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Novel forward mode AC/AC converters with high frequency link
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Abstract:

frequency link are presented. The circuit configuration is constituted of input cycloconverter, high frequency transformer,

A circuit configuration and a circuit topologic family of the novel forward mode AC/AC converters with high

output cycloconverter, input and output filters. The circuit topologic family includes eight circuit topologies, such as
full-bridge-full-wave mode, etc. The bi-polarity phase-shifted control strategy and steady principles are thoroughly
investigated. The output characteristics are obtained. By using the bi-polarity phase-shifted control strategy with phase-shifted
control between the output cycloconveter and the input cycloconverter, commutation overlap period of the output
cycloconverter, and polarity selection of the output filtering inductance current and the input voltage, the leakage inductance
energy and the output filtering inductance current are naturally commutated, and surge voltage and surge current of the
cycloconverters are overcome. The converters have such advantages as simple topology, two-stage power
conversions( LFAC/HFAC/LFAC), bi-directional power flow, high frequency electrical isolation, good output waveforms,
and strong ability to stabilize voltage. The converters lay key technical foundation on a new-type of regulated sinusoidal AC

power supplies and electronic transformers. The correction and advancement of the converters are well verified by a principle

test.
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The high frequency link DC/DC converters''', the
high frequency link AC/DC converters®', and the
high-frequency link DC/AC inverters® have been
deeply investigated and well known. However, the
study on AC/AC converters has been mainly limited to
the thyristor phase-controlled cycloconverters” and the
matrix converters . So far, only a push-pull-full-wave
mode AC/AC converter with high frequency electrical
isolation has been presentedm . InRef.[6], the
simple operational principle and test results are given,
current of the

but surge voltage and surge

cycloconverters are not investigated, and the
push-pull-full-wave mode AC/AC converter is only
suitable for low input voltage and low output voltage.
This paper presents and thoroughly investigates a
family of the bi-polarity phase-shifted controlled
forward mode AC/AC converters with high frequency
link. The converters lay key technical foundation on a
new-type of regulated sinusoidal AC power supplies and
electronic transformers. The steady principles are
thoroughly investigated and the output characteristics

curve is obtained. A principle test is provided to verify
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the correction and advancement of the converters.

1 Circuit Topologic Family and Control
Strategy

1.1 Circuit configuration and circuit topology
family
The circuit configuration of the converters
comprises constituted an input cycloconverter, high
frequency transformer, output cycloconverter, input and
output filters. The circuit topologic family includes
eight circuit topologies, such as single forward mode,
interleaved-forward mode, push-pull-full-wave mode,
push-pull-full-bridge =~ mode,  half-bridge-full-wave
mode, half-bridge-full-bridge mode, full-bridge-full-
wave mode, and full-bridge-full-bridge mode, etc. The
full-bridge-full-wave mode and the half-bridge-full-wave

mode circuit topologies are shown in Fig.1.
1.2 Bi-polarity phase-shifted control strategy

The bi-polarity phase-shifted control principle of
the full-bridge-full-wave mode circuit topology is shown
in Fig.2. There is a phase difference (0 = 0—180°)
between the output and the input cycloconverters. As 0
varies sinusoidally and the voltage across the output
filter u,; is a bi-polarity SPWM voltage, the control
strategy is called bi-polarity phase-shifted control
strategy. By controlling @, the output voltage u, can be
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Fig.1 The full-bridge-full-wave mode and the half-bridge-
full-wave mode circuit topologies. (a) Full-bridge-full-wave
mode; (b) Half-bridge-full-wave mode

kept stable when the input voltage u; or the load R,
varies.

The common conduction time T, while the power

switches S;,(Sy,) and S,, (S;,), S,,(Sy) and S,,(S,,)

are both on during one switching period T is
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Fig.2 The bi-polarity phase-shifted control principle

By using a phase-shifted control between the
output cycloconveter and the input cycloconverter, a

of the

cycloconverter, and polarity selection of the output

commutation overlap period ¢ output

o

filtering inductance current i, and the input voltage
u;, the bi-polarity phase-shifted control strategy has

the following advantages: the leakage inductance

energy and the output filtering inductance current are
naturally commutated, and surge voltage and surge
current of the cycloconverters are overcome.
2 Steady Principle and Output Character-
istics
Take the full-bridge-full-wave mode converter in
CCM during one T, as an example. When the power
switches S,,, S, Sh., S, S;, and S, are on, or S,,,
Sops S'has S'ays Sy, and Sy are on, the voltage across the
output filter uy = u;N,/N,. When S,,, S,, S5,
S, Ss, and Sy, are on, or S,,, S;, S,

w;Ny/N, .

equivalent circuits are shown in Fig.3, where r

‘s Sy, and
Sgare on, u,; = — The switching state
includes the equivalent resistance of the transformer,
the on-resistance of the power switches and the
parasitic resistance of the filtering inductance and so

on.

u; N»/ Ny

u; N/ Ny

(b)
Fig.3 The switching state equivalent circuits in CCM
during one T,. (a) wip = u; N2/ Ny (b) wyg = — u; N/ Ny

From the switching state equivalent circuits, the
state-space averaging method is used to get output
characteristics. The output characteristics in actual
state (r 2 0) and CCM are

U,2b -1)N 1
. = N (2)
! 1+
Ry
where D is the duty cycle of the SPWM voltage across

the output filter during one T, i.e. D = 2T /T, =

(180° — 0)/180° (0 < D < 1). From Eq.(2), the
output characteristics in ideal state (r = 0) and CCM

are
U.N,(2D - 1)

Up= ——"§N (3)

Similarly, output characteristics in ideal state (r
= 0) and critically CCM are
I, = 41,.D(1-D) (4)

and output characteristics in ideal state (r = 0) and

DCM are
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In Egs. (4) and (5), 1, is the load current, and
I, 1s the maximum value of I, .

From Eqs.(2) = (5), normalized output characte-
ristics of the AC/AC converter are shown in Fig.4.
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Fig.4 Normalized output characteristics of the AC/AC converter

3 Principle Test

The designed example: the half-bridge-full-wave
mode circuit topology, the bi-polarity phase-shifted
control strategy, the AC input voltage U, = (220 =
10% ) V (50 Hz), the AC output voltage U, = 110V
(50 Hz), the switching frequency F, = 50 kHz, the
turn ratio of the transformer N, : N, : N; = 14 : 18 :
18, the input filtering inductance L; = 10 pH, the
input capacitance C; = 50 uF, C, = 50 uF, the output
filtering inductance L; = 0.5 mH, the output filtering
capacitance C; = 20 pF.

Fig.5 shows principle test waveforms of the
AC/AC converter. Principle test results agree well with

theoretical analyses.
4 Conclusions

From the discussions presented above, the
following conclusions are obtained.

1) The circuit configuration of the forward mode
AC/AC converters comprises input cycloconverter,
high frequency transformer, output cycloconverter,
input and output filters. The circuit topologic family
includes  eight circuit  topologies, such as
full-bridge-full-wave mode, etc.

2) The converters have such advantages as simple
topology, two-stage power conversions( LFAC/HFAC/

LFAC), bi-directional power flow, high frequency
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Fig.5 Principle test waveforms. (a) Output voltage u,;

(b) Voltage across transformer’s primary winding uy, 3 (c)

Voltage across output filter u,p

electrical isolation, good output waveforms, and strong
ability to stabilize voltage.

3) By using the bi-polarity phase-shifted control
strategy, the leakage inductance energy and the output
filtering inductance current are naturally commutated,
and the surge voltage and surge current of the
cycloconverters are overcome.

4) The principle test well verifies the correction

and advancement of the converters.
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