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[bookmark: _Toc140658834]Abstract
This report looks at the design of a closed loop system that controls an angular positional system on an automatic Close In Weapons System (CIWS). This report provides an introduction into what closed loop control systems are as well as what the specific system used in a CIWS is. This report then goes on to detail how the system was modelled as the steps taken to do so. This was done by using MATLAB and Simulink to design the closed loop system capable of controlling the angular positional system. After designing the closed loop system and tuning it to the desired parameters of the situation the closed loop transfer function of the system was the calculated and used in the second simulation. A validation study was then conducted to determine the accuracy of the result. The results from these experiments were then stated and compared to determine the accuracy and success of the experiment. 

1.0 [bookmark: _Toc140658835]Introduction
This report will investigate the design of control systems, specifically this report will explore the angular positioning system used in an automatic CIWS. For context it is important to understand the function of a control system. A control system can be defined as “A set of mechanical or electronic devices that regulates other devices or systems by way of control loops [1]” this essentially means that a system is controlled by a series of feedback loops that maintain a desired outcome or value. Control systems can either be open-loop or closed-loop, the difference between these two types of system is that closed loop systems receive feedback allowing for the ability to self-correct an error while open loop do not [2]. Because of this open loop systems are typically less complex and therefore less expensive. Examples of a typical open and closed loop system can be seen in figures 1 and 2 below. Both systems have the same features of an input, controller, process and output with the closed system having the addition of a feedback loop. 
[image: open-loop control system][image: What is a Control System? (Open Loop & Closed Loop Control Systems  Explained) | Electrical4U]Figure 2 [10]
Figure 1 [9]


Control systems of both types can be found in many everyday items. For example, a washing machine, electric light bulbs, hand driers and toasters [3]. These are examples of open-loop systems as they cannot handle external disturbances for example hand drier will not detect if someone’s hands are fully dried before shutting off as it does not posses a sensor and is only controlled by a timer [3]. Examples of closed-loop systems can be found in items such as kettles, air conditioning and electric ovens. This is because in the case of a kettle there is a temperate sensor that dictates when the heating element will shut off. This means that even if cold water is poured into the system as a disturbance the water will continue to be heated until the boiling temperature is reached. This is advantageous as unlike a open-loop system external disturbances to the system can be corrected and the desired output will still be achieved. 

It is also important to understand the context of the control system used in this report for background information. As previously stated, the control system explored in this report is one used in a CWIS. A CWIS is a type of point-defence weapon used for detecting and destroying missiles and aircraft at close range, this is done via the use of radars, computers and most importantly a multiple-barrel rotary rapid-fire cannon [4]. Examples of a CIWS system can be seen in the America Phalanx CIWS, Dutch Goalkeeper CIWS and Russian AK-630 [5]. Images of these three examples can be seen below in figures 3, 4, and 5. These weapon systems are present on nearly all modern warships and are placed on a rotating gun mount [4]. This allows the weapon system to move direction to engage targets and is where an angular positioning system would be found which is the focus of this report.  
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Figure 4 [12]
Figure 3 [11]


An angular positioning system is a type of mechanical control system that in this context is capable of positional control and rotational translation of heavy masses. These are commonly used in automatic steering of aircraft, machine tool control, radar arial control and as in this example automatic positioning of guns [6]. This is controlled using a motor and is commonly electrically, hydraulicly or pneumatically driven. When a very heavy mass is required to be moved quickly some form of power amplification is typically required. The type of angular positioning system also depends on the scenario as when precision is not required such as for hoists and lifts an open-loop system can be used. However, when position must be controlled precisely and without excessive overshoot such as the context of this report in gun systems a closed-loop system is necessary [6]. This is because the closed-loop system allows for feedback to be received and errors corrected which is essential for accuracy and safety of a weapon system. 

This report will describe the process of how a close-loop system was designed for the purpose of then angular positional system. This will be achieved by discussing the equipment and software used as well as the methodology of how the circuit was created. The method used to achieve the values in this system will be discussed with the workings from equations used being shown. This report will also state the results gathered from simulating the system on MATLAB showing the results via a series of images and graphs. These results will then be discussed as and interpreted to assess the suitability of the system that was designed. 

[bookmark: _Toc140658836]2.0 Method
[image: A screenshot of a computer

Description automatically generated]To create a closed-loop control system capable of controlling the desired process the MATLAB software package was used. MATLAB is a programming platform that is designed to allow engineers to analyse and design models and simulations [7]. Within MATLAB the simulation package Simulink was used for this project this is because Simulink allows for the simulation and testing of virtual models and systems making it ideal to test the control system [8]. To create the control system in Simulink several components were used which are a Step, Add, PID controller, Transfer function, and a Scope to measure the readings of the system. Once these components had been added to the simulation, they were connected in series with a feedback loop being created between the transfer function to the negative side of the add component.  This allowed for the creation of a negative feedback loop the scope was then connected to the circuit at four points after every component to get a reading after each stage as seen in figure 6.Figure 6



After the components were added to the simulation they then had to be configured, the first of which was the “Step” component. This was done by double clicking on the step component and changing the values of the step time to “1”, the Initial value to “0”, the final value to “1”, and the Sample time to 10e-6 seconds. The next component that had to be configured was the “Add” feature where the double positive input was changed to one positive and one negative input. After this the transfer function was then set by using the given equation of   and substituting the value for the last three digits of the student number meaning a = 6, b = 9, and c =3. After this one done the PID controller could then be tuned, this was done by double clicking the controller and selecting the tuning option. Using the tuning tool slider, shown in figure 7 the response time and transient behaviour could be changed. The show parameter option was then selected allowing the settling time and overshoot to be seen as shown in figure 8. This is important as the criteria for the control system is to have a settling time of less then 2 seconds and an overshoot of less than 5%. Figure 8 shows that both criteria have been met with a 1.9 second settling time and a 3.68% overshoot both falling within the given parameters. 
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Figure 8

After this setup stage had been completed by once again double clicking on the PID Controler the updated values for the propertional, intergral, derivative, and filter coefficient could bee seen. This is important as these figuers will be used in the next stage to find the closed loop transfer function of the system as a whole. After these vlaues had been captured the simulation was then run by pressing the run button at the top of the page. This allowed for the scope to gather results from the updated and tuned configuartion of the system. To Display these results in a easier to understand format the layout was changed of the scope to give each line its own graph and a legend added so labels and values could be seen.
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Description automatically generated]To Calculate the transfer function for the system the equation shown in figure 9 was used. This equation was used with the values of the PID controller that was gathered from the first simulation after tuning by multiplying the PID values with the equation of  that was previously used using the last 3 digits of the student ID as a, b, and c the transfer function of the system as a whole can be found. Some of the steps taken to solve for the transfer function can be seen in figure 10. Once the equation had been solved and simplified it could then be used in the circuit to validate the original set of results. This was done by resetting the PID control to its original values and entering the values seen in figure 10 into the transfer function component. After this had been done the PID was then once again tuned to try as close as possible to reflect the original values from the first tuning. This was achieved with the tuning graph being similar the original circuit graph and the values of the settling time and overshoot being within the tolerance of 5% overshoot and under 2 seconds settling time. After this was completed the second circuit configuration could then be run and using the scope results gathered in the form of readings. Figure 9
Figure 10
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Description automatically generated]To achieve the final set of results for comparison to the first two the PID controller and Add function were deleted from the circuit leaving only the Step component connected to the transfer function and the scope to gather readings. This configuration can be seen below in figure 11. As the PID controller had been removed there was no need to tune the results and after this circuit had been run results were gathered from the scope to act as a validation for the results gathered in the previous simulations. Figure 11

[bookmark: _Toc140658837][bookmark: _Toc140658838]3.0 Results

3.1 First simulation untuned 
In figure 12 the graphs from the scope in the first simulation setup can be seen. From these results we can see that the bottom three functions do not fall into the tolerances states of overshoot and settling time. The only component to be inside the given parameters is the top graph displaying the step component.  The add component reaches 1 at the same time as the step component however it then steadily decreases. The PID controller and transfer function both have much longer times to settle with the PID controller having a very large overshoot. 
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[bookmark: _Toc140658839]3.2 First simulation tuned. 
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Description automatically generated]The set of results in figure 13 shows the first simulation with the PID controller being tuned. From these results we can see the step component graph has not changed. These results however show the Add function as before rising sharply within the simulation tolerance before rapidly decreasing. The PID controller rapidly increases to 1000 before returning to 0. The transfer function clips to 1 steadily before settling within 2 seconds and staying at 1 as required by the parameters.Figure 13

[bookmark: _Toc140658840]3.3 Second simulation untuned 
[image: A screenshot of a computer

Description automatically generated]As before the simulation shown in figure 14 has an identical step graph to the previous simulation. The Add function is like the first simulation however it does not fall all the way back to 0. The PID controller rises to 1 but the declines before returning. The transfer function does not reach 1 within the given time frame for the simulation.Figure 14

[bookmark: _Toc140658841]3.4 Second simulation tuned 
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Description automatically generated]The results in figure 15 show the second simulation after tuning. These results are similar to the tuned first simulation however there is some differences. The step results as before are identical and the Add function is very similar. The PID controller quickly spikes to above 1.5 before settling to a value of 1 over a 1 second period. The transfer function is similar to the first simulation following a similar trend but rising quicker and overshooting before settling slightly more however it is still within tolerance.Figure 15

[bookmark: _Toc140658842]3.5 Validation
The validation results shown in figure 16 show once again an identical result for the step component. As the PID controller and Add function have been removed there is no results. The transfer function follows the same trend as within the first two simulations. This shows no overshoot and reaching the value of 1 within exactly 2 seconds.
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[bookmark: _Toc140658843]4.0 Discussion
From the results gathered the untuned simulations do not fall within the parameters that were set for this task often taking more then 2 seconds to settle and having an overshoot of more then 5%. The tuned simulations however are much more accurate falling into the tolerances that were given and are therefore successful. This has been confirmed with the validation simulation as by comparing the results from the tuned first and second simulation they are very similar and follow the same trends. Because of this it can be said that these simulations have accurately found the closed loop transfer function of the system. This also shows that the calculations done in the methodology are correct as they follow the expected trends of the graphs.  It can also be seen from the results that as the step component is the input it is not affected by the variations within the simulations. However, the tuned simulations changed the output of the simulations back into a comparable value to the original input because of the transfer function. 

[bookmark: _Toc140658844]5.0 Conclusion
In this experiment, it has been determined that simulations have accurately found the closed loop transfer function. This has been done via simulation of a closed loop transfer function that can control the process of a CIWS system given for this report. These simulations were modelled using Simulink and MATLAB and then calibrated for the specific scenario. This was done by altering the values of the components used and tuning specific components such as the PID controller to receive desirable results. This experiment has also shown the differences between the stages of simulation and validation showing results for different stages of the simulation and with different values. This experiment has also included a successful validation to validate the results for there accuracy. 
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