IJRET: International Journal of Research in Engineering and Technology elSSN: 2319-1163 | pISSN: 2321-7308

ELECTROLYTIC CAPACITOR ONLINE FAILURE DETECTION AND
LIFE PREDICTION METHODOLOGY

A. R. Khandebharad?, R. B. Dhumale?, S. S. Lokhande®

'Department of Electronics and Telecommunication, Sinhgad college of engineering, Pune, India
“Department of Electronics and Telecommunication, Sinhgad college of engineering, Pune, India
Department of Electronics and Telecommunication, Sinhgad college of engineering, Pune, India

Abstract
Various basic, efficient and cheap techniques are used for the purpose of life forecast and failure detection of aluminum
electrolytic capacitors which are utilized as a part of many power electronic converters. The main idea of these techniques is to
calculate the values of Equivalent Series Resistance (ESR) and Capacitance (C). Observing the ESR values, valuation of changes
in voltage and current of electrolytic capacitor, can gauge the well being state of the converter as well as life period of capacitor.
But these techniques fails to consider all four parameters temperature, frequency, voltage and current simultaneously that affect
the life period of electrolytic capacitor. The goal of this paper is to propose a comprehensive platform for electrolytic capacitor
life period estimation. Proposed method consider all parameters that are limiting age of Aluminium electrolytic capacitor in

switched power DC-DC buck converter.
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1. INTRODUCTION

Aluminum electrolytic capacitor is mainly used in power
electronic converters. The failures of the power converters
results in electronic system failure. Most of the time
undesired output is resulted from malfunctioned behavior of
electrolytic capacitor. It is absolutely clear from previous
researches that Aluminium electrolytic capacitor has a finite
useful light [1]-[21].

There are many reasons and patterns of failure of
electrolytic capacitors. Mainly failure of aluminium
electrolytic capacitors is due to the evaporation of
electrolytic solution. Equivalent series resistance (ESR) of
capacitor will increase and capacitance (C) will decrease as
the working hours of capacitor will increase. Operating
temperature rise will again accelerate the process, which
will increase the power losses. Considerable changes can be
seen in Capacitor characteristics [1]-[9].

The purpose of this paper is to review the degradation
mechanism of aluminium electrolytic capacitors, equivalent
circuit models, life prediction models and failure detection
techniques and then propose more accurate and inclusive
method considering all age affecting factors which will
predict life period aluminium electrolytic capacitor used in
a switched power DC-DC buck converter.

2. EQUIVALENT CIRCUIT MODEL OF
ELECTROLYTIC CAPACITOR

Aluminium electrolytic capacitor have two aluminium
electrodes, one as an anode and another as a cathode and
separator paper is soaked in an electrolyte solution.[1] The

dielectric is an oxide layer (Al,O3) which formed
electrochemically on the surface of the anode.[2] Low cost,
large capacity, energy storage and voltage regulation are the
main reasons of electrolytic capacitor for being used in
power converters.[3]

Generally there are two models used for modelling the
equivalent circuit of electrolytic capacitors as shown in Fig.
1 and Fig. 2. [1]-[7] Practically lead inductance is kept as
small as possible and therefore the value of the equivalent
series inductance (ESL) becomes much smaller than the
ESR. Value of leakage current is considered as negligible.
The equivalent circuit for the electrolytic capacitor
considering all component losses is simplified as series
combination of Capacitor (C) and ESR as shown in Fig. 3.

[1]-[9]

Malfunctioned behavior of Aluminium electrolytic
capacitors is due to reasons such as short circuit, open
circuit, increase of leakage current, electrolyte vaporization,
etc. But main reason of degradation is the vaporization of
electrolyte. When the volume of electrolyte decreases, the
value of ESR will increase and C will decrease.
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Fig-1: Equivalent circuit of electrolytic capacitors
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Fig-2: Simplified model of electrolytic capacitors
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Fig-3: Reduced model of electrolytic capacitors

The increasing value of ESR will results in additional power
loss, increasing internal temperature and accelerated
evaporation of the electrolyte.[7] The capacitor is
considered to be failed when its 40% of the electrolyte is
consumed.[1]-[8] The volume measurement of electrolyte
can't be conducted, and hence ESR is used to predict failure
and also to analyze life period.

The relationship between ESR and the volume of
electrolyte can be expressed as shown in Equation (1) .
Where ESR; is the initial value of ESR , V, is the initial
volume of electrolyte. Researchers have calculated that
when 40% of the electrolyte is consumed then ESR will
become about 2.8 to 3 times of initial value of ESR and
capacitor is considered as failed [1][7][8].

ESR Vo
ESR, (?J W

3. FAILURE DETECTION METHODS

Numerous methods have been proposed for failure
detection, which mainly focus on the ESR of the electrolytic
capacitor [1]-[14],[17]. Numerous parameters, for example,
current or temperature need to be measured, which increases
intricacy and accuracy of the measurement. Failure
detection methods can be classified into two sections, online
and offline failure prediction methods. Most of the methods
use power converters for their application.

A ratio of the capacitor voltage to the capacitor current or
load current method has been widely used with converters
[1]-[9]. Some method consider current as constant source
and failure detection is done only using output voltage
ripple.[7] Many methods have considered ratio of mean
value of ripple voltage and ripple current at different
switching instances. Almost all the methods only vary their
measurement positions and/or measurement instances, but
parameters are same and that are voltage and current[1]-
[13].

Again methods are differentiated on basis of techniques
used for the measurement of parameters. Methods based on
sensors are more precise than the methods which are sensor
less with hardware precision overhead[1]-[8]. Some

methods differ by their processing techniques used such as
least square or recursive least square method, Empirical
Mode Decomposition (EMD) algorithms that are used to
process data[17].

Methods also differ by the processing hardware used.
Digital signal processors, computers and spatially designed
systems are utilized[8][11]. Various methods have preferred
to use oscilloscope, ripple current tester, data acquisition
systems from National Instruments to collect data[7][8].
Method have also formulated temperature relation in failure
detection. One method has used capacitor electrolytic
temperature to evaluate electrolytic volume for calculation
of ESR[14].

4. LIFE PREDICTION MODEL

Electrolytic capacitors have limited but indefinite life
period. Life time may vary due to different operating
conditions and also it is dependent on various physical
factors. Life prediction model is generally graphical which
is included in datasheets of capacitors. Another method is to
use formulation based on different parametric
factors[1],[14]-[21].

There are four major parameters voltage, current, switching
frequency and temperature that affects the life period of
electrolytic capacitor.[1][7][8][21]. Parameters in operation
are used along with standard life time mentioned in the
datasheets for the resulting life time estimation. Many
others have proposed techniques based only on some
specific parameters. They haven't considered all parameters
for the estimation at the same time [1]-[20].

4.1 Temperature Factor (K+):

The Temperature Factor (K;) is based on 10 Kelvin rule. A
drop of the ambient temperature by 10K doubles the
lifetime. The formula can be given as follows :

Kp=2 1 @

Where,
T, : Upper category temperature

T, : Ambient temperature in the application

4.2 Ripple Current Factor (Kg):

The effect of ripple current of electrolytic capacitors on the
life period can be given by ripple current factor as :
AT

PEL
Kp=EK; 1o (3
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And

I; : Ripple current in application

Ig' . Frequency normalized ripple current

Kg : Frequency factor

I, : Nominal ripple current at upper category temperature
AT, . Core temperature increase of the electrolytic
capacitors (typ. 5 Kat TO = 105 °C and 10 K at TO = 85 °C)

K; : Empirical safety factor, defined as :
If T,=105" thenfor I =1, ; K; =4

1=1,; K; =2

o
If T,=85" then K; =2

4.3 Voltage Factor (Ky):

The influence of actual operating voltage of electrolytic
capacitors on the lifetime of electrolytic capacitors can be
given as :

Ky = (E—:]_n (4)

Where,

U, : Rated voltage

U, : Actual operating voltage

n : exponent (selected according to manufacturer.)

4.4 Frequency Factor (Kg):

The frequency also creates an impact on the life period of
electrolytic capacitors. The ratio of actual ripple current
measured and the frequency factor shown below is used to
get frequency compensated ripple current for the life period
estimation:

ESR,
KF = |
| ESR;

(2)

Where,

E5SE, : ESR at nominal frequency (generally at
100Hz/120Hz)

E5E¢ : ESR at operating frequency.

For the proposed method ESR will be calculated by using
sensed voltage and ripple current.

4.5 The Structure of Life Time Model:

The life time model is based on some specific parameters
from the datasheet and some specific parameters in
application. Standard reference life time from datasheet is
multiplied with the impact factors of these parameters to
estimate resulting life time as follows:

L:,: = LD . K'j' - KR - Kv (6)

Where,

Ly : Resulting lifetime

Lg : Lifetime at nominal ripple and upper category
temperature.

5. PROPOSED METHOD

The proposed method for the online failure prediction of
electrolytic capacitors will be based the life time model
using all parametric effects as discussed in IV-E section. A
DC-DC converter with an LC filter will be implemented
using a simple switcher with fixed frequency. Adjustable
output voltage and current range is up to 3A. The radial
electrolytic capacitor used is of 470pF, 50V, 105°C.

Capacitor ripple current and output voltage along with the
ambient temperature in application is acquired using data
acquisition system and will be processed using Digital
Signal Processor (DSP). The implementation of the system
is done using high resolution analog to digital converter, a
DSP and a interface board that is ADS8380EVM,
TMS320C6713 DSK and 5-6K interface board respectively.

This system setup is more precise and will provide required
resolution for the precise lifetime estimation. DSP supports
floating point operations and ADC has 18 bit resolution.
Entire circuit can be enclosed in a temperature controlled
cube which will bring more accurate and steady temperature
readings.

Block diagram of proposed method is shown in fig. 4. this
method is easy, more accurate and inclusive. By varying
various parameters, we will be able to see the change in
lifetime directly on the display.
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Fig-4 : Block diagram of proposed method.

6. SIMULATION RESULTS:

Estimation of the life period of electrolytic capacitor based on life prediction model using all parameters is done using MATLAB
Simulink. For this simulation a simple DC-DC converter is implemented and capacitor prognosis is carried out using all four
parameters in operation and lifetime model.

The fig. 5 shows the complete system and fig. 6 shows the capacitor prognosis model. The hardware implementation will give
accurate results, if precise data acquisition system is constructed. Consideration of all capacitor life affecting is the main
advantage of this method.
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Fig-5: Simulation of complete system of proposed method
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Fig-6: Simulation of Capacitor prognosis model.
The selected capacitor has following nominal parameters The operational parameters are as follows :
given in the datasheet.
T,=55°C;
Ly=3000h; [, =178A;
ESR,=029Q; Ki=4
U.=50V; U,=36V;
To,=105°C; Fs=150kHz ;
AT, =5K; Generally Ke = 1.
1,=0.887A; The resulting lifetime of the selected aluminium electrolytic

capacitor at the given operating conditions by using

ug _ proposed method will be :
05= 0. <08 —=n=3
Ly = 31551.80 h.
08= 2 <10 —n=5
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7. CONCLUSION

The electrolytic capacitors are commonly used in the
switching-mode power converters. These capacitors have
limited time period. Therefore, it is necessary to predict the
lifetime of the electrolytic capacitor for reliability
assessment of power converters. Different methods used for
the failure prediction of electrolytic capacitor are reviewed
in this paper.

Experimental measurements will be done on the electrolytic
capacitors under different operation conditions for the life
time prediction using a well structured and parameterized
life time model. Simulation of the proposed method is
concluded in this paper. The new method will be
implemented practically to realize the online failure
prediction of the electrolytic capacitor of an LC filter in the
switching-mode DC-DC power converter.
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