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[bookmark: _Toc43551717]Introduction
As part of 2 year of HND Electrical and Electronic engineering. I am required to solve 4 question related to the PLC system subject.
On the first question which is split in to three tasks. I am asked of an explanation of the principles of PID control in a PLC system with including the effect of Proportional Integral Differential. Then on the second part of task one, I am asked to provide a detailed description of two tuning method with providing an example of where it could be applied. On the third part I am required to determine the PID control parameters for a plant using the Zeigler Nichols oscillation method with an open loop transfer function given by:	 
The second task, I need to Produce a signal flow diagram that corresponds with the system block diagram that I am given and apply Mason Gain formula to derive a transfer function for the system.
Thirdly, I need to explain the concept of the root locus for A. Then, I am asked to draw by hand a root locus diagram for 2 system that I am given. Also, specify, the value of K which will cause the system to be unstable. 
The last question is split into A, B. for A, I need to explain the concept of the state modelling and obtain a state space model for a system that I am given. On B, I need to determine the transfer function for system that I am given by the state space model.
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A PID controller is a device that used for the management of temperature, flow, pressure, speed and other process variables in industrial control applications. PID controllers (proportional integral derivative) use a control loop feedback system to control process variables which are the most accurate and reliable controller. The controller includes simple gain (P control), an integrator (I control), a differentiator (D control) Or some combination of those weighted possibilities
PID system it is a best way to orientate the system to the target or position. PID controller makes use of closed-loop system inputs to maintain the real output from a process as similar as possible to the target or setpoint output. (pid-controllers, 2003- 2020)


[image: ]





 Ψ: is the control output
E(t): is the error 
aB and D: Are the proportional, integral and differential gains 














[bookmark: _Toc43551720]the proportional is the adjustment of the output signal in direct proportion to the controller output in the PID system, and that is the error. If the proportional increase in the system under consideration results in a quick response, small stable state errors and a highly oscillating response.
[bookmark: _Toc43551721]The integral component corrects any error that might exist over time between the value required and the output of the operation. Thus, because of the integral component, the steady-state error is zero. It is slow in response, and can induce system instability
Last part of the equation which is the differential part uses the rate of change of the error signal and introduces the prediction elements into the control action and can force the error to zero without Oscillations whose amplitudes are extreme. I found this on (ohnson M. A., 2005)
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When having enough information about the process being controlled, optimal gain, reset, and rate values for the PID controller may be calculated. Mostly, the process is too complex but it is possible to achieve a rudimentary level of tuning with some knowledge, especially about the speed with which it responds to error corrections.
By resetting the time to its maximum value and the rate to zero and increase the gain until the loop oscillates at a constant amplitude, the manual PID tuning can be done. There could be a small gain if the response to an error correction is slowly and the opposite is right. After that, adjust the PID controller gain to the half of that value and set the reset time, therefore it corrects for any offset within an acceptable period. Lastly, increase that rate of PID loop till the overshoot is minimized. 
An advantage of the manual tuning method is that no need for using maths, and disadvantage is that it requires an experienced person.
(inc., 2003- 2020)
(slideshare.net, 2020)

Trial and Error Method
It is a simple tuning method:
· First set integral and derivative terms to zero and then raise the proportional gain to a constant rate until the output of the control loop oscillates. This change in proportional gain will be such that the system can react more rapidly if it does not render the system unstable.

· Set the integral term when the proportional response is fat enough, so the oscillations will be slowly reduced. You will have to change the integral value till the steady state error is reduced, bear in mind it could increase overshoot.

· Increase the derivation gain, when the p and I parameters set to the required value with a minimal steady state error until the system react quickly so its set point. Increasing the derivative term decrease the overshoot of the controller response. 
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The Ziegler- Nichols method was introduced in 1940s it had a huge impact in making PID feedback control acceptable to control engineers. PID was recognised but was only implemented slowly because of concerns regarding stability. With the Ziegler-Nichols rule, engineers actually had a realistic and standardised way to change PID loops for performance enhancements.

The Ziegler-Nichols rule is a heuristic PID tuning rule that aims to provide reasonable values for the three parameters obtained by the PID:
· Kp - the controller path gain
· Ti - the controller's integrator time constant
· Td - the controller's derivative time constant
(Laboratories, 1994-2020)
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(TuningforPIDControllers, 2020)
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http://faculty.mercer.edu/jenkins_he/documents/TuningforPIDControllers.pdf
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[bookmark: _Toc43551728] Root Locus 
The root locus is a graphical procedure for the identification of closed-loop poles, given the poles and zeros of a system with forward loops. The locus is, graphically, the set of paths traced by the closed-loop poles in a complex plane as the cost for the root locus ranges from zero to infinity.
Mathematically, the forward loop transfer function is:
KG(s)
*K is the root locus gain 




*Root means closed loop poles 
 (Root locus , 2005)
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State-space models are models that use state variables to characterise a function by a collection of differential or difference equations in the first order, rather than by one or more differential or difference equations in the nth-order. State variables x(t) can be computed from the recorded input-output data but are not themselves calculated during an experiment.
The state space model requires you to specify only one input. The model order is an integer proportional to the x(t) dimension but not inherently equal to the number of delayed inputs and outputs used in the related linear difference equation. (mathwork, 1994- 2020)
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where y is the control input, e(f) is the error, and a,8 and y are the proportional, inted Help
differential gains, respectively. The error e may be a sensing velocity v at a location in a

flow field that we want to drive to zero through feedback control.
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