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Table. 1 Circuit parameters used in experimental

Item Symbol Value

Utility AC source(30p) Vac 200V
Switching frequency Fs 16kHz
Load Ry 10kW
DC link voltage Ve 400V
Input AC filter reactor Lg, Ls, Lt | 506uH
Resonant reactor Lg 7uH

Capacitance of lossless snubbing condenser | Cy 10nF
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Fig. 3.8 The input current waveform of converter with active fill multifunction
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— Hard switching modulation

—— Three-phase modulation
— Two-phase modulation
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Fig. 3.13 Comparison of noise terminal voltage characteristics of the

proposed power converter
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Table. 2 Design specification and parameters using experimental circuit

Item Symbol Value
Switching Frequency f 25kHz
Utility AC voltage Vpy Vg U 3¢ 200V
Converter capacity Py 5kW
DC output voltage reference | Vpc 341V
AC input reactors Lg, Ls, Lt 470uH
Commutated reactors La, Lp 10uH
MOSFETS QU, Q\', Qw, Qx, QU, Qz 25K1522><2
MOSFETs Qa, QB 2SK1522
QS Q Qy
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Table. 3 Circuit parameters used in experimental

Item Symbol Value
Input DC voltage Vix 350Vne
Output DC voltage Vo 51V
Switching frequency fs 32kHz
Primary—side MOSFET QI1~QI4 | 2SK1522%3 Parallel
Secondary—side MOSFET Qo1, Qoo 2SK3158%6 Parallel
Lossless snubber condenser CI1~CI4 | 4.7nFX2Parallel
Resonant reactor Ls 20pH
Smoothing reactor Lo 6p
Smoothing condenser Co 1000pnE <6 Parallel
High—frequency transformer core PQ50/50 Ferrite core PC44
Diode MOSFET body—diode
o T g
. . . . VQM[V]
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Fig. 5.9 Experimental result waveforms(50[A] load)

89



400 e by bt J
200 /\ tVQIZ[V]
. ‘ / \r L 7VQI4[V]
5k i
0 W’Ls [A]
_5 [ n
80 % ]
gg a EVLIN['X]
0
0 20 40 [us]

19 510 AT HY(ERG)

Fig. 5.10 Experimental result waveforms(no-load)
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(2) vt vp7t Y FEd wW(Mode=2)
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Qrpy = QrppTdog
Qgr, — CLTRH—I—d
(6.10)
Qs = gy T dgr
Apgr =gyt d
Qpsy = OperTdpg
(3) vgr%t vyt Y FEd wj(Mode=3)
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Table. 4 Circuit parameters using experimental

Item Symbol Value
Switching Frequency 2 24kHz
Utility AC voltage Vi VEanl 77 3¢ 200V
Output power(voltage/current) | Py 1.4kW(56V—25A)
Condensers Crss Cst, Crr 3.3uF
Turn ratio of transformer Ni + Ny 29 112
Smoothing reactor Lo 100uH
Smoothing condenser Co 680uF
Dead time d 1.0us
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Table. 1 List of devices

to be measured

kel A Fig. 2~Fig. 4o Yehle nle}

Semiconductor Voltage | Current
Maker Name Type Model
Device Rating Rating
IGBTs and Mitsubishi | Planer Gate | CM50DY—12H | 600V 50A
anti—parallel Electric
Trench Gate | CM75DU—-12F 600V 75A
diodes Corporation
Origin Soft
- USR120PP6A 600V 60A
Rectifier Electricity Recovery
: Japan Fast
Diode KCF60AGOE 600V 60A
Interchange Recovery
>
&
2+ Bl

ae
ge

Emitter-collector saturation volta

Planer Gate

Trench Gate

V15 [V]
0 | | L |
0 10 20 30 40

Collector current /. [A]

Fig. 2 IGBT conduction loss characteristics
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Fig. 3 Anti—parallel diode conduction loss characteristics
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Fig. 4 Rectifier diode conduction loss characteristics
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Fig. 7 ZVS Turn—off loss characteristics(Part II)
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Table. 2 Breakdown of power loss

Load Current Iy[A]
Breakdown of losses
20 30 40 50 60
Leading Leg
) ) 15.3W | 18.8W | 25.7W | 28.9W | 38.6W
] Conduction Loss
Leading Leg
®@ 14.1W | 16.0W | 22.0W | 33.8W | 44.3W
) Switching Loss
— Inverter Section -
Lagging Legs
® ) 15.1W | 18.8W | 25.8W | 33.2W | 40.1W
] Conduction Loss
Lagging Legs
@ o 12.9W | 13.8W | 18.5W | 23.1W | 38.4W
Switching Loss
Resonant auxiliary inductor
® ) 0.05W | 0.68W | 0.11W | 0.15W | 0.21W
conduction loss
® | High Frequency Iron Loss 11.0W | 8.89W | 6.28W | 4.77W | 3.78W
| Transformer
@ Section Copper Loss 22.3W | 31.3W | 54.7W | 81.3W | 115W
Rectifier Diode | Conduction Loss | 26.1W | 31.8W | 44.0W | 55.9W | 68.7W
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A Study on the Application of Three Phase AC High Frequency
Switching Power Supply and High Performance UPS System

Byung-Young Chun

Department of Electrical Engineering Graduate School

Pukyong National University

Abstract

In this paper, this paper summarizes the research by proposing a
new circuit topology that realizes high-performance power conversion
and a control technology that utilizes it. The necessity and
problems of high-performance, low-noise AC uninterruptible power
supply or DC uninterruptible power supply in the advanced
information society are explained, the significance and purpose of
the study are presented, and the contents of each chapter are
described. Chapter 2 explains the current status and problems of
power conversion  circuit technology for AC uninterruptible power
supply and DC uninterruptible power supply, and describes the
purpose of this study. Chapter 3 describes a power conversion
circuit to which soft switching technology is applied as a means of
improving power conversion efficiency that can be applied to AC
uninterruptible power supply devices, and its soft switching control
method and operating principle.And the proposed method has a
simple circuit for realizing soft switching, easy control for
achieving soft switching, and can realize soft switching without
raising the resonance current, so the soft switching circuit has
little loss. did. And, as a result of experimenting with the proposed
method at a capacity of 10 [kW], it was confirmed that the
improvement of the power conversion efficiency and the reduction
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of the switching noise were achieved compared to the conventional
hard switching method. Chapters 4 and 5 describe the soft
switching PWM rectifier and the soft switching high frequency
isolated DC-DC converter that constitute the DC uninterruptible
power supply, respectively. In particular, in Chapter 4, a new
circuit configuration suitable for a high power factor 3-phase PWM
rectifier, a control method, and an operating principle were
described and the characteristics were described. The proposed
circuit shows that the circuit configuration is simplified compared
to the three-phase soft switching inverter circuit by specializing
the use of the three-phase PWM rectifier. In addition, as a result
of the experiment at 5 [kW] capacity, it was confirmed that power
conversion efficiency of 98 [%] or more could be achieved.

Chapter 5 proposes a new high-frequency isolated DC-DC converter
and control method, and describes the operation transition and
characteristics. The proposed circuit supports the soft switching of
the primary-side main switching device by using the secondary-side
switching of the high-frequency isolation transformer, and reduces
the circuit loss by the action of synchronous rectification. In addition,
it was theoretically suggested and verified through experiments
that soft switching is possible in a wide range from no-load to
rated load. In Chapter 6, as a DC uninterruptible power supply
with a simple circuit configuration, the circuit technology of a DC
power supply for 3-phase AC input 1-stage conversion high-
frequency insulated communication is proposed and the control
method is described. And compared with the conventional DC
uninterruptible power supply consisting of two stages, the proposed
circuit has a single stage configuration and can be easily controlled. In
addition, the usefulness of the proposed circuit was proved by
applying the control method that does not magnetically saturate
the high-frequency isolation transformer to the 6 [kW] capacity
experimental device, and the size and weight were reduced by 80
[%] compared to the conventional DC uninterruptible power supply
device. confirmed that it could be done. In addition, the pulsation
of the output voltage due to the distortion of the commercial AC
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input voltage was reduced by applying the newly proposed iterative
learning control.

In the conclusion of Chapter 7, the main achievements of this
study are summarized and described. First, in an uninterruptible
power supply device for supplying stable power to communication
devices, it has been shown that switching loss can be reduced by
introducing soft switching. It was found that this result facilitates
increasing the switching frequency and enables further performance
enhancement. Second, in the development of a new DC uninterruptible
power supply device that uses the conventional two-stage conversion
as one stage, it has been revealed that the converter can be
reduced in size and weight. These achievements are expected to
be helpful for further advancement of power electronics and the
development of new applications in the future.
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