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Task 1 – Control Types
(a) Open – Loop System
A control system can be described as a system which controls other systems to achieve a desired state. The purpose of controlling any system is to maintain the output at the required level, for a given input. If the output is disturbed by external influences the control system attempts to restore the output to the required level. The degree of success with which the system achieves this depends on the strategy chosen by the designer (Tooley, Dingle, 2002).
In a system that employs open-loop control, the value of the input variable is set to a given value in the expectation that the output will reach the desired value. In such a system there 
is no automatic comparison of the actual output value with the desired output value in order    to compensate for any differences. Any type of open-loop controller must be preset by the user i.e., the user defines the set point. Any disturbance to the output is likely to cause the system to move away from the set point and some readjustment will be necessary (Tooley, Dingle, 2002).

Feedback is where the output is connected in some way to the input by a feedback loop. A system without feedback is called an open loop system. An open-loop system is a feedforward system in which a desired output value is input but no automatic correction is made if an error in input occurs. The system cannot automatically respond to disturbances to the output (Morris, 2006).

A simple example of an open-loop control method is the manual adjustment of the regulator that controls the flow of gas to a burner on the hob of a gas cooker. This adjustment is carried out in the expectation that food will be raised to the correct temperature in a given time without burning. Other than the occasional watchful eye of the chef there is no means of automatically regulating the gas flow in response to the actual temperature of the food (Tooley, 1996).

Because there is no feedback, an open-loop system can give errors if there is a disturbance or a change in external loading. Although such systems are cheap and very stable, they are prone to errors because of lack of feedback.

  [image: Diagram

Description automatically generated with medium confidence]
Figure 1: Block diagram of open-loop system (Tooley, 1996).




Other examples of open loop systems are;

· Electric motor drives in applications such as lifts, milk floats, machine tool spindles where any excessive load will cause the motor to slow down.
· Hydraulic and pneumatic cylinders there – is normally no indication of distance travelled by the cylinders. 	Comment by Tony Howles: ? typo
· Control of a motor vehicle. Assume it is intended to drive the vehicle at 30mph. Starting from rest, with the engine running, the accelerator is depressed to open the throttle which in turn increases the amount of fuel charge entering the carburetor and so increases the available power being delivered to the engine.  Now, against a given load (weight of the car, terrain etc.) this increase in power increases the torque to the driving wheels, which acting against frictional resistance provide the driving force necessary to accelerate to the desired speed. The driver must now monitor the speed of the vehicle and correct matters accordingly, to ensure that travel is at the desired speed. The way in which matters can be corrected is to continually monitor the speed using the speedometer while adjusting the throttle setting to maintain the required speed (Tooley, 1996).
                    [image: Diagram

Description automatically generated]	Comment by Tony Howles: Good 

 Figure 2: Control of motor vehicle speed using human operator (Tooley, 1996).


(b) Closed-loop System

All practical engineering systems make use of a closed-loop control. In some cases, the loop might be closed by a human operator who determines the deviation between the desired and actual output. In most cases, however, the action of the system is made fully automatic and no human intervention is necessary other than initially setting the desired value of the output (Tooley, Dingle, 2002). 


[image: Diagram
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Figure 3: Schematic diagram of a closed-loop control system (Tooley, Dingle, 2002).         	Comment by Tony Howles: good

With reference to figure 3 above: -        

Input Transducer (demand):  This element performs the function of energy conversion and sets the demanded output. Essentially it converts one form of energy into another. It is a sensing device that converts physical phenomena and chemical composition into electric, mechanical, pneumatic or hydraulic output signals.

Error detector:  This is a device which produces a difference or error signal. The error signal is equal to the demand signal minus the feedback signal. It monitors output performance against a stored model of what it should be. Deviations from the desired output create an error signal which drives the system. The stored model may be set using a potentiometer. By altering the potentiometer setting using a dial say it produces a corresponding output from the potentiometer that becomes the set input to the error detector (often an op-amp). This compares the set input (or desired input) with the actual output measured by some form of transducer at the output (Tooley, Dingle, 2002).

Amplifier is inserted to provide greater sensitivity and accuracy of the set demand. It is the error between the desired and actual values that continues to drive the system. Once the desired value is equal to the actual value there is no error and the system remains at this value unless subject to external disturbance. 

Load Actuator. The load may be driven by electrical, mechanical, hydraulic or pneumatic motors and associated gearing. These machines collectively known as load actuators or power source provide the driving power to the load.

Feedback signal. The error detector subtracts the feedback signal from the reference signal and sends the resulting error signal to the controller which acts on this information to correct the output. Because the feedback signal is subtracted from the reference signal it is known as negative feedback. The feedback signal is usually supplied by a transducer which responds to the output by emitting an electrical signal sent back to the error detector where it is compared with the desired signal.



Examples of closed-loop systems are:

· The thermostat heater which senses the temperature of the system and maintains the temperature.

· The voltage stabilizer stabilizes the supply voltage in case of fluctuations. Modern voltage stabilizers utilize solid state electronic components which measure the fluctuation in voltage and reduce/increase (buck/boost) the voltage to the desired level.

· The tachometer in auto engine generates a voltage proportional to the speed of the shaft. The voltage is subtracted from the input voltage to calculate an error voltage that provides information about current speed and desired speed. The error voltage is then used to arrange the throttle after amplification.

· The automatic toaster measures the temperature, moisture vs dryness level of toast and adjusts the heat setting of toasts.
· An automatic electric iron consists of a thermostat that acts as a controller of the system, a resistive heating element is present that generates heat. The basic working performed by an automatic electric iron is such that when the temperature of the sole-plate attains a predefined value then the heating action gets stopped automatically. And when the temperature falls below a certain specified value then again heating starts inside it. The sole-plate of the iron instrument acts as a process of the overall system.
(c) Regulators
A regulator in automatic control is a device which has the function of maintaining a designated characteristic. It performs the activity of managing or maintaining a range of values in a machine. The term regulator is sometimes applied to the correction unit (Bolton, 2015). The measurable property of a device is managed closely by specified conditions or an advance set value; or it can be variable according to a predetermined arrangement scheme.

Regulators are small intelligent installations which consist of a sensor input, a digital indicator and a regulation output. Regulators are set through their own keys. Nominal values can be established to define the regulation process. Some regulators have a regulation output available for normalized signals output which can be connected to a display system to control processes.

Regulators are of different types: discontinuous regulators and continuous regulators. The discontinuous regulators have a simple property of commutation. When a limit value is reached, a relay is activated or deactivated. Because the way of working is in interrupted form, these types of regulators are called discontinuous regulators. The discontinuous regulators can be final switches. The regulators of this type are the simplest regulators and are robust and relatively cheap. 

The discontinuous regulators are different from the regulators of two points and regulators of three points. The regulators of two points are characterized by the switch ON/OFF commutator. They can be regulators of pH in the residual water sector where they require to verify continuously the water tanks. If the regulator detects that the residual waters are too acid (i.e., the pH value is below 4) the regulator would connect a pump to add an alkaline solution to neutralize the water. The regulator verifies that the residual waters are again in the normal values and it deactivates the pump. The regulators of three points have a system of switch ON, OFF, ON. This is very advantageous in the sector of the air conditioning (Langley, 1985). Regulators of temperature measure the environmental temperature. If the temperature falls below a limit value, for example 19 ºC in an office, the regulator switches on the heating in the office to provide pleasant working conditions. If during summer, the temperature is over 24 ºC, the regulator can, by means of a second relay, switch on the air conditioning and lower the blinds, regulating a temperature previously predetermined.
Continuous regulators can receive many values almost continuously. The analogue output of the regulators controls the activator or trigger. The trigger is an element of the regulation field that influences the regulated magnitude (e.g., the temperature in a heating system). Through the output, these regulators control the consistency with which they will influence the regulated magnitude. If the regulator gives an output with the maximum value, the heating will render to the maximum. If the minimum value occurs like an output, the heating will not even ignite. 

As output for such measurements the regulators measure the available variation of the regulated magnitude of reference value. The necessary parameters must be detected for the corresponding field of regulation and they must be kept in the regulator internal memory. 

                                              [image: Regulators/Control Systems: Continuous Regulators]   

Figure 4: Example of Continuous Regulation of an air conditioning system (Langley, 1985).                                             
In order to work with continuous regulators with an analogue output, triggers with their corresponding inputs are necessary. Some regulators make a continuous regulation by means of a command or control contact, while varying the time of activation of a contact in fixed cycle. Therefore, the contact of control of these regulators is closed permanently with the maximum influence of the regulated magnitude. Following the example of the temperature regulation, the heating in the office would be warming up to the maximum. Nevertheless, if only half of this temperature is required, the contact of control of the regulator will ignite only 50% of the time. This type of regulators can be used only with slow alterations of the regulated magnitudes, because the relays have a frequency of limited commutation. 
 
Some models of regulators offer a timer and a ramp function. These functions allow the regulators reach different set-point values in a predetermined sequence. Also, it is possible to fix the speed with which the regulators must change the regulated magnitude. This allows the regulators automate processes without the necessity to manipulate the regulators.

              [image: Regulators/Control Systems: Timer and function ramp Regulators]
[bookmark: _Hlk69040687]
Figure 5: Example of Timer and Function Ramp (Langley, 1985).                                                
                                               













TASK 2 - Position Control Servo
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Figure 6: Circuit Diagram of Position Control Servo.
The system can be represented as a block diagram as shown in Figure 7.
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Figure 7: Block Diagram of Position Control servo.
For the block diagram the following transfer function was obtained
                                                                                     Equation 1
       Compare to the standard equation for a second order system
                                                                                Equation 2
       Steady State system so Kss = 1

                                                                                      Equation 3

      Then       and      by comparing the terms in equations 1 and 3


(a) A unit step input is to be applied to the position control servo mechanism and the following parameters applied.

      KA =1          KP  = 5Vr-1         Kf = 8 mAV-1  = (8 x 10-3AV-1)         I = 2 x 10-4 Kgm2

      Substituting these values into the transfer function   equation 1

                                       

[bookmark: _Hlk68026204]                                 Ɵ0(s)       =           [ (5) x (1) x (8 x 10-3) ] / ( 2 x 10-4)
                                 Ɵi(s)                  s2 +     Bs          +  (5) x (1) x (8 x 10-3) 
                                                                  (2 x 10-4)                (2 x 10-4)
  
                                                   =                             20 x 10-3 x 104
                                                                                               s2  +       Bs        +   (20 x 10-3 x 104)
                                                                               (2 x 10-4)
                                                                           
                        
                                                  =                       200                     
                                                              s2 + (0.5 x 104)Bs + 200

                                                 =                       200
                                                               s2 + 5000Bs + 200 
Compare this expression with the standard equation to obtain    
Natural frequency  ωn  obtained from    ωn2  = 200
                                                                                                  ωn    = (200)
                                                                        = 14.14 rads sec-1
                                         and                2 ωn    =  5000B
                                                                 B =  2 ωn 
                                                                         5000

(i) No damping implies  =  0    and     2 ωn    =  5000B

So        2 x (0) x (14.14) = 5000B

                                  B =    0
                                         5000
                                  B =   0  N/ms-1





(ii) Under damped implies   0       let   =0.7    and    2 ωn   =  5000B
So       2 x (0.7) x 14.14 = 5000B
                                  B = 2 x 0.7 x 14.14
                                                5000
                                  B = 3.96 x 10-3 N/ms-1

(iii) Critical damped implies    = 1   and    2 ωn   =  5000B

So    2 x (1) x 14.14  = 5000B

                              B = 2 x 14.14
                                       5000

                              B = 5.66 x 10-3 N/ms-1

(iv)  Over damped implies  1     let    and    2 ωn   =  5000B
So      2 x (1.5) x 14.14 = 5000B
                               B = 2 x 1.5 x 14.14
                                          5000
                               B = 8.48 x 10-3 N/ms-

Using Xcos 
The = Xcos program was now set up in the following cases to check the time response curve.
(i) No damping (ii) under damped (iii) critically damped (iv) overdamped

In each case:    KA = 1    KP = 5Vr-1      Kf = 8mAV-1  = 8 x 10-3 AV-1      I = 2 x 10-4 Kgm2

(i) No damping so  = 0  and B = 0     (from calculations above)
Substitute in Transfer Function for the Block Diagram of the motor and load
[bookmark: _Hlk66715965]		Transfer Function  =        Kr/I
                                                             s(s + B/I)
  
                                                          = (8 x 10-3)/(2 x 10-4)  
                                                                s(s + 0/(2 x 10-4))
                                    
                                                         =      40
                                                              s2 + 0

                                                           =    40
                                                                  s2

 The block diagram for the above transfer function is shown below

[image: ]

[bookmark: _Hlk68026610]Graph 1 simulating the Xcos program the following graph was obtained for no damping 

[image: ] Ɵ0(t)       
Time (Sec)

     
(ii) Under damped so  = 0.7  and B = 3.96 x 10-3     (from calculations above)

                         Transfer Function  =        Kr/I
                                                             s(s + B/I)

                                                        =          (8 x 10-3)/(2 x 10-4)  
                                                                s(s + (3.96 x 10-3) /(2 x 10-4))

				        =         40
                                                              s(s + 19.8)
                    
The block diagram for the above transfer function is shown below

[image: ]

[bookmark: _Hlk68027013]Graph 2 simulating the Xcos program the following graph was obtained for under damped
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(iii) Critical damped   = 1  and B = 5.66 x 10-3     (from calculations above)


                             Transfer Function  =        Kr/I
                                                                 s(s + B/I)

                                                            =            (8 x 10-3)/(2 x 10-4)  
                                                                s(s + (5.66 x 10-3) /(2 x 10-4))
 
					=        40
                                                                s(s + 28.3)


The block diagram for the above transfer function is shown below

[image: ]

Graph 3 simulating the Xcos program the following graph was obtained for critical damped

[image: ]Time (Sec)

Ɵ0(t)       


(iv)  Overdamped   = 1.5  and B = 8.48 x 10-3     (from calculations above)

                            Transfer Function  =        Kr/I
                                                                 s(s + B/I)

                                                            =            (8 x 10-3)/(2 x 10-4)  
                                                                s(s + (8.48 x 10-3) /(2 x 10-4))

					=        40
                                                                   s(s + 42.4)

The block diagram for the above transfer function is shown below

[image: ]

Graph 4 simulating the Xcos program the following graph was obtained for over damped

[image: ]Time (Sec)

Ɵ0(t)       

(b)  For under damped condition i.e. (ii) above need to obtain


· Rise time 
· Peak time
· Percentage maximum overshoot
· Settling time

These are obtained from the graph using Xcos

                            [image: Diagram

Description automatically generated] 

Figure 8: Indications of how times are obtained from Xcos graph.

The maximum overshoot is the difference between the maximum value and steady state value of the output. In this case the maximum overshoot is 1.05 and the percentage of the final value is 5% as calculated on page 18
See graph 5 below.
[image: ]	Comment by Tony Howles: use of college softwareTime (Sec)

Graph 5
Ɵ0(t)       


The rise time is the time required for the step response to rise from 10% to 90% of its final value. 
Time at 10% of its final value is  0.02 secs
Time at 90 % of its final value is 0.18 secs
Thus the rise time is  0.18 - 0.02 = 0.16 secs
See graphs 6 and 7 below.

[image: ]Graph 6
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Graph 7



The peak time is the maximum time reached and is 0.3 secs
See graph 8 below.

[image: Graphical user interface

Description automatically generated]Time (Sec)
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Graph 8



The maximum overshoot is the difference between the maximum value and steady state value of the output.
Maximum overshoot  = 1.050– 10 
                                     = 0.050
Percentage maximum overshoot  = ( 1.05 -1 )  X  100
                                                                  1
                                                          = 5%

The settling time is the time required for the step response to stay within a specified percent of its final value.
Settling time to stay within 5% of its final value is 0.20 secs
See graph 9 below.

[image: ]Time (Sec)

Ɵ0(t)       
Graph 9

Evaluate performance for different values of B for the underdamped condition

When B = 2.5 x 10-3               Transfer Function  =        Kr/I
                                                                                 s(s + B/I)

                                                                     =                 40 
                                                                            s2 + (2.5 x 10-3)/(2 x 104)s

                                                                      =                   40
                                                                               s2 + (1.25 x 10)s        

                                                                     =                 40
                                                                                     s2 + 12.5s

Similarly 

when B = 3 x 10-3                    Transfer Function  =            40
                                                                                    s2 + 15s


when B  = 4.5 x 10-3          Transfer Function =           40
                                                                                 s2 + 22.5s


when B = 5 x 10-3              Transfer Function  =          40
                                                                                s2 + 25s

Using the Xcos program a graph was plotted for each case. These are shown as Graphs 10 to 13 below.

Graph 10 (B = 2.5)
[image: Chart

Description automatically generated]

Graph 11 (B = 3)
[image: Chart

Description automatically generated]



Graph 12 (B = 4.5)
[image: Chart

Description automatically generated]

Graph 13 (B = 5)
[image: Chart

Description automatically generated]

The four graphs indicate that as the value of B was increased: -

· The overshoot (i.e., the difference between the maximum value and steady state value) when B = 2.5 decreased from approximately 0.18 (i.e., from 1.18 to 1); when B = 4.5 it decreased to 0.05 (i.e., from 1.05 to 1) and when B=5 it was 0 (i.e., from 1 to 1).

· The settling time (i.e., the time required for the step response to stay within 10% of its final value) when B was 2.5 was approximately 0.7 secs and was noted to decrease to 0.4 secs as B increased to 5.

· The delay time (i.e., the time required for the step response to reach 50% of its final value) appeared to be consistent at 0.1 sec for each of the four cases considered.

· The rise time (i.e., the time required for the step response to rise from 10% to 90% of its final value) when B was 2.5 was approx. 0.17 secs; when B = 4.5 the rise time was approx. 0.2 secs rising to 0.3secs when B was 5.

It thus appears that as the value of B increases the overshoot decreases, the settling time and rise time increase while the delay time remains almost constant.

	



























TASK 3 - Tuning

(a) Tuning Techniques.

The term tuning is used to describe methods used to select the best controller setting to obtain a particular form of performance, e.g., where an error signal results in the controlled variable oscillating about the required value with an oscillation which decays quite rapidly so that each successive amplitude is a quarter of the preceding one. Some controllers offer a self-tuning feature, auto-tuning, in which small set point changes are sent to the process and from the response the controller itself calculates optimal tuning values (Bolton, 2015). 
The design of a controller for a particular situation involves selecting the control modes to be used and the control mode settings. This means determining whether proportional control, proportional plus derivative, proportional plus integral or proportional plus integral plus derivative is to be used and selecting the values of Kp, Ki and Kd. These determine how the system reacts to a disturbance or a change in the set value, ow fast it will respond to changes, how long it will take to settle down after a disturbance or change to the set value and whether there will be a steady state error (Bolton, 2015). Figure 9 illustrates the types of response that can occur with the different modes of control when subject to a step input i.e., a sudden change to a different constant set value or perhaps a sudden constant disturbance.

[image: A picture containing diagram

Description automatically generated]

Figure 9: Responses to (A) P, (B) PI, and (C) PID control (Bolton, 2015).

Proportional control gives a fast response with oscillations which die away to leave a steady state error. Proportional plus integral control has no steady state error but is likely to show more oscillations before settling down. Proportional but integral plus derivative control has also no steady state error because of the integral element and is likely to show less oscillations than the proportional plus integral control. The inclusion of derivative control reduces the oscillations.
Methods that can be used for tuning are manual where the operator directly does the tuning or by using various software tools. Two such methods both devised by Ziegler and Nichols are the Process Reaction Tuning method and the Ultimate Cycle Tuning method (Bolton, 2015). 
The Process Reaction Tuning method uses certain measurements made from testing the system with the control loop open so that no control action occurs (Bolton, 2015). Generally, the break is made between the controller and the correction unit (Figure 10). A test input signal is then applied to the correction unit and the response of the controlled variable determined. The test signal is a step signal with a step size expressed as the percentage change P in the correction unit (Figure 11). 
[image: Diagram

Description automatically generated]                                 
Figure 10: Test arrangement (Bolton, 2015).
	                   [image: ]
Figure 11: Test signal (Bolton, 2015).

The output response of the controlled variable, as a percentage of the full-scale range, to such an input is monitored and a graph (called the reaction curve) (Figure 12) of the variable plotted against time.
   [image: Diagram

Description automatically generated]
Figure 12: The process reaction graph (Bolton, 2015).
A tangent is drawn to give the maximum gradient of the graph. The time between the start of the test signal and the point at which this tangent intersects the graph time axis is termed the lag denoted by L. If the value of the maximum gradient is M, expressed as the percentage change of the set value of the variable per minute, the table in Figure 13 shows the criteria given by Ziegler and Nichols to determine the controller settings.
                    [image: Table

Description automatically generated]
Figure 13: Settings from the Process Reaction Curve Method (Bolton, 2015). 
The basis behind these criteria is to give a closed -loop response for the system which exhibits a quarter amplitude decay (Figure 14) i.e. the amplitude of the response of the system shows oscillations which decay with time so that the amplitude decreases by a quarter on each oscillation.  
                                          [image: Diagram

Description automatically generated]
Figure 14: Quarter amplitude delay (Bolton, 2015).
The Ultimate Cycle Tuning method with the closed-loop system the integral and derivative actions are first reduced to their least effective values. The proportional constant Kp is then set low and gradually increased until oscillations in the controlled variable start to occur. The critical value of the proportional constant Kpc at which this occurs is noted and the periodic time of the oscillation’s Tc measured. The procedure is thus:

1 Set the controller to manual operation and the plant near to its normal operating conditions.
2 Turn off all control modes but proportional
3 Set Kp to a low value, i.e., the proportional band to a wide value
4 Switch the controller to automatic mode and then introduce a small set-point change e.g., 5 -10%
5 Observe the response
6 Set Kp to a slightly higher value i.e., make the proportional band narrower
7 Introduce a small set-point change e.g., 5 – 10%
8 Observe the response
9 Keep on repeating steps 6,7 and 8 until the response shows sustained oscillations which neither grow nor decay. Note the value of Kp giving this condition (Kpu) and the period (Tu) of the oscillation
10 The Ziegler and Nichols recommended criteria for controller settings for a system to have quarter amplitude decay are given in Figure 16. For a PID system with some overshoot or with no overshoot, the criteria are given in Figure 16.
A PID system is also known as a three-mode controller which combines all three modes of control - proportional, integral and derivative. It enables a controller to be produced which has no steady state error and reduces the tendency for oscillations.


     	            [image: Table

Description automatically generated]
Figure 15: Settings for the Ultimate Cycle Method for Quarter Amplitude Decay (Bolton, 2015).
[image: ]
Figure 16: Settings for the Ultimate Cycle Method for PI Control (Bolton, 2015).
 
A variation on the ultimate cycle method involves not adjusting the control system for sustained oscillations but for oscillations which have a quarter amplitude decay figure 17. 
                                        [image: Diagram

Description automatically generated]
Figure 17: Quarter Amplitude Decay (Bolton, 2015).
The controller is set to proportional only. Then, with a step input to the control system, the output is monitored and the amplitude decay determined. If the amplitude decay is less than a quarter the proportional gain is increased, if less than a quarter it is decreased. The step input is then repeated and the amplitude decay again determined. By a method of trial and error, the test input is repeated until a quarter wave amplitude decay is obtained. We then have the value for the proportional gain constant. The integral time constant is then set to be T/1.5 and the derivative time constant to T/6 (Bolton, 2015).	Comment by Tony Howles: more     ?  typo
(b) Process Reacting Tuning.
The simulation model shown below (Figure 18) of a level tank system with a PID controller for the current settings of the system has induced a steady state error.
Using the process reacting tuning method the new values for the PID controller were calculated.
[image: Diagram

Description automatically generated]

Figure 18: Simulation model of a level tank system.

When the system was simulated the process response curve shown as graph 14 was obtained. The output response of the controlled variable, as a percentage of the full- scale range, to such an output was monitored and the curve of the variable was plotted against time. This graph is called the process reaction curve.
 [image: Chart, line chart
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Graph 14: Process reaction curve obtained when the system was simulated.

In order to calculate the maximum gradient (M) of this process reaction curve, graph 14 was enlarged to enable the calculation of the curve’s initial gradient, graph 15. 

[image: Chart, line chart

Description automatically generated]

Graph 15: Expanded portion of Graph 14 to calculate the gradient (M) and the Time Lag (L)
The time between the start of the test signal and the point where the tangent intersects the graph’s time axis is termed the lag (denoted by L).  

Calculations
Maximum gradient M =% change
                                         Time
                               =   0.15 – 0
                                      4 - 0 
                                =  0.0.375
                                =  4.0 %/sec       

P = 10% step change = 0.1%

L = Lag time = 0.05 sec

Using the criteria given by Ziegler and Nichols the controller settings were determined.   
The basis behind these criteria is to give a closed-loop response for the system which exhibits a quarter amplitude decay.   

	Type of controller
	Kp
	Ti
	Td


	PID
	1.2 P/ML
	2L
	0.5L



  
Kp = 1.2 x P     =  1.2 x 10    = 60
          M x L         4 x 0.05

Ti = 2 x L = 2 x 0.05 = 0.1secs

TD  = 0.5 x L = 0.5 x 0.05 = 0.025 secs


Since Ki   = Kp 					KD   = Kp x TD
                   Ti

                = 60                                                          = 60 x 0.025
                    0.1                                                         = 1.66
                                                                                  
                = 600 secs -1                                             = 1.5 secs

The calculated values obtained for Kp, Ti, and TD were substituted into the PID parameters in the original block diagram and the process reaction curve graph shown below (Graph 16), was obtained. The effect of this substitution reduced the oscillations and speeded up the response to obtain a steady state.

[image: Graphical user interface, application
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Graph 16: Process reaction curve obtained when the calculated values of Ti and TD were used as parameters for the PID.

As can be seen the process reaction curve obtained proved to be a neatly tuned system with the initial oscillations removed. 

It should be noted: -

· that the values determined from the various curves can only be regarded as approximate values as the drawing of the tangent is not an accurate process. 

· The lack of grid lines on the process reaction curves makes reading values on the axis difficult and hence subject to error. 

· Through a process of ‘trial-and-error’ changes were made to the values of Ti and TD. The changed values were inserted as new parameters for the PID and new process reaction curves plotted. These were examined on screen.

· The resulting process reaction curves did not give a great improvement in the steady state feature of the original process reaction curve (graph 16). Changes to these time variables provide an opportunity to ‘fine tune’ (if required) the steady state feature of the process reaction curve.

· Increasing the time integration values and decreasing the time derivative values by small amounts did not cause a great deal of change in the original system’s steady state feature.

· No further changes were made to the proportional parameter as this change, when applied, made significant changes to the process reaction curve and had a detrimental effect on it.

· Using the Ki and KD values caused an undesirable effect with peaks and troughs (oscillations) to the process reaction graph.




































Task 4 - Computerised Control Systems
The term industrial control network is used for a system of interconnected equipment that is designed to monitor and control equipment. This may be a localized network to control the various elements in modern motor vehicles or the multitude of elements in an industrial situation where machinery has to be monitored and controlled. One way of describing this is as multi-variable control systems, such systems often having interacting variables being controlled so that the adjustment of a set point for one variable can affect another variable. Digital controllers are ideally suited for exercising control in these applications (Bolton, 2015).
The inclusion of computer processing power in intelligent instruments and actuators creates the possibility of building an instrumentation system where several intelligent devices work together, transmit information to one another and execute process control functions.  Such an arrangement is often known as a distributed control system (DCS) (Morris, 2006). Additional computer processors can also be added to the system as necessary to provide the power when complex control algorithms is required. Such an instrumentation system is far more reliable than older control schemes where data from several discrete instruments is carried to a centralised computer controller via long instrumentation cables (Morris, 2006). A DCS is used to control production systems within the same geographic location. It usually involves a computer that communicates with control elements distributed throughout the plant or process. DCS systems tend to have a hierarchy of controllers distributed through a plant and are connected by a communications network for command and monitoring.  An example of a DCS system is an oil refinery where there are many control systems such as flow controllers which are closed loop controllers by which valves are operated in order to obtain set values. A DCS usually refers to a control system of a manufacturing system, process or any type of dynamic system in which the controller elements are not centrally located (such as the brain) but are distributed throughout the system with one or more controllers controlling each component sub-system (Bolton, 2015). 	Comment by Tony Howles: are

The term direct digital control (DDC) is used to describe the use of digital computers or microcontrollers in the control system to calculate the control signal that is applied to the actuators to control the plant (Morris, 2006). Samples are taken at regular intervals of time via an analog-to-digital converter (ADC), the feedback signal from the plant. This, together with the input of the required value which has been inputted as a digital signal to the memory of the computer, is then processed by the computer according to the required control law to give the required correction signal which is then sent via the digital-to-analog converter (DAC) to provide the correcting action to the plant to give the required control. DDC laws are computer programs that take the set value and feedback signals and operate on them to give the output signal to the actuator.  The program involves the computer carrying out operations on the fed back measurement value occurring at the instant it is sampled as well as using the values previously obtained. The program for proportional control thus takes the form of setting initial values to be used in the program and then a sequence of program instructions which are repeated every sampling period (Bolton, 2015). DDC is a controller which use the analogue or digital signals from various devices of a field sensor and actuators and then process and control the system based on the programme written inside the controllers and has the capability to send the information to another controller or DDC. The DDC usually has the followings features: analogue inputs which monitor the field’s sensors values, digital inputs to monitor the on/off status from switches/contactors. The analogue output to control the field actuators devices and digital output to control relays or provide low voltages. DDC must have internal ROM/RAM to store control logic and sensor values. It must have networking protocols inbuilt to transfer the data between the devices.

Programmable Logic Controllers (PLC) have a communication module to enable them to be included in a factory floor and wider networks. A PLC system has five basic components. The central processor unit (CPU) containing the microprocessor which interprets the input signals and carries out the control actions according to the program stored in its memory, communicating the decisions as action signals to the outputs. The power supply unit to convert the mains AC voltage to low DC voltage for the processor and circuits in the input and output interface modules (Petruzella, 2017). The programming device to enter the required program into the processor’s memory. The memory unit where the program is stored that is to be used for the control actions to be undertaken.  By the microprocessor. The input and output sections where the processor receives information from external devices and communicates information to external devices (Bolton, 2015).

[image: ]

Figure 18: Typical parts of a programmable logic controller (Petruzella, 2017).

PLCs are electronic systems that operate digitally and are designed for use in industrial environments, where the system uses programmable memory for internal storage instructions that implement specific functions such as logic, sequences, timing, counting and arithmetic operations to control machines. A PLC is a controller that can be rescheduled. If the PLC is a stand-alone and not combined with other PLCs, it is called a DDC implying that PLC is a big system of sub-system called DCS. PLCs use a relatively simple operating system, designed to do a minimum of tasks like scanning inputs and updating outputs. This simple structure means they can execute programs quickly because there are not many other processes running in the background and demanding time from the processor. PLC processing times are also quicker than DDCs because they are naturally closer to the devices they control (motors, pumps, switches, etc.), so they are more responsive than a larger DCS would be because it is controlling much more than a single machine. PLCs are generally flexible and are also more readily customizable.
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