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Abstract

The paper deals with determination losses of two-stage power electronic system with
two-phase variable orthogonal output. The simulation is focused on the investigation
of losses in the converter during one period in steady-state operation. Modeling and
simulation of two matrix converters with R-L load is shown in the paper. Results of
simulation are compared to experimental verification ones.

1 Principles of Two-stage Two-phase DC/AC/AC converter with AC voltage
interlink

Two-phase converter is possible to create:
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Figure 1: Block diagram for single-stage two-phase motor drive system
supplied from DC source [1]

- Two-stage converter without HF transformer, Fig. 2
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Figure 2: Principle block diagram of 2-stage DC/AC/AC converter (without HF transformer) and with
2-phase second stage [2]

Such a system usually consist of single-phase voltage inverter powered by battery or DC source
(transfer of energy for zero distance), AC interlink (with, or without HF transformer), 2-phase
converter and 2-phase AC motor. Block diagram of 2-stage DC/AC/AC converter without transformer
and using 2-phase direct matrix converter is depicted in Fig. 2.



Two-stage DC/AC/AC converter system in Fig. 3 consists of a single-phase voltage inverter
powered by battery or DC source. From output of voltage inverter are connected two single-phase
matrix converters (full bridge), with switched output voltage, phase B is shifted by 90 degrees.
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Figure 3: Two-stage two-phase DC-AC-AC converter

From output of first stage converter is DC voltage switched to AC — square-wave with duty
cycle 0,5. Waveforms of inverter output voltage is shown in Fig. 4. Switches of first-stage inverter are
hard commutated, but allows soft commutation to switches in second-stage matrix converters.

Switching frequency can be set from some kHz for high power applications up to several tens of
kHz for low power applications.
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Figure 4: Voltage waveforms of AC HF interlink (first stage)

Switches of full-matrix converters are soft-commutated in the zero-voltage instants of the AC
HF interlink voltage [3]. Therefore, the expected efficiency of the system can be higher as usually by
using of classical DC/AC three-phase VSI inverter. On the other side, the phase current will be higher
at the same output power and output voltages, using two-phase AC motor.

Output voltages of full-matrix converters are switched with unipolar PWM and phase of output
voltages is mutually shifted by 90° electrical degrees, of course the output voltage supplies the RL
load and waveforms of voltages are shown in Fig. 5.
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Figure 5: Voltages waveforms of unipolar PWM

2 Switching strategy

The switching frequencies can be increased to such high values only if the problem of switching
stresses, switching losses. In both matrix converters is used zero voltage switching to reduce switching
losses. Turn-on switching is performed at full voltage and turn-off switching is realized as ZVS,
because turn-off losses are higher than turn-on losses.[4]

Lower switching frequency is used for high power applications where THD is bigger, lower
THD is in low power applications with higher switching frequencies.

The total harmonic distortion of the current is given by [5

Wﬁ

J(8.34822/8.34386)2-1] =~2% (1)

Fourier analysis is useful and needed for determination of total harmonic distortion of the phase
current of the matrix converter [5 - 6]. Switching strategy of one full-bridge matrix converter, based on
‘even’ unipolar PWM, can be explained using Figs. 6a and 6b in greater details.

Switching principles in matrix converter:

If u(t)>0 and uac>0: uy<u(t) U=Upc (S1, Ss)
ug>u(t)  U=0 (S2, S4)
If u(t)>0 and uac<0: uy<u(t) U=Upc (S2, S3)
u>u(t)  U=0 (S2, S4)
If u(t)<0 and uac>0: ug>u(t) U=-Upc (S2, S3)
us<u(t)  U=0 (S2, S4)

If U.(t)<0 and U.Ac>0§ um>u(t) U:-UDC (S], S4)
ug<u(t)  U=0 (S1, S4) )
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Figure 6. Switching strategy of half bridge converter for a) positive and b) negative half period of
operation

It is important and clear visible from these figures that during switching at the end of the period
of HF AC supply (n.T) the switching losses will be zero due to zero value of commutation voltage.

3 PC simulations

In Matlab m-file is created simulation program of two-stage two-phase converter, where at first
is created square-wave of inverter, and them is calculation average value of output voltage matrix
converter, from average value is calculated switching time for individual switches.

$calculation of inverter voltage with duty cycle = 0,5
if (£>((c-1)*T1l)) && (t<=((c-1)*T1)+T1/2)
Ua=Udc;
else
Ua=-Udc;
end
Ustrie (i)=Ua;
if t>=c*T1
c=c+1l;
end

$calculation average value for matrix converter voltage in phase A
Ul=Umax*sin (2*pi*f*t);
ul=Umax*sin (2*pi*f*nl*dh);
Uavl=(al+ul)/2;
if t>=(nl*dh)
al=ul;nl=nl+1;

$calculation switching time for matrix converter in phase A

end
Tspl=(dh*abs (Uavl)) /Udc;
Al=nl*dh; dobal=Al-Tspl;
if  ((t>(dobal)) && (U1>0))
UspiA (i)=Udc;
else
UspiA(i)=0;
end
if  ((t>(dobal)) && (U1<0))
UspiB (i)=-Udc;
else
UspiB (i) =0;
end

Uspinl (i) =UspiA (i) +UspiB (i) ;



$calculation current on RL load

prudl (i)=prudl (i-1) * ((L-h*R) /L) +h*Uspinl (i) /L;

Simulated waveforms of voltage and current on each matrix converter with RL load are

depicted in Fig. 7.
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Figure 7: Voltage and current waveforms of matrix converter
Simulation parameters:

Upc=200V, Unax=160V, fiyitching=20kHz, foupu=200Hz, R=7.16Q, L=2mH, Iz;=20.6138A

4 Experimental results

Experimental verification has been done using single-phase full-bridge inverter and single-phase
full-bridge matrix converter for test rig system. There is shown test rig in Fig. 8. The whole test rig
system is controlled by Freescale DSP 56F8013DEMO.

Figure 8: Physical model of single-phase inverter and matrix converter [7]



Measured waveforms of current in HF interlink is depicted in Fig. 9.
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Figure 9: Waveform of voltage and current in AC HF interlink (fsw=20kHz) [7]

Measured waveforms of output voltage (switched waveform) and current (continuous waveform) are
depicted in Fig. 10.
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Figure 10: a) Output voltage (switched waveform) and current (continuous waveform) of DC/AC/AC
converter and b) it's detail view (fsw=20kHz, four=50Hz) [7]

Waveforms of electrical and mechanical power of DC/AC/AC converter with two-phase motor load
are depicted in Fig. 11.
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Figure 11: Waveform of electrical power of DC/AC/AC converter and mechanical power from 2-
phase ASM motor



Waveforms of efficiency of DC/AC/AC converter with two-phase motor load are depicted in Fig. 12.
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Figure 12: Efficiency waveform of DC/AC/AC converter and 2-phase ASM motor system

5 Conclusion

To reduce switching losses in DC/AC/AC converters can use half-hridge conection of inverter
and half-bridge matrix converters, disadvantage is the need to use high frequency transformer. Inverter
can be replace by LLC converter, which using soft commutation to reduce switching losses.
There is shown in the paper the good results regarding to output quantities of matrix converters.

6 Aknowlegment

The authors wish to thank for the financial support to R&D operational program Centre of
excellence of power electronics systems and materials for their components No. OPVaV-2008/2.1/01-
SORO, ITMS 26220120003 funded by European regional development fund (ERDF), and VEGA
1/0470/09. Also the authors want to thank for the technical support to STMicroelectronics and
GAMAaluminium.

References

[1] Popescu M., Demeter E., Micu D., Navrapescu V., Jokinen, T.: Analysis of a Voltage Regulator
for A Two-Phase Induction Motor Drive. In: Proc. of IEMD - Int'l Conf. on Electric Machines and
Drives, Seattle (US), 1999, pp. 658-660.

[2] Dobrucky, B., Prazenica, M., Benova, M.: Converter Topology Design for Two-Phase Low-Cost
Industrial and Transport Application. In: Logistyka 6/2009 , Zakopane (PL), Dec. 2009, pp. CD
ROM, ISSN 1231-5478.

[3] Gonthier, L., et al.: High-Efficiency Soft-Commutated DC/AC/AC Converter for Electric
Vehicles. In: Journal ElectroMotion 5 (1998), no. 2, pp. 54 — 64, ISSN 1223-057X.

[4] Mohan N., Udeland, T., M., Robbins, W., P., .: Power electronics — Converters, Applications and
Desing, USA (2003), s. 200-236

[5] Benova M., Dobrucky B., Szychta E., Prazenica M.: Modelling and Simulation of HF Half-Bridge
Matrix Converter System in Frequency Domain, Paper in: Logistyka, 2009, No. 6, 87p.

[6] Dehbonei, H.,Borle, L., Nayar, C.V.: Optimal Voltage Harmonic Mitigation in Single-Phase Pulse
Width Modulation. In: Proc. of the AUPEC'0] Australasian Universities Power Engineering
Conference, Perth (AUS), Sep. 2001, pp. 296

[7] Prazenica, M.: Design of 2-Phase Switched Power Supply with Matrix Converters. Master Thesis,
FEE, KME, University of Zilina (SK), 2009.DP



Jan Kassa
University of Zilina, Faculty of electrical engineering, Department of mechatronics and electronics,

kassa@fel.uniza.sk

Michal Prazenica
University of Zilina, Faculty of electrical engineering, Department of mechatronics and electronics,
prazenica@fel.uniza.sk

Branislav Dobrucky
University of Zilina, Faculty of electrical engineering, Department of mechatronics and electronics,
dobrucky@fel.uniza.sk



