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Comparative analysis of EMC filter design using three-level and five-level PWM rectifier

Yuichi Noge™, Jun-ichi Itoh, (Nagaoka University of Technology)

This paper evaluates EMC filter design and volume by employing a reduced switch count five-level PWM rectifier and a

three-level Vienna rectifier. The rectifier proposed by authors is combined a diode clump type topology with flying capacitor type

topology. The proposed rectifier only uses four switches per leg in spite of five-level converter. This paper describes the feature

of the proposed topology and Vienna rectifier. Then, the conduction noise characteristics are evaluated by simulation and

experiment. Finally, the EMC filter is designed and evaluated in volume.
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Fig. 1. Three-level Vienna rectifier
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Table 1. Switching patterns of Vienna rectifier
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Fig. 2. Proposed five-level rectifier
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Table 2. Switching patterns of proposed rectifier

No Vi Output On state
" | polarity voltage switch
1 +1/2Vy, -
+
2 0 S
3 0 S,
4 -12Vy, -
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polarity | capacitor voltage switch
1 - +1/2Vy4 S, Sy
2 Discharge +1/4Vy, S1, 83
3 i Charge +1/4Vy. S5, S4
4 - +0 S5, Sy
5 - -0 S, Sy
6 Charge -1/4V 4, S, S
7 i Discharge |  -1/4V,, Sy, S,
8 - -12V4 S5, Sy
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Table 3. Comparing of device number.

Vienna Proposed
rectifier circuit
Switch 12 12
Diode 36 36
Capacitor 4 13
Voltage Control of FC - Possible
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Fig. 3. Equivalent circuit of LISN and EMC filters
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Fig. 4. Block diagram of noise measurement system
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Table 4. Simulation parameters

Output power 3.7kW
Input AC voltage 200V
Input frequency 50Hz
Switching frequency 20kHz
DC output voltage command 350V
Load resistance 33Q
Input inductor 1mH
Flying capacitor 660pF
Clamping capacitor 4.7pF
DC link capacitor 3600pF
DC link stray capacitor 1000pF
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Fig. 6. Simulation results with common-mode filters
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Fig. 7. Simulation waveforms of Vienna rectifier
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Fig. 8. Simulation waveforms of proposed rectifier
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