Author: Eugenio M. Tait

Graduated in Philosophy

Engineer in Electricity and Electronics

E-mail: eugeniotait@hotmail.com

Web: http://www.geocities.com/tdcee

Web: http://www.geocities.com/eugeniomtait

Chap. 41
Controllers of the State in a System

CONTROLLERS TYPE «P.I.D.»
INTRODUCTION

Optimization for Ziegler-Nichols

First form

Second form

COMPENSATORS TYPE «DEAD-BEAT» AND «DAHLIN»

Compensator «dead-beat»

Compensator «Dahlin»
CALCULATION OF A CONTROLLER COMPESATOR

DATA

PHYSICAL IMPLEMENTATION

GENERALITIES  

CALCULATION  

DIAGRAM OF FLOW
_________________________________________________________________________________

CONTROLLERS TYPE «P.I.D.»
INTRODUCTION

The transfer of the compensator Gc is given in the following way

   
Gc(s)
=  Kp [ 1 + Tds + 1/Tis ]
=   Kp + Kds + Ki/s

where


Kp
=   proportion gain


Kd
=   derivation gain


Ki
=   integration gain


Td
=   constant of derivative time


Ti
=   constant of integration time




Optimization for Ziegler-Nichols

It consists on two methods to calculate the Gc in such a way that the over-impulse in y(t) it doesn't overcome 25% for an input r(t) in pedestal.




First form

We apply a pedestal in u(t) and they are experimentally for the plant Gp


T0
=   ...
Delay time



=   ...
Constant of time




and if approximately for the graph a plant transfer

   
Gp(s)
=  K . e-sTo / ( 1 + s  )

some values are suggested for the design




P

PI

PID



Kp

 / T0

0,9 .  / T0
1,2 .  / T0

Td

0

0

0,5 . T0

Ti



3,33 . T0
2 . T0


that is to say that finally is for our case of PID

   
Gc(s)
=  0,6 .  ( s + 1/ T0 )2 / s

Second form

We apply this method to those plants Gp that have harmonic oscillations in closed loop Glc when it experiences them to him with a proportional compensator Gc(s)= Kp.

We find the critical value that makes oscillate the plant and their period


Kpc
=   ...
Kp critical


T0
=   ...
period of critical oscillation

and it is suggested to use the values




P

PI

PID



Kp

0,5 . Kpc
0,45 . Kpc
0,6 . Kpc

Td

0

0

0,125 . T0



Ti



0,83 . T0
0,5 . T0
that is to say that finally is for our case of PID

   
Gc(s)
=  0,075 . Kpc . T0 ( s + 4/ T0 )2 / s

COMPENSATORS TYPE «DEAD-BEAT» AND «DAHLIN»

Compensator «dead-beat»

Given the figure of closed loop Glc, we look for to design the compensator D(z) such that the output follows the most possible to the input; that is to say, that diminishes the error «e»

   
y(k)
=   r(k-1)



With the purpose of simplifying the nomenclature we will use the following expressions:

   
Gp(z)
=   y(z) / u(z)
=   Z [Go(s).Gp(s)]   =   Z (1 - e-sT) . Z [Gp(s) / s] 

   
D(z)
=   u(z) / e(z)
=   Z [D(s)]

Then, first we outline the transfer of closed loop

   
Glc(z)
=   y(z) / r(z)
=   D(z) . Gp(z)  /  [ 1 + D(z) . Gp(z) ] 

and we clear

   
D(z)
=   [ 1 / Gp(z) ]  . {  Glc(z)  /  [ 1 - Glc(z) ]  }    

If now we keep in mind the transformation of the impulse of Kronecker in the sample moment «k»

 
Z [(k)]
   =   z-k
and that for the equation y(k) = r(k-1) it is in the practice that for a delay (retard of Glc) of «n» pulses (the sample «k» a sample will be for above for the maxim possible response of Glc)

   
k
=   n + 1

   
y(k)
=   r((n+1)-1)
=   r(n)



of where we obtain

   
y(z)
=   r(z) . z-1

para n = 0

   
y(z)
=   r(z) . z-(n+1)

para n  0


Glc(z) 
=   y(z) / r(z)
=   z-(n+1)
=   z-n-1
what determines finally

   
D(z)
=   [ 1 / Gp(z) ] . { z-n-1/ [1-z-n-1] } 

Compensator «Dahlin»

Here they will diminish the undesirable over-impulses in exchange for allowing a worsening in the error «e».

For it Dahlin proposes the following algorithm

   
y(k)
=   q . y(k-1) + ( 1 - q ) . r(k -(n+1))


where «q» it is defined as a «syntony factor»


0    q  =  e -T    1

and what allows to determine (to observe that the expression coincides with that found in «dead-beat» for )


Glc(z) 
=   y(z) / r(z)
=   ( 1 - q ) . z-n-1 / ( 1 - q.z-1)

   
D(z)
=   [ 1 / Gp(z) ] . { ( 1 - q ) . z-n-1 / [ 1 - q.z-1- ( 1 - q ) . z-n-1 ] } 




CALCULATION OF A CONTROLLER COMPESATOR

DATA


We have the following servomechanism position controller, and it is wanted him not to possess oscillations to their output. It is asked to use a digital processor of control Gc to their input that avoids the effect.





INCRUSTAR PBrush



B
=
0,15 [Nms/r]



J
=
0,15 [Nms2/r]



R
=
1 []



L
=
0,03 [H]



Nnom
=
1500 [RPM]



Pnom
=
3/4 [Hp]



Unom
=
200 [V]



Inom
=
3 [A]



A
=
10



K
=
1 [V/º]



n
=
1/10



t

0,1 [s]



Oscillations died in  (t)
PHYSICAL IMPLEMENTATION




GENERALITIES


We determine the characteristics of the motor



nom
=
2 . N / 60   =   157 [r/s]



Pnom
=
3/4 [Hp] / 740   =   555 [W]



kg
~
Unom / nom   =   1,27 [Vs/r]

and finding the poles of the plant



elec
=
L / R   =  0,03 [s]



mec
=
J / B   =  1 [s]


dominant
we make their transfer



Gp(s)
=
y(s) / u(s)   ~   A . ( / U) / s ( 1 + s mec )   =




=
A.kg-1 / s ( 1 + s mec )  ~   15,7 [r/V] / s ( 1 + s )


The sampling frequency obtains it of the Theorem of the Sampling


T
»
t

for what is adopted for example



T
=
1 [s]

CALCULATION


Given the gain of the R.O.C.


Go(s)
=   1 - e-sT / s

it is the plant Gp

     
Gp(z)   
=   Z [ Go(s)Gp(s) ]  =  Z ( 1 - e-sT ) . Z [ 15,7 / s2 ( 1 + s ) ]  =



=   5,65 (1+0,71z-1) z-1 / (1-z-1) (1-0,36z-1)


If we outline an input generic type pedestal


r(t)
=   U


r(z)
=   1 / ( 1 - z-1 )

the signal of control u(z) it is


u(z)
=   Glc . r / Gp   =   Glc .  (1-0,36z-1) / 5,65z-1(1+0,71z-1)

and like we know that the order of Glc will be smaller than 3 to avoid oscillations, and that in turn it will be same or bigger that that of Gp, we can conclude here that it is correct that it has two poles


Glc(z)
=   a z-1 + b z-2
and in turn if to simplify calculations we also make


Glc(z)
=   K z-1(1+0,71z-1)

they are


K
=   (a z-1 + b z-2) / z-1(1+0,71z-1)   =   a + RK [ (b-0,71a)z-1 ]


u(z)
=   0,18 K (1-0,36z-1)


If now we outline the closed loop Glc again


Glc(z)
=   y / r   =   ( r - e ) / r   =   GcGp / ( 1 + GcGp )

and we clear the error e(z)

e(z)
=   ( 1 - Glc ) r   =   ( 1 - Glc ) / ( 1 - z-1 )

that we know it will be a polynomial N(z)

e(z)
=   N(z)
we can deduce


N(z)
=   ( 1 - Glc ) / ( 1 - z-1 )   =  [ 1 - ( a z-1 + b z-2 ) ] / ( 1 - z-1 )   =



=   1 + (1-a)z-1 + RN [ (1-a-b)z-2 ]


If now of the two equations of K and N we adopt null the remains


RK
=   RN  =   0

we can calculate


a
=   0,58


b
=   0,41


K
=   0,58


Glc(z)
=   0,58 z-1 + 0,41 z-2

N(z)
=   1 + 0,41 z-1
as well as if we outline again


Glc(z)
=   GcGp / ( 1 + GcGp )


e(z)
=   N(z)   =   ( 1 - Glc ) r   =   ( 1 - Glc ) / ( 1 - z-1 )

we clear the filter Gc controller finally


Gc(z)
=   Glc / Gp ( 1 - Glc )   =   Glc / Gp N(z) ( 1 - z-1 )   ~



~   0,11 (z-0,36) / (z+0,41)

what will give us an output and an error


y(z)
=   Glc. r   =   (0,58z-1 + 0,41z-1) / (1-z-1)   =   0,58 z-1 + z-2 + z-3 + ...


u(z)
=   0,18.0,58 (1-0,36z-1)   =   0,1 - 0,037z-1
and in the time


y(k=0) = 0   
y(k=1) = 0,58   
y(k=2) = 1   
y(k=3) = 1   
y(k=4) = 1   


u(k=0) = 0,1   
u(k=1) = - 0,037   u(k=2) = 0   
u(k=3) = 0   
u(k=4) = 0  





To implement the filter digital controller we outline their transfer first


Gc(z)
=   u / e   =   0,11 (z-0,36) / (z+0,41

and we proceed


z u + 0,41 u   =   0,11 z e - 0,04 e

that is to say that is for a k-generic instant


u(k+1) + 0,41 u(k)   =   0,11 e(k+1) - 0,04 e(k)
or


u(k) + 0,41 u(k-1)   =   0,11 e(k) - 0,04 e(k-1)
what will determine us a control u(k) to implement in the following way


u(k)
=   0,11 e(k) - 0,04 e(k-1) - 0,41 u(k-1)

DIAGRAM OF FLOW
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