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The Application of Thermal Loss Analysis for Heat Dissipation Design of

300kW Modular NPC Inverter

JinKyu Lee®, JaeWon Lee?, JiWon Kim'?, ByoungGun Park'*
University of Science and Technology!, Korea Electrotechnology Institute®
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Fig. 1 3L-NPC type topology
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Fig. 3 Look up Table of Conduction(a) and Switching(b) Loss
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Fig. 4 Switching waveform of voltage and current
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T; : junction temperature

Tc . case temperature

Tw: heat sink temperature

Ty : ambient temperature

Zs.) - thermal impedance fiont
Junction o case

Zyy : thermal impedance from
case to heat sink

Zg o - thermal impedance from
heat sink to ambient
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Fig. 5 Thermal model for Heat sink design
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Fig. 6 Heat sink design
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Fig. 7 PLECS Simulation circuit for 3L-NPC Heat loss analysis
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Table 1 300 KW Simulation Parameters

Parameter Value Unit
Rated Power 300 kW
Line Frequency 60 Hz
Rated Voltage 380 \%
Rated Current 580 A
DC link Voltage 600 \%
DC link Current 500 A
Switching Freq 1000 Hz
Thermal Z(j-c)

Impedance | Secl | Sec2 | Sec3 | Secd | Sech | Secb
RIIGBT
(K/W)
TIIGBT(S) | 3.380 | 0.630 | 0.108 | 0.031 | 0.005 | 0.004
RiDiode 0.010 | 0.033 | 0.023 | 0.027 | 0.006 | 0.003
tiDiode 8270 | 1.880 | 0.466 | 0.048 | 0.012 | 0.001

0.022 | 0.010 | 0.006 | 0.010 | 0.002 | 0.002
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Table 2 Device loss and Temperature Simulation Resul t(1-phase)
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Fig. 8 Module Type 3L-NPC System

IGBT1 | IGBT2 | IGBT3 | IGBT4 | Total
SWiess(W) 11 2.8 2.7 10.7 27.2
Condj oss(W) 388 490 491 390 1759
JunctionC 93.6 105.1 105.4 89.7 - 38 9 Vincotech EH-NPC 25 2% FH ZQIE
HeatSinkC 72 78 78 72 - Fig. 9 Vincotech 3L-NPC Module Temperature Point
InD1 | InD2 | In_D3 | In_D4 - N —
SWioss(W) 0.45 0.002 0103(3)04 0.47 0.9225 Table 3 3L—II\?’C ModuleE TeEmperzli_ture_c‘):> E;eriment Resul t
Condy oss(W) 11.6 11.6 12.03 12.01 47.24 Pointl Point2 Point3 Point4
JunctionC 35 34 34 35 - Heat Sink(C) 71 74 55 60
HeatSink C 28.7 27.4 27.2 285 -
Clamp_D1 Clamp_D2 -
SWioe(W) a2 557 817 6. 2%
Condy oss(W) 165.1 164.8 329.9
JunctionC 65.3 65.6 - B =T AE 300kWH EEY NPC IWE<e wd AAE
HeatSink C 2 2 = As) 4 £38 BN A 54S @ AW 2EI
wd AAE ST AR Rd AA AWE EE9
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