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ABSTRACT

In this paper, a new conceptual circuit configuration of a 3-phase voltage source, soft switching AC-DC-AC converter
using an IGBT module, which has one ARCPL circuit and one ARDCL circuit, is presented. In actuality, the ARCPL
circuit is applied in the 3-phase voltage source rectifier side, and the ARDCL circuit is in the inverter side. And more, each
power semiconductor device has a novel clamp snubber circuit, which can save the power semiconductor device from
voltage and current across each power device. The proposed soft switching circuits have only two active power
semiconductor devices. These ARCPL and ARDCL circuits consist of fewer parts than the conventional soft switching
circuit. Furthermore, the proposed 3-phase voltage source soft switching AC-DC-AC power conversion system needs no
additional sensor for complete soft switching as compared with the conventional 3-phase voltage source AC-DC-AC
power conversion system. In addition to this, these soft switching circuits operate only once in one sampling term.
Therefore, the power conversion efficiency of the proposed AC-DC-AC converter system will get higher than a
conventional soft switching converter system because of the reduced ARCPL and ARDCL circuit losses. The operation
timing and terms for ARDCL and ARCPL circuits are calculated and controlled by the smoothing DC capacitor voltage
and the output AC current. Using this control, the loss of the soft switching circuits are reduced owing to reduced resonant
inductor current in ARCPL and ARDCL circuits as compared with the conventional controlled soft switching power
conversion system. The operating performances of proposed soft switching AC-DC-AC converter treated here are
evaluated on the basis of experimental results in a 50kVA setup in this paper. As a result of experiment on the 50kVA
system, it was confirmed that the proposed circuit could reduce conduction noise below 10 MHz and improve the
conversion efficiency from 88. 5% to 90.5%, when compared with the hard switching circuit.
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1. Introduction systems have got a great advancement based on high
performance power semiconductor devices such as IGBTs,

The high frequency switching power conversion MOS-FETs, SITHs and IGCTs. Owing to the
advancement, the power supplies, such as UPS, an inverter
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telecommunication system. However, the enlargement of
switching losses and the electrical dynamic voltage and
current stresses due to the advancement of power
semiconductor devices, dv/dt and di/dt related EMI/RFI
noises are incidental to high frequency switching in the
power  conversion systems. For saving the
telecommunication system from the noise of the high
frequency switching power conversion, we have settled
for a noise filter, which is large scale and very expensive
in power conversion systems today. And more, there is the
heat problem. We must settle the cooling system issues in
the power conversion systems because the switching
losses will be the heat. This means that power efficiency
and conversion ability could be lowered in the power
conversion systems.

In this paper, the soft switching technique of 3-phase
voltage source PWM converters and rectifiers has been
picked up for the effective solution to solve these
problems. The main purposes on the soft switching
technology developments are to minimize the switching
losses of switching power devices as well as to reduce the
electrical dynamic voltage and current stresses by
operation under principle of zero voltage soft switching
(ZVS) and zero current soft switching (ZCS) schemes. For
high performance such as high efficiency and low noises,
these 3-phase voltage source converters and rectifiers,
using the soft switching technique, are widely applied for
the telecommunication energy conditioner. In general, the
3-phase voltage source soft switching PWM converters
and rectifiers operating under ZVS condition are roughly
divided into three categories; Auxiliary Resonant
Commutated Pole Link (ARCPL), Auxiliary Resonant AC
Link (ARACL) and Auxiliary Resonant DC Link
(ARDCL).

In this paper, a new conceptual circuit configuration of
a 3-phase voltage source soft switching AC-DC-AC
converter using IGBT module, which has one ARCPL
circuit and one ARDCL circuit, is presented. In actuality,
the ARCPL circuit is applied on the 3-phase voltage
source rectifier side, and ARDCL circuit is on the inverter
side. And more, each power semiconductor device has the
novel clamp snubber circuit, which can save the power
semiconductor device from voltage and current across

each power devices. The proposed soft switching circuits
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have only two active power semiconductor devices. These
ARCPL and ARDCL circuits consist of fewer parts than
the conventional soft switching circuit. Furthermore, the
proposed 3-phase voltage source soft switching
AC-DC-AC power conversion system needs no additional
sensor for complete soft switching as compared with the
conventional 3-phase voltage source AC-DC-AC power
conversion system. In addition to this, these soft switching
circuits operate only once in one sampling term. Therefore,
the power conversion efficiency of the proposed
AC-DC-AC converter system will get higher than a
conventional soft switching converter system because of
the reduced ARCPL and ARDCL circuit losses. The
operation timing and terms for ARDCL and ARCPL
circuits are calculated and controlled by the smoothing DC
capacitor voltage and the output AC current. Using this
control, the loss of the soft switching circuits are reduced
owing to reduced resonant inductor current in ARCPL and
ARDCL circuits as compared with the conventional
controlled soft switching power conversion system. The
operating performances of proposed soft switching
AC-DC-AC converter treated here are evaluated on the

basis of experimental results in 50kVA setup in this paper.

2. Circuit Construction

The schematic configuration of 3-phase voltage source
soft switching AC-DC-AC converter system is illustrated
in Fig.1. On the AC-DC side, the rectifier has the
Auxiliary Resonant Commutated Pole Link (ARCPL)
circuit to achieve complete soft switching operations. The
proposed ARCPL circuit consists of two active power
semiconductor devices Q1 and Q2, two resonant inductors,
six resonant capacitors in each phase active power
semiconductor switching devices of rectifier main circuit,
six diodes D1~D6 and two smoothing capacitors Cfp and
Cfn. On the other hand, the Auxiliary Resonant DC Link
(ARDCL) circuit is applied for the DC-AC 3-phase
voltage source inverter side. The proposed ARDCL circuit
has a resonant inductor Lr, two active power
semiconductor devices Q3 and Q4 and smoothing
capacitor Cf and six resonant capacitors in each phase
active power semiconductor switching devices of inverter

main circuit.
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Fig.1. Configuration of circuit.

Using this ARCPL circuit and ARDCL circuit, Zero
Voltage Soft-Switching(ZVS) or Zero Voltage & Zero
Current hybrid Soft-Switching can be achieved in all main
circuits of rectifier and inverter, and Zero Current
Soft-Switching(ZCS) be in auxiliary switch Q1, Q2, Q3 and
Q4. So, the switching power losses will be zero in ideal.

3. Operation Principle

3.1 Rectifier Operation
soft
controlled by the saw-tooth carrier wave-based PWM

The proposed switching rectifier system is
signal. To achieve complete soft switching transition in all
power semiconductor devices, turn off transition is
achieved in zero voltage soft switching by resonant
capacitor Cr on the rectifier side. On the other hand, turn
on transition is achieved in zero voltage and zero current
hybrid soft switching operation by using additional
commutation circuit (ARCPL). In Fig.2, the relation
between the saw-tooth carrier waveform and the switching
timing chart and operation waveforms of ARCPL circuit
in case of turn on transition is illustrated.

The proposed ARCPL circuit operation starts before T1
from the saw-tooth carrier waveform reset. This term T1 is
demonstrated in the equation (1). In this soft switching
rectifier system, this term T1 is controlled by the DC side
smoothing capacitor voltage Vdc and the smoothing
capacitor current Ilinkl. Using the calculated term T1, the
losses of ARCPL circuit are effectively saved.

3.2 Inverter Operation
The proposed soft switching inverter system is operated
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by the same control method used on the rectifier side as
shown in Fig.3. Using the proposed ARDCL circuit, all
phase turn on transitions could achieve the zero voltage
and zero current hybrid soft switching operation at the
same time.

The proposed ARDCL circuit operation is controlled by
the switching timing terms T3 and T4 for reducing the
of the ARDCL These
demonstrated by equation (2) and (3). In these equations,

losses circuit. terms are

Ilink?2 indicates the DC side smoothing capacitor current.

2. Lrp- inkl
T1:%+w,ﬁr-4-c
C

(Tink1:Current of direction to Vdc from rectifier.)

2. Lr - Ilink2
7y = 2R VI3 e (2)
Vdc
2. Lr- Ilink?2
T4:2'$+W‘/Ifr‘-3-c ______ (3)

Vide

(TNink2:Current of direction to Vdc from inverter.)

4. Experimental Results

4.1 Experimental Set-up

Figure 4 indicates the experimental set-up of the
3-phase voltage source soft switching AC-DC-AC
converter system treated here. In this AC-DC-AC
converter system, the input voltage is 200V, the output
voltage is 200V, and the smoothing capacitor DC voltage
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is 400V. And more, the sampling frequency is 16kHz, the
input and output frequency is 50 kHz and the output

power is 50kVA. Also, the resonant inductors Lr, Lrp, Lrn,

and the resonant capacitor Cr values are designed for
minimizing the commutation terms for soft switching to
10% of the sampling frequency. In addition to this, the
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Fig. 3 Operation of Commutation for Inverter

clamp snubber circuit for saving the voltage is connected
to each power semiconductor device on the rectifier side.
However, if there is the same clamp snubber circuit in the
inverter side, the loss of the clamp snubber will be
enlarged in the soft switching terms. Therefore, a novel
clamp snubber circuit which has the additional power
diode suitable for ARDCL soft switching inverter
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Fig. 4 Experimental circuit

has been proposed and applied on the inverter side as
shown in Fig.4. For the auxiliary switches such as Q1, Q2,
Q4 and power diode D1~D6, the clamp snubber circuits
are settled like Fig.4. The control circuit of the
experimental set-up of the 3-phase voltage source soft
switching AC-DC-AC converter system consists of DSP
(TMS320C25) and logic IC (XC3090).

4.2 Circuit Construction

Figure 5 illustrates the picture of an experimental set-up
of the rectifier side using IGBT modules. And Fig.6
illustrates the picture of the inverter side. And the total
structure of the whole system is displayed in Fig.7. In this
picture, the power line is formed by plane cupper boards,
because this construction could reduce the leakage
inductance in the proposed AC-DC-AC converter system.
In the complete system, the inverter and the rectifier circuits
are arranged to the upper side in the structure because of its
heat. Furthermore, the output filter trans and input inductors
and the EMI filter is on the lower side and the control
circuit is disposed inside the door as shown in Fig. 7.

5. Experimental Results and Discussions

5.1 Operation Waveforms
Figure 8 shows the observed voltage and current
waveforms at soft switching turn on and turn off for the
ARCPL soft switching rectifier main switch in the bridge
arm. From these figure, significantly reduced dv/dt and
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di/dt values in the soft switching rectifier main switches
means that EMI/RFI noises can be reduced greatly from
Fig.8. Furthermore, experimental waveforms for the

LrpL{n LITEEREN ) 2" Cf

Fig. 7 Structure of all system
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inverter main switches are shown in Fig.9. It is clear that
the switching power device power losses of the proposed
soft switching rectifier and inverter can be remarkably
reduced because of the soft switching operation being
achieved completely.

The input current and output current of the proposed
3-phase voltage source soft switching AC-DC-AC
converter system is displayed in Fig.10. It is certain that
this convert system can achieve power factor correction
and sine wave current shaping.

5.2 Comparative Noise Data

In addition, comparative RFI noise measured from 100
kHz to 30MHz between soft switching and hard switching
is shown in Fig.11. Under 10 MHz frequencies, RFI noise
in soft switching is improved by about 5dB. However, the
noise value in soft switching scheme is less than one in
hard switching. The causes of the lower RFI noise are the
additional commutation circuits for complete soft
switching; the ARDCL, and ARCPL circuits. These
additional circuits make the additional circuit loop in the
proposed 3-phase AC-DC-AC power conversion system.

Furthermore, these additional circuit loops have the
leakage inductance. So, in case of turn off transition, there
is the surge because of the leakage inductance and the
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capacitance of the active power semiconductor devices.
To solve this problem, the proposed 3-phase AC-DC-AC
soft switching power conversion system must adopt the
Trench-Gate IGBT, which has less leakage inductance

than the conventional one and the improved smoothing

DC capacitor, which also has less leakage inductance.

5.3 Comparative Efficiency Data

The comparison data of efficiency between soft and
hard switching is described in Fig.12. From this figure, it
is clear that the efficiency in soft switching is higher than
one in hard switching about 2.0% in all the power range

10~50kVA.
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6. Conclusions

In this paper, a new prototype topology of a 3-phase
voltage source soft switching AC-DC-AC converter system
suitable for the telecommunication energy conditioner has
been proposed and discussed. The proposed ARCPL and
ARDCL circuits consist of fewer parts than the
conventional soft switching circuit. Because the switching
loss is large, a switch of big capacity is needed though the
number of switches of hard switching are little. Furthermore,
the proposed 3-phase voltage source soft switching
AC-DC-AC power conversion system needs no additional
sensor for complete soft switching as compared with the
conventional 3-phase voltage source AC-DC-AC power
conversion system. So, it is clear that the proposed 3-phase
voltage source AC-DC-AC soft switching power
conversion system is effective from the cost point of views.
In addition to this, a new conceptual control scheme
suitable for ARCPL and ARDCL soft switching circuits has
been proposed. Furthermore, a novel clamp snubber circuit,
which has the additional power diode suitable for the soft
switching scheme, has been proposed and applied in the
proposed 3-phase voltage source AC-DC-AC soft switching
power conversion system. It was proven from the feasible
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experimental results that the complete soft switching
operation in all the switching power semiconductor devices,
IGBTs in both inverters and rectifiers. And more, 1.8%
improvement in efficiency, lower noise, and 5dB saved in
RFI noise is confirmed with the soft switching scheme. In
addition to this, the loss
semiconductor devices will reduce over half the value in

of main circuit power

case of soft switching method from power loss analysis. So
the cooling systems of the proposed AC-DC-AC soft
switching power conversion system are minimized. Also,
the noise filter will be reduced in the soft switching
conversion system because the noise is reduced in the soft
switching method. To improve the proposed 3-phase
AC-DC-AC soft
conversion system from both efficiency and noise point of

voltage source switching  power
views, the proposed 3-phase AC-DC-AC soft switching
power conversion system must adopt the Trench-Gate
IGBT module, which has lower saturation voltage than the
conventional IGBT module. From these discussions, it is
certain that the proposed AC-DC-AC soft switching
conversion system is suitable for the telecommunication
energy conditioner from not only efficiency but also a cost
point of view. In the future, the advanced 3-phase voltage
source soft switching AC-DC-AC converter system using
the new power semiconductor devices such as Trench Gate
PT-IGBTs, IGCTs, High Conductivity IGBTs (HiGTs) and
IEGTs should be evaluated from a practical point of view.
In the future, the advanced 3-phase voltage source soft
switching AC-DC-AC converter system using the new
power semiconductor devices such as Trench Gate
PT-IGBTSs, IGCTs, High Conductivity IGBTs (HiGTs) and
IEGTsS should be evaluated from a practical point of view.
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