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Abstract—Electrolytic capacitors are extensively used
in filtering and power decoupling in power electronic
converters. Low cost and high energy density of these
capacitors make them popular. However, these capacitors
degrade with age due to heating and evaporation of
electrolyte. This process may take about 2 to 7 years
depending on the application, ambient conditions and
capacitor construction. This paper explores a method for
accelerated ageing of capacitor. The method is based on
weight loss of a capacitor due to evaporation of electrolyte.
Experimentation is done to validate the performance of
the method. Values of equivalent series resistance (ESR)
and capacitance (C) during degradation are measured and
reported in this paper.
Index Terms—Aluminum Electrolytic Capacitor; Condition monitoring; Diagnosis; Equivalent series resistance
(ESR); MPPT; Photovoltaic (PV)

I. I NTRODUCTION
Reliability of power electronic converters is a major
issue [1]. Since failure rate of Aluminum Electrolytic Capacitors (AECs) is approximately twice of that of power
semiconductors switches [2], reliability of converters
is severely affected by use of AECs. Despite of this
drawback, electrolytic capacitors are popularly used in
converters due to their low cost and volume as compared
to film type capacitors [3]. Degradation of electrolytic
capacitor is mainly due to its electrolyte loss with time,
which leads to rise in equivalent series resistance (ESR)
and fall in capacitance value [4]. ACEs degradation is
strongly affected by its operating conditions, such as
voltage, current, frequency and temperature. These conditions lead to internal heating and increase in the core
temperature, which results in increase in the gas pressure
inside the capacitor. High pressure causes the electrolyte
to evaporate through the end seals. Loss of electrolyte
leads to weight loss of the electrolytic capacitor. This
also reduced the capacitance and increases the ESR. In

extreme conditions the pressure relief vent may operate
due to excess temperature and generation of gases [5].
Degradation of AECs could also lead to failure of the
power electronic converter [6].
Several methods are suggested in literature for accelerated ageing of electrolytic capacitors [7]–[9]. In [7],
capacitor is tested under different ambient temperature
and ageing of capacitor is done by injecting ripple
current in capacitor. In this three differnet tests are
performed, one is with lower ambient temperature and
lower magnitude of continuous injected ripple current.
In other two ambient temperature is high and also
magnitude of injected current is high but the injected
current is intermittent, not continuous. In [8], capacitor
is aged by applying constant dc voltage and intermittent
temperature across it. In [9], thermally overstressed
accelerated ageing of capacitor is done. Here capacitor is
subjected to a constant temperature higher than its rated.
In this paper, accelerated ageing of AEC is achieved
by puncturing the capacitor from the top. The objective
to perform accelerated degradation is twofold. First is to
assess the long term performance of power electronics
converter employing AECs, and second to test the effectiveness of diagnostic and prognosis technique employed
to access the current health and remaining life of AECs
in power electronics converter. The puncturing of AEC
increases the rate of loss of electrolyte by evaporation,
thereby increase the aging effect [10]. Reduced volume
of electrolyte leads to increase in ESR. This process is
further accelerated at elevated temperature. In this paper,
the effect of multiple punctures on the accelerated ageing
of AEC is also evaluated, which is not done in [10].
The paper is organized as follows. Section II describes
the construction of AECs and motivation for choosing
puncturing as accelerated degradation technique. In section III the experimental setup for accelerated testing is
discussed. Section IV includes the experimental results.

The motivation of paper is to analyse the effect on
change in ESR and capacitance when evaporation rate
of electrolyte are accelerated. The increased evaporation
rate is achieved by puncturing the capacitors. This accelerate the weight loss of capacitor i.e. loss in volume
of electrolyte. ESR and volume of electrolyte are related
by,
ESRt
V0 2
=
ESR0
Vt

Fig. 1.

Detailed Structure of Capacitor

Conclusions are provided in section V.
II. A LUMINIUM E LECTROLYTIC C APACITOR
In order to analyse the degradation phenomenon, it is
important to understand the detailed structure of AEC.
Fig. 1 shows the internal structure of capacitor. Electrolyte papers are interleaved in between two strips of
aluminum foil (anode and cathode) and are wound to
give it a cylindrical shape [11]. The electrolyte generally
used are solute (ammonium borate) in solvent such as
ethylene glycol. Due to the impregnation of electrolyte,
the cathode and anode becomes electrically connected
[12]. There is also an aluminum oxide layer on anode
foil, which acts as the dielectric. This thin oxide layer
appears due to the oxidation of electrolyte. This oxide
layer provides high dielectric constant and rectifying
properties to the AECs. The whole assembly is put in
a can and sealed using material rubber, rubber backed
phenolic, molded phenolic resin or polyphylenesulfide
[13].
The simplified model of AEC is represented by a series combination of capacitance and ESR. The ESR of a
capacitor represents the resistances offered by aluminum
oxide, electrodes, spacer and electrolyte (foil, tabbing,
leads, and ohmic contacts) [14]. These two parameter
namely capacitance and ESR are indicative of health
of capacitors [15]. The heating produced due to the
electrical or thermal overstress, results in evaporation of
electrolyte. This increases the ESR which further results
in more power dissipation. Also capacitance of AECs
decreases, thereby affecting the ripple voltage handling
capability [16]. Most of the capacitor manufacturers
specify that capacitors are considered unusable when
ESR value reaches 2.8 times of the initial ESR value
and capacitance decrease in excess of 20% of the initial
value [17].

(1)

where, ESR0 and ESRt are the equivalent series
resistances (ohm) of the new and aged capacitor, respectively. Similarly, V0 and Vt are the initial volume
of electrolyte and volume of electrolyte after an interval
of time t, respectively. The relationship of depletion in
the electrolyte volume and the effective surface area is
given below [18],
V (t) = V (0) − A0 (t)jeo t

(2)

where, V(0) is initial dispersion volume and V(t) is
the dispersion volume at time t, At is the oxide surface
area of evaporation and jeo is the evaporation rate.
III. E XPERIMENTAL S ETUP
In the suggested method, the capacitor is punctured
and kept at elevated temperature in an oven as shown in
Figs. 2 & 3. The heating temperature is suitably chosen
to avoid spill of the electrolyte from the punctured
point. This is necessary because the degraded capacitors
are further needed for use in the power electronics
converter. The evaporation rate is constant in this case
as after puncturing the system becomes an open system.
Capacitors of rated temperature 105◦ C, maximum rated
voltage 35 V and initial ESR of 0.1067 ohm was used.
The capacitor under observation was punctured with
diameter of 0.83 mm.Datasheet of these capacitors are
given in [19].

Fig. 2.

Open Vent of Punctured Capacitor

Measure the initial values of capacitor

Puncture a hole in the capacitor

Heat the capacitor at rated temperature in oven

After 5-6 hours cool the capacitor to room
temperature

Measure ESR (ohm) and Capacitance (µF)

Measure the weight of the capacitor

Fig. 3.
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Experimental Setup

All the data collected was analysed to observe how
the ESR and the capacitance values were changing over
the period of time. As per data sheet of capacitor, it
is considered completely degraded when its ESR value
increased to 200% of its initial value and capacitance
value has decreased by 20%.

YES
Testing
Complete

Fig. 4.

Flow chart explaining procedure of experiment
Percentage increase in ESR

IV. E XPERIMENTAL R ESULTS AND A NALYSIS

160
Percentage increase in ESR

According to the procedure described in flowchart as
shown in Fig. 4, data was collected at a regular interval
of 5-6 hours.
ESR increased with time, following the trend as
shown in Fig. 5. This increase is mainly due to loss
of electrolyte. During this aging test of capacitor, the
value of capacitance also decreased rapidly as shown
in Fig. 6. This curve matches with the graph given by
manafacturer in the datasheet [19]. This indicates the
accelerated rate of degradation of capacitor. Weight of
the capacitors was recorded after every regular intervals
of 4-5 hours. Plot of weight loss vs time is shown in
Fig. 7. Further, the effect of multiple punctures in the
capacitors is observed. Three capacitors are used, with
1, 3 and 5 punctures, respectively. The results are show
in Fig. 8. It is observed that as the no. of punctures
increases, ageing is also accelerated with respect to that
of one puncture. But the gain in acceleration of ageing
is not significantly high.
Time taken by electrolytic capacitor to degrade normally is much more than the time taken in accelerated
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tests. Lifetime in accelerated tests can be evaluated using
following equations [20],
Lx = L0 .KT .KR .KV

(3)

where, L0 = rated lifetime, KT = temperature accel-
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operating and rated voltage, respectively.
In this experiment, degradation of aluminum electrolytic capacitor is accelerated by accelerating weight
loss of electrolyte. Reduced electrolyte leads to increase
in ESR and hence degradation of capacitor. So lifetime
can be calculated using following equation,

0.35
Weight Loss (in gms)

0

Time (in hours)

Fig. 6.

0.3
0.25
0.2

L = L0

0.15
0.1
0.05
0

5 Punctures

120

-2

Percentage increase in ESR

Percentage decrease in Capacitance

0

3 Punctures

140

0

5

10

Fig. 7.

15
20
25
Time (in hours)

30

35

40

Weight loss vs. time

T0 − T a 
KT = 2 10K
Ia 2 ∆T0
[1 −
]
I0 10K
KR = Ki
 Va −n
KV =
Vr

(4a)
(4b)
(4c)

where, T0 and Ta are the maximum and ambient
temperature, respectively. Ia and I0 are the applied
and maximum ripple current, respectively. ∆T0 is the
increase in the core temperature. Va and Vr are the

(5)

where, L and L0 is the actual lifetime and rated
lifetime, respectively, x= experimentally determined constant. Wpunctured and Wunpunctured is the weight loss
of punctured capacitor in time t and weight loss of
unpunctured capacitor in the same time t respectively.
This accelerated method takes lesser time as compared
to other methods.
V.

eration factor, KR = ripple current acceleration factor,
KV = voltage acceleration factor and,

 Wpunctured x
Wunpunctured

CONCLUSION

AEC limits the lifetime of power electronic devices.
To estimate the lifetime, a proper diagnostic technique
is required. This accelerated ageing test is done to
develop a technique for health monitoring of capacitor.
The whole process took around 60-70 hours to degrade.
In 70 hours, ESR increased by 138% and capacitance
decreased by 12.8%. The degradation in capacitance
is accompanied by weight loss. This weight loss is
accelerated by puncturing. Weight loss of the capacitor
is related to weight loss of electrolyte. Also the effect of
larger no. of punctures is marginal.
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