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Abstract

This report contains the design and analysis of a CIWS turret close loop control system simulation
using MATLAB and Simulink. The design parameters and specification requirements were to have the
control systems settling time under 2 seconds and the overshoot under 5%. The simulation met these
requirements with a settling time of 3.88% and 1.02 seconds. The control system was validated using
mathematical transfer function and Laplace transfer functions. The system was concluded stable by
the analysis of pole zero plots and root locus graphs.

1 Introduction

1.1 Overview of Report

Contained in this report is the investigation into the performance of a simulation of a control system
for an angular positioning system for an automated Close-In Weapon System (CIWS) turret. The aim
contained in the brief was to create a closed loop control system for a CIWS turret using the software
MATLAB and Simulink. The transfer function G(s) was given:

1
G(s) = —————
() = 1052+ 105 + 5 (A

The requirement of the system set out in the brief was to bring the positioning system response under
2 seconds and with an overshoot of less than 5%.

The brief required the closed loop transfer function of the system as a whole to be validated by
comparing the results of simulations of the single transfer function and the simulation results.

Further on in this report are the details of the simulation set-up as well as the parameters used, results
a discussion and a conclusion.

1.2 Control Systems

A control system is a system consisting of various components that are designed to control and
regulate the behaviour of a larger system or process by adjusting the input to produce a desired output

[1].

A control system is a component used wildly for a number of processes. Such as industrial, domestic,
and medical. A control system is used in traffic control process e.g. Traffic lights, to make decisions in
real time for consistent and safe control of vechcials on the roads. Control systems are used to keep
operations and processes, smooth, efficient, safe and abide by standards and regulations [1].

1.2.1 Types of control systems
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* Closed Loop Control Systems- A closed loop control system is one that regulates a system
using a feedback loop from the output to the input to maintain a desired state without the
requirement of human interaction [2]. The control system is a more adaptive and therefore
gives more accurate outputs. Such is required from a thermostat in a home to continually
detect the room’s temperature and turn the boiler to on when the temperature is read below

threshold.
D:tr;:tror Actuating
Signal output
Controller'—'l Plant I——D
+ Error
Signal
Feedback
Elements
Feedback
Signal

Figure 1 Closed Loop Control System [1]

s Open Loop Control Systems — An open loop control system is one that has no feedback [1].
An example is a traffic control system based on a timer.

Actuating
Input Signal Output
——»| Controller Plant |

Figure 2 Open Loop Control System (1]

1.3 PID controllers

Proportional-Integral-Derivative (PID) Controllers are devices for fine control of a process to minimize
errors in outputs to keep the system in question running smoothly [1]. The tuning process involves
determining what controller parameters produce the desired output. This allows the process to have
minimal errors between the variables of the process and its set point [3].

There are four types of PID controller:

s Proportional (P) controller

e Proportional plus integral (P1) controller

* Proportional plus derivative (PD) controller

e Proportional plus integral plus derivative (PID) controller [4]

PID controllers can reduce the overshoot response to a step reference change. This is the controller
used in the Close loop control system discussed in the main body of this report. As feedback control
can cause a closed loop system to become unstable, a PID controller is vital to the systems stability.
The stability of the system is investigated in the discussion of this report using close loop poles on a

root locus plot [4].
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2 Simulation Setups

Using MATLAB Simulink function, the process controller for the CIWS turret was created using
elements such as: a step generatar, Comparator block (properties set to + and -), PID controller block,
Forward transfer function block and Oscilloscope. See Figure 3.

L)

j ’ 1
’_. FIoes) 105 + 105+ 5

Figure 3 Control system simulation setup in MATLAB Simufink
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The PID controller block was manually tuned until the threshold value of process control within 2
seconds with an overshot of less than 5%. For the PID controller values see Figure 4 the values for Kp
(P), Ki (1), Kd (D) and N can also be seen is this figure, this is then used for the mathematical calculations.

("4 Block Parameters: PID Controller
PID 1dof (mask) (link)

This block implements continuous- 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).
Controller: PID ~| Form: |Parallel
Time domain: Discrete-time settings

(® Continuous-time
Sample time (-1 for inherited): -1
O Discrete-time

¥ Compensator formula

pPiriip XN
z

1+N1
]

Main Initialization Saturation Data Types State Attributes
Controller parameters

Source: | internal

Proportional (P): [163.011826348851 e |;

Integral (I): |68.02659990:H71? .07 | i| [] Use I*Ts (optimal for codegen)

Derivative (D): |96.5690288618109

96,569 ‘ A

Filter coefficient (N): |1‘113.59097303L31 116 |3 Use filtered der

Automated tuning

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

[ Enable zero-crossing detection

E Cancel Help Apply

Figure 4 PID controller parameters
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Figure 5 shows the control parameters for the PID controller. The PID contraller produced a system
with the settling time of 1.02 seconds and an overshot value of 3.88%. The tuned response of the
system is displayed in the step plot.
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|Phase margn 8550, @0.74rads 855 0s9 @974 raais
Ciosedon sapsry | Stase Sugie

1 s Close
Time (seconds)
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Figure 5 PID tuning and performance i.e. settling time and overshoot
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The simulation parameters assigned in the brief for the forward transfer function block can be seen in
Figure 6 and in Figure 3.

m Block Parameters: Transfer Fen x
Transfer Fcn

The numerator coefficient 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 coefficient. You should specify the
coefficients in descending order of powers of 5.

"Parameter tunability’ controls the runtime tunability level for numerator and
denominator coefficients.

‘Auto’: Allow Simulink to choose the most appropriate tunability level.
'Optimized': Tunability is optimized for performance.
‘Unconstrained': Tunability is unconstrained across the simulation targets.

Parameters
Numerator coefficients:
[1] 1

Denominator coefficients:

[10105] [10.10,5] |t

Parameter tunability: |Auto

Absolute tolerance:

auto

State Name: (e.g., 'position’)

J |II Cancel Help Apply

Figure 6 Transfer function parameters {plant)

Figure 7 shows the PID controller and transfer function, G (s) multiplied together and added into the
simulation as a validation of the simulation. The mathematical formulas and values from the
simulation to undertake this validation are shown in Figure 5 and 6 and the following equations.

G(s) =———15]

as?+bs+c
a =10, b= 10, c=5
s

1

1
Kp+Ki§+Kd
W5+1

Using the PID tuner in MATLAB Figure 5, the following values were obtained:

Kp = 163.0118, Ki = 68.0266, Kd = 96.569, N = 1113.591 s = Laplace varible
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Laplace transfer function of the PID controller:

1
163.0118 + (68.0266 ;) + 96.569 1

1113501 T 1

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 using Laplace transfer functions.

68.0266 s

+96.569 — ) X (1us£+1us+5)

1113 591

(163 0118 + ——

68.0266
(163 0118 + 222 1 96,569 —— sgl) X (wsmms)

1113591

68.0266 5+1113. 591
163.0118 + 20260 +96.569( : x )
1113.591 1nsé+1ns+5
68.0266 1113.591
163.0118 + 22%%°© 4 96,569 >< )
S+1113 591 1052 +105+5
68.0266 1113 5915
163.0118 + 529256 | 96569 % )
5+1113 591 IDS‘+IDS+5
68.0266 107538.36935 1
163.0118 + + ( )) % ( : )
5+1113.591 1052410545
(((s(s+1113‘591))><163.Dl18)+(s+1113.591)68.0266+5(107538‘36935)) ( 1 )
S(s+1113.591) 1052+105+5
(163‘0 11352+181528‘47345+6B.U2665+75753‘809524-107538‘369352) ( 1 )
5241113.591s5 1052410545
(10770 1.3311524-131596.55-{-75753‘30952) ( 1 )
5241113.5915 1052+105+5

107701.38115%+181596.55+75753.80952
(5241113.5915) (1052 +105+5)

107701.38115%4181596.55+75753.80952
105*+105%+552+11135.915%+11135.9152 +5567 9555

107701.3811524181596.55+75753.80952
105%+11145.915%+11140.9152+5567.9555
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The block diagram is redrawn as, see Figure 7.

Control System Design

I :

107701.38115” + 181596.55 + 75753.80952

105* + 11145915 + 111409157 + 5567.955s

Figure 7 Control system validation controller and process multiplied together

The feedback loop was removed and the transfer function of the system as a whole is calculated in

the using the following equation:

G

= 1+GH[ ]

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, in this case H = 1.

10
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Figure 8 shows the block diagram redrawn as a single block.

Lk 1
i | P M I TE T

Figure 8 Control system and TF calculations added into simulation as a transfer function block

Both scopes were compared to ensure the transfer function of the whole systems was correct, see
Figure 9 for scope 1 and Figure 10 for scope 2. Analysis of these displays are discussed in the discussion
part of this report. The scope inputs can be seen in Figure 8.

‘

Fle Took View Simulation Help

G- 4Qr 8|5 Q- (- FB-

Ready

Figure 9 Oscilloscope readings from control system
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Figure 10 Oscilloscope of control system after mathematical validation
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Figure 11 shows the MATLAB programming for the pole-Zero plots to be drawn.

Mew to MATLAB? See resources for Getting Started.

Continuous-time transfer function.

163.1 s*2 + €8.17 s + 0.0610%

10 3”4 + 10.01 3"3 + 5.009 3°2 + 0.00449 »

Continuous-time transfer function.

>> P=tf(1,[10 10 5])

P =
i
10 s*2 + + 5
Continuous-time transfer function.
>> figure

>> subplot(2,2,1)
>> pzplot(P)

>> subplot(2,2,2
>> pzplot (C)

>> subplot(2,2,3)
>> pzplot (G)

>> subplot(2,2,4)
>> pzploc (CLTF)

€107 s™€ + €.981e05 5°5 + 2.032e06 5”4 + 2.334e06 53 + 1.315e06 8"2 + 3.255e05 s

100 8°8 + 2.247e04 87 + 1.291e06 8°€ + 3.223e06 8”5 + 4.534e06 8¢ + 3.57 8*2 + 3,255e05 o

time transfer function.

[

Figure 11 MATLAB control window

14
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3 Results

Figure 12 left- shows the scope for the control system compared to right - transfer function of the
whole system. Both the top graphs show the input, this should be the same as the signal is coming
from the same input block. The second graph on the left displays the signal after the comparator block.
The third graph on the left shows the signal after going through the PID controller. The last graph on
the left shows the output of the control system, after the PID controller and transfer function block,
this is the same as the middle graph on the right, showing the signal after going through the transfer
function of the whole system, both signals displayed on the scopes appear to be the same. The final
graph on the right is the difference between both outputs using a subtract comparator block. The
difference is minimal as displayed by the 10° value on the top of the graph. The difference is also in
the negative and appears to settle at the right of the graph, no longer declining.

Figure 12 Oscilloscope values from the control system and after the mathematical validations, compared

15
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Figure 13 shows the Pole-Zero plots from the simulation of the closed loop control system. The graphs
in this figure show the poles are denoted by ‘X’ and the zeros, denoted by ‘0’ . Shown on the graphs
is all the poles of the system are in the negative real part of the graph. Furthermore, shown in Figure
14 there are no poles with the real part equal to zero on the real axis.
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Figure 13 Pole Zero and Root Locus Plots of the control system
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Figure 14 Root Locus Plot of the control system

16




2217994 Control System Design

4 Discussion

Firstly, the mathematical calculations validated the simulation as the difference between the outputs
in the simulation displayed on the scope, Figure 12, showed a very minimal difference of 9x10°.

The simulation also displayed stability shown in the root locus plots calculated by the software, Figure
14 . The poles of the closed loop system are all on the negative real axis of the graph, also when
zoomed in to the graphs there were also no poles equal to zero, Figure 13 and 14 [4] [7].

The system stability was again proved during the tuning of the PID controller , there is no ringing and
little overshoot displayed in the PID controller produced a system with the settling time of 1.02
seconds and an overshot value of 3.88% Figure 5, both values are within the scope of the brief.

5 Conclusion

To conclude, the results from the simulation show that the model of the CIWS turret was successful
and within the design parameter. With the values given at the start of this report form the brief the
overshoot and settling time were able to be achieved with an overshoot of 3.88% and 1.02 seconds.
The system stability was investigated, and the conclusion stands that the system is suitable stable.
Thus, meaning the CIWS turret can perform adequately.

To improve this system more time could have bee allocated to the finer tuning of the controller
parameters to further reduce the overshoot and settling time. The mathematical validation of the
model would have to be recalculated but this could theoretically be completed quickly as the process
is already laid out.

17
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