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Fault Diagnosis of DC Link Electrolytic Capacitors in Inverter
Using Bipolar Switching
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Abstract FElectrolytic capacitors have a limited lifespan and a high failure rate. However, they are used
as DC link voltage smoothing devices due to their low price and high performance per volume. Because
electrolytic capacitors have a relatively short lifespan compared to other semiconductor devices, failures
caused by them were found to account for 60 to 72% of all inverter failures. Therefore, this paper
proposes a new method for diagnosing the DC link electrolytic capacitor of an inverter. It is a technique
that applies bipolar switching. Existing research has been conducted to diagnose the condition of
electrolytic capacitors. However, additional circuits and sensors are required, resulting in increased
costs. There is also a technique using unipolar switching that does not require additional circuits and
sensors. However, the disadvantage is that if the resistance of the motor's stator winding is small, a large
current flow makes measurement difficult, as it must be measured in a short period of time. The bipolar
switching diagnosis technique allows the switch-on time to be adjusted. Thus, the amount of current can
be adjusted, and the measurement period is wider than the unipolar switching method. Therefore, a
diagnosis can be made correctly even when the stator resistance of the motor is small. The proposed
bipolar switching diagnosis technique does not require additional hardware and sensors. Hence, there
is no additional cost for circuit changes and it was verified through simulation and experiment that the
equivalent resistance and capacitance of the capacitor can be accurately diagnosed.
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Fig. 1. Electrolytic Capacitors
(a) Schematic of diaelectric stucture (b) Construction
(c) Equivalent circuit (d) Simpified equivalent circuit
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Fig. 2. Schematic of inverter circuit with DC link
capacitor modeled as a RC series equivalent
circuit
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Fig. 3. Equivalent circuit of Charging mode
(a) Switch S1, S6 on, current flow through S1, S6
(b) Switch S1, S6 off, current flow through D1, D6
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Fig. 4. Equivalent circuit of invterter operated under
independent to source power
(a) Discharge mode(S1, S6 ON)
(b) Charging mode(D3, D4 ON)
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Fig. 5. Equivalent circuit of inverter in PSIM
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Fig. 6. PSIM simulation reults at 500Hz
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Table 1. Simulation Result

Frequency 500Hz

ESR(Q)
0.4
0.389

C(up)
450.0
447.98

Parameter

Status
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Fig. 7. Capacitor for experiment
(2) Healthy capacitor (b) Aged capacitor
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Fig. 8. Experimental measurement of healthy capacitor
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Fig. 9. Experimental measurement of aged capacitor

Table 2. Experimental Result

Status Healthy Capacitor Aged Capacitor
Parameter C(uF) ESR(Q) C(uF) ESR(Q)
Measured 607.0 0.071 461.4 0.50
Estimated 612.0 0.054 456.1 0.38
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