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Abstract

This paper describes a power conversion circuit configuration for three-phase boost
dc-ac converter (inverter) based on the dc-dc boost converters. It naturally gen-
erates in a single stage three-phase ac voltages whose peak wvalues are greater
than the dc input voltage. This property is absent in the conventional three-phase
inverter, as it inherently bucks. The proposed three-phase inverter comprises
three dc-dc boost converters whose individual output voltages are modulated sinu-
soidally. Sliding mode controllers are designed to perform a robust control for the
three boost dc-dc converters. Computer simulations and spectral analysis demon-
strate the feasibility of the proposed three-phase inverter. The inverter is intended
to be used in three-phase electric drives and uninterruptible power supply (UPS)
systems.
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1. Introduction

The generation of ac voltages whose am-
plitudes are greater than the input source
voltage is among the basic prerequisites in
many applications such as in three-phase elec-
tric drives and uninterruptible power supply
(UPS) systems. This requirement is met in
the conventional three-phase buck inverter,
shown in Figure 1, when a dc- dc boost con-
verter interfaces the input dc voltage source

Boost de-dc converter

Figure 1: Circuit used to generate 3-phase ac volt-
ages larger than the dc input.

and the buck inverter; or when a line fre-
quency transformer is placed between the in-
verter and the targeted load. This approach
leads to high switching loss, costs, weight and
low efficiency, depending on the power and
voltage levels involved [1].

To alleviate the above shortcoming, this pa-
per proposes a circuit topology for a three-
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phase boost inverter based on switch-mode
dc-dc boost converters. It naturally gener-
ates three-phase ac voltages whose peak val-
ues are greater than the dc input voltage in
a single stage. The idea of controlling the
phase-shift between dc-dc boost converters in
order to achieve a dc-ac converter is provided
by the theory of phase-modulated inverters,
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which is presented in [2]. In this three-phase
inverter topology, the constituting three boost
dc-dc boost converters are driven by three 120
phase-shifted dc-biased sinusoidal references.

Boost converters possess the attributes of
a nonlinear system; implying that controllers
designed using small-signal linear model ap-
proach cannot show significant performance,
since the operating points as well as the small-
signal model parameters experience large vari-
ations, [3] [5]. The constituting three de-dc
boost converters of the proposed three-phase
boost inverter should be able to follow inde-
pendently three reference signals, displaced
120 from one another. This necessitates a
nonlinear tracking controller for each of the
dc-dc boost converters that can deal with vari-
able operating point conditions. In this pa-
per, sliding mode control approach is used to
design three controllers; wherein the output
voltages of the dc-dc boost converters faith-
fully track their respective set dc-biased sinu-
soidal reference signals.

Details on the analysis and simulations are
provided in the subsequent sections; wherein
simulations and spectral analyses are carried
out for linear and nonlinear load conditions
using SIMPLORER simulation package. Sim-
ulation results proved the feasibility of the
proposed three-phase boost inverter configu-
ration.

2. Configuration of Power Stage of
the Proposed Three-Phase Boost In-
verter

The power stage of each phase of the three-
phase boost inverter is configured on the cur-
rent bi-directional boost dc-dc converter, and
the equivalent circuit of phase A is shown in
Figure 2. Block diagram and circuit imple-
mentation of the three-phase boost inverter
are shown in Figures 3 and 4 respectively.
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Figure 2: Equivalent circuit of phase A
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Figure 3: Block diagram of the three-phase boost
inverter

In Figure 3, the three dc-dc boost convert-
ers produce dc-biased (unipolar) sinusoidal
outputs; which are modulated 120 from one
another. Consequently, dc-de boost converter
can be modeled with ideal ac and dc voltage
sources, which are in series as shown in Figure

d.

—Ldb?}[ 1 . -—ui|} Te
Vae—==— . TC

Figure 4: Proposed three-phase boost inverter.

It can be easily shown that:

V3V, sin(wt + 30)
Ve = V3Vysin(wt — 90) (1)
Vea = V3Vysin(wt + 150)

Vap =
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Figure 5: The three dc-dc boost converters model.

Therefore, the line voltages in the load ter-
minals of the proposed three-phase boost in-
verter are balanced three-phase voltages.

3. SLIDING MODE CONTROLLER

The sliding mode control has been pre-
sented as a good alternative to control of
switching power converters, [6] [7]. The main
advantage of sliding mode control over classi-
cal linear control scheme is its insusceptibil-
ity to parameter variations that lead to in-
variant dynamics and steady-state response
in the ideal case, [1]. In this paper, a slid-
ing mode controller is designed and applied
to control the output voltages of the proposed
three-phase boost inverter; wherein the out-
put voltages of the constituting dc-dc boost
converters have to track desired sinusoidal dc-
biased references.

System description of the proposed in-
verter topology:

In operation, each of the three current bidi-
rectional dc-dec boost converters works inde-
pendently. Assuming that all circuit compo-
nents are ideal and that the converters operate
in a continuous conduction mode, equivalent
circuit of phase A leg of the three-phase boost
inverter, shown in Figure 2, is used in the
modeling and control strategy development.
Figure 2 works in two topological modes for a
period of operation; as shown Figure 6.
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The state-space modeling of the equivalent
circuit with state variables i1 and V; is

£]- 5 8%
% C_l R1Cy vl
i Ve
+[-’%zl]v+[ L&Q}

=1 = AX+By+C (2)

Where 7 is the state of the switches given in
equation 3; x and z are the state vectors and
their time derivatives, respectively.

[ 1—S0ON, S, OFF
=1 0— S,0FF, S, ON

Sliding mode controller design:

In order to apply sliding mode control to
a system, a sliding surface should be defined.
The sliding surface consists of a linear combi-
nation of the errors of state variables; which
are defined as difference between each variable
and its reference.

S(iz1, V1) = Kier + Kaey (3)

Where K7 and K, are proper gains; €; and &
are error variables given by:

€1 = L1 = lLpref

g = Vi —Ve f (4)
The corresponding control scheme is shown in
Figure 7.

State of the switch, v, is controlled by the
hysteresis block, H;, which maintains the vari-
able S(ir1, V1) near zero. The existence con-
dition of the control signal can be expressed
in the form of equation (5), [1]:

[L(_ll[vdc - V;“ef - RaiL,ref] + %[‘/2_
‘/ref - RliL,ref] >0

[E_ll[vdc - RaiL,ref] + 0[1(12%1 [‘/2 - ‘/ref] <0

Moreover, the sufficient condition to steer
toward the sliding surface for all initial states
is that the coefficient K; and K3 be non-
negative, [1].
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Figure 6: Topological modes of operation of each leg in the three-phase inverter.
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Figure 7: Sliding mode controller scheme.

4. SIMULATION RESULTS

Simulations of the proposed three-phase in-
verter configuration are carried out under two
loading conditions: three-phase 30(2 resistive
load and a 2msec three-phase fault applied
to the output of the inverter. For the first
loading condition, the inductor currents and
output voltages of the three dc-dc boost con-
verters are shown in Figures 8 and 9 respec-
tively. The line voltages of the three-phase
inverter and the corresponding phase A fre-
quency spectrum are displayed in Figures 10
and 11 respectively. When a 2msec three-
phase fault is applied to the output of the
proposed inverter, displays of the inductor
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currents; line voltages of the three-phase in-
verter and the corresponding phase A fre-
quency spectrum are shown in Figures 12, 13
and 14 respectively. It can be seen that the
sliding mode controller resumes the output
voltages quickly.

5. Conclusion

In this paper, a six-switch configuration for
a three-phase boost inverter is proposed; this
inverter produces, in a single power stage, a
three-phase ac voltage with magnitude greater
than the input dc voltage. The proposed in-
verter consists of three reference follower dc-
dc boost converters that generate three sinu-
soidal output voltages. Robust tracking con-
trol for these converters is achieved with ap-
plied sliding mode controllers. Simulation re-
sults and frequency spectral display show the
feasibility of the proposed three-phase inverter
configuration; as well as controllers operation.
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Figure 8: Inductor currents of the three dc-dc boost converters for 3-phase resistive load.
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Figure 9: Output voltages of the three dc-dc boost converters.
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Figure 10: Output line voltages of the proposed three-phase boost inverter.
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Figure 11: Frequency spectrum of line A voltage.
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Figure 12: Inductor currents of the three dc-dc boost converters when a 3-phase fault occur.
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Figure 13: Output line voltages of the proposed three-phase boost inverter for a 3-phase fault.
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Figure 14: Frequency spectrum of line A voltage when a 3-phase fault occur.
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