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Performance comparison among five-level topologies using Pareto Front Curve

Yugo Kashihara”, Jun-ichi Itoh, (Nagaoka University of Technology)

Kazunori Morita, Masakazu Muneshima, Kazuya Ogura (Meidensha Corporation)

This paper discusses the performance of a 5-level ANPC inverter for PV system which is calculated by using the optimization
designing method for a 5-level ANPC inverter. In addition, the performance of a 5-level ANPC inverter for PV system is compared
with the 5-level SMC-A inverter, 5-level SMC-B inverter and 5-level SGC inverter. The point of the performance comparison of the
four converters for PV system is that 5-level ANPC inverter can achieve high efficiency and high power density at switching

frequency from 4 kHz to 1 MHz.
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Fig.2. Single leg five-level converter topologies.

*Voltage rating of switching device Si-Ss4 Sa Sp is a quarter of
input voltage. Voltage rating of switching device S5-Ss is a half of
input voltage. Voltage rating of switching device S¢-Sio is a

two-third of input voltage.
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Fig.3. Single phase 5-level ANPC inverter circuit topology.
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Fig.4. Loss analysis of the inverter topologies.
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Fig.6. Pareto front curve of four inverter topologies.
Table 1 Converter specification and devices.
(a) converter specification
Input voltage 350V | Rated power 10kW
Output voltage 200V | Output frequency 50Hz
QOutput current 28.9A | Switching frequency 10kHz
. Flying capacitor 40%
Ripple Voltage DC smoothing capacitor 5%
CSPI Heatsink 10
(b) ANPC
Switching | Celll | MOSFET:IRFP4668pBF(IR)
device Cell2 | MOSFET:IXFBI70N30P(IXYS)

TACD series (Nippon chemi-con)
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Fig.5. Volume analysis of the inverter topologies.

Flying capacitor

4 parallel connection

DC smoothing

LXS series (Nippon chemi-con)

device Cell2

capacitor 5 parallel connection
(c) NPPC
Switching Celll MOSFET:IRFP4668pBF(IR)

MOSFET(Ss,S6):IXFB170N30P(IXYS)

MOSFET(S5,S):IRFP4668pBI(IR)

Flying capacitor

TACD senies (Nippen chemi-con)

4 parallel connection

DC smoothing

LXS series (Nippon chemi-con)

capacitor 5 parallel connection
(c)TT
- Celll MOSFET(S,,S:): IXFBIT0N30P(IXYS)
Switching MOSFET(S3,84): IRFP4668pBIF (IR)
device Cell2 MOSFET(Ss,86): IXFB170N30P(IXYS)

MOSFET(S-.Sg):IRFP4668pBF(IR)

Flying capacitor

DC smoothing

I'ACD series (Nippon chemi-con)
4 parallel connection
LXS series (Nippon chemi-con)

device Cell2

capacitor 5 parallel connection
(d) TFC
e Celll | MOSFET:IRFP4668pBF(IR)
Switching

MOSFET(Ss,5) [XFB 132N50P3(IX YS)

MOSFET(S.5g):IRFP4668pBF(IR)

Flying capacitor

['ACD series (Nippon chemi-con)
4 parallel connection

DC smoothing

capacitor

LXS series (Nippon chemi-con)

5 parallel connection

Table 1 Converter specification and devices.

(a) IRFP4668pBF
MOSFET:IRFP4668pBF(IR)
Vbss | 200V In 130A
Rps 8mQ(typ.) Vi 1.3V(Max.)
1, 41ns trr 130ns
15 T4ns

(b) IXFB170N30P
MOSFET:IXFB17ON30P(IXYS)
Vpss | 300v In 170A
Rps 18mQ(Max.) Vi 1.3V(Max.)
1, 29ns trr 200ns
te | l6ns

(c) IXFBI32N50P3
IXFB132N50P3(IXYS)
Vbss 500V Ip 132A
Rps | 39mQ(Max.) Vi 1.5V(Max.)
1 9ns trr 250ns
1¢ 8ns
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