 programming tool. Since the tools based on
IEC 61131 are widespread and many suppliers of these tools exist, atool should not be too
expensive or difficult to acquire. An alternative tool is for instance CoDeSys® from smart
Software Solutions. The adaptation of the tool should be e.g. to remove the programming
languages that TAC has no need for and to make the tool work well together with TAC’s other
tools.




6 Conclusions

The master thesis work that has been carried out at TAC and has been reported above focused
not only on the implementation of a PID algorithm, but also on the process leading up to this
implementation.

The process leading up to an implementation is an important topic for every engineer, but not
easy to teach to students asit is something very specific for each company and each industry. It
has been interesting for the author as afresh engineer to experience some of these issues treated
above.

The problems with the old PID controllers have been thoroughly investigated and described in
the thesis. Since the old controllers were decided to remain in use at TAC the description of the
problems could be useful for TAC’s application programmers to make sure they do not use the
old controllers in a situation that could be troublesome.

The PID algorithm that was implemented has been proven to fulfil all the requirements TAC
has put on it. This conclusion can be drawn from the simulations and tests performed in the
thesis. In comparison with the previously used algorithm for PID control, the algorithm derived
above has eliminated the problems experienced earlier at TAC. The new implementation has
been met with approval from several employees at TAC who are working daily with control
issues.

It could always be discussed if a more advanced structure should be used, for instance on the
tracking time and the bumpless transfer. However, a more advanced structure would mean that
more calculations would have to be made and more memory would have to be used, which in
turn finally will mean that more money will have to be spent. It could also mean that more
responsibility would be put on the application programmer, which should be avoided according
to TAC’s philosophy.

During the work with the new concepts that could be used in a future application
programming tool at TAC several practical issues have been discussed with employees at TAC,
the outcome of these discussions have been that several questions have been raised at TAC.
These questions will have to be solved within the company and this thesis has been an injection
into an ongoing debate and an upcoming prestudy at the company.
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8 Appendix

8.1 Appendix A, The Model ZR
The main system of the model ZR.

Torregulator: Xenta-101
irie=165
See TAC 101-Tf for cfher infoomation.

THETemp.
..n.a.m
Tranzpart e 1, Vime=2
Dby kv Fal
D—bmnllmw mod _’E
2= Erdarthyls  Coolig/Heatig Care ToFiR3
3= Exdartudme ToFlkS °
S TnTTEmp. - '_|
bida=1,\wdme=2) | Fal 'I_I
- ST K
vimed EhE - e [l EN|
Ly TaFlket
e L
k=i Reg. I
L Lioe {=ohre- i Shre Ut
1 Fryssiggd Frysshydd Pos U
1= 0coapkd . »
R'"g':;re"'p' T 0= Unoccipkd S - vame > m—
] . D,
wiketSme ot
» . PR :
HeatConkContal
FreezeGiand £
6 ToFiRd
Rams Temp.
Salig 1 L Ta FlkZ
Room Temp. _.|E| sur Temp

e bam Tem|

I il Rcom Temp.
Boller Temp [Te M 0T Room. Temp.

Room Temp

BOL TMP | vt Srgre Temp cul

Supply Temp
Heatg Room

RoomTemp.

The subsystem Cooling/Heating Case.

(2 3 1 = Mormal contral
Application Mode 2= Cooling only
3 = Heating only

Coaol=1, Heat=2

m= B
— =S1
Relay 1 > K Fall

Multiport
Siitch1

Y
:
k.

Mediatemp

22

“Walue that changes
the mode. Z

The subsystem FreezeGuard.
-,

Wokmode

3 it (U= AU IEE U3

Ronmtemp. j - F rysshopd d
zlay
10

hd
i
2
:“’:

Constant

-,

Cool/Heat




The subsystem Heat /Cool Control.
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8.2 Appendix B, The Model CHHE
The main system of the model CHHE.
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8.3 Appendix C, The Model DHW
The main system of model DHW.
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8.4 Appendix D, The Model of a Heating Coil
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8.5 Appendix E, The Model of a Cooling Coil
The model of a Cooling Coil.
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8.6 Appendix F, The Model of a Heat Exchanger
The model of aHeat Exchanger.

1

i (i
Inside Air Temp 20s+1 Temp Out

Retum Transfer Fenl Return

F

Putside Air Temp .-1
Supply ’—.Pr-:-duc't 20+ Temp Dut
Transfer Fon Supply

J

sqr(u(1y100)

Cantral Signal
Fen

8.7 Appendix G, The Model of a Room
The model of aRoom
-, », 1)

Foom Temp

Initial
Foom Temp.

1
2 >
Supply Temp 800s+1

Gain Transfer Fond




