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ABSTRACT: This paper introduces a new transformer less dc—ac converter with the feature that it produces an
instantaneous output voltage higher or lower than the input dc voltage. The topology consists of two switching cells,
well known dynamic response, does not have transformer or power conversion stage that saves us mass, losses, and
volume of a transformer. The merits of step up/step down dc-ac converter includes operational reliability, reduced size
of components and there by acquiring less mass for the whole converter. The advantages of buck-boost dc-ac converter
when switching cells are used instead of a transformer, is also introduced. Current control takes the advantage of circuit
protection from disturbance (fault). This technique can provide fast dynamic response, robust Performance. The current
control of step up/step down dc-ac converter is easy to implement and provides high accuracy. The validity and
performance of the discussed topology are verified by simulation using Matlab/simulink software.
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I.LINTRODUCTION

One of the most commonly used converters in power electronics is the dc/ac converter (inverter) .It is used in
applications such as uninterruptible power supplies (UPS), active filters, motor control, etc. Inverters can be classified
as isolated or non isolated inverters based on the electrical isolation between the input and output [6].Electrical
isolation is normally achieved using either line-frequency or high-frequency transformers [1-6]. The various dc
voltages are applied to the input of the inverter because of the new energy sources, like solar batteries and fuel cells,
which produce different dc-voltage levels. Depending on the input dc voltage range, to that of the output ac voltage,
inverters can be classified as buck, boost and buck-boost inverters [3]. For single-stage inverters, the traditional H-
bridge inverter has a simple circuit topology and a low component count. Thus low cost and high efficiency can be
attained. [3-6].

One of the characteristics of the buck inverter is that the instantaneous average output voltage is always lower than the
input dc voltage [11-17]. Buck inverter is a dc-ac converter which cannot produce an output voltage greater than the
input voltage, but it is easy to be controled .This converter performs in a simplified way, turning on and off the
switches to produce a bipolar square output voltage. The boost inverter provides an outstanding property. It produces
an ac output voltage which is larger than the dc input voltage, based on its duty cycle [2-4]. This property is not found
in the traditional full bridge buck inverter which produces an instantaneous ac output voltage always lower than the
input dc voltage.

Z-source inverter provides the same features of a dc—dc boosted inverter (i.e., buck/boost). The Z-source inverter has
two capabilities such as, shoot-through duty cycle and modulation index. But the drawback of Z-source inverter is that
the Z-source inverter has lower average switching device power in low boost ratio range [9-12]. According to the
principles of boost and buck—boost well known in dc—dc conversion, these inverters use dc inductors for energy storage
or fly back transformers for both energy storage and electrical isolation as required for safety reasons. So instead of
transformers, by using switching cells this topology is introduced.

Inverters are usually operated in step down condition. If an output voltage greater than input voltage is required. Then
buck-boost inverters are used. But it requires an intermediate power stage or transformer. So dc-ac converters with this
circuitry are complex. In order to solve this problem, Step up / Step down dc-ac converter with switching cells is
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introduced. There by boost and buck conditions are satisfied with a transformer less system. The closed loop circuit
naturally has a common voltage-loop-control circuit. But if there is any overloading condition or fault appears in the
circuit. The current must be controlled. Therefore the circuit protection should be provided by implementing current
control.

During the time of fault, to avoid distortion of current and voltage waveforms at high power levels, current control is
required. Current control can reduce short-circuit currents, from the existing distribution equipment. They can also be
used in high voltage electric power transmission grids for a similar purpose. This paper presents a scheme of current
control for rejecting the disturbance (fault) effectively in a buck-boost topology. Closed loop control of step up/ step
down dc-ac converter using the current control is presented with simulation of the dc-ac converter using current
control.

I11. OPERATION PRINCIPLE AND CONTROL OF CONVERTER

Transformer less buck-boost inverter is formed by connecting two switching cells. Circuit diagram of the converter is
shown in Fig.1. Note that by referring to Fig.1, This structure consists of an input voltage source Vi, a high
frequency filter formed by L; and Cy, a load resistance RO, and two switching cells, whose elements are S1, D1, C1, S2,
D2, and L1 and S3, D3, C2, S4, D4, and L2, respectively. When S1, S4 are turned on then L1 starts charging, L2 starts
discharging, C2 starts charging, C1 starts discharging. When S2, S3 are turned on L1 starts discharging, C1 starts
charging , L2 starts charging , C2 starts discharging.
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Fig.1. Transformer less buck-boost inverter

111. CURRENT CONTROL

In this paper, a current control method is used for controlling the transformer less buck-boost dc-ac converter. When a
low impedance fault is applied to the network, the inverter output voltage will reduce. Then the outer voltage controller
will increase the current reference to the inner controller in an attempt to maintain the system voltage. If the increase in
current reference is above the maximum current which is allowed for the inverter. Then this current control will
activate. This paper discusses a new control technique. This control has two control loops an outer voltage control loop
and an inner current control loop. The output of the voltage control loop is the input of the current control loop. An
advantage of this approach is that it can be adopted to control both single and three phase micro grids. In the Inner
current control loop, the measured inverter current i , (t) is compared with the set value i . * (t) of this current. Then the
current error is given to a proportional-integral (PI) controller. It is an excellent method to eliminate the disturbance
(fault), as well as voltage regulation. The output current has sensed. A reference current (desired current) has to be
provided. If there is any overloading condition occurs then the increasing output current is controlled by using this
current control technique. Then the resultant is given to a linearization function for maintaining the duty ratio.
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According to the duty ratio the resulting switching signal is given to the gates of the switches S1-S4. Thus by using this
technique the over current through the circuit can be eliminated and thereby ensured safety.

In order to illustrate the equivalent circuits of the system, two cases were chosen. The first refers to the 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 illustrated in Fig.3.

0

Fig.2. Equivalent circuit for duty cycle higher than 0.5
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Fig.3. Equivalent circuit for duty cycle lower than 0.5
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IVV. DESIGN
a) High frequency filter
The high frequency filters formed by Lf and C; are the important elements in the discussed buck-boost topology. Since

their values greatly influence the quality of output voltage and current. Thus, the ripple current through inductor L; and
ripple voltage through capacitor Csis given as follows.

A Vi
1 —_—_—
ULk, &
AV, ¢ 1 i
8 Lf}{ Cf}{fz (2)

Ai,,(8) = i 7 X d(8) .

Al (0) = " L X[ X (1—d(8) ) “

b) Static gain

The static gain of the new inverter topology is defined as follows:

(a®)r.-2) w|'(4 + (q(®)’T,

a(9) = 2.(q(eNT, —  2.(q(eNT, ©)

Manipulating (3) the duty cycle, as a function of the static gain, is presented as follows:

((a(8))T, — 2) w'|(4+ (a(8))°T,
2.(q(8))T, 2.(q(6NT, ©

F8) =

As the duty cycle increases the static gain increases. The above equations show the steps applied to obtain the
representation of a sinusoidal output voltage with low distortion, independently of the desired voltage gain. The static
gain can be obtained by the relation between the average voltage and the input voltage. The linearization function in (6)
is sufficient to establish a linear relation between the real and the reference static gain.
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V. ANALYSIS AND RESULTS

The transformer less buck-boost dc-ac converter with current control has been simulated using Matlab/Simulink for the
following input and output data specifications:

Vin = 96V, Vo = 110Vrms, Pout = 1000W, and f;= 20 kHz. The circuit components used in the simulation are shown
in Table 1.

The topology chosen here is the easiest one. So the design of the step up/step down dc-ac converter with two switching
cells is much simplified. The battery input voltage is 96V. The output voltage is regulated at 110Vrms. A higher
switching frequency of 20 kHz is also chosen. Thus the values of the different parameters required for the introduced
step up / step down dc-ac converter were calculated and found out through the above said equations. The design data
obtained for the step up/step down dc-ac converter with two switching cells is given in the table I.

Table |

Simulation parameters and values

Components used in simulation
Inductor L1 255 pF
Inductor L2 255 pF
Capacitor C1 1 pF
Capacitor C2 1uF

High frequency filter 1.5mH
Ly

High frequency filter SuF
Cs

The new topology of step up/step down dc-ac converter has been introduced with two switching cells. It is having the
feature that it provides an instantaneous output voltage higher or lower than the input dc voltage without an
intermediate power stage or transformers. This peculiarity is provided by using two switching cell including two
switches, two diodes, one inductor, and one capacitor on each inverter leg to get the required power (1000W). The
advantage is that the ripples are reduced. The output ripple can be reduced without increasing device stress.

Fig.4. (a) shows the simulated output voltage and current. It can be observed from Figure that the output current is in
phase with the output voltage. Fig.4. (b) shows the current of high frequency filter Lf. Fig.4(c) shows the voltage and
current of capacitor C1. V., icl. Fig.4 (d) shows the voltage and current of capacitor C2. V,, ic.Whereas the inductor
voltage, V1 i1V, i 2 areillustrated in Fig.4.(e).
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Fig.4 (a) Output voltage and current waveform
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Fig.4 (b) current waveform of inductor L¢ i ¢
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Fig.4(c) voltage and current of capacitor C1 V¢y, i 1
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Fig.4 (d) voltage and current of capacitor C 2 Vcy, i 2
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Fig.4 (e) voltage and current of inductor L1 V4, i 11
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Fig.4 (f) voltage and current of inductor L2 V5, i 1>
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VI. CONCLUSION

New transformer less dc-ac converter based on buck-boost topology with two switching cells is presented in this paper.
The advantages of step up/step down dc-ac converter includes system reliability, reduction of size of components
and there by acquiring less mass for the whole converter. This dc-ac converter operates with the step-up/step-down
feature without transformer. This peculiarity is provided by using two switching cells including two switches, diodes,
one inductor, and capacitor on each leg of the inverter. The main advantage of the new inverter topology is that it
generates an ac output voltage larger than the dc input one, based on the duty cycle. This property is not found in the
normal VSI, which produces an ac output instantaneous voltage always lower than the dc input one. The reduced
number of switches that is required (only four) and the quality of the output voltage sine wave are the additional
advantages. Further, by using current control the controlling of over current, fault isolation and better network
protection, can be achieved by taking care of most of the distribution system situations which result in power quality
issues. Simulation is done using MATLAB and the simulation results show that step up/step down dc-ac converter with
current control is attained.
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