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Original scientific paper 
In this study, a three-phase asynchronous motor driven by a broad-based system is described. So, mathematical model of converter, sinus pulse width 
modulation for the three phase inverter, and mathematical model of three-phase asynchronous motor have to be utilized in order to establish the system. 
After creating such a system, Fuzzy Logic and PID controllers are focused in order to get satisfactory results which are short settling time of rotor speed, 
low harmonic and short settling time of high phase current. Created mathematical models are run at the MATLAB Simulink.  Direct voltage is applied to 
converter input. This voltage is represented by a renewable energy source that could be obtained from solar energy source. The direct voltage is lower than 
the peak of the alternating voltage. The alternating voltage is obtained from output of the inverter to drive the induction motor. Firstly, resistive (R) and 
inductive (L) loads are driven. Secondly, three-phase asynchronous motor (ASM) is driven with the low direct voltage. After that, simulation results are 
given in order to demonstrate performance and effectiveness of the proposed system. 
 
Keywords: Fuzzy Logic; inverter; microcontroller; PID (proportional–integral–derivative); pulse-width modulation 
 
PID i neizrazito upravljanje trofaznim asinhronim motorom pomoću trofaznog izmjenjivača slabe istosmjerne struje 
 

Izvorni znanstveni članak 
U ovom se radu opisuje trofazni asinhroni motor pogonjen široko usmjerenim sustavom. Tako je za postavljanje sustava potrebno primijeniti matematički 
model pretvarača (konvertera), modulaciju širine sinusnog impulsa za trofazni izmjenjivač i matematički model trofaznog asinhronog motora. Nakon 
postavljanja takvog sustava, fokusiraju se PID i regulatori neizrazite logike kako bi se dobili zadovoljavajući rezultati, a to su kratko vrijeme smirivanja 
brzine rotora, malo harmonijsko i kratko vrijeme smirivanja višefazne struje. Kreirani matematički modeli primijenjeni su na MATLAB Simulinku. 
Napon istosmjerne struje primijenjen je na ulazu pretvarača. Taj napon je predstavljen obnovljivim izvorom energije koji može biti solarna energija. 
Napon istosmjerne struje je niži od vršne izmjenične struje. Napon izmjenične struje postiže se iz izlaza izmjenjivača za pogon indukcijskog motora. 
Najprije se pogone rezistivni (R) i induktivni (L) potrošači. Zatim se pogoni trofazni asinhroni motor (ASM) s istosmjernom strujom niskog napona. 
Nakon toga, daju se simulacijski rezultati kako bi se pokazao rad i učinkovitost predloženog sustava. 
  
Ključne riječi: izmjenivač (inverter); mikroregulator; modulacija širine impulsa; neizrazita (fuzzy) logika; PID (proporcionalan−integralan−deriviran) 
 
 
1 Introduction 
  

Today, agricultural and industrial activities are done 
in a wide range area. So, agricultural work in remote areas 
of the settlements can be performed. Although those areas 
are distant from energy, three-phase motors have to be 
used for irrigation operations. Therefore, energy is 
needed.  

There are damages such as gas emissions and harmful 
waste when traditional electricity generation methods are 
used in order to provide the energy needs [1]. Solar 
energy can be utilized to overcome these damages and get 
rid of problems such as lack of power lines. 

Low direct voltage is increased after the voltage is 
obtained from the solar panel. Then, the direct voltage 
must be converted into alternating voltage. Usages of 
power electronics circuits to overcome this situation 
would be a good choice. For example, inverters are 
equipment for motor drivers, in computer systems. 
Therefore, the inverters are widely used for asynchronous 
machines as power electronic circuits (see [1÷3]). Three-
phase inverter controlled by using pulse width modulation 
technique is a common practice in [4] and [5]. However, 
parameters of asynchronous machines depend on the 
frequency and operation conditions while asynchronous 
machines are running. Therefore, these parameters show 
changes on time. It is difficult to achieve a good working 
performance on fixed source. To overcome such causes, 
proposed PWM signals are produced by comparing 
signals of three sinus and two triangles which have 
different sizes. Then, PID and fuzzy controllers are 
applied to the PWM signals in [6] and [7]. 

The inverter drives three phase machine after low 
direct voltage is increased to high direct voltage with 
boost converter. So, system presented in the paper is 
different from previous studies (see [8, 9]).  

The direct voltage is converted to alternating voltage 
with inverter. Then, three phases of alternating voltage 
obtained by the inverter are applied to asynchronous 
machine, resistive (R) and inductive (L) loads at the 
MATLAB Simulink. There are some articles focusing on 
PID control and fuzzy logic control systems for inverter 
circuit [10÷15]. Fuzzy controller is a non-linear controller 
that cannot require mathematical model for design 
although mathematical model of PID controller must be 
formed for design. Therefore, it provides convenience for 
the control of complex systems. Because of this reason, 
fuzzy logic controller is used for the described system in 
the study. While the system is performed, uncontrolled 
system is compared to fuzzy logic controlling system and 
PID controlling system at the MATLAB Simulink. 
Obtained results of the fuzzy logic controlling system and 
PID controlling system are more satisfactory than results 
of uncontrolled system. When fuzzy controlling system is 
compared to PID controlling and uncontrolled systems, it 
gives optimal results. 
 
2 Fuzzy-controlling three-phase inverter fed by DC 

converter circuit 
 

The block diagram of system used in this work is 
given in Fig. 1. DC-DC boost converter is used for three 
phase inverter input. So, the study is different from other 
studies (see [16÷18]). 
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Figure 1 Fuzzy controlling three-phase inverter is running induction motor at the MATLAB Simulink 
 
2.1 Boost converter circuit design 

 
 The boost converter is used so that 100 V can be 
increased to 380 V as in Fig. 2 (see [16, 17]). Firstly, the 
converter circuit mathematical model is demonstrated for 
the relationship between equations of input and output 
voltages. In the equations, Vg is input voltage, VL is 
inductance voltage, and iL is inductance current, R is 
resistive load, C is capacitor for converter output voltage 
and D is duty time for switches.  
 

 
Figure 2 Boost converter circuit model 

 
General equations of the converter are calculated as 

given below. 
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The equations of inductance current and output 

voltage have to be formed as BuAxx +=  for state space. 
For ONS =  
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Variables obtained in the above equations are shown 

in matrix form as Eq. (15). 
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The equations obtained according to open switch are 

expressed in matrix form as Eq. (22). 
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A and B are created to form a common state space 

equation which has variables for converter circuit as given 
in Eq. (23) and Eq. (24). 
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Finally matrix form is given as Eq. (25). 
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2.2 Three phase inverter circuit 
 

The study has described the converter which 
increases low direct voltage. Asynchronous machine and 
R, L loads are run with direct voltage obtained from 
output of converter. Therefore, the direct voltage has to be 
converted into alternating voltage. The results of the 
works done show that the use of switching function  
content inverter model has  provided understanding of 
mode of operation  system  and  improving  system 
running in [4] and [5]. Therefore, the three-phase inverter 
is used for converting alternating voltage in the study. 
Three-phase inverter circuit has six MOSFET.  

 

 
Figure 3 Three phase inverter 

These MOSFETs are operated in different groups six 
times in succession. Therefore, sinus waves are created 
with 60° operating angles of MOSFETs. Then, 
mathematical model of inverter is designed for R, L loads. 
The three-phase voltage inverter system is showed in Fig. 
3. The internal resistance of the system is seen as Ra, Rb 
and Rc. La, Lb and Lc are the inductances. Every phase of 
the inverter has R and L. ia, ib and ic are the phase currents 
of the inverter loads. Phase voltages and line voltages are 
created after three phase inverter is run for 360°. 

The switching position of three-phase voltage source 
inverter system is showed in Tab. 1 
 

Table1 Switching position 
Degree S--ON S--OFF 
0÷60 S1, S3, S6 S2, S4, S5 

60÷120 S2, S3, S6 S1, S4, S5 
120÷180 S2, S3, S5 S1, S4, S6 
180÷240 S2, S4, S5 S1, S3, S6 
240÷300 S1, S4, S5 S2, S3, S6 
300÷360 S1, S4, S6 S2, S3, S5 

 
Three phase sinus waves are compared to two 

different triangle signals for PWM s which operate switch 
group with difference of degree on phase. Comparison of 
triangular signal and sinus signals for PWM are showed 
in Fig. 4. 
 

 
Figure 4 Comparison of triangular signal and sinus signals for PWM 

 
After comparison of signals, PWMs are produced as 

given in Fig. 5. 
If mathematical equations are formed for 0÷60 degree 

switching time, S1-S3-S6 are ON and S2-S4-S5 are OFF. 
When mathematical equations are formed for 0-120 
degree switching time, S2-S3-S6 are ON and S1-S4-S5 
are OFF. Differential equation is created by the current 
and voltage equations as Eq. (26). 
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are OFF. If mathematical equations are formed for 120-
180 degree switching time, S2-S3-S5 are ON and S1-S4-
S6 are OFF. Differential equation is obtained by using the 
current and voltage equations as given in Eq. (27). 
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Figure 5 (a) PWM for S1, (b) PWM for S2, (c) S3 for PWM, (b) PWM 

for S4, (e) PWM for S5, (f) PWM for S6 
 

If mathematical equations are formed for 120-180 
degree switching time, S1-S4-S5 are ON and S2-S3-S6 
are OFF. If mathematical equations are formed for 180-
240 degree switching time, S1-S4-S6 are ON and S2-S3-
S5 are OFF. Differential equation is created by using the 
current and voltage equations as given Eq. (28) 
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Matrix form is created by Eq. (26), Eq. (27), and Eq. 
(28) as Eq. (29). 
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Figure 6 Phase to phase voltages of DC converter connected three phase 

inverter  
 

After running system at the MATLAB Simulink, 
alternating voltages of loads are obtained as shown in Fig. 
6. Alternating currents of loads are obtained as shown in 
Fig. 7. 
 

 
Figure 7 Three phase R, L load currents 

 
2.3   Induction motor 
 

In section 2, steady state equations of the inverter 
with R, L loads have been established for star connected 
and balanced loads. In addition, MATLAB Simulink 
using mathematical model of induction motor is 
established. So, these mathematical models are 
constructed with considering alpha axis and beta axis 
representing the equivalent circuits. Alpha axis 
representing the equivalent circuit is given as in Fig. 8. 
Beta axis representing the equivalent circuit is given as 
Fig. 9.  

 

 
Figure 8 Alpha-axis equivalent circuit of induction motor 

 

 
Figure 9 Beta-axis equivalent circuit of induction motor 

 
Rs is stator resistance, Lm is magnetizing inductance, 

Ls is stator inductance, Rr is rotor resistance, Lr is rotor 
inductance, J is load inertia coefficient, Te is 
electromagnetic torque, TL is mechanical shaft torque, Wm 
is angular velocity of the rotor, Wr is electrical angular 
velocity, B is load viscous friction coefficient, p is the 
number of pole pairs. Ψsa is stator alpha flux, Ψsb is stator 
beta flux, Ψra is rotor alpha flux, Ψrb is rotor beta flux, usa 
is alpha axis stator voltage, usb is beta axis stator voltage, 
ura is alpha axis rotor voltage, urb is beta axis rotor 
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voltage, isb is stator beta current, isa is stator alpha current,   
irb is rotor beta current and ira is rotor alpha current. 

When equations of the stator flux and the rotor flux 
are generated for the alpha and beta axes, the following 
equations are obtained. 
 

,ramsassa iLiL +=Ψ                                                       (30) 
,rbmsbssb iLiL +=Ψ                                                       (31) 
,samrarra iLiL +=Ψ                                                       (32) 
,sbmrbrrb iLiL +=Ψ                                                       (33) 

 
When equations of the stator voltage and the rotor 

voltage are generated for the alpha axis and the beta axis, 
the following equations are obtained. 
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The equation of the stator alpha-axis current is 

formed as Eq. (41). 
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The equation of the beta-axis stator current is formed 

as Eq. (45). 
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Torque equations are given as follows: 

),(
2
3

rbsarasbme iiiipLT −=                                             (47) 

,
d

d
mLe

m BwTT
t

wJ −−=                                               (48) 

.2
mr ww

p
=                                                                    (49) 

 
PID control is done in order to get a better result from 

the system. Differential expression of the PID controller 
equation is Eq. (50). Laplace expression of the PID 
controller equation is Eq. (51). Where: Kp is proportional 
gain, Ki is integral gain and Kd is derivation gain. 
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After the system of PID control, applications of fuzzy 

logic controlling circuits have been reported for several 
researchers as in [12] and [13]. So, fuzzy controller is 
designed to get better results in the study. Some logical 
condition must be understood to design a fuzzy logic 
controller. du is generated from input values of the control 
error (e) and  change of control error (de). 

The error (e) is obtained from reference signal r(k) 
and output signal y(k). The equation of error is given in 
Eq. (52). Change of error is the difference between two 
errors in succession. The error of change is as in Eq. (53). 
Three or five triangles can be used if the fuzzy logic 
membership will be created. N is Negative, Z is zero, P is 
positive can be defined from the membership of three 
triangles. NB is negative big, NS is negative small, Z: 
zero, PS: positive small, PB: positive big can be defined 
for the membership of five triangles. Interaction results in 
the formation of the membership create the output values 
of (du) which are shown in Tab. 2 and in Tab. 3. 
 

),()()( kykrke −=                                                    (52)                               
1).()()( −−= kekekde                                              (53) 

 
Table 2 Three section fuzzy rule decision table 

 (de) 
N Z P 

 
(e) 

 

N N N N 
Z N Z P 
P P P P 

 (du) 
 

Table 3 Five section fuzzy rule decision table 

 (de) 
NB NS ZZ PS PB 

(e) 

PB ZZ PS PS PB PB 
PS NS ZZ PS PS PB 
ZZ NS NS ZZ PS PS 
NS NB NS NS ZZ PS 
NB NB NB NS NS ZZ 
 (du) 

 
If the error (k−1) value as seen in Fig. 12 is larger 

than error value k, error is a positive value. Therefore, the 
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change of error (de) moves to reduce in negative 
direction. If error is (k+a) as given in Fig. 12, the error is 
negative for reference value. The error increases in 
negative direction as maximum. 

Interactions of rules are given on three section fuzzy 
rule decision values as given in Tab. 2. Interactions of 
rules are given on five section fuzzy rule decision values 
as given in Tab. 3. 

 

 
Figure 10 The input and output units of the fuzzy logic controller 

 

 
Figure 11 Values of de and e intersection for du at the MATLAB Simulink 
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Defuzzification operation is performed as in the 
following Eq. (54). 
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Fuzzy control unit of system has position of triangle 

membership for output (du) at the MATLAB Simulink as 
in Fig. 10. Interaction of rules between (de) and (e) for du 
are shown as in Fig. 11.  Finally, fuzzy controlling three-
phase inverter fed by dc converter circuit is run induction 
motor at the MATLAB Simulink as shown in Fig. 1. 
 

 
Figure 12 Error and change of error at the signal 

 
2.4  Experimental results for induction motor 

 
Rotor speed of PID controlling system is 1720 rpm 

for 0,5 s while rotor speed of uncontrolled system is 1720 
rpm at 0,6 s. Rotor speed of fuzzy logic controlling 
system is 1720 rpm for 0,3 s. Therefore, accelerating time 
and rotor speed settling time of fuzzy controlling machine 
are shorter than settling time of PID controlling machine 
and settling time of uncontrolled machine. Rotor speed 
settling time of PID controlling system is shorter than 
rotor speed settling time of uncontrolled system. These 
results are shown as in Fig. 13.  
 

 
Figure 13 Rotor speeds of three phase asynchronous machine (ASM) 

 

Torque settling of fuzzy controlling machine is 
shorter than torque settling of PID controlling machine 
and torque settling of uncontrolled machine on time. 
Fuzzy controlling machine has lower distortion than PID 
controlling machine and uncontrolled machine for torques 
which are shown as in Fig. 14.  
 

 
Figure 14 Rotor torque of three phase asynchronous machine (ASM) 

 

 
Figure 15 Rotor currents of three phases ASM 

 

 
Figure 16 Stator currents of three phase asynchronous machine 

 
Settling time of rotor current is 0,3 s. for fuzzy logic 

controlling machine while rotor current settling time of 
PID controlling machine is 0,4 s. Rotor current settling 
time of Fuzzy controlling machine is shorter than current 
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settling times of PID controlling and uncontrolled 
machines. These currents are shown as in Fig.15. 

Stator current settling time of Fuzzy controlling 
machine is shorter than current settling time of PID 
controlling and current settling time of uncontrolled 
machines. These currents are shown as in Fig. 16. 

According to experimental results, harmonic 
distortion of stator current is 1,1 % as shown in Fig. 17. 

 

 
Figure 17 Stator currents harmonic distortion  

 
3     Conclusion 
 

In this study, a three phase asynchronous machine 
driven by a broad-based system is described. Direct 
voltage is applied to input of converter.  The direct 
voltage is lower than the peak of the alternating voltage. 
The voltage obtained from output of the inverter runs the 
induction motor by using fuzzy controller and PID 
controller. Results of fuzzy logic controlling machine are 
compared to results of the uncontrolled system and PID 
system. Then more satisfactory results are observed from 
fuzzy logic controlling machine. Accelerating time and 
rotor speed settling time of fuzzy controlling machine are 
shorter than settling time of PID controlling machine and 
settling time of uncontrolled machine. PID control settling 
time is shorter than uncontrolled settling time.  

Fuzzy logic controlling system has a low harmonic 
distortion which is given in Fig. 16. According to 
observed results, system has been successfully 
implemented. So, satisfactory results are obtained in the 
study. 
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