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Abstract—This paper presents the degradation testing and
failure mechanisms analysis of metalized film capacitors used
for AC filtering in MW power converters. Based on more than
2,800 hours of accelerated testing under accelerated AC voltage,
temperature, and AC current, various electro-thermal parameter
data are recorded. The results reveal that capacitance values have
negligible reduction until the testing samples catastrophically
fail. The capacitor hot spot temperature and case temperature
are measured along the testing, which are increasing. The
observations provide a new perspective on the possible failure
mechanisms and condition monitoring of film capacitors in AC
filtering applications.

Keywords—degradation testing, failure mechanism, metalized
film capacitors, AC filtering, MW power converters, hot spot
temperature

I. INTRODUCTION

Metalized film capacitors are widely used in power elec-
tronic converters applications with high voltage and high ripple
currents [1] [2]. The degradation of metalized film capacitors
can lead to worse filtering capability and even severe catas-
trophe to the operating systems [3]-[5]. Accelerated testing
is a significant method to investigate the aging mechanism
and failure causes of film capacitors, and existing studies
mostly focus on DC-link capacitors [6]-[10] and Electro-
magnetic Interference (EMI) suppression AC capacitors [11]-
[13]. Although AC filtering film capacitors are indispensable
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components for AC industrial applications such as wind power
and traction [14] [15], the existing literature still lacks studies
and analyses on their degradation and failure.

In general, the degradation of metalized film DC capacitors
can be characterized by a decrease in capacitance [6]-[10]
and an increase in equivalent series resistance (ESR) [6] [9].
Some studies find that the degradation of metalized film EMI
suppression AC capacitors can be manifested as a decrease in
capacitance [11] [12] and an increase in ESR [11]. In [13],
the decrease-slight in capacitance, and the increase-significant
in loss factor are found for metalized film EMI suppression
AC capacitors testing. However, these conventional studies
cannot be easily extended to capacitors of other types and
applications because the failure mechanism is affected by
their specific design structure and stress conditions. Hence,
for the aging mechanisms and failure characterization, the
above conclusions from DC metalized film capacitors and EMI
suppression AC capacitors need to be argued with caution for
the validity of AC power filtering capacitors.

Based on the results of more than 2800 hours of accelerated
aging testing in this paper: 1) The failure of AC filtering capac-
itors is mainly affected by temperature. When the temperature
rise increases about 3 to 4 times than the initial temperature
rise, the AC capacitor is failed. 2) The typical precursor,
capacitance, hardly changes in the process of degradation when
the applied AC voltage is within a certain range.
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Fig. 2. Schematic diagram of the platform.

The structure of this paper is as follows: Section II presents
the test configuration in the experiment; Section III gives the
test results for capacitance and temperature, followed by the
conclusions.

II. TEST CONFIGURATION IN THE EXPERIMENT

The experimental platform and its schematic diagram are
respectively shown in Fig. 1 and Fig. 2. The experimental
platform consists of three main modules: the electrical stress
generator, the capacitors under testing (CUTs) in the chamber,
and the data acquisition system. The electrical stress generator
is used to provide AC voltage and AC current for CUTs, which
adopts a recently reported method that has the advantages of a
minimum required power supply and is robust to testing sample
degradation [16]. The CUTs are connected in the chamber by
the busbars. The AC current and AC voltage of the CUTs are
supplied by the electrical stress generator through the electrical
terminals A.B.C.

It is worth noting that when a CUT is failed, a new

TABLE 1 SYSTEM AND CUTS PARAMETERS.

Stress emulation setup

DC voltage of power supply Ups 750 vV
AC-side inductor L 2.5mH
Switch frequency fs 5000 Hz

CUTs setup for AC capacitors
Capacitance of the CUT unit 75 uF
Rate AC ripple voltage (rms) Ur 750 V
Testing AC ripple voltage (rms) Ur 975 V (1.3xUg)
Rate AC ripple current (rms) Iz 30 A
Testing AC ripple current (rms) /1 39 A (1.3xIr)
Testing ripple frequency fz 50 Hz
Testing ambient temperture 87 °C
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Fig. 3. Waveforms of voltage and current for CUTs.

CUT replaces it, while the other CUTs continue to be tested.
Thermocouples are installed in the location of the hot spots
and cases of the CUTs to obtain the hot spot temperature and
case temperature. Therefore, the electrical stress and thermal
stress data are collected in real-time by data acquisition (DAQ)
systems [17] [18]. The a, b, and c represent three capacitor
units for each CUT in Fig. 2. The main stress emulation and
CUTs setup parameters are given in Table I. The ambient
temperature is set to 87 °C, giving the CUTs an initial hot
spot temperature of 100 °C. In this testing, the AC current
(equivalent current from the terminals) and the AC voltage
of each CUT are set with the 1.3 times acceleration factor.
The fast Fourier transform (FFT) analysis in Fig. 3 shows
that the AC voltage and current are mainly the fundamental
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Fig. 5. Hot spot temperature and case temperature for CUT1 and CUT2.

components at 50 Hz with the THD value of less than 2%.
The RMS value of AC voltage is maintained at 975 V, where
the RMS value of AC current is 118 A.

III. TEST RESULTS

The accelerated degradation testing has lasted for more
than 2800 h for CUTs, with CUT1 being failed after about
1550 h and CUT?2 being failed after about 2850 h. In addition,
CUT 3 still operates normally. This section shows test results
and analysis of the electro-thermal stresses for CUTs.

A. Capacitance change and analysis

According to Fig. 3, ignoring the harmonic components
of the AC voltage and current, the AC voltage U,.,,s and AC
current I,,,s (equivalent current from the terminals) of the
CUTs at 50 Hz satisfy the following relationship:

Urms = lyms X anp

+Rs+27rfR X Ls> (1)

:Irms o7 _ ~

x (27TfRXC

>< #
27TfR x C

~ I’rms

where Zcqp, Ls, Rs, and C represent the equivalent
impedance, equivalent series inductance, equivalent series re-
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sistance, and capacitance of the CUTs, respectively. fr is the
ripple frequency for CUTs, which is 50 Hz in this paper.

Therefore, the capacitance of CUTs can be obtained in real-
time:

= % )

27 fr X Upms

The real-time capacitance results from three terminals of
the overall CUTs can be obtained according to the calculation
of (2), as shown in Fig. 4. The capacitance of CUTs hardly
changes during the test time before they are failed. According
to the calculation results of the capacitance of CUT2 for 0.5
hours before and after the failure, the capacitance of the CUT2
drops rapidly from the normal capacitance to zero in a short
period of time (about 10 minutes) before the failure. This
happens because the CUTs are equipped with an overpressure
mechanism that disconnects the terminals and not because of
the winding total failure.

B. Temperature change and analysis

The hot spot temperature, case temperature, and tempera-
ture rise from hot spot to case of three capacitor units a, b, and
¢ in CUT1 and CUT?2 are given in Fig. 5, where the ambient
temperature is kept at a constant level by the climate chamber.
From the results, the hot spot temperature and temperature rise
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of each capacitor unit gradually increase with the test time.
When the hot spot temperature of one capacitor unit of the
CUTs reaches about 140 °C, the capacitor is failed.

The temperature rises 71,;s and its increase rate RT.;q.
of CUTs from the case to the hot spot can be respectively
expressed as [19] [20]:

Trise = Thot - Tcase = Hoss Rth

T () 3)
RT’r‘zse - m

where Thot » Tease » Ploss » B » and Ti50(0) Tepresent the hot
spot temperature, case temperature, power loss of thermal re-
sistance, and initial temperature rise of the CUTs, respectively.

The increased rate of temperature rise for CUTs is given
in Fig. 6. The aging of the AC power filtering capacitor can be
characterized by the temperature rise from hot spot to case. The
results show that the value of the temperature rise increases to
about 3 to 4 times when the AC capacitor is failed.

—— CUT2 a (Increase rate by aging)
CUT2_b (Increase rate by aging)
[ — CUT2_c (Increase rate by aging)

Increase rate of temperature rise

L

0 500 1000 1500 2000 2500 3000
Test time (hours)
(b) Increase rate of temperature rise for CUT2
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C. Physical characterization of failure

Fig. 7 illustrates the surface behavior of the CUTs after
failure. It can be seen that when the AC filter capacitors fail
catastrophically, the top of the capacitors expand and bulge.

These behaviors indicate that during the degradation of the
AC capacitor, the dielectric film does not break down, and
thus the capacitance has negligible reduction until the testing
samples catastrophically fail. Since there is no DC voltage
component in the AC capacitor, the rated AC voltage of 1.3
times the acceleration factor applied in this paper does not
reach the critical value of dielectric film breakdown, so the test
results in Fig. 4 show that the capacitance has negligible re-
duction before they are catastrophically failed. The possibility
of capacitor catastrophic failure greatly increases when the hot
spot temperature exceeds the melting point temperature of the
dielectric film (about 140°C for polypropylene). The burning
film makes the top of the capacitors expand and bulge.

IV. CONCLUSIONS

This paper investigates the failure mechanisms of a type
of AC power filtering film capacitors used for MW power
converters. Based on the results of more than 2800 hours
of accelerated aging testing, the following conclusions are
obtained: 1) The failure of AC power filtering capacitors is
mainly affected by the increasing of hot spot temperature.
When the hot spot temperature rises to about 140 °C and
the temperature rise rate increases to about 4 to 5 times, the
possibility of AC capacitor failure greatly increases. 2) The
capacitance values have negligible reduction until the testing
samples catastrophically fail when the applied AC voltage is
within a certain range (the acceleration factor of the applied AC
voltage is 1.3 in this paper), which means that the capacitance
is not suitable for a common precursor abled to characterize
degradation.
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