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Absiract—For applications such as UPSs (uninterruptible
power supplies) and new energy systemns, e.g photovoltaic or fuel
cell systems connected to the grid, It Is essential to isolate the load
or the photovoltaic cells from the grid for the following reasons:
a) to prevent a DC current from flowing to the AC side; b) to
prevent high fault currents from flowing through the converter;
¢) to protect the user against electrical shocks or leakage currents
[1], and d) the need to adapt voltage level befween battery and
grid or battery and load. For these applications, the use of a
converter that has high frequency isolation and also provides
sinuseidal voltage would be very advantageous, since it would
eliminate the low frequency transfermer with an iron alloy core
which is voluininous and and heavy besides [requently producing
audible noise.

I. INTRODUCTION

For applications such as UPSs (uninterruptible power sup-
plies) and new energy systems, e.g photovoltaic or fuel celi
systems connected to the grid, it is essential to isolate the
load or the photovoltaic cells from the grid for the following
reasons: a) to prevent a DC current from fowing to the AC
side; b) to prevent high fault currents from flowing through
the converier; ¢) to protect the user against electrical shocks
or leakage currents [1], and d) the need to adapt voltage
level between battery and grid or battery and load. For these
applications, the use of a converter that has high frequency
isolation and also provides sinusoidal voltage would be very
advantageous, since it would eliminate the low frequency
transformer with an iron alloy core which is voluminous and
and heavy besides frequently producing audible noise.

Currently, the solution most widely accepted and studied in
literature are the matrix converters, shown in Fig. 1. These
converters provide high frequency isolation by means of an
inverter that produces symmetrical alternate voltage at high
frequency which is applied to the primary terminals of the
transformer, as shown in the Fig. 1(a), guaranieeing insolation
[21-[6). The high frequency inverters used at primary can be
the full-bridge, half-bridge, and push-pull types. In Fig. i(c)
and 1(d) some topologies are shown as examples. On the
secondary side, instead of using a rectifier, as in the DC-DC
converters, there is a modulator synchronized with the inverter
on the primary side whose function is to produce a sinusoidal
PWM (SPWM) voltage which passes through an LC fiiter to
eliminate the high frequency components, therefore, obtaining
a sinusoidal voltage with an low high frequency ripple at the
output. These converters present some inconveniences, such

as the use of four quadrants switches, whose clamping and
switching techniques are nof fully established, beside problems
related to transformer saturation.
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Fig. 1.  Classic solution: a)Block diagram of the matrix converters b)
Waveforms ¢) Push-pull matrix converter and d) Full-bridge matrix converter.

In opposition to these direct DC-AC converters, in 1990 a
flyback converter operating in four quadrants was presented
in [7]-[8]. This converter was composed of two flybacks
converters, as show in Fig. 2(c), with a differential connection
at the output, as show in the block diagram of Fig. 2(a).

The bibliographical research in th specialized literature
did not uncover another bi-directional converter with high
frequency isolation using the output differential connection
principle. This work aims to fill this void by proposing three
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more DC-AC isolated bi-directional converters based on the
Cuk, SEPIC and Zeta converters shown in Fig. 1(d), (e) and
(). In the sequence of this paper, the theoretical analysis
and experimental results of a laboratory prototype of DC-
AC bi-directional SEPIC with high frequency isolation will
be presenied.

4]
Fig. 2. Proposed converts: a)Block diagram byWaveforms ¢)Based on the

Flyback converter d)Based on the SEPIC converter ¢)Based on the Zeta
cofiverter and f)Based on the Ck converter.

Il. THEORETICAL ANALYSIS FOR SEPIC DC-AC
CONVERTER

A. Analysis of the main variable of the DC-AC bi-directional
SEPIC converter with high frequency isolation. )

With the goal of abtaining a precise mathematical repre-
sentation of DC-AC bi-directional SEPIC converter with high
frequency isolation, shown in Fig 3, from deduced equations,
curves were drawn representing the most important variables
of the converter.
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Fig. 3. New Bi-ﬁirectiona] DC-AC Conveter SEPIC.

The converter operates with the duty cycle d() being
applied to the switchs $; and S, while the complementary
duty cycle d(t)’ is applied to the switches S; and S5, as shown
in Figs 4 and 5. The voltage across the capacitors, ve (t)
and wcz(t), expressed by equations (1) and (2), represent the
output voltage of each DC-DC converter, as shown the in Fig
2(b), as a function of the duty cycle, which varies sinusoidally.
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Fig. 4. Topologic state for 0 < D < DT, 51 and S; ON.
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Fig. 5. Topologic state for DT < D < T, S3 and S5 ON.

vor(t) = rf%?@—)wn o)
voa(t) = %(-;‘f)—(t—)m @

Subtracting voltage veo(t) from vollage ve (2) eliminates
the average value of the output voltage, therefore, producing
a purely sine voltage v,(t), represented for the expression (3)
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~and shown in the Fig. 2(b).

vo(t) = vei (2) — vealt) 3

In-order to simplify the mathematics invelved, the control
will be analyzed considering that the converter operates with
a resistive load. The voltage gain as a function of the duty
cycle of converter is expressed by equation (4), where the
input voltage was considered constant, i.e. V; = Viqy.

Cwlt) | dt)  1—d)  2d(f)~1
=S Tay T A da -y
Where,

d(t) = 0.5 + Vop sin(wt) (5)

8nVin
The output voltage, v,(¢), as a function of the duty cycle is
represented by the equation (6).

vo(t) = (8d(t) — 4)Via (6)

B. Average Model of the SEPIC DC-AC converter

Solving a group of state-space equations provided the open
loop transfer function of the converter in the frequency do-
main, given by expression (7).

Bo(s) _ 8V, -
d(s)  s2(2LC)+s (% +7r.0) + F +1
Where,

d is the variation of the duty cycle;

¥, is the variation of the output voltage of the converter;
rr, is the resistance of the inductor L;

Vin is input veltage;

R is the load resistance;

C is the capacitance and

L is the inductance.

III. EXPERIMENTAL RESULTS

In order to validate the theoretical analysis and the simu-
lations, a prototype, with the data shown in Table I, was
implemented. The switches were implemented using IGBTs
with inverse ultrafast diodes.

TABLE I
DATA OF THE LABORATORY PROTOTYPE

Data of the laboratoty prototype

Input vollage Vin 100V | Inductance L 100uH
RMS output vOll. Vopms 118V Capac. C 4,4uF
Out. freq. fo 60H 2 IGBT S51..4 IRGAP F50W
Out, power P, 400V A Diode D MU R1560
Switching freq. f» 65kHz

Figure 6 shows the output voltage and the current (shown
inverted for better visualization) of the converter operanting in

closed loop and with a resistive load. The output voltage has
an RMS value of 115V and a frequency equal to 60Hz. The
total harmonic distortion (THD) obtained was 4,89% using
closed loop control.

The results, using closed loop. control, for a 50% to 100%
load variation are shown in- the Fig. 7 and in detail in Fig.
8. The output voltage suffered a small disturbance which was
promptly restored thanks to the desegned controller, proving
all the theoretical analysis and the simulation results. The total
power efficiency can be improved to be 78%.

The output voltage and the current for motor induction load
are shown in Fig. 9.

Fig. 7.
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Fig. 8. Transitory of the load variation in detail.
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Fig. &. Output '{olsage {vo) and current ({,) with induction motor.

IV. CONCLUSION

This paper presented an alternative to the DC-AC matrix-
converters which are the most widely studied solution in
literature. Of the three new converters proposed, the DC-AC
bi-directional SEPIC converter with high frequency isolation
was chosen to be studied, designed and implemented. The
laboratory prototype was .used to obtain the experimental
results presented here. This study concludes that the proposed
converters are a feasible alternative to the existing solutions.
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