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Abstract: Performance of the recently developed fuzzy system is examined on
the parameter adaptation in simulation model of an asynchronous machine. Chapter 5
contains one adaptive model. Consequently, an additive fuzzy system approximates the
function by converting its graph with rectangle or ellipsoidal rules patches. Non-
linearities of the magnetic circuit caused by magnetic saturation were taken into
account. They are mentioned as the expert fuzzy system.

1. Introduction

The aim of the paper is to demonstrate the use of fuzzy logic for the adaptation
of simulation model parameter that does not change during the simulation. The paper
describes the use of an additive fuzzy system for the approximation of point functions.
The method is demonstrated on the adaptation of simulation model parameter in an
asynchronous machine.

2. Language Approximation

The function of one or more variables (usually non-linear function) can be
approximated by means of a fuzzy system. This type of approximation presents verbal
description, therefore it is called language (linguistic) approximation. Such
approximation method brings certain advantages. Firstly, fuzzy approximation allows
for the use of quality knowledge (experience, knowledge, heuristics) about the
function to be approximated. The second advantage is the characteristic feature of
approximation called local sensitivity. In case of a fuzzy system approximation, local
adaptation can be reached by a mere change of the appropriate rule’s consequent.
Moreover, the size of such local area to be changed can be influenced by the fuzzy
aggregate width within the rule of given antedecent. Functional values within the
whole sub-aggregate of the defined approximated function field can be influenced by
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the adaptation of fuzzy aggregate carrier input variable. The properties of the
approximation function can be locally influenced the same way. The approximation
method is described in the following paragraph. One variable function y=f(x) is given
within the definition range X and functional values range Y. If x reaches the sharp
value of x* then y* = f(x*). This equation represents a sharp relation if(x = x*) then (y
= y'). The approximation is then expressed by a set of rules where each rule covers a
part of the approximated function.

3. Additive fuzzy system

The sharp input value x; of an additive fuzzy system is fuzzified, i.e. aggregate
A is made. Such an input fuzzy aggregate indicates an output fuzzy aggregate B’ at
each fuzzy rule output. The results of all the rules are aggregated into the resultant
fuzzy aggregate B, which is then defuzzified.

y=Fx)

x—=A Defirzzifikace

Fig. 1 Additive fuzzy system
4. Mamdani Type Fuzzy System

Is a fuzzy system described by the following rules. Let’s have a non-linear
function of more variables

(1) y=f(x1,x2,...,xn),

to be approximated by a fuzzy system. The input variable is defined at universe Y;
input variables x; at universe X;. Universe Y is covered by fuzzy aggregate set B and
by universe X;, fuzzy aggregate sets 4’. Non-linear function f can be approximated by

a fuzzy system with file » of the rules type
(2) if(x, =A,jk)and...and (xn :A,{k)then (y :A“) k=12,..r,

where k is the rule number and r is the number of rules.

5. Adaptation of simulation model parameter in an asynchronous machine

When compiling an asynchronous machine model, its parameters are usually
considered to be fixed. This results in incorrect simulation. One of the parameters of
the machine is the main inductive reaktance X, (correspond main induction L;), which
depends on magnetic loading of the ferro-magnetic circuit of the machine.

UK-1.10



i —n: | Wﬂ—
| | Mo 1
y 1 I TS P -
1 HFEH §K1h H ?2
"

Fig. 2: Single phase asynchronous machine

1.1 Fuzzy system setup

To set up a fuzzy system, the measured and calculated immediate voltage
values and main induction of a non-load asynchronous machine are taken as the range
of the input and output variables at supply voltage /= 50 Hz.

Tab. 1: Measured and calculated values

uy [V] | 168 | 135 | 180 | 188 | 202 | 208 | 214 | 218 | 226 | 230 | 237 | 244 | 250

Iy[H] [0,22/0,210,19|0,18]|0,16|0,15]|0,14|0,13|0,11|0,11|0,10 { 0,08 | 0,08

In a fuzzy system setup it is essential to carry out the following:
e fuzzification — course of /,=f(u,) function is transferred into indefinite values

e to determine the evaluation criteria based on given criteria, the output values are
determined from the input indefinite values

e de-fuzzification — indefinite output values are transferred to the output quantity.

1.2 Fuzzy approximation and data-based rules determination

To record the time alterations of the modeled system, we use a cognitive fuzzy
map that is explicitly oriented on dynamic systems modeling and on the expertise.
This approach is viewed as a fuzzy rule system based on standard additive model.

The real input x simultaneously activates the m antedecents of the rules;
weighted consequent’s values then provide for the output value y. The inputs and
outputs are interlinked in the structure.

Rules construction has been carried out in expert way, and the following rules
have been observed:

- triangular (trimf) or trapezoid (trampf) classification
- number of classifications is determined to cover the input and output variables
- Mamdani fuzzy rules system is used

- Each value in the range of input variables belongs to min. one up to max. two
fuzzy aggregates.
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Fig. 3: The projection each rectangle and ellipsoid on the axes of the input output state space defines

a fuzzy set
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Fig. 4 Dependence of output fuzzy system variable on input variable

6. Conclusion

The use of a fuzzy system for the adaptation of selected simulation model
parameter, i.e. an asynchronous machine, results in a more precise simulation. The
model is designed in Matlab environment, module Simulink, where the testing was
carried out. The results of testing have been verified by means of comparison with
measured values at a real machine. The presented sample of a simulation model
demonstrates that the main induction L, value changes within the range of 0.22 to 0.08
H, corresponding to the stator voltage of U;y 168 to 250 V. Using a fixed value of the
main induction in simulation model, the value of 0.11 H would be used.
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