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Reliability determination of aluminium electrolytic
capacitors by the mean of various methods.
Application to the protection system of the LHC

F. Perisse®, P. Venet®, G. Rojat”

* LEA Boulevard Marie & Pierre CURIE - Teleport 2 BP 30179, F86962 Futuroscope, France
> CEGELY UCB Lyon 1, Bat Omega,Domaine universitaire de la Doua 69622 Villeurbanne, France

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]
= Rdf93, Rdf2000 [2, 3]
= Telcordia [4]

= 299B share Stress [5]

= HRDS [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=4700uF, Ug=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:

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

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

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

Fig. 1. Capacitors studied

The protection of the superconductive magnets is
guaranteed when the energy which is accumulated in
the capacitors reached 1.8kJ [11]. This energy is
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Fig. 2. General diagram of power supply

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:
e Case n°l: Failure of the capacitors by short-
circuit.
e (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.

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 ° 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.

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 Caf);;;tor Capacitance Qll;il;{y 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
1000
O Case n°1
100 H Case n°2
i 10 1
=
E 1
=
0.1
0.01 T T
Mil HDBK-217F Telcordia 299B Parts stress HRDS5 RDF93 RDF2000
Fig. 3 MTBF of 6000 power supplies for different reliability reports.
lifetime [8, 10,11]. The increase allowed in the ESR for different distribution laws.
depends on the application in which the component is
used. We take a limit, which is defined by a 3.1. Exponential law
multiplication by factor two of the ESR at 100Hz.
Probability density function:
There are many failure laws possible to describe f(t) = Lexp(=A1) 3)
the lifetime of a system or a component. We use the Failure distribution function:
exponential law, the Weibull law and normal law in F(t) = 1—exp(—At) (4)
order to determine their distribution functions of failure Fail )
and to compare them. These various laws are alure rate:
characterized by their function of probability density At) =4 ®)
f(¢). From f{?) it is possible to determine the failure
distribution function F(#). The relationship between 3.2. Weibull law
these two functions and the failure rate A versus time
are defined by [14]: Probability density function:
p-1 B
t— t-
: f(t)zﬁ.[—)/j .exp —(—7j when ¢ > ¥ (6)
F(t) = f(t)dt 1) n\ n n
0
Failure distribution function:
B
__J® 2 t—y
/I(t)_l—F(t) @ F(t)=1-exp| — T when ¢ >y @)

These functions are described in equation 3 to 11



Failure rate:
g(i=rY"

ﬂ(t)z—.[—y j when ¢ > 7 8)
n\ n

B » n are coefficients dependent on the
components studied.

3.3. Normal law

Probability density function:
1 (t i
f(= exp| - €
/_ 0_2

Failure distribution function:

Ft) = j O_r p( L ¢ Gé’) J.dt (10)

Failure rate:

_ 2
exp(_;“ 22 J
1073 (- )
1 (t
J exp( 7 o-él Jdt

U and o are coefficients dependent on the
components studied.

(11)

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.
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Fig. 4. Failure distribution versus time.

0,0045 + dal ]
0.004 - s cXponetia 4

0,0035 + = = = Weibull
0,003 = = = = Normal /

=0,0025 - e
< 0,002 LAY
’ V4 ys
0,0015 - yars +
0,001 - .’ \
0,0005 | . ¢ ‘.
0 \‘ -'-\ T T

0 1000 2000 3000 4000 5000 6000 7000
Ageing time (hours)

Fig. 5. Failure rate versus 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.

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.

- 1™ 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.

- 2" 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.

- 3" 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=4700uF and U = 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]:

_S-L_ 3)
Joi+o?

Where:

- S': mean value of the strength = maximum
strength in our case.

- o5: standard deviation of the strength

distribution = 0 in our case.

SF =

- L : mean value of the applied load
- o;: 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.
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Fig 6. Distribution of failure density versus voltage
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Fig. 8. Distribution of failure density versus energy

5. Conclusion

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.
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