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[bookmark: _GoBack]Introduction 
          This report illustrates many aspects in PID control system, explaining its tuning methods and how to drive the transfer function using Mason Gain formula, also explaining the root locus analysis and how to represent a system using this technique and on top of that explaining the state space modelling technique and how a system could be represented using it.

Task one
a) PID control principles:
                PID controller is a common control algorithm used in the industry, as in the figure below a block diagram of a control system showing the components of a control system represented in blocks which are the controller and the process and the feedback and the causal relationship between the input and the output is represented by arrows between the blocks. 
[image: ]
               The input of the process is the control variable “u” while the output is the process variable “y” which is measured by a sensor and fed into the controller as an error “e” represented as the difference between the set point “ysp” and the feedback value represented in the process variable giving the following equation e = ysp – y.
              The required output of the system is to keep the process variable as close as possible to set point in spite of disturbances and variations of the process characteristics, which could be achieved through the main aspects included in the PID which are proportional, integral and deferential. (Karl and Tore,1995)
· Proportional:
             To illustrate the proportional control, it is essential to discuss the on-off control where the output is maximum when the input is bigger than zero and zero one the input is lower than zero 

where e is the error as shown in the figure below
[image: ]

Therefore, the idea of proportional control is essential to get output of the system represented in the process variable in linear relationship to the input represented in the control variable therefore, the output increases or decreases linearly according to the input as shown in the figure below, where u max and u min are the control variables and 
p[image: ]
(Karl and Tore,1995)

· Integral action:
The purpose of the integral action is to make sure the output of the system agrees with the set point of the system in the steady state. Where the control signal changes increasing or decreasing according to a very small change in the error. (Karl and Tore,1995)
· Derivative action: 
The purpose of the derivative action is to enhance the closed loop stability of the system.

b) PID control tuning methods
· Trial and error method:
It is the process of calculating the optimal values for gain, reset and rate for the PID controller, and this is done by first setting the integral and derivative terms to zero and start increasing the proportional term gradually until the control loop oscillates, the increase in the proportional term leads the system to increase its response speed and become unstable. (electronichub)
Once the proportional response is fast enough, adjust the integral term in order to reduce the oscillations gradually, the integral value should be changed until the steady state error is reduced. (electronichub)
Once the proportional and the integral part are set to some values with minimal steady state error, the derivative term should be reduced in order it decreases the overshoot and the system reaches its set point. (electronichub)
· Zeigler Nicholas method:
This method depends on the transient response of the system to determine the proportional gain, integral time and derivative time as follows:
· First method: by obtaining the step response of the system as shown in the figure below
[image: ]
Then get the delay time and the time constant by drawing a tangent at the inflection point of the curve.
Then set the parameters of pk Ti and Td as shown in the table
[image: ]
(electronichub)

c) Determining the PID control parameters for the following open loop function using Zeigler Nicholas oscillation method.  .
1 + kp G(s) = 0
1 + kp  = 0
.+ (2 - s)kp = 0
At the critical point kp = kc and s = jwc substituting these values into the equation gives:
.+ (2 - jwc)kc = 0
Kc = 
Kc = 
Kc = (2 +jwc)
Kc = 
Kc = 
Kc = 
To get real value for k,  = 0 
Wc = 
The period = 2π/wc = 2π/ = 1.37
Kc =  substituting wc= 
Kc =  = 6
Therefore, as kp = 0.6kc then kp = 0.6*6 = 3.6
Ti = 0.5(period) = 0.5*1.37 = 0.685
Td= 0.125(period) = 0.125*1.37 = 0.17125








Task two
[image: ]
Applying Mason Gain formula to derive the transfer function for this system
· Producing signal flow diagram:
[image: ]
· Mason Gain formula states:
T =  =  ↋k Pk Δk   where:
T is the transfer function.
Pk is the forward path of k’s forward path.
Δ = 1- (sum of individual loop gains) + (sum of two non-touching loops) + (sum of three non-touching loops) +….
Δk = 1- loop gains which are not touching to the kth forward path.
Therefore 
Pk = p1 = G1 G2 G3 G4 as there is only one forward path

Gains of the individual loops:
L1 = -G1 G2 H2
L2 = -G3 G4 H3
L3 = -G2 G3 H1

Gains of non-touching loops:
As there is only two non-touching loops L1 and L2, the total gain is 
L1L2 = (-G1 G2 H2) (-G3 G4 H3) = G1 G2 G3 G4 H2 H3

Δ = 1 – (-G1 G2 H2 – G3 G4 H3 – G2 G3 H1) + (G1 G2 G3 G4 H2 H3)
Δk = 1 – 0 = 1

T =  



Task three
(a) The root locus analysis
It is a graphical representation of a feedback system in the complex plane showing how the change of the poles and zeros will change the stability of the system and what value of the variable k is required to reach the stability. (web.mit.edu)

(b) Root locus diagram
i.  
[image: ]
· The characteristic equation is  
= 

The characteristic equation becomes (s+1) (s+3) (s+5) +K +0
· when K = 0 	 the characteristic equation becomes:
(s+1) (s+3) (s+5) +0
· The open loop poles are -1, -3, -5
The equation is of third order so there are three loci.
· As “n -m” = the number of the poles – the number of the zeros = 3, then the angles of the asymptotes will be π/3 or 60, 3π/3 or 180, 5π/3 or 300.
· The point of intersection of the asymptote with the real axis is  = -3.
· The points of intersection of the asymptote with the imaginary axes can be determined by putting ( s = jw) in the characteristic equation to get
(s+1)(s+3)(s+5) +k =0
(s+1)[]+k=0
[ = 0
By substituting s = jw
[ = 0

· By equating the imaginary parts gives: 
 = 0
 = 23
W= 
And by equating the real parts gives:
-9 + 15 + k = 0
-9(23) + 15 + k =0
-207 + 15 +k =0
-192 + k = 0
K = 192

· The breakaway point is determined from the characteristic equation 
· (s+1)(s+3)(s+5) +k =0
K = -(s+1)(s+3)(s+5)
K = 
. =  then equating this to zero 
. = 0 
. = 0
The roots of this equation are 
. =  
= - 1.85 or – 4.15
Therefore, the root locus shown in the graph below
[image: ]


ii.  
[image: ]

· The characteristic equation is  
= 

The characteristic equation becomes (s+3+2j) (s+3-2j) (s+1) +K +0
· when K = 0 	 the characteristic equation becomes:
(s+3+2j) (s+3-2j) (s+1) +0
· The open loop poles are -3-2j, -3+2j, -1
The equation is of third order so there are three loci.
· As “n -m” = the number of the poles – the number of the zeros = 3, then the angles of the asymptotes will be π/3 or 60, 3π/3 or 180, 5π/3 or 300.
· The point of intersection of the asymptote with the real axis is  = -2.33.
· The points of intersection of the asymptote with the imaginary axes can be determined by putting ( s = jw) in the characteristic equation to get
(s+3+2j)(s+3-2j)(s+1) +k =0
[ = 0
By substituting s = jw
[ = 0

· By equating the imaginary parts gives: 
 = 0
 = 19
W= 
And by equating the real parts gives:
-7 + 13 + k = 0
-7(19) + 13 + k =0
-133 + 13 +k =0
-120 + k = 0
K = 120

· The breakaway point is determined from the characteristic equation 
· (s+3+2j)(s+3-2j)(s+1) +k =0
K = -(s+3+2j)(s+3-2j)(s+1)
K = 
. =  then equating this to zero 
. = 0 
. = 0
The roots of this equation are 
. =  
= 5.7 or – 1.1

· The angle of departure = 180 – (Ɵ1+ Ɵ2)
Ɵ1= 180 - 
Ɵ1 = 180 – 33.7 = 146.3
Ɵ2 = 90
Angle of departure = 180- (90+146.3) = -56.3
Therefore, the root locus as shown in the graph below
[image: ]













Task four
a) It is a representation of the dynamics of Nth order system as a first order deferential equation in an N vector which is the state of the system, and the system is represented with state variables which are a set of variables describe the system and response to any input. (web.mit.edu).
 
b)  
[image: ]
To determine the state space model, the main components of the system has to be found which are:
X1 is the output of the system
X2 is the output of the control element 
X3 is the output of the sensor
Therefore, 
X1 = ()x2
 x1(s) = ()x2(s)
 = ()
X1(s) (s+6) = 8x2(s)
Sx1(s) + 6x1(s) = 8x2(s)
Sx1(s) = 8x2(s) – 6x1(s) ………. (1)

. = 
Sx2(s) = 3U(s) – 3x3(s)
Sx2(s) = -3x3(s) + 3U(s) …………(2)

. =  
Sx3(s) + 2x3(s) = 4x1(s)
Sx3(s) = 4x1(s) – 2x3(s) …………(3)

Y(s) = x1(s) ………………………(4)

 By taking Laplace inverse of the equations
 = -6x1 + 8x2
 = -3x3 + 3U
 = 4x1 - 2x3
 = 

Therefore, 
. =  + U

Y = 

c)  Determining the transfer function for the systems represented by the state space 
As A = , B =  , C = 
. = C  B + D
= (s ) =   -  = 
. =   
. =  
. =  
. =  
. =  
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