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Abstract: A soft switching three phase inverter with the fuzzy
logic systemisproposed . The controller design isexplainedin this
paper. The soft switching is achieved through zero voltage
switching methods.The soft switching is attain through auxiliary
circuits.Therefore, the auxiliary circuit will be enhanced the
conversion efficiency, and the conduction loss will be scaled
down. The performance of proposed controller isillustrated using
MATLAB Simulink.The mode of the prototype is fabricated and
tested. The Simulation and hardware results validate each other,
which show that the presented method is both satisfactory and
consistent with expectation.

Keywords : Zero voltage switching, soft switching, Fuzzy logic
controller, switching losses, Three phase inverter.

I. INTRODUCTION

The inverter is mainly used many industrial applications,
ups and drives. Mostly three phase inverter circuit filter size
reduced due to inverter operated at high switching frequency.
The switching frequency is directly proportiona to voltage
stress and switching losses .In this proposed method used
zero voltage switching.

The high frequency operating inverter is mainly used many
industrial applications . Because for higher frequency
operation harmonics are eliminated and reduced filter size.so
circuit design is simple.But high frequency operation, high
switching losses, switching  pressures, decreased
performance, electromagnetic interference (EMI) and
acoustic noise[1]. When the inverter switch isturn ON under
zero voltage time achieved soft switching [2].

In [3] three phase circuit zero voltage switching inverter
was presented. The supplementary circuit consist of one
switch and two inductors are used. The main inverter in this
topology consists of six switching deviceswhich are operated
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by sinusoidal modulation techniques. In [4] the main
switches of inverter turn off with ZCT and the auxiliary
switches turn on with ZCS.The presented a new topology. It
uses two auxiliary switches and a diode to provide the ZVS
transitions for main switches. The PWM inverter is operated
by the space vector modulation (SVM) technique. MOSFET
switch is used.

In [5] implements for a control technique for resonant
switch based DC-DC converters. The switch has some finite
resistance provided during the ON period. The resistance
changes the state. The resistance will be variable. In this
converter . In [6] converters minimize the switching losses
through the zero voltage switching methods.In this method
no more additional components are used. The PWM pulseis
controlled by shifting the duty cycle.

In [7] PWM converter achieved zero current transition
with the help of a simple auxiliary circuit. This auxiliary
circuit consists of a switch and capacitor. In this technique
may aso remove the rectifier switch's reverse recovery
losses.

In [8] zero voltage switching method is proposed in the
buck converter. This converter completely analysis switch
current. A small margin gap is created between the drain
current and load current. The proposed converter that consists
of high frequency transformer and half bridge circuits.

In [9] Fuzzy logic controller based DC to DC converter
was proposed.This converter working under hard switching
technique. The converter output is managed by the fuzzy
logic controller.This controller is designed simple rules. This
controller providing better efficiency for all operating
ranges.In [10] thefuzzy based converter was implemented .
Evaluate the designed controller efficiency, they investigated
the responses of a fuzzy controller for different
parameters.The converter was proposed with the controller.
The fuzzy logic and Pl combination is used to achieve better
efficiency comparability than other controllers. The smple
rules are used so implementing part of the controller is very
easy. The controlled efficiency is improved based on the
system knowledge. The controller first stage receives the
input from the small signal model of the converter.

II. SYSTEM REPRESENTATION

The proposed inverter block diagram is as shown in
fig.1.The proposed inverter consist of DC supply, auxiliary
circuits, DC link capacitor,Three phase inverter and
controller.
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Mode 1 (0 <t <tl): During thisperiod theinverter switch S1
and S2 turn ON condition.

Vs
I,(6) = L (ty — to) )
Mode 2 (t0 <t < tl): In this period the inverter switch S1 and
S6 also turn ON under soft switching condition. In thismode
end of this period switches S1 and S6 are turning OFF
condition.The inductor

current increase linearly.

Vcs(t) = Zr(li - Io) sin w, (tz - tl) + Vs(l -
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Fig. 1. Block diagram of the proposed inverter

Mode 3 (t1< t < t2): Switch Sdc is ON during thistime.The
resonant capacitor aready charged. At t1, instant resonant
capacitor chargeis discharged through the DC link capacitor
Cs. Starting the DC link connects Capacitor voltage zero.

2
L@ = |E) ra-124, @
Mode 4 (t2< t < t3): The DC linking capacitor Cs Charged
during this time. The current of the inductor gradually
reaches zero.

Mode 5 (t3< t < t4): Switches S2, S3 switched ON in this
mode under zero voltage condition. Then the DC link
capacitor begins to discharge through the resonant capacitor
and resonant inductor. This mode goes on until the voltage of
Csattain zero.

Ve (£) =V, — Z,I; sin (ﬁitan-1 (Zra‘f_ IO)))

n wy

4)

Mode 6 (t5< t < t6):.The resonant inductor current linearly
increases. In this period the inverter switch $4 and S5 also
turn ON condition.

The proposed inverter circuit diagram is as shown in fig 3.
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Fig. 2.Proposed inverter circuit diagram
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Fig. 3.0peration diagram of three phase inverter

The wave forms the three phase inverter main switch
isS1to S6isconsidered equivaent to Sinv.
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Fig. 4.Working waveform of proposed inverter

The advent of soft-switching techniques resultsin complex
mathematical models and nonlinear control characteristics of
the inverter. Hence, the design of linear control for
guasi-resonant inverters becomes difficult. The mathematical
model is not needed in the controller. Because of operating
with imprecise inputs, manage nonlinearities, and has greater
insensitivity to disruption compared to other nonlinear
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controllers. It usually performs other controllers with good
practical knowledge in complex, nonlinear, or unknown
systems. Hence, Conventional Fuzzy Logic Controllers
(CFLCs) have proved to be viable controller.

Fuzzy logic controller is the one the non linear controller.
The overall system speed is also improved as seen while the
inverter is attached to the source by reducing the settling
time. The controller disturbance may reject due to steady
state value increase to zero.

Ausiliary Circut
Inference
> T Three phase | Ouipot
Defuzzification Toverter

Reforence

Fig. 5.Fuzzy system

The fuzzy logic controller algorithm is divided into three
divisions.The first division is fuzzification, second one is
Decision making and third division is defuzzification.The
fuzzification isidentified and translated into correct linguistic
values. The duty cycle controlled by the controller.

The switching period, the duty ratio is updated and
adjustment of the gain factor improves the controller's
performance.

Input scaling makes available away of connecting within a
certain range the input of the fuzzy controller. Because the
inference method is designed to function within the [-1, 1]
limits.

1. DESIGN CONSIDERATIONS

In this section component design method is explained in
detail.

A. Resonant Capacitor (Cr)

The voltage of the resonant capacitor is zero in the
operation.This auxiliary circuit runs during this period. The
large value of capacitor to remove the ripples. During this
period capacitor current is same as that of inductor current.

B. Resonant Inductor (Lr)

The resonant inductors decide the Zero voltage Transition
interval time. The choice of resonant inductors is an
important part of the proposed inverter.
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C. Resonant Frequency(fr)

=1
fr= /./(ZHLrCr)

D. Modulation Index
Mmax =1- (Tzvs - Ts)
E. Snubber Capacitor (Cs)

Cs=Auxiliary circuit capacitance+2Csw
Csw=C1=C2=C3=C4=C5=C6

IV. SIMULATION CIRCUIT MODEL

The Fuzzy Logic Controller Based soft switching Three
Phased Inverter simulation diagram is as shown in Figure.6

The fuzzy levels are directly proportional to the input data
resolution.So increase the fuzzy level automatically
increased the input data resolution. The inputs are not
guantized by assigning each input to absolutely one stage. The
input is assigned to help with the membership grade fuzzy
set. The bell shaped fuzzy set valuesis used in this proposed
controller [10-32].
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Fig. 6.Simulation diagram of the fuzzy logic controller
based soft switching three phased inverter

The input and output signals are mapped through rule
base.The fuzzy system and membership function are as
shown in figure.
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Fig. 7.Fuzzy logic controller
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Fig. 8.Fuzzy system for the error input

NB N NS Z PS ol PB

Fig. 9.Fuzzy system for the changein error input

B NI NS P B

Fig. 10. Fuzzy system for the output

Table 1. Rulefor the fuzzy system

Ce
PB | PS z NS | NB

NB z PS PS PB | PB
NS | NS zZ PS PS | PB
z NS | NS Z PS | PS
PS | NB | NS | NS z PS
PB | NB | NB | NS | NS Z

V.HARDWARE DESCRIPTION

The proposed hardware is as shown in Figure 11. These
proposed inverters was designed.
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The simulation and hardware result are analysis and
verified. Duty cycle is controlled by fuzzy controller. The
PIC 16F877A microcontroller's task is to measure the error
and adjust the error, store these values, calculate the fuzzy
controller output, evaluate the switching system duty cycle
and perform electronic switching. The power losses are
reduced due to Zero voltage switching conditions. In the
proposed inverter switching frequency is 50 KHz, input
voltageis 525 V, the output line voltage 400V, phase voltage
260V and output current is 20A.

_ Three Phase

Inverter unit

Display Unit
Pawer Circuit Unit

Fig. 11. Hardware setup of proposed fuzzy logic based
soft switching inverter circuit

— Gate Driver
IC IR2110

Fig. 12. Hardwar e setup prototypeinverter circuit

Table 2. Simulation and hardwar e parameter

S.No | Parameter Value
Simulation | Hardware
1. Input voltage 525V 525V
2. Output voltage 440V 440V
(Linevoltage)
3. Phase voltage 20V 20V
4, Output current 20A 20A
5. Switching frequency 50KHz 50KHz
6. Resonant inductor 32uH 32uH
7. Resonant capacitor 5uF 5uF

VI. SSIMULATION AND EXPERIMENTAL RESULT
ANALYSIS

The design parameters, i.e, input voltage, Output
Voltage,Output current, Switching frequency, Resonant
inductor and Resonant capacitor values for the three phase
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soft switched inverter with fuzzy logic control in simulation
and Hardware is shown in Table.2.

In this proposed inverter, power electronics switches are
operated at 50 kHz frequency. The input voltage is set at 400
V DC inverter operated at high switching frequency.The
input voltage 525 V DC supply is given to the inverter input
side. The resonant inductor and resonant capacitor values are
taken from design values .In this circuit used a resonant
inductor and resonant capacitor values are 32uH and 5uF.
The output voltage of the system is440V lineto linevoltage.

The simulation result of output voltage of the proposed
three phase soft switched inverter is shown in figure 13.
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Fig. 13. Simulation Output voltage ,Phase
voltage,Output cureent

Fig. 14. Hardware Auxiliary switch Sdc gate pulse

Fig. 15. Hardware Three phase inverter gate pulse
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Fig. 17. Proposed inverter Hardwar e output voltage

Table 3. Simulation and hardwar e results

S.No Loading condition Switching Losses (W)

Simulation | Hardware

25 % of rated Power
50 % of rated Power
75 % of rated Power

100 % of rated
Power

The gating pulses for power semiconductor,switches
are shown in figure 14 to figure 16. The experimental output
voltage of the proposed inverter is shown in figure 16. The
system is tested with different loading conditions and
switching losses are measured and it is tabulated in Table 3.
From the result analysis, the switching losses are less for all
operating conditions. The developed fuzzy logic controller is
working accurately to reduce the switching losses in the
inverter.

6.3
115
16.2
20.2

7.1
125
171
223

Al W NP

VIl. CONCLUSION

The proposed soft switching inverter was designed and
implemented .The Proposed method is easily achieved soft
switching. Additionally, Therefore, reduced the switch
voltage stress through Zero voltage switching technique.
Furthermore, the proposed inverter has no extra switches and
transformers. So the cost of the inverter is also less. The
performance of the proposed inverter simulation and
hardware output was verified.
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