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1.  INTRODUCTION

1.1  Inverter-Rectifier Discussion

The widely used controlled rectifier/inverter shown in Fig. 1.1, known as

the three-phase PWM voltage source inverter (VSI)/boost rectifier offers many

good features such as very low distortion in voltages and currents on the ac side

and the dc side, minimum component count, minimum voltage and current stresses

in the components, bi-directional power flow capability, power factor correction

and dc voltage regulation capabilities, high power density and high efficiency.

However, it suffers from high switching losses which are aggravated by the

reverse recovery characteristics of the diodes. This limits the maximum switching

frequency for a given power rating and increases the overall electromagnetic

interference (EMI). This in turn prevents any further reduction in size of the filter

reactive components and limits the converter bandwidth.

In order to alleviate the switching loss and the reverse recovery problem,

some soft-switching techniques, snubbing circuits and gate signal shaping circuits

must be used.
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Special topologies such as the resonant dc link (RDCL) [1], the actively

clamped resonant dc link (ACRDCL) [2], and the auxiliary resonant commutated

pole (ARCP) [3] converters and their many derivatives address the switching loss

problem. In the RDCL and the ACRDCL converters, zero-voltage switching

(ZVS) conditions for the bridge switches are obtained at the expense of increased

device voltage stresses. The stresses are much smaller in the ACRDCL, but the

clamp switch introduces significant additional losses [31]. The ARCP provides

ZVS conditions without the increased stresses but requires the use of six additional

switches and excessive part of the duty cycle may be lost due to the soft-switching

transitions.

The new zero-voltage transition (ZVT), three-phase PWM rectifier/inverter

circuit proposed in [4] and shown in Fig. 1.2 uses a low-power single-switch

auxiliary commutation circuit to provide ZVS for the main switches, and soft turn-

off for the diodes. Some rectifiers and inverters described in [6,7] bring the voltage

across the main bridge to zero in order to provide soft switching as well to reduce

the component count and stresses. Some other topologies presented in [8] are

improvements to the circuit introduced in [4]. However the auxiliary circuit current

stresses in them are traded for one more auxiliary switch while the number of

auxiliary inductors is reduced to one.
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ac side dc side

Fig. 1.1 Three-phase PWM inverter / rectifier
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Fig. 1.2  ZVT Three-phase VSI inverter / boost rectifier.
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 Most of these converters are covered by [9] through a general approach to

soft transition three-phase converters. It is made clear that some synchronization is

required between the main bridge and the auxiliary circuit for the different

topologies and that this introduces some constraints in the operation of the

converters. In some cases the standard modulation techniques used in the simple

VSI [10, 11] can be directly applied, while in others certain modifications are

needed [5,6,12] for high performance. In addition to this, special modulation and

patterns were studied to reduce harmonic distortion, [13-20], while some others

addressed the variable saturation problem [21,22] and the trade-offs with harmonic

distortion. Most of these modulations directly affect the speed of response

available from the converter and many control studies have addressed this issue

[23-30].

1.1. Goals and Achievements of this Work.

The purpose of this work is to develop and test a modified space vector

modulation algorithm for the ZVT three-phase PWM rectifier/inverter. The

algorithm must allow the converter to have its switches operated with constant

frequency, soft-switching and minimum number of switching actions in order to

achieve high efficiency, high operating frequency and high power density. It must

also let the converter perform the regular functions of its hard-switched
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counterpart (i.e. very small distortion in both the ac and the dc side, power factor

correction capabilities or suitability for motor drives applications and dc voltage

regulation capability and high speed of response).

Since there is only one auxiliary switch in the ZVT converter in Fig. 1.2, it

would have to be activated up to three times per cycle if the three legs in the main

bridge were modulated asynchronously. This would cause excessive losses in the

auxiliary circuit and a significant loss of duty-cycle due to the switching

transitions.

The modified space vector modulation (SVM) algorithm proposed in this

work, rearranges the sequence in which the main bridge switches are commutated

so that the auxiliary circuit need to be activated only once in a switching cycle. The

algorithm provides ZVS for all the main switches under any phase shift between

the three-phase voltages and currents. Thus, the same algorithm is used in

rectification and inversion, as well as the transitions between them, and true bi-

directional operation can be achieved. The modified SVM also compensates for

the change in duty-cycle introduced by the auxiliary circuit action so that the ZVT

operation does not add any distortion to the three-phase currents or the dc voltage,

and unity power factor as well as the dc voltage regulation are available.

Furthermore, the modulation algorithm allows all the switches to be operated with



1. Introduction 7

constant frequency, can be extended to any soft-switching three-phase converters,

and produces extremely small distortion of the currents.

Effectiveness of the modified space vector modulation when applied to the

ZVT three-phase voltage source inverter/boost rectifier is verified on a 10 kW, 30

kHz prototype using IGBT switches in the main bridge and MOSFETs in the

auxiliary switch. The modulator and the current regulators have been implemented

with a low-cost digital signal processing (DSP) system. The experimental results

are presented in parallel with a detailed analysis of the ZVT operation, and some

special design issues are discussed.


