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Abstract: An algebraically procedure for tuning of typical regulators to the third and fourth order advance
delay models of objects with nonminimal phase is proposed in this paper. As the typical regulator are used the
P, PI, PID control algorithms. For tuning of typical control algorithms to the class of objects models with
known parameters the maximal stability degree method is used. For analysis of obtained results in conformity

with this method the known tuning method are applied.
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Introduction

It is considered that the mathematical model of
the regulated object is presented by the
following transfer function [1]:

_ (by —bys)
H(s)= a,s® +as* +a,s+ay M
Hiy(s) = ) @

4 3 2 >
a,s” +a;s” +a,s” +a,s+a,

where b,, b, the coefficients of numerator;
a,,a,,a,,a,,a, the coefficients of denominator

of the objects (1), (2) respectively. The models
of objects of forms (1) and (2) are named the
objects’models with third and fourth order
advance delay objects. Assume that for the class
of dynamic models (1), (2) with known
parameters it’s necessary to tune the following
types of regulators P, PI, PID.

Because the models of objects (1), (2) are
complex, some of known tuning methods of
regulators for these objects can’t be used (the
Ziegler-Nichols  method) or they are
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accompanied by difficult calculations
parametrical optimization method).

In the work [2] for tuning of linear regulators to
the inertial objects with time delay the maximal
stability degree method of the designed
monovariable system is used.

In the works [3-7] maximal stability degree
(MSD) method is spreaded for tuning of P, PI,
PID types of linear regulators for other
categories of objects.

For getting over these difficulties the using of
the maximal stability degree method to the
designer stage of P, PI, PID typical algorithms
for class of dynamic models, represented in
forms (1), (2) is proposed in this paper.

(the

The tuning algorithm of regulators

Assume that the control system is formed of
object, which has forms (1), (2) and P, PI, PID
regulators and after some transformation will
have the forms:

- for the control system with the object (1):

(Clop3 +a1p2 +a,p+ay)
b, —b,p

4,(p) = +k,=0; (3)



(a0p4 +a1p3 +a2p2 +a;p) n

4,(p) =
i b —byp ©)
+k,p+k =0,
A(p) = (aop4 "’alp3 +a2p2 +4a;p) N
3
b —byp (5)
+k,p® +k,p+k, =0
- for the control system with the object (2):
4,(p) = (Clop4 +a1p3 +a2p2 +ta;p+a,) +
1
b —b,p (6)
+k,=0;

A4,(p) = (a0p5 +a1p4 +a2p3 +a3p2 +a,p) n
b, —b,p
+k,p+k, =0, (7)
(aop5 +a1p4 +a2p3 +a3p2 +a,p) +
b, —b,p
+k,p* +k,p+k =0,

A;(p) =

(8)

where k,.k;,k, are the tuning parameters of

regulators P, I, D respectively. The expressions
(3)...(8) are rewritten using the substitution
p=—J.

- For the control system with the object (1):

(—a,J> +a,J* —a,J +a,) N

A (=)=

=) b, +byJ (9)
+k =0;

D b

4 (_J)=(a0J4—a1J3+a2J2—a3J)_

2 b, +byJ (10)
—k,J+k =0;
4 (_J):(aOJ4—a1J3+a2J2—a3J)+

’ b, +b,J (11)

+kyJ? —k,J+k =0

- for the control system with the object (2):
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(a,J* —aJ’ +a,J’ —a3J+a4)+

A,(=J)=

=) b, +byJ (12)

+k, =0;

Az(_J):

:(—aOJS+a1J4—a2J3+a3J2—a4J)_ (13)
b, +b,J

—k,J+k, =0

A4,(-J) =

:(—aOJS+a1J4—a2J3+a3J2—a4J)+ (14)
b +b,J

+k,J? =k, J+k =0,

where J is the maximal stability degree of the
designed system and need to be determined.
From the expressions (9)...(14) it is taken the
first, second and third order derivatives, in
conformity with the number of tuning
parameters of respectively regulator, it is
obtained the algebraic expressions which allow
to determine the values of the maximal stability
degrees of the designed systems. From algebraic
equation, obtained through derivation on the
variable J, algebraic expressions for the numeric
values determination of the adjustment
parameters are obtained for P, PI, PID regulators
and these after some transformation will have
the form:

- for the control system with the object (1):

o for the control system with P regulator:
—c ) +e J? v, —cy =0,
—3a,b, +b,a,;

(15)
where ¢, =2a,b,; ¢, =

¢, =2a,b;; c; =a,b, +bya,;

o for the control system with PI regulator:
cod’ +e Jt v +e J  +e,J —c, =0, (16)
where ¢, = 6a,b; ; ¢, = 22a,b;b, —2b.a, ;
c, = 28a,b,b’ —8a,b;b,;
¢, =12a,b —12a,b,b;;
c, =—6a,b’ +2a,b,b} +2a,b.b, ;



cs =2a,b +2a,b,b};

for the control system with PID regulator:
eyt +e J +ey o +eJ +e Jt + (17)
+e,J e e, —cg =0,
where ¢, =1; ¢, =88; ¢, =28p%; c, =56 8°;
¢, =698 —~a ' —a, f* — i, B
cs =528 —d4a, B —4a, B’ —4a, B,
c, =22B°—6a,p’ —6a,p* —6a,3’;
¢, =4p7 —da,f°* —4a,f’ —4a, B
cg=a,f +a,f' +a. p,

where
ﬂ:bl/bo;al :al/ao;az :az/ao;a3 :a3/a0;

for the control system with the object (2):

for the control system with P regulator:
ceJt+eJ +e ey J—c, =0, (18)

where ¢, =3a,b,; ¢, =4a,b, —2b,a, ;

¢, =a,b, —3ab;; c; =2a,b,;c, =ab, +a,b,;

o for the control system with PI regulator:
—cyJ’ +e v, Jt +
(19)

+e,J +e J  +eld +e, =0,

where ¢, =1; ¢, =-3,54+0,5¢,;

c, =—4,16673° +1,8333a, 30,1667, ;

c, =—1,16674° +2,3333a, 8% - 0,6667a, 3 ;

c,=af’ —a,p;

cs =—0,5a,8° +0,1667a,8° +0,1667a,f3;

¢, =0,1667a, 5’ +0,1667a, B ;

for the control system with PID regulator:
—cyJ’ e vy +e J0 e, +
(20)
teJ +eJ +e P e ¢, =0,
where ¢, =1; ¢, =-7,75+0,25¢, ;
c, ==26p" +2a,p;
c,=—498° +7a,p°;

c, =-56p" +14a,p’;
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c, ==38,758° +17,25a, 5" -
-0,25a,8° —0,25a, 4 — 0,25, B;
c, =—158° +13a,5° -

_a2ﬂ4 _a3ﬂ3 _054182;
c, =258 +55a,p° -

~1,5a,8° - 15a, p* —1,5a,8°;
Cg :a1ﬁ7 _a2ﬂ6 _a3ﬂ5 —064,34;
¢y =025, 87 +0,25a,8° +0,25a, 37,
where in the expressions (19) and (20):
B = bl/bo; Q= al/ao; a, = az/ao;
a, =a,/a; a, =a,/a,.

The solution of equations (15)...(20) allows to
obtain the numerical values of the maximal
stability degrees of control system with
respectively regulators P, PI and PID.
The value of optimum stability degree of control
system is choosed from condition [2]:

J=J,, =—min maxRep,, (21)

where Rep; are the real roots or the real parts of
the complex roots of the algebraic equations
(15)-(20) obtained from the characteristical
equations.

The value of the optimum degree is the smallest
positive root (or real part) of algebraic equations
(15)-(20). In some cases the values of the
maximal stability degree can be determined by
approximations in opposite of the optimal
degree parameter.

The expressions for determination of tuning
parameters of respectively regulators P, PI, PID
after some transformations have the form:

- for the control system with the object (1):
e for P regulator:
B a,J’ —a,J? +a,J —a,

k ; 22
i b, +b,J (22)
e for PI regulator:
4 3 2 _
k= d,J"+d,J" +d,J 2+d3J d, , 23)
(bl +b0J)
where



d, =3a,b,; d, =4a,b, —2ab,; d, =4a,b,; d, =3a,b, —5a,b,;
d, =a,b,—3a,b; d, =2a,b,;d, =a;b; d, =4ab, —2a,b,; d, = a;b, —3a,b,;
d, =2ab;d, =a,b;
3 —a,J +aJ’ —a,J +a,J

ki = b, +b,J +k,J5 (24) k_:aOJ5—a1J4+a2J3—a3J2+a4J+k J:
’ b, +b,J ?
e for PID regulator: (30)
k, = e for PID regulator:
—dJ—d T —dy T —dy T —d,J —d, k, = dyJ* —dJ* ~d,J* ~d,J’ ~dJ” ~dsJ ~dy
B 2, +b,J ) ’ 2(by +byJ)'
(25) (31)
where d, = 6a,b}; d, = 22a,b2b, - 2b3a, ; where d, =12a,b;; d, =-42a,b.b, +6b;a,;
d, = 28a,b,b} —8a,blb,; d, = =50a,b,b +22a,byb, = 2a,by ;
d, =12a,b} —12a,b,b; ; dy =—20ayb; +28a,b/b, —8absh;
d, = —6a,b} +2a,b,bi +2a,b2b, ; d, =12a,b; —12a,b,b/;
d, =2a,b} +2a,b,b?; ds =—6a,b] +2a,b,b’ +2a,bb;;
d, =2a,b} +2a,b,b];
P - dyJ'+dJ +d,J’ +d,J-d, . 5 ) 3 2
p (b, +b,J)’ (26) i :—dOJ +d,J +d,J +dJ" +d,J—d, N
+2k,J, ’ (b +byJ)°
where +2k,J,
d, =3a,b,; d, =4a,b, —2a,b,; . (32)
g d — b where
d, =a,b,—3ab; d, =2a,b;d, =a;b; d. = 4a b d, =3ab, —Sab:
. —aJt vad —a v a,d ) d, =4a,b, '—2a2b0; a’.3 =a,b, —3a,b,;
i b +byJ 27) d, =2ab;d; =a,b,;
A i _ayJ’ —aJ  +a,J’ —a,J? +a,d
- for the control system with the object (2): | by +byJ (33)
—kyJ? +k,J.

e for P regulator:
k :—a0J4+a1J3—a2J2+a3J—a4 . @8)
? b, +b,J ’

With thise calculations the tuning algorithm of
regulators for given models of objects forms (1),
(2) is over.

for PI lator: inati i i
e Tor Plregulator Application and computer simulation

5 4 3 2
, _dyJ +dJ *dyJ +cj3J +d4J_d5, To show the efficiently to the proposed
(b1 +byJ ) algorithms for tuning the P, PI, PID typical
(29) regulators we’ll study an example with the
model of object which has the following
where parameters:

k
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- for the object (1):
b, =0.25; b =0,5; a,=5; a, =13,5; a, =7.5;
a;=land f=2; a, =27, a, =15, a, =0.2;

- for the object (2):

b, =0,1667; b, =0.,5; a, =1,6667; a, =4.5;
a, =12,5; a, =7,3333; a, =1; and § =3;
a, =27, a,=175; a,=44; a, =0.,6.

Is required to tune the following regulators P, PI,
PID:

Doing the respectively calculations in
conformity with the elaborated algorithm for the
given object we obtained the following results:

- for the control system with the object (1):
e for the control system with P regulator:
J=034; k,=0318;

e for the control system with PI regulator:
J =021, k, =099

k, =0,21; (T, =5,097s).

e for the control system with PID regulator:
J =0,5755; k,=6,7;

k, =1,0961; (T, =091s);
k, =17957s.

- for the control system with the object (2):

o for the control system with P regulator:
J =0,33; k,=0362;

e for the control system with PI regulator:
J =0,221; kp =L1;

k, =0,221; (T, = 4,523s).

e for the control system with PID regulator:
J =0,6271; k,=13,1431;

k. =2,8822; (T, = 0,347s);
k, =14,85555.
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Fig. 1. The transient responses of control

systems




On the computer was simulated the control
system with the given objects’models forms (1),
(2) and respectively regulator P, PI, PID. The
results of computer simulations are represented
in the figure 1 (form (1), curves 1 and form (2),
curves 2).

For comparison the obtained results for tuning
of regulators in conformity with proposed
method were applied the parametrical
optimization method (Poisk-2) and have been
obtained approximately the same results of
values of tuning parameters. The results of
computer simulations are represented in figure 1
(form (1), curves 3 and form (2), curves 4).

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
regulators P, PI, PID to given third and fourth
order advance delay objects’models with
nonminimal phase (1), (2) 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
regulator is determined;

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