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Equivalent RMS Sine-wave Modulation of the Step—pulse type
Multi-level Inverter

Sun-Ho Jin, Jun-Ho Kwak, Kwan-Jun Jo and Jin-Seck Oh
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ABSTRACT

This paper suggests a new modulation strategy for step pulse type multi-level inverter. The proposed
strategy is simple to determine the switching angles without regard to increase of levels. Designed to extract
the equivalent RMS value compared to ideal sine wave from inverter, it can be applied effectively to high level
step pulse inverter. Also this paper proposed modulation strategy for modified H-bridge 13 level inverter which
has different cell source voltages with simulation and experiment. The modulation characteristics from

simulation and experiment, agreed very well with tracing sine wave about modified structure of cascaded
H-bridge multi-level inverter.

Key Words : Modulation strategy, ERSM(Equivalent RMS Sine-wave modulation), Cascaded H-bridge,
multi-level inverter(MLI), Step pulse. THD(Total Harmonic Distortion)
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Fig. 1 Modulation methods for Multi-level inverter
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Table 1 Calculated switching angles

M 81 S9 S3 Sy S Sg
1.05 | 6.06 | 14.25 | 2364 | 33.89 | 4561 | 58.11
1.0 6.38 | 15.04 | 25.01 | 36.04 | 49.04 | 68.17
0.9 699 | 1651 | 2756 | 40.02 | 55.39 | 86.81
0.8 797 | 1890 | 31.85 | 47.28 | 73.15 -
0.7 911 | 21.70 | 37.04 | 55.25 - -
0.6 1054 | 25.28 | 44.05 | 78.60 - -
0.5 | 12.88 | 31.44 | 59.56 - - -
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Table 2 Switching vector and output voltage
(q:p:1=3:2:1)

SW14 SW5'8 SWO12 Vout
0101(1010) | 0101(1010) | 0101(1010) oV

0101 0101 1001/0110
1001/0110 | 0110/1001 0101 |1V / -1V

0101 10010110 | 011071001

0101 1001/0110 0101 -
1001/0110 0101 o110/1001 |2V / 2V
1001/0110 0101 0101 )

0101 1001/0110 | 1001/0110 |3V / 73V
1001/0110 0101 1001/0110 -
1001/0110 | 10010110 | o110/1001 |2V 7 ~4V
10010110 | 1001/0110 0101 |5V / 5V
1001/0110 | 1001/0110 | 1001/0110 |6V / -6V
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4. Simulation
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Table 3 M index, V,, level and THD

THD
M | level | 5th 7th 11th
(to 13th)
1.0 13 0.41 1.02 0.46 2.58
080 | 11 0.7 3.05 1.76 4.73
0.65 9 160 | 320 1.42 7.15
0.50 7 0.33 0.93 2.28 7.85
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Fig. 9 Phase voltage V,y at M=1.0
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Table 4 |tems spec

Processor

dsPIC30F4013 microchip

Gate driver

TLP250 toshiba

Switch(IGBT)

SGHZ20NRUFD fairchild

Cell source

Celll:DC45V, Cell2:DC30V
Cell3:DC15V

Load induction motor, 200w, 39
Vout 110V (line)
Frequency 107100 Hz
M index 0.05 7 1.05
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Table 5 Frequency ratio of cells, M=1.0 (b) FFT analysis of line voltage
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Fig. 13 Experimental results
Cell 2 180Hz 9 xpert v
Cell 3 240Hz
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