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Abstract
This report is written on the subject of a closed loop system used in an automatic CIWS gun turret. Using MATLAB and Simulink, a control system was designed with the purpose of controlling a given transfer function within the design parameters, namely that the process is brought under control within 2 seconds with an overshoot of no greater than 5%. The results from this simulation were then compared and validated against a single transfer function simulation.
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1. Introduction
This report is written on the subject of a closed loop system used in an automatic CIWS gun turret. A gun turret can be defined as a stationary defensive weapon with one or more degrees of freedom and kinematic movement. [1] Automated gun turrets such as the Close-In Weapon System (CIWS) are used in military applications for their improved speeds of engagement over the reaction speed of human soldiers. [1] CIWS turrets are particularly effective at neutralising their target due to the rapid rate of fire with which they attack, as well as their projectiles moving significantly faster than the speeds of standard targets such as drones and anti-ship missiles. [1] A high degree of stability and precision is required from the system’s electronics to ensure that fast-moving targets can be destroyed in a combat environment, therefore low overshoot and settling times are desirable to ensure angular positioning controls can be engaged within acceptable combat parameters. A common example of a CIWS turret is the Phalanx CIWS, the only deployed CIWS capable of autonomous search, detection, evaluation, tracking, engagement and kill-assessment functions. [2]
This report will discuss the use of a closed loop control system, in which the output is fed back to the input. As such, the control action is dependent on the desired output. While closed loops can create additional difficulties in a system, such as extra weight and risk from failure due to increased system complexity and number of components, they can also create benefits. These include the ability to modify damping, such as mechanical oscillations and alternating electric currents, to create a more stable system, as well as reducing sensitivity to modified system parameters or external factors by compensating for these changes. [3] Increased component complexity may result in additional challenges for military operators in the field, potentially requiring more advanced calibration, control and maintenance procedures for effective use of the weapon.
Taken from the assessment brief, the angular positioning system of an automatic CIWS turret has the transfer function G(s), given by the equation below, where values for a, b and c were substituted with 8, 4 and 0 from my student number.
Transfer function G(s) = 1 / (as2 + bs + c)
Transfer function G(s) = 1 / (8s2 + 4s + 0)
Equation 1
The aim of this report was to design a closed loop control system capable of bringing the above function under control within 2 seconds with an overshoot of no greater than 5%. The transfer function of the system as a whole could be calculated from simulating this in a Simulink block diagram and its simulations could then be used to validate the results of the initial single transfer simulation.



















2. Equipment
In order to design a closed loop system capable of controlling the given transfer function within the required parameters the software packages MATLAB and Simulink were used. MATLAB is a programming and numeric computing platform capable of analysing data, developing algorithms and creating models and is used worldwide by engineers and scientists. [4] Simulink is a block diagram environment used to create multidomain models, simulate theories before practical tests are required, and to deploy systems without writing code. [5]
Figure 1 below is a screenshot of the initial closed loop control system designed in Simulink. While the creation of this will be discussed within the method section of this report, the equipment used in the block diagram will be discussed here.
[image: ]
Figure 1: Block diagram of the initial closed loop system
Moving from left to right in the block diagram, a step block was used to begin the system. This provides a step between two definable levels at a specified time, and allows the user to modify the time taken for the output to move from the initial value to the final value. These parameters can be used to control the block output. [5] 
The sum block performs addition or subtraction on the input and is placed between the feedback loop and system input to regulate the control signal by determining the error between the actual output and the desired output. This produces an error signal to which the controller responds. [6] A feedback loop is fed back into the sum block from then transfer function output.
The Proportional, Integral and Derivative (PID) controller is the most common control algorithm within systems control. [7] The control signal in a PID controller is equal to the sum of P, I and D, where P is proportional to the error value through the controller, I is proportional to the integral of the error and D is proportional to the derivative of the error. [7] 
The transfer function is a linear, time-invariant system obtained through the Laplace transformation of system dynamic differential equations. They can be used to perform time-domain and frequency-domain design and analysis, simplifying the process by using simple algebraic equations rather than differential equations. [5] 
The scope displays time-domain signals and is optimised for general time-domain simulation. The output of each block is connected to the scope to provide results in a graphical format for analysis. [5]















3. Method
As shown in Figure 1, the initial closed loop system was designed as a block diagram in Simulink. The Step time was set to 1 second, with an initial value of 0 and final value of 1 and a sample time of 1 microsecond. The sum block has a positive and negative input, while initial PIDN values were set to 1,1,0,1. The transfer function was taken from the brief, substituting my student ID values in as required. The simulation was run in Simulink and screenshots of the results were taken. After this, the PIDN values could be tuned to within the parameters set by the brief, namely that the process is brought under control within 2 seconds and with an overshoot no greater than 5%. This was achieved through the tuning setting in Simulink, creating modified PIDN (where N is the filter coefficient) values which could be used to calculate the overall transfer function for the system as shown below. A settling time of 0.337 seconds with an overshoot of 1.73% was tuned. The simulation was run with these new values and screenshots taken of the results. Appendix A shows the PIDN for each simulation.
[image: ]
Figure 2: Initial transfer function tuned parameters
Working out the final transfer function:
Equation 1 shows the transfer function as given by the brief. Equation 2 shows the PID controller.
PID controller = (Kds2 + Kps + Ki)/s
[bookmark: _Hlk140618117]PID controller = (77.181s2 + 55.561s + 4.146)/s
Equation 2
The PID controller and transfer function cascade and therefore can be multiplied together and simplified:
G = (1/ (as2 + bs + c)) * ((Kds2 + Kps + Ki)/s)
G = ((77.181s2 + 55.561s + 4.146)/s) * (1 / (8s2 + 4s))
G = (77.181s2 + 55.561s + 4.146) / (8s3 + 4s2 + s)
Equation 3
The negative feedback can be removed with the following equation, where Y is the closed loop transfer function and H = 1:
Y = G / (1+GH)
Y = ((77.181s2 + 55.561s + 4.146) / (8s3 + 4s2 + s)) / (1 + (77.181s2 + 55.561s + 4.146) / (8s3 + 4s2 + s)) * 1)
Simplified:
Y = ((77.181s2 + 55.561s + 4.146) / (8s3 + 4s2 + s)) / ((1 (8s3 + 4s2 + s) + 77.181s2 + 55.561s + 4.146)) / (8s3 + 4s2 + s))
Y = (77.181s2 + 55.561s + 4.146) / (8s3 + 81.181s2 + 56.561s + 4.146)
Equation 4
[image: ]
Figure 3: Closed loop transfer function for the system as a whole (Y)
Upon completion of these calculations the transfer function of the system could be changed to Y, or Figure 3. Two methods were used to do this. Firstly, the initial transfer function was replaced with Figure 3 and the PIDN values were reset to 1,1,0,1, resulting in the block diagram shown in Figure 4 below. The simulation was run again and the PIDN values were tuned to closely match the original settling time and overshoot from the initial simulation.

[image: ]Figure 4: Closed loop transfer values with 1,1,0,1 PIDN.
[image: ]
Figure 5: Overall transfer function tuned parameters
The second method used was to delete the sum block, PID controller and feedback loop, as shown in Figure 6. The simulation was run again with no tuning required due to the absence of a PID controller.
[image: ]
Figure 6: Step block, overall transfer function and scope.

4. Results
From the steps detailed in the Method section of this report, 3 sets of transfer function graphs were obtained. These are shown below, but are also enlarged as Appendices A-E for clarity.
[image: ]
Figure 7: Initial transfer function where PIDN = 1,1,0,1
[image: ]
Figure 8: Initial transfer function with tuned PIDN values
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Figure 9: Closed loop transfer function (Y) where PIDN = 1,1,0,1
[image: ]
Figure 10: Closed loop transfer function (Y) with tuned PIDN values
[image: ]
Figure 11: Closed loop transfer function with no sum block, PID controller and feedback loop














5. Discussion
As can be seen from Figure 2 the initial simulation was tuned to within the parameters set by the brief. The settling time was tuned to 0.337 seconds with an overshoot of 1.73%, below the 2 second and 5% requirement. The rise time, which is the time taken to rise from 10% to 90% of the steady state value of a step response, is 0.212 seconds. The settling time, which is the time taken to for the response to reach the steady state was well below the 2 second requirement. The overshoot resulted in a peak of 1.02.
Figures 8, 10 and 11 all show the tuned parameters for each simulation that was run. The fourth graph on each shows the waveform of the transfer function and is similar between all 3 simulations. Figures 8 and 11, the initial transfer function with all equipment and the final transfer function with equipment removed, have identical function transfer waves. This shows that the output is the same for both simulations. Figure 10’s function transfer has a slightly higher over peak due to the effect of the PID controller.













6. Conclusion
In conclusion, a closed loop system has been designed in which a unit step input is brought under control within 2 seconds with an overshoot of less than 5%. An overall transfer function, Y, has been calculated from Simulink simulation results and tuning and has evidenced the same input and output results for both simulations, with a slightly higher over peak shown in Figure 10.
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Appendix A
Initial transfer function where PIDN = 1,1,0,1
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Appendix B
Initial transfer function with tuned PIDN values[image: ]
Appendix C
Closed loop transfer function (Y) where PIDN = 1,1,0,1[image: ]
Appendix D
Closed loop transfer function (Y) with tuned PIDN values[image: ]
Appendix E
Closed loop transfer function with no sum block, controller and feedback loop[image: ]
Appendix F
Tuning Step Plots
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Initial transfer function, tuned with no block update
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Initial transfer function with block update
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Closed loop transfer function (Y), no tuning or block update
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Closed loop transfer function (Y), tuned with no block update
[image: ]
Closed loop transfer function (Y), tuned with block update


2

image3.png
9] Show Parameters

Controller Parameters
Tuned Block
P 55,5614 555614
] 41456 41456
771812 771812
1104.1816. 11041816
Performance and Robustness
Tuned Block
Rise time 0.212 seconds. 0.212 seconds
Seting time 0.337 seconds. 0.337 seconds
Overshoot 173% 173%
Peak. 102 102
Gain margin -inf 6B @ 0 radls Cinf 4B @ 0 radls
Phase margin 882deg @ 9.6 radls |88.2 deg @ 9.66 radis
Closec-ioop stabilty | Stable Stable





image4.png
T7.1815% + 55.561s +4.146
857+ 811815 + 56.5615 + 4.146





image5.png
P0E)

77.1815% + 55.561s +4.146

857+ 811815 + 56.5615 + 4.146





image6.png
9] Show Parameters

Controller Parameters.
Tuned Block
G 14281 4281
[ 17582 7582
00088124 00088144
31631 316381
Performance and Robustness
Tuned Block
Rise time 0.131 seconds 0131 seconds
Setting tme 0.193 seconds 0193 seconds
Overshoat 174% 17a%
Peak 102 102
Gain margin IndB @ NaNradis | InfdB @ NaN radis
Phase margin 86.4deg @ 149 1adls |86.4 deg @ 14.9 adls
Closecoop stabilty | Stable Siable





image7.png
77.1815% + 55.561s +4.146

857+ 811815 + 56.5615 + 4.146





image8.png




image9.png




image10.png




image11.png




image12.png




image13.png
Step Plot: Reference tracking
16 T T T T T T T T o9& a\ =

Tuned response | 4
|— = Block response.

0 05 1 15 2 25 3 35 4 45
Time (seconds)




image14.png
Step Plot: Reference tracking

12

08

Amplitude

04

02

Tuned response
— = Block response

15

2 25
Time (seconds)

35 4 45





image15.png
12

Step Plot: Reference tracking

Tuned response
|— = Block response.

6 8 10 12 14
Time (seconds)




image16.png
Step Plot: Reference tracking
12 T T T T T

Tuned response
|— = Block response.

0 L L L L L
0 02 04 06 08 1

Time (seconds)




image17.png
Step Plot: Reference tracking
12 T T T T T

Tuned response
— = Block response

0 L L L L L
0 02 04 06 08 1

Time (seconds)




image1.png
23 Prtysgol Cymru
L) Y Drindod Dewi Sant
" University of Wales
Trinity Saint David




image2.png
P0E)

8 +4s





