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Abstract�Because of the high cost of failure, the reliability
performance of power semiconductor devices is becoming a
more and more important and stringent factor in many energy
conversion applications. Thus, the need for appropriate reliability
analysis of the power electronics emerges. Due to its conventional
approach, mainly based on failure statistics from the �eld, the
reliability evaluation of the power devices is still a challenging
task. In order to address the given problem, a MATLAB based
reliability assessment tool has been developed. The Design for
Reliability and Robustness (DfR2) tool allows the user to easily
investigate the reliability performance of the power electronic
components (or sub-systems) under given input mission pro�les
and operating conditions. The main concept of the tool and its
framework are introduced, highlighting the reliability assessment
procedure for power semiconductor devices. Finally, a motor
drive application is implemented and the reliability performance
of the power devices is investigated with the help of the DfR2

tool, and the resulting reliability metrics are presented.

Index Terms�Reliability tool, power semiconductor device,
system-level reliability, motor drive system.

I. INTRODUCTION

Power electronics are being widely used in many mission-
critical applications such as renewable power generation,
power transmission, traction applications or motor drives,
and due to their essential role within power systems, the
reliability of the power converter is one of the main factors
that in�uences the overall ef�ciency and cost of the system.

However, according to [1]-[5], the power electronic con-
verter represents one of the most fragile sub-systems in terms
of reliability. In [1], based on the failure information and �eld
statistics from a photovoltaic plant operated throughout the
course of 5 years, it has been concluded that the inverter is the
most critical sub-assembly of the system. Furthermore, in [2]-
[4] it has been found that the frequency converter represents
one of the most prone to failure sub-systems of the wind
turbine system. A similar conclusion has been drawn in [5],
where the inverter unit contributed with 65% to the failure rate
of a motor drive system.

Consequently, in order to understand the main causes be-
hind the high failure rates in power converters, an in-depth
component-level reliability survey has been carried out in [6],
and it has been concluded that the power devices and the
capacitors represent the most fragile components, with respect
to reliability.

According to [7], [8], the high probability of failure in the
power devices is primarily due to the thermal cycling which
occurs in the device. These adverse temperature swings are
mainly caused by the �uctuating load of the converter or en-
vironmental temperature variations, and thus leading to some
of the most common failure mechanisms, such as bond wire
lift-off or solder cracks [9], [10]. As a result, the unexpected
wear-out failures of the power electronic components will lead
to an increase in maintenance cost, and a cutback in the total
energy production of the system (due to downtime), and thus
resulting in a higher cost of energy conversion.

Unfortunately, the conventional reliability improvement ap-
proach of power converters is still mainly based on the
failure information and statistics from the �eld. Due to the
fact that this method is expensive and time consuming, the
need for prior reliability assessment, during the design and
development phase, arises. Thus, by introducing a reliability
evaluation tool within the initial phases of the product life
cycle, the weaknesses and lifetime of the power converter can
be identi�ed before introducing the product into the market.
Thus, the proposed DfR2 tool will help to optimize the design
of the power converter in order to achieve a better balance
between reliability and cost, and �nally result in a signi�cant
cost reduction in the whole lifetime cycle of the product.

Similar reliability assessment tool concepts have been pro-
posed in recent years, such as Sherlock Automated Design
Analysis [11], or Simulation Assisted Reliability Assessment
(SARA) [12]. Although the previously mentioned software
tools are capable of analyzing the reliability performance of
the electronic components either through physics-to-failure
models or through reliability statistics data, they are manly
focused on microelectronics systems, and do not take into
consideration the real-life operating mission pro�les of the
system.

Moreover, in [13] and [14] an initial reliability assessment
tool has been proposed and its main concept and features
have been introduced. Despite its many advantages, such
as integrating a relatively complex structure under a user-
friendly and easy-to-use interface, some crucial drawbacks
were present, among which: lack of modularity, reliability
analysis feature only for power semiconductor devices, or the
absence of system-level reliability investigation.





providing a more accurate lifetime estimation.
Due to its modular design concept, the DfR2 tool will allow

the user to select from different mission pro�le input levels,
according to the available data. The reliability assessment
procedure presented in Fig. 1 has been simpli�ed and shown
in Fig. 2 in order to highlight the different mission pro�le
input levels, ranging from environmental to component-level,
for a motor drive application.

As it can be noticed in Fig. 2, the environmental/operating
mission pro�les represent the Level 1 input level. This input
level is application dependent, and thus the mission pro�les
will vary from one application to another. For the motor drive
application study case that will be investigated within this
paper, the required Level 1 mission pro�le consist of the
ambient temperature pro�le (Ta), mechanical speed of the
motor (�mech), and the load torque (Tload). Additionally, if
the relative humidity is taken into consideration as a stressor
for any of the components of interest, it can be included within
the Level 1 mission pro�le inputs.

Level 2 and Level 3 mission pro�le inputs are application
independent, and represent the system-level mission pro�les,
and converter-level mission pro�les respectively.

The �nal mission pro�le input level available to the user
is Level 4, which represents the component-level mission
pro�les. Similar to Level 1, this input level is component de-
pendent, and thus the input mission pro�le will vary according
to the selected component of interest. As shown in Fig. 2, the
required Level 4 mission pro�les for assessing the reliability
of power device are the component voltage (Vcomp), junction
temperature (Tj), and case temperature (Tc).

Based on the component-level mission pro�le, the reliability
performance of the power electronic component can be in-
vestigated. In case of the power devices, the component-level
reliability assessment procedure begins with the processing
of the mission pro�le data, which by means of counting
algorithms (e.g. Rain�ow counting) will represent the mission
pro�le data so that it can be correctly applied to a lifetime
model. After selecting the desired lifetime model (and ad-
justing its parameters if necessary), the Bx lifetime of the
power devices can be estimated. The reliability assessment
procedure ends by applying and taking into account the
variations and uncertainties which may occur in the lifetime
model coef�cients, or stressor data.

At this point it should be noted that the reliability analysis is
based mainly on the wear-out failure of the components, while
the failures caused by random/catastrophic events will be taken
into consideration as statistical user input data. Finally, the
reliability information of each individual component is used
in order to determine the reliability of the system (or sub-
system), by means of Reliability Block Diagrams (RBD).

The DfR2 tool has been designed based on MATLAB and
Simulink. The reason for choosing MATLAB as the main
software development platform, is due to its multitude of
toolboxes and prede�ned functions, which will facilitate a
faster implementation. In order to assure a user-friendly ex-
perience a Graphical User Interface (GUI) has been designed.
The GUI will give the user various possibilities of interacting
with the source code and simulation models employed within
the tool, ranging from designing the system architecture (as
shown in Fig. 3), modeling the power electronic components or

Fig. 3. �System Con�guration� panel for the motor drive application of the DfR2 tool.











Power Cycling,� IEEE Trans. on Industrial Electronics,
vol. 58, no. 10, pp. 4931 - 4941, Oct. 2011.

[11] �DfR Solutions.� Internet: http://www.dfrsolutions.com/,
[10 Jul. 2017].

[12] �Center for Advanced Life Cycle Engineering.� Internet:
http://www.calce.umd.edu/software/, [10 Jul. 2017].

[13] I. Vernica, K. Ma, and F. Blaabjerg, �Optimal derating
strategy of power electronics converter for maximum
wind energy production with lifetime information of
power devices,� J. Emerg. Sel. Topics Power Electron,
vol. 6, no. 1, pp. 1 - 10, Mar. 2018.

[14] I. Vernica, K. Ma, and F. Blaabjerg, �Reliability assess-
ment platform for the power semiconductor devices -
Staudy case on 3-phase grid connected inverter applica-
tion,� Microelectron. Rel., vol. 76 - 77, pp. 31 - 37, Sep.
2017.

[15] K. Ma, and F. Blaabjerg, �Multi-timescale modelling for
the loading behaviours of power electronics converter,�
in Proc. of ECCE, 2015, pp. 5749 - 5756.

[16] M. Musallam, C. Yin, C. Bailey, and M. Johnson,
�Mission pro�le based reliability design and real-time
life consumption estimation in power electronics,� IEEE
Trans. on Power Elect., vol.30, no.5, pp. 2601-2613,
2015.

[17] A. T. Bryant, P. A. Mawby, P. R. Palmer, E. Santi, and
J. L. Hudgins, �Exploration of power device reliability
using compact device models and fast electrothermal
simulation�, IEEE Trans. on Ind. Appl., vol.44, no.3,
pp. 894 - 903, Jun. 2008.

[18] K. Ma, A. S. Bahman, S. M. Beczkowski, and F.
Blaabjerg, �Complete loss and thermal model of power
semiconductors including device rating information,�
IEEE Trans. Power Electron., vol. 30, no. 5, pp. 2556 -
2569, 2015.

[19] K. Ma, N. He, M. Liserre, and F. Blaabjerg, �Frequency-
domain thermal modeling and characterization of power
devices,� IEEE Trans. Power Electron., vol. 31, no. 10,
pp. 7183 - 7193, 2016.

[20] U. Scheuermann, �Reliability challenges of automotive
power electronics,� Microelectron. Rel., Vol.49, No.9-11,
pp.1319-1325, 2009.

[21] U. Scheuermann, R. Schmidt, �A new lifetime model
for advanced power modules with sintered chips and
optimized Al wire bonds,� Proc. of PCIM, pp.810-813,
2013.

[22] J. Berner, �Load-cycling capability of HiPak IGBT mod-
ules,� ABB Application Note 5SYA 2043-02, 2012.

[23] A. Wintrich, U. Nicolai, W. Tursky, and T. Reimann,
Semikron: Application Manual Power Semiconductors,
SEMIKRON International GmbH, 2015.

[24] K. Ma, M. Liserre, F. Blaabjerg, and T. Kerekes, �Ther-
mal loading and lifetime estimation for power device
considering mission pro�les in wind power converter,�
IEEE Trans. Power Electron., vol. 30, no. 2, pp. 590 -
602, 2015.

[25] M.A. Miner, �Cumulative damage in fatigue�, Journal

of Applied Mechanics, no.12, A159-A164, 1945.
[26] D. Zhou, H. Wang, F. Blaabjerg, S. K. Kaer, and D.

Blom-Hansem, �System-level reliability assessment of
power stage in fuel cell application,� in Proc. of ECCE,
2016, pp. 1 - 8.

[27] P. D. T. O�Connor, and A. Kleyner, Practical Reliability
Engineering (�fth edition). New York, USA: Wiley,
2012.


