SH Instrumentation and
Control Assignment

by Sam Hawkins

Submission date: 14-Dec-2024 02:26PM (UTC+0000)
Submission ID: 246131244

File name: 40790_Sam_Hawkins_SH_Instrumentation_and_Control_Assignment_628421_899855072.docx
(4.23M)

Word count: 2483
Character count: 14748



Samuel Hawkins (2216506) Instrumentation & Control 1

ACDB5011 — Instrumentation and Control

Samuel Hawkins'

T UWTSD 1Q Campus, Waterfront, 1Q Campus University of Wales Trinity, Swansea SA1 8EW, UK;
2216506 @ student.uwtsd.ac.uk

Table of Contents

1.

[oe]

bl

Simulation Setup & RESUILS ... e e e e e e e s

Creating Closed Loop System in Simulink.....

Hand Caleulations. ..o i e
Validating Hand Caleulations ...t et sn e cneeens L]

LR =T =TTl =TT I

Table of Figures

Figure 1 - Phalanx in Operation GIF [4].
Figure 2 - Phalanx on HMS Albion [5] .....
Figure 3 - Phalanx on Type 45 Destroyers [6].....
Figure 4 - Closed Loop Block Diagram.....

Figure 5 - Untuned System Scope ....

Figure 6 - Tuned System ...
Figure 7 - Tuned System Scope.
Figure 8 - Tuned PID Controller .
Figure 9 - Closed Loop Transfer Fun(.ll()n .
Figure 10 - Closed Loop Transfer Function SL()pe..
Figure 1
Figure 12
Figure 13 - Validation Scope Ovelldy
Figure 1 i
Figure 1

Figure 1

1 - Validation Block Diagram ..
2 - Validation Scope...

Abstrac/

This paper has demonstrated how to create a closed loop control system in MATLAB. It has
shown the effects of tuning and has found the values required to achieve arise time of less
than two seconds with no overshoot. Hand calculations have been conducted to validate the
simulation and plots verify the system is stable.
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1. Introduction

1.1. The aim of this paper is to demonstrate an understanding of the theory behind control
systems and to be able to design one with typical software available. Using MATLAB
and Simulink, design a closed loop control system for a close-in weapon system
(CIWS). This system must be able to follow a unit step input and be able to bring the
process under control within two seconds and with less than 5% overshoot. Once this
is completed, the closed loop transfer function must be determined and validated
against using both hand calculation and Simulink simulations.

1.2. PID control systems are essential for modem process control. They are simple to
design and implement making them suitable for uses in various sectors and
applications examples seen are industrial, chemical, mechanical and electro-
mechanical process control. |.e. Thermostats, cruise control, altitude control in aircraft.

1.3. There are four types of controllers, however the focus is on the PID controller. PID
stands for proportional (P) plus Integral (I) plus Derivative (D) and the output is the
sum of these three terms. [1]

1.4. A closed loop system is named this as it uses feedback giving it an understanding of
the state of the system. The system state values are compared to the input state and
subtracted to find the error signal; this value is the remaining control action required to
meet the desired target input value. [2]

1.5. PID controllers are useful here as they use absolute error value, the integral and
derivative to control process value as integral adds up the previous errors and
derivative speculates future errors due to overshoot. The proportional captures the
current error. With these values specified correctly, they will create a functioning PID
controller. '

1.6. The transfer function is a mathematical model that describes how a system's output
relates to its input. This can be seen by the formula below:

Output Value
Input Value Caption required

1.7. The following terms will be discussed many times throughout this paper:

Transfer Function =

¢ Gain - Is the measure of how the system amplifies the input signal to produce the
desired output signal. Low gain is a slow response and stable. High gain has a fast
response and typically unstable.

s Set Point — Is the value that the output of the system is trying to achieve.

+ Tolerance - is the maximum error acceptable for the defined system.

+ Precision - Is a systems degree of freedom from random errors.

+ Reproducibility - Is the closeness of output readings when the same input is applied
when there changes in measurement conditions. In this case method for
determining results.

! An alternative to a PID controller would be to use predictive functional control. This is a model based
approached effective for single input/output applications. This is suitable for processes that have dead time, and
it can constrain both the manipulated and the controlled signal. However, this may be better suited to more low
level, basic controller only. As the intent is to not have dead time in this closed loop system and multiple inputs.
predictive functional control would not be suitable. [7]
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1.8. A famous example of a CIWS is the phalanx. This is an American made automated
weapons system capable of firing 4500 rounds/minute designed to defend against
aircraft, missiles and small boats. As such this system must be fast, responsive and
allow no margin for error otherwise disastrous events may occur. Examples of use by
the UK is on HMS Albion and Type 45 Destroyers employed by the Royal Navy. [3]

Figure 1 - Phalanx in Operation GIF [4]

Figure 2 - Phalanx on HMS Albion [5]
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Figure 3 - Phalanx on Type 45 Destroyers [6]

2. Simulation Setup & Results
2.1. Before designing the closed loop system. The transfer function (G) for the angular
positioning system if the CIWS must be calculated. This required the last three digits
of the student number then adding one.
2.1.1. Student Number = 2216506

2.1.2. Last three digits adding one = 617

coTo
I nn
N =

2.1.3. This is the formula for transfer function (G):

1
G(s) =——
(s) as*+ bs+c
2.1.4. Then substitute the letters with the numbers:

(O =gZvs+7




Samuel Hawkins (2216506) Instrumentation & Control 5

3. Creating Closed Loop System in Simulink

3.1. To create the system, a step, subtract, PID controller and transfer function block was
added and connected as seen in figure 4. This was then attached to a scope with 4
inputs to record data at each point.

>

|: b+ l
— - s—»| PID(s) > Y

62 +5+7
Step

Subtract PID Controller Transfer Fcn

Figure 4 - Closed Loop Block Diagram

3.2. It can be seen in figure 5 that the outputs recorded by the scope show the that the
transfer function does not meet the set point value of the system. As such it would
not even achieve the desired movement required by the CIWS.

4 Scoped - u} X
File Tools View Simulation Help k]

-0 P® - Q-|C-Fld-

Ready Sample based T=10.000

Figure 5 - Untuned System Scope

3.3. To ensure that the system meets the set point, the system was tuned using Simulink
auto tune function which aids the user in altering the response time and transient
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behaviour that modifies the PID values leading to a desired output. Results can be
seen in block column of figure 6. 2

-

Figure 6 - Tuned System

3.3.1. The response and setting time as a result of tuning are:

Response/Rise time = 0.116 Seconds
Setting time = 0.195 Seconds
Overshoot = 0%

Peak =1

3.3.2. The PID parameters as a result of the tuning are:

Proportional (P) = 51.8779
Integral (l) = 5.2028
Derivative (D) = 108.6689
Filter Coefficient (N) = 2077.869

3.4. It can be seen in figure 7 scope, which input one is the step block having a value of
1. Input 2 is the output from the subtract block which receives values from the step
and transfer function “looping” providing the required feedback to make the closed
loop system to function as intended. Input 3 is the output of the PID controller and
output 4 is the value of the transfer function.

? Even before the rise of Al as we know it, neural networks were being developed to create artificial systems
that could perform tasks similar to how humans do. As such an alternative to manually tuning would be to train
a neural network based on desired input and outputs and training the network to achieve the minimum criterium
function. [3]. More recent studies use Al to replace the PID controller or tune an existing one. [4] Using Al
should reduce the time and number of tuning attempts.
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& Scope o x
File Tooks View Simulation Help J
§- O ® - &-[[-|FiA-

Resdy Sample based T=10 000
T
Figure 7 - Tuned System Scope

4. Hand Calculations

4.1. To confirm the values used in the PID controller, hand calculations were conducted
to derive values that would be used in the transfer function block, replacing the PID
controller block.

4.2. Using the PID tuner in MATLAB, the following values were obtained:

Kp: 51.8779
Ki: 5.5028
Kd: 1086689
N: 2077.869
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[*al Block Parameters: PID Controller x
PID 1dof (mask) (link)

This block implements continusus- and discrete-time PID control algorithms and includes advanced features such as anti-windup,
external reset, and signal tracking. You can tune the PID gains automatically using the "Tune..." button (requires Simulink Control

Design).

‘ontroller: |PID ~| Form: Parallel
Time domain: Discrete-time settings
® Continuous-time

- Sample time (-1 for inherited): -1
) Discrete-time

r Compensator formula
Pertop N
14N
5

Main Initialization Saturation Data Types State Attributes
Controller parameters

Source: Internal

Proportional (P): |51.a779402573259 5187 |i
Integral (1): |5.50276753724206 ss028 ||i| [] use I*Ts (optimal for codegen)

Derivative (D): |108.668895?9]845 108.67 | H
Filter coefficient (N): ‘2077.86904734837 2077.9 ||3 Use filtered derivative

Automated tuning

Select tuning method: Transfer Function Based (PID Tuner App) ~

Figure § - Tuned PID Controller

4.2.1. So, the formulas used to derive values to be used transfer function block
replacing the use of the PID controller will be:

1 5
Controller = K, + K; < + Ky %ﬁl
Controller = 51.8779 + 22222 4 108.6689 — >
s 2077.8695+1

1
= (1)
652+5+7

Using the formula:
G = Controller * Plant

4.3. To calculate the forward path transfer function of the system, the controller's transfer
function must be multiplied by the transfer function of the process.

(51.8779 + 25928 1 108.6689 — ) X ( ! )

s — 652+5+7
2077.869

5.5028
s

51.8779 +

1
+108.6689 srzo77w9 | X (=515)

—_— 52+5+7
2077.869
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5.5028

s

= (51.8779 + +108.6689 (s ”20”369)) x (6 ! )

2077.869 S2+5+7

5.5028

- (51.8779 + +108.6689 (s( 2077 89 ))) )
s 5+2077.869 65<+5+7

5+2077.869 652+5+7

- (51.8779 + 2228 1 108.6689 (( 20778695 ))) x ( ! )

_ (51.8779 + 5.5:28 + (225799.73855)) X( 1 )

s+2077.869 652+5+7

_(([5(5+20??.869))><51.8?79)+(s+2077.869)5.5028+5(225799.73865)) ( 1 )
- s(s+2077.869) 652+5+7

_(51.877952+107795.48025+5.5028s+11434.09753+225799.?33652) ( 1 )
- s2+2077.869s 652 +5+7

(225851.616552+107800.9835+11434.09753) ( 1 )
- $242077.869s 652+5+7

_ 225851.616552+107800.9835+11434.09753
- (s242077.8695)(652+5+7)

_ 225851.61655%+107800.9835+11434.09753
T 6st4+534752412467.214534+2077.86952+14545.083s

_ 225851.616552+107800.9835+11434.09753
T 654+12468.21453+2084.86952+14545.083s
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4.4. The values can be substituted into the transfer function block and the block diagram
can now be redrawn as shawn in figure 9 below.

YyYYyYvy

Scopei

D . 225851.616557 + 107800.983s + 1143409753

StepT 65" + 12468.2145° + 2084.8695” + 14545.0835

Subtractl

Transfer Fen1

Figure 9 - Closed Loop Transfer Function

4.5. The results of this can be seen in figure 10. Input 1 represents the step, input 2 and
3 (would have represented the PID controller) represents the subtract value and
input 4 represents the output from the transfer function which then feeds back into
the subtract block, forming the closed loop system.

& Scope

| File Tools View Simulation Help x|

@-|e0r® =-Q-[0-|FA-

Ready Sample based |T=10.000

Figure 10 - Closed Loop Transfer Function Scope

4.6. Input 4 represents the same curve as seen in figure 6 with the block response
meeting the requirements of achieving the desired set point within the allotted time
and with no overshoot and so it can be seen there is no oscillation. However, it can
be seen after achieving set point it then begins to dip below 1. ™
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5. Validating Hand Calculations

5.1. To validate the values calculated above, an additional transfer function is calculated
and subtracted from each other to find zero.

G

TF=1ien
5.2. Where TF is the transfer function of the whole system, G is the forward path transfer
function, and H is the transfer function of the feedback loop, H = 1

225851.61655% + 107800.983s + 11434.09753
65 + 12468.214s% + 2084.869s2 + 14545.083s

1 (225851.61\3552 + 107800.983s + 11434.09753) 1
65% + 124682145 + 2084.86952 + 14545.083s

TF =

225851.61655% + 107800.983s + 11434.09753

TF = 65 + 12468.2145% + 2084.869s2 + 14545.083s
65 + 12468.2145> + 2084.869s% + 14545.083s | 225851.61655 + 107800.983s + 11434.09753
657 + 12468.214s% + 2084.86957 + 14545.083s | 65 + 12468.214s7 + 2084.86957 + 14545.0835

225851.61655% + 107800.983s + 11434.09753

F= 6s* + 12468.2145% + 2084.869s2 + 14545.083s
65% 4+ 12468.2145% 4+ 2084.869s2 4+ 14545.0835 4 225851.616552 + 107800.9835 + 11434.09753

65T+ 12468.2145% + 2084.86957 + 14545.083s

225851.61655% + 107800.983s + 11434.09753

TF = 65t + 12468.2145% + 2084.86952 + 14545.083s
654 +12468.21453 + 227936.485552 + 122346.0665 + 11434.09753

6s% + 124682145% + 2084.869s7 + 14545.083s

TF = 22585161655 +107800.9835+11434.08753 65 +12468.2145% +2084.86957 + 145450835
T as®+12468.2145° +2084 86952 +14545.0835 65 +12468.2145° + 227936, 485557 +122346 0665+11434.09753
TF (225851.61655° +107800.9835+11434.09753) (65 *+124568.2145* +2084.8695° +14545.083s)

T (651+12468.2145% + 2084.86952 + 14545.0835) (659 +12468.21457 + 227936485552 +122346.0665+11434.09753)

TF =
1355109.6995%4 646805.8985% +68604.58518s ¥ 4+28159662875% +13440857255* +142562774.95% + 470871032.85*
3658 4+74809.28457 +12509.2145 +87270.4985 +74809.28457+ 155456 360.356 425994592 8555+ 181351207.554 +1367618.9135 6+ 284196088055+

+224750927.6s° + 23838595.48s° + 32850305085 + 15679742455 + 16630989765
+475217712,65% + 331535510057 + 734076.396s5° + 15254369339 + 255075520.357 + 177953368557 + 68604.58518% + 142562774.957 + 238385954857
+166309897 .65

5.3. Then add the terms together:

TF =
1355109.69956+2816613093s5+18150253625*+365234421153+159181284052+ 166309897.65
3655+149618.56857 +156836488.455+286877682055+21820744585*+371299339553+180337228052+ 166309897 .65
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5.4. Once this is done, the block diagram can be redrawn as shown in figure 11. Adding
the final calculation into a secondary transfer function block that will connect to a
subtract block. This subtract block is connected to the output of the very first closed
loop system design in figure 4. The aim is that the output values from the closed
loop system will be subtracted from the validation hand calculations to show that
they are the same. If this is the case, then the output from the subtract block will be

Zero.
: J
—  J
o
_ }"—‘—‘ PO |—. .
r 1 o Iy
e T I rYrs] |
. P
e <[]
o ™ -
By
+
N 13551096095 + 2R166130935° + 18150253625 + 365234421 15" + 15918128405 + 166309897 b
36" + 149615 568s' + 156836488 45" + 2868TTER20s" + 21B20744585" + 3712093395 + |BO3IT2Z805" + 166309897 i

Figure 11 - Validation Block Diagram

5.5. The results of this can be seen in figure 12 below. Input port 1 represents the step
input. Input 2 represents the output value from the closed loop system used before
the subtract block. Input 3 represents the output value from the subtract block. Input
port 4 shows the output value from the validation transfer function block. It can be
seen that both input port 2 and 4 are from a glance identical to each other.

5.6. Input port 3 shows the value to be a ridiculously small number. The reason this is
not absolutely zero is due to rounding error when canducting hand calculations. If

there were a mathematical error, the value would be much larger.

& Scopel
,.

File Took View Simulstion Help

0P e =0 F@-

@ -

Sample based |T=10.000

Resdy
Figure 12 - Validation Scope
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4] Scopet - 0 X
File Tools View Simulaion Help ¥

@- k@

Rzady Sampie based T=10.000

Figure 13 - Validation Scope Overlay

5.7. Another way to represents the results is seen in figure 13 which is the same scope
readout as figure 12 but the different trace is overlayed on top of each other.

13
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P =

S tmt T
Continuous-time tranafer function.

G = C*P
G =
2.25%e05 5"2 + 1.078e05 s + 1.143e04

€ 2”4 + 1.,247e04 8”3 + 2085 2"2 + 1.455e04 =
Continuous-time transfer function.

> CLTF = (G/(14G})
CLIF =

1.355206 876 + 2.817e0% 5°5 + 1.81520% 5°¢ + 3.652e0% 573 + 1.592e09 5°2 + 1.663c08 =

36 378 + 1.496205 3”7 + 1.568208 376 + 2.86%=09% 3”5 + 2.182209 374 + 3.713209 3”3 + 1.803=09 s°2

+ 1.€63e08 s

Continuous-time transfer fuw

s figure
subplot (2,2,1)
pzplot (F)
subplot (2,2,2)
pzplot (C)
subplot (2,2,3)
pzplot (G)
subplot (2,2,4)
pzplot (CLIF)
>>

Figure 14 - MATLAR Pzplot Instructions

14

5.8. Figure 14 shows the commands used to create a Pzplot for P, C, G, the closed loop
transfer function (CLTF) and root locus (see figure 15 and 16). Their values are from

the tuned PID controller in figure 6. The process (P) was found by using the same

formula used in the transfer function in figure 4. The gain (G) was found using
Control (C) multiplied by the Process. The CLTF was found by:

G
CLTF = (——=
(1+G}
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6. Discussion

6.1. The results show a tuned PID controller being used in a functional closed loop
system. This can be seen in figure 7 after creation and figure 12 after validating.

6.2. A crucial aspect of control systems is stability within the system. It is important as it
reduces the error between the measured process and its desired set point. When
the CIWS is in operation it must maintain it is set point to be able to deliver effect.
On the seas waves hit the ship and the turret must compensate for this. The system
measures where it is and where it needs to be (set point) to maintain correct position
by rotating (process). Delay can occur by any number of reasons such as hydraulic
leaks, worn gears, or faulty motor.® This delay creates lag and so it fails to meet the
set point, this lag then changes the phase relative to the controller and process. This
then leads to the system over correcting and worsening the situation leading to
phenomena like oscillation where the turret will jitter and fail to acquire its target as
the steady state error will not close. This is an unstable system.

6.3. Results from figures 15 & 16 show that the system is stable as all poles are on the
negative axis of the real plane. As if any pole crosses into the positive axis of the
real plane, the system will become unstable.

7. Conclusion

7.1. In this paper, the simulation setup and results show that a closed loop feedback
system was created through a tuned PID controller. These values were abtained:

Kp: 51.8779
Ki: 5.5028
Kd: 1086689
N: 2077.869

7.2. The subsequent iteration of the system shows the output to have the appropriate
gain and that there is no oscillation, overshoot of less than 5% and achieved set
point in the time required of less than two seconds and so has demonstrated that the
system is stable.

7.3. If this were to be done again, a Nyquist diagram can be plotted to better understand
the stability of the system.

3 Error can be introduced through any manner of ways. There are new approaches to predict closed loop stability
to create a more efficient feedback gain that will lead that will respond to real time errors as they are introduced.
These methods are significant as it provides an alternative to using manual trial and error tuning. [10]
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improved your mark here

KNOWLEDGE & UNDERSTANDING

Knowledge of the basic underlying concepts and principles of a subject.

y‘

Knowledge is extensive. Exhibits understanding of 20 4
the breadth and depth of established views. i

A little more detail in your descriptions of the

concepts you are using would have given you

more marks here.

COGNITIVE & INTELLECTUAL

Evaluate underlying concepts and principles of a subject and interpret
qualitative and quantitative data in order to develop lines of argument
and make sound judgements.

yﬁr

"Sound, logical, analytical thinking; synthesis and 1 9 5
evaluation. Ability to devise and sustain .
persuasive arguments, and to review the

reliability, validity and significance of evidence.

Ability to communicate ideas and evidence




accurately and convincingly.
Sound, convincing conclusions /
recommendations

A bit more detail in your analysis of the results
and the implications of them for the CIWS would

have given you more marks here.

PRACTICAL APPLICATION SKILLS

Different approaches to solving problems in particular contexts.

y‘ An advanced application of a range of methods, 1 4
materials, tools and/or techniques.
The context of the application is well considered,
with extensive use of relevant examples.
Application and deployment extend beyond
established conventions. Innovation and creativity
evident throughout.

TRANSFERABLE SKILLS

Communicate the results of their study/work accurately and reliably,
and with structured and coherent arguments; the qualities needed for
employment requiring the exercise of some personal responsibility
within a structured and managed environment.

y‘ Can communicate well, confidently and 6 5
consistently in a suitable format. .
Work is coherent and fluent and is well structured
and organised.

Refer to things by their numbers.

Caption equations as well as images.

Your writing style needs a little work, you
occasionally refer to things using the wrong
terminology,






