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As expected, the above demonstration has shown that it is
possible to reduce a complex control system to a single
block. Why was this expected?

Mathematicians always reduce a formula / eguation to its
simplest form prior to solving = the results demonstrated
show that this methodology can therefore be applied to the
design of a control system.

Why would this be an advantage — why not keep things in
separate and perhaps simpler steps?

Similar to how a computer programmer would work, the
advantages to this would be:
1 Maintenance [/ modification of the control
system — the single block allows for an easier
method to accomplish this.

& Documentation — the fewer blocks in your
control system makes it easier to document.

3. Testing — the fewer blocks there are in your
system makes it easier to fault find.

4. Improved stability of the system = fewer things
to go wrong.

However, breaking tasks down into individual constituent
components makes for less ambiguity when designing a
system in response to a particular specification.
Individualising each step allows for analysis to take place to
ensure that the designed system is compliant towards the
design specification and fulfils the requirements of this.




It can therefore be suggested that both the initial model and
the more simplistic single block model each have their own
individual roles to play.

In other words, a step-by-step complex system can be used
to develop a controller and answer the question “Does it do
what it is meant to?”. This system (as demonstrated here)
can then be simplified into a single block (or fewer blocks).

Conclusion
References

23




2. Abstract

An industrial process has the transfer function G(s) given by the equation below, where a, b, and ¢
are values which have been assigned. These set values are shown at the bottom of this page.

1
G(s)=————
(s) (as? + bs + ¢)
Using MATLAB and Simulink, the task is to design a control system capable of controlling the above
process. Following a unit step input, the control system should be able to bring the process under
control within two seconds, with overshoot of less than 5%.

Using this created control system, a further task is to find the closed loop transfer function of the
system as a whole, i.e. the industrial process and the control system which has been designed. This
can then be validated by comparing the results of simulations of the single transfer function and the
simulation results from initial control system.

The aim is to then critically analyse each control system through the use of pole-zero diagrams and
Nyquist diagrams to ensure the plots are stable.

For the scope of the model to be used in this assighment the following values for the Transfer
Function have been provided:

a 3
2
C 2




2.1. Control System Schematics...

Task 1 - Control System
The following diagram shows the schematic for the initial control system:

PID TF

Task 2 - Finding the Closed Loop Function.

Task 2 - Step 1 = removal of the Proportional Integral Derivative (PID) control:
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3. Introduction

Industry today is progressively looking towards intuitive methods for reducing cost & increasing the
efficiency of work. Amongst the many ways in which such initiatives can be implemented is the
automation of tasks rather than having them carried out through human interaction. Control
systems are designed into engineering systems to allow for a greater level of controlled automation
and optimisation.

Why use control systems?’
1. To allow for a level of accuracy within the system.
2. To ensure operational boundaries or safety limits are not exceeded.

There are two types of Control Systems:*
1 Feedback = Closed Loop System.
2. No Feedback — Open Loop System.
A Feedback (Closed Loop) System includes—?‘*
On [ Off.
3 State Control.
Proportional Control (P).
Proportional Integral Control (P1).
Proportional Integral Derivative (PID) Control.

L R

Proportional Control is the difference between the start point and a process variable, deviation
should not be large or sudden. The PI allows for a variable within the controller to be turned back to
a set point should an error occur. The Derivative controller is usually used either with a Proportional
Control (Proportional Derivative = PD) or with the Proportional Integral (PID). This gives the
advantage of improving the response of the system.

What is a Transfer Function?

“A mathematical function relating the output or response of a system such as a filter circuit to the
input or stimulus.”*

In other words, it is a mathematical function that describes the characteristics of a system(s)
concerning the relationship between the input and output of the system.

" Digital control system analysis and design, Charles L. Phillips H. Troy Nagle {Hubert Troy), London : Prentice-
Hall c1984,

? Control system design and simulation, Jack. Golten Andy Verwer, London : McGraw-Hill 1991,

* PID Controller Design Approaches - Theory, Tuning and Application to Frontier Areas, Publisher: InTech,
ISBN: ISBN 953-510-405-5. Accessed 1*' June 2017.

* https:/fen.oxforddictionaries.com/definition/transfer function.
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As previously mentioned, one aim of the system is to bring the process under control within two
seconds, with overshoot of less than 5%, a process known as PID Tuning will have to take place. This
can be carried out using a number of techniques:*

Direct Synthesis (DS) method

Internal Model Control (IMC) method

Controller tuning relations

Freguency response technigques

Computer simulation

On-line tuning after the control system is installed

Trial and error

L U S

As MATLAB & Simulink are being used for the purpose of this exercise, computer simulation
combined with trial and error will be used for the process of PID Tuning.

* PID Controller Design Approaches - Theory, Tuning and Application to Frontier Areas, Publisher: InTech,
ISBN: ISBN 953-510-405-5. Accessed 1 June 2017.




4, Method

4.1. To create the initial Control System...

Step 1: Create a variable in MatLab to store the Transfer Function:

Step2: Create the initial Control System in Simulink:
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Ensure the “Add” function is set to “add” and “minus” - this allows the monitoring of the
feedback for the control system:

3| Function Block Parametars: Add ot
| Sum
Add or subtract inputs, Specly one of the fellowing:
a) string containing + or - for each input port, | for spacer between ports
(e.g. ++]-]14+]
b) scalag, == 1, specfies the number of input ports to be summed.

When there is only one nput port. 2dd or sublract elements over all
dimenzsons or one specified dimeanzion

Men | Signal Attributes |
loon shape: _'rectangular —]

List of signs:

+

Sample time (-1 for inherited):
-1

] oK . Cancel I Help J Apply

Double Click on Transfer Function = Assign Denominator values for controller:

[l Function Block Parameters: Transfer Fon “
| Trandter Fen

The numerator coeflicent can be 2 vector or matric expression. The
denominator coefficient must be a vedtor: The output width equals the
number of rows in the numerator coefficant. You should specify the
coafficients in descanding arder of powers of 5.

| Paramaters
Humerator coefficients:
[1}

| Denaminator coefficients:
322]

| Absolute tolerance:
Wl
State Mamea: (e.qg, ‘position”)

"
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Run this function to verify the system:

Open the parameter setting dialog within PID:
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Select Tune:
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The PID Tuner automatically provides a best fit tuned response in relation to the existing setup — this
can be used as a guide to tune the system.

As per the guidelines of the assignment, the control system should be able to bring the process
under control within two seconds, with overshoot of less than 5%.

Tuning the system to within the specified parameters has the following settings:
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4.2, Closed Loop Transfer Function (C*G)....

To create a Closed Loop System within Simulink, the PID Controller has to be removed:

0]

Seope

Tramsder Fon

Verification can be obtained as to whether a Closed Loop System works when compared to the
original Control System by applying the following values to the Transfer Function:

11




These values are entered into the Closed Loop Transfer Function on the new control system:

[l Function Block Parameters: Transfer Fcn et
Transfer Fon

The numerator coefficiant can be a vector or matrix expression. The
denoménator coefficient must be a vector. The output width equals the
number of rows in the numerator coeffident. You should specify the
coeffidents in descanding order of powers of 5.

Farameters
Humerator coefficents:
B35.4 809.5 £3.56]
Denominatar coefficents:
[3 82.11 554 53.4 0]
Absolute tolerance:
aute

State Name: (e.g. "position”)

[ ] w[ Cancel BHelp. || Apply
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4.3, Closed Loop Transfer Function (C*G/1+C*G)....

Further verification of the Closed Loop system can be obtained by removing the feedback loop
within Simulink:

i

ﬂ i numis)
denis)

Stap Trarsfer Fon
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Then, using the following as the control values for the Transfer Function further comparison can be
made:

J_F.J Function Block Pasameters: Transfer Fon g’
Transfer Fen

The numerator coefficient can be 2 vector or matrix expression. The
dencminator coefficient must be a vector. The oulput width equals the
number of rows in the numerater coeffident. You should spedfy the
woefficients in descending order of powers of 5.

Paramelers

Numerator coeffidents:

Denominator coefficients:
[9 452.6 9560 B.044e04 1,248605 1.006e05 4,961604 3400 0]
Absalute tolerance:

auto

State Mame: (e.q. 'position’)

) [ ok ][ cancel [ hHep ][ apply
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5. Results

5.1. |Initial Control System....

Once tuned, the system can be run and checked:

Bl Export Linear System B=E

[¥] Export PID controller |C

| OK [ Cancel ]

Exporting the system allows for this to take place.

Re-Running the simulation makes it possible to evaluate the tuned system:

‘B + | |
Ba B~ OXR 06 % .

Additionally, once exported, a NYQUIST plot and PZPLOT can be used on the exported system to
verify if this system is stable or not.

15




5.1.1. NYQUIST:

This produces the following plot:
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It is useful to zoom in on the plot. The purpose of this is to verify whether point -1 is or is not
included under the curve:

r- Figure 1 [EREITT)
.Elbe Edit  View [Inset Tools Desktop Window Heip u
Ngde A0 LR L8 08| ad

Nyquist Diagram
From: In(1) Te: ufb
25 3 T T T T T 3

Imaginary Axis
&
=
P

As this is not included under the curve, it can be seen that this is a stable system.
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5.1.2. PZPLOT:

A Polar Zero plot verifies where the Poles are for this system:

B Figure 1 (2| @
Eile Edit View Jnset Took [Desktop Window Help »
Degde | [ MaO9Q4£- 2| 0B|
Pola-Zare Map
08 . ) . : :
x
06} R
04 .
) 02
I
2
i 0r- H 28l
E 02t E
E
4} -
06} g
08 L . . . .
=30 -25 -2 -15 -10 -5 0
| Real Axis (seconds™)
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Again, this needs to be zoomed in to verify the results:

B £t Yow Jsot Toos Dekiop Window tip
Dgde RO LEL-S|0B | D

As the points are greater than -1 this also signifies a stable system.
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5.2. Closed Loop Transfer Function (C*G)....
Running the Control System containing the new Closed Loop Transfer Function allows for verification

to be obtained as to whether a Closed Loop system will work.

The following shows the Closed Loop System:

’n Seope

BeB«idnmBdS |

Comparing this to the initial system:

" e

RN L1=TR
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5.3. Closed Loop Transfer Function (C*G/1+C*G)....
(ll Scope

The following shows the output for this System:

20|~ Ok DA%

=% [
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6. Discussion

As expected, the above demonstration has shown that it is possible to reduce a complex control
system to a single block. Why was this expected?

Mathematicians always reduce a formula / equation to its simplest form prior to solving — the results
demonstrated show that this methodology can therefore be applied to the design of a control
system.

Why would this be an advantage — why not keep things in separate and perhaps simpler steps?

Similar to how a computer programmer would work, the advantages to this would be:

5. Maintenance / modification of the control system — the single block allows for an easier
method to accomplish this.

6. Documentation — the fewer blocks in your control system makes it easier to document.

7. Testing — the fewer blocks there are in your system makes it easier to fault find.

8. Improved stability of the system — fewer things to go wrong.

However, breaking tasks down into individual constituent components makes for less ambiguity
when designing a system in response to a particular specification. Individualising each step allows
for analysis to take place to ensure that the designed system is compliant towards the design
specification and fulfils the requirements of this,

It can therefore be suggested that both the initial model and the more simplistic single block model
each have their own individual roles to play.

In other words, a step-by-step complex system can be used to develop a controller and answer the

question "Does it do what it is meant to?”. This system (as demonstrated here) can then be
simplified into a single block (or fewer blocks).

22




7. Conclusion

As shown the initial control system was established in order to provide a comparison (or control) to
demonstrate the effectiveness of any changes. This was tuned to bring the process under control
within two seconds, with overshoot of less than 5%.

Within the results for the initial control system, the NYQUIST and POLAR ZERO plots verified first of
all that the original controller is a stable system. The results then progressed to show that the
Closed Loop Transfer Function (C*G/1+C*G) behaved in the same manner as the original system.

As such, verification of this was then carried out to show that the feedback loop can be removed and
it has been shown that a control system still works in this case. Additionally, comparison has been
made to the initial control system indicating that the two systems behave in the same way.

Therefore it has been possible to calculate and verify a new transfer function to replace the PID
controller.

This ultimately means that “A complex control system can be described through the combined
action of several subsystems”.®

® https://www .samson.de/pdf en/l1102en.pdf
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