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in the core and windings. Since the saturation flux density is
inversely related to frequency, higher frequency of operation
reduces the magnetic core size by increasing the flux
utilization [1]. So a high frequency isolated power electronic
converter provides overall size and cost advantage over a
line frequency transformer. This kind of small high
frequency isolated power converters are called PETs.

Abstract— A power electronic transformer (PET) is a direct
AC/AC converter with a high frequency isolation. Various
topologies of electronic PETs have been discussed in recent
literatures. This paper is concentrated on the simulation study
of an electronic transformer adopting matrix converter on
either side of the high frequency isolation transformer. The
industrial standard power system simulation package
PSACD/EMTDC is used for the modeling of the PET. The
PET described can convert a sinusoidal AC to a lower or
higher voltage and/or to a lower or higher frequency without
DC link. Both the steady state and transient performance of
the converter are carried out to assess the performance. The
simulation results of the converter shows that the PET
accomplishes high frequency isolation, bidirectional power
flow, two stage power conversion, higher power density,
controllable input source displacement power factor, and lower
harmonic distortion on both input and output sides.

A number of PETs have been discussed in recent
literatures [1]-[4]. The cheap and easily available ferrite
cores are used as core for high frequency transformers. This
makes the high frequency transformer implementation easy.
Higher frequency of operation makes the transformer, energy
storage, and passive components smaller and lighter. The
system response is faster and less acoustic noise at higher
frequencies. These advantages of high-frequency link power
converters gives it increasing attention as an alternative to
more conventional DC link power conversion systems. High
frequency DC/DC converters have been employed
successfully in recent decades. This demonstrated the
benefits of operation at high frequency. Lots of research have
been carried out on high frequency link AC/DC converters,
the high-frequency link DC/AC converters (switching mode
rectifiers), and the high frequency link DC/AC inverters [5].
Few researches happened on direct AC/AC power
converters. Most of the research on AC/AC converters were
mainly limited to non-isolated AC/AC converters such as
direct matrix converter [6], the pulse width modulated
(PWM) AC choppers [7], and the soft switched AC link
buck-boost AC/AC converter [8]. These converters have the
features such as single or two stages of power conversion,
low voltage transmission ratio, no need of intermediate dcenergy storage components etc.
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I.

INTRODUCTION

Electronic converters have wide application such as
electrical drives, regulated power supplies, and variable
voltage sources. Power electronic converter can be divided
as isolated and non-isolated. Isolated converters are preferred
over non-isolated because an unwanted effect in the load side
will not affect the source side. Transformers are generally
used for isolation of input from the load. Apart from
isolation, transformer provides voltage transformation, noise
decoupling etc. Conventional isolation transformer is
operated at line frequency of 50Hz or 60Hz. Line frequency
transformers have lower flux utilization. This makes it
heavy, bulky and very expensive part of an electrical
converter system. The size and weight of the transformer can
be reduced by increasing the saturation flux density of the
core material and the maximum allowable temperature rise
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A number of research have been taken place on thyristor
phase controlled cycloconverters [9] and matrix converters
[10] without electrical isolation. Therefore AC/AC converter
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with high frequency isolation are a leading research content
of power electronics, and a key technical foundation on new
type Power Electronic Transformers (PET), regulated
sinusoidal ac power supplies and ac regulators.
PET is a new concept and a few literatures have been
reported on three-phase PETs [3][4]. But, they need too
many ac/dc links, large bulky magnetic components or dclink electrolytic capacitors. So they are more complex and all
the output loads are assumed to be balanced. First high
frequency AC link AC/AC converter was proposed in [5]. It
has two cycloconverters with a high-frequency AC link in
between. Literature [11] and [12] has proposed H-bridge and
push-pull circuits respectively.

Fig. 1 Circuit diagram of the high-frequency link PET

The expanded form of PWM scheme discussed in [13] is
used for the modulation of the primary side converter. The
three phase input source voltage is assumed to be balanced
and is given by.

This paper is intended to study the simulation of a highfrequency link direct ac/ac three phase matrix type PET. The
steady state and transient analysis of PET based on matrix
converter using PSCAD/EMTDC software is discussed. The
simulation results are shown to verify the performance.
II.

CONVERTER CONFIGURATION

Va = Vim cos a = Vim cos (in t )

(1)

Vb = Vim cosb = Vim cos (in t - 2 / 3 )

(2)

Vc = Vim cos c = Vim cos (in t + 2 / 3 )

(3)

Where, in is the source voltage angular frequency.

The main components of the three phase PET considered
here are three-phase to single phase matrix converter, single
phase high frequency transformer, load side single-phase to
three-phase matrix converter and output filters. The
converter on the primary side converts the input source line
frequency voltage to high frequency square wave pulse. An
efficient high frequency transformer is used to transfer the
square wave pulse to the secondary side converter. The
utility side matrix converter is realized using ten
unidirectional switches instead of six bidirectional IGBT
switches with unfiltered DC link. The real implementation of
the PET based on dual bridge matrix converter is shown in
Fig. 1. The load side converter consists f a full bridge active
rectifier (R1-R4) and conventional voltage source inverter
(VSI) structure (T1-T6). Te high frequency square wave
signal is rectified to dc using the rectifier. By The dc link
voltage Vdc is maintained at a desired magnitude by proper
selection of transformer turns ratio. The three phase voltage
source inverter is modulated using well known space vector
PWM (SVPWM).

Only one of the three phase input voltages has the
maximum absolute value and the other two phase voltages
have opposite polarity between successive zero crossing of
the input phase voltages. In mode 1 as shown in Fig. 2 phase
a has maximum positive voltage and the other two phases b
and c have negative value and it can be shown that,

Va

Vb  Vc .

In mode-1, switch Sap remains turned on and swithes Sbn,
Scn are modulated within one switching period Ts. For
achieving full utilization of input voltage and to get unity
power factor at input source side, the duty ratios dy, db of
switches Sbn and Scn are given as

d b = cosb /cosT c

d c = cos c /cos a

(4)

The duty ratios for all the six modes can be derived in the
same way. The dc link voltage of the load side converter is
given by
(5)
Vdc = n (d b (va - v b ) + d c (va - v c ))
Where n is the transformer turns ratio, n=Ns/Np. Averaged
Vdc within a switching period Ts using trigonometric
transformation is given by

A. Primary Side Converter Modulation Strategy
Three phase to single phase converter on the primary side of
the transformer is used to generate the high-frequency ac
voltage denoted as Vp from the balanced three-phase input
voltage. This high frequency square wave pulses are then
transferred to the utility side single-phase to three-phase
converter part through an single phase HF transformer.

Vdc = 3nVim /2_cos a _

(6)

The PWM method can be chosen synchronous or
asynchronous based on the source frequency for source side
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converter control. The PWM method is decided using the
modulation ratio given by
(7)
m f = f sp /f i

Fig. 2 Six modes of input phase voltages

Fig. 4 Simulation block for finding the mode of the phase voltages

B. Secondary Side Converter Modulation Strategy
The secondary side converter works like a conventional
AC/DC/AC converter without DC capacitors [14]. The
rectifier stage (R1-R4) is used to rectify the 50% square wave
Vs into fluctuated dc-link voltage Vdc and active switches are
used to provide bidirectional power flow. The four active
switches can be replaced by four diodes when output power
factor is more than 0.87 and bidirectional power flow is no
longer required.
The VSI is used is a conventional one for converting the
fluctuated dc-link voltage to sinusoidal ac. SVPWM is used
for the modulation. In SVPWM, any three-phase system can
be represented by a vector rotating with a synchronous speed
with respect to the stationary orthogonal -    
-axis coincides with phase A phasor [15]. The magnitude of
this vector is the vector sum of all the three phase voltages at
any instant. This can be projected to the    -
to give V and V. . In SVM approach, a space vector is
defined as

Fig. 3 Switching pulse generation of primary side converter

Where fi is source frequency and fsp is the switching
frequency of source side converter. If the value of mf is small
the full utilization of the input voltage is possible only if the
source side converter is synchronized to the source. This also
improves the current waveform. Since the whole range input
phase is divided into six modes, the value of mf should be a
multiple of six. This can distribute square wave pulse train to
be quarter wave symmetric about each centre of modes and
maintain the magnetic flux balance of the HF transformer.
Simulation block for the modulation of the primary converter
is shown in Fig.3. The first block is used to find out the
mode of the phase voltages. The fir block is shown in detail
in Fig.4. The second block is to find the duty ratios and the
third block generates the gate signals for the switches.

V

2 (Va (t )  Vb (t )e j 2S / 3  Vc (t )e  j 2S / 3 )
3

(8)

The implementation of the SVM in PSCAD is shown in
Fig.5. The first bock generates the control signal. The second
block is used to find the magnitude and the angle of the
space vector and the corresponding sector in which it
belongs. The third block is used to calculate the adjacent
vectors time duration. Vector transition time is calculated in
the fourth block. Calculation of the duty cycle is done in fifth
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block. The last block generates the switching pulses required
for the power switches.

Fig. 6 Simulation model of the three-phase PET

Fig. 5 Simulation block in PSCAD for SVM implementation

III.

SIMULATION MODEL IN PSCAD

This section briefly highlights modeling of 3-phase to 3phase high-frequency link ac-ac converter. The simulation
model of the converter is done in PSCAD/EMTDC. The
common emitter configuration using two IGBTs connected
in anti-parallel is adopted for the bidirectional switches used
in the primary side three-phase to single-phase converter.
The HF transformer turn ratio is chosen 1. The secondary
side converter is realized with an indirect matrix converter
and consists of a single-phase uncontrolled rectifier and a
three-phase voltage source inverter. LC filter is used on input
side to filter out higher order harmonics. There is no dc-link
capacitance. The input voltage source is 230V, 50Hz
sinusoidal ac .A pure resistance is considered as the load
here. The input side matrix converter control block is shown
in Fig 6. The first block is to find out the mode of the input
voltage. The third block generates the switching signals.

Fig. 7 Line side voltage and current waveforms

Fig. 8 High frequency transformer primary voltage and current waveforms

IV SIMULATION RESULTS
The input phase voltage, Va, and input phase current, Isa
are shown in Fig. 7. The waveform Isa shows low total
harmonic distortion. Fig. 8 shows the primary voltage, Vt1, of
the high frequency transformer and primary current, It1, of
the HF transformer. The primary current waveform It1
reveals the balancing of flux as desired. Fig. 9 shows the
secondary voltage, Vt2, of the HF transformer and Fig. 10
shows the fluctuated dc-link voltage, Vdc. The secondary side
single-phase to three-phase matrix converter supplies only
active component of load current, Ia, with unity displacement
factor as shown in Fig. 11. The load current waveform
illustrates very low total harmonic distortion of the output
current and it is well below the power quality standard limits.

Fig.9 High frequency transformer secondary voltage waveform

The input current waveform illustrates very low total
harmonic distortion of less than 3 percentages at the input
side and it is well below the power quality standard limits.
The harmonic spectrum of source and load is illustrated in
Fig. 12. For a clear view the waveforms are scaled
appropriately.

488

converter such as bidirectional power flow without dc-link
capacitors.
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