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Abstract—Reliability is one of the drivers in the design
development projects and main objective of this engineering
branch is to find methods to assess reliability of equipment or
system. Reliability analyses such as Reliability Prediction
Analysis, Failure Modes and Effects Analysis (FMEA), Derating
(Part Stress) Analysis and Worst Case Circuit Analysis (WCCA) to
verify the convenient operation of circuit design are conducted in
various Research and Development Projects.

The point that requires attention is that all studies or all projects
directly focus on Reliability Prediction Analysis, FMEA, WCCA
or Derating Analysis separately. This study aims to evaluate all
analyses together in a comprehensive manner within a reliability
program plan or strategy and to determine overall risk for design
project. In addition, with this strategy, the goal of study also is to
determine whether the WCCA is required to be applied or not and
an algorithm in which cases it will be applied has been established.

With this motivation, a new methodology in reliability program
plan with a novel understanding of reliability has been
implemented and conducted on an example circuit. This
implementation has showed that the circuit, which would not be
accepted and guaranteed by the analyzes applied by the industry
and the literature under normal conditions, was accepted thanks
to the proposed unique reliability approach. Possible calendar
delay, budget increase or design complexity increase have been
prevented.
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I. INTRODUCTION

Reliability is a key topic of specialty engineering which
affects the design decisions of systems. Today, the expectation
is from equipment or systems in varied complexity is not only
working properly at beginning of lifecycle (the time when they
will start to operation), but also expectation from them is to
perform the intended function without any failure or
unacceptable degradation for the defined time interval till end
of lifecycle [1]. Even in case of any failure, system needs to
be kept as operational for that stated time interval with several
ways and this is called as “Reliability”. In long lifetime
programs or in other words for systems that require long usage
durations, reliability is the one of the prime considerations in
assuring a successful achievement of the strict design goals.

Reliability is impacted by stress parameters that are
applied to design, part selection within project, environmental
factors like radiation, vacuum etc. and so on. These all
affecting points imply that it is one of the main drivers on
design. Besides, while mass, cost and configuration are
important trade of parameters in design, the results of
reliability analyses should be given required priority in trade
off for the selection of design solutions since other
performance parameters do not mean anything if system fails
once [2].
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To verify high reliable and robust design, there are various
analyses such as Reliability Prediction Analysis, Failure
Modes and Effects Analysis (FMEA), Derating (Part Stress)
Analysis and Worst Case Circuit Analysis (WCCA). These
analyses show that the design is in appropriate level of
robustness. In the related literature, studies generally focus on
the individual analyses separately instead of comprehensive
program plan which presents how these analyses, as reliability
tasks, are used together. For instance, the study which can be
counted as a guidance in reliability for power electronic
converters not only addresses useful life model to predict life
of equipment but also addresses wear out life model for
structural parts in reliability prediction analysis [3]. There are
also some studies that investigate the existing methodologies’
efficiency for reliability prediction analysis. One of these
studies focuses on the calculation of a system’s reliability
using real failure cases recorded from life instead of well-
known failure rate data bases and models. The study aims to
evaluate the efficiency of existing failure rate databases by
comparing with real life observed failures to find the
probability of failure [4]. On the other hand, an example in
qualitative side is a study which conducts FMEA for T-56
Turboprop Engine Turbine by using MIL-STD-1629A. In this
study, major failure modes and causes to lead these failure
modes have been investigated [5] and just takes into account
only application of FMEA. However; It is obvious that there
should be a reliability program plan which covers all analyzes
from a single source. The design for dependability strategy
must be applied from the very beginning of the process, from
the concept stage to the end product, and must be integrated
into every step. At the beginning of the program, targets must
be established, and then an agenda must be created with the
intention of achieving those targets. As a result, to run the
program, designers adhere to a reliability program plan with
all reliability analyses [6]. Besides, there are also some studies
give attention to reliability program plan effectiveness but not
for all the analyses as a whole. For instance, in a study which
examines how execution of reliability program plan can be
tracked focuses on a key performance indicator which is called
as “Reliability Confidence Indicator”. However, this indicator
is dealing with only reliability target compliance as
quantitatively [7]. Another study from literature also presents
a critique for reliability area. The proposition that defended by
study is calculations of reliability prediction based on MIL-
HDBK-217F is deceptive and insufficient and instead of this,
physics of failure methodology which examines varied failure
modes or prognostics modeling can be preferred [8]. This
could be seen another study revealing a single reliability task,
as reliability prediction analysis, is not adequate.

It is apparently seen that there is no study that comprises
all analyses together in a comprehensive manner within a
reliability program plan or strategy to determine overall risk
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for design project. Furthermore, existing plan programs and
tasks are deemed as not efficient as projects require and also
this evaluation can be observed from survey study which is
implemented by 494 professionals [9]. According to another
study which considers integrity of reliability tasks, the
requirements of the program plan are not shaped according to
the analyzes included in the program. For instance, study gives
an example for this statement. According to this example, an
organization which is implementing FMEA also has to apply
same test procedures compared to the another organization
which doesn’t implement FMEA [10]. This implies that tasks
are not handled in same roof. The activities of reliability
engineering should be chosen and customized in accordance
with the goals of the particular project. During the selection
process, variables including technology maturity, complexity,
life cycle stage, and failure consequence should be taken into
account. The wrong activities which will undoubtedly be
chosen and be carried out or true activities which are
conducted with wrong timing, could result in an increase in
waste. As an example to this, there is a necessity to find a way
for determining whether the WCCA is required to be applied
or not. This should be based on a rationale in which cases it
will be applied. Otherwise, it would be waste of time and
sources. In literature, all studies focus on how WCCA is
implemented instead of when it is implemented as it can be
seen from a study which conducts WCAA of balancing
voltage circuit of a satellite [11].

Considering both points, it becomes necessary to apply a
new methodology in reliability program plan with a novel
understanding of reliability. The circuits to which WCCA will
be applied are decided by an algorithm with this new
reliability plan approach, which evaluates all analyses
comprehensively and in the same direction to see whether
design can be acceptable or not.

II. RELIABILITY ANALYSES

There are common reliability analyses which are
conducted to ensure proper operation of system or equipment
in design phases within the elaborately prepared Reliability
Program in the Project. These analyses can be implemented in
a quantitative or qualitative way to determine the reliability of
equipment/system or failure modes with compensation
provisions at various levels. Main ones of these analyses are
counted as Reliability Prediction Analysis, Failure Modes and
Effects Analysis (FMEA), Part Stress Analysis (PSA). On the
other hand, there is a tolerance based analysis which is called
as Worst Case Analysis (WCA). This analysis takes into
account the variance of part parameter and evaluate whether
the circuit operates within specification or not in lieu of these
variations, for the worst case conditions, with the most
unfavorable operating and environmental conditions.

A. Reliability Prediction Analysis

The aim of the reliability prediction is to calculate the
failure rate of an electronic system which is analyzed. Failure
rate is defined as the calculation of the rate at which failures
happen. Constant failure rate model is used by industry to
address the issue of reliability prediction of electronic
equipment or system with some assumptions. Typical failure
rate versus time characteristic for an electronic part is given
as presented in Fig. 1 [12]. This figure is called as Bathtub
curve. At the beginning of lifetime, infant mortality is the
phase that failures are observed while the part or equipment
is tested.
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Products which are recently designed without heritage can
come across failures at this phase since there can be wrong
material choice, design issues, manufacturing and assembly
process deficiency. Therefore, it is vital to implement a test
process especially for new designs. In the useful life period
or in other words “normal life” period, it is considered that
part or equipment has constant failure rate and this failure rate
is used in the analyses. On the other hand, “Wear out” period
is a consequence of fatigue, environmental stresses such as
radiation and temperature or material degradation. At this
phase, occurrence of failures is increasing very rapidly.
However, parts or equipment are chosen according to life
limits so this wear out period can be ignored [1].

A

+ >
Infant mortality

Wear out period

Failure rate increases

Constant Failure Rate (Useful Life)

Time is running

Fig. 1. Constant failure rate in bathtub curve

The reliability analysis is implemented according to
guidelines which are shown in database handbooks such as
MIL-HDBK-217F, Telcordia, Fides and 217 Plus. These
databases provide constant failure rate models with several
factors that have effect on reliability for all kind of
components that composes the equipment or system [13]. The
main theory is based on sum of failure rates for components
that composes the system, however this is valid for the
reliability of system that has no-redundancy. While adding
failure rates, another aspect is to take into account
redundancy scheme of design since this can affect failure rate
of system significantly compared with a series system. There
are 2 main kind of redundancy schemes: Active (hot) and
standby (cold). These options can be preferred according to
design requirements. However, it should be noted that
standby redundancy is advantageous from reliability point of
view since redundant unit is not always used and failure rate
is fixed to zero or 1/10 of failure rate of main unit (1/100
dormancy factor also can be used for only passive mechanical
units). Redundancy scheme models of two units which are
non - redundant, active (hot) redundant and passive (cold)
redundant are given respectively as simplest examples below
in Fig. 2 [1]. All after the drawing reliability block diagram
and calculations, at the end of the day, reliability which is
estimated should be higher that one determined by project
requirement.

R, R,

Fig. 2. a) Non - redundant system. b) Active (hot) redundant system.
¢) Passive (cold) redundant system.
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B. Failure Modes and Effects Analysis

Failure modes and effects analysis (FMEA) is another
valuable analysis method used as a reliability analysis. Along
all phases before freezing of design, FMEA contributes to
improvement of product design by determining potential
failure modes and reducing their end effects.
Equipment/system design’s potential failure modes have
been defined and local effects implying consequences at the
level of the item under investigation and end effects implying
consequences at the level of the end product under analysis
are determined. Then, the single point failures which have
catastrophic and critical end effects leading to loss of the
mission or loss of satellite are specified and recorded [14].
Severity categories are determined according to related
authority standard. For instance, table 1 refers to European
Cooperation for Space Standardization (ECSS) severity
classification [15]. This classification should be tailored
according to level under investigation to get how analysis’
end effects are evaluated. Another aim of this analysis is to
highlight observable symptoms associated to failures in order
to give input to Failure Detection Isolation and Recovery
(FDIR) analysis which defines how failures are recovered
autonomously. At last but most important part is to identify
compensation or corrective action capabilities to mitigate
effects of failure modes. To sum up, this analysis is an
opportunity to verify why we are designing system in this
way.

TABLE L SEVERITY CATEGORIES
Severity Failure Effects
ECSS Definition Subsystem Level
Definition
1 Risk of failure Risk of failure
propagation propagation towards
another SS
2 Loss of mission Loss of all
communication
capability
3 Major mission Major Degradation on
degradation communication
capability
4 Minor mission Minor Degradation on
degradation or any communication
other effect capability (e.g.
Reduction of
redundancy)

C. Derating (Part Stress Analysis)

The stress values which are applied to parts through design of
equipment should be followed accurately to enhance
reliability since most affecting factors to reliability are
stresses that seen on equipment. Therefore, proper derating of
electronic parts’ stress values is a valuable tool to enhance
reliability of equipment. Electronic equipment reliability is
strongly dependent on both electrical and thermal stresses
[16]. For this reason, electrical stress and thermal stress
values of EEE parts are reduced to a specified derated value
as compared with their maximum ratings to increase
reliability. This analysis is called as Part Stress (Derating)
Analysis. In this analysis, components are used with lower
electrical and thermal stress values instead of their maximum
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ratings which are specified in their datasheets. Derating rule
of a ceramic capacitor can be given as an example from space
derating standard, “ECSS-Q-ST-30-11C Derating - EEE
Components” [17]. In this instance, it is required to apply
voltage stress to capacitor as %60 of rating maximum voltage
which is written in datasheet till 85 centigrade. After this
temperature, %40 of maximum voltage can be applied
between 85 and 110 centigrade and component cannot be
operated above 110 centigrade.

D. Worst Case Circuit Analysis

Another reliability analysis at circuit level is Worst Case
Analysis (WCA). In some sources, it can be called as Worst
Case Circuit Analysis (WCCA) since it is implemented for
critical circuits in an equipment. WCA is a powerful tool
determining whether circuit under analysis works as designed
or not, although each component of circuit is subject to
variations along its planned life because of initial tolerance,
temperature, radiation and aging. The main goal with WCCA
is to prove that the circuit still meet its performance
requirements over the life, even if all parameters of all
components change to their maximum or minimum values at
same time [18].

E. Determining Critical Circuits

Another aspect in reliability domain is to determine critical
circuits of equipment design since WCCA is implemented for
critical circuits. Reliability Prediction Analysis, FMEA and
Derating Analysis are main factors to identify the critical
circuits which will be subject to WCA. Circuits that have very
high failure rate which can be a weakness indicator and this
is detected by Reliability Prediction Analysis. These circuits
can be one of the candidates. The ones which are defined as
single-point failure on a failure mode whose severity is
evaluated as “failure propagating”, “mission critical” or
“major degradation” and the ones that have failure modes
whose severity are classified as “failure propagating” in result
of FMEA are another candidate for critical circuit. Single
point failure here refers to parts that do not have redundancy.
Circuits that have non-compliant components with respect to
derated stress levels according to Derating Analysis are also
candidates to be critical and therefore to be analyzed by WCA
[19]. However, how all these conditions will be integrated is
missing point. Therefore, in this new approach, this point
should be clarified and should be incorporated in an
algorithm with a rationale.

III. NEW ALGORITHM

In the relevant sectors of the industry, the reliability is
managed from one dimension in any system design project.
Reliability Prediction Analysis, FMEA, Derating and WCCA
are applied separately and their compliance with project
requirements is evaluated separately from concept to detailed
design stages. For example, if a system is expected to be 99%
successful in a given time period, which means that the
reliability of the system is 0.99. It is expected that the
reliability prediction analysis of the system will be performed
and reliability will be above the target requirement value of
0.99. FMEA is performed in parallel at the same time interval
and possible failures of the design and how tolerant it is
against these failures are analyzed. Likewise, Derating and
WCCA analyzes are performed at the equipment level and
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their compatibility is evaluated separately. Although all of
these analyzes seem to be separated analyzes on their own,
there is necessity to conduct an integrated evaluation of them
within the well-organized Reliability Program Plan.

Besides, there is a study which implements a survey with
494 reliability professionals. According to this survey, while
almost half of participants have evaluated the overall
effectiveness of top 5 tasks/analyses as a part of Reliability
Program Plan as not good, the same number of people have
found execution of Reliability Program Plan average and
below average. When all this study results are examined, they
point out to one conclusion: There is a need for enhancement
in the efficiency, implementation and value of Reliability
Program Plan Tasks [9].

The most important thing is to decide how, when, and
under what circumstances these analyses as reliability will be
conducted. Determining how much flexibility can be offered
while the design system's reliability is guaranteed is another
crucial consideration. Due to the fact that reliability must be
balanced together with a number of other factors, including
cost, complexity of the design and timeline, a way giving this
balance should be followed. Otherwise, it is simple to design
a system that is very reliable, but it can result in budget items
going over budget or the calendar getting prolonged.
Determining the amount of flexibility that can be offered in
the dependability domain is crucial for this reason.

As can be seen in Fig. 3, Reliability Prediction Analysis,
FMEA, Derating Analysis and WCCA are considered in a
single framework and it is stated which circuits should be
applied WCCA with a real rationale. According to the
algorithm, in some cases (marked with 1 in Fig. 3), the
algorithm decision mechanism cannot lead to any result other
than the design change, while in some cases it indicates that it
is not necessary to apply WCCA, and in other cases it shows
the necessity of applying WCCA.
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Cases where there is no other way than a design change
are listed below:

1- The difference between the result of the reliability
prediction analysis and the assigned target requirement is
more than 10%.

2- The related circuit of the relevant equipment has a
failure mode that may cause failure propagation and the
compensation method is not provided.

3- Presence of failure modes which are SPF that may cause
loss of mission or major loss of function of the related circuit
of the relevant equipment without any mitigation method.

4- As a result of Derating Analysis, the number of
incompatible components of the equipment or the relevant
circuit according to the level to which it is applied is more than
5% of the total number of components.

If all analyzes are passed with full compatibility as
specified in the algorithm (marked with 2 in Fig. 3), then there
is no need to apply WCCA.

On the other hand, other situations that necessitate the
application of WCCA (marked as 3 in Fig. 3) are as follows:

1- The difference between the result of the reliability
prediction analysis and the assigned target requirement is less
than 10%.

2- The relevant circuit of the relevant equipment only has
SPF failure modes that can cause major loss of function.

3- As a result of Derating Analysis, the number of
incompatible components is less than 5% of the total number
of components.

If the circuit contains 10 or less components in total, 1
component incompatibility in result of derating analysis
requires WCCA, while more than 1 incompatibility leads to
design change.
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Fig. 3. Novel Reliability Approach Algorithm
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IV. DISCUSSION AND RESULTS

In this study, the new methodology within a new algorithm
has been conducted on a signal triggering circuit. This circuit
aims to trigger a signal for the Latch Protections sub circuit
whenever the voltage at the output of the Inductor Current
Measure block exceeds a threshold. The Inductor Current
Measure block senses the current through the transformer of
each Push-Pull converter.

Reliability Prediction Analysis and WCCA is conducted
on this circuit. Firstly, it has been seen that circuit reliability
result is not complied with requirement, even if not inside 10
percent margin as a result of Parts Count methodology as
Reliability Prediction Analysis. Therefore, analysis has been
repeated with Part Stress methodology which is less
conservative for Reliability Prediction Analysis. Then, it has
been observed that reliability of circuit is equal to 4,442 FIT
(Failure in Time). This value is still not complied with
requirement which is 4,2 FIT. However, difference with
requirement has been less than %10. Therefore, WCCA has
been applied to circuit as new algorithm proposes to
understand the design margins. The table 2 which shows these
differences can be found below:

TABLE II. COMPARISON OF RELIABILITY PREDICTION RESULTS AND
CONSEQUENCES ACCORDING TO ALGORITHM
Failure Requirement | Difference | Consequence
Rate
Result
Parts 496 FIT | 42 FIT %15,3 Design change is
Count required.
Parts | 4.442 4,2 FIT %5,4 WCCA
Stress | FIT4 implementation is
required.

WCCA has been applied according to -25°C to +85°C
temperature range, 15 years life cycle and 30 krad total ionized
radiation dose. Component variations at different temperature
peaks have been determined and simulations have been
conducted according to these variations. As a result of this
analysis (could be seen Table 5), it has been observed that
tolerance is not affecting the functions of the circuit to work
properly and the tolerance margin is not more than what is
expected. At a result of ultimate evaluation, over current
detection measure ranges from 3.46 V to 3.38 V as maximum
and it seems that the circuit can trigger the signal in the
required range.

TABLE IIL RESULTS ON TEMPERATURE PEAKS
Temperature Result on Upper Result on Nominal
Limit Lower Limit
-25 Centigrade 344V 340V 341V
+85 Centigrade 346V 338V 341V

If all which has done it is evaluated here with Fig. 4 that
represents the simplification of Fig. 3. It is obvious that the
circuit has confirmed even if it has not complied with
requirement. Because it has been within the %10 margin and
WCCA has been conducted and the circuit has been assured
since it is in the range as a result of WCCA.
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Fig. 4. Simplified Algorithm for the example given

V. CONCLUSION

Reliability analyzes are qualitative and quantitative tools
that show how much we can trust to a designed system. It is
an opportunity for us to see how accurate results our designs
will yield. In this content, Reliability Prediction Analysis,
Failure Mode and Effects Analysis, Derating Analysis and
Worst Case Circuit Analysis (WCCA) are explained in the
study. The crucial point is to decide in what order, to what
extent and with what plan these analyzes will take place.
Another important point is to determine how much flexibility
can be provided while the reliability of the designed system is
assured. Due to the fact that reliability is part of a collection
that also contains other characteristics, such as cost, design
complexity and schedule, all of these parameters must be
balanced. Otherwise, it is easy to build a very reliable system,
but it can increase the budget items much more than expected
or cause the calendar to be extended. For this reason, it is
important to determine the measure of flexibility that can be
provided in the domain of dependability.

In addition, there is a necessity to determine whether the
WCCA is applied and in which cases it will be applied. With
this unique reliability methodology which is presented by this
study, all analyzes are evaluated in the same direction, and
which circuits WCCA will be applied to is determined by an
algorithm.

This circuit in study, which would not be accepted and
guaranteed by the analyzes applied by the industry and the
literature under normal conditions, was accepted thanks to the
proposed unique reliability approach and possible calendar
delay, budget item increase or design complexity increase was
prevented. This study showed that the novel reliability concept
is the flexibility given to the system design and plays an
important role in determining this flexibility.
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