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Abstract - A tuning algorithm of digital controllers to
the objects’ models with inertia and time delay using
the maximal stability degree method of the continuous
control system is proposed in this paper.

The objects’ model is a model with inertia (second or
third order) and time delay.

The controller represents a digital algorithm — PI, PID
quasicontinuous and it is tuning in two stages.

On first stage the PI, PID controllers are tuning in
conformity with the maximal stability degree method of
continuous control system.

On second stage the discretized PI, PID controllers are
tuning as the quasicontinuous controllers choosing
initial the discretization period in conformity with the
constant of inertia and time delay of objects’ model.
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1. INTRODUCTION

At the automation of many slow technological
processes the mathematical objects’ models of
control process are represented as the models with
respectively order inertia and time delay [1, 2].

In the paper is admitting that the objects’ model is a
model with third order inertia and time delay:
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where the parameters of object

k1,,T,,T;,7,a,,a,,a, are known. For the objects’

model (1) is proposed to tune the discretized PI, PID
quasicontinuous controllers (digital controllers).For
design of numerical control algorithm are used many
methods [1,3].

Digital controllers frequently implement typical
control laws PI, PID used in analog controllers. At
the tuning of these types of controllers is used the
calculating of parameters of digital controller in
dependence of parameters of continuous controller
choosing initial the discretization time.

2. THE TUNING ALGORITHM OF DIGITAL
CONTROLLERS

Assume that the control system is formed of object
with transfer function H(s), which has forms (1), and
the digital controller Hg(z) with typical control laws
PI, PID respectively (fig.1).
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Figure 1: The structure scheme of control system.
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The tuning procedure of continuous controllers PI,
PID to the objects’ model (1) in conformity with the
maximal stability degree method is presented in [4].
In order to illustrate the discretization method of the
continuous control laws, the case of a PI, PID
controllers with the following transfer functions is
used:
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where & ,T.T, T, are the tuning parameters of

controllers P, I, D respectively.

For tuning of digital PI, PID controllers to the
objects’ model (1) the following procedure is
proposed:

The continuous PI, PID controllers are tuning to the
objects’ model (1) in conformity with the maximal
stability degree method [2]:

for tuning of continuous PI controller to the objects’
model (1) the following procedure is using:

the algebraic expression is solving and the numerical
value of the optimal stability degree (J,,) 1is

determining:
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a.the optimal numerical values of tuning parameters
of PI controller are determined from expressions:
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for tuning of continuous PID controller to the
objects’ model (1) the following procedure is using:
the algebraic expression is solving and the numerical
value of the optimal stability degree (J,,) 1is
determining:
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where
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the optimal numerical values of tuning parameters of
PID controller are determined from expressions
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e For the objects’ model (1) with known parameters

the discretization period is determined in
conformity with the expression [3]:

an

e The continuous controllers (2), (3) are discretized
in conformity of the Tustin method and the
transfer function in transform z [3]:

- For the PI controller:
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- For the PID controller:
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3. APPLICATION AND COMPUTER
SIMULATION

To show the efficiency to the proposed algorithms for
tuning of PI, PID digital controllers we’ll study an
example with the model of object (1) which has the
following parameters:

k=1 =L [,=3,T,=4T, =5,
a,=60; a, =47, a,=12;a, =1.

Is required to tune the following continuous
controllers PI, PID:

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

- for the control system with PI controller:
J=0,118; k, =0,249;
k, =0,044; (T, =22.72 s).
- for the control system with PID controller:
J=0,188; k, =0,755;
k, =0,0762; (T, =13,123 5); k, =158 s.

In conformity with the expression (11) the
discretization time period is 7=0,4 s.
The continuous controllers are
conformity of the Tustin method. .

For the PI controller the tuning parameters are

determined from (12):

¢, =0.2487; g, =02443; p, =1.

discretized in

For the PID controller the tuning parameters are
determined from (13):
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q, =8.314; g, =159
q, =7.618 p, =1.079; p, =0.0791.

The computer simulation have been made in
MATLAB and the simulation diagram of control
systems for continuous and digital controllers are
presented in fig. 2.
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Figure 2: Simulation diagrams of
the control systems.

On the computer was simulated the control system
with the given objects’ models forms (1), and
respectively continuous and digital PI, PID
controllers. The results of computer simulations are
represented in the figure 3 and 4.

In the figure 3 is presented dependencies of tuning
parameters of controllers on the variation of the
maximal stability degree J.

In the figures 4 is presented the transient responses
of control systems with PI and PID controller where
in the figure with PI controller is presented 3 curves
where: curves 1 for the control system with
continuous controller using the Ziegler Nichols
method, curves 2 for the control system with
continuous controller using the maximal stability
degree method, curves 3 for the control system with
digital controller for the discretization period 7=0,4 s
using the Ziegler - Nichols method, curves 4 for the
control system with digital controller for the
discretization period 7=0,4 s using the maximal
stability degree method; in the figure with PID
controller is presented 5 curves where: curves 1 for
the control system with continuous controller using
the maximal stability degree method, curves 2 for the
control system with continuous controller using the

Ziegler Nichols method, curves 3 for the control
system with digital controller for the discretization
period T=0,4 s using the maximal stability degree
method, curves 4 for the control system with digital
controller for the discretization period T=0,4 s using
the Ziegler - Nichols method and curves 5 for the
control system with digital controller for the
discretization period T=4 s using the Tustin method.

Dependencies of tuning parameters of PI controller:
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Figure 3: Dependencies of tuning parameters
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Figure 4: The transient responses of control systems.

For the control system with PI controller the transient
responses 1, 2, 3 and 4 for the different discretization
period coincide.

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 PI, PID to given objects’ model (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
continuous system with respectively type of
controllers is determined and the tuning parameters
of respectively regulators are determined from
algebraic expressions (4)...(10);

the discretization time period is determining in
conformity with the constant of inertia and time delay
of objects’ model (11).

the tuning parameters of respectively digital
controller are determining from algebraic expressions

(12), (13).
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