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Improvement of output waveform of the AC-AC converter
for On-line UPS that reduces steady state switching loss
Kazuki Yoneda*, Hiroki Takahashi, Jun-ichi Itoh (Nagaoka University of Technology)

This paper proposes an AC-AC converter which consists of T-type three-level rectifier and inverter, for an on-line UPS. The
switching loss of the proposed AC-AC converter is drastically reduced because the proposed converter is driven at a very low
switching frequency which is six times of a grid frequency. The proposed circuit can achieve not only high efficiency, but also
short instantaneous interruption time. However, the waveform of input currents has ringing; moreover, the waveform of output
voltages has surges. In addition, an experimental verification is not confirmed when the grid condition is not stable. In this paper,
an advanced control method and a modification of main circuit are described. These methods improve the input current and the
output voltage waveforms. Additionally, the boost mode for voltage dip compensation is described. Finaly, operations of
proposed method are confirmed by simulation.

F—D— N BEEEREE, BRREEIRT, AC-AC £t
(Uninterruptible Power Supply, Voltage dip, AC-AC Converter)
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Fig. 1. Conventional circuits for UPS. (a) is very low
loss. However, there is interruption time when the grid
is fail. (b) has no interruption time. However running
losses are increases.
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Fig. 2. Conventional AC-AC converter for UPS that
was proposed in the paper (8).
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Fig. 3. Control block diagram of CVCF.

State |
number |

o miv: Vviv:

0° 60° 120° 180° 240° 300° 360°
Fig. 4. Correspondence of input voltage to state number
Table 1 Switching table of AC-AC converter control.

Rectifier Inverter
state number state number
[0 V]V [VI VIV IVI
S |01 11111 1]0]| Sw [1[0]0]0[0]1
Se 1111101012 1] Sum [0f1]0]0[1[0
a1 12110012 (1]1 Sipwl0]0o]1]1fof0
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Smil11111]0f0f1 S l1fofof1]0]0
Srm20011115vn000011
Swp lOfOf0f1]1]0
[ Sum [0]0]1]0]0]11
| Sw l1]1]0]0]0]0
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Table 2 Specifications of prototype circuit

Input and Output line voltage V 200V (rms)
Rated power 3kW | Load resistance 126 Q
Grid frequency 50 Hz |Load inductance 2mH
Input inductance  |0.12 mH| Cpc1, Cpes 2.2 uF
Rectifier 6in1 IGBT module (fwd) | 6MBP50NA060-01
IGBTs 2in1 IGBT module 2MBI50N-060
Bidirectional switches MOS-FETs 25K3522-01

Input phase Current ir 5[A/div] _Output phase Vloltage vy 100[V/div]

; ; | il
Switching pattern of Srm, Ssm, Stm

4[ms/div]
Fig.5 Operation waveforms of prototype circuit with

conventional control method
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Fig. 6 Proposed circuit diagram with an additional
capacitor Cpcs
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Fig. 7 Current path in the rectifier from STATE | to
STATE I
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Fig. 8 Operation waveforms of prototype circuit
Table 3. Switching tables with over laps

Rectifier Inverter
state number state number
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Fig. 9 Current paths in the inverter
from STATE | to STATE II.
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Fig. 12 Rectifier operation waveforms of the proposed

circuit by experiment when the grid is not fail.
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Fig. 13 Inverter operation waveforms of the proposed

circuit by experiment when the grid is not fail.

100.07—| Proposed circuit (sim.) —
/

g 00—
> 98.0 e,
2 970
é 96.0 ———{ Conventional circuit (sim.) —
w950 y 3
94.0
0 1 2 3 4

Output Power [kW]
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