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Abstract

This paper proposes a convenient thermal modeling method for loss distribution control method of
3-level Active NPC(Neutral Point Clamped) inverter. In the drawback of conventional 3-level NPC, the
generated losses can occur unbalance in each switching device, as a result, thermal utilization of
designed system has been decreased. In order to compensate unbalanced losses, Active NPC inverter
performed loss balancing control with thermal modeling during operation of each switching device.
Therefore, this paper deals with a convenient thermal modeling method based on newton’s law of
cooling rather than conventional thermal modeling method. Both simulation and experimental results
based on 10kW 3-level Active NPC inverter confirm the validity of the analysis performed in the

study.
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Fig. 1. Schematic of 3-level Active NPC inverter
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Table 1. Switching state of 3-level Active NPC

Switching
Ta | Txo | Txs | Txa | Tis | Tys | Voltage
state

Positive 1 1 0 0 0 1 +Vao/2

ou2 | 0 1 0 0 1 0 0

(0]0)1 0 1 0 1 1 0 0

Zero

OLI1 1 0 1 0 0 1 0

OL2 0 0 1 0 0 1 0
Negative 0 0 1 1 1 0 | -Va/2
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Table 2. Device switching losses in the 3-level
ANPC inverter

Ta|Da| Te|De| Tw| Da| Tu|Du| Ts| Dy | T | Ds
P (U2] Oo 0 00
P (U] Oo 0 00
Peo(Ll| o 0o 00 0
P o (L2] o0 00 00 0
N o (U2 00 | 00 00 0
N e (U1 00 0o 0 0
N & (L1 0 0o 00
N & (L2 0o 00
Table 3. Zero switching state through temperature
comparison
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Table 4. Parameter of Active NPC and PMSG

Symbol Meaning Value
Prate Power rate 13kW
Ve DC link voltage 650V
Cac DC link capacitance 6.0mF

Veria | Grid line to line voltage(rms) | 380Vrms

L Filter inductance(inverter side)| 1.4mH

G Filter capacitance 10pF
L, Filter inductance(grid side) 1.0mH
foria Grid frequency 60Hz
fow Swtiching frequency 10kHz

Table 5. Thermal impedance of the IGBT

Switch

Number 1 2 3 4
RinG-0(Q) | 0.0081 | 0.04455 | 0.0432 | 0.03915
T(s) 0.01 0.02 0.05 0.1

Cin-o(F) | 1.23457 | 0.44893 | 1.15741 | 2.55428

Table 6. Thermal impedance of the diode
Diode

Number 1 2 3 4

RunG-0(Q) | 0.012 0.066 0.064 0.058
T(s) 0.01 0.02 0.05 0.1

Cw-oF) | 83333 | 0.30303 | 0.78125 | 1.72414
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Fig. 9. Loss distribution control by conventional
thermal modeling at Active NPC inverter

Fig. 10. Loss distribution control by proposed
thermal modeling at Active NPC inverter
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