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[bookmark: _Toc140522302]Abstract
The angular position system of a Close-In Weapons System (CIWS) Turret was modelled using the SIMULINK software (Part of the Mathworks MATLAB suite). The system was modelled as a simple closed-loop control system using a PID controller and a transfer function derived from a student number. The input signal was a unit step. After PID tuning, the system was brought under control within two seconds with minimal overshoot.
[bookmark: _Toc140522303]Introduction
A Close-In Weapons System (CIWS) is a weapon system intended for point-defence of warships against missiles, aircraft, and small watercraft. Various types of CIWS exist in service of various militaries around the world, using a range of weapon types to engage targets, namely medium calibre guns [1], guided missiles [2], and directed energy weapons [3]. In all of these systems, the CIWS should be able to point towards a target as quickly as possible and follow its motion. Owing to the high speeds at which some targets will be moving relative to the ship, the CIWS must have a control system for it’s angular motion which can respond quickly and accurately. For this reason, the brief laid out that the system should be bought under control within 2 seconds and have less than 5% overshoot.
[bookmark: _Toc140522304]Equipment 
No physical equipment was used	in this investigation. However, the Simulink software was used to simulate the control system. The layout of the system is displayed below.
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[bookmark: _Toc140522401]Figure 1: The Control Function in the Simulink UI
The control system consisted of a unit step input, a sum block, a gain block, a PID controller, a transfer function, and a scope. The transfer function was derived from the last three digits of the author’s student number (those being 1, 5 and 8) and is given in the equation below.


[bookmark: _Toc140522430]Equation 1: The Transfer Function Used in this study

[bookmark: _Toc140522305]Method

The system was set up in Simulink as shown in Figure 1. Tuning was carried out using the PID tuning app contained within Simulink. The untuned PID gave the scope results below. The yellow line represents the step input without any modifications, and the blue curve is the output of the control loop without any tuning being carried out on the PID.
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[bookmark: _Toc140522402]Figure 2: The untuned output of the control system
Next, an initial tune was carried out on the PID using the response time and transient behaviour sliders in the tuning app. and the parameters were checked. Details of the parameters are given in section 4. The graph of this tune is displayed below.
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[bookmark: _Toc140522403]Figure 3: The control system output after the first tune
It was clear from viewing this graph that the tune did not meet the target parameters as it was not stabilised within 2 seconds. For this reason, the tune was refined to ensure that the output fell within the target parameters. The output of this tune fell within the parameters and was used for the results. The tune output is shown in figure 4.
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[bookmark: _Toc140522404]Figure 4: The final tuned output
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The initial tune had the following parameters and Performance/Robustness values:

	Parameter
	Value

	P
	17.2852

	I
	34.0446

	D
	2.1266

	N
	391.8156

	Rise Time
	0.468s

	Settling Time
	1.34s

	Overshoot
	5.59%

	Peak
	1.06

	Gain Margin
	Inf dB @ Inf rad/s

	Phase Margin
	69 deg @ 3.43 rad/s

	Closed-Loop Stability
	Stable


[bookmark: _Toc140522419]Table 1: The Parameters of the system after the first tune
From this table, it can be seen that the overshoot value is greater than 5% and from the graph in Figure 3, it can be seen that the system takes over 2 seconds to reach a stable state. Therefore, it was decided to tune the PID further to acquire more appropriate parameters. The table below, which corresponds to Figure 4, gives these values.

	Parameter
	Value

	P
	68.1335

	I
	108.3788

	D
	10.2214

	N
	1239.0298

	Rise Time
	0.165 seconds

	Settling Time
	0.537 seconds

	Overshoot
	3.27 %

	Peak
	1.03

	Gain Margin
	Inf dB @ Inf rad/s

	Phase Margin
	81.9 deg @ 10.8 rad/s

	Closed-Loop Stability
	Stable


[bookmark: _Toc140522420]Table 2: The parameters for the final tune
From this table, it can be seen that the overshoot now falls within the acceptable values laid out in the brief and from Figure 4, it can be seen that the system stabilises within 2 seconds. Therefore, this result set is considered to be final for the purposes of this investigation. 
The goal of this investigation was to determine the closed loop transfer function of the whole system. This is derived from the equation below.


[bookmark: _Toc140522431]Equation 2: The general form of a closed loop transfer function [4]
C(s) is the compensator formula, extracted from the Simulink Tuner app and is given below.


[bookmark: _Toc140522432]Equation 3: The general form of the PID Transfer Function [5]
Therefore, the transfer function of the whole system can be derived as follows, rounding P, I, D and N to 1 decimal place.


[bookmark: _Toc140522433]Equation 4: The whole system transfer function
This function represents the transfer function that would have to be applied to the input to achieve the same effect as the closed loop system.
[bookmark: _Toc140522307]Conclusions
This study shows that for systems such as the angular motion controller of a CIWS, closed loop control
systems require less complex transfer functions to achieve the same effects. The tuneability of a PID 
controller means that the desired response can be easily adjusted to meet requirements. However, this 
investigation has some shortcomings caused by assumptions and simplifications. Chiefly amongst these 
is the simplification of the initial transfer function itself. In reality, the transfer function of a CIWS is 
unlikely to be able to be expressed in the form given in Equation 1. In addition, the control system of a 
real CIWS likely interacts with other systems both within the weapon and across the deployment 
platform. These interactions would likely effect both the input and output of the system in ways that are
not in the scope of this model. Finally, many aspects of CIWS control are classified and so cannot be
included in or referenced by this report. Despite this, the investigation carried out demonstrates the basic
functions of a closed-loop control system and shows how it can be more efficient than a simple
open-loop controller.
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