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An Experimental Verification of a Simplified Five-Level PWM Rectifier with Twelve Switches
for Use in High-Frequency Power Supply Systems
Yuichi Noge*, Student Member, Jun-ichi Itoh™, Member

In this paper evaluates a reduced switch count five-level PWM rectifier in a high frequency power supply system. The rectifier

is combined a diode clump type topology with a flying capacitor type topology. Moreover, it uses only four switches per leg in

spite of being a five-level converter. This paper describes the features of the proposed circuit topology and the corresponding

methods of the high input frequency. Finally, the performance of the input current control of the proposed circuit is confirmed

using the experimental setup. In addition, the operation of the proposed circuit at a high frequency of 800Hz is confirmed

experimentally.
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Fig. 1. Configuration of the conventional circuit (single leg)
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Fig. 2. Configuration of the proposed circuit
Table 1. Switching patterns for the proposed circuit

No. Vin Flyipg Output On gtate

polarity | capacitor | voltage switch
1 +1/2 Vac S, S
2 N Discharge | +1/4 Vi S, S5
3 Charge +1/4 Vac S, Su
4 +0 Ss, Si
5 -0 S, S
6 Charge -1/4 Vae S, S5
7 Discharge | -1/4 Vg S, Su
8 -1/2 Vae S5, Si

Table 2. Comparing of component device counts among the

conventional circuits and proposed circuit

Diode Flying Proposed
clamp capacitor circuit
Switch 24 24 12
Diode 60 24 36
Capacitor 4 30 13
Voltage Impossible Possible Possible
Control of C
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Fig. 3. Control block diagram
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Fig. 4. Influence of the reactor voltage

L1 nnv, vV
+ Va2 -ty ‘ ‘ o
—+ Vdc/4
0 >
t
—Vac/4
- Vdc/2
Fig. 5. Input voltage area of 5-level rectifier
+Vdc/2 +Vdc/2
AN A
Sl 1 Sl
£ 71
S5 + S5
0 ﬁEi il Vg2 ﬁEjX 1
Sle & | o ST 0
Yl | 1 4 ] & ik
-Vae/2 -Vao/2
(@) Vin <0 (b) Vi >0

Fig. 6. Example of the switching sequence error
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Fig. 9. Operation waveforms when the input frequency is 800 Hz
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Table 3. Experimental parameters
Output power 0.9kW
Input AC voltage 200V
Input frequency 400~800Hz
Switching frequency 26.7kHz
DC output voltage command 350V
Load resistance 130Q
Input inductor 2mH
Flying capacitor 47pF
Clamping capacitor 100pF
DC link capacitor 220pF
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