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Abstract 
 
        The lifetime of power electronic components is often calculated from reliability reports, but this method can be 
discussed. We compare in this article the results of various reliability reports to an accelerated ageing test of 
component and introduced the load-strength concept. Large aluminium electrolytic capacitors are taken here in 
example in the context of the protection system of LHC (Large Hadron Collider) in CERN where the level of 
reliability is essential. We notice important differences of MTBF (Mean Time Between Failure) according to the 
reliability report used. Accelerating ageing tests carried out prove that a Weibull law is more adapted to determinate 
failure rates of components. The load-strength concept associated with accelerated ageing tests can be a solution to 
determine the lifetime of power electronic components. 
  
 
  
1. Introduction 
 

The choice of the components in power electronics 
is guided by two principal parameters. First is 
commonplace, it relates to the rated values which is 
requested by the operation of the system. The second 
relates to reliability and is subject to discussion. 
Indeed, reliability depends on many parameters, it is 
difficult to evaluate in many cases. Currently the 
reliability of components is in the majority of the cases 
determined from reliability reports resulting from 
statistical results. We can quote for example the 
following reports:  

 MILL HDBK 217F [1] 
 Rdf 93, Rdf 2000 [2, 3] 
 Telcordia [4] 
 299B share Stress [5] 
 HRD5 [6]. 

 

In this article, we propose to compare results from 
the reliability reports with results from accelerated 
ageing test. We describe also a righter approach of 
named load-strength concept. 

We take as example aluminium electrolytic 
capacitors. These components are used by CERN 
(European Organization for Nuclear Research) in 
power supply “quench heaters” used for the protection 
of the superconductive magnets of the LHC (Large 
Hadron Collider) [7]. As the electrolytic capacitors 
constitute the weak point of power supply [8, 9, 10] 
their choice is of primary importance for the reliability 
of the LHC. The numbers of power supplies is 6000; 
the system thus comprises 36000 capacitors whose 
reliability is quite necessary. 



 
1.1. Components and protection system studied 
 

The components used in this study are large 
aluminium electrolytic capacitors of rated values 
CR = 4700µF, UR = 500V and temperature range -40°C, 
85°C. We show in figure 1 the geometry of various 
components studied. Components produced by 
different manufacturers with the same rated values can 
have very different levels of reliability.  

These differences are due to the technological 
parameters adopted by the manufacturers [10].  

For example, we noted catastrophic failures related 
to: 

• anode corrosion due to the intrusion of 
halogenous ions (D components) 

• internal overpressures due to the geometry of 
the components (E and F components) 

• breakdown due to the connection of the tabs 
on the terminals (A components) 

 
The protection of the superconductive magnets is 

guaranteed when the energy which is accumulated in 
the capacitors reached 1.8kJ [11]. This energy is 

transmitted to the protection system via two thyristors 
(1800V - 80A) (see Fig. 2). The operating conditions 
are 450V DC and an ambient temperature of 20°C. 

The six capacitors can store an maximum energy 
of 2.85kJ. Thus, the system can accept the failure of 
one or more capacitors according to the failure mode 
considered (short or open circuit). 

We study two cases of failure: 
• Case n°1: Failure of the capacitors by short-

circuit.  
• Case n°2: Failure of the capacitors by open 

circuit. 
 
 
2. Normative approach 
 

It consists of the use of reliability reports 
previously quoted. Calculations of failure rate are 
based on the characteristics of the components and on 
their way of use. For example, we show in table 1, 
principal parameters necessary to calculate failure rate 
of electrolytic capacitors for various reliability report. 

 
Fig. 1. Capacitors studied 

Then, we carry out the calculation of the MTBF of 
the power supply according to two failure 
configurations (Case n°1 and Case n°2) 
 
2.1. Calculation of failure rates 
 

The individual failure rates of capacitor and 
thyristor are defined in FIT (Failure In 
Time = 1 faillure/10 9 hours). The results are calculated 
for different reliability reports for 6000 power supplies 
and are defined by the use of MTBF (see. fig. 3). 

We note significant differences between the 
reliability reports. These differences can partly be 
explained by the matter of fact that they privilege more 
or less some influence factors [12]. The diversity of 
these results confirms the importance of accelerated 
ageing test under the conditions which are close to the 
mission profile of the system. 
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Fig. 2. General diagram of power supply 

 
 

3. Accelerating aging test, statistical approach 
 
The principal cause of breakdown of electrolytic 

capacitors is a progressive failure. It is due to the time-
dependent evaporation of the electrolyte. 

The lifetime of these components depends on the 
criterion chosen to define it. The parameter, which is 
varying more during ageing time of this component, is 
equivalent series resistance (ESR). The variation of this 
parameter is considered as the criterion of end of 



Table 1 
Principal parameters of various reliability reports 

 Principal parameters 

Reliability reports Capacitor 
type Capacitance Quality 

level Voltage Current Temperature Mission profile

MIL-HDBK-217 FN2 X X X X  X  
RDF 93 X  X X X X  

Telcordia X X X X  X  
299 B Part Stress X  X X X X  

HRD5 X  X   X  
RDF 2000 X X X X X
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Fig. 3 MTBF of 6000 power supplies for different reliability reports. 

lifetime [8, 10,11]. The increase allowed in the ESR 
depends on the application in which the component is 
used. We take a limit, which is defined by a 
multiplication by factor two of the ESR at 100Hz.  

 
There are many failure laws possible to describe 

the lifetime of a system or a component. We use the 
exponential law, the Weibull law and normal law in 
order to determine their distribution functions of failure 
and to compare them. These various laws are 
characterized by their function of probability density 
f(t). From f(t) it is possible to determine the failure 
distribution function F(t). The relationship between 
these two functions and the failure rate λ versus time 
are defined by [14]: 
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These functions are described in equation 3 to 11 

for different distribution laws. 
 
3.1. Exponential law 
 
 Probability density function:  
       ( ) .exp( . )f t tλ λ= −  (3) 
 Failure distribution function: 
       ( ) 1 exp( . )F t tλ= − −  (4) 
 Failure rate: 
       ( )tλ λ=  (5) 
 
3.2. Weibull law 
 
 Probability density function:  
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β, γ, η are coefficients dependent on the 
components studied. 

 
3.3. Normal law 
 
 Probability density function:  
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Fig. 5. Failure rate versus time  

 
 Failure rate: 
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µ and σ are coefficients dependent on the 
components studied. 

 
The failure distribution F(t) and the failure rate 

which is deduced from these various distribution laws 
are represented in figures 4 and 5. 

The most precise failure distribution function is the 
normal law. However this normal law induces a 
reduction in the failure rate after a certain ageing time.  

 
The real ageing of an aluminium electrolytic 

capacitor is not represented in this way. T he 
exponential law considers a constant failure rate. This 
failure rate does not represent the wear-out period. The 
most appropriate reliability law is the Weibull law. 
 
 
4. Approach to load-strength 

 
This approach is based on the energy storage 

concept originally introduced into reliability 
engineering by Haviland [13, 15]. We detail below the 
basis of this healthy components concept.  

A component or a part stores energy when a load 
is applied. This energy can be electrical, thermal, 
mechanical one. The energy, which is stored in the 
component, is the stress, which is induced by the load 
and the environment. This stress can be compared to 
the maximum strength the component can support. 
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Fig. 4. Failure distribution versus time. 

 
4.1. Capacitor example 

 
We consider three cases. In the first case the load 

is represented by the voltage applied to the component, 
in the second case by the temperature, and in the last 
case by the energy stored in the component. In all cases 
we represent the load according to a normal 
distribution law.  

- 1st case: the load of the component is defined by 
450V±10% voltage. The manufacturers define the 
maximum strength as 115% of rated voltage i.e. 575V. 

- 2nd case: the load is defined by environment 
temperature. The maximum strength is 85°C and load 



is a normal distribution whose average is equivalent to 
the applied ambient temperature of 20°C. 
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Fig. 7. Distribution of failure density versus temperature  

- 3rd case: the load applied is defined by stored 
energy E for one capacitor. It is function of the supply 
voltage and the rated capacity of the component which 
is 4,7mF. The maximum strength depends on rated 
values CR = 4700µF and UR = 500V.  

Figure 6 to 8 shows the load and the maximum 
strength for these three cases. 

A safety factor SF can be deduced. SF represents 
the separation of the load and the maximum strength 
[15]: 
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Where:  
 - S : mean value of the strength = maximum 
strength in our case. 
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Fig. 8. Distribution of failure density versus energy  

- σS: standard deviation of the strength 
distribution = 0 in our case. 

 - L : mean value of the applied load 
 - σL: standard deviation of the load distribution 
 
4.2. Ageing effect 

 
The component ageing induces the decrease of the 

maximum strength value. In order to guarantee 
reliability, make sure that there is no overlapping of the 
load diagram and strength curve (maximum strength in 
our cases). If there exists any overlapping the failure 
probability due to this one can be determined. 

 
 
  

5. Conclusion 
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Fig 6. Distribution of failure density versus voltage  

 
The use of reliability reports can be discussed. 

Indeed the results are very different according to the 
reliability reports. Moreover they do not take account 
of the technological differences according to various 
manufacturers [10, 11]. We showed that the calculation 
of failure rate by the use of exponential law is too 
approximate. The use of Weibull law is better. The 
load-strength concept associated with accelerated 
ageing tests can be a solution to determine the lifetime 
of power electronic components. 

 



Acknowledgements 
 
We thank the CERN represented by Mr. Felix 

Rodriguez-MATEOS and Mr. Reiner DENZ which 
allowed, by a profitable collaboration the realization of 
this work. 

 
 

References 
 
[1] U.S. MIL SPECS, "Military Handbook Reliability 

Prediction of Electronic Equipment,  MIL-HDBK-
217F", note 1: July 1992, note 2: February 1995.  

[2] Centre National d’Etudes des Télécommunications, 
“Recueil de données de fiabilité des composants 
électroniques RDF93”, UTE C 80-819, 1993. 

[3] Union Technique de l’Electricité et de la 
communication, “Recueil de Données de Fiabilité : 
RDF 2000. Modèle universel pour le calcul de la 
fiabilité prévisionnelle des composant, cartes et 
équipements électroniques”, UTE C 80-810, 2000.  

[4] Bellcore (Telcordia) standards TR-332 Issue 6 and SR-
332 Issue 1 (published by AT&T Bell Labs). 

[5] Chinese Military Standard, China 299B (GJB/z 299B).  
[6] British Telecommunications, reliability standard 

HRD5.  
[7] Evans L R, "The LHC Project ", 17th Magnet 

Technology Conference, Geneva, September 2001, 
Proceedings.  

[8] P. Venet, "Monitoring of power converter. Application 
to predictive maintenance ", Thesis of University 
Claude Bernard Lyon1, France 1993 

[9] Mr. L Gasperi, "Life Prediction Model for Aluminium 
Electrolytic Capacitors", IEEE IAS Conference, 1996, 
pp. 1347-1351.  

[10] F Perisse, P. Venet, J.M. Retif, G Rojat "Behavioral 
Study one the Reliability of Electrolytic Capacitors of 
Various Manufacturers" European Safety and 
Reliability Conference (ESREL 2002), Conference 
European of Reliability (λµ13) Lyon France, 2002, 
pp. 632-636.  

[11] F Perisse, "Study and Analyses of Failure Modes of 
the Electrolytic Capacitors and Thyristors, Applied to 
the protection of the LHC (Large Hadron Collider)", 
Thesis of Université Claude Bernard Lyon1, France 
2003.  

[12] Jones J Hayes J, "A Comparison of Electronic-
Reliability Prediction Models", IEEE transaction one 
Reliability, vol. 48, N2, June 1999, pp 127-134 

[13] R.P. Haviland, "Engineering Reliability and Long Life 
Design", van Nostrand, Prineton 1964.  

[14] Klass B Klassen, Jack C.L. van Peppen, "System 
Reliability, Concept and Applications", First published 
in Great Britain 1989, ISBN 0-340-50142-1. pp 51-53 

[15] F. Jensen, "Electronic Component Reliability", John 
Wiley & Sons Ltd, 1996. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


