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ABSTRACT: DC-AC converters are devices developed to convert a continuous input voltage to an alternated output
voltage, whose instantaneous value, in several situations, may become higher than the input voltage. There are different
approaches to this kind of application. A new dc-ac converter with Pl controller and fuzzy logic controller is
introduced with the feature that it produces an instantaneous output voltage higher or lower than the input dc voltage
without using an intermediate power stage or transformers. This feature is provided by using one switching cell
including two switches, two diodes, one inductor, and one capacitor on each inverter leg.
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I.LINTRODUCTION

The conventional voltage source inverter or buck inverter is probably the most important power converter topology. It
is used in many industrial and commercial applications. Among these applications, UPS and AC motor drives are the
most important. One of the characteristics of the buck inverter is that the instantaneous average output voltage always
lower than the DC input voltage.

The main attribute of buck-boost inverter or buck-boost DC to AC converter is that it naturally generates an AC output
voltage lower or larger than the DC input voltage depending on the instantaneous duty cycle. The buck-boost inverter is
intended to be used in UPS design whenever, an AC voltage larger than DC link voltage is needed, with no need of a
second power conversion stage. DC-AC converters are devices developed to convert a continuous input voltage to an
alternated output voltage, whose instantaneous value, in several situations, may become higher than the input voltage.
There are different approaches to this kind of application. It is possible to obtain a step-up static gain employing two
dc—dc boost converters, connecting the load in a differential form and applying a 180° phase-shift modulation in each
converter. Similar analysis can also be extended to other dc—dc converters. The Z-source structure is another alternative
for inverters whose topology provides the step-up feature, since it is possible to combine the inductances and
capacitances in order to obtain single impedance between the input and output. Additionally, an intermediate power
stage connected in cascade with the inverter stage, leading to a two-stage structure.

1. DC-AC CONVERTER

A new topology for voltage source inverters is introduced in an application where the instantaneous output voltage can
be higher or lower than the input dc voltage. From theoretical and experimental results, some important aspects related
to the proposed converter can be highlighted:

1) The converter operates with the step-up/step-down feature.

2) The output inductor and output capacitor designs are not dependent on the duty cycle.

3) The constructive aspects have similarities with the buck inverter.
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Fig.1: Step Up/Step Down DC-AC Converter
111. PROPOSED CONVERTER AND OPERATION PRINCIPLE

The proposed dc—ac converter is shown in Fig. 1. This structure is composed of an input voltage source Vi, a high
frequency filter formed by Lf and Cf , a load resistanceRO , and two switching cells, whose elements
areS1,D1,C1,S2,D2 ,and L1 and S3,D3, C2, S4,D4 , and L2 ,respectively. Several modulation strategies can be applied
to control the proposed converter, for example, space vector, unipolar, and bipolar modulations; however, in this
study, a bipolar modulation scheme is employed.

It is important to emphasize that the system waveforms present a high frequency (from commutation) and a low
frequency (from grid) component. In order to standardize the system mathematical and graphical descriptions, the
variable time (t) will be employed to represent the system from the switching period point of view and the variable
angle (9) will describe the system from the grid period point of view.

In order to gain an understanding of the system operation stages, the switches presented in Fig. 1 will be replaced by
their bidirectional models. In order to illustrate the equivalent circuits of the system, two particular cases were chosen:
the first refers to system operation with a duty cycle higher than 0.5, as shown in Fig.2, and the second the system
operates with a duty cycle lower than 0.5, as depicted in Fig.3.
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Fig.2: Equivalent circuits for duty cycle higher than 0.5: (a) stage related to the interval (0, d(6)TS ); (b) stage related to
the interval (d(9)Ts, Ts).
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Fig.3: Equivalent circuits for duty cycle lower than 0.5: (a) stage related to the interval (0, d(6)TS ); (b) stage related to
the interval (d(9)Ts, Ts).

IV. THEORETICAL ANALYSIS

The functions involved in each operation stage and their respective equations are obtained for a fixed duty cycle
considering one switching period and steady-state analysis, since transitory conditions and/or load variations were not
considered. Table | shows the parameters and the mathematical functions for each variable of interest considering all
operational stages and a duty cycle d(8) higher than 0.5. These functions are sufficient to evaluate the instantaneous
average values for the capacitor voltages and inductor currents.

A. Average Voltage in Capacitor C,

Equation (1) presents the inductor voltage across L1 for both operational stages. The expressions are indicated by the
superscript numbers

<vi1 (£60)>1=UTs{ via® (£,6).[d(6). Ts]+ via® (£.6).[1-d(6)]. T} (1)
Substituting the functions of vi; (¢, ) shown in Table.3.1 into (1), it is possible to write (2), which represents the
average voltage applied to the capacitor C;

<Ve1(0)>1s=Vi.[d(0)/1-d(0)] )
The duty cycle is given by (3), where M represents the modulation index
d(0)=1/2[1+M sin(8)] (3)

B. Average Voltage across Capacitor C,

In (4) the voltage across inductor L, , for the related operational stages, is represented

<V (1.0)>=U/Ts{ vio” (£6).[d(6). Ts]+ vi® (t,6).[1-d(6)]. T} (4)
Substituting the functions related to the voltage across inductor L, , detailed in Table. 3.1, in (4), it is possible to

find (5), which represents the average voltage across capacitor C,

<Ve2(0)>7=Vi.[1-d(6)/ d(6)] ()

TABLE I. Parameters and Indicative Functions for the Stage of Operation

Parameters Stage 1 Stage 2

Time interval d(8).Ts [1-d(6)].Ts
Inductor (L;) voltage | V; -<Vc1(0)>1s
Inductor (L,) voltage | -<vca(6)>+s Vi

Capacitor (Cy) current | - <ig(8)>s <i1(0)>1s
Capacitor (Cy) current | -<ij»(8)>s <ip(0)>1s

Vag Voltage [Vi+ <vci(0)>1d] | -[Vit+ <vca(0)>7d]
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C. Average Current through Inductor L;

Based on the instantaneous average values, the current ic; (¢, ) is presented as follows:
<ic(t,0)>1=U/Ts{ic1(£,6).[d(0). Ts]+ics ™ (t,6).[1d(6)]. Ts} (6)
On applying the operational stage functions, given in Table.3.1, it is possible to obtain (7), which represents the
average current through inductor L,

<iL1(8)>1s=<io(0)>15.[d(6)/ 1-d(6)] ()
D. Average Current through Inductor L,

A similar procedure applied to obtain the average current through L, is performed for L,. In (8) the current ic, (¢, 6) is
shown, considering one switching period. Substituting the functions presented in Table.3.1 in (8), (9) is obtained. This
expression represents the average current through inductor L,

<ico (1,0)>1=UTs{ i (6.6).[d(6). Te]+ ic.® (t,6).[1-d(6)]. Ts} 8)
<iLa(8)>1s= - <io(6)>15.[1-d(6)/d(6)] (9)
Fig. 10 shows the average currents through inductors L1 and L2 normalized with respect to the average output current.
E. Static Gain, Current Ripple and Voltage Ripple

The static gain is determined by the relation between the average voltage <vag (6)>1s and the input voltage V; . In (10),
the equation for vag (z, 0) is given for one switching period

<Vag (£,0)>1=L/Ts{ Vag" (t,6).[d(6) Ts]+ vas® (t,6).[1-d(6)]. T} (10)
The functions that represent vag (¢, ) in the related operational stages are indicated in Table.3.1. On substituting these
functions into (10), we obtain (11), which represents the static gain of the converter herein. In Fig. 11, the curve for the
static gain in function of the duty cycle is shown

<Vag (0)>1/Vi = <q(6)>1s = [(2. d(6) - 1) / d(6).(1- d(6)] (11)

TABLE II: Ripple Currents through the Inductors and Ripple Voltages across the Capacitor

Parameter Current/Voltage Ripple
Ripple current through inductor L Ai1(0) = (Vil Ly1.15).d(6)
Ripple current through inductor L, Ai2(0) = (Vil Ly.f5).(1-d(6))
Ripple voltage through capacitor C; | Avci(0) = (io(6)/ Ci.f5).d(0)
Ripple voltage through capacitor C, | Avea(0) = (io(0)/ L,.f5).(1-d(6))
Ripple current through inductor L Ais = (Vi Lt 1)
Ripple voltage through capacitor C; | Aver= (Vil 8.Cr.f)

: . : 3 d(8)
0 025 05 075 1

Fig.4: Static gain in function of the duty cycle.

F. Considerations Regarding Converter Operation

Due to the nonlinear characteristic inherent to the static gain of the new inverter, it can be concluded that as the duty
cycle increases the static gain increases substantially, as highlighted in the static gain curve presented in Fig.3.6. Thus,
the application of an increase in the cyclic ratio imposes a large increase in the gain, leading to a distortion in the output
voltage of the converter.
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As a solution for this particularity, the desired voltage gain is used as the reference signal, which is applied at the input
of the mathematical block, denominated by F (). The signal obtained at this function output is the operating duty
cycle, and it enables the linearization of the relation between the desired static gain and that obtained at the converter
output. The following equations show the steps applied to obtain the mathematical block that allows the representation
of a sinusoidal output voltage with low distortion, independently of the desired voltage gain. The static gain of the new
inverter topology is defined as follows:

d(@) = (<q(9)>Ts '2) /2.< q(9)>Ts * \/(4+<q(9)>2Ts) /2. <q(9)>Ts (12)
Manipulating (12) the duty cycle, as a function of the static gain, is presented as follows:
F(6) = (<q(8)>1s-2) / 2. < q(8)>1s + \(4+<q(8)>*rs) / 2. <q(6)>7 (13)
Voltage (V)
S

(0]

Time(ms)

Fig.5: Simulation results: (a) output voltage without the linearization function ;(b) output voltage with linearization
function.

In order to demonstrate the efficiency of the linearization function, the simulation results for the converter output
voltage without and with F(6) are presented in Fig. 12, for a static gain of four. It was verified that the use of the
linearization function is sufficient to establish a linear relation between the real and the reference static gain, as shown
in Fig. 12.

V. Pl CONTROLLER

In general PI controller has the ability to reject disturbances and can stabilize the process. A PIC provides proficient
output voltage regulation and reduced steady state error for the converter. The dc output voltage is sensed and
compared with reference output voltage, which gives the error signal. This error signal is processed by the PIC to keep
the output voltage constant and reduce the steady state error.

VI. FUZZY LOGIC SYSTEM

The Fuzzy Logic tool was introduced by Lotfi Zadeh(1965). It is based on fuzzy logic, a logical system which is much
closer to human thinking and natural language than traditional logical systems. Fuzzy logic controller (FLC) based on
fuzzy logic provides a means of converting a linguistic control strategy based on expert knowledge into an automatic
control strategy. Fuzzy logic systems have faster and smoother response than conventional systems and control
complexity is less. The basic building blocks of a Fuzzy system given below in Fig.6.
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Fig.6: Block Diagram of FLC

The fuzzifier has the effect of transforming crisp measured data into suitable linguistic values (i.e. fuzzy sets).The
fuzzy rule base stores the empirical knowledge of the operation of the process of the domain experts. The inference
engine is the kernel of a FLC, and it has the capability of simulating human decision making by performing
approximate reasoning to achieve a desired control strategy. The defuzzifier is utilized to yield a nonfuzzy decision or
control action from an inferred fuzzy control action by the inference engine.

VII. SIMULATION RESULTS

A prototype of the proposed converter was simulated through MATLAB. The converter was tested with Vin =96V DC,
Vo = 110V AC, further design parameters are given in Table | and simulation parameters are given in table I11.

TABLE Il1: Simulation Parameters

PARAMETERS VALUE
Rated power 1000 W
Frequency 20 kHz
Inductors 225uH
capacitors 1 uF
Filter inductor 1.5mH
Filter capacitor 5 uF
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Fig.7: Simulation Diagram of inverter
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Fig.8: Simulation Diagram of converter with PI controller
Fig.7 shows the simulation diagram of inverter. It is the subsystem of the fig. 8 which shows the simulation diagram of

converter with Pl controller.Fig.9 shows output waveform of simulation diagram of converter with PI controller. And it’s
efficiency shows in fig.10.

Time in (seconds)
Fig.9: Output Waveform

Fig.10: Efficiency Waveform
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Fig.11: Simulation Diagram of Converter with fuzzy logic controller

Fig. 11 shows the simulation diagram of converter with fuzzy logic controller whose subsystem shows in fig.7. The
output waveform of simulation diagram of converter with fuzzy logic controller shows in Fig.12. And its efficiency
shows in fig.13.

Time in (seconds)

Fig.12: Output Waveform

Fig.13: Efficiency Waveform
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VIIl. CONCLUSION

A new topology for dc—ac converters is introduced whose main feature is its capacity to provide an instantaneous
output voltage higher or lower than the input voltage without an intermediate power stage or transformer. It is suitable
for wide input range and it is basically a buck-boost inverter. The new inverter having a simple topology and there are
only a few components in overall system. The functions involved in each operation stage and their respective equations
are studied for a fixed duty cycle considering one switching period. Equations for the ripple currents and voltages were
found. Here the static gain can be linearised using linearization function. So that the gain directly proportional to the
duty cycle.

Closed loop performance of step up/step down DC-AC converter with fuzzy logic controller and PI controller have
been studied and verified through simulation. Simulation results show that the proposed strategy with fuzzy logic
controller works well and reduces the peak overshoot and settling time as compared to the inverter with PI controller.
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