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Abstract

Advance control systems have benefitted industry tenfold over the past 20years. Proportional
Integral Derivative (PID) Control Systems are now common place and continue to play a big part
in automation. To make these systems more productive, they need to be adjusted and tuned to
create the most efficient output for their purpose.

In this assignment task 1 will outline process of producing a control system and reigning in a
PID control system to meet requirements specified by the assignment author. Task 2 part 1 will
show how to achieve combining the PID controller and the transfer function together. Task 2
part 2 will show how to compress the design further into what is simply a single block
controller. In the process we are continuously validating the output data against the original, to
make sure it conforms to the original specification,

The outputs on the scopes will be the primary signal output for the control systems produced
for Task 1, 2 part 1 and 2 part 2. The results for task 1 will also be displayed in a variety of forms
to help evaluate the results and performance of the overall system.

2 Introduction

A system, or machine without smart control is only using 10 percent of its functionality. It is
basically an On/Off system that will only function when the user triggers it. Examples of this
range from hand drills to car air conditioning many years ago. Systems have improved vastly as
technology has been enhanced and developed further, This advancement has allowed us to
control the system and greatly expand on its very functionality and capacity. So an in-car, air
conditioning system many years ago would have been functioned by turning a switch to the
temperature you needed. A constant heat or cold would be output and the temperature would
need to be manually reduced as the car interior would overheat of freeze. Now days you can use
climate control which will keep the car interior at a constant and stable temperature as selected,
using something called a Control Transfer Function. This is one of the many uses of a control
system.

There are a lot of different types of control system:

Proportional Control System (P)

Proportional Integral Control System (PI)
Proportional Derivative Control System (PD)
Proportional Integral Derivative Control System (PID)

Y ¥ V¥V

For this assignment a PID control system was used and was simplified throughout the tasks.
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The three main variable parts that are required to produce a PID are; Proportional Control,
Integral Control and Derivative Control. The PID controller uses these variables as part of its
control system and by combining the responses from each strengthens the overall control
system.

Proportional Control (P) at its very simplest, produces an output that is proportional to the
error signal received. An example of a proportional control system is a house thermostat; [1]
“Proportional controls are designed to eliminate the cycling associated with on-off control. A
proportional controller decreases the average power used by the heater as the temperature
approaches setpoint. This has the effect of reducing the heat that is added to the process so that
the temperature approaches the setpoint without overshoot. This proportioning action can be
accomplished by turning the output on and off for short periods of time.”

Integral Control (I) works by making sure the signal that is output is proportional to the integral
of the error signal received.

Derivative Control (D] is never used on its own and usually used with proportional and
proportional integral systems. [2] “In a derivative controller the output (also called the
actuating signal) is directly proportional to the derivative of the error signal.”

Using these the PID controller produces a response signal that is proportional to the signal error
received, it compares the set point with the actual value. To get the output the error is then
multiplied with the proportional constant. The Proportional control has a limitation which is
that an offset will exist between the set point and the variable. This is where the Integral control
comes in to play. The error is integrated over a time period until it falls to 0. Finally, the
Derivative controller helps to increase the system response by multiplying the derivative
constant by the errors rate of change over time.

Author Background

At work we use PID controllers in the form of a Eurotherm; Multi-loop temperature controllers
(PID). These we use to control the various conditioning units/chambers that we have
throughout our facility. We provide the Eurotherm PID controllers with individually selected
programmes, laid out in temperature [air) set points and differing timescales for each
temperature. For example, over 24 hours the test assets conditioned might see 6 hours ambient,
6 hours at -30 degrees 6 hour at +40 degrees and 6 hours at 60 degrees. This is all controlled via
the PID control system and works as described above by measuring the actual temperature and
comparing it to what it should be (set point) and then changing the output of the conditioning
unit to suit.
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Task 1
An industrial process has the transfer function G(s) given by the equation below, where a,

b, and c are values assigned to you shown in the table at the bottom of this page.

1

G L ——
(s) as*+bs+c¢

Using MATLAB and Simulink, design a control system capable of controlling this process.
Following a unit step input, your control system should be able to bring the process under
control within two seconds, with overshoot of less than 5%. Critically analyse the control
system through the use of pole-zero diagrams and Nyquist diagrams.

Task 2
Using your control system from Task 1, find the closed loop transfer function of the system

as a whole, i.e. the industrial process and the control system you have designed. Validate
your results by comparing the results of simulations of the single transfer function and the
simulation results from task 1.

Task 3
Write a report detailing the investigation and your findings. Your report should contain

the following sections: abstract, introduction, method, results, discussion, conclusion,
references. All references used should be cited in your text in the relevant place and listed
numerically at the end of your report.
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Student ID A b c
P148567 5 2 5
P148324 5 2 3
P148321 3 2 2
P148322 2 1 5
P148323 5 5 2

3 Method

The idea is that this little controller will be part of a bigger system.
Task 1- design of PID controller

Combining the controller and the process

Task 2 part 1- simplified version of PID controller

Simplifying and updating the model.

Task 2 part 2 - even more simplified version ofa PID controller

Even more simplified version of the PID controller,

Task 1

The basic schematic for a PID control system.

, m o

e=error r=reference input y = controller output
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The PID control circuit was built using Simulink in MATLAB. (below an overall schematic of the

system built on Simulink)

+ i
FEN -
| =
ol B0 o Tawerea

The values shown on the scope will be the output values that provide the evidence for Task 1.

Command Window

'f.?' New to MATLAB? Watch this Video, see Examples, or reac

»> G=gL([1l], [S 2 3])

532 +2s3+ 3

Continuous-time transfer function.

>> simulink

|

The unique numbers allocated for this assignment were inputted to create the continuous time
transfer function as shown above, Simulink was then utilised to produce a control system.
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The input of the Denominator Coefficients (5, 2, 3) into the function block parameters transfer
box.

The Proportional, Integral and Derivative were formed by clicking on the PID controller and
selecting the “tune” option that is part MATLAB's Simulink application.
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The idea of tuning the PID controller is to get the best out of the controller making it more
efficient. This is done by using the built-in tuner, but can also be tuned manually by adjusting
the Response Time and Transient Behaviour slide controllers to PID's overall performance,

The settings of the controller model were saved and exported to the MATLAB workspace shown
below as C, but later changed to C1 due to problems (please see the discussion section).

Workspace
i MName « Value Min Max
@ C <14 pid>
=[G <Ind tf>
o xISgRoot "CAXilinA14.7\ISE_DS...

10
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When the system was run the following outputs were selected for the scope to understand
overall what is going on in the control system and to make sure it functioning correctly. (Below)

The top window is the Input Signal, 2nd down the Error, 3 down PID output and bottom the
control.

H secpe =
CL RN L1AEEE

il

F—1

Task 2 Part1

MATLAB's Simulink was used again to produce a slimmed down version of the original design
used in task 1. The PID controller was removed from the feedback loop and amalgamated into
the overall transfer function.

r oo M

e=error r=reference input y = controller output

Bmpe

I -

ToieiFon

11
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The MATLAB software processed the information inputted and calculated the function
coefficients. These were used in the Transfer fcn application and inputted as parameters. (Note:
the coefficients that do not exist are replaced with a 0)

>> [C1l#*G)
ansg =
From input to output "ufb™:
7885 372 + 7848 = + 1151

S 84 + 374.8 2”3 + 132.1 "2 + 223.7 =

Continuous-time transfer function.

-
Fa| Fumction Elock Parameters: Transfer Fon “
Transfer Fen

The numerator coefficlent can be a vector or matrix expression. The
denominator coefficient must be a vector: The output width equals the
number of rows in the numerator coeffidient. You should specify the
coeffickents in descanding order of powers of 5.

Farameters

Numerator coefficients:
(7885 7848 1151]

Denominator coefficients:
[5374.8 152.1 223.7 0]

Absolute tolerance:
auto

State Name: (&.4. "position’)

2 [ ox J[ concel [[ wew |[ spoy |
W
>» ([C1=G)

From input to ocutput "ufb™:
7885 542 + 7248 = + 1151

Continucus-vime transfer Iunotion.

12
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The system was run, again each of the following outputs were selected for the scope to
understand overall what is going on in the control system and to compare it again the original
control system in task 1. [Below) The top window is the Input Signal, Middle the Error and

bottom the control.

. |

20 Hv: ORMm|Bas -

Task 2 Part 2

e=error r=reference input y=controller output

The last part of the task was to include the feedback in the transfer function, again this included
the use of MATLAB's Simulink to build and simulate the system checking for the performance of

the output.

i

a
H
g
L H

13
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The formula (below) was calculated and used to produce the final simplified control system. The
parameters calculated were entered in the Transfer fnc application.
2> He (TG /(14 (C176))
A =
From input "wik" to output "uib":

3.942e04 2”6 + 2.994e06 8”5 + 4.146eD6 =2™% + 3.389e06 573 + 1.93e06 =2 + 2.575e05 =

25 58 + 3748 2*7 + 1.814e05 56 + 3.1le0f 5*5 + 4.337e06 5°4 + 2.45Te06 53 + 1. 9BeDE 5°2 + 2.575e05 o

Continuous-time Tranafer funcrlion.

Camemand Window
(@) Mew te MATLAB? Watch this Vides, sec Bxamplss, or reed Getting Startes,
. [ Function Block Pacameters: Transter Fon |
_______________ Transfer Fen

The numerator coefficent can be a vector or matrie expression. The
dencminator coefficient must be a vector. The output width equals the
Continuous-time cransfer function. number of rows in the numerater coefficient. You should spedfy the
coefficents in descending order of powers of 5.

»> smimulinlk

Parameters

Mumerator coeflicents: meded To

[3.942e04 2.994e06 4.146e06 3.38%e06 1.93e06 257505 0]

Denominator coefficents:
e N = ) ItS 3748 1.614005 311006 4.337e08 3457206 1.98e06 2.57%:05 0]
Varisbles nave been sreatea in The surven Absolute tolerance:
default -2 ke

State Mame: (.0 ‘position’)

- ¥

Varisbles have been cr=ated in the current workapad)

sefauts vatue of 0.2 for caxiwen @ [k ] [concel | [ el ] [ aowr ]

»> nyquiss (C1~G)

> axis sgual

33 figure: pzplac (C146)
i He(C1G) S (1% (CL7G) )

From input "ufb™ to ocutput "ufb":
F.042a04 876 + 2.994%06 275% + 4.14%e06 774 + 3.309e0€ #°7 - L.93e06 #7373 - I.575e05 #

Continucus-time czansfer function.

ﬁ)?—

The control system combined both the PID controller and the feedback into the transfer
function.

14




Jake Tyrrell

The final version of the control system was run. (Below) The top window is the Input Signal and
bottom the control.

B scope
= Ewi DRfkBas

15
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5 Results
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6 Discussion

Task 1
Using MATLAB and Simulink, design a control system capable of controlling this process.

Following a unit step input, your contrel system should be able to bring the process under
control within two seconds, with overshoot of less than 5%. Critically analyse the control
system through the use of pole-zero diagrams and Nyquist diagrams.

The results show exactly what is wanted in the task 1 specification. The system settling time is
vastly under the 2 second time at 0.273 seconds and the control system has an overshoot of

2.27%.

Comtrolier peramesers

Tuned Bleck
] MIS060T 1030607
] 15,8058 15045
o HEE S 104 3562
] T 5508 5504

Paferraanss and rebmitoess

Tunes Blask

Rie treee 0073 seconds 00731 veconds
Sesthng ime - 0373 seconds
‘Dweshact 237%

Feai oz

G magen Ied k2 bl ad’s I O 2 ¥ el
Phase masgen T3 deg @ A uss T3 deg § 204 raelis
Cleved desp ctabdiny Stable Stakle

Studying the result from the Nyquist diagram I found that the control system is stable this is due
to fact that when you zoom in on the diagram to the red X (-1), it is outside of the curve (see
below). Stable systems do not include the point “-1” under their curve.

b P

=
e

-

¥
Bt

Again looking at the results shown in the Pole-Zero Diagram the poles are on the left hand side
of the diagram indicating again that the control system is stable. If the poles were located on the
right side of the diagram it would indicate that there is potentially a time signal that increases
without bound meaning that the system is unstable.

19
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Imaginary Asis (seconds™)

; i
A2 -1 08 06 04 02
Real Axis (seconds™ )

=)
(=]
{5

During the process of producing a control system to the specification required by Task 1 there
were a few bugs in the system that had to be ironed out. One of which, made the Filter
Coefficient (N) very high affecting the overall output of the PID.

A change like this in a real control system would wreak havoc and potentially cause damage as
the controller effort/outputis all over the place,

20
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Task 2

Using your control system from Task 1, find the closed loop transfer function of the system
as a whole, i.e. the industrial process and the control system you have designed. Validate
your results by comparing the results of simulations of the single transfer function and the
simulation results from task 1.

The results are very positive they show a stable system that has a similar output as in task 1,

meaning that the slim lining of the system has been successful as it has basically produced the
same output.

0 seope = | )
EOEER I LLIEEE] -
il il =
(Below) Task 1 scope results on the left and Task 2 part 1 scope results on the right.
I scope == | L o il
FEE LTI R e E« i Gk BaS »

21
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Task 2 Part 2

Again in part 2 the results are very similar as in task 1 and task 2 part 1 giving confidence in the
fact that the slimmed down version of the original control system has the same ability overall as
the individual design control system.

B scope L= | .
BeM~i Nk Ba% |

Evaluating the output of each of the three control systems they have almost exactly the same
output signal. When comparing output signal shape for each, they have the same trend as well,
meaning that each control system has near enough the same performance.

7 Conclusion

Overall the results showed the output that was expected from the control systems that were
produced to the specification required in the assignment. The output signal was very similar
throughout each task, with all of the different changes to the system. It was the ideal result as it
demonstrated that the control system could be reduced down to one simplified block with
feedback on Simulink, instead of an assortment blocks that included PID’s.

Although there were some problems with the MATLAB software and mistakes were made in the
first task these were quickly and easily corrected and acted as a learning curve, which gave a
greater understanding to the MATLAB Simulink software and the control system itself.

Ultimately the standards set in each task of the assignment were met and the results prove that
a closed loop control system, (shown in task 1) can be reduced to an open loop system (shown
in task 2 part 2) without any substantial effect on its overall performance.

22
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