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Abstract: A procedure of tuning of linear  controllers  to  the fourth order  advance delay

objects’  models  with  nonminimal  phase  and  astatism  is  proposed  in  this  paper.  The  object  is

presented  with  transfer  function  that  contains  one  positive  zero  and fouth  negative  poles.  The

maximal  stability  method  is  used  for  tuning  of  linear  controllers.  The  tuning  procedure  of

controllers  represents  an  algebraic  method  with  a  reduce  number  of  calculations.  The  results

obtained  on  tuning  of  controllers  through  the  selected  method  are  compared  with  the  results

obtained in conformity of the known methods.

Key  words: the  advance  delay  object’s  model  with  nonminimal  phase,  the  tuning  of

controllers, the maximal stability degree method.

INTRODUCTION

At  automation  of  diverse  technological  processes  the  object’s  models  are  represented  as

advance delay models with respectively degree and nonminimal phase [1, 2, 3]. In this paper the

object’s model is represented by the following transfer function:
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where k is the transfer coefficient, T1, T2, T3, T4, T5 – time constants, the coefficients b1=k; b0=kT1;

a0=T5T4T3T2;  a1=T2T3T4+T2T3T5+T3T4T5;  a2=T2T3+T2T4+T2T5+T3T4+T3T5+T4T5;  

a3= T5+T4+T3+T2; a4=1. The transfer function (1) contains one positive zero, one negative pole and

zero pole.

For the tuning of regulators to the class of objects’ models (1) can be used known methods [1,

2,  3].  Many  calculations  and  graphical  representations  follow frequency  method.  The  Ziegler-

Nichols method can’t be used. The parametrical optimisation method is followed by even a greater

number of calculations. To solve the difficulties indicated above, in this paper, the maximal stability

degree method is proposed for tuning of P, PI, PID types of linear regulators for the class of objects’

models represented in the form (1).
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The maximal stability degree method was used in the paper [4] for tuning of regulators to the

third order advance delay objects’ models with nonminimal phase.

TUNING ALGORITHM OF CONTROLLERS

Assume that the structural scheme of control system is made of object with transfer function 

that has the form (1) and P, PI, PID controllers:

,k
pbb

papapapapa
(p)A p 0

01

4
2

3
3

2
4

1
5

0
1 




                                  (2)                

,kpk
pbb

papapapapa
(p)A ip 0

01

2
4

3
3

4
2

5
1

6
0

2 



                               (3)

,kpkpk
pbb

papapapapa
)p(A ipd 02

01

2
4

3
3

4
2

5
1

6
0

3 



                          (4)

where  kd,  ki,  kp,  are the tuning parameters  of regulators  P, I,  D respectively and  p – derivative

operator. The expressions (2)..(4) are rewritten using the substitution p=-J:

0
01

4
2

3
3

2
4

1
5

0
1 




 pk

Jbb

JaJaJaJaJa
J)(A ,                                    (5)

0
01

2
4

3
3

4
2

5
1

6
0

2 



 ip kJk

Jbb

JaJaJaJaJa
J)(A ,                                 (6)

0)( 2

01

2
4

3
3

4
2

5
1

6
0

3 



 ipd kJkJk

Jbb

JaJaJaJaJa
JA ,                         (7)

where J is the maximal stability degree of the designed control system [2].

From  the  expression  (5)..(7)  we  take  the  first,  second  and  third  order  derivatives,  in

conformity with the number of tuning parameters of respectively regulator, and obtain the algebraic

expressions which allow to determine the values of the maximal stability degrees of the designed

control system.

The expressions for determination of tuning parameters of respectively regulators P, PI, PID

after some transformations have the form:

 for P controller from (5):
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 for PI regulator:
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where c0=5a0b0; c1=6a0b1-4a1b0; c2=5a1b1-3a2b0;  

c3=4a2b1-2a3b0;  c4=3a3b1- a4b0; c5=2a4b1;
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 for PID regulator:
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In (11) and (12) the coefficients 43210 ,,,, ccccc  have been used from (9).
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With these calculations the tuning procedure of regulators to the models’ objects form (1) with

given parameters is over.

Apparently the determination of optimum stability degree from expressions (5), (6), (7) is the

difficult procedure. The solution of this problem, in this paper, is proposed in following mode.

The algebraic expressions (8)-(13) represent dependence functions of tuning parameters kp, ki, kd

of respective controllers P, PI, PID on unknown variable of maximal stability degree  J.  These

dependencies kp, ki, kd=f(J) can be built and analysed.

APPLICATIONS AND COMPUTER SIMULATION

To show the efficiency of the proposed algorithm for tuning of the typical controllers let’s examine an example with

the object’s model (1) which has the following parameters:

;7,0;2,1;6,1;5,0;8,0;3 54321  TTTTTk

It is required to tune the P, PI, PID type of controllers. Doing the respectively calculations in conformity with the

proposed method for the given object we obtained the following dependencies of tuning parameters of controllers on

the variation of the maximal stability degree J of designed system figures 1, 2, 3, (curves a):

 for the control system (CS) with P controller:
1) J1 =0.18; kp1 =0.02330187; 2) J2=0.27; kp 2 =0.020514408; 3) J3 =0.09; kp 3 =0.01790423;

Fig.1. Dependence of tuning parameter (a) and transition processes of CS (b)

 for the control system with PI controller:
1) J1 = 0.11; kp 1 =0.029682772; ki 1 = 0.000952424;
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2) J2 =0.165; kp 2 = 0.025350755; ki  2 =0.0003408139;
3) J3 =0.055; kp 3 =0.022804130; ki 3 =0.0004882284;

Fig.2.

Dependencies of tuning parameters (a) and transition processes of CS (b)

 for the control system with PID 
controller:
1) J1 = 0.26; kp 1 =0.061102430; ki

1=0.016506076; kd 1=0.106072048;
2) J2 = 0.4; kp 2 = 0.027036290; ki 2 =

0.027036290; kd 2 = 0.055404649;
3) J3 =0.12; kp 3 =0.031349952; ki 3 =

0.000302224; kd 3 =0.00757808;

Fig.3. Dependencies of tuning parameters (a)
and transition processes of CS (b)

On  the  computer  was  simulated  the

control  system  with  the  given

objects’models  forms  (1)  and  respectively

controllers P, PI, PID. The results of computer simulations are represented in the figures 1, 2, 3,

(curves b).
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CONCLUSIONS

As a result of the study, which was made for given class of objects models, the following

conclusion can be made:

1. The proposed tuning algorithm for linear controllers P, PI, PID to given third order advance

delay objects’models with nonminimal phase and astatism (1) represents an algebraic method.

2. The proposed tuning algorithm represents a simple procedure which consists of following

stages:

- the value of optimum stability degree of the designed system with respectively type of controller

is determined from the dependencies kp, ki, kd=f(J);

- the tuning parameters of respectively regulators are determined from algebraic expressions.
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