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Abstract. This paper discusses control strategy for the voltage regulation of a three phase
pulse width modulation (PWM) AC-DC converter. A fuzzy logic controller (FLC) is
employed in the outer voltage loop. Fuzzy logic controllers are preferred over the
conventional proportional integral (PI) controllers because they are based on linguistic
description and do not require a prior mathematical model of the system. The objective of the
presented control system is to regulate the output DC voltage during both transient and
steady state period. Also the line currents drawn from the grid should be sinusoidal and in
phase with respective phase voltages to achieve a low total harmonic distortion (THD) and
unity power factor. Pl and FLC based control systems are implemented for three phase PWM
AC-DC converter in MATLAB/Simulink and dynamic performance of the system is tested.
The results demonstrate that compared to the conventional PI, the FLC based system is more
robust and has a much better dynamic response. The low value of THD and sinusoidal
current response ensures the system avoids polluting the utility grid.

1. Introduction

The commonly employed three phase AC-DC converters in industrial applications and consumer
products are based upon a diode bridge circuit and a large storage capacitor. Although this system has
the advantage of being robust and low cost, its drawbacks are unidirectional power flow, low power
factor, and high total harmonic distortion (THD) for input line current. To overcome these drawbacks
pulse width modulation (PWM) AC-DC converters are used, which effectively regulate the output
DC voltage and have a low value of THD. The PWM AC-DC converters have the capability of
bi-directional power flow, unit power factor, low THD and a regulated DC voltage at the output [1-3].
Fig. 1 shows the topology of three phase PWM AC-DC converter. The converter is supplied by a
three phase voltage source connected via L-filter.



Fig. 1. Three-phase PWM AC-DC converter

To regulate the operation of three phase PWM AC-DC converters, proportional integral (PI) and
proportional integral derivative (PID) controllers are commonly used. Although the conventional PI
and PID controllers are relatively easy to implement, however their design is based upon an explicit
mathematical model of the system and they also lack in intelligence.

This leads us to adaptive controllers, i.e. fuzzy logic, neural network, neuro fuzzy etc. These
controllers do not require mathematical model of the system prior to the control system design [4-5]
and also have the ability to handle nonlinearity of the system. Among these fuzzy logic based
controller is much robust and least sensitive to disturbances [6].

In this study, fuzzy logic controller (FLC) is used to regulate the output voltage of three phase
AC-DC converter. Fig. 2 shows the control system developed for three phase PWM converter which
is composed of two inner current loops and an outer DC voltage loop. The fuzzy logic controller is
employed in the outer voltage loop for dc-bus voltage regulation. The FLC based voltage controller
generates reference current command fed to inner current loop. The inner loops employ PI based
current controller.

Fig. 2. Fuzzy logic control scheme implementation for three phase converter

2. Fuzzy Logic Controller

The basic architecture of a FLC is shown in Fig. 3. Three main blocks of the FLC are fuzzifier,
inference engine and the defuzzifier.
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Fig. 3. Fuzzy logic controller block diagram.



The numerical variables, error (ey) and change in error (Aey) are the two inputs applied to the
fuzzifier block of the FLC. Fuzzifier converts measured quantities into fuzzy sets which are then
given as input to the inference engine. In order to convert the applied numerical variables into
linguistic variables, five fuzzy sets are used from negative big (NB) to positive big (PB). Among
several membership functions to define fuzzy sets, few commonly used are triangular, guassian and
trapezoidal etc. In this work, triangular membership functions are used as they are more effective to
achieve a better transient response [7].

The input to FLC is the difference of output voltage and reference voltage (Ve -Vo), which is
normalized so the universe of discourse is selected to be between -1 and 1. The triangular
membership functions used are labelled as NB, NS, ZE, PS and PB for “Negative Big”, “Negative
Small”, “Zero”, “Positive Small” and “Positive Big” respectively. The x-axis represents the error and
change in error, while the y-axis shows the degree of membership [.

The second block i.e. inference engine is based upon a set of if-then rules. The set of these rules
enables FLC to take intelligent decisions [8]. In this study the inputs and output are related by a set of
25 rules which are shown in Table 1.

Table 1 Fuzzy Logic Rule Set
Aey ey NB NS ZE PS PB
" NB NS NS ZE ZE
' NB NS NS ZE PS
ZE | NS NS ZE PSS  PS
|

NS ZE PS PS PB
ZE ZE PS PS PB

Finally the defuzzifier block converts the control output generated by the inference engine into the
numerical variable.

3. Results and Discussion

The PI and FLC based PWM AC-DC converter system is simulated in MATLAB/Simulink software.
The parameters used for the simulated system are given in Table 2.
Table 2 Simulation Parameters

Parameter Value
Input AC voltage (Vims) 115 [V]
Source frequency (Vims) 400 [Hz]
Filter inductor (L) 0.325 [mH]
Output filter capacitor (C) 3300 [uF]
Load voltage (Vo) 400 [V]
Active Power (P) 15k [W]

Both the control systems are put under test by applying a resistive load change. The load resistor’s
value is changed form 10.67ohm to 8.89ohm at t=0.4s which results in increased current i.e. 37.5A to
45A. Fig. 4 shows the response of both PI an FLC based system for the applied resistive load change.
It also shows the active and reactive power flow waveforms.
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Fig. 4. Output voltage and Power response to resistive load change

Due to the resistive load change the load demand also changes from 15kW to 18kW. The value of
zero for reactive power component verifies unity power factor operation. It can be clearly observed
that the FLC based system responds much better to the applied change. It has less undershoot and
very short settling time. It is evident from the transient response that fuzzy logic controller effectively
compensates the overall transient effects and quickly restores the system to steady state condition.

Fig. 5 shows the input voltage and current waveform for one phase of the FLC based system.
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Fig. 5. Power factor and THD analysis

The input current waveform is in phase with the voltage waveform required for the system to have
unity power factor. Fig. 5 also shows the harmonic analysis plot of the input current waveform where
the fundamental component at 400Hz is clearly dominant. The value of THD is computed to be
3.47%. The low value of THD validates the sinusoidal current waveform and is well within the limit
of the harmonic standard [9-10].

4. Conclusion

This paper discusses the control system for a three phase pulse width modulation AC-DC converter.
The conventional PI and a fuzzy logic controllers are designed and implemented in the outer voltage
loop. The performance of the system is evaluated for both controllers by applying certain load change.
The results show that fuzzy logic based controller is more efficient to regulate the output voltage
compared to the PI based controller. The fuzzy logic based system has a sinusoidal waveform for
input current which is also in phase with the corresponding phase voltage to ensure a low value of
THD and unity power factor.
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