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The Analysis of Conduction and Switching Losses in
Multi-Level Inverter System

Tae-Jin Kim, Dae-Wook Kang, Yo-Han Lee, and Dong-Seok Hyun
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ABSTRACT

The multi-level inverter system is very promising in ac drives, when both reduced harmonic contents and
high power are required. In case of multi-level inverter system, the loss of switch devices cannot be analyzed
by conventional methods. The reason is that the loss of each the switch device is different from one another
unlike 2-level. In this paper, a simple and accurate method of computing conduction and switching loss is
proposed for multi-level inverter system. The validity of the proposed method is proven for 3-level and 4-level
diode clamped inverter system.

Key words : multi-level inverter, pulse width modulation (PWM), conduction loss, switching loss
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Table 1 Switching states of a 3-level diode clamped
inver ter
~20F ~2ia e
k-3 S1 52 83 S4
P ON ON OFF OFF
0 OFF ON ON OFF
N OFF OFF ON ON
E 2 4Y Cjo|es YIS QIHE 9 AE A
Table 2 Switching states of a 4-level diode clamped
inver ter
297 93 Abej

71& | 81 S2 | 83 | S4 | S5 | S6
P ON | ON | ON | OFF | OFF | OFF
0+ OFF | ON { ON | ON | OFF | OFF
0- OFF | OFF | ON | ON | ON | OFF
N OFF | OFF | OFF | ON | ON | ON
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Fig. 2 Current path of 3-level diode clamped inverter
according to switching state
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Fig. 3 Current path of 4-level diode clamped inverter
according to switching state
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Fig. 4 Conducting devices in relation to I} and /. for
3-level
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Fig. 6 Switching states according to position of
reference phase voltage
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Table 3 On-state ratio according to region of reference
voltage and switching state in 3-level diode

clamped inverter

53]
w

NEIESEN ST .
5 |2
oraer | wy | 7VE |2 EK0
P Kpo_p Mcos6
P~0
0 Kpo_o 1— Mcos@
0 Kono 1+ Mcosé
0~N
N Kon_n — Mcos0
Ve Ve Ve
_(_Td)lsz 'M' COS&_(_Td):kONO
koyo=1-+ M- cosf 9
N 293 e Bl(koy v):
9 49 ARES E 3 Helsan
2e9 3 AW AAgold 7 asA) 4

oft
-
i do mit ol

ot me o 12

B
[
o
B
il
ot d
ol
<
=,
i3 t
i)
o

2 o

32 n-2" oluiel
490 olge] WelHd AW Alse] BiE A%
&g SAste Yodl T b welslol ¥ AR

S
WA R WAE WxASe) 3otk 3-eu QY
B oAlage REAZTL A 4 A 96 ge



116 60 R4 & Wt SB7E Hi28% 20029 44

4-2fd Clo|2= SYEE olu{E
o ¥zl AL Aefol mE A
Afelf H|

Table 4 On-state ratio according to region of reference
voltage and switching state in 4level diode
clamped inverter
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