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A New Evaluation Circuit for DC-link Capacitors Used in a Three-Phase Inverter
Kazunori Hasegawa®, Ichiro Omura (Kyushu Institute of Technology), and
Shin-ichi Nishizawa, (Kyushu Institute of Technology, National Institute of AIST)

DC-link capacitors in power electronic converters are a major constraint on improvement of power density as well as
reliability. Evaluation of the dc-link capacitors in terms of power loss, ageing, and failure rate will play an important role
in design stages of the next-generation power converters. This paper proposes a new evaluation circuit for dec-link
capacitors used in a high-power three-phase inverter, which employs a full-scale current-rating and downscale voltage-
rating three-phase inverter, a low-voltage dc supply, and a high-voltage dc supply. The proposed evaluation circuit is
equivalent to a full-scale current-rating and full-scale voltage-rating inverter from the standpoint of ripple current and dc
bias voltage, whereas overall power rating of the proposed circuit is much smaller than that of the full-scale current-rating

and full-scale voltage-rating inverter.
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Basic concepts of an evaluation circuit for a high-

(a) Single-phase current-source inverter.
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(b) Single-phase voltage-source inverter.
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(c) Three-phase voltage-source inverter.

Fig. 2 Possible configurations of the small inverter.
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Fig. 3 Proposed evaluation circuit using a three-phase voltage-source inverter (VSI).
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(b) DC current flowing out of the low-voltage dc supply.
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(c) DC current flowing out of the high-voltage dc supply.

Fig. 4 Current paths of the proposed circuit.
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(a) Full-scale three-phase inverter.

Table I Rating and circuit parameters of the full-scale

inverter
Power rating p 1 MVA
AC current rating lo 300 A
AC voltage rating Vo 2 kv
DC link voltage Ve 3.5 kv
Switching frequency fsw 1 kHz
Output frequency fo 50 Hz
Load inductor Lo | 12.3 mH (100%)
Load resistor Ro 39 mQ (1%)

() is based on 1 MVA, 2 kV, 300A, and 50 Hz

M@f Table I Rating and circuit parameters of the proposed
Res i circuit.
Riom Copass | Power rating of the system P 1 MVA
Res Power rating of the inverter Pinv 100 kKVA
Ly R Vemain | | AC current rati_ng lo 300A
%3 TCouin AC voltage rating Vo 200V
w Vaging y Low-voltage dc source Viv 350V
JKI} JH} JL)& T v High-voltage dc source Vhv 3.5kV
Load inductor Lo | 1.23 mH [100%)]
Load resistor Ro | 3.9mQ [1%]
Switching frequency fsw 1 kHz
(b) Proposed evaluation circuit. Output frequency f 50 Hz
High-voltage choke inductor LHv 1mH
Fig. 5 Circuit configurations used for simulation. (a) (b) Low-voltage choke inductor Liv 1mH
Main capacitor Cmain 3mF
Unit capacitance constant of the H 18 ms
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(b) Proposed circuit

Fig. 6 Simulated waveforms of the capacitor current ic.
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Fig. 7 Simulated waveform of the main-capacitor

voltage Vemain in the proposed circuit
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Fig. 8 Simulated waveform of the dc-link voltage of the

small inverter in the proposed circuit.
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