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A Simple Method for Conducting Angle Calculation of Switch Devices
in Cascaded Inverters Using Step Pulse Waves

H.C. Kim, T.J. Kim, D.W. Kang, and D.S. Hyun
Dept. of Electrical Engineering, Hanyang Univ.

ABSTRACT AL PWMO g Aojsle AWy EG R w22

In recent years, the multilevel inverter synthesizing 29A4& 3}7] | Fol ztzte]l A9z AREL =
the output voltage with step pulse has been widely e zge pegh
used as a solution for high power and high voltage ~d gan2 Hgse ZEEHY A¥EME 29A
applications. This paper proposes a simple method to A7} EE5 1 agdE A & TE7HS Yolop 3
obtain the conducting angle. It is calculated by using th 7]E] WS B3 wmE-dAHT 2 FARY
voltage-second areas of the divided reference voltage 2e 9% golog uMY =Y APAA HE F#
according to the output voltage levels and these glok at7] W&ol s 738717t f= Frh
areas have influence on output step pulse waves. It B x=Ro cEZS A7) 93 7hae wye AHtE
is possible to reduce an amount of calculation because o} AlQte WS y|Ee] WY 28248 Tyl 9
it is not required to solve the simultaneous equations 3 Aat@o] A Zo]Erh Atrb A BHE HX
by an iterative method Also, the proposed method can 2| 4=of wel & gglog AT § e o]Hol ok
get the conducting angle by means of on line.
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Fig. 1 One leg of cascaded inverters
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Fig. 2 Structure and switching timings of
a H-bridge inverter
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cos(§,) +cos(§3) +cos(d3) +cos(64) +
cos(fs5)=5 M;
cos (58 ,) + cos(58,) + cos (56 4) + cos(5t94)+
cos(505)=0
cos(76,) +cos(764) + cos(783) + cos (74 ,) + (4)
cos(765)=0
cos(114,) + cos(1185) + cos (110 3) + cos (116 ) +
cos(1165)=0
cos(136,) + cos(1305) + cos (136 3) + cos (138 4) +
cos(1365) =0
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Fig. 3 The reference voltage and dummy conducting angles
in case of M= 7/4.
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Fig. 4 OQutput voltage of 11-level cascaded inverters
during the positive half cycle, In case of Mi= n/4
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Table 1 The number of conducting angles according to the
modulation index

M2l B4 k
0<M:<0.571 1

0.157 < M; <0.3142 2

0.3142 < M; <04712 3

04712 <M, <06283 4

06283 <M <1 5
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Table 2 Conducting angles according to
the modulation indices
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Table 3 Simulation conditions
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(a) €% 0t
(a) output waveform
0% 5 7|Ee| Yol olet &3 AH3 FFT
Fig. 5 Qutput step pulses and their FFT by the
conventional method

(a) 88 uly
(a) output waveform (b) FFT
28l 6 Aokt Yol offt S A3 FFT
Fig. 6 Output step pulses and their FFT by the proposed
method
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(a) output waveform
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Fig. 7 Output step pulses and their FFT according to
M=0.2
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(a) output waveform (b) FFT
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Fig. 8 Output step pulses and their FFT according to

M=0.4
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(a) output waveform (b) FFT
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Fig. 9 Output step pulses and their FFT according to

M=0.6
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